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A study of the th i n gold Ùlm grow th , during the depositio n on glass sub-

strate under U H V conditio ns at low temp eratures, is presented . T he comple-
mentary metho ds, the atomic force microscopy and gra zing incidence X -ray
reÛectometry , are used for the research. I t is show n that due to variation

of the time of depositio n from 2 to 50 min di˜erent kinds of thin A u Ùlms
nanostructures are obtained : from discontinuous Ùlms consisti ng of isolated
islands , via formation of the chains of islands , up to continuous Ùlms.

PAC S numb ers: 68.55. {a, 68.37.Ps, 61.10.K w

1. I n t rod uct io n

Gold is the uni que element of hi gh resistivi ty against surface reacti on wi th
the ambi ent atm osphere. For thi s reason thi n gold Ùlms are wi dely used for con-
structi on of electri cal juncti ons in m icroelectronic devi cesand sol id-state chemical
sensors. The structure of these electri cal conta cts is of cruci al im porta nce for thei r
appl icati on. In the present work the structure of thi n Au Ùlm s deposited on glass
at low temperature and only slightl y sintered is studi ed. Up to now, m ajori ty of
thi n Au Ùlm research wa s carri ed out usi ng high temperature depositi on.

Physi cal properti es of a thi n m etal l ic Ùlm on an insulati ng support strongly
depend on the Ùlm m orpho logy. In dependence on the m ateri al of the substra te
and the deposited m etal vari ous structure s of thi n Ùlm can be obta ined. The aim of
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the paper is a research of the surf ace structure and m orpho logy of thi n gold Ùlms
obta ined under the sam e condi ti on but di ˜erent dura ti on of depositi on on glass.
W e carry out the inv estigati ons by m eans of two compl ementa ry metho ds, ato m ic
force microscopy (AF M) and grazing inci dence X- ray reÛectometry (G IX R ). The
AFM al lows one to determ ine a typ e and size distri buti on of inhom ogeneiti es
occurri ng in every stage of the Ùlm form ati on, whi le X- ray study gives an average
roughness of the surface.

2. E x per i m en t a l

2.1. T hin A u Ùlm preparat ion

Thi n gold Ùlm depositi on was carri ed out in an ul tra high vacuum glass sys-
tem routi nely reachi ng ¤ 1 0 À 8 Pa. Glass m icroscope pl ates from Menzel Glaser
(G erm any) were chosen as a substra te. The plates were pl aced on the botto m of
the glass chamber. The constructi on of chamber a llows one to measure the Ùlm
resistance duri ng the evaporati on. Al l of the depositi ons were carri ed out havi ng
the cham ber m ainta ined at 78 K. Af ter the depositi on, the Ùlm s were annealed at
370 K for 20 min under U HV condi ti ons. The di ˜erent Au Ùlm s were obta ined by
changing the ti me of evaporati on. W hen 3 min exp osure was appl ied the tra ns-
parent pale purpl e Ùlm s (l abelled A) of the avera ge thi ckness of about 5 nm were
obta ined. The depositi on of 8 m in gives the green tra nsparent Ùlms (labelled B) of
the avera ge thi ckness below 20 nm . Af ter evaporati on of 50 m in non- tra nsparent
Ùlms (labelled C) of golden colour and of avera ge thi ckness over 50 nm were ob-
ta ined. Al l other evaporati on param eters incl udi ng the tem perature of the supp ort,
pressure, and heati ng current (3 A, tung sten wi re di ameter ¤ 0 : 3 5 mm ) were kept
constant duri ng al l exp eriments. The deta i led gold Ùlm preparati on pro cedure was
described previ ousl y [1, 2].

2.2. T hin Au Ùlm charact er isation
2.2. 1. A tomi c forc e mi croscopy

For ato m ic force microscopy studi es we used a com merci al instrum ent, m odel
TMX 2000 \ D iscoverer " (T opoMetri x, CA), operati ng in conta ct (repul sive) and
constant f orce m odes under ambient condi ti ons. Three scanners, 7 5 ñ m, 25 ñ m , and
1 ñ m , and standard T opoMetri x Si3 N 4 ti ps were appl ied. Sam ples were m ounted
on the scanners di rectl y from the storage vessel. For al l images we started from the
sam e values of scan parameters (set point, ra te, PID constants wi th P standi ng for
pro porti onal gain, I | for integra l gain, and D | f or deri vati ve gain), however,
in each case Ùnal opti m isati ons were perform ed.

2.2. 2. Gra zing inci dence X-ray reÛectometr y

The X- ray m easurements were perform ed at grazing inci dence geom etry by
m eans of a Phi l ips high-resoluti on di ˜ra ctom eter equipped wi th a four- reÛection
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220 Ge m onochroma tor and a two -reÛection 220 Ge analyser. The characteri stic
Cu K ˜ 1 radiati on (Ñ = 0 :1 5 4 0 6 nm ) wa s appl ied.

3. R esul t s

3.1. AF M investi gati ons

In dependence on the depositi on ti m e ranging from 2 to 50 min di ˜erent ki nds
of thi n gold Ùlm s were obta ined from the isolated gold islands to thi ck conti nuous
Ùlms, respecti vel y. For each Ùlm several im ages from the ato mic force micro scope
at various positi ons were ta ken to gain better kno wl edge of the variati ons of local
structures [3{ 6]. In Fi g. 1 we present typi cal AFM results from a 3 0 0 È 3 0 0 nm 2

Fig. 1. A FM images (lef t) f rom a 3 00 È 300 nm 2 area of the thin A u Ùlms and surf ace

proÙles (right) corresp ondin g to straight lines in the images. (a) I solated A u nanometric

island s (3 min depositio n time), (b) very thin A u Ùlm consisting of chains of island s

(8 min depositio n time), and (c) continuous A u Ùlm (50 min depositio n time).
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area f or each ki nd of thi n gold Ùlm . The AFM images (l eft) and surface proÙles
(ri ght) demonstra te the di ˜erences in the surface nanostructure of the thi n gold
Ùlms of various thi ckness and colours.

D uri ng very short ti m e depositi on, shorter tha n 5 min, we obta ined di scon-
ti nuous thi n Au Ùlm s, consisti ng of isolated islands. In Fi g. 1a the local structure
of the tra nsparent Au Ùlm of pale purpl e colour obta ined in a 3 m in evapora-
ti on (Ùl m A) is shown. The di sconti nui ti es wi thi n gold layer are vi sible as black
spots surro undi ng the gold islands. The islands of gold com posing the thi n Ùlm
are of sim i lar di ameter equal to 25 nm , however, thei r height vari es as a result of
overl appi ng of several Au clusters. The presented proÙle indi cates a nanom etri c
structure of the Ùlm . The avera geheight of the cl uster appro achesto 4 nm and the
average thi ckness of Au Ùlm to 5.0 nm . The avera ge surface density of gold islands
is 1 : 5 È 1 0 1 1 cm À 2 . The electri cal resistance of di sconti nuous thi n Ùlm measured
in our depositi on cham ber was higher tha n 1 0 8 ¨ .

In Fi g. 1b the AFM image for the tra nsparent gold Ùlm of green colour
obta ined in 8 min is shown. Fi lms B are also disconti nuous, but they consist of the
chains of islands of gold to uchi ng each other. For thi s Ùlm two di ˜erent proÙles
are presented corresp ondi ng to the incl ined stra ight l ine along the chain of islands
(the upp er one) and the level l ine along breadth of the AFM picture (the lower
one), respectivel y. In thi s case the electri cal resistance wa s higher tha n 1 0 6 ¨ .

As a result of a 50 min depositi on the non- tra nsparent Au Ùlm s of golden
colour were obta ined. As one can see in Fi g. 1c Ùlm s C are conti nuous. Thei r
resistance was equal to ¤ 2 ¨ .

T o determ ine the avera ge root- mean-square (R MS) value of the surface
roughness of the gold Ùlms studi ed, an area of 2 0 0 0 È 2 0 0 0 nm 2 was ta ken into ac-
count. The RMS values of the surface roughness were found to be equal to 1.6 nm ,
1.3 nm , and 0.9 nm for Ùlm A, B, and C, respecti vely.

3.2. GIX R research

For testi fyi ng the R MS values of the surface roughness of the Au Ùlm s ob-
ta ined from AFM research the X-ray grazi ng inci dence reÛectometry wa s used.
Fi gure 2 shows the m easured reÛectivi ty pro Ùles for Ùlm s presented above in Fi g. 1.
The shapes of these curves, dependent on the Ùlm thi ckness, as wel l as the slopes
of the part above the cri ti cal angle are di ˜erent.

The results of these investi gatio ns were interpreted basing on the Fresnel
theo ry in the way described in previ ous paper [7], usi ng the program GIXS [8] in
di storted wa ve Born appro xi m ati on (D W BA) [9{ 11]. By adjusti ng the theoreti cal
reÛectivi ty pro Ùles to the measured curves the root- m ean-square values of the
surf ace roughness for di ˜erent gold Ùlm s were obta ined. The Ùtti ng param eters
are the fol lowi ng: the wa velength of inci dent radiati on Ñ = 0 :1 5 4 0 6 nm , the RMS
value of the surf ace roughnessof glasssubstra te ¥ 1 = 0 : 5 nm , the substra te density
£ 1 = 2 : 6 5 g/ cm3 , and the Au Ùlm densi ty £ 2 = 1 9 : 2 8 g/ cm 3 . The R MS values of
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Fig. 2. Measured reÛectivity proÙles of the thin gold Ùlms: the dotted line for discon-

tinuous Ùlm A , the dashed- dotted line for the very thin Ùlm B, and the solid line for

continuous Ùlm C .

the surface roughness were found to be equal to 1.2 nm , 1.0 nm , and 0.7 nm for
Ùlms A, B, and C, respecti vely.

4 . D iscu ssio n

Thi n gold Ùlm s deposited on glass were investi gated by m eans of the m en-
ti oned above com plementa ry metho ds, ato mic force microscopy and X-ray reÛec-
to m etry . A good agreement of the resul ts wa s achi eved, tho ugh each of metho ds
bases on the di ˜erent physi cal phenom enon. The GIXR determ ines the average
surf ace roughness from large surfaces, at least of 1.0 cm 2 , and the AFM gives a
local inf orm ati on concerni ng the surf ace m orpho logy. It shoul d be exp ected tha t a
good accorda nce between X- ray and m icroscopi c resul ts coul d be obta ined when for
m icroscopi c observati ons a large enough area is ta ken into account or the num ber
of local observati ons is large enough al lowi ng to get a m ean value [12]. Theref ore
we chose the 2 0 0 0 È 2 0 0 0 nm 2 area for determ inati on of the surface roughness by
m eans of AFM. A com pari son between the resul ts of AFM and X-ray studi es is
given in T able.

A good agreement of the results obta ined by both metho ds wa s found. As
one can see, the RMS value of the surface roughness of the Au Ùlm decreaseswhen
the Ùlm thi ckness increases.

5. Co n cl usion s

The aim of the present paper wa s the study of thi n gold Ùlm s obta ined by
UHV evaporati on at low tem peratures on glass substra tes as a functi on of the



294 D. `ymi erska et al .

T ABL E

T he surf ace roughness of thin gold Ùlms.

Film Dep osition time Film thickness A FM RMS GI X R RMS

[min ] [nm] surf ace roughness surf ace roughness

[nm] [nm]

A 3 5 1.6 1. 2

B 8 20 1.3 1. 0

C 50 50 0.9 0. 7

ti m e of the pro cess. For the research the ato mic force microscopy and the grazing
inci dence X- ray reÛectometry were used. The AFM m etho d shows the m orpho logy
of the investi gated gold Ùlm s, wherea s GIXR gives average inform ati on about the
real Ùlm surf ace. It wa s conÙrmed tha t the evaporati on process goes thro ugh a
num ber of disti nct stages. The gold{ gold intera cti on is stro nger in compari son
to the local intera cti on of gold wi th the glass substra te. Due to the depositi on
dura ti on di ˜erent ki nds of thi n gold Ùlms were obta ined.

The electri cal pro perti es of thi n gold Ùlm s depend on thei r structure. The
di sconti nuous Ùlms of island structure exhi bi t high electri cal resistance because
the metal l ic islands do not to uch each other, whi le the conti nuous Ùlms are char-
acteri sed by metal l ic behavi our. Thus, the colour of thi n gold Ùlm s, thei r electri cal
resistance and nanostructure characteri se the stages of the Ùlm growi ng.
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