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ABSTRACT

Some properties of thin film aluminum superconductors
(80-130 A) were investigated for use as a high frequency
éecond souhd detector. The films' transition temperatures,
To, were ralsed to near the lambda polnt of He by a surface
enhéncement of the BCS coupling constant. The films wére
useful as sensitive thermometers over the temperature range
of thelr transition, oAT,=0.06 K, with a sensitivity given by
the transition slope, 2-3 x 107 ohms/X.

The films mechanlcally and electrically withstood the
thermal shock of five thermal cycles from room temperature
to 2 K. The instabllity of T, after cycling was atlmost
0.05 K. By increasing the blas current, T, (the He bath
temperatpre at the transition) could be decreased by at most
0.025 K.

The slope of the transition curve, dR, increased by at
most 30% upon thermal cycling and withindgxperimental accur-
acy the bilas current had no effect on dR, for the range 2-60 A.

From measurements of one film's tige response to thermal
excltatlon, the time constant was found to be less than

45.5 n sec, which means that the film 1is capable of fully

responding to second sound of frequencies of at least 3.5 MHz,.
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CHAPTER I
INTRODUCTION

To detect second sound 1n He II within the microscopic
critical region, where the wavelength of the second sound
is less than the superfluid coherence length, the experimental
apparatus must be capable of measuring hlgh frequency second
sound very close to the lambda polnt, T). Second sound
measurements have been made as close as 5 x ].O—6 K below ?}.
For this temperature, a second sound frequency of 0.4 MHz 1is
required to produce a thermal wavelength equal to the super-
fluid coherence length; higher frequency generation and
detection 1s requlired for temperatures further below T),.
Because of the high attenuation of second sound near the
lambda point and the dc heat flow associlated with operating
the thermometer, this detector must have high thermal sensi-
tivity, low operating resistance ({500 ohms), as well as
the required low thermal time constant.

Superconducting thin films operated at their transition
temperatures fulfil the stringent requirements of the needed
thermometer. This thesls describes an investigation of thin
film aluminum superconductors for possible use as a high
frequency second sound detector.

The film properties which will be discussed are:

a) the method of setting the transition temperature,
Tos» near the lambda point of He

b) the effect of the operating dc bias current, I,
on T, and the slope of the transition, dR
ar
c¢) the stability of T, and dR with thermal cycling
aT
d) the thermal time response to heat impulses.
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CHAPTER II

THEORY
A. Enhancement of T,

A supérconductor i1s useful as a second sound detector
only over a narrow temperature range about its transition
temperature, where the resistance drops from its normal
value, R,, to at most a few ohms. The transition temperature
is usually defined as the temperature of the superconductor
at which the material's resistance is one-half of its normal
state resistance. In this investigation, we are interested in
the fllms as detectors of thermal waves propagating in the
He bath, not in the film's properties as a functi;n of the
film temperature. Therefore, for this investigation the more
meaningful definition oflthe transition temperature, T,, which
will be used is the temperature of the He bath at which the
film's resistance is one-half of i1ts normal state resistance.

Since superconductors are useful as sensitive thermometers
only over a narrow temperature range, the first problem is to
prepare a film such that its sensitive temperature region 1is
at tne required temperature. Because more théoretical and
experlmental work has been done on shifting the transition
temperatures of the elements and the simplicity of fabrication,
aluminum was chosen as the thermometer material. The trans-
ition temperature of bulk aluminum 1is 1.175 K; a size effect
enhancement phenomenon was used to railse T, near TA=2’172 K.

An expression for T, in bulk superconductors derived
from the Bardeen-Cooper-Schrieffer (BCS) theory is the starting

point of most theories predictihg the enhancement of T,.



This expression 1s?:

kT, =1.14 hw exp(-1/p), for p{(l (1)

where w=the characteristic cutoff frequency corresponding
- to the Debye temperature

p=the BCS coupling constant, which 1s the product

of the electron density of states, N, of one
spin at the Ferml surface, and the average net

attractive phonon mediated electron-electron
interaction, V.

From Eq, (1), it is clear that T, can be increased by increas-
ing either hAwor p. Ginzber-g,3 has suggested that a surface
enhancement of Ty may arise from increasing the specimen's
BCS coupling constant, p. The effective p would be a super-
posifion of the bulk metal electron-electron interaction in
the centre volume of the specimen and the enhanced interaction
‘at the geometrical boundaries. He also suggested that the
enhanced surface interaction may be due to surface phonons
and the variation of electron-nucleus screening at the surface,

vAluminum fllms deposited on a room temperature substrate
are polycrystalline. Therefore, the surface enhancement of
To can arise from either the film thickness, d, or the
crystallite grain size, g, if either dimension is small énough
to produce a larée enough surface to volume ratio., If g{(d,
as with aluminum films deposited in a large partial pressure
of oxygena, the grain size will primarily determine T,. If
d{{ g, as with ultra thin films deposited at pressures below
1076 Torr”, the film thickness will determine T,.

An expression for T has been derived by Abeles et al.
for aluminum films where g{{d. They assumed an ordered array

of oxide bounded aluminum crystallites and developed a three-

dimensional generalization of de Gennes' expression6 for the
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enhancement of T01 The de Gennes derivation assumed a slab
geometry of superconducting-normal-superconducting metals,
whereas Abeles et al. were dealing withﬂa three-dimensional
superconductor-oxide-superconductor geometry. In the deri-
vation, de Gennes was able to slmplify a boundary'condition
by assuming the normal layer was not an insulating barrier.
Abeles et al, were able to make the samé éimplification after
comparing their films' normal resistances to those pred1Cped
by a model7 where each crystallite was an 1sola§ed supercoﬁ-ﬂ
ductor. ©Since the experimental R, was more than three orders
of magnitude larger than those predicted, they assumed that
each crystallite was strongly coupled to its neighbour, and
that they too could simplify the boundary condition. |

De Gennes also gssumed that the coherence length,£, of
his dirty superconducﬁor model was larger than the width of
the normal slab. Correspondingly, Abeles et al. found at
least 100 grains contained within their calculated volume £ .

Both de Gennes and Abeles et al. assumed that hwsnd N
of the sample were those of the bulk superconductor.

The resulting expression for T, by Abeles et al. was:

Te =1.14 Awexp (-1/p) : (2)
where p=p,+(pg-p,) [i—(l-eds/g)f‘] (3)

Aw = BCS cutoff frequency for bulk aluminum

P, =BCS coupling constant for bulk Al

-pg =BCS coupling constant within_the surface region

dg =thickness of the surface région

g =average crystallite size.
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As can be seeh from Eq. (3), p is actually the volume

_ wéighted additionAof the bulk and surface BCS coupling cons-
tants. From the work of Pinesg, they assigned values to hw
and Py The surface region thickness, ds, was taken as 5 K,
the approximate thickness of an oxide monolayer, and the
value of p, Was obtained from the best fit of Egq. (2) to
thelr experimental data. With these values substituted for

the above parameters, Egs. (2) and (3) reduce to:

T, =216.6 exp(-1/p) (4)
where p=0.19+0.08 EL‘-(l-lO/g)bj , Tor gl{ld

and g has units of Angstroms.

5 have derived an

For the case d{{g, Strongiﬁ et al.
expression for T,. They assume a slab geometry of an alumlinum
film with a surface oxide layer. The Ginzberg surface layer,
which enhances Tc, lies just below the oxlde layer and is
arbitrarily assumed to be the same thickness as the oxide
layer, about 20 A. Following the above theory of de Gennes6,
the resulting expression for T, 1s:

Tc:i.lit hwexp(-1/p) | 5)

where p= (pg 44 bs dg)/a , for A g.

All the parameters have the same definition as in the theory
by Abeles et al. except for d, which is the total film thick-
ness. Both theories assigned the same valﬁes to the param-
eters iw and p,. Strongin et al. assigned different values

to dg and pg (dg=20 A and ps::0.35) than did Abeles et al.

The resulting expression for Tc by Strongin et al., is:
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Te=216.6 exp(-1/p) (6)
where p=0.19/d Ed-20)+ 36.81:_] , for d{g

and d@ has units of Angstroms.
The two theoretical curves are shown in Fig. 3.

B. Thermal Time Constant Estlmate

| An estimate can be made of the film's frequency response
to‘thermal excitation from the film's physical dimensions
and steady state dc measurements., In the simplest model,
one assumes that the time response of the detector to thermal
excitation is amalogous to the response of a low-pass RC filter
to electrical excitation. Neglecting the thermal capacitance
of the substrate and thin film leads, the detector's capac-
ltance is that of the superconducting film. The thermal
conductance, G, from the film to the heat sink 1s identified
with the reciprocal of R.

Pure superconductors exhibit a sharp rise in their

specific heat (AC') in going from the normal state (Cp) to
the superconductlng state (Cé). The magnitude of the specific
heat rise, for pure superconductors, is given by Rutgers'
formulag. In the absence of a magnetic field, the specific
heat rise in MKS units is:

aT / T=T

ac'=¢l - c'=Te (d.Bc)
-C

NG
where AC' has units of J-Kg'l-K"l

f =film density (Kg/mB), assuming the density
is that of bulk aluminum

Be= 4H, 1n free space and assuming a demagnetlzing
factor of zero, with units of Teslas.

= slope of the critical magnetic field

dBe
(dT )T:Tc strength~-temperature curve at T:Tc

\
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The value of»(dBc/dT)T___Tc was taken as -183 G/K from Abeles

et al.lo for a granular aluminum film whose T, was near those
- -1

of this work. One calculates that AC'=0.19 J-Kg l-K . Now

_Ch;:o.ll J—-K’g_l—K'l for bulk aluminum at Tcll. Assuming

that Rutgers' formula correctly gives AC' for granular alum-
inum thin films, the upper limit of the film's specific heat
18 C!4 AC' =0.30 J-Kg"l-K"!. With this upper limit on C',
knowing the film's thickness, and the area of the film acting
as the detector, one can estimate the upper limit of the
film's thermal capacitance.

To determine the detector's thermal conductance, G, we
followed the analysis of Martin and.Bloorlz. The steady

state heat flow equatlion for the film 1s:

¢ (T-Tg) =1°R | (8)

where 12R::electrical power dlssipated in the film
from the dc operating current

Gz=effective thermal conductance from the
film to the heat sink (substrate and
surrounding He bath

T-Tg = temperature difference between the film (T)
and the heat sink (Tg).
The resistance in Egq. (8) is a function of T. For low
operating currents, joule heating raises the film's resis-
tance by raising its temperature. However, with high
enough currents, the film's resistance rise is due to a
combination of the above joule heating temperature rise

and a downward shift of Tc, caused by the magnetic fileld

produced by the high current. Since, in writing Eq. (8)
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one assumes that the film's temperature rise (and therefore
resistance rise) is due only to joule heating, the equation
1s valid only for currents smaller than those causing a
magnetic field shift in T,.
Differentiating Eq. {8) with respect to T, with Tg
held constant,-we have:
G:(agi"-’a)) o (9)
dr /r=x
The change in temperature of the film, A T, can be related

to its change 1in resistance by using the transition slope

8R:
aT _
AT = 4T AR {57, - "~ (10)
dR

Substituting Eq. (10) into (9) results in:

G = d§12R)) 4R -
dR Tg AT T =T,.

8

The slope of the transition curve is actually dR , not

8
48R, since the temperatures measured are those of the He bath,
dT, v

However, 1f the temperature difference ( A.Tf ) Dbetween the

film and the He bath 1s constant over the transition region,
then dR — dR. Now ATF = T-Tg = 12R/G. In constant current

dTg dT.
measurements of the transition curves, one would expect aTsp

to:decrease as the film's resistance decreased, with this
decrease in 4Ty becoming larger for higher constant opera-

ting currents (See Fig. 5). This would result in a current

dependent value of (dR ) « For the range of currents used
dTq) 1
8



in thislinvestigation, dR ) was found to be independent of
the operating current wggﬁii experimental accuracy. Ve
therefore conclude that ATy was constant over the transition
reglion and that dR - dR, for the range of currents used.

By measuringT%hédgilm's resistance as a function of
current, with the He bath temperature set on the linear
portion of the dR slope, (d(12R2) can be found from the
slope. of the reggiting powerdsersug resistance curve., Again
we must be careful to take the slope of this curve at current
values below those which cause a magnetic fileld shift in T,.
If the film's temperature (resistance) rise is due only to
Joule heating, the slope of the power versus resistance curve
will be 6f one value over most of the range of power values,

Since the physical dimensions of the film and the calcu-
lated specific heat placeg an upper limit oﬁ C, one can
calculate the upper 1limit of the detector's thermal time
constant T, . ’L‘CG:C/G, where T, 14 = 1 and % 1s the RC

.corner frequency of the detector.
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CHAPTER III

EXPERIMENTAL APPARATUS AND PROCEDURE

A. Film Preparation
Aluminum, 99.999% pure, was evaporated from an aluminum

oxide crucible13

, at pressures of 3-6 x 10'6 Torr, onto poly-
crystalline quartz or microscope slide substrates. The
substrates were degreased, ultrasonically cleaned in a de-
tergent-distilled water solution, rinsed ultrasonically in
distilled water, and dried just before evaporation in a stream
of inert gas; The aluminum was degreased and etched in a
KOH solution prior to evaporation. _The aluminum vapour was
masked to the shape of a bar-bell and deposited omto the
ambienﬁ temperature substrate. The evaporator was then opened
to alr, to change sources, and approximately 2,000 i of gold
was evaporated on top of the aluminum to serve as electrical
leads. Then # 40 AWG copper wires were indium soldered to
the Al-Au-In overlap region (see Fig. 1). With the bar-bell
shape, one can reasonably assume that the sensing area of the
detector is the bér of the bar-bell. Since the smallest |
cross-sectional area of the Al fllm is in the bar, that
region carries the highest and most uniform current density.
Also the Al-Au-In alloyed regions are kept well away from
tze sensing area. The 5oid diffused through the aluminum
oxide layer to provide electrical contact which withstood
five thermal cycles from room temperature to 2 K.

A quartz cryétal thickness monitor connected to a

recorder was used to measure the film thickness, gince the
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FIGURE 1. Film Evaporation Pattern
. and Dimensions,
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films were too thin to be directly measured by an interfer-
ometer. The monitor was calibrated with thicker films by
plotting the frequencj change of the quartz crystal against
the iInterferometer measured fllm thickness., From thils
calibration and the frequency change measured by the recorder;

the thickness of the 80-130 3 films were accurate to *10 K.

B. Transition Curve Measurements

Steady state resistance-temperature measurements over
the transition regioh were made for measuring currents
ranging from 2-60 4A. The temperature of the He bath was

14 yhich kept the bath tempera-

set by a pressure regulator
ture constant to 1 mK during the resistance measurements;

fqr temperatures above the lambda point, a time lapse o? 5
minutes was allowed for the sjstem>to come to thermal equl-
librium before the resistance measurements were made. The
He vapour préssure above the bath was measured by a butyi

phthalate olil manometer and the corresponding bath tempera-

tures were found from the "1958 He?

Scale ‘of Temperatures"l5,
The resulting He Bath temperature valﬁeé were accﬁrate %o

+ 3 mK. | |

The films' resisténcé was determined using.a 4-point

measurement technique. With a constant éurrent flowing in
one direction through the film, two voltagé measurements
were made: a positive voltage in the direction of the
currenﬁ and a negative voltage 1in the direction opposite to

the current. The average of these voltages was then used

to calculate the resistance. This procedure nullified the
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errors due tb voltmeter drifts. The resulting error for all

resistance measurements was at most * 0.7 ohms.

C. Time Constant Measurement

The films were thermally excited by sweeping a laser
beam across them. A 50 mW beanm (4416 3 wavelength) from a
helium-cadmium laser was reflected from a rotating mirror
11 meters from the film. At the dewar, the 3\cm diameter
beam swept across a variable iris and throggh\a 10 cm focal
length convergent lens onto the film. The resulting voltage
pulse was transmitted out of the dewar through an ultramin-

iature coaxial cable16

and amplified by a wide band amplifier.
The signal was dilsplayed on an oscllloscope; the sweep being
triggered by a light sensitive resistor placed in the beam's
sweep path.

The method used to determine the film's time response
to the light pulses was to measure the signal amplitude as
the rise time of the beam intensity was varied. If the
beamis intensity versus time profile could be equated to s
sine wave of some "equivalent frequency", then a plot of the
signal amplitude as a function of the "equivalent frequency"
would give the RC corner frequency of the detector, and there-
fore 1ts time constant. A typlcal signal 1s shown in Fig.2.
In this figure, the camera shutter was open for about 100
oscilloscope sweeps, 80 the resulting photograph shows the
signal superimposed on the wide band of amplifier noise.

The signal to noilse ratio observed, during the amplitude
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FIGURE 2. Typlcal Detector Signal
Vertical Axis - 5 mv per division

Horizontal Axis - 100 ns«per division.
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measurements, varied from about 5:1 to becoming lost in the
emplifier noise. The signal appeared to remain approximately
symmetric during the measurements.

The following prpcedure was used to determine the:
bean's 1nten81ty—t1me-profile. With a light sensiti#e re-
sistor piaced 1h the film's position, an oscllloscope trace
of its voltage was photographed as the beam swept by; the
beam repetion rate was also measured by the oscilloscope.
Since the minimum rise time of the light sensitive resistor
was approximately 5 m sec, the beam's repetition rate was
adjJusted so that the resistor would accurately follow the
intensity rise. An intensity-voltage calibration was thén
used to transform the voltage-time profile to an intensity-
time profile. Since the laser beam was linearly polarized,
its intensity could be quantitatively varied relative td its
minimum by rotating a polarizer. The resulting intensity-
voltage curve vwas normalized to the highest intensity
trahsmitted by the polarizer. Renormalized intensity-vol-
tage curves were drawn for each photograph of the resistorVs
voltage-time profile, with the renbrmalized intensit} corres~
ponding to the minimum voltage across the resistor during
a sweep (the voltage decreased as the intensity increased).
From the volﬁége-time profile of the photograph and the
intensity calibration, an intensity-timeiprofile was plotted
for the corresponding repetition rate. To obtain the
intensity-time profile for a faster repetition rate, one

merely reduced the time scale of the profile by a factor
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equal to the ratlo of the two repetition rates.

" To determine the effect of the amplifier and coaxlal-
cable on the detector signal amplitude, the frequency res-
ponse of the two components was measured for direct electrical

excitation; the results are shown in Fig. 6.
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CHAPTER IV

RESULTS AND ANALYSIS

A. Transition Temperature Behaviour

As previously defined, T, 18 the temperature of the He
bath at which the film resistance is one-half of its normal
state resistance. From the flt of the experimentzal transi-
tion temperatures to the theoretical curve of Eg. (6), which
assumes that the fllm thickness determines T,, one notices
a lack of T, dependence on film thickness (see Fig. 3).
This lack of thickness dependence indicates that the parameter
enhancing Te 1s probably the grain size, not the thickness,
and that all the fllms have approximately the same grain
size. Thils explanation of Fig. 3 is supported by work done
by Cohen and Abelesl7. They produced grahﬁlar aluminum
films (g{{4d) with an alumina crucible source,f;heré the
pressurebefore evaporation was 10‘5Tonr, increasing to
3 x 105 - 10‘4 Torr during evaporation. Normally aluminum
films evgporated at these pressures are not granular since
the partial pressure of oxygen is too low. Cohen and Abeles
assumed:that.the cruclible outgasséd ehéugh oxygen when heated
to produce a film composed of pure aluminum crystallites,
each surrounded by an oxide layer. From Eqs. (2) and (3),
we can conclude that the 80-130‘3 film;preéared 1n.this in-
vestigation all have an average grain slze of 83-88 .

if one wishééhto 1ncfease the transitlon temperature

closer to the lambda point, it could be done by two methods.
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The first way would be to increase the oxygen partial
pressure during evaporation, as was done by Abeles et 314.
This has been done by the éuthor by bléeding oxygen into

the evaporator at a rate about equal to the pump speed.

With a low flow rate valvé, the pressure can be stabillzed
to+10~7 Torr. The pressure would then be the reproduéehbbe
parameter predominantly determining T,. The other method

of achieving a higher T, would be to evaporate thinner films
using the procedure of this work. With thinner films

( { 60 &), one should be able to enter the region where

d({ g and the thickness would determine T.. The limitation
to this method, however, is that the lower 1limit to electri-
cally contlinuous aluminum fllms is about 30 KlB.

Six films were thermally cycled five times from room
temperature to 2 K, with no special precautions taken to
avoid thermal shock. The first reason for thermally cycling
the films was to determine whether they were securely
adhered to the substrateland to ensure that they would remain
electrically continuous upon cycling., One film, out of the
six thermally cycled, became electridally discontinuous on
the fourth cycle. Since the other five, K fllms remalned
electrically continuous, one concludes that they mechanically
withstood the thermal shock of the five thermal cyclés.

The effect of thermal cycling on R,, dR, and T, was
determined for three films. The normal reggstance, Rp
(resistance at temperatures just above the transition), was

typically 180 ohms for the first thermal cycle. Upon thermal
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cycling, Rﬁ rose monotonically for’all films; by the fifth
thermal cycle, Rn was as much as 80% larger than Rn for the
first cycle (see Fig. 4). The slope of the transition curve,
gg, was typically 2,000 ohm/K for the first thermal cycle.
ggr the films of thickness less than 100 &, thermal cycling
increased dR by at most 30%.

This ggcrease in dR and the decrease in T, upon thefmal
cycling (to be discussgg) may have been caused by the reanneal-
ing of the films as they were cycled. Since the cycled values
of these two quantiﬁies are closer tovthe expected values of
a2 bulk aluminum superconductor, the trends indlcate an increase
of the films' average crystallité size upon thermal cycling.

Within experimental éccuracy, there was little, if any,
effect of the measuring current on @R for the range 2-60 4A.

Another reason for thermally cgzling the films was to
determine the stability of T, and to check if the "fine tuning"
of Tc by varying the blas current could compensate for the
thermal cycling instability of T,. Typlcal results of the
effect of thermal cycling on Tc are shown in Fig. 4. For
the tree films tested, Tc varied over a range of 0.05 K
during the five thermal cycles. The variation of T, with
Ige» for currenté of the range 6-60 yA, was at most 0.025 K,
and only in the direction of lower temperatures (see Fig..S).

Since the slope of the power versus resistance curve
of eleven films was constant over most of thé bias current

range (see discussion of Chapter II, p. 8), we assume that

the dependence of T, on Ijc 1s due only to joule heating.
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" For, as Igc is increased, ATy = T-Tg =1°R/G (the difference
between the film temperature and the sink temperature)
increases. So even though the film's transition to the
superconducting state occurs at the same temperature T, the
transition temperature T,, a8 defined by the He bath temp-
erature,.decfeases with increasing current.

The 1imit to the "fine tuning" range in these films
was the maximum current at which the films could be operated
without destroying their electrical continuity. One 130 )
film became electrically discontinuous with an operating
current of 80 »A. A larger "fine tuning" range can be real-
ized in very narrow films, if the width is less than a
critical width (about one micron) and if the thickness 1is
‘less than the penetration depth. T.K. Huntlg has reported
current induced shifts of T, of 2.6 K in 500 & tin films of

width 1.9 microns.
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B. Thermal Time Constant

Following the analysis of Chapter II, the intensity-
time profile of the laser beam was found to be approximately
Gaussian in shape. It 1s assumed that the detector's response
to this Gaussian shaped excitation 1s equivalent to its
response io a sinusoidél'excitatidn of some "equivalent
frequency". The "equivalent frequency" is defined as that v
frequency of a sine wave whose rise time (the time between
- 10% and 90% of maximum amplitude) is the same as the rise
time of the Gaussian shaped pulse - with its "tail" replaced
by the exténtion of its steepest slope. Since the "equivalent
frequenqy" of the faster light pulses were past the corner
frequency of the amplifier, the corresponding detector slgnal
amplitudes were compensated for the lower amplification.

The bottom curve of Flpg. 6 shows the frequency reSpohse
of the coakial cable and amplifier, normalized to low fre-
quency signals. The top curve shows the compensated frequency
response of the detector alone. From the graph, one can
safely assume that the detector's RC corner frequency, P
is greater than 3.5 MHz, which méans that the film's RC time
constant, T,, 1s less than 45.5 n sec. | |

One can check the valldity of the above measurement,
and the underlying assumptions, by calculating'le, for the
film of Fig. 6, as discussed in Chapter II. Recalling that
T, =C/G, one needs only to calculate C and G. From the
film's powér versus resistance curve, we find 4P

g _ dR| Tg=T, 2
2.25 x 107° W/ohm, and from the transition curve of this film,
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R = 3,040 ohm/K. So that:

d

0
-3

3

"

3

pundihoi

¢ = [aP aR > 6.85 x 1072 W .
dR aT| Tg=Te X

From direct measurements of boundary thermal resistiv-
ities by Holtg@, one calculates that, within an order of
magnitude, Holt's value of G for this film should be
G=5x 1072 W/K, with 10% of the total heat flow passing
across the film-He bath boundary. The reason for the large
discrepancy between the above values of G'ls probably a
result of the different film structures. The aluminum films
used by Holt were at.least 2,000 A thick and were evaporéted

at a pressure of 1070

Torr. Therefore, Holt's films prob-
ably contained a lower concentration of lattice defects than
the granular films used in this investigation. Since the
mechanism of thermal conductlion is mainly phonon transmission
across interface boundaries, the higher concentration of
lattice defects in the granular films would increase the
scattering of longitudinal phonons within the film and at
the boundary and interfere with the coupling of the trans-
- verse phonons across the boundary. The value of G used in
calculating Z:Gwill therefore be the experimentally deter-
mined value for the film of Fig. 6, G=6.85 x 1070 W/K. -
To calculate C, we use the equation C=C'g¢LWd, where:
C'= 0.30 J-Kg~1-x"1, as determined in Chapter II

g =2.7 gm/cm?, assuming the film's density 1is
that of bulk aluminum

d = 80+ 10 &, the film thickness
W& 1.5 mm) the area of the fidmrcovéred by the
L € Suimm ' laser pulse (from visual inspection).
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From these values, one finds that C£ 5.4 x 107 J7x.  since
we have how found the upper limit of C and the lower limit

- of G, the resuiting T{bshall be an outside upper limit. For
the film of Fig. 6, we find [c¢4800 n sec, which is in agree-

ment with the experimental time constant, T;C545.5 n sec.,
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CHAPTER V

CONCLUSIONS

Some of the properties of superconducting thin aluminum
films, with T, near the lambda point of He, have been tested.
The fllms are useful as sensitive thermometers over the temp-
erature range of their superconducting transition, AT, =0.06K.
An indication of the thermometer's sensitivity is given by
the slope of the transition curve, typically dR=2-3 x 10°ohm.

Because of the high adhesion of aluminumdzo polycpysta%—
line quartz substrates and the technique used to attach the
leads, these films mechanically and electrically withstood
the thermal shock of five thermal cyclgg from room temperature
to 2 K. The instabllity of T, during the thermal cycling
was at most 0.05 K. By increasing the blas current, T, could
be decreased by at most 0.025 K. Therefore, the thermal
cycling 1nstability of T, could not beuwhbdlely compensated
by the bias current "fine tuning" of T,. However, with films
of a smaller cross-sectional area, with a corresponding
higher degree of current "tuning", the thermal cycling in-
stability may be compensatable, | |

The normal resistance, R,, rose monotonically for all
the films tested upon thermal cycling. ' By the fifth thermal
cycle, R, was as much as 80% larger thaann for the first
tﬁermal cycle.

The transition slope increased by at most 30% upon
thermal cycling, but wa8 not effected by bilas current varia-

tion, for the range 2—60/uA. This increase 1n the transition
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slope by thermal cycling would not subtract from these films'
usefulness as a second sound detector. If, however, the
films were to bé used to measure the absolute amplitude of
second sound, the transition slope would have to be determined
each time the film's temperature was lowered from room temp-
erature to T,.

From measurements of one fllm's time response to thermal
excltation, the RC time constant was found to be less than
45.5 n sec, which means that the film is capable of fully

responding to second sound frequencies of at least 3.5 MHz.
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