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‘MECHANICAL COM?dNENTS FCR AUTOMATIC ELLIPSOHETER
W. T. Giba and R. H. Muller
V,Iﬁorganic-Materials Reéearch,bivisién, Lawrence Berkeley Laboratory
and Department of Chemical Engineering; University of California
_Berkeley, California 94720
| ABSTRACT
.The optical train of a self;compensating ellipsomefer.has beeﬁ
éqnstructéd with tﬁe componeﬁts of a commerciai manual ellipsometer
and two néwly—built‘Féraday célls. All the'qomponents ha&e been
provided with devices that facilitate their aiignment. They have been

arranged on a new base in order to provide space for the placement

of the Faraday cells and for the use of large experimental equipment.
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INTRODUCTTON

The construction of a self—compensat;ng;’automatic ellipsometer™
has required thg-additioﬁ of'Faraday'rotatoré‘to‘the optical components
df a previously-used manual ellipsometer.4 This addition has made it
necessary to re-arrange the componenﬁs.

It was also desired to provide more sﬁace_than had been obtained in
é previous modifi;;ation5 of the commercial instrument for the
containment of the spec¢imen and to all@w the use of vessels of varying
~ size and geqmetry to conduct in situ observations e.g., iﬁ fluid
flow-channels, vacuum chambers6 or furnaces.

In oraer to maintain flekibility-of use, it was decided to provide
for operation with widely varying aﬁgles of incidence (20°-90°) of the
iight on the specimen surface. To circumvent the need for the repeated
alignment of individual opticél components, the components have been
collectively mounted in a subassembly each for the incident and réflected
light béams. These sub~assemblies can also be detached from the present
table for use on other equipment. Sihce in practice the angle_of
incidence remains constant for‘extended‘periods, its édjustmeﬁt by
auto-collimation with a polygpn—supported mirror wasiconSidered
satisfactéry._ No divided éngle—of—incidence circle has, therefore,
been provided. »

The alignment of components with fesﬁect to thé axes of incident
’ and reflected lighf béams as well aé the adjustment of azimuth circles
with respect to the plane of incidehce'requires tedious procedﬁres
but can be very important for the validity of ellipsometer measurements.,

The execution of alignments and adjustments has been greatly
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facilitated by tﬂé addition'0f1deviéésffor'the béﬁtrolled motion
of components in différent directions.

The increased over-all dimension:of‘the ellipsometer called for
particular attentioﬁ ﬁo freedom from elasticAdeformatioﬁ and vibration.
This prupose has béen realized very satisfactoriiy'in the present
construction.

In the following, detailed descriptions of the mechénical
ﬁo&ification.and placeﬁeht bfAthe eilipsometer components are given,

All mountings fgr components_are designed'for sturdiness and flexibility

for adjustment.:
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TELESCOPE MOUNTINGS

New holders for pblarizef and ahalyzer telescopes_are illustrated
ip Figs. 1 and 2. They are!designed»tp_provide rigid support for
vcollimatdf and telescope, that also contain the azimuth circles of
.polarizer and analyzer prisms.

A wide base~plate H (Figs. 1 and 2)-withftw§ elohgated‘holes G
permit translatory lateral a&justment and solid connectionvfo the flat
sub—assembly‘base plate (Avand C, Fig. 7) with two bolts. ‘Lock—sgreWS'_
contacting the modified double.V-blo;k C (Figs. 1 and 2) allow rotatory
lateral fine adqufment aréund pivot A. Translatory verﬁical alignment
is accomplished by use of two push scréws E»and two‘pull-screws,D
in the vértical adjustment plates I and J in conjuﬁctidn with the tilt
adjustment screw A thatvis used aloﬁe fo; rotatory vertical alignment.
‘The telescope is movéd_by flexing the_upper plate in hingé—like motion
at the bénding arch B,.that~1eaves 1/16 in. of material at the thinneét
vspét over the entire_width»éf the plate, and ié held 301idly in place by
two additiomal pull screws.

Azimuth circle adjﬁstment is achieved with'fwo knurléd—headltangent
screws F‘that contact ailip K screwed to the.circle housing. The

tangent screws are also used to lock the adjusted azimuth position.
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QUARTER WAVE PLATE MOUNTING

'The>néw mounting for the azimuth circle of the quarter wave. plate is
illustrated in Figs. 3-5. A wide base-plate with two elongated holes
D agaiﬁ provides for a stable adjustable connection to the sub-assembly
plate. Verfical and tilt adjustment.is accomplished by three push
écreWS C and fWé pull_sérews B. Azimuth circle adjustment is obtained
with two tangent screws A that'engageilip E.‘ TheAdivided'circle I is
clamped dnvlocatiﬁg part G.  Friction in the bearing for rotation is

adjusted.with'nut.H}



. -5- ‘
" _FARADAY CELL MOUNTING

The holders for the Faraday solenoids are iiluétra;ed in Fig. 6

and can also be .seen in Fig. 8. FElongated holes A in a large base
.plate B allow coarse alignment in the horizontal plane. Precise
alignment in horizontal and vertical direction is effected by a pair

" of screws C at each end of the solenoid. The'position is secured by

fwo metal straps with tightener E. Two horizontal bolkis F also hold

the solenoid in plaée.
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'SUB-ASSEMBLIES

In order to obtain tﬁe greateét possible flexibility for use qf the
'ellipsométef with different experimental équipment, the optical
éompqnents‘h#ﬁe-been collected in two sub-assemblies that rest on two
pairs of base plates (A,Buand C,D in Figs. 7 énd’85.

One sub;assembly contéins light—source,cblliﬁator with folarizer
and diaphragm, Faraday cell, duarter wave plate, and an iris diaﬁhragm;
the other sub-assembly contains Faraday cell with aiaphragm, and
telescope with analyéer, diaphfagm and photodetector (Fig. 8). All
the optical coﬁponents; exceﬁt for the_light‘source aré solidly mounted
"to the upper baée‘plates (A.aﬁd c). . fhese platés can be raised up to.
5 in. with the alignment being maintained by the guides E and F. The
loﬁer base plates are attacpéd fo the surface of the table. They. can
éasily be moved to produce differentAangles of incidence or to
aécommodate different-sized experiments. The sﬁb—assemb1ies are also -
SUitagle for use with horiZontal_épecimen'surfaces. The light source
rests on a carriage with freedbm for.adjustmenf in horizontal (axial,

" lateral) and_vertiéal direction.
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'TABLE

A rigid table, that has been built to sﬁppoft both sub-assemblies
with angles of incidence of 20°-90°, is illustrated in Fig. 9. The
table cénsists of a‘welded steel frame and an aluminum table top.

The main section of the frame C is constructed frqm-B in. square steel -
tuﬁing (3/16 in. thiékﬁ. Bracings D'are made of 3%2 in. rectangular '
fubing. Al in;-thi;k aluminum tooling plate forms the téble top E that
is.without direct contacf with the steel frame. Instead, where bolts
connect the plate to the frame, 1/32 in. thick.Teflon spacers, sandwicﬁed
between two brass shims, have been inserted. One bolt, located in a
central_position‘holds the plate firmly in place. All oﬁher bolts hold
thgiplate.undér tension, employing a flat washer and on ﬁop of it a
spherical washer under the boit head. This pefmits 1atefal movement

of the plate due tq.thermal expansion and-prevenfs warping. The ground
 top surface of the plate has been 1e§e1éd to be flat within 0.002 in.
énd has not been affected by temperature fluctuations.

A cutout F in the table top under the intsection of the optical axes
provides access fo: flow ‘and vécuum équipment. The tablé can be
transported on three caste;s.A and, when in.place, is levelled by three
écrew—jacks B. |
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FIGURE CAPTIONS
Fig. 1. _Telescoﬁe m0unting;"
A - Swi&el'point for tilt adeStment screw.
‘B - Bending arch in vertical.aiignment ﬁlate.
C = Two telesgope lock screﬁs for lateral alignment on double
V-neck.
D - Two pull screws for vertical alignment plate.
E - Two push screws for vertibal alignment plate.
F - Aajustment screws for azimﬁth circle.
G - Slqtted ho1es forllateral alignment.
H ~ Base ﬁlate.
I - Upper vertical alignment plate.
J - Lower'verfical alignment plate.’
-K.v Lip fo; azimuth adjustment.
Fig, 2. Teleécope mounting, symbols as in Fig., 1.
~Fig. 3. Quarter-wave plate mounting.-
»>A ~ Azimuth circle adjustmenflécrews.
B - Pulliscrews for vertical aligament (2).
C - Push screws for vertical alignment (3).
D - Slotfed holes fqr.mounting and lateral alignment.
E - Lip for azimuth adjustment;
F - Bearing surface for.azimﬁth circle'rotatioﬁ._
G - Locating part for azimuth circle,
H - Nut for friction éontrol:of'azimuth bearing.

I ~ Azimuth circle.



-10-

”Fig. 4. Quarter-wave plate mounting. Symbols as in Fig. 3.

Fig. 5. Quarter—~wave piate'mounting with azimuth circle éttachéd.
Symbols as in Fig. 3. |

vfig. 6. Faraday céll mounting.

Elongated holes for lateral alignment.

A -
:B - Base plate fof_mounting to sub-assembly.
C - Alignment screws.

D -~ Flange of solenoid.

E - Tighteher.fbr.metal stréps.

F - Horizontal bolts.
Fig. 7. Sub-assembly platés for ellipsometer components.
A and B - Upper'and lower plates for reflected-light sub—‘
| assembly;
. C and D ~ Upper and lower plétes for incidentflight sub-
assembly. | |
E,F ~ Guides for height—variation of upper sub-assembly plates.
Fig. 8. Sub—assémblies of optical components in use.
| A to F -:as in Fig, 7 |
G - Mounting for analyzer telescope
H'—:Mounting for aﬁalyzer Faraday cell -
I~ Quartérfwave pléte mounting
j ~ Mounting for polarizer Fafaday cell
K - Mounting for polarizér telescope kcdllimator)
iL - Table top |

M - Reflecting specimen surface (electrode) in flow channel.
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Fig. 9. Table for support of ellipsometér sub-assemblies.

.A - Casters (3 in.) mounted on 4%x1-5/8 in. steel channel.
. B - Screw jacks in threadea steel blocks, wélded,in plaée.
C - Squére-sﬁeel tube, 3X3%3/16 in.
D - Rectangular steel tube, 3X2%X3/16 in.
‘E - Table top, 1 in. aluminum tooling plate.
| F - Cutout in table for expériment.

® - Location of 1/2 in. bolt that holds table top to frame in one
point.
X - Location of 1/2 in. bolts with spherical washers and

Teflon sheet to permit thermal expansion.
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Fig. 4
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