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to suppose that the development of the unusual 
crater profiles was related to the ability of the 
glassy workpieces to deform viscously at relatively 
low temperatures. This behaviour was presumably 
possible because there was insufficient time for 
the workpieces to crystallize during spark erosion. 
The observations that central columns arose at 
the crater centres indicated that the spark ma- 
chining process produced normal forces which 
pulled the viscous material in the heated workpiece 
zone towards the other electrode. 

The volume of material that deformed was 
approximately the same for both the non- 
crystalline and crystalline specimens in spite 
of the fact that the former were Potentially 
able to deform viscously at low temperatures. It 
was therefore likely that the formation of the 
central columns modified the spark discharge 
characteristics so as to produce less heating of 
the glassy workpieces. The same feature probably 
also suppressed the formation of radial discharge 
pressures [6, 12, 13] at the surface and the 
attendant displacement of material to form a 
rim. It can also be tentatively concluded that 
in order for a significant amount of spark modi- 
fication to occur it would have been necessary for 
the central column to be formed at an early stage 
of the spark discharge, such as during the pre-arc 
ignition stage when there is thought to be a 
strong electrostatic field in the inter-electrode 
gap [8]. 

The radial corrugations around the crater edges 
possibly developed as a result of a Rayleigh-Taylor 

hydrodynamic instability caused by the rapid 
acceleration of the interface between two viscous 
liquids (dielectric and heated glass) in the direction 
of the denser fluid. The acceleration was brought 
about by the pulling force that created the central 
column. Moreover, flow constriction during the 
displacement of material towards the crater centre 
would have enhanced the degree of corrugation. 
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Amorphous thin films of stainless stee/ 

In recent years it has become clear that non- 
crystalline metals and alloys can exhibit different 
physical and electro-chemical properties to 
equivalent or similar crystalline phases [1]. The 
extent of these differences can be wide because 
it is possible to prepare single phase, non-crystalline 
alloys at compositions which are not stable in 
the crystalline form. In particular, mention can be 
made of transition metal-"metalloid" alloys, 
such as Fe40Ni40P14B6 and Fe80B20, prepared 
as ribbons or foils by rapid quenching from the 
melt, which have very good and potentially 
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useful "soft" magnetic properties [1, 2]. Recent 
work [1, 3 -5 ]  on the electrochemical pro- 
perties of similar alloys of the general type 
F e - C r - N i - P - C  suggest that increased corrosion 
resistance can be obtained in the amorphous 
phase. Such glassy phases can also be obtained 
in films and coatings deposited from the vapour 
by thermal evaporation or sputtering. In many 
cases it is necessary to form the deposited layer 
onto a substrate cooled below room temperature, 
typically to liquid nitrogen or liquid helium 
temperatures. Amorphous alloy films also have 
novel and specific properties related to their non- 
crystalline atomic arrangement, microstructure 
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Figure 1 Showing (a) the microstructure and (b) the electron diffraction pattern of a 304 stainless steel film deposited 
onto a 77 K substrate. The spots are from the super-imposed [2 1 1] oriented NaCI crystal (labelled X) and are used to 
calibrate the pattern. 

and composition [1, 6] and it is possible that, 
in analogy to the findings by Hashimoto et al. 

[1, 3 -5 ]  on non-crystalline foils, non-crystalline 
coatings of  F e - C r - N i  alloys may possess at- 
tractive corrosion resistant properties. It should 
also be noted that recent experiments have shown 
that corrosionresistive [7, 8] and amorphous [9] 
surface alloys can be prepared by ion implantation 
techniques. 

The purpose of this short paper is to report the 
preparation of amorphous thin f'flms of the 
nominal composition of 304 stainless steel (74% 
Fe, 18% Cr, 10% Ni, < 1% Mn, P, S and Si) sput- 
tered onto crystalline 304 stainless steel and 
rock-salt substrates. Previous investigations [10, 
11] have suggested the formation of a non- 
crystalline component in sputtered films of 
stainless steel. Navinsek [10] would seem to 
describe his microcrystaUine films as being 
"amorphous" and Nowak [11 ] identified a 
diffuse electron diffraction maximum amongst 
crystalline reflections from 304 stainless steel 
films deposited with additions of A1 and Si. 
Clearly these latter films were structurally inhomo- 
geneous. 

The films prepared in this study were deposited 
in a d.c. bias sputtering unit (based on an Edwards 
306 system). The unit was first evacuated to a 

base pressure of about 5 x 10-Ttorr and then 
flushed out several times with dried argon. The 
target, a disc of 304 stainless steel, was then 
pre-sputtered for 15 rain in an argon pressure of 
2 x 10 -2 torr with the substrates shielded. The 
incoming argon was sputter gettered in an attempt 
to remove impurities such as N2, C% and O2 but 
no measure of the purity of.the gettered argon was 
attempted. Films were then sputtered with the 
substrates biased at - - 120V and either cooled 
to 77K or kept near to room temperature. The 
deposition rate was about 18 nm rain -1 and fdms 
up to 200 nm thick were grown. During film growth 
the substrate temperature tended to rise with a 
typical increase being about 20 K. 

The films grown on rock salt were floated onto 
transmission electron microscope (TEM) support 
grids and examined in a JEM 200 microscope in 
imaging and high resolution diffraction modes. 
Fig. 1 shows the microstructure and diffraction 
pattern of a typical film deposited at 77 K. The 
microstructure consists of discrete islands about 
150nm across which are separated by regions 
of lower density and contain clusters of small 
particles between about 5 and 15 nm in diameter. 
The film is assumed to craze into these islands 
when warming to room temperature because of 
the difference in thermal expansion coefficients of 
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TABLE I Normalized positions of diffraction maxima from experimental 
factors. 

films and of maxima in calculated structure 

Specimen or model s,/sl s2/s I s3/s~ s4/s, 

b c c structure I 1.41 1.73 2.00 

crystalline film (a) 1 1.39 1.72 2.05 
(this study) 

fcc  structure 1 1.16 1.63 1.92 

crystalline film (b) 1 1.21 1.68 2.08 
(this study) 

amorphous film 1 1.68 1.90 2.49 
(this study) 
amorphous Fe film 1 1.69 1.97 2.54 
amorphous Ni film 1 1.70 1.86 2.49 
model 1 1 1.64 1.91 2.50 
model 2 1 1.67 1.84 2.53 

s,/sl s6/sl 

2.24 

2.45 

2.0 2.31 

2.48 3.28 

Ref 

[13] 
[14] 
[15] 
[161 

the film and rock-salt substrate. However, this 
particular microstructure could result from the 
way the film nucleates and grows on a low 

temperature substrate [12].  The diffraction 

pat tern of  this film is typical of  those prepared 
under similar condit ions and consists of  a set of  
diffuse maxima. The normalized values of  the 
scattering parameter  (s = 4rr sin 0/X) Sn/Sl at 
which the maxima occur are listed in Table I. 
Films deposited onto room temperature substrates 
gave a diffraction pat tern typical of  a small grained, 
crystalline structure,  as shown in Fig. 2. An 
estimate of  the grain size from diffraction line 
broadening is ~ 1 nm and no evidence of  crazing 
or growth into island clusters was observed in 

these trims. The normalized values o f  the dif- 

fraction rings Sn/Sl,  in these films are also given 
in Table I, (a) neglecting the first maximum and 
(b) including the first maximum. The extent  of  
agreement and points o f  difference between 
these ratios and the calculated values for b c c and 
f c c  crystal structures suggest the crystalline 
films have a two phase structure. 

The diffraction patterns for the amorphous 
films are typical of  those from non-crystalline 
metals and alloys and are characterized by a 
prominent  first maximum and a split second 
maximum. The contrast  between this pat tern and 
that  for the mixed phase crystalline arrangement 
is seen clearly in Fig. 3. The normalized values 

Figure 2 Showing (a) the microstructure and (b) the electron diffraction pattern of a film deposited at room tempera- 
ture. The spots are from the superimposed [1 0 0] oriented NaC1 crystal. 
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Itsl 

s(,~ -1) 

Figure 3 The diffracted intensities I (s) for an amorphous  
film deposi ted at 77 K (1) and a crystalline film deposited 
at room tempera ture  (2). 

s , / s l  should be noted in Table I and should be 
compared with ratios obtained from other 
non-crystalline systems and calculated for atomic 
models constructed in terms of schemes of dense 
random packing of hard spheres. The distinction 
between the amorphous and crystalline films is 
obvious and the close agreement between the 
form of the interference function or scattered 
intensity from the amorphous films studied 
here and elsewhere and the model calculations 
is clear. The films deposited onto the cold 
substrates are amorphous and metastable at 
room temperature whereas those grown on the 
room temperature substrates are crystalline 
with a two phase crystal structure. 

The compositions of the films were determined 
by X-ray energy dispersive analysis and in all cases 
where found to be close to 76%Fe, 18%Cr and 
8%Ni. This composition represents a depletion 
of Ni and enrichment of Fe in the films. No 
reason for this is known and no analysis of the 
minor constituents was attempted. 

The metastability of the amorphous films was 
investigated by annealing the films in the TEM. 
No obvious changes in the diffraction pattern 
of these films occured until above 800 to 900 ~ C 
when crystallization into a predominantly b cc 
phase occurred, Figs. 3 and 4. The grain size after 
crystallization was again small and of the order 
of 2.5 rim. The as-deposited crystalline films also 
experienced changes in this temperature range, 
including grain growth and a clearer definition of 
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Figure 4 The diffracted intensi ty I ( s )  for an amorphous  
film crystallized at ~ 800 ~ C. The peaks are labelled with 
the  corresponding Miller indices. 

the mixed phase structure with what appeared to 
be a predominance of the fc 6 phase. 

It is clear from this study that amorphous 
Fe-Cr-Ni  based alloys can be prepared by 
sputtering onto substrates cooled to liquid nitrogen 
temperatures. What role gaseous impurities, such 
as occluded argon and oxygen, which may be at 
considerable concentrations play in the stabil- 
ization of the amorphous phase is not clear. Such 
an investigation is a subject for future study. 

The electrochemical properties of these films 
prepared as coatings would be of interest and the 
measurements by Hashimoto et al. [3] on alloys 
quenched from the liquid phase suggest that 
amorphous coatings of the kind prepared here may 
provide attractive corrosion properties for suitable 
substrates. 
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Orientation dependence of/-a/anino 
incorporation in TGS crystals 

Ferroelectric triglycine sulphate (TGS) crystals are 
presently grown on ~ large scale so that the pyro- 
electric properties of  this material may be utilized 
in single and multi-element infra-red detectors, and 
in the pyroelectric vidicon thermal imaging device. 
The crystals are grown from aqueous solution on 
seeds which are cut and cleaved from existing 
crystals perpendicular to the ferroelectric b-axis 
and which have a growth face area ~1 cm 2 . The 
seeds are mounted with silicone rubber on large 
horizontal perspex plates carried on each end of  
four cross-pieces on a central, reversing stirrer. 
Because each seed is set into the plate so that the 
single exposed face {0 1 0} is flush with the top 
surface, growth perpendicular to the plane of  the 
seed can only take place vertically upwards, and 
the grown cystal is a truncated pyramid, with its 
base resting on the seed plate. This crystal is effec- 
tively one half of  the crystal which would have 
grown had the seed been suspended freely in the 
solution. 

TGS has the space group P21/m above its Curie 
point (49.5 ~ C) and the transition to the ferro- 
electric state is order/disorder, brought about 
principally by the switching of  glycinium ions at 
one type of  site in the lattice [1].  In an unpoled 
TGS crystal, with equal numbers of  positive and 
negative domain terminations at an {0 1 0} surface, 
the mirror plane persists macroscopically at tem- 
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peratures below the Curie point and the positive 
coordinate end of the b-axis is indistinguishable 
from the negative end. In practice this means that 
the crystal grown on one {0 1 0} face of  a cleaved 
seed is the mirror image of  the crystal grown on 
the opposite {0]-0} face, but is otherwise 
identical. Thus the orientation of  a seed mounted 
for growth need not be specified for pure TGS 
solutions. 

It has been found [2] that it is advantageous to 
grow TGS crystals from solutions doped with 
l-alanine since the alanine substitutes to a small 
extent for glycine in the lattice and, because it has 
an asymmetric molecule, causes the ferroelectric 
domains to be locked in a single direction; this 
effect can be expressed in terms of  the field re- 
quired to overcome domain locking, which is 
known as the internal bias field. Since the crystal 
is permanently poled the plane of  symmetry per- 
pendicular to the b-axis no longer exists. 

It would seem, a priori, that the alanine concen- 
tration in the growth solution would govern the 
proportion incorporated by crystals and hence 
their internal bias but the growth of  alanine doped 
crystals of  a required bias on {0 1 0} seeds was 
complicated by the fact that, as has been reported 
[3], TGS crystals grown from solutions containing 
l-alanine developed a habit which was asymmetric 
about the (0 1 0) plane. Seeds mounted with one 
orientation gave crystals whose growth rate was 
extremely slow (compared to the growth rate in 
comparable conditions in an undoped solution) 
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