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INELASTIC ELECTRON TUNNELING SPECTROSCOPY
FOR Zn-ZnO=-Pbh TUNNEL JUNCTIONS

T.F. Refai

Physical and Mathematical Engineering Dept.
Faculty of Engineering, Ein 5hams Univ.

Abstract:

Inelastic  Electron  Tunneling Spectroscopy (IETS) technique
is applied to Zn-ZnQ Pb tunnel junctions to probe the vibrational
structure of minute organic molecules doped on the oxide layer.
Spectrums are abtained far methanol, benzeic and acetfic acids.
The spectrums reveals the direct mechanism involved between
the dopants and the oxide layer.

Intrpdbclion

While investigsting band structure eflecls using Al-AlyD3-Pb tunnel  junctions,
Jaklevic emd Lambe (1) decided to plot the second derlvative [071/dv™) wersus applied
waltage V. To bheir surprise they found that the glolas resembles those chiained
by infrered spectroscopy lechniques fer moleculsr vibrational spectruns. To salidify
their fowndings they doped the oxide layer with minute otganic molecules. The resuds
ghowed a speclrum contminieg paaks st the espected positions Tor wibretional modes.
Their discovery layed the foundation for a mew spectroscopy technlque, known Lodmy
as Inelestic Electron Tunneling Spectroscopy (ET5) In this paper we will irvestigate
the effecis af three dopant meterigls, mathanal, benzaic and ocetic acids on zine
oxide barriers.

dample Frepanalone

The evaporstion of the two metal electrodes was eccomglished wsing  an
ordinary but high quality vacuum system. We found that prlor to the evaporation
of the zinc base electiode, that |t is best to chill the substrate at liquid nitrogen
bemperalute. This feswded in & higher sticking coelficient between the zinc elactrode
and the subsirate. The zinc strip hed a mitror like appearence  with  difmessions
Z cm long By T mm wide and @ Ihickness of 2000 8. Oxldation af the zine strip
was accomplished by ewxposing the samples to atmospheric pressure for about one
weeks Application of the dopant matecial was simply done by either exposing the
oxide to itz vepor form {acetic acidl, or applylng few drops of the diluted solution
(methanel and benzoic scid), Finally the cross-wise lead strip was similarly evaporated
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Experimental Set-Upe

Fig. {1) shows the experimental block &agram. A dc bias voltege and an
tf current, whose amplitude & is 0.3 £ S & 1.4 mV and frequency Is 500 Mz, are
driven through the tunnel junction. The tf currentis swept by a saw tooth voltsge
of frequency 100 Hz. The current developed across the junction is given by (2)%

V)=V Jeldl/dV) | § costes @1/ avt) i ‘,l SZ {1+cosfL) 8 +
0 Vo dav y
o

where I(Vg) Is the oc bias. To simplify tunning artengements, the lock-kn amplifier
is maintained st 1000 Hz and the modulation frequency is only changed. It Is 500 Hz
for the second derivative measurements (spectrum  measurements), and 1000 Hz
for [lirst derivative {conductance) messurements, Finglly the samgle is mounted on
8 special probe end dErectly immersed in liquid helium,

Results and Discussions

The oxide layars investigated had an aversge thickness of 26 A and reslstance
ot 30 ohms (3). Tig. (2) shows the spectrums obtsined for the three dopants. In
all three spectiums, the Zod phonon spectrum reveals 8 strong peak eround the
73 mV mark. This pesk is the hall mark of the Zed phonon spectrum and rrust
always be present. Other foundamentel Zrd phonon frequency peaks are cbserved
near 43, 50, and S8 mV, (Fig. (2-1)}, and rear 45 ond 55 mV, (Fig. (2-b}), nd
around 42 mv, (Fig. (2-c)). Multiple Zno phonon froguencies ore dotectad near
128 and 141 mVY, (Fig. (2-8)), and nesr 121, 131, end 138 mV, (Fig. (2-b)), and
142 mV, (Fig. (2-¢)) (4). for undoped lunnel junctions, tha ZnO phonon spectium
is similar to that of Fig. 2-c for the range 0L mv <150, On camparing spectrum
to those of figure 2-a and Z-b we see that the last two spectrums 8re better
resolved and higher & intensity. Now since all ssmples where similacly prepared
and oxldized, then such difference must only be related to the dopsnt. The etfect
of the dopant on this behavior will be understoad after discwssing the dopant spoctrum.

Fig, 2-«a shows the spectrum aobtgined for ZnQ doped with scetic ecid. The
spactrum  exhiblts a strong structure around 344 mV sitributed to a Zn-H bend
(). Two other pesks are slso detecled neer 171 end 437 representing a Zn-C
band (%), For the methanol spectrum, Fig. 2-b, the peaks nest 171, 102, and 211 mV
represents 8 Zn-C bend end o Zn-H steetching mode (5). In Fig. 2-¢, benzoic
spactrum, the peak at 358 mV is a C-H stretechung mode. The structure within
the range 230 mV 30D = probebly due to C-0 steelching modes (5), In all three
spectiums thereis a structere around the 100 mY mark, which s due e sir oxidation
and reptesents a C-H racking mode (€). Fram Fig. 2-¢ we can deduce thiee features
that indicale that benzosc acid did not reacl chemically with the oxide layer, but
was rather adsorbed an il. First, the Zr0 phonon spectrum has =0t changed. Second,
there are no peaks (in the dogant spectrum) thet contain zine stoms. The third
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ang last is that the dopant spectrom is well resalved and high in intensity, This
last festure Inoicetes Lhat benzaic molecules did nel penetrate into the ‘onlge layet
bt rather resided on the surfece. This conclusion is supported by the orientationsl
slection rude that states thal molecules situated close to the surface will have a
vibrating mode perpendicular te the surface fesulting v peaks that are well resalved
and high in intensity. Suwch selction rule does not hold for molecwles residing deep
in the oxide (7). On the other hand, In fig. 2-a, there aie peaxs thal conlain zin:
aloms, an indication that acetic acid rescled chemically with the oxide ta give
us @ new praduct which is zinc aeelate salt. The reaction ¢id not cover the comglete
oxide layer, other wise no ZnO phonon pesks would be detecled. Hence in this
case the insulating bartier can now be viewed as a double barrler ol which tha
vriginal thickness is the same. The first layer is Zn0 layer, and the second is the
walt Inyer. Now fram tunncling measurements (tls known that a5 the insulating barrier
tecames thinoes, the spectrum peaks become more sharpet. Thws on camparing
the Zrdd phonon spectrum to that of the salt spectrum, we see that the ZnD phonan
peaks are belter resolved and highet in intensity. This means that the 700 layer
is much thinner than thal of the salt, By the same tolken, the methanol spectrum
can alsa be explained. Finally in all three spectrums the btackground signal Increases
{an Increasa In conductivity) than it declines. The signsl decline is an indication
that the junction can no lenger supparl higher currents. Such behavior is a function
al the juretion thickness, since the thicker the junction, the higher its fesistance,
the higher the maximum current it can handle. Thus on comparting all specliums
together, we see that the turning points Is further out for the benzoic speclrum.
Trhis is slso an Indication that the ZnD layer for this speclsum is thicker than that
for methanol end acetic acid. This resull then alio supports our ideas mentianed
above wbout the mechanism of reaction between the dopants and oxide layer.

Conclusions

IETS lechnique has been applied to Zn-Zr0-P5 tunnel junctions doped with
melhancl, ncelic and benzoic acids, The spectrums not only teveal Lhe vibralional
mades, but also glves us a drect determination of the type af reaction mechanism
invalved between the dopsnt and oxide surface. Such technique holds great promises
for surface stodies, physical and chyemical, and also for heterogenous catalysis
applications especially when law temperature environmants are required,
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