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- e
~ 7 'a _* Abstract

- Thls thesis sets out to describe some of tife effects of,

&

cover electrode and barr1er preparat1bn technzques on the
'__/v—--\ -
tunneling characterlstacs of Mg - Mgo - Metal junct1ons. In .

carrylng 6ut th1s Jnvestigatlon, various metals were used as
4

cover electrodes of the tunnei junctlons and d1£ferent

barrier preparat1on techn1ques were employed in form1ng the

. /- -

" The 1nfluence of the cover electrode on the tqgnel

4+
. 7

-

ox1de tunnel barr1er.‘

[

barr1er propertles ‘and the Inelastlc Electron Tunnellng'

~

«
(IET) spectra are’ studled by detalled comparlson of
tunnel1ng character1st1cs of junctlons. Further*1n51ght 1nto

fhe -nature of the'lnfluehce is—gained by_varylng the barrier

)

[ — i ey

B

preparatlon technlques.

The barrler he1ght of the tunnel 3unct1ons 1sJa

—

funct1on of the ionic rad;us of the coven electrode metal.

~

Junctlons w1th‘the Mgtbase lem exposed to a flux of low
energy hydrogen ‘ions before oxldatfbn exh1b1t a large
Earrzer asymmetry and a large peak centered at 124 meV, 1n'

s the IET spectra. The observed hydroxyl stretch ‘band is found

B

to vary at about 450 meV w1th both the cover electrod

mater1a1 and sweep polanty. Poss1b1e mechanlsm% are

‘discussed. VT ’ L e .

J = * ¢ 2
- - \ . o
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1.- INTRODUCTION
P - .

Inelastxc elect}on tunneling spectropcopy (IETS) is &
sensitxve spectroscop1c technique and has become establ1shed
as a standard,method for investigating various, low - lying .
;xcxtat1 s in Metal Insulator - Metal systems in the last
twenty years (Hansma 1982; Wolfram. 1977) This un1que e
technique has found fru1tfu1 app11Cat10ns in many areas
~including surface chemxstry of molecular spec1es absorbed on
the qx1de barrler, chem1sorpt10n on metal surfaces and the
.catalys1s of ox1dat1on. -

In practice, barrier preparation and the choice of
_covef electrode are two major componen;s in tunnel junction
fabrzcat1on and crucial to IETS experiments. In the past,

\

1IETS experlments have mainly been carrxed out on Al - Al
Ox1de - Metal junctions , and the.cover metals used were
often limited té a few metals such asQPb and Al. Very little
is known about the effect of the cover electrode on spectra
and the barr1er properties. A detalled understanding seems
essentxal to further development of IETS technique and\lts
app11cat1ons. In previous studies, Magno et al. (Magno,
Konkin and Adler 1977) stﬁdied the influence of cover
electrodes on the IETS peak 1ntens1t1es in Al - Al oxide -
Metal )uctlons. Kzrtley and Hansma (Kirtley and Hansma 1975)'
reported the observation of an energy sh1ft in the hydroxyl
stretch1ng~10 H) mode due to different cover electrodes. In

'th1s work, we extend prev1ous studies to a con51derat1on of



- -

how different cover electrode materials and preparation
‘techn1ques affectothe properties of the underlying oxide .

‘wh1ch in turn affects the IET spoctra.' " T

\ 4

The present work wasrcarried out" as‘a extengsion of
;reyious_work (Plesiewicz End Adler 1986) conducted in thas
laboratery on Mg - Mgo - P junctlons, thh the inittal hope
of addressing some of the problems mentgoned above. Data. are
"shown for a eeriee-qerg -.Mg0 - M, junetiens where M, ‘is |
e€ither Al, Ag, Au, C4, éu, In, Mg, Pb, Sn, or In. Barrien.
parameters of Junct1ons prepamed by two dlfferent methods
are compared We f1nd that the pretreatment of the Mg base
film with- hydrogen ions drastically mod1f1es the barrxer v
properties. Thelbarrler height of_junct1ons_1s correieted to
the ionic radius of ‘the cover metal, and the cofrelation of
the O-H stretching energy with the atomic radlus and the
percentage of '@ e;;racter of the cover metal will be
presented The deﬁendence of th1s 0-H stretch1ng energy-on
sweep polarity wlll also be dlscussed F1nally, changes-in ¢
the IET spectra due to Ehe influence of -the covet g}ectrode
is discussed. K '

The ‘theory of electrogxtunnellng, both elast1c and
ine1E%¥tic, wlll be discussed along with a relatively simple
mathematical treatment~1n.Chapter 2. Junctxon preparation
and thejinstrumentation used for measurement of junction
pfoperties_will be described in Chapter 3. In Chaptef 4,
\data‘handlihg and‘analysis'w§11<be discuesed. In Chggfer 5,

. . : . : \
results of the experiments will be presented along with



Flnally, in the last chapter of. the the51s, conc

and suggestlons for further work will be presented.
Y Py . -
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2.1 Introduction _ oo LT
The concept of tunnel ng has come “into exlstence ‘since

the 1ncept10n of quantum/mechanlcs. A partlcle represented
. ),
by a ‘vave funtlon, mayfenter a.cha551cally forb1dden reglon
. / o
and, if . the potentlak barrler is suff1c1ent1y th1n, may-.

tunnel through w1thout hav1ng enough energy to go over the

top “of the barrler.‘ . ,;

~
.

- Phy51cally, this concept can ‘be neallzed 1n the form of

-

a tunnel junctlon, in which electrons tunnel through an

1nsu1at1n%/éarr1er sandw1ched between two metal electrodes.
. R [y . L4

°in,Fig. 2 L, & typical descr1pt1on of a tunnellng exper1ment
- is shoyn. C1a551cally,'1f one attempts to apply a voltage'
acroeé the junctzon,.the result will 51mply be a charged

' caeéc1tor, and no current w11I flow across &he 1nsulat1ng
A Q
barrler. Quantum mechan1cally however, a current flow can

o

occur across’ thlf reghon prov1ded that the 1nsu1at1ng
barrler is suff1 iently th1n..Thls is electron tunnellng
) i
In order to understand the thnnellng pf%cess, we start

k. Y4
energy level dlagram for metal - 1nsulator

3with the electro

- metal junctxon hown imn Fig. 2 2. EF, and EFz are the

S

. Fermi 1evels of metal 1 and 2 respectlvely, vhile e 15 the
electron charge and. eV is the app11ed b1as engrgy. Tunne11ng

: occurs from left to/ n1ght across a barr er .of th1ckness s
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Fig. 2;1’This diagram shows thes experimental

arrangemeﬁp ior ﬁ”tunﬂel{ng experiment.VM'is a metal
elg}trode, 1 is the insulating batrier,,V a voltmeter and A
: & ) ° .

.

‘an ammeter.
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" Fi'g 2.2 'I‘he electron energy level dlagram for‘ a metal
- insulator- - metal. Junctlon is shown w1th and wlthout an

applled bias voltage V. Here, s is the barrler tlpckness,.@./
' A,and $, are the barrler he1ghts‘at the base and c:%ver ) _b
elect rodes respectlvely,. Ee, and EFZ are the Fermi ‘levels of
the two metals. When a bias 1s applied, tunnellng -Qccurs in

¢

the d1rect1on 1nd1ﬁted by the arrow. )

Jf



‘ Metal 1 - Insulator- "-VAMeia(_Z

(base)” -~

‘l(tog)
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and barrier hEIthS ¢, -and ¢; at the two electrodes.

- - For s1mp11c1ty, we cons1der the zero temperature
51tuatlon. At T.=-0 K, all the states bélOw Ef, and” EF, ‘are y
filled, while those above are empty. The applxed voltage v

AaCFOSSs the junctlon ( w1th the 1eft hand metal negat1ve1y
biased ) causes the Ferm1 levels to be separated by an

_energy eV, Fllled states of metal 1 are: now a11gned w1th
- ’ K
.avallable empty states of metal 2 and electrons now' can

tunnel from the left to the r1ght. Most of" the electron 4
-tunnellﬁg oopurs elast1cally ( i. e.‘tunnelzng w1thout “A
change of energy ), although 1nelast1c processes, Wthh w1ll
| be dlscussed later, do occu; As the .bias gpltage \Y 19

ancreased - more allgnment of filled states with avallable T
empty states occurs ‘and hence, the tunnellng cufrent is -

N
,1ncreased. "Therefore, dependlng on the blas voltage, one

" gets a certain current flow across the junction.

c

2.2 Theory of elastic tunnelxng S
- ‘Most of the tunnellng curreit~aCsts‘the’)unctlon is
due to elastic tunnellng in whlc‘ thetelectron energy
_remalns constant when it tunnel_ through the barr1er.v
,Harrlson (Harrlson 1961) has m de a theoretlcal calculatlon.
hof the elastic tunnellng current based on'an 1ndependent -,
escrlbe :s he low., -

b

partlcle model which we w111
Accordxng to Bardeen (B rdeen 4961) the probab111ty
per unit time for the trans‘tzon of an electron fromta state

a 1n metal 1. to a state b 'n ‘metal 2 on the other 51de of
’ £ -\



. L;’ . : . ‘ r/.
. ) . . 4 5 v:u : . y . . .
the barrier ig given‘hy:; S v

. . 4 ' . ’
. : .. ' . .

.

(2.1) 7 Pgp= (Zﬁ/ﬁ')IMablfpbfa‘(l - fp) L

-

where Map is the matr1x element for the tran51t1on, pp is
the densnty of states at b, and f., fo are the probab1l1t1es
‘of occupatlon of states a and b tespectlvely.

Unless the tra verse wave number K, is the same ﬁgr

the 1n1t1al and 'nal states the tran51t10n matrix element

Mab van1ahes and thus Pp. i8 a»den51ty of states for fixed—
Ve

Ka . Byﬁfummlng over all states- a of flxed K. to obtaln paf

a

summ1ng over Ky, mult1ply1ng 2 for spln and e for electron

charge, ve. obtain the tbtai current from left to r1ght.

\

Subtract1ng thedcurrent in the oppos1te d1rect10n yields the

current den51ty: _ o , o

-

| - e .
(2.2) 3= (4me/M)Z jmabjzpapb(fa—fb)ae
. {\-‘ . _m

-

with the 1ntegral over energy being taken at a f1xed

transverse wave number. .
. _ ) .
In the evaluatlon of matr1x elements, states of

%

_ constructed vhich are: sxnusodlal in the-p051t1ve energy
reglon and drop exponent1ally in the ad]acent negative
..'energy region. Assumlng that the band structure is unlform,
except near the trans1t10n reglon, and also that the band
structure varxes only slomly in the trans1t10n reg1on allowsr

us.to make a WKB approx1matxon. This results in the

follow1ng expresslon for the - tunnel1ng,current dens1ty,
' st - oo S ’
(2.3) 3= 2e/hp -j'exp(—z [R;Id’x)(f'a-fb)dé
T N BRI oo N o
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Where s is ‘the barrier thickness. Note that the tunneling’

current density.is.independent of the density of states.’

‘This 15 a concequence of the 1ndependent =~ partlcle model.

Rewr1t1ng the wavevector K, within the barr1er regxon

as K(x) = 1/ﬂ(2m¢(x v)- E)”z and subst1tut1ng the

1

appropr1ate Ferm1=- Dxrac dlstr1butxon funct1on for fa and

<

fb the current dens1ty may be wr1tten'

- m v o
R (2. 4) J = 2e/hZ Jexp(‘Z/thZm(é(x V)-E, )"’dx) "
A _oo F | | :
- (L(E) - f(E +_eV))dEx Cow

9

=

E, 1s the total energy in the d1rect10n perpendlcular to the

5o 3 7

-

potentlal«barrler of thlckness s and bartler he1ghts é(x V)
expressed at p051tlfn X andoapplled voltage V.

Brlnkman, Dynes and Rowe®l (Br1nkman, Dynes and Rowell

1970) entered 1nto this - express1on a trap201da1 model for

the tunnel barr1er"

LY

Q(x,Vi = 80+ (x/5)(8; - &, - eV)

L]

'.denotlng Q, and &, as th° barrier he1ghts at metal 1 and

g

" voltage and d1ffexent1at1ng with

|
metal 2. respect1ve1y w1th zero, applled voltage and s the

thlckness of the barr1er. By expa§d1ng (2 4) in powers of;
espect to voltage, they -

obta;ned the follow1ng result for the conductance a(V)
ot : 5 .

(2:5)  o(V)/6(0) = 1%- (AA¢/16¢’1?)ev



) + (£9/128)A2 /&) (eV)?

A L e T
Where ab = &, -.&, and ¥ = 1/2(®,"+ &;) A = 4r(2m)'/?*s/3h
‘and o(0) = (3.]6x10‘°§”’/s)exp(-1.0255¢5”)'Egpression<
(2.5) proviaes'a means of obtaining thewter;ier parameters
s, ¢‘ and ¢z from the exper1mental measurement of a(V) ,
; Replac1ng the sum over K, in (2. 4) by an 1ntegrhl over
the prOJectlon of a constant energy sutface onto. the planey
of the barrier i.e, dS = ZWquK\\_u51ng ﬂk‘ 1= E. and |

rearranglng factors; w; get the follow1ng expre551on°_,

' v 00 ‘Em . S
(2.6) 3 ="41rem/h’f dE,fexp( 2/h (2m (x,7)-E. )1/ 2dx)

(£(E)-f(E+eV))dE,.

_ ' ; L . : .
Tunneling e periments are often carried out at liquid

hellum temperature so we can make zero temperature
assumptlon w1thJut losing generallty. At T =0 K, assummlng

a trape201da} b#rr1er (Simmons 1963) the tunneling current

density J can b% wr1tten as the followxng _ S
| r - Ef eV .
(2.7) . g 4ném/h°(V:£p(u)du + J-up(u)du)
‘ ' ev ° 0

p§§)=='expﬁ As /(Qz-¢1~eV)((¢z+u eV)”’-(@ +u)”z))

Wwhere A = 4B/h(2m)"2 and B iS»a correctioplfaptor which can
be chosen a6 unity for V less than ¢g/e.v~
This again pr0v1des a means of obtalnlng the barrler ,

parameters (Simmons model) by f1tt1ng (least squares) the

1

experxmenbal 1-v cqaracter1st1cs w1th th1s theoret1cal
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approximation (Simmons 1963)%

3 repoYt of inelastic tunnellng-from a loss of

an exc1tat10n in the barr1et vas by Jaklev:c and

conductaﬁce‘of~the junction at chardcteristic'voltages
cofresponding to_vibrationel frequencies Nhw of molecular
spec1e§ contained in the barrier region. The energy level
dlagram shown in Fxg. 2 3 prov1des one-w1th a v1sual1zat1on
of hew such processes can lead to 1noreases in conductanoef
’Fig. 2,3 represeots the energy diagram of a tunne}
junction¢Whe§e the Fermi levels of the two metal electrodes
(normal) are separated byaaq energy eV where V is the \\
applted bias voltege, For Simplieity‘we assume that the
sysfem is at T = 0 K which meahs that'the states below the
Ferm1\1evels are filled whlle those above are empty.
Electrons may tpnnel elastically from meta1'T to metal 2

(process a). If a new mechanism arises which allows am
. 5 ~ D
electron to lose ene(\? fiw. as a result of an excxtat1on in

. .

th barrier dur1ng the tunnelxng process (process b), a new
channel will open up. Th1s channe1»1s available only if
} ’

there exrst empty states Ln metal 2 which have an energy hw

less than Eﬁ/. ThlS becomes poss1b1e when eV 2 Nw,
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13

Fig 2 3 Schemat1c energy. level d1agtam for tunneling

betweengtwo normal metals. a: elastuc tunneling. b:¢
- \

inelastic tunneling. hw 1s ‘the enefgy an electron loses to

]

an excitation during the inelastic t&nnel1ng process b.

Yoo
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This onset of a new tunneling éhannal';esultu iq a'stop
- like increase in the conductance and a & function - like
structure in the derivative of the conductance with respect
to the voltage, as illustrated in Fig. 2.4.
’ iAt‘a.fin;;e temperature;'the Fermi surface otvbbéh
metals will smear the & function,- like structure although.

it-will still be centered around eV = Nw. The excitations to -
which the tunneling.ele;ttons lose ener;ies can a;iée from
~_many differqu{ sources.;Typicé; among these are the

<:3§cgpatioq.of phonbns of the tunnel‘barrief agg'electrodes,

, , . -
surface plasmons, magnons and molecular vibrations of

»

localized impurit‘qs. L ’ o v

M

Much -theoretical work on inelastic electron tunneling
has' beep d;veloped since Jaklev1c and Lambe first dlscovereq
the phenomena in.1966. Here we briefly describe the first

. nheoretical'approach to the interaction of tunneling \
electfons with a molecular Qibrational mode ieading to an
inelastic tunnel1ng process. This approach by Scalapino and
Marcus (Scalaplno and Marcus 1967) is based on a simple one
electron p1cture in whzch the tunnellng electrons 1nteract
with the dlpole tield {including its image part) of a
moleéulefin the barrier region, near the inqplatof-—metal
interface. K ' ‘ .

Taking into account the nea{eét image of fﬁé,dipole,
the elecﬁron —;dipole'interaction energy is, using the

‘dipole approximation,
) A3

(2.8) Ug = Zegp‘/(xz + rZ)s//z



Ll
‘ ‘ .

Fig. 2.4 An inelastic’ process for a vibrational mode of
. . ' - -
frequency w results in-a break in-the 1 - V characteristic
8f thé;tunnel juhction, a step in o vs V, and a peak in

do/dV vs V.
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Where xsas the dlstance from the metal - 1nsulator 1nterface
- to the tunnellng\electron (see Flg,.z 5)r r is the component
,of the dlstance between the electron and the dlpole |

.perpendlcular to the electron s motlon, Px 1s the compOnent

of- the dlpole momen% normal to. the electrode, and e is the
electron chhrge Us1ng a WKB approx1matlon for the tunnel1ng
hmatrlx element and the "Golgen Rule (Scala‘1no ans Marcus u
1967), we get the second derlvatlveéof tunnellng current

'w1th respect to voltage due to an 1nelast1c procéss as*

(2.9)h d‘I/de =.n(4ﬂe2m/E)ln|s/ro|(dI/dV)o :
N Z".|I<m|’_p7xl|0‘>'|}?5(\‘/.—‘(...),;,9)‘ S
Integratlng (2 9) over a voltage 1ncrement of a v1bratlonal

A

- and y1elds an 1ntensxty or conductance change as:

e 4’»3\?3 : ’c' . \ ’ . r‘
<2-10> n(dI/dV) ln|s/ro|(41re m/F)(e £, /me )A(

'Where A = 51n20 for bendlng mode and A= cos zg for

«

}stretchlng mode, w; and fi.are the frequency and osc1llator

‘strength of the 1‘hband 6 1s the angle between the d1pole

4

\\ynd the normal to the surface, s is the thlckness of ‘the

bd//ler, n is the number o dlpoles per un1t area of
- ¢
'jJunct1on, F.is the barr1er he1ght measured w1th respect to

fthe extrgy of the . tunnelang electron (F Q - (E - EF) and

’ro is a cutoff in the v1c1n1ty of the dlpqle where the
l approxzmat%nn for the o\fént1al begrns to fall For typ1Cal

1y

values of ‘W, ' s/ro, F and 6 (2_10) g1ves a change 1nx

»
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:’Fié; 2;5 In Scalap{no and Marcuﬁ' theory, a.$oint l\{
‘dipolg and its image are loéated‘closg to one metal
.éleét;ng. The componentﬂof fhe d?béle normal'tb the}sﬁrb§ée
'addS'toaiﬁé imaQe‘Whilefthe”componént;paqéliel td,tﬁg
§ur£a6é;canéels; The tﬁqhgling.eléctrén penetqafeé'tﬁe‘  1“
. N °

 barrier a distance 'r.from the dipole and a distance x from

the-image plane.

v.o,'c‘1 .
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conductance on the order of 0.1% cdnsistent with"

experimental results. - ﬂ Lo
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»3. LEXPERIMENTAL TECHNIQUES °

P

£

3.1 Junct1on preparat1on ' ‘

N Tunnel junctions were formed by flrst evaporat1ng a set
of c1rcular 1ndlum or 51lver contacts onto a clean: glass
substrate (see.Flg.‘B.l). Following th1s, a»Mg base layer
(2000 A thick} was evaporated; This film{wasloxidlzed inzone i
'of the twoddifferent environments and_afcover electrode |
'subsequently evaporated ‘

“The substrate was prepared by cuttlng a piece of Pyrex
m1croscope sllde 1x1 cm square, scrubbing w1th detergent
r1n51ng w1th hot water followed briefly by methanol. A clean
substrate was then flame pollshed and placed in a Substrate
holder in the vacgum chamber. The substrates were further

| cleaned in the vacuum chamber by exposing them to a plasma
glow d1scharge f1rst of oxygen then followed by argon each
~for 5 minutes. The size of the substrates allowed us to
fabricate two 3unct1cns with a common.base layer (Mg?i
w1thout breaking the vacuum. a

a The Mgﬂillm wanevaporated from a. re51st1vely heated

tubular covered boat, through a stainless steel.def1n1ng

| mask at a rate of 20 A/s to a th1ckness of 2000 A onto the -
substrate. The cover electrode material was evaporated from
either a res1st1ve1y heated boat or from a c011 depend1ng on

the metal C;ed The boats or the c01ls were mounted on a

20
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rotat1ng carousel which allo%ed a proper 1ndex1ng of the

evaporated materlal Cyl1ndr1cal quartz chlmneys placie

around each source prevented mutual cross - contam1natzon of
metals. The metals used_ag cover electrodes of the tunnel
'junctxons are l1sted along w1th the nature of the SR
_evaporat1onvsource in Tabl 3.1¢
The vacﬁum Chamber-waS'pumped by an 011 diffusion é\m&.

' equ1pped w1th a llquld nxtrogen cold trap backed by a

o

mechanlcal pumps A zeollte trap was 1nstalled between the
mechanlcal pump and rest of the system. The system was ready

for the evaporatlon after 4 hours of pumplng ach1ev1ng a
pressure 1n,the low 10’7 torr range. b

»

3;2'Formati0n of tunhel'barriers

: The vacuum system was equ1pped with a large Melssner
)
trap located close to the substrates. The trap has an actlve

area of 10%m? and was operated at 77 K Before actlvatlon

.of the cold trap, the system’pressure is in the 10 7‘torr

&

range with a partlal presdre of water close to'1x10'” torr.
Thls is referred to as the wet env1ronment Afteraactlvat1ng

the trap, the part1a1 presure of water drops to the 10’°;j

torr range ‘and thls 51tuat10n 15 referred eo as the dryl=.

]
2

P

env1ronment.

ﬂ

© 4. The formatlon of the barriers was carr1ed out in two
different ways. For plasmaé}unct1ons, the barrler was formed
in- the wet env1ronment by idizing the freshly evaporated

g fllm in a plasma glow dlscharge of qltra pure oxygen wzth



-«

. . . ’ © e
- TABLE 3.1
v \ PR SR
Evaporation Materials

«

&

A

Metal  Purity . Supplieg | ‘Evaporation Sburc%
Al 59 Alfa ' F6-4X.030 ¥ coil
E Ag - 69, Cominco n839—.005 Mé boat
Au 69 Cominco . B12B 3x025 W . basket
cd -(;69 (\,,.Cot\riinc‘o. $39-.005 Mo boat
cu . Elect‘;‘oiyt\ic. ,g..ough,' §39-.005 Mo *boat
pitch wirg" ) S o
CInc . 39 INCO. America $39-.005 Mo ~ boat
Mg. | 59 ;‘bohnéonhﬁatthey S17B-.005 Ta -
- » : . - covered boat
Pb 69 . .C?Tinco . $39-.005 Mo * boat
Sn 59 oe, . Cominco ’ ASBQ-ZOOS Mo boat
. Zn 69 ‘*éomlnco g SBQ-.DOS'MO'.poéf
Evapogétion Sources supplied by R. D. Mathis'company.‘

23
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%“mkessure'hf +200 mTorr. The ion current for this plasma

?low d1scharge was about 13 mA vhile the vdltage was -
a «

ma1nta1ned at about 450 V and time requ1red varied from 10
‘ (

;Vto 20 m1n. For gun 3unct1ons, the tunnel barr1er was formed
t

+J
in the dry env1ronment;-1n this case,-the cold trap was

activated 20 .min. prior tb the evaporation of the MgAbase N
layer, -and was kept cold unt11 the end of the fabrication )
procedufe The freshly evaporated Mg film was exposed to a.

‘flux of hydrogen ions frgm a saddle}f1eid ion gun. for 3 to 5°

\

" min, The 1on current was 0 35 mA. and a dynamlc presgure of

approx1mate1y 1. 2:('10'5 torr of hydrogen was malnta1ned
t

After the pretreatment of hydrogen “ions, the Mg fﬂlm was-
oxidized in a plasma glow dlscharge of" oxygen w1th 51m11ar

parameters‘%s for plasma junctlons for 8 to 10 m1n.

L
‘

3. 3 F1lm th1ckness determxnat1on
L4

The tthKHESSoOf fllms dur1ng ‘3cuum depcsetlon was
) .

" monitored by a §loan DTM-3 quartz crystal monxtonﬂ?The ¢

Al

,measurement‘htlllzes the pr1nq;ple that the resonance

(.
frequency of a plezoelectrlc crystal depends on the mass pf
material dep051ted on the surface of ‘the crystal
--(Eschbachand and At vidhof 1965) "The mon1tor therefore

consists of a iy o piaced adjacenﬁ*to ‘?e substrate onto '
;\ﬂhich the filx 1 depusimd, and the electric equ1pment for
'measurlng the ~narge in its resonance frequency. Eq (3 1)

relates the thickuesa of the dep051ted f1lm to the measured |

'_frequencY‘stht Af (Steckelmacher 1965) , e
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(3.1) 't = cicalt/p = cbf/p - .

c, is a constant deo ndent» 6n the th1ckness and cut of the
pxezoelectr1c lryst'l c; depends on the geometry of the

d1str1but1on of the|deposit over the crystal and p 15 the
dens1ty of the mate -ial. ?he va11d1ty of (3 1) is restricted

!
to mass depé51ts whiich are at most 5% of the mass of ‘the

’

crystal itself (Sto kbridge 1966) . For all practical .

4purposes, this cond tlon.was satlsf1ed ‘In practlce, c/p is
.normally caf&brated xpér1mentally by’ comblnlng the Shlft in
. the resonance freque cy of the crystal with a opt1ca1’ B
th1ckness measu;emen such as a Tolaneky interfrometer

(Tolansky 1960).

3.4 Measutement of t ne11ng characteristics

~

A system us1ng a comb1nat10n of harmenic detect1on and

& brldge techn1que ( dler ‘and Jackson +966; Adler 1982) f.

!

7su1tably 1nterfade to an on-line mini - computer fac111ty

]

for analog and d1 ital recordlng was usedeto obtain the

relevant 1nform tion on the tunnel Junctlons. These are the

dynamic conduc»ance o dI/dVWand 1ts der1vat1ve da/dV To

should start with Fig.-3.2. Y
s e
'In‘thi c1rcu1t the tunnel junctlon serves as one arm ©

eatstone bridgey the other arm being a variable

=

' 4
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resisﬁor Ry. Assuming that tne bridge is close to its
balance and the curren} through each of its arms is nearly
1dent1cal. Inqthe voltage region where the tunnelpjunctlons
are'ihvestxgated, they behaye as weakly nonlinear passxve h
elements., If a smail-enrrent moduletion is applied with the

R . . '
amplityde u kept conafant,'then the voltage V across the

o o i . N - . 3
junction can be written 'in terms of Taylor's serres:
»/ > . ) ‘ .

7 ( 7 ) , ‘
(3_.2)Qb V(1) = V(I,) + (dv/dI)Ioucoswt

~ .+ 1/2(8*V/d1%)g_u’cos®wt’

B

or -
' : . L
. .43.3)  V(I) = V(I,) +.(dv/al)  ucoswt

+ 1/44?v/da1?)1,u*(1 - 2coswt) '

.
o o 6 s 00

- . .
\ » . . : . v
. : e

> WHere V(Io) is the DC - bias across the junction and w is

4 .

the modulatlng angular frequency. The voltage across the
varlable re51stor Ry whlchxhas a lznear 1 -v

character1st1cs is given by.
] . - o~y

-

(3.4) V = (I, + ucoswt)R, o
Thus the potent1a1 difference between p01nt 1 and point 2 ir
the c1rcu1t V,2 has components at the fundamental fre?uency~
w and its ‘various harmonics. The 51gna1 at- iﬁe fundamental
frequency, Vizlw), 1s=propor;1onal only ‘to the deperture of

" the dynamic resistance (dV/dI)'frdﬁ R,. Both these
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compopents’are measured by meahs of a logg/flin amplifier,

1

(3.5) * Vi;(w) = u(R,~(av/dl)p, Jeoswt ¥

. \ : .
(3.6)  V,;(20) = (1/4)u?(d*v/a1%)y, cos2wt

- vy

A direct calibration of the av/dl &urve-enebles the
computation of the dynamic conductance o = dlydv. 1deally,
the second derivative d21/dVv? = do/dV is then calculated

using the ident%ty:

(3.7) L I/dv=‘= -02d2v/da1?

-

/\
The presence of second harmonlc distortidn in téb

. g N

measurement system compllcates the above relation and

necessitates the use of a somewhat dlfferent numer1ca1

4

methad to calibrate do/dv. The detalls of this are des;rﬁbea .

in the'referenéerby Adler and Straus (Adler and Straus 1975;

-

Adler 1982)
_ Measurementsoof o and do/dv as a function of voltage

were made at 4.2 K using an updated version of a bridge and ’
computerized data acquisition system (Adler and Jackson
—— .

1966; Adler 1982). The measurements were made over the range
+/- 500 mV. wéth a modulation of 3 to 5 mV peak to peak. The:

o and da/dv were all calibrated, recorded; and analyzed .
)

using an on 11ne computer system similar to the one
o

descrlbed by Adler (Adler 1982). To allow comparison between

-

'‘\various junctions all spectra aré presented in terms of the -

logarithmic derivative (1/0)(do/av).



4. DATA ANALYSIS

A o . - ) s
4.1 lntroductxon
In this chapter the extract?bn of basic information
from the tunneling experiment data w1¥1 be discussed. Topitcs
include ﬁeak ideﬁtiﬁication in do/dv, the IET spectrum,
determination of ba;rier parameters and the-}ntensities of

-

IET peéks;

/

. u\\# { | N \

SN

4.2 P?ak assigﬁpents
| The assignmgnt ofﬁvibrational modes due to certain
”mélecular’groups, on the bagis of'eneréy at whigh peaks '

occuf in~the.IEf spectrum is ge;erally accomplished by
compar1ng the IET spectra w1th Raman’ and 1nfrared :

spectroscop1c‘data, or with a theoretzcal calculation
combined wl;h knowledge of barrier fd?matlon. For the
convenience of the folIOW1n9 d1scus$10n, spectra of plasma

*and gun 5unctions with a Pb cover elecfrbde are presented in

Fig. 4.1. ¢

Y s . ' g
The peak which odturs at abput 450 meV in both plasma

agd gun 3unct1ons is a551gned to the O-H stretchlng mode of
hydroxyl groups located close-gg-the cover_electrode
(Jailevic and Lambe 1966; Lambe #nd Jaklevic 1968). éhe
source; of the O- H groups in plasma ]unctxons qu\ma1nly the

A

resxdual water in the vacuum chamber which was 1on1zedﬁ7/
P N ~ i

;- - ' 3
- Y APV
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Fig. 4.1 Spectra of a plasma junctien (a), and a gun -

Junction (b) with a B cover electrode. ' S
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‘fdur1ng tﬁﬁ plasma glow d1scharge. For gun Junctxons,ysome of

.;the O- ﬁ groups wtre generated by the comblnatlon of hydrOge %
l-prov1ded dur1ng the bydr gen ‘ion -'pretreatment of Mg fllm
”wlti? the oxygen used in plasma ‘ggfow dlscharge. Values for
f’the O H stretchlng via 1nfrared data (Sllversteln and |
BaSSler 1967) for""free hyd%oxyl group in alcohols and
;'phenols are glven as 445 to 453 meV. Infrared absorptlon
.data for Mg(OH)z was also reported by Buchanan et al.
"(Buchanan, Caspers and Mu;phy 1963) ‘and Dawson ‘et al.
_A(Dawson Hadfleld and. Wllg1nson 1973) in which both. statedh
'Jthat theé. O- H stretchlng mode is generally centered around
’f453 tp 459 meV Values of the O-H stretchlng energzes |
.‘measured by IETS experlments wlth Al - Al Ox1de Metal
vfjunctlons (Dragoset Phlllps and Coleman 1982 Klrtley and
ﬁ?Hansma 1975) .and Mg ~ Mg0 -Metal 3unct1ons (Klein, Leger,
Belln ‘and Defourneau 1973;: Ple51ew1cz and Adler 1986)
vfgenerally agree w1th each other and are centered around 450 ‘
- meV Wlth the exact posztlon dependlng on both the cover,‘ |
;’electrode used and the sweep polarlty . we wlll dqscuss both‘
in Chapter 5. o | _
Accordlng to dallagher, N1ng and Adler (Gallagher, N1ng .
_and Adler 1987) the large peak occurrlng at 124 meV 1n.gun
'}Junct1ons 1s due to ch%m1sorbed hydrogen at subsurface 51tesl
) on the Mg ﬁnlm. Hjelmberg has. made theoretlcal est1mates for
”the chem1sorpt10n of atomlc hydrogen on the Mg(0001) surface

/(Hjelmberg 1979) Two stable 51tes were found, one on the-

surface, and the other subsurface. The calculated



e

vibrational eneréﬁes’of the surface,site is 80 mev'while
that of the, subsurface site is 140 meV These calculations
'assume a r1g1d 1att1ce and relaxat1on ettects would lower
these energles somewhat. The energy of dlffu51on to the .
.subsurface ‘sites is qu1te low mak1ng them relatlvely easy to

- Y

vpopulate.‘In the spectra of our .gun junctlons no peak. near'
80 meV Mas.found trlbutable to the hydrogen so the peak
near ‘12’04 meV was isigned to the stre‘tchmg mode of -hydrogen
chemlsorbed at subsurface 51tes on the gg surface. §trong"
ev1dences in support ‘of this ass1gnment are the low barrler.
helght at the Mg base electrode in gun” junctions and the
;nvar1ance_of thev124-meV peak with varzous,cover

electrodes.

.

r

The lower.portdony( below 90 meV) of the s&eg%ra'in

1‘plasma and gun junctions, despite the,differences in peak-
'1nten51t1es, are generally the same. The a551gnments of

" these peaks have been d1scussed in detail by Ple51ew1cz and
Adler 1n their earller work on MgO barrlers (Ple51ew1cz and .

_Adler 1986). The peaks located at 83 and 69 meV were =
ass1gned to surface phpnons of the Mgo barrler whlle the

imaxlmum at 54 meV was a comblnatlon of a surface phonon msde '

'and the O-H bendlng mode-of the absorbed‘O H groups. o
o | . :

4, 3 Bai&xer parameters _

A The parameters forya trapezo1dal barrler can be

.;obtalned by f1tt1ng the Slmmons model or the Br1nkman¢ Dynes

and Rowell (BDR) model as mentxoned earlier in Chapter 2



r

»1nten51t1es. From the callbrated data, the peak 1nten51ty 1s

4.4 Peak intensity . .

The fit: ing range is +/- 500 meV. The reg1on between +/- 20

meV (+/* 30 meV for Pb) was avolded on account of large

_due to both the electrode phonons and zero' blas

andmjlies. From the Simmons or BDR ‘model, the barrler

e

'parameterg"which can be obtained are: . o

S: average barrier'thickneSS of the trapzoidal barrier.
#4&,: barrier helght on ‘the. Hase electrode.

d¢,: barrier helght on the cover electrdde

°

. The average barrler hEIth ¢ can be calculated by averaging °

¢, and ¢.. Slnce the difference between barr1er parameters

obtalned from these two models is not great we use the

parameters from the Slmmons model ~only.

4

‘ The last quantities‘of interest are the areas under the

peaks in the IET spectrum (de/dv), referred to as peak

-

calculated by the follow1ng 1ntegratlon-“"

(4.1) F(V) I((l/a)da/dv - g(V) ) av

Where g(V) is an arbltrarlly chosen smooth background under

‘the 1nelast1c peak v, and Vz are the lower and upper. bounds

of the "band" (peak) In genera1' g(V) can be a polynomial

vflt but normally a stralght l1ne is adequate.

- ~ The quantlty F(V) is a measure. 6f the increase in

'ltunnellng conductance arls1ng from the 1nelast1c channels
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opened at voltage V. From this quantity, information about

the number of -impurities giving rise to a peak and the

[
/ 4

icoupling strength of thQ impurities and tunneling electrons
can be estimated altﬂbugh it is impossible to.separate out

the ;wo'effecis. L, C
ﬁ ' f’if!:tj



5. RESULTS AND DISCUSSION

\
5.1 Introduction . o

In this chapter} some of the effects of the cover“'

o

electrode and the-preparation techniques on the tunnel.
barrler parameters and the IET spectra will be presented
Interpretat1on of the experlmental data based on 51mple_
models will ‘be given along w1th d1scu551ons of p0551ble
mechan1sms behind some observed anomalles. ‘ :
.. |
5.2 Barrler parameters )
Barrier parameters of both plasma and gun junctlons
w1th various cover electrodes are shown in Table 5.1. ( the
barrxer parameters of a plasma Junctlon with an Al cover are
from only a 51ngle junctlon and. may not be taken as typlcal
values, however, it does fit the plot 5 2 nlcely) From this. -
table one can clearly see that the average barr1er helghts @
are generally s1m11ar in plasma and gun junctions. The most
=prom1nent dlfference in barr1er parameters between the two
types junctions is the‘large barrler asymmetry=1n gun
'junctlons hav1ng a lower %, and h1gher ¢z. 0- H dlpoles
absorbed near the oxide - cover . 1nterface can cause
asymmetry in tbe tpnnel barrier (Igalson and_Adler‘}983;

Dragoset Pbilips'and Coleman 1982) In th1s case, however,

we do not thlnk the large asymmetry 1s solely ‘due - to the O -H

35



. Zn

‘e

Covér ¢,
Ag “1.05
Al" 0.64
‘Au  1.53
cd  4.83
Cu 0.90
In - 2.59
Pb 3.21
sn 1.13
1.92

2.50

3.

o\
PLASMA

¢,
8.40 4
0.95 0
8.32 4
1.17 3
9.56 5

4.53
4 . 82 4.'0

‘6.61
2

o &
TABLE 5.1
- Bgrrier Parameters
(ev)
. GUN -
Y PR 2T T

.72 7.35 0.44 8.47. <4,45

.80 0.31 0.93 3.06 2.46

.93 6.79 -1.62 11.39  4.88
.00 -3.67 2.37 '3.28  2.82

.23 '8.66 -0.18 10.38 5.10

.56 1.94 1.44 4.73  3.09

1.39- 4.55 2.97-

.21 0.58 2.25 - 3.03 2.64

02 1.61 1.06 6.40 3.73
87 - 5.48 0.54 7.47 . 4.00

.36

. Ad

8.03
- 3,06
f13.q1~
0.91
10,55
3.30
316
5.34
6.93
0.78
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.d1poles 1n the barrler. Our exper:mental results show that
the quant1ty of ©-H dipoles in botk gun and plasma 3unct1ons
are sxmllar ( as we w111 show in the followxng sect1on)

‘a prevzous publ1catlon (Gallagher, N1ng and Adler 1987)

havg clearly demonstrated that. pretreatment of the Mg f11m

- with hydrogen ions forms subsurface Mg H bonds at the MgO
interface creating a dlpole layer with d1ooles pornt1ng away
from the Mg surface. hysically}'this dipole layer will
lower the barrier height on thé Mg base electrode (Igalson
and Adler 1983) and m ke the tunnel1ng conductance more
asymmetrlc (Brlnkman, Dynes and Rowell 1970).

The negatlve ¢, ﬁnd extremely hlgh P2 1n gun junctions
fapparent w1th Au and Cb cover electrodes are clearly
unphysical and‘are due;to the fact ‘that the Slmmons and BDR
models are incapable of dealing with highly asymmetric
‘ conductance curve. J : S 6 o
| Looklng at the'tr nds in the ;verage barrier height $
.with various coyer ele trodag?we find that the > _average
barrier helght $ 1ncreases with the 1on1c radius of the

R

,‘cover electrode for both plasma and gun junctions, as shown

‘1n F1g 5. 1 The tunnel barrler formed by natlve ox1des is
patchy and full of p1n oles and grain boundarles (Halbrxtter\
.1983 Talvacchlo Gava er, Brag1nsk1, -and Janaqcko 1985) The
1n§rease in the averag ~barr1er‘he1ght_6 vith ionic radlus
‘is due to the fact that upon the evaporation of the cover
electrode, metals wi

smaller ionic rad;1 may penetrate

more eas11y 1nto/yhé/ox1de through plnholes and graln'



)
Fig. 5.1 Plots of average barrier height ¢ vs ionic.

radius of the cover electrode for both gun and plasma

./

junctions. Smaller ionic radii are associated with lower:

barrier heights.

~
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’ ‘ '
‘lower the barrier height. One may argue that the effec

¥

boundaries and result in more effective microshorts.which
L
th1ckness of the tunnel barrier may also be reduced by these
microshorts maklng the tunqel harr1erwobta1ned from the
f1tt1ng program effectlvely lower since one cannot separate
these two parameters vwell ‘in pa;actlce. The mod1f1cat1on of
the barrier“thiqkness should not be dr?ptfcfjince'the area
of these microshorts should be very sm.ll cbmpared to that )
of the junctlon barrier. X ’ |
In Fig. 5.1, the barrier helght of Cu is anomalously
hrgh.'It may be due to some ki;d of chemical reaction
between. the Cu electrode and the O-H dipoles'absdrbed on the
hgo barrier as what has,EEen observed by'Konkgp ahdIAdler
(Konkin{and Adler 1983). Hohever we do not haJe enough

evidence to make any comment or draw any conclusions at thls,

-stage‘of'our studies.

5.3 IET spectra &
The IET spectra of the two types of junctions with
various cover electrodes is shown 1n Flg 5.2. Absent cover,
metals in the spectra of plasma ]unct1ons are Al and Mg w1th
which we have experlenced great d1ff1cult1es 1n obtaining "
usable “junctions. All the spectral’ features whlch appear in -
;plasma 3unct1ons are qv1dent in gun junctxons desp1te |
dlfferences in the relative peak 1ntens1t1es. -The un1que

feature in gun junctions is the large peak. at 124 meV

'1ndependent of the covec’electrode. Both peak 1ntensxty and
v N



- Fig. 5.2 f/q(do/dV)‘fpr Mg - MgO - Metal jgnctiohs. (a)
and (b): gun junctions. (c) énd (d): plasma ‘junctions. Al
and Mg are“ébsent in plasma junctions due to the
vdffficulties'experienced in obﬁéiﬁing-usable.junctions

repeatedly.
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’ o

p051t10n are relatlvely 1nvar1ant w1th the varlous cover
electrodes. The peak is assigned to the Mg-H V1bratlona1
mode (Gallagher, Ning and Adler 1987). In general' the low ,
erffergy ( below 200 meV ) port1on of the spectra in. gun

73unctlons is less 1nf1uenced by the cover electrode while

‘

that of plasma junctlons 1s mod1f1ed more drastlcally

, .

the p{fylous publication we~have doncluded that the,_bl ;

¥

pretreatment of @gmfilm with hydrogen‘ions helps to grow a

more uniform amorphous - likeghgo‘tunnel:barrier'which seems

to be "tougher" (Gallagher, Ning and Adle 1987; Liehr and .

nd'Janocko”1985)

Tay

cover metal affects

Ewert 1983 Talvacchlo Gavaler Brag1nsk1
.In our 51mp1e model, we assume that t
the oxide barrler by penetratlng 1ngo the‘plnholes and grain
boundaries of the MgO barrier, wljus in gun junctions, we ‘

/\would expect less 1nfluence of cover metal on the spectra~

‘due to its tougher character. _ . v

- 5.4 The O-H stretch1ng peak’
The peak at about 450 meV is due to the 0 H stretchlng
mode (JakleV1c and Lambe 1966 Lambe and Jaklev1c 1968) The.

v peak 1nten51t1es and p051tlons of the O H stretch mode in

M

both plasmadand gun junctlons is shown in Table 5.2, The_

“common feature 1s that the peak 1nten51ty is always hlgheraf‘

Y

on the negatlve side, of the spectra «Thls 1mp11es that the .
O N
, mo;orlty of electronsawh1ch tunneled 1nelast1cally 1051ng
energy te:the o- H stsetehing mode‘% were those whlch tunneled

from the base tofthe cover. electrode. Slnce 1t is more'__f”



TABLE 5.2

4

F(+)/F(- ) Peak; 1ntens1ty of O H stretchlng &ode from

'p051t1ve/negat1ve side of the IET spectra. F(avg) average

o

the spLNf“a. °(+)/E(- - C-H enetgy ‘rom th‘

pos1t1ve/negat1ve side of the IET spectr



¥ 0@
{
TABLE 5.2 | "<<
-O-H Peak ‘Intensities and Position‘s
PLASMA
| . |
Cover F(-)  F(+)  Flavg)  / E(-) . E(+)
(1072 | : (meV) |
Ag  2.75 1,98, 442.5  452.0 .
‘AU 2.70 2.65 ~445.5 - 449.0
ca | | o »
Cu  3.85 '3.36 - 847.3 ' 449.3
In 1.90 1.60 ~  453.,5  450.0
Pb  2.80/ 2.79 . 452.6  453.6
Sn 2.72 2.15 - . 450.2  451.0.
GUN
Ag 210 1.60 %85 446.9  450.7
Au ° 2.73  2.00  2.36- . 444.3  449.0
cd 1.20  ° 0.94 . 1.07 448.5  453.5
Cu  2.65 1.55  2.10 © 446.0 - 450.5
In 1.35  0.89 . 1.12 .450.5  455.0
Pb  3.60  2.40 3.00 ' 452.8  453.8

Sn 0.83 0.70 0.77 | 448.2  451.3

. ¥
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-

probable for electrons to tunnel through\{h:\iairler at h1gh

energy then undergo an inelas “process, -wd conclude that
the concentrat1on of O H d7poles 18 hlgher close to the
cover electrode andﬂgradu‘lly decreases as one gets 1nto the
’ox;de zarrler.'
In addition'to the pe intensity, we can also see that K
in both plasma and.gun junctrQn the peak p051tlon or the
energy of thls stretchlng mode depands on the cover . |
electrode. As the cover metals dre hanged from Pb to In,
cd, Sn, Cu, Ag and Au, the energy shifts. to lowequvalues.
With O-H dipoles in close proximit to the cover electrode,
two possible mechanisms become ap arent. The first is an
_1mage d1pole effect. When  a dipole oscillates in front of a
metal plane, it w1ll couple nlth ;ts image- and the coupllng
wlll shlft the oscillating frequency ( hence the energY.hw)
down (Mdtawltz 1969). According to hirtley\and Hahsma’s F
calculatlon (ﬂdrtley and Hansma 1976)., the fre uency shift
behaves in.the following way: C - |

{5.2) wo ~.w = qz/(mwod?nz)

. ‘ o . oy
" Where q is the’ effectlve charge of the osczllatzng d1pole m
the reduced mass, wo the unperturbed frequency, a the
d1stance between the dipole andvthe imaging plane and n the
real index of refractlon of the ox1de./ln Flg 5 3 we have’
plotted the average (between the p051t1ve and negatlve sides

- of the ‘spectra ): energy. of this stretchxng mode agalnsﬂ the

atom1c radlus of the cover electrode for the gun junctlons.'
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-Fig. 5.3 Plot of O-H strétching energy in gyn junctions

: e Q9 -
vs atomic radius of the cover electrode. Lower energies

/

(larger shifts) are associated with smaller atomic radii.

The trend for plasma junctions is identical and is omitted

for simplicity.
SO Sl



The trend in plasma junctions isiidentical and ls omitted
“for élasity. What we can see from Fig. 5.3 is that the o
energv 1ncreases with the atomlc radius of the cover
electrode. This is in agreement wlth K1rtley and Hansma s
‘work (Klrtley and Hansma 1975,_1976) in wh1ch they concluded
~that cover metals w1th smaller atomic radii can pack closer
.onto the O- H d1poles. The smaller effect1ve dlstance between
the imaging plane and the OrH dipoles’ results in a 1ower 0-H

stretchlng/energy (1 rger shift).
4 .

It ;s not clear where the effectlve 1maglng plane 1s

with respect to the Thetal surface in surface stud1es
"0\

’ whened‘} the 1nteract10n between a charge and a metal
'surface is involed. Accord1ng to Newns (Newns 1969)

calculatlon whlch 1s based on a Fermi - Thomas

¢

approxlmatlon, the effectlve 1maglng plane ‘'should be pushed

back by a dlstance r, w1th respect to the metal plane, where
r, is the Ferm1 —'Thomss screen1ng length If we assume that
the effect1ve distance between the d1pole and the 1maglng

plane has two major components. r, determ1ned by the

?

screenlng effect, do determlned by the atomlc radlus, then

/

we can wr1te the total effectlve dlstance between the

dlpoles and the imaging plane d. as the following:

.

(5.3) @i =do *r,

. o
7

For the cover metals'we used, tYpical valu;s;of the

i

screening length r, are between 0.5 and 0.6 A, and the

‘ values for do*from K1rtley and Hansma s calculat1on (Klrtley.

~ . P
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and Hansma 1976) is'aroUnd 0;6-- 0.8 &, Using these'numbers
we ﬁould'expect the screenlng effect to dominate, Hdwever,
when wve look' at the correlation between the O-H stretching
energy and the screening ‘length of the &r)er metal, we f1nd %
the energy Shlft 1ncreases w1th the screen1ng length This
1s 1n contrast to what is expected ? As the. screenlngblength /
r, goes up, d would go up as well and result in a smaller
Shlft in the O=H" stretch1ng energy. Thzs 1s not what is seen
and 1nd1cates that the screen1ng effect is not the pr1me
factor to consider in this case, and that Newns calculatlon
is nnsuff1c1ent for this more complicated sxtuatzon.
The second mechanasm (Kirtley and Hansma 1975) is due
:to ‘the p0551ble hydrogen bonding between O-H group  and the
cover\metal. Experlmental results (Konkin and Adler 1979
'1980), show that the O-H dipoles are orientated with the H' "
~close to the cover electrode. A hydragen bond might be
_expected ‘to occur between the cover electrode and the O-H =
dlpoles. Thls would lower the electron den51ty in the ‘0-H
bond decreasing the bond strength and the frequency of the
: stretchlng mode., According to Pauling's theory (Pauling
1949.) of metals, the quantity to‘characterize the
interaction strength offa metal with hydrogen is the amount
of a character'of the metal element..A higﬂs;~%ercentage of
d character results in stronger bonds, therefore weﬁm1ght .
Jiapect a lower O-H stretch1ng energy from a cover. electrode

with a larger percentage of d character. In Flg. 5.4 we have

plotted the. average O-H stretch1ng energy versus the
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’ Fig.'5.4 Plot of O-H strétching energy in gun junctions
vsfthe percentage of d éhéracter in electronicb;éiance:bands |
in ‘the céver metals (from'?auling).vLower energies are
aséociaéed with a larger percentage of 'd character. ﬁgéin,
plot‘of prigaksjUnqtions shows the same trend and is omitted

for clarity.



54

A]

bercentage of d character of the lcover metal for gun‘
junctions (again, plot for plesma ' nct{ons,is omitted for
/clarity) The general trend is clear and is in agreement
with Klrtley and Hansma's work (K1rt1ey and Hansma 1975)
The observed 0 H stretch1ngtenergy for the Au cover
electrode is somewhat lower than expected according to thlS
model, and suggests further cons1derat1on in ;:der to reduce
the scatter.

Not only does'this~O—H stretching energy depend .on the
‘cover electrode, it also depends on the sweep polerity. The
energy is lower on the negatiVe eide of the spectra as shown
in Table 5.2. The exception is plasma indium whlch has a
small.peak-lntens1ty makxn the position d1ff1cu1t to.
determine. The concentration of the O-H dipoles is higher
close to the oover electrode and-gradually decreaees-deep
'1nto the ox1?e‘;arr1er. Since the image dipble effect and
¢he hydrogen’ bonding mechanism are most. promlnent for the
- O-H dipoles,close to the cover electrode, the O%H stretch1ng
energy of these.o -H dipoles will be lower (weaker G-H bond)
than O-H dlpoles deeper in the oxlde. The high concentrat1on
of O-H dlpoles closé to the cover electrode results in a
smalYer average distance between the neighboring O-H,
dipoles. According'to Lippincott and'Schroeder (LippincottA
‘and Schroeder 1955), O-H dipoles will interact with each
other by hydrogen bonding between the H’ and 0- in‘the*u

' elghbor1dg dlpoles. The 1nteract1on becomes more prom1nent

as the dlstances between the O-H d1op1es get smaller and

I
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‘further weaken the 0-H bond strength of O-H dipoles located
close to the cover electrode. Thus, we expect a weaker bond
strehgth from the O—H~dipoles close to the cover electrode.
Since more O H dxpoles close to covec electrode will be
'exc1ted when the electrons tunnel through the barrier from
- the base'to the -cover ( corresponds to the negative side of
tﬁe spectra), thefefore, the O-H stretching energy measured
for thQS'polafity will be lower. | .
5.5 Discussion of the~1é:;mevopéak

The peak at 124 meV is’unique to gun junctions and
clearly due to the chemisorbed hydrogen on Mg surface. The
peak intensity and posxt1on of this 124 meV peak are
indepent of cover electrode within the accuracy of ‘the

)

experiment,. as shown in Table 5.3. All. these, together with
o 4 : : : \ )
_ the lowering of &,, indicate that the source of this peak is

in the vicinitx of the Mg.base electrode.
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~ TABLE 5.3

.F(+)/F(P): Peak intensity of %he'124 meV peak from‘thé

positive/negative side of the specﬁra, F(avgf: averagé bepk
_intensity between positive and neg%tive sides- of the

svectre; E(+)/E(-): peak positign f&om the positive/negative

s'de of the $pectra.

1
Y
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~ Cover

Ag
Al

Au

: N
N
U
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0 'n
. TABLE 5.3 . -
124 meV Peak Intensities and Positions
F(-) F(+) Fl(avg) E(-) E(+)
(10-?) (meV)

12.7 14.3 14. 124.5 122.7
1.8  14.1  13.0 124.5  125.8 .

13.2 13.3 13, 122.3  124.5

12.5  13.0 12, 124.0°  126.0

; 124.3 124.9

122.3 125.3

124.5 125.0
[y ;

123.0 124.0

8, 124.0 125.0

e '

% %ﬁ% 125:0  126.0

«
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6. SUMMARY AND coucfu'xsxon

N - ’ L’i‘

6 1 Conclus1on. . - ‘ ,-' . .

. We have found that both the cover electrode and'the
preparation method have(a dramatic influence on the tunnel
barrier properties and the IET spectral‘featurec. We have .
demonstrated that the average tunney Barrler heidht~is very
much cover electrode dependent and 1ncreases with the ionic
radlus of the cover electrode due to microshorts created by
penetration of the cover metal into the oxide barrier. The
low barrier height on the Mg base side ¢, and hence the
large barrler asymmetry in gun jhnétlons is clearly due to
the d1pole layer formed by thevch!misorbed hydrogen

subsurfage at the Mg surface‘b,if\ abher, Ning and Adler

1887). This hydrogen chem1sorpt1on is also respon51ble for“

" the large peak. at 124 pev. + ' e !
In general, the spectral'features of plasma junctions
below 200 meV are more drastAcally influenced by the cover

electrode whlle those of the gun junctions are less

barrler in gun junctlons.

?
£
¥

sen51t1ve.vThls indicates. the tougher character of the oxide

The O-H stretchlng energy measured from the IET spectra

o

L]
. depends on both the .cover electrode and swefp polarity

regardless/ of the preparat1on te;hnlque. The,unexpected high -

barrrer he1ghu of Cu cover electrode may beﬂrelated to a

s C
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chemical reactiom at the oxide copperyinterface.

r\.kty,

. N . } . ’. N h ’ . . .
6.2 Suggest1on for £ rther work . ; T

A good deal of 1nforme zion has been obfalned through

.

_thxs work whxle many quest1ons remaln unanswered To ga1n a
‘-better 1ns1ght 1nto the role the cover electrode plays in

determlnfng the barr1er propertles and the effect of the

°

‘cover electrode on the IET spectral features,_knowledge of

the tunnel barrler before evaporatlon of the cover metal

i 4%

seems essentlal A S1m11ar exper1ment in a systemjeqblpped&“s

»w1th surface ana1y51s apparaé?s (such as a UHV system W1th

“

fAuger spectroscopy, LEEDS etc.) would be very 1nformat;ve.

 The effect of 'the substrate cond tions ( such as cooled
e . ‘

substrates, roughened‘substrates ) needs to be investigated.
| The effects of hydrogen ion pretreatment of" the base-
layer may be extended to some other base electrodes sué; as
‘Pb ThlS experrment should be of 1nterest S1nce one could
‘p0551bly study the\kfcalized phonon modes due to ﬁ?drogens
(Nedrud and Glnsberg 1981) and 1n addition, this experiment
. may" supplement the studles of hydrogen Zheﬁ?sorptioh at~ |
.metal surfaces and the growth of oxlde arriers carrled out

1

:prev1ously (Gallagher, N1ng and- Adler 1987)

t
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