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§;; Trsosport properties of very thim (2.5 monolayer) films
fﬁ of Ag epitaxially grown oo clean Ge (001) substrates are
) reported. The films consist of a monolayer coverage plus
e isolated three dimensional islands. Below ~70°K the
{E conductivity is dominated by the metal film and displays the
”ﬂ temperature and electric and magnstic field dependences
- characteristic of metallic weak localization ia two
I dimensions. Below ~20F the resistance drops rapidly in s
manner resembling an iscomplete superconductimg tranmnsition.

; The resistance is restored by application of a magnetic
oM {ield of ~20 KGauss at 0.6°K,
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Ia zeceant yoears thozre has beon o
genoved isterest ia the prodlem of two
dimensional electromic systems with
elestzon localizations receiving s groeat
deal of emphasisl~23, giagle paremeter
sesalisg theories proediet that sll
elestzon states are localized ia tvo
dimensions even whea the sonductivity
is greater thas the minimus moetallic
sosduetivity ll“z‘.(-goggl.‘..,.)’ll
proedicted by Thonless?.

Ia this commuasicstios we wosld
11ke to descridbe a nov metsl film
system whicd is uitre thin (dows to
spproxzimately 2 Aagstroms), crystalliae
and displays veek olectron localizatios
and bebhavior ssggostiag
sspercoaductivity at low temperastures.
Some work om epitaxisl thia metel films
on semicoadsctors has deea rveported,
but is somevhat complicated by compossd
formstionl$.

The samples are prepared by
epitaxial grovth of the metal film o3 &
semiconductor ssrface. Siagle crystals
of germaniun (Ge) the surface of vhich
was oriented to withia 0.5° of a (001)
plane, were slumiss polisked and
shemomechanically polished. The crystsl
was @aouated iz am ultze high vacesm
chambor (base presssre <10°10 Torr).
The sarface was furthor cleamed in
vaeso by seversl cycles of argos
bombardment asand samealing at ~8235°K.
The surfsce was structurslly
shsracterized nsiag lov esergy e¢lectron
diffzaction (LERD) and Asger eloectros
spestrossopy (ARS). Silver (Ag) wss
thon doeposited wsinmg s pyrelitic
gcaphite Enndsen effusion cell. The
baskgronad presssre is the chambder wes
~2210"? Torz duriag deposition. The Ag
file grew opitezinlly st a zate of
adent 2 Asgstzoms per miszste.
Deposition zate and Ag film thickness
were messured ssing & quarts crystsl
miszobalasce (ealibrated by smsing
Retherfosd backscattering (RBS)). LEED
and ARS were performed on the Ag fi]m
dazisg grevth. Details of the
preparstios sad edsracterization of
these films {is more scomplotely
deserided ia roeference 24. LEED standies
shew that the Ag films grev Oy
meselayer severage followed by threo

T e e moe AL A and st i aAC R oAbl ol gt

dimensions]l idslasd formation as
deposition costinned. Reference 25 on
Ag on Ge (111) suggests strong chemical
isteraction and iatermiszisg of the
first severa)l lsyers. However
studies before snd oi-ccz"gi'!‘
reference 25 isdicate that there is nmo
interfacial alloyisg or interdiffusion
of the Ag end Ge st room temperatures.

The sasmples were removed fros the
sltrs high vacwsm system snd stored in
air until they could dDe analyzed by
scanning electron microscopy (SENM) or
RBS. The samples were placed in o
conventions evaporation system (bsse
pressure 10°° torr) and 3000 Angtrom Ag
contscts were electron beam deposited
onto the ssmples.

Electzroaic transport sessurements
were performed in s sealed, temperature
controlled copper sample holder placed
in an exchange gas can and submerged in
1iquid heliom. Copper wires were indium
soldered to the silver pads and heant
sunk to the copper sample holder.

The monolayer films is certsinly
discontinuous, resting on platesuvs on
the Geo¢ surface with step bheights
corresponding to 1/4%% the 1lattice
spacing of Ge. These platecaus are
presumably bridged by the escess 3-Dim
Ag islands, resulting in the observed
conductivity dominated by the
monolayers. The resistance of the
sample st 10°K is ~7.7 kilo-obsms.

In figure 1 we have plotted the
fractional chapge (relative to 10
Eelvia) in the 2~probe resistance of
this semple as s fumction of the
logarithe of the temperatunre. The exact
geometry being prodbed is uvnknown due to
the discontinseties discussed above.
One can see hovever, that the sample
resistance displays s logsrithmically
incressing resistance with decreasing
tempersture.

Figore 2 shovws the fractional
chapge in the dynsmic resistance of
this ssmple at various temperstures. At
Jow fields the resistance behavior is
consistant with & quadratic electric
field dependence. At higher fields »
logarithmic dependence sppears which
becomes more prononsced at lower
temperstures. The insert shows the
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chaage in the fractionsl resistivity
with applied magnetic field. The
asgaoetoresistansse is 4dsotropic
iandicatiag that orbitsl effects are
negligable. This isotropic dehavior is
similar to that found ins Pd films wvhose
gcesisigjivites s above s few Kobms per
,m,,{l.{&.{z.ﬂ

The previouws figures show that
these ultrathis crystalline films of Ag
epitaxially growns oz (001) Goe
ssbstrates oxhibit electronic tranmsport
coasistaat with two dimeasionsl
behavior sad display weeak e¢lectron
localizetios above spproxzimstely 2
degzoes Kelvia. In figure 3 we show the
resistivity of the film ia figures 1-2
dova to 0.65°K. The sample resistivity
is iscreasiag logarithmically with
decreasiag temperatunre wntil the
temspersture drops to about 1.6°C. Below
this temperasture the resistivity
decresses rapidly. At 0.65°F its valse
is 55% of the resistivity at 2°C. A
magaotic field suppresses this sudden
decrease ia resistaace.

Heating the sample to ~600°K for
~10 mia. uader vacusm permsnently
destroys all signs of 2~-4 electronic
bekasvior asd supercorductivity,
consistant with the surface studies
which iadicate the monolayer should bde
sastable I'lil‘i isleand formation at
that temperatuce ‘.

In figure 4 we have plotted the
pespendiculer magaetic field dedavior
of the resistance of a similar sample
vhose resistamce has been reduced (see
izsert) st 0.55°K to 159 of its 2°CK
value. Above ~1.4°K, the resistance
iscroeanses immediastely with the
application of s magaetic field asd
then levels off at s valese oaly
slightly sbove the zer0 field
tesistasce. At low tempersture the

"megaetic field dependence is more

dramatie. The resistance is flat for
small fields, thes imcresses abruptly
ssd levels off at a resistssce mnch
higher thas the zero fiold valwme.

Ctitissl surrest messsremesnt
indicate s currest density of 10°-10
sspe/en sssuaing the fila i
soatinsoss and of uaifors thickaess.

Ve were soncerned that expossre to

air conld damage the moBolayer films,
After these sxperiments verse performed
and roepented (over s period of
approzimately s soath) the sasmples were
reezamined by AES. This analysis shoved
that although the 3000 Angstrom Ag
contact pads wvere tarmished (svlfur
contaminstion), the omly foreign
substance on the ‘monclayer’ film was
ctarbon - presumably fros sn-p otl,

The scslimg theory predicts
logarithmicelly increasing resistivity
wity decressing temperature. The
pretactor of the logarithm depends on
the exposent of the temperastuore
dependence of the imelastic scattering
time,

AR(T)=-(Re2p/(2n22) 1 10(T/T ) ()
&

where the total imelastic scattering
time T, goes a3 v, « TP,

Ia between inelastic electronm-
phonon scatterings the electron can
absord energy from the applied electric
field and undergo Joule (I“R) beasting.
This results in a qoadratic electric
field dependence for 1low fields
changing over at large fields to s
logarithmic dependence. The prefactor
depends on the power of the temperature
dependence of both the total]l imelastic
scattering time and the electron-pbonon
scattering time (tep «T"P):
AR(E)=-[Re2/(2722)1(2p/(2+p*) )10 (E/E).

R 2)

Asn i’to racting electron
pictnto"" for a disordered systes
slso suggests & logarithmic temperature
dependence to the resistivity similar
to equatiom (1) with p=1. Calculations
in reference 13 ipdicate that sside

- from electron heating effects there is

mo electric field dependence to the
gesistivity in the interactiom picture.

From our dasta we cannot
determine the exponent p for the
tesperature dependence asince the
geometry 4is undefived as discussed
above. Taking & vslue of p as 1 for
ezample, we would fizd that the
tesistamce of 7700 obms {8 equivalent
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to & measaremeat of ~5.5 squares is
seriss. As one canm see froms equatioss
(1) asd (2), the ratio of the
logerithmic slopes of the temperature
and slectzric field dependences can de
ssed to calcuslate the temperature
dependence of the electros-phonon
scattering time. Usiag the logarithmic
slectric field dependeance of the sample
resistance at 3°K one fimds p’ of
equation (2) to give p’=2.6, which
¢°."'.'zzi§! P'=1.8 to 4.5 found for
Pd films”“ asd p°’=1.3 reported for
Pt tilms?l,

Both scaling theory amd the
intezracting electrom picture predict
magnetoresistance effects in
classically smsll fields (ocz(<1) which
are several orders of magnitude larger
than the ‘wsual’ positive
magnetoresistance soeen in metals.
Electron ordital effects "1’. Zeeman
splittinlsll“':‘. spim-ocrcdit
coupling”’ . . snd impurity spin
scattering can all make contributions
to the magnetoresistasce im both
pictures. Zeeman splitting makes a
contribution which while isotropic,
manifests itself osly ia the
istersction picture. There is a
contribution from the Zeeman effect in
the scaling theory oaly whes spin-orbit
snupling is imcluded Spin-orbit
coupling has s significast effect in
both istersction end scaling pictures.

Considering that Ag end P4d are
situated side by side in the periodic
table this similarity ima their
megnetoresistive bdDebavior is aot
suprising. The spim-orbit inmteractions
cosple as 27, where Z is the aucles
charge (ZA.-47. Zpga=46, so Az%/2
<108).

The most striking feature of this
work is the rapid decrease of the
resistance below 2°F which we
teatatively associaste with as
incosplete supercondsctiag tramsitiosn,
as might be found im an inhomogencons
sample with o variety of Tc':. The
magaetic field dependesce shown is
figere 4 is comsisteat with this
istesrpretation if the ‘critical field’
for the highest T, portios of the file
is takes as isdicative of Pasli

limiting. A criticsl field of ~25KGanuss
is sxzpected st low temperatsres for a
T, of 1.6°K. The ‘critisl field’ 1is
roughly isotropic, sgais suggestiag a
spin pairbreakiag.

Uhile it is mot clesr what is
responsible for the sspercosductivity,
it should be noted that there are no
koown stable AgGe compousnds. Ag Ge is
IC!II!{;IC 8sd ssperconducting st
0.85°K apd there are reports of
qQuench copdensed AgGe slloys made at
4.2° vhigs yre sspercondocting at up
to 1.6°30.31 A1 of the surface
characterization done on these samples
indicates only vesk interactions (on a
chemical binding scale) between the
monolayer Ag and the ’nbltrnte. vith mo
compound formation 4 and o sharp
interface, Additiona]l surfsce studies
o8 this growth of Ag on Ge also suggest
tbe absence of intermixing, che%iﬁnl
shifts or compound formation2!:28,
Aowever, the resolution of the
different sorface probes cammnot detect
tegions of the surface wbich comprise
only seversl percent, asd it is slwsys
possible, evem if unlikely, that a
small {ntercomoected part of the
surfsce may contaip compounds that we
cannot detect but which short out the
rest of the suorface os they go
superconducting. Our critical corrent
messurempents would temd to argue
sagainst this.

If is fact the momolayer is
sspercoadecting., while bolk Ag is knovwe
aot to be, there casn be severasl
stplanatioss. Simce the observed
transition tempersture is low, there is
20 need to invoke any mechanism other
than the suwsual electrom-phonon
isteraction and BCS supercomductivity,
A monolasyer of Ag has s vastly
differeat bDanmdstructure and is
isteracting with quite different
phonons than the bulk material. If
furtbher imvestigatioas point to amother
seckanism, it should be remembered that
ths moaolayer metasl film o8 a Ge
ssbastrate 4is am $dsal system for
studyiag the excitomic mechanisms as
proposed in reference 32, especially
since refereamces 27 asnd 28 indicaste
that there is megligible band bending
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at the Ge-Ag iaterface.

Ia comclugsion, we have showa that
sltrathin crystalline films of Ag
epitegziasally grows o3 Ge (001)
sabstrates oxhibit electronic trassport
cossistast with tvo dimenmsional
bebavior. They display vesk electron
localization, which crosses over to
supercosducting regime below 1-2°K. ac
low temperatucres, is the avrmal state,
this system has & resistivity which
iscreases logerithmicaslly with
decressing temperature. At low electric
fields the mormal state reosistivicy is
consistant with a guadestic field
depeandence chasangiag over to g
logazithemic dependence at high electric
fields. There is s small positive
isotropic magnetoresistance. Below
spproximstely 2°K the resistivity
displays s broad superconducting
trasnsitior 1a both its temperature asnd
aagnetic field dependence.
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