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ON A COMPARATIVE STUDY OF THE REFLECTIVITIES
OF ALUMINIUM AND SILVER FILMS

By M. V. SIVA RAMAKRISHNAN

(Recetved for publication, Tugusl 2, 1941)
Plates I, 1T

ABSTRACT. A compatative study of evaporated aluminium Glms with that of chemically
deposited and sputtered silver films ds given. The reflectivity of the films in the visible, near
infra-red and ultra-violct part of the speetrum is discussed at length and the deterioration of
silver films with time is showy.  Methods of preparing the respective films are also given.

INTRODUCTION

A study of metallic reflecting surfaces is engaging the attention of many
physicists in recent years in view of its importance to various optical instruments,
such as Reflectors in Telescopes, Interferometers, Cocleostats, ete. There are
three well-known methods of obtaining thin {ilms of metals on to surfaces namcly,
chemical deposition, cathode sputtering and evaporation. °

Each of these is characterised by certain restrictions and advantages. Chemical
deposition cannot be applied to surfaces like rock-salt which arc attacked by
water; sputtering is particularly suitable for preparing films of the platinum
metals, and the evaporation process is suited to the application of aitminium films.

Of the metals useful for reflection of light in the visible spectrumn, the three
most important are alumininm, speculum and silver. The mirrors in astronomi-
cal reflecting telescopes  were  formerly made of speculinm metal—a hard alioy of
copper and tin capable of taking a fine polish and having a fairly high reflecting
power.  But on account of the low reflecting  power of speculum?® they have been
entirely replaced by glass mirrors coated on the figured surface with a thin film of
silver. The silvered surface, when fresh, has a high reflecting power for wave-
lengths gieater than 3750 AU, But the reflecting power diminishes with time,
owing to the gradual oxidation or to tarnishing due to the action of sulphur
dioxide in the atmosphere.  Where such atmospheric contamination is intense, the
reflecting power falls rapidly, and, even under the most favourable conditions,
thete is a gradual fall in the reflecting power. Hence the mirrors have to be
periodically  dismounted and resilvered.  Mirrois coated with aluminium, on the
other hand, have been found to have the remarkable property of withstanding the
deleterious effect of atmospheric  contamination for long periods of time. A
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freshly deposited film on exposure to the air immediately oxidises, and the oxide
coating forms a protective layer which prevents the film from tarnishing. Sulphut
dioxide in the atmosphcere does not tarnish an aluminium filn, or if at all, it does
at a very slow rate.® This observation is bascd on an experiment” conducted in
(recnwich with a small mirror partly coated with silver and partiy with alumi-
pium. By the time the silver ilin had completely become yellow,  the aluminium
film was found unchanged. Dr. Strong mentions that the mirrors of a telescope
aluminized in October, 1932, and in constant use since then, show no signs of
tarnish.*  In addition, aluminized surfaces have been reported to have higher
reflectivity in the ultra-violet than silvered surfaces, and this paper deals with a
comparative study of the reflectivities of aluminium  {ilms  with thosc of silver
obtained by sputtering and chemical deposition.

EXPERIMENTAL ARRANGEMIENT

Prcvious Work . »—Dr. Strong has described an apparatus for mecasuring the
reflectivitics of metal films for small angles of incidence. His apparatus is shown
in fig. 1(a). Light from a powerful source {alls on onc of the comparison mirrors
13 and the light is made to fall on a photometer and the reading is recorded.  As
shown in fig. 1(b) the mirror to be tested is placed between the two comparison
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mirrors so that light is reflected from that and then falls on the photometer. The
apparatus therefore measures the square of the reflectivity. Measurcments arc
made with monochromatic light obtained with a Miiller-Hilger double quartz
monochromator. A Nernst-filament as well as the Sun is used as light sources
and quartz sodium or potassium cells as receivers. The photo-current is measured
by an electrometer by a null method as well as with an amplifier and galvano-
meter.

The author has used a simple apparatus as described below for the visible and
the near infra-red region of thespectrum. The wethed of procedure has been
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to measiire the intensity of a light heam {alling on a pboto-ccll directly, and after
reflection from the test surface, aud the ratio of these intensities, as measured by
the respective  photo-clectric currents, gives a measure of the reflectivity of the
surfacce.

Desenplion. 'The apparatus as shown in fig. 2 consists of a ‘I'-shaped hox.
An incandescent 1oo-walls frosted  tungsten-filament lamp A is used as the
light source for the reflectivity measurements.  Tor sclecting  various  spectral
ranges for the measurements, Wallace  colour filters are used.  ‘I'he trangmission
band of the eolour filter is determnined using Hilger’s constant-deviation spectro-
eraph.  Sunlight is used as a source and the drumbead of the spectrograph is
adjusted by reference to tlie Ifraunhofer’s lines. The various colour filters are
introduced i {ront of the slit of the spectrograph and the transmission band in
the visible region of the spectrum is obtained for the dilferent filters {rom the
drumhead.
I'he Blue  filter transmits a band fiom 4000 to 5200 A U.
T'he green filter transmits a band from 1800 10 booo AU,
The red  filter transmits a band from 5800 1o 7000 A. U,

T'he lamp is mounted on a holder fixed to the box and the switch for the
lamp is also provided in the box.  Light from the lamp passes through a 2/ squarc
diaphragm B, and then {alls on the colour filter which can beslid in the groove
cut on the other side of the same plank carrying the diaphragin.

A convex lens of 0 focus is placed 6 from the lamp so that the rays from
the filter after emerging from the lens arc rendered parallel. A 2" square dia-
phragm 1 is placed  behind {he lens 5o as to limit the beam falling on the test
surfacc. The holder carrying  the test surface is placed at 45° as shown in the
diagram so that the angle of incidence of the beam is 45°. The reflected light
falls on another convex lens of o focus placed at 2" from the I'-joint as shown in
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the figurc. 'T'he photo-cell used for the mecasurcment is placed at 6" from the
centre of the lens, so that all the light is brought to a focus at the concave cathode
of the cell. ‘The cell used is a vacuum cell, R.C.A. y17 and measurements are
taken with a sensitive galvanomecter using a lamp and scale arrangement.  The
experiment is so conducted, that the same identical conditions pevail both for
direct light and reflected light measurements,  So the same  photo-cell is used for
hoth positions.

I'or direct incidence on the photo-clectrie cell, the plate-holder can be removed
easily so that light is allowed to pass directly and [all ou a similar convex lens of
6" focus placed at 2 from the ‘I-joint as shown in the figure.  I'he photo-cell is
placed at o from the centre of the lens in a 4-pin base alveady fixed there.

TRIEPARATION OF TIE TILMS

Chemical Deposition.—"I'he well-known  Brashear process and the Rochelle
salt process are used for obtaining  the desired films.  The first is used to obtain
thick coats on frout-silvered mirrors. The Rochelle salt method, because its
action is slower, is used for partially silvered mirrors such as interferometer plates,
which require a uniform  thin flm with a specified ratio of reflection and trans-
mission.

Evaporalion Process.. "The process of obtaining cvaporated films is described
in the author’s paper on “ A Simple Method of Coating Optical Surfaces with
Aluminium.”” ¢

I'he high vacuum  equipment nccessary for the process is given
in figure 3. '
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Cathode Sputiciing.—The sputtering chamber is the same bell jar used for
the evaporation process with a hole in the top for the cathode connection. A
cast-iron plate which is carcfully machined in the lathe and lapped well with the
bell jar is used as the base plate, so that it forms the anode. A terminal is
provided in the basc plate for connection to the secondary of the transformer,
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The cathode is a rectangular silver plate 5" x4” which is suspended from the
top. The glow discharge is produced with an alternating potential of 25,000 volts
fromn a ‘Transformer working from 110 voits A.C. A milliammeter is used to
measurc the discharge curtent.  The pressure is adjusted to be about .or mm.
The cathode s placed 5 cms. from the plate to be sputtered so that the boundary
ol the dark space is paallel to the surface to be coated. The same vacuum
cquipment us for aluminizing purposes is used but only the Cenco-Hyvac pump
15 workad.  ‘T'he pressurce is mdicated by the Mel.cod Gauge placed in the cirenit.

EXPERTMENTAL PROCEDURE

The experiment consists in taking readings  with the photo-cell and galvano-
meter for direct light and reflected  light from  the coated piate for a particular
wavelength, using the proper filter.  The reflection  cocfficients are calculated in
cach case and tahbulated as shown in tables I to VII helow.

Two j-pin Awmerican bases arce lixed one at GG and another at 1, so that the ceil
alone needs 1o be shifted  from one position o another.  The cell is worked with
an anode voltage of o volts.

Readings arc taken for the coated plates for different spectral regions choosing
the proper filter and tabulated as shown in tables helow.

The reflectivities of the follewing plates are compared :—

(1)  Chemically silvered polished) ... 'T'abl¢ 1

(2) Chemically silvered (nnpotished) . lable 11
(3)  Sputtered (pohshed) ... Table 111
(4)  Sputtered (unpolished) ... Table 1V

{(5) Chiemically silvered (after 15 days’ exposuice in Laboratory)  Table V

(6)  Chemncally silvered (after 30 days' exposure in Laboratory) ‘I'able VI

(7)  Aluminized plate ... Table VII
Tanme 1

Silver Plate (polished)

I'ilter nsed i Wave-Jength " Deflection for ;. Deflection for Reflection

} in AU o direet light I teflected light cucflicient
T AN I o R -
Blue An00 =+ 5200 i‘ 25 mm \ 23.5 M 91 %
Green é 1800— 0uou ! I3 mi :l 14.5 mm, g6 Y
Red i 5800~ 7000 I55 1. l' 147.5 min, 95 %
i
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TasLE IT

Silver plate (unpolished)

TFilter used

Blue
Green

Red

Wave-length
in A0
4(,)()()—-53_1 "
1800- 6000

5800 — 5000

Deflection for
direet light
25 mm

I5 mm

(85 mMm,

Deflection for
rellected light

205 mm.
13.0 M

130.5 mm

‘Reflection
coellicient

ar
QO o

Tampe 111

Sputtered plate

1iilter uscd
Bluc
Green

Red

———

Wave-length

. '
in AL

1000 o0
1?\’()() Ooon
FR00 Zo0n

Delleetion for
direet light

T mm
15 i,

155 N

Dellection for

reflected Tight

22 5 1L
14.0 1,

1175 .

Reflcetion
cocflicient

g0 %

0’

03 o

“w/

as o

Filter uedd

Plue
Sreen

Red

TapLe IV

Sputtered piate (polished)

Wave-length
in AU,
AO0O— 5200
4800— 6000

534 10— 7000

Deflection for
dircdd lielt
a5 v
15

155 mini.

DefAcetion (or
reflectod Hight
23.5 mm.
14 &1,

1]7.5 mn

Reflection
cocllicicut

Y
04 -
ab 9

95

Tiller used

Blue
Green

Red

Silver piate (after 15 days’ exposure in laboratory)

Wave-length
in AT
,11)(.1;—52(){)
4800 -6oon

5800— 7000

TanLe V

D Aflection for
direct light
21 nun
16 mu

155 mm.

i

|

Deflection for
reflected light

18 1
13.5 mm.

136.5 mm

3—19230—1I

Reflectinn
caeflicient
75 %
844 0

8y &%
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TasLe VI

Silver plate (after 30 days’ exposure in laboratory)

|
. Wave-length Deflection for 1 Deflection for Reﬂgcgion
Filter used inAU. ! direct light . reflected light | coefficient
| l N
. : ] !
Rlue 4000- 52010 } 25 1M i 17.5 mm. 70 %
; |
(rrecu 4800—06000 ' 1H M. I 12.5 mn 83 %
Red ploo 7000 135 mmn. : 130 5§ mm, 88 %
TapLi VII
Aluminised plate
! |
ilte A Wave-length Deflection for -, Defleetion for | Reflection
Hier use in AU direet light reflected light | coeflicienit
S U S — R R
[
Blue | 40004200 25 mm 22 5 mm W Y%
| |
| !
Grean I 48o0- 6ooo 15 mm. I az.5 mm. gu %,
1 | L)
Red ; 800 —7000 155 mm, ‘ 139 5 mm. | oo %
) i .
TanLy, VIII
l . - PR
i Reflection Coellicient
i
- ro 1 o ) !
]V:":"il' Silvered | Silvered  Sputlercd Spll:]l;;éul /\uénl_;lda_\s Ay 3‘;;]‘"“ Al Plat
ey L : e | I in the atc
. shed [not polished Plat .
mAU polished ot polish ¢ 1 (polished) Taboratorv i laboratory
| i . -
e e - |" _
o’ J / n/ 1,
Joo0=—5200 1 9t o Sz % ERNG) va ' 75 % ‘ 70 % 90 %
ARon—hooo | g6 % 87 % 93 % | 97 % 84 % 83 % 90 %
s8oo- zowo |95 % o % 95 Y ! 95 % o % 88 v 9o %

pDIscussioN or THE RLESULT

Taking the case of silvered plate, the reflectivity of a polished plate is

superior to that of an unpolished plate (Tuables I to 1V).

The reflectivity of silver

decreases with time (Tables Voand VI). The reflectivity of evaporated and
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sputtered films are less than that of polished chemical silver, but the films on

polishing give a better reflection. It is prolable that chemicai  silver, sputtered

and evaporated films require burnishing to form  the metal into a compact film
which exhibits a higher reflection cocfficient.

We find aluminium films arc inferior 1o freshly deposited silver for reflectivity
in the visible 1egion, but they bhave more or less uniform reflectivity from gooo AU,
to 7000 A.U. which 1s very neeful fram the point of view of photography.

Reflectivity in the 1ed and near inha-1ed.—For taking measurements in the
red and ncar infra-red, Zeiss lkon Infra-red filters, R-10, R-15, R-20 are used.

EXNPERIMENTAL ARRANGEMINT

I'he same apparatus as used {for the visible region is used for the measuc-
ments as the giass can transiiit up to 2.2p in the infia-red. The same photo-cell
which is very sensitive in the infru-red, as shown in the special chart given by the
makers, is uscd for the readings.  Mcasurements arce taken as before, first for
direct light and then for 1eflected light, in the case of the chemically silvered plate
aud aluminized plate respectivdly.

Tawma IX

Aluminium (mear Infra-red)

|
Filter used Detlection fo Deflection for Reflection
(Zeiss Thon) direet light " reflected Tight | cocflicient
<
R--10 ! 155 mim. 139.5 miil. \ 9o Y,
\ .
R--13 177 mm 101.0 M. . \ 86 %
|
|
R—20 i 122 Wm 95.0 mm. l. R4 %

TanrLie N

Silvered (polished) Plate

Filter used I Dellection for | Deflection for | Reflection
(Zeiss Tkon) ' direct light i reflected light i coefheient
|
i I O/
R—10 155 mm. 147.5 mn. ' 05 %
R—15 i 177 mn. 1115 M. ' 0s ",

R—20 . 112 mm 1u7.5 mm, a6 %




20 M. V. S. Ramakrishnan

Inference :—Irom the Tables IX and X one can casily sce how the alu-
winium films are inferior to silver in reflectivity in the red and near infra-red.

The following table reveals to us a comparative percentage  reflection in the
visible and ncar infra-red region of the spectrum for the chemically silvered and
aluminized plates.

Tanne X1

Visible ‘ Near infra-rod
Wave-leugth .
in AL, JOO0—= 5 30 JS0G Ooan SRO0 000 R -15 7.0158 R 20 Zciss
Blue Green Red Tkon filter Tkon filter
|
i . ;
Percentage ) IAD OO i GO 2l ) 86 | 84
of ! !
reflection S(/\g) 0 : 07 05 : 05 )
i | .

On the supcriority of Huminmone  over Silver Films in the ullra-violel 1cgion
of the spechium —XYor investigating  the aceflectivity of aluminium films m the
ultra-violet region of the spectrum, a quairtz spectrograph  and  quartz  mercury-
arc are used.  TFollowing, n the wain, the method of Ben Johnson? and Sabine,
the attempt has been to take photographs of the spectrum of mercury arc for
direct light firet and then after refleetion from the test surface, the surface being
placed here at 45" angle of incidence.  The spectrograms show  clearly the
telative " density ™ of the lines

(a) when photographed directly,
(b)  when photographad after 1eflection from the test surface.

Micro-photometer tecotds are taken lor wave-lengths below 2500 A.U. and the
records clearly  show  how aluminium is superior to silver in that region of
specttann. The exact experimental details are given helow.

EXPERIMENTAL PROCEDURE

The same “1' " Box  (Fig. 2) as previously used for finding the reflection
cocfficient in the visible region of the spectrum is used with all the lenscs removed
leaving the plate-hoider alone. o As shown in photograph the hox is provided with
slits at the three  coruersof the '

" Box, so that light can pass through them
frecly.

After making the preliminary adjustments of the quartz  spectrograph
suchias the width of the slit, forus, tilt motion, the quartz are is placed in a verti-
cal posiion, so that « photograph of the spectrum of the ditect light can be
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tuken.  Then the guartz arc is placed for the reflected light position, so that
a photograph of the spectrum of the reflected  light from the test surface can
be taken.  In order to get  a comparison photograph of the direct light and
reflected light for alummium and silver films respectively, a wedge is used.  The
middle aperture is used for dircet light, the top and hottom ones are used for
aluminium and silver films respectively

The plates used for the spectrograms are * lford special rapid panchiromatic
11.D. 700.”" Lverything being kept at identical conditions, 3 minutes’ exposures
are given both for direct light and reflected iight. The plates ave developed and
the photographs thus obtained are shown in the left page.

DISCUSSTON OF THE RESULT

1. I'rom the photograph we can castiy sco Low the reflection is strong with
the aluminized plate even down 1o A=2200. The lines do not sulfer much in
intensity by reflection from the aluminized surface.

Below 3300 ATTL the lings of the mercwy arc weflected  from  alaminium  are
definitely more intense than from silvered surfaces.

2. Silver as can be seen from the spectrograms  shows clearly  a strong ab-
sorption at 3123 A.U. unlike aluminium.  That is, on the short wave-length side
ol 3750, the teflecting power of silver falls off rapidly owing to sclective absorption.
I'his is a serious disadvantage when observations arc required in the ultra-violet
region. In a reflecting  telescope  where the image is normally produced by
reflection at two silvered mirtors this loss by the selective absorption is a serious
handicap for photographic work. It has been decided therefore to coat the Presi-
dency College 24" Reflector  which bas been correctly figured, polished and para-
bolised with aluminium instead of silver.

3. Below 2500 A.U. the microphotometer 1ccords taken show clearly how
aluminium is superior to silver in that region of the spectrum.  The microphoto-
meter records are given in the left page.

4. For wave-lengths greater than 4900 the lines of mercury arce for silver
arc more intense than for alumimium, showing the superiority of silver in the

red reglon.
SUMMARY Ol RESULTS

1. Chemical silves has better reflectivity when polished (Tables T to V),

2, Silver films get tarnished soon and so lose in reflectivity with time
(Tables V and VI).

3 Spuitercd filmis when polished have better reflectivity and they are very
nearly equal in this respect to polished chemncal silver (Tables IIT and IV).
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4. Alnminium has uniformn reflectivity in the visible region {Tabic VII).

5. Aluminium films arc inferior to silver films in the red and near infra-red
region of the spectrum (Tables IN and X).

6. Alumininm js found to be superior o silver in the ultra-violet region of
the spectrum,

7. A freshly deposited il of aluminiun on exposure to the air immediately
oxidises and the oxide coating forms a protective  layer which protects the film
from tarnishing. Nevertheless the fihn can he dissolved by alkali or dilute
Hydrochioric acid to which a tiace of coppar salt is added.

8. Aluminium films arc more  strongly adberent to glass thau  silver fils.,
"T'his tenacity makes it possible to ¢lean the surface of dust or other contamination
by washing with soap and water.

9. Aluminized mirror scatters Jess ight than silver mirrors as the Jatter have
to be polished and this process leaves many small seratches upon the silver.

I wish to express my thanks to Professor G P, Krishnamoorthi lyer {or his
interest in my work and to Sir C. V. Raman for allowmg me faciities 1o take the
microphotometer records in his Department at the Institute of Science, Bangalore.
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