COATING SCIENCE AND TECHNOLOGY

PENNSYLVANIA STATE UNIVERSITY

PREPARED FOR
RoMe AIR DevELOPMENT CENTER

MarcH 1976

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

AD-A025 487

~




Unclassified
SECURITY CLASSIFICATION OF TwIS PAGE (When Dete Enfered)
- READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE e T e
1. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
RADC-TR-7€-95
&. TITLE (and Subiitle) $. TYPE OF REPORT & PERIOD COVERED
' Final Report
2 January - 30 November 1975
COATING SCIENCE AND TECHNOLOGY 6. PERFORMING ORG. REPORY NUMBER
7. AUTROR(e) 6. CONTRACT OR GRANT NUMBER(s)
B.E. Knox F19628-75-C~-0110
K. Vedam
9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. ::gg’.aA:oEnLE“EN?T' Pno.!tt'c.::. TASK
! Materials Research Laboratory RIS L
The Pennsylvania State University 61101E, 2415, T&WU n/a
i University Park, Pennsylvania 16802
3 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORY DAYTE
i Defense Advanced Research Projects Agency March 1976
1400 Wilson Blvd. 13. NUMBER OF PAGES
Arlington, VA 22209 &
14. MONITORING AGENCY NAME 8 ADORESS(if different from Contrelting Office) 15. SECURITY CLASS. (of thie repers) .
Deputy for Electronic Technology (RADC(ETSO))
b Hanscom AFB, MA 01731 i haedilFin
) Contract lonitor: Joseph J. Comer/ETSO 18a. DECLASSIFICATION/DOWNGRADING

16. DISTRIBUTION STATEMENT (of thie Report)

] Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of (he ebetraci entered in Bleck 20, {1 different fram Repert)

16. SUPPLEMENTARY NOTES

This research was supported by the Defense Advanced Research
Projects Agency. ARPA Order No. 2415

19. KEY WORDS (Coni/nue on reverse eide {{ necessary and identily by Block number)
cadmium telluride, germanium oxidation, potassium chloride, tetrahedral carbon,

diamond, zinc sulphide, sputter-deposited films, ion plating, plasma polymeriza-
tion, electron microprobe, ellipsometry, ion scattering spectrometry, Auger
electron spectrometry, electron microscopy, selected area diffraction, electron
diffraction, x-ray diffraction.

20. ABSTRACT (Continue on reveres eide If necessary and ideniily by block number) he preparation of cadmium Eﬁ

telluride films by sputter deposition was thoroughly investigated. The effect o
substrate temperature on the phase content of the CdTe was studied. Higher rf
power levels tend to favor the formation of cubic CdTe, and temperature is a
definite factor in determining the preferred orientation of the crystallites. Af
low rf power levels, either amorphous or hexagonal CdTe is formed, depending on
the argon pressure in the sputtering system and the substrate temperature. Sub-
strate heating also reduced the impurity level of the films. Detailed x-ray
examination of the sputtered films revealed the presence of preferential orien-

O € Fi ss
DD .\ jan 7 1473 s/or:lr::::ou-“:;:l | b las Unclassified

T T T T T Ty e —
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)



e AT TP T R N... 1

Unclassified

JALLHNITY CLASSIFICATION OF THIS PAGE(When Dete Entered)
tatlon with the [I00] Jdirectlon perpendlcular to Ihe substrate Tor DOLh cublc anc
wxagonal phagses of CdTe.

Optical absorption studies were conducted with CdTe films deposited on KC1
ubstrates. The optical absorption edge varies from 919 am for cubic Ciie to
08 nm tor the pure hexagonal phase. Uhis is similar to ZnS polytyvpes, wherve the
wsition of the optical absorption edge and the bivefringence increase gradually
fis the depree of hexagonality increases trom the cabic 3C phase to the hexagonal
DH phase. Ellipsometric measurements carvied out on these tilms using A5461A as
1 function of angle of incidence do contfirm the preferential ovientation of the
tilms and also the {ncrease in the value of the retractive index with increasing
Toxugnnnlity of the films. The biretringence ot the 21 phase of CdTe is expected]
to be much larger than 24x1073, Etlipsometric measmements must be carvied out
in the 800-900 nm spectral region to arvive at an exact figure for the bire- #

fringence. FEllipsometry was also used to show the possible existence ol volds i
Jdde, similar to those known to exist in St and Ge.

An antomated ellipsometer was constructad utilizing a manual Rudolph ellipso-
meter, a locallv-designed computer interface unit, and a PPP 11/20 data processor]
m-line control, as well as data collect{on and reduction can be accomplished
ith this svstem. Measurement time for one data point has been veduced from
abo.t 1 hour to 1/50 sec., while maintaining the necessary high precision and
accuracy.

Both ion scattering and Auger electron spectromet v were used to give com-
positional protile Information about CdTe tilms on KC.o. AES showed that the
surface region ot the films was tellurium-rich, while 1SS showed th surface to
be cadmium-rich. This discrepai-y has not vet been explained. Bulk oxidation
(loes not occur nor does oxygen ditfusion into CdTe films pose any problem. Ex-
posure to air tor extended times does appear to degrade the films, however. An
apparent artitfact of the AES weasurements is the diffusion of alkali away from
the interface hetween the Thim and the substrate, leaving a chlorine-rich region
at the interface. Some chlorine may even diffuse through the tilm to the sur-
tace.

The oxidation ot germanium films gsputter-deposited on KC1 substrates was in-
vestigated. Films of various densities were prepared under controlled conditions
and characterized by several different techniques. Bulk analysis was done with
an electron microprobe, while compositional profiling was accomplished by ion
scattering spectrometry. Low density G2 films de not undergo bulk oxidation in
20 hours. High density tilms should have a preater resistance to oxidation, but
this was not observed within the range of our experimental error.

The ton scattering spectrometer was automated to assist in obtaining long-timd
compositional profiles, as well as to increase the accuracy of the counting tech-
niques. The ISS unit was linked to a PDP 11/20 data processor through a multi-
plex unit and a computer intertace unit designed and built in this laboratory.
An fon plating apparatus was constructed and used to prepare films of Ge and
CdTe on plass and KC1 substrates. While time did not purmit complete charac-
terization of these films, the adhesion and hemogeneity appeared to be excellen

Films prepared by plasma polymerization veie characterized by electron miero-
scopy using electron micrographs for texture comparison, selected area diffrac-
tion for phase identification, and high resolution diffraction to check the
selected area diffraction results. Some of these films were amorphous and some
were small crystallites in an amorphous second phase. The closest pattern fit
was a cubic system wich the lines indexing as "diamond". No (00%) graphite
lines were obtained. Three graphite (00¢) lines were obtained from one area of
one film by glancing angle diffraction, pointing out the need for more extensive
study. The presence of a "diamond-like" diffraction pattern does give support
to a previously hypothesized tetrahedral carbon (diamond-1like) building-block
structure for these films.
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COATING SCIENCE AND TECHNOLOGY
B. E. KNOX AND K. VEDAM
Materials Research Laboratory

The Pennsylvania State University
University Park, Penna. 16802

TECHNICAL SUMMARY

Technical Problem and Methodology

The objective of this research was to develop a thorough understanding
of the science and technology of films applied as coatings on materials
cransparent to 10.6 and 3-5 um radiation. The approach included the pre-
paration of films by sputtering or ion-plating, chemical and physical
vapor deposition, and plasma polymerization. The materials studied were
inorganic, elemental and compound. An extension here was to be the explora-
tion of the possibility of sputtering of ternary compounds effectively.

New efforts to deposit tetrahedral carbon films were also included. Charac-
terization techniques for the coatings included infrared spectrometry,
laser-Raman spectrometry, ion scattering spectrometry, Auger electron
spectrometry, scanning electron microscopy, x-ray diffraction, x-ray emission
analysis, ellipsometry, and durability tests. Both single and multilayer
films were to be evaluated on selected substrates. The results of these
studies should provide guidelines for the selection of the best materials,
processes and process controls for the production of good optical coatings
for infrared components at wavelengths of 3-5 and 10.6 micrometers.

This research was to be the second phase of a larger effort started
in April 1973. However, terminatioi: of the contract after only 407% of the
effort had been expended necessarily meant that only a part of the objec-
tives could be completed. The first phase of this program was reported in
AFCRL-TR-75-0152 and the Proceedings of the Third and Fourth Conferences
on High Power Infrared Laser Window Materials.

Technical Results

The preparation of cadmium telluride films by sputter deposition was
thoroughly investigated. The effect of substrate temperature on the phase

content of the CdTe was studied. Higher rf power levels tend to favor the
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formation of cubic CdTe, and temperature is a definite factor in determining
the preferred orientation of the crystallites. At low rf powver levels, either
amorphous or hexagonal CdTe is formed, depending on the argon pressure in the
sputtering system and the substrate temperature. Substrate heating also
reduced the impurity level of the films. Detailed x-ray examination of the
sputtered films revealed the presence of preferential orientation with the
[110] direction perpendicular to the substrate for both cubic and hexagonal
phases of CdTe.

Optical absorption studies were conducted with CdTe films deposited on
KCl substrates. The optical absorption edge varies from 919 nm for cubic
CdTe to 808 nm for the pure hexagonal phase. This is similar to ZnS polytypes,
where the position of the optical absorption edge and the birefringence
increase gradually as the degree of hexagonality increases from the cubic
3C phase to the hexagonal 2H phase. Ellipsometric measurements carried out
on these films using XSAGIZ as a function of angle of incidence do confirm
the preferential orientation of the films and also the increase in the value
of the refractive index with increasing hexagonality of the films. The
birefringence of the 2H phase of CdTe is expected to be much larger than
24 x 10-3. Ellipsometric measurements must be carried out in the 800-900 nm
spectral region to arrive at an exact figure for the birefringence. Ellipso-
metry was also used to show the possible existence of voids in CdTe, similar
to those known to exist in Si and Ge.

An automated ellipsometer was constructed utilizing a manual Rudolph
ellipsometer, a locally-designed computer interface unit, and a PDP 11/20
data processor. On-line control, as well as data collection and reduction
can be accomplished with this system. Measurement time for one data point
has been reduced from about 1 hour to 1/50 sec., while maintaining the
necessary high precision and accuracy.

Both ion scattering and Auger electron spectrometry were used to give
compositional profile information about CdTe films on KCl. AES showed that
the surface region of the films was tellurium-rich, while ISS showed the
surface to be cadmium-rich. This discrepency has not yet been explained.
Bulk oxidation does not occur nor does oxygen diffusion into CdTe films
pose any problem. Exposure to air for extended times does appear to degrade
the films, however. An apparent artifact of the AES measurements is the
diffusion of alkali away from the interface between the film and the sub-

strate, leaving a chlorine-rich region at the interface. Some chlorine
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may even diffuse through the film to the surface.

The oxidation of germanium films sputter-deposited on KC1 substrates was
investigated. Films of various densities were prepared under controlled
conditions and characterized by several different techniques. Bulk analysis
was done with an electron microprobe, while compositional profiling was
accomplished by ion scattering spectrometry. Low density Ge films do not
undergo bulk oxidation in 20 hours. High density films should have a
greater resistance to oxidation, but this was not observed within the range
of our experimental error.

The ion scattering spectrometer was automated to assist in obtaining
long-time compositional profiles, as well as to increase the accuracy of the
counting techniques. The ISS unit was linked to a PDP 11/20 data processor
through a multiplex unit and a computer interface unit designed and built
in this laboratory.

An ion plating apparatus was constructed and used to prepare films of
Ge and CdTe on glass and KC1 substrates. While time do not permit complete
characterization of these films, the adhesion and homogeneity appeared to
be excellent.

Films prepared by plasma polymerization were characterized by electron
microscopy using electron micrographs for texture comparison, selected area
diffraction for phase identification, and high resolution diffraction to
check the selected area diffraction results. Some of these films were
amorphous and some were small crystallites in an amorphous second phase.

The closest pattern fit was a cubic system with the lines indexing as
"diamond". No (002) ,raphite lines were obtained. Three graphite (00%)
lines wer.: obtained from one area of one film by glancing angle diffraction,
pointing out the need for more extensive study. The presence of a
"diamond-like" diffraction pattern does give support to a previously
hypothesized tetrahedral carbon (diamond-like) building-block structure for
thes2 films,

DoD Impiications

The results of t!.:=e studies will be used to provide guidelines for the
selection of the best materials, processes and process controls for the

production of good optical coatings for infrared components at wavelengths
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of 10.6 and 3-5 micromcters. The plasma polymerization technique may lead
to a new process for the deposition of ''diamond-like" films for sealing

and protecting optical components.

Further Research

No further work will be done under this contract, since it has expired.

Some phases of the work may be continued under other auspices.

Specific Comments

No specific comments are offered at this time.
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1. INTRODUCTION

The objective of this research program was to develop a thorcugh under-
standing of the science and technology of films applied as coatings on
materials transparent to 10.6 and 3-5 pm radiation. The approach included
the pfeparation of films by sputtering or ion-plating, chemical and
physical vapor deposition, and plasma polymerization. The materials
studied were inorganic, elemental and compound. An extension here was to
be the exploration of the possibility of sputtering of ternary compounds
effectively. New efforts to deposit tetrahedral carbon films were also
included. Characterization techniques for the coatings included infrared
spectrometry, laser-Raman spectrometry, ion scattering spectrometry, Auger
electron spectrometry, scanning electron microscopy, x-ray diffraction,
x-ray emission analysis, ellipsometry, and durability tests. Both single
and multilayer films were to be evaluated on selected substrates. The
results of these studies should provide guidelines for the selection of
the best materials, processes and process controls for the production of
good optical coatings for infrared components at wavelengths of 3-5 and
10.6 micrometers.

This research was to be the second phase of a larger effort started
in April 1973. However, termination of the contract after only 40%Z of the
effort had been expended necessarily meant that only a1 part of the objec-
tives could be completed. The first phase of this program was reported in
AFCRL-TR-75-0152 (1) and the Proceedings of the Third and Fourth Conferences

on High Power Infrared Laser Window Matciials (2,3).

2, SPUTTER-DEPOSITED CADMIUM TELLURIDE
2.1 Introduction

Several studies have been made on the effects of deposition con-

ditions on the structure and phase content of CdTe evaporated films, but
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none have been made on sputtered CdTe films. Sputterins generally produces
films without fractionation of the more volatile compcrents and with improved
substrate-film adhesion. There are also several deposition parameters which
can drastically influence the nature of the resulting film.

Cadmium telluride can be prepared either in a noncrystalline phase or
in one of two crystalline phases, wurtzite or sphaelerite. The wurtzite
phase has hexagonal symmeiry, and the sphaelerite has cubic. These are
analogous to the well-known polytypism of ZnS. As in ZnS, the phase content
is a function of the sputtering gas pressure and the substrate temperature;
the stable, room-temperature phase is cubic (4).

O0f the studies made on evaporated CdTe, there was general agreement that
higher substrate temperature promote stoichiometric, cubic films (5-9).
Tolutis and Jasutic (8) found that cubic films were deposited on substrates
held above 230°C, hexagonal films were found at substrate temperature between
J40°C and 185°C, and mixed phases were formed at the other temperatures.
There was also general agreement that Cd-rich films produced the hexagonal
modification, while excess Te resulted in cubic films (5,6). Shalimova and
Voronkov (9) dete.mined the dependence between substrate temperature, deposi-
tion rate and phase content of CdTe evaporated films. They found that low
substrate temperatures produced CdTe + Cd + Te at high deposition rates and
CdTe + Te at low deposition rates. Single-phase CdTe was found only above
200°C at low deposition rates and above 350°C at high rates. These results
are understandable in terms of the vapor pressure of the various coustituents.

CdTe has its boiling point at 1160°C, while Cd boils at 767°C and Te at 990°C.
2.2 Preparation

All films were sputtered from a 5" CdTe target in a turbomolecular-
pumped Ultek 3140-6J rf sputtering system. The CdTe target was hot pressed
and found to be cubic. The substrate-target distance was 52 mm. Initial
system pressures were at least 3 x 10-6 torr before the titanium-purified Ar
sputtering gas was admitted into the chamber. The substrates used were
glass microscope slides ultrasonically cleaned with ethyl alcohol.

To determine the effect of substrate temperatures on the phase content
of rf-sputtered CdTe, films were prepared at various rf powers and sputtering
gas pressures. Substrate platens were held at room temperature by water

cooling or heated to 230°C or 450°C.



The sputtering process heats the substrate through bombardment by
energetic particles and secondary electrons produced at the target. The sub-
strate temperature, Ts’ is generally proportional to the rf power applied to
the target. The sensor used to measure the temperature of the growing-film
was a thin film of germanium deposited on a glass substrate (identical to
the ones used to study CdTe structure). A 2u thick layer of Ge was sputtered
on these substrates, and molybdenum was deposited for electrical contacts.
The surface of the sensor was coated with an insulating layer of 5102 to
prevent shorting by any conductive deposits. After annealing for several
hours at 400°C to eliminate any aging effects, the resistance of the sensor
was measured between room temperature and 400°C. When placed on the sub-
strate platens during deposition, the resistance of the sensors can be used
to monitor Ts with an accuracy of about *10°C. The germanium can also be
used to measure the substrate self-bias that occurs during deposition.

These sensors can be used only below 400°C, since the Ge film crystallizes
at higher temperatures.

Figures 1 and 2 show Ts over the range of sputtering parameters used.
The temperatures in Figure 1 were measured when the substrate platen was
held near room temperature by water cooling. Those in Figure 2 were taken
when the substrate platen was heated to 230°C by carbon elements. There is
little difference in Ts for heated and unheated platens below 200 watts;
the substrate surface is only weakly coupled to the platen temperature.
Increasing the argon pressure can both increase heat conduction to the
substrate from the platen and screen the substrate from some of the energetic
particles that cause substrate heating. These two effects tend to cancel
each other. The substrate self-bias shown in Figure 3 measures the
difference between the number of electrons and positively charged argon
ions incident on the substrate. The self-bias voltages for heated platens

were similar to those indicated in Figure 3.
2.3 Film Structure

Each film was analyzed on a GE x-ray diffractometer using Cu Ka
radiation between 20 = 5° and 120°. Those films which showed only a broad
(>2° width) peak in the neighborhood of 20 = 24° were labeled amorphous.
Most observed peaks could be identified as belonging to eithe:. the cubjc or
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hexagonal CdTe phases. Films prepared at the higher rf powers did show weak
peaks at small angles (20 = 8,2°, 12.5°, and 21.4°) which could not be
identified as any known CdTe, Cd or Te crystalline phase. These have been
reported in other studies and attributed to a superlattice (10), thermal
scattering by acoustic phonons in the (110) planes, (il), and planar defects (12).
The sputtered films all showed high degree orientation in the form of a
fibrous texture with the fiber axis perpendicular to the substrate surface.
They were removed from the substrate, the orientation randomized, and then
x-rayed again. Using the method of Short and Steward (13), the intensities
of several diffraction lines were compared to determine the amount of cubic
and hexagonal phases present. The films ranged from nearly completely hexa-
gonal to cubic. For nearly every set of sputtering conditions, the amount
of hexagonal phase decreased as the temperature of the substrate platen
increased. For each film, the major phase and its orientation is shownu in
Figures 4, 5 and 6 for room temperature, 230°C, and 450°C platens, respectively.
The orientations were determined from the major diffraction peak, which was
generally 5 to 10 times the intensity of the next largest peak. The majority
of the sputtering conditions which resulted in a cubic phase gave a (111)

orientation, while the hexagonal phases showed several orientations.
2.4 Composition

The CdTe films were analyzed for Cd, Te, Ar and O content with an

ARL microprobe and the results evaluated by Colby's Magic IV program (14).
The average Te content of the films was 52 at% and was not dependent on sub-
Strate temperature. Tie average argon content was 1.7 at¥% for the room
temperature depositions and 1.5 at% for those deposited at high temperatures.
The argon content did exhibit the well-known decrease at higher Ar pressures.
A heated substrate appeared to reduce the oxygen content by about 30%, but
quantitative results for light elements are difficult to obtain in thin

films because of low signal-to-noise ratios.
2.5 Conclusion

Since the purpose of this program was to investigate the possi-
bilities of using rf-sputtered CdTe as a laser window coating for 10.6 um
radiation, the wide variety of structures produced by rf-sputtering should

be examined in terms of optical loss. Those films which were single-phase



-auanjeaadwa] wooy e u3jeld uo paitsodag 31p) 40 34N3INAIS

(S33eM) U3MOd-Id

“p danbLy

005 00¥ 00€ 002 001
_ z ' { ’ i | %
:_% (022) (oLL) _
%) xHxY
(L) (
5 LLt) (Lee)
»J &.U U < *ON
0€
(Lee) (Lee) (ott)
%) x) «H v -0t
J0S

UOLIRIUILAO PIUAUIAAd JO S3DLPUL J3LLLKW -
saseya H-y 40 H-J PIXLW

snoyd.aouwy

{euobexay

'
O T <Lk —~

1qn)

(4403 E_ol X) aunssadd 4y



".0€£2 3@ U3je|d U0 Pa3Lsodag 3LP) 40 3UNIONUIS ‘G Bunby4

(s33emM) uamog- 44

oot 00€ 002 001
i v | 2 | e | . ‘
(200) (otr) Jd .
*H »H ot
>
-3
o
(Lee) (Lee) , ®
3 a2 1% @
o
=
- (o))
q0 o
(&S]
S
) (oLL) 3
(L1 =
J xH 4 OY
J 05

]
O I <C*x —

UOLJIRJUBLUO P3UU3)3ud JO SADLPUL B3| | LY
Saseyd H-) paxiy

snoyduaouy

Leuobexay

aLqny



"2,0GF 3° udle|d uO palLsodag alp) O BuNIdNUIS  °9

(s33em) uamog- 34

unby 4

00s oot 00¢€ 002z 001
I v LI v | ’ | 7 [
(L) (tot)
*) xH
(Lee) (Lit)
J J
qny (LLE) (Lee)
J *) %)
UOLIPJUBLUO P3UAUBS3Ud 4O S3ILpuUl 3| LLW - ( )
saseyd H-) paxil - «
snoyduaowy - y
[euobexay - H
aqny - 3

ol

02

0t

oY

0S

(4403 £-Ol X) 3unssadd 4y

10



and isotropic should be the best choice. This would be either an amorphous
or a fully cubic layer. Substrate heating was shown to reduce the impurity
content of the films. While it was not attempted, changing the Cd/Te

ratio in the target or employing a D-target should result in films of any

desired composition.
3. OPTITAL ABSORPTION STUDIES ON SPUTTERED CdTe FILMS

Data on the optical absorption edges of the CdTe sputtered films were
obtained with a Cary 14 double beam recording spectrophotometer. All the
measurements reported in this and the next section were made on sputtered
films prepared with the platen kept at room temperatur-. The results are
given in Figure 7.

We see that the absorption edge for the cubic phase is at 808.0 nm,
while that for the hexagonal phase with RF 200 volts and argon pressure
of 5 microns is 919.0 nm. The absorption edges for the other CdTe films
sputtered under different conditions fall in between these two extreme
values. This is reminiscent of the case of ZnS, another II-VI compound.

Brafman and Steinberger (15) have demonstrated in the case of ZnS
polytypes that the optical band gap (position of the absorption edge) as
well as the degree of birefringence varies in a linear manner with the
percentage of hexagonality between the two limits corresponding to the
2H wurtzite and the 3C sphalerite polytype. Table I summarizes their
results on various ZnS polytypes. It is seen from this table that the

absorption edge for 3C type was observed to be 341 nm, while those for the

hexagonal 2H type were 331.5 nm and 334.5 nm for EIiC and Elp, respectively.

The absorption edges for the various other polytypes fell in between these
two limits. Similarly, the birefringence observed for the different poly-
types varied between the limits 0 and 24 x 10—3.

Likewise, in the case of CdTe, the observed shift in the position of
the absorption edge and the results of the x-ray diffraction studies
indicate the possible presence of polytypic phases in these films.

Through arrangement of the atoms, both cubic and hexagonal structures
of ZnS (and Possibly CdTe as well) can be considered as made up of pairs of
layers, one plane in each pair being Zn and the other plane in the pair

being S. The layer-pairs in both structures are stacked one above the

11
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TABLE I

EFFECT OF POLYTYPISM ON THE OPTICAL PROPERTIES OF Zn$S

Percent =4
Polytype Hexagonality Absorption Edge (nm) e w
o Aoll Aol (x103)
3H 0 341.0 0
120H or ]
4OH 1¢ 340.0 340.4 2.4
10H 20 339.0 339.7 4.8
6H 33.3 337.5 338.8 8.2
4H 50 336.1 337.8 12.0
2H 100 331.5 334.5 23.8

other, and successive layer-pairs are displaced horizontally. A displace-
ment is necessary to preserve the tetrahedral bond scheme; without a dis-
placement sequence S-Zn-S would link in a straight line, contrary to the
tetrahedral scheme which requires an angle of 109°28' between these bonds.
Polytypism can arise when different ZnS (or CdTe) structures result from
different stacking sequences of the layer-pairs. If rhe layer-pairs are
numbered sequentially in cubic ZnS, they are displaced so that layer~pairs
labeled 0, 3, 6 ... lie exactly above each other without sidewise displace~
ment. Thus the stacking sequence in cubic ZnS is written as 012012012 or as
ABCABCABC. The stacking scheme in hexagonal ZnS is such that layer-pairs
0, 2, 4 ... lie exactly above each other, and the stacking sequence is
written as 010101 or as ABABAB. All nearest ueighbor bonds are tetrahedral
in both schemes. If we look only at the nearest neighbors to a given atom,
we cannot tell whether we are in a cubic or hexagonal crystal, but if we
look beyond the nearest-neighbors to the second-nearest-neighbor atoms

we can distinguish the cubic and hexagonal structures. The nearest-
neighbor bond lengths in ZnS are nearly equal in the two structures.

In addition to the above mentioned two main types, there are also
those in which the stacking sequence is periodic in four or more layer-
pairs; for example, the hexagonal 4H polytype whose stacking sequence 1is
ABACABAC, ..., hexagonal 6H with the stacking sequence ABABACABABAC..., etc.

12
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The percentage of hexagonality, o, in any noncubic polytype may be
defined as the percentage of close-packed planes which are in a hexagonal,
nearest-neighbor environment. For example, in the case of the 4H polytype,
the B's and C's are in hexagonal environments, and thus o = 50. Evidently,

o = 100 for wurtzite, and o = 0 for zincblende (15).
4. ELLIPSOMETRIC MEASUREMENTS

Ellipsometric measurements were made on the CdTe films at an angle of
incidence, ¢o = 70°, and a wavelength, A = 54612. The results of these
measurements are shown in Figures 8 and 9.

At this point it will be useful to estimate the maximum experimental
error in our ellipsometric measurements and consider its effect on the values
of 52 and EZ evaluated from these measurements. Neglecting for the moment
any possible systematic errors, it is estimated that the maximum errors in
the ellipsometric parameters, A and Y, are +0.05° and *0.02°, respectively.
For the case of CdTe such errors in A and Y imply an uncertainty in the
value of n, of *0.004 and in k, of +.00003.

2

Fipur: 8 shows a systematic variation in n, with Ar gas pressure and

r.f. voltage. The value of 52 increases as thezpercentage of hexagonality
of the sputtered films increases across the Ar pressure-r.f. voltage field
from the upper right to the lower left corner. This, again, is consistent
with the work of Brafman and Steinberger (15) on ZnS polytypes.

The a-ZnS system shows a positive birefringence, An, where n = n_-n.
The CdTe system shows a similar behavior. In order to confirm that the
above-observed variation in 32 is due to the effect of positive bir-fringence
of CdTe polytypes, another set of ellipsometric measurements was made on
these same specimens at an angle of incidence ¢o = 58°. The results of
these measurements, together with those for ¢o = 70°, are given in Figures 9

and 10. Notice that the observed differences in n. and EZ for the two

angles of incidence are well above the experimentaf error limits. Therefore,
they can be considered as genuine and not an artifact of the experimental
measurements.

CdTe in its cubic phase is optically isotropic; thus, the index of

refraction is independent of the angle of incidence. However, in its

14
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hexagonal phase the material is birefringent, and hence the effective index
of refraction, 52, is dependent on ¢o. Therefore, for the hexagonal phase
we should see a difference in 52 for ¢o = 70° and ¢0 = 58°, and, indeed,
such a difference does exist. Identical reasoning can be advanced for the
behavior of the optical absorption coefficient or, equivalently, in the
value of EZ' Here again, we do notice such a trend as can be seen from
Figure 10.

It should be mentioned here that the x-ray studies revealed the presence
of hexagonal phases of CdTe in many of the films prepared by sputtering.

The films studied are not epitaxial single crystal films, but polycrystalline
films with some degree of preferred orientation. Hence, as a first
approximation, the ellipsometric measurements were interpreted assuming that
the film was isotropic and uniform. This means that we can report the
optical properties of each film with the effective complex refractive index,
n, - ikz. The values so computed are given in Figures 8-11. The effect of
preferential orientation on these measurements will now be considered.

Recall that the preferred orientation of the CdTe crystallites in the
sputtered films is such that the (110) plane of the crystallites is
parallel to the subscrate, i.e., the c-crystallographic axis lies parallel
to the substrate. This axis is also the optic axis of the indicatrix of
the hexagonal CdTe.

Now consider the case of light incident on a uniaxial crystal with its
optic axis in the plane of the reflecting surface. Depending on the
orientation of the crystal, the optic axis may lie ir the plane of incidence,
perpendicular to it, or at any position between these two extremes. When
the optic axis lies in the plane of incidence, n_, the index of refraction
for Es’ the electric vector of the incident light perpendicular to the plane
of incidence, is indentical to n . However, np, the index for Ep’ the
electric vector in the plane of incidence, lies between n, and a. On the
other hand for the optic axis perpendicular to the plane of incidence,
np =n, and n, = n.. For random orientations of the optic axis between
these two positions, the values of n, and np both lie between n, and n..
Hence, n,, the effective value of the index of refraction, must lie between
n and n_. Since n, < n, for cr:stals having a positive birefringence, we

w €
would expect, therefore, the value of 52 to be larger than n, .

18



Next let us consider the effect of changing ¢o’ the angle of incidence
of a light beam striking the surface of a uniaxial crystal. Assume that the
optic axis is in the plane of the crystal's surface. We again start by
considering the Es and Ep components of the incident electric vector.
Changing ¢° will not affect ES, but it will influence the characteristics
of Ep in the crystal. Therefore we will only consider the Ep component in
this discussion

Once more we consider the two extreme cases: the optic axis parallel
to the plane of incidence and the optic axis perpendicular to the plane of
incidence. In the first case, np may be resolved into components along
the axes of the indicatrix. For ¢o = @°, LS ug and for ¢o = 90°, n, = n,
Since n_ > n , we conclude that as ¢, is increased from 0° to 90°, n,
decreases. Also, since n, is uneffected by changing ¢o’ the total effect
of increasing ¢o is to decrease n,.
of ¢o; thus changing ¢o for this case will not reveal any birefringence

In the second case np =y regardless

and, hence 52 is independent of ¢0. Therefore, for any case between these
two extremes, increasing ¢o will decrease n,.
The sputtered films we are considering are composed of such crystallites.
Their optic axes are randomly oriented in the piane of the film. Thus, we
can expect the effective value of the index of refraction to lie between n,
and n . We also expect that (52 measured at ¢o = 70°) will be less than
52 measured at ¢o = 58°, as indeed is generally found to be the case.
Before closing it would be worthwhile to compare the value of n, of
the cubic CdTe films prepared by sputtering techniques with the value of n
reported in the literature on hot pressed CdTe. Obviously, the latter value
corresponds to the cubic phase of the material and hence, this value must
correspond to the value for the cubic phase of the sputtered CdTe (namely,
the material prepared with r.f. voltage at 600 volts and Ar pressure at
40 x 10_3 torr). It is seen that the refractive index of the sputtered
film, 52 = (2.145) is much lower than the refractive of the bulk material
(2.66) (16). This large a difference in the value of n cannot be attributed
solely to the lower value of density of the sputtered film (5.62 gm/cm3)
as compared to the bulk density (6.20 gm/cm3) (17), since the application

of the Lorentz-Lorenz equation

nl-1_4n

n2 + 2 3

Na
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reveals that the reduced density accounts for only about 5% of the reduction
in refractive index. At this point it may be useful to look at the values of
52 for sputtered Ge films and see how these values compare with the index of
refraction of films which were recrystallized by high temperature annealing
and also with that for bulk Ge. These values are listed in Table II. Note
that the values of the refractive index for the sputtered films are always
less than those of both the recrystallized and bulk samples. This difference
is most likely due to the presence of voids in the sputter-deposited samples
which increase the surface-to-volume ratio. In these surface regions, the
bulk crystalline electronic bonds are distorted and shifted by local strains.
The strains may be a few atoms away from the surface, but in the surface
layers shifts as large as 0.13 in interatomic spacing have been deduced

from LEED observations (21). This is a huge strain (of order of 5%) and

is not ordinarily obtainable in the usual kind of hydrostatic pressure or
uniaxial stress experiments. In addition to strains, the surface regions

of the voids can have large electric fields due to band bending induced by
charged dangling bonds and other surface states (22). This undoubtedly
affects the optical constants of the material with the probable results of
lowering the index of refracticn at A = 546.1 nm.

Agarwal (23) has found that the glassy semiconductors which include the
chalcogenide alloys show very little or no electron spin resonance
signal. This, however, does not preclude the presence of dangling bonds in
the CdTe samples. Very recently Street and Mott (24) have extended the
model proposed by Anderson (25) to show that dangling bonds do exist in the
chalcogenides although there may be no free electron spins to give rise to an
ESR signal. According to this model, there are more bcnding states than
pairs of electruns, and all such states are either doubly occupied or empty.
That is, at the dangling bond sites there are either two electrons whose
spins cancel or no electrons.

We can, therefore, surmise the presence of dangling bonds in the
sputtered CdTe films. These dangling bonds, then, most likely account for
the unusually low value of 52 for the cubic sputter-deposited film.

Similarly, both the ordinary and extraordinary refractive indices of
the 2H hexagonal phase of CdTe are expected to be larger than 2.937 given

20



TABLE II

OPTICAL CONSTANTS OF GERMANIUM AT A = 5436.1 nm.

Substrate Temperature

o k2 During Deposition Kedurdiis

3.7 2.1 20° G. Jungk (18)

3.8 2.25 100° G. Jungk (18)

4.1 2.3 200° G. Jungk (18)

4.9 2.0 300° G. Jungk (18)

3.7 2.4 400° G. Jungk (18)

4.5 2.5 25° Connel, et al. (44) (19)
4.7 2.3 350° Connel, et al. (44) (19)
5.0 2.4 (single crystal) G. Jungk (18)

5.46 1.75 (single crystal) Knausenberger, Vedam (20)

in Figure 8. Further, by analogy of the values of An = (nE - nw) and the
absorption edges for a-ZnS given in Table I, the birefringence of the 2H
phase of CdTe is also expected to be much larger than 24 x 10-3.

Thus, we have shown that the term, "sputtered film," is ambiguous. Unless
the sputtering parameters are given, the structure of such a film is unknown,
as are many of its properties. Only by giving the r.f. voltage and Ar gas
pressure of a sputter-deposited CdTe film can we identify i* as cubic,
hexagonal, or amorphous. We have also shown that ellipsometry can indicate
the presence of polytypic phases in these films and also indicate the possible
presence of voids in CdTe similar to those known to exist in Ge and Si.
Further work, including ESR measurements, is needed to confirm the presence

of these voids and thus give a better understanding of the CdTe system.
5. AUTOMATED ELLIPSOMETER

As discussed earlier in Section 4 of this report, ellipsometry was one

of the methods employed to nondestructively characterize KCl substrates as

21

Tl . s Ee



well as the CdTe films that were deposited on KCl. With the support of thir
project it has been possible to obtain a Rudolph manual ellipsometer and to
automate it by linking it with an existing, on-line PDP 11/20 data processor.
As is well known it usually takes about one hour to carry out one measurement
on any sample using a manual ellipsometer. On the other hand with the
automated system, it is now possible tuv perform this experiment in about
1/50 second, after the ellipsometer has been calibrated.

The principle involved as well as the various specifications of this
automated ellipsometer are essentially the same as has been described in
detail by Aspnes (26-28). Since these details are available in the open
literature, they are not being repeated here. The only information which is
not available in the literature is the software necessary to operate the
ellipsometer with the on-line data processor as well as to collect and
process the data, which is included in this report as Appendix A. Since
the program is written in BASIC language, the program is essentially self-

explanatory.
6. OXIDATION OF GERMANIUM FILMS
6.1 Background

According to Green (29), the first oxide monolayer on crystalline
germanium films forms in six seconds. Subsequent oxidation is much slower,
following a logarithmic rate law. Thus, crystalline germanium has a thin
oxide layer on any surface exposed to air.

Helms, et al. (30) reported bulk oxidation effects upon exposure of
amorphous germanium to air which were not observed for crystalline germanium.
The amorphous germanium was prepared to be void-free by electron-gun deposi-
tion onto a flat glass substrate. Helms suggested that the bulk oxidation
was due to the "openness" of the amorphous lattice with respect to the
crystalline lattice, providing an easy diffusion path for gases into the
bulk. This observation of strong bulk oxidation effects on void-free, high
density amorphous germanium was done with ultraviolet reflectance spectro-
scopy. The samples were oxidized by filling the sample chamber with air for

a specified amount of time.
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Henrich and Fan (31,32) did oxidation studies of sputtered and electron-
beam evaporated amorphous germanium filme using Auger electron spectrometry
(AES). The samples, deposited on 3lass, were exposed to dry air and room
alr for periods of one half hour to twu weeks. In the analysis, successive
sample layers were sputtered off, and the surface then analyzed using AES.
For the amorphous, electron-gun deposited films, oxygen was detected up to
ZSOK » but heavily oxidized regions were limited to a region 10-124 into the
film from the surface. Henrich also stated that sputtered amorphous films
oxidize no more than single crystal germanium does. His results showed
sputtered amorphous germanium films have oxygen present only 5-104 into the
film. It is also important to note that in these studies, the observed
oxygen level for sputtered films after four days in dry air was no greater
than the observed oxygen level after one half hour exposure time to room air.
This was the time needed to transfer the samples from the sputtering unit to
pumpdown in the AES unit.

Samples exposed to room air for fcur days showed an increase in oxygen
signal, but all the oxygen was still confined to the 5—IOK depth. This
agrees with ellipsometric data from work by Connell, et al. (33), who
estimated the oxide layer formed on the sputtered amorphous Ge films to be
about IOK.

Henrich concluded that the presence of oxygen in amorphous electron-gun
deposited films was due to the presence of pores, but disagreed with the extent
of oxidation claimed by Helms. Henrich also believed that the argon detected
throughout the sputtered film was trapped during growth, and that the argon
gas prohibited oxidation of the films by preventing oxygen gas from diffusing
into the film.

Previous studies of Ge films on KCl substrates performed in this labora-
tory using infrared spectrophotometry and ion scattering spectrometry showed
bulk oxidation of the amorphous germanium films (1). However, these films
were made at sputtering conditions such that the density was about 4.8 gm/cm3,

i.e., very porous with many wvoids.
6.2 Preparation of the Films

For this study amorphous films with thicknesses in the range of

500 - 7OOK and densities varying between 5.2 - 5.8 gms/cm3 were prepared.

The r.f. power was varied to achieve these different densities, maintaining
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the argon sputtering gas pressure at a constant value. The substrate temperature
during sputtering was not measured, but previous studies of Ge on glass done

by Messier (34) showed that for r.f. powers of 100 - 200 watts, the substrate
temperature varied between 320 - 400°C. The substrate temperatures for this
study are believed not to have exceeded those values but rather to have been

much lower. The water "welding" technique used to bond the substrates to the
Platen makes muci. better thermal contact, as shown by the marked decrease

in sputter damage to the "welded" substrates.

Several films were made at each power level in order to determine the
extent of oxidation, not only according to film density, but also according
to the length of exposure time to air. Table III shows the sputtering para-
meters for some of the films. All films were made from a five inch germanium
targ2t using Ti-purified argon. The films were allowed to cool while still
in vacuum in the sputtering unit. All films except those immediately placed

in the ISS vacuum system were stored in vacuum dessicators until used.

TABLE III

SPUTTERING PARAMETERS FOR Ge FILMS
DEPOSITED ON KC1 SUBSTRATES*

b 5 Fofs Sputter Film Deposition Film
Film Power Voltage Time Thickness JRate Density_(34)
Number (watts) (watts) (sec) (A) (A/sec) {(gm/cm”)
LrG-86t 100 650 300 665 2.2 5.2
LRG-159 100 700 73 530 7.3 5.2
LRG-146 150 900 58 605 10.4 5.'9
LRG-148 200 1100 52 588 11.3 5.8

* -
Base Pressure - 10 6 torr, Ar pressure - 30 mtorr, target separation - 2.5 cm.

7

+Different sputtering unit: Base pressure - 3 x 10 ' torr, Ar pressure -

30 mtorr, target separation - 5 cm.
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Film thicknesses were determined with a Varian A-Scope Interferometer
using sodium light at A = 58933. Densities were derived from work by
Messier (34). All films were deposited on the (100) plane of KCl as deter-
mined by a Picker-Siemens X-Ray Diffractometer with Cu Ko radiation
(A = 1.541784).

Exposure times of 15 minutes in room air (the time needed to transfer
the samples from vacuum into the ISS unit), 2 hours in dry air plus 15 minutes
transfer time and 20 hours dry air plus 15 minutes transfer time were made
for all wattage films. Either argon or nitrogen was blovn on the samples
during the 15 minute exposure required for transfer of the samples. A
sample prepared at 100 watts was exposed to dry air for 3 months and room
air for two hours in order to determine if bulk oxidation did eventually
occur and if the ISS unit would have enough sensitivity to detect oxygen
through the film.

In addition films approx:mately 1 um thick were prepared using identical
sputtering conditions except for sputtering time. These films were analyzed
by electron microprobe and were kept in vacuum until they were transferred
to the analyzer. Nitrogen gas was blown on the films to inhibit oxidation

during the 15 minute transfer.
6.3 Electron Microprobe Analysis

Bulk analyses of the 1 um thick Ge films was done in an ARL Electron
Microprobe X-Ray Analyzer. The beam voltage was 10 Kev, and the sample current
was maintained at 1.5 x 10_8 amps during all analyses. Three standards were
used:

1) A GeO2 single crystal,
2) Ge, 99.99% pure, and
3) 2.95 at% Ar, 97 atZ Ge.

The results are shown in Table IV.

The 100 watt sputtered film, which had the lowest density (=5.2 gms/cm3)
of all the films made, had the lowest argon and germanium content. It also
had the highest oxygen content of the three different density films, approxi-
mately 17 atZ%, compared to about 3 atZ for the other films.

The electron microprobe analyses showed that without extended exposure
to air, low density Ge sputtered films oxidize more readily than the more

dense germanium films. The analyses also seem to indicate that films with
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TABLE IV

ELECTRON MICROPROBE ANALYSES OF Ge FILMS

Film by Argon Germanium Oxygen
r.f. Power Content Content Content
(watts) (AtZ) (AtZ%) (At%)
100 35 + .1 81.9 + 2.8 17.7 + 2.8
150 1.32 £ .1 95.5 + 1.1 3.1 & 1.2
200 1.50 + .3 95.2 + 2.0 3.3+ 2.0

densities between 5.5 - 5.8 gms/cm3 have the same initial tendency toward

oxidation.
6.4 Analysis of Ge Films by Ion Scattering Spectrometry

Scattered ion spectra were obtained using a hybrid ion scattering
spectrometer (3M) - Auger electron spectrometer (Physical Electronics
Industries) shown schematically in Figure 11l.

For these analyses the base pressure of the system was fn the mid
10.8 torr range after bake-out. Sorption and titanium sublimation pumping
were used for roughing; the main pumping was accomplished with an ion pump;
and cryopumping was used to maintain a low background pressure during
analysis. Because profiles of the oxygen in the films was desired, He4 was
used as the probe gas, with a backfill pressure of 7.0 x 10-5 torr. The
eunergy of the primary ions was 1500 ev. Charge neutralization was used to
prevent a buildup of positive charge on the surface during analysis and to
reduce field-enhanced diffusion of chlorine ions from the potassium chloride
substrate into the film.

The beam current varied slightly depending on the sample being analyzed.

The usual value for beam current using HeA was 180 na, which resulted in a

current density of 63.5 ua/cmz.*

*
The current density was calculated from:

0.88 I

Jo = TFumm

where I is the beam current in amperes.
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In order to minimize edge effects, the depth profile was made using beam
rastering and signal gating. The FWHM of the ion beam used was nominally
0.5 mm. The raster controls were set such that the beam was deflected
1.5 FWHM, resulting in a raster length of 0.146 cm and a rastered area of
0.02 cm2. The signal was electronically gated such that the signal from the
central 35% of the rastered area was measured.

To an order of magnitude, the ISS sensitivity for the elements is about
10-3 monolayer. Because of the interest in the oxygen content of the films,
the ISS sensitivity for oxygen was determined using Hea. The sensitivity
for the oxygen signal was calculated to be of the order of 10.2 monolayer.

For the germanium film samples, the sputtered-ion, oxXygen, potassium-
chlorine, and germanium peaks were monitored. (Potassium and chlorine are

4.) The sputtered ion peaks yield information

difficult to resolve using He
on film thickness and interface depth. However, it is difficult to resolve
the separate sputtered ion peaks in the low energy ratio region, and the
sputtered ion peaks merge with the result that only one sputtered ion peak
height can be monitored. Initially, sputtered germanium ions dominate;
as the potassium chloride interface is approached, the sputtered pesak
becomes a mixture of potassium and germanium ions, with the potassium con-
tribution quickly exceeding that from the germanium because of its lower
ionization potential. The various peak heights versus time are then plotted
to obtain a compositional profile of the film. Also, the 0/Ge ratio is
plotted, where applicable, to determine the oxygen distribution within the
films. The use of ratios avoids errors due v small changes in the gain of
the measuring system over the long time periods of some of the measurements.
Film 1 (LRG-86) was exposed to dry air for three months and room air
for two hours. Bulk oxidation of the film oc.urred within this time as shown
in Figure 12. A drastic increase in the sputtered ion peak accompanied by
a decrease in the germanium peak indicated when the interface was reached.
The interface was reached after 11.0 hours of sputtering by the primary ion
beam of the ion scattering spectrometer, corresponding to a sputtering rate
of 1 X/min. As expected, the germanium signal did not reach a maximum
until the first few monolayers of the film were sputtered away. These first

monolayers contained adsorbed oxygen and other contaminants and were oxidized
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Figure 12. Depth Profile of Sputtered Ge Film 1.

to a higher degree.

after the first few minutes.

rest of the film.

leveled off as the first monolayers were sputtered away.

This was verified by a decrease in the Sputtered ion signal
The Ge signal then remained constant through the
Correspondingly, the oxygen signal decreased and then

The combined

potassium and chlorine signal increased dramatically at the interface. This

peak was labeled (K + Cl), since their masses are close together,

difficult to differentiate between them using He4 as the probe gas.

and it is
The

(K + C1) peak appeared after about eight hours of sputtering time. The

presence of the (K + C1) peak before the interface was reached can be accounted

for in a number of ways:

1)
2)

K and/or C1 ion diffusion into the film from the substrate;
the absence of a sharp line of demarcation between the film
and the substrate caused by damage to the KC1 substrate

during the sputtering process, and
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3) the presence of argon near the interface.

Argon was the sputtering gas used in making the films. The argon peak
could be interpreted as the (K + Cl) peak because their characteristic energy
ratio peaks fall close to each other. However, it is highly unlikely that
the premature (K + Cl) signal could be due to argon. If argon were present,
it should be uniformly distributed throughout the whole film, which was
not observed.

The more probable explanation for this is the combination effect of
Cl ion diffusion from the substrate into the film and the absence of a sharp
line of demarcation between the film and the substrate, implying the existence
of an interfacial layer composed of Ge, K and Cl.

An examination of Figure 12, as well as other curves to follow, reveals
at least one shoulder to the (K + Cl) peak occurring in the region of the
interface. The small (K + Cl) signal that is observed as the interf{ace is
approached could be due to the Cl ion diffusion into the film from the inter-
facial layer.

The slow decay of the germanium and oxygen signals is caused by edge effects
which were not completely eliminated by the rastering and gating system. The
germanium and oxygen signal came from successive layers of the film exposed on
the sloping sides of the crater, as well as from the Gaussian distribution of
ions in the primary ion beam.

The 0/Ge ratio for this film was also plotted. Figure 13 shows thar,
except for the film surface, the 0/Ge ratio remains essentially constart
throughout the film.

The analysis of this film clearly shows that germanium sputtered films
of density 5.2 gms/cm3 eventually oxidize throughout the film.

Film 2 (LRG-148) was exposed to room air only during transfer from the
vacuum dessicator to the ion scattering sample chamber. As with Film 1, the
Ge signal reached a maximum after the first monolayers were sputtered off.

By the time the secund scan was made (10 minutes), the oxygen signal had
decreased. After 30 minutes, the oxygen signal disappeared and did not
reappear at any time during the profile. The sputtered ion peak decreased
after the first few minutes and then leveled off until the interface was
reached. The combined (K + Cl) peak appeared at the beginning of the pro-
file, disappeared through the bulk of the film, and reappeared at the inter-
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Figure 13. 0/Ge Peak Height Ratio Profile of Film 1.

face. The presence of (K + Cl) on the surface of the film cannot be explained.
The first (K + Cl) point at zero hours may be argon that was blown on the
sample to inhibit oxidation. The reason for the detection of the (K + Cl)
peak up to one half hour sputtering time cannot be explained. The decrease

in the Ge signal at 1.9 hours, as well as the increase after 3 hours, can
possible be explained as resulting from a change in the gain of the measuring
system.

It is obvious that no bulk oxidation of Film 2 occurred during the 15
minute exposure to room air.

Figure 14 is the compositional depth profile of Film 2 which was exposed
to room air for only 15 minutes during transfer. Figures 15-17 show the
results for Film 3 (LRG-148), Film 4 (LRG-146) and Film 5 (LRG-159),
respectively. Although these 3 films were exposed to dry air for 2 hours

in addition to the 15 minute transfer, tneir compositional profiles are
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Figure 16. Depth Profile of Sputtered Ge Film 4.

comparable to that for Film 2. In no case was the oxygen signal detected
beyond about 227 into the film. The Ge, 0, and sputtered ion peaks follow
the same pattern as for Film 2. The (K + Cl) peck appeared at the beginning
of each profile, and with the exception of Film 3 (Figure 15), disappeared
until the interface was reached, as indicated by a rapid increase ina signal.
There is no obvious explanation why the (K + Cl) peak reappeared in Film 3
after 1-1/2 hours of sputtering time and then disappeared again. The
fluctuating peak height of Ge in this same film (Figure 15), can probably be

explained by changes in the gain of the system.
The last film analyzed, Film 6, was a low density film that had been

exposed to dry air for 20 hours and room air for about 15 minutes (Figure 18).

This film showed no more oxidation than the other films did. The profile for
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this film was comparabie to those of Films 2-5. No obvious deviation could
be found.

Because the oxygen signal disappears rather abruptly for all films
except the one exposed to air for three months and does not reappear, the
oxidation of the amorphous Ge film is believed to occur by a diffusion
process. Diffusion is a layer by layer process, and the sudden disappearance
of the oxygen signal is what would be expected if the oxidation occurred
by diffusion.

Table V summarizes the ISS results. It can be seen from the ISS depth
profiles that the low density germanium films made under the previously
specified condition do not undergo bulk oxidation in 20 hours. Higher
density Ge films should have greater resistance to oxidation. Within
experimental error, neither the low nor the high density films showed a

greater tendency toward oxidation within two hours of exposure to room air.
6.5 Comparison of ISS Results with the Electron Microprobe Analysis

The electron microprobe results indicated that the less dense Ge
films had a greater tendency to oxidize than the more dense Ge films. The
ISS results do not agree. In the time span allowed, the less dense Ge
films oxidized no more readily than the more dense Ge films did.

The results of the electron microprobe work on the least dense Ge film
exposed to air a minimal amount of time indicated that 17 atZ% of this film
was oxygen. The ISS revealed that this same type film exposed for 20 hours
had oxidized only on the surface.

Measurement of oxygen with the electron microprobe, especially in small
amounts, is somewhat troublesome; there are many places for errors. Cali-
bration in the low range is difficult, and signal-to-noise ratios are low.
Although no clear explanation could be found for this discrepency, the
tendency is to fault the microprobe analysis in favor of the ISS results in
this case.

It is difficult to believe that a germanium film can pick up 177 oxygen
in 15 minutes. The denser films have more plausible oxygen contents of about

3% which can be explained in terms ot surface oxidation.
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6.6 Analysis of Ge Films by Auger Electron Spectrometry

An attempt was made to use Auger electron spectrometry to verify
the results of the ion scattering experiments. However, there is no suitable
charge neutralization system available for the AES unit. To eliminate or
lessen charging effects, one normally uses grazing incidence excitation
&60°). However, the Auger electron spectrometer used here is equipped for
normal incidence excitation only. Thus, charging of the sample surface
occurred, and meaningful analyses could not be obtained.

7. CADMIUM TELLURIDE COMPOSITIONAL PROFILING WITH ION SCATTERING AND AUGER
ELFCTRON SPECTROMETRY

7.1 Film Preparation

A series of cadmium telluride films were sputter-deposited on KC1
substrates for compositional piofiling with ion scattering and Auger electron
spectrometry. The substrates were prepared according to standardized techniques
developed before (1). The CdTe films were prepared in a sputtering system
having a turbomolecular pump as the main component of the vacuum system. A
freon-refrigerated baffle was used to prevent pump oils from entering the
sputtering chamber. This system was maintained as a "clean" unit for the
preparation of optical coatings.

The base pressure before deposition was in the low 10_6 torr region. A
gate valve throttled the flow of argon through the system so that a pressure
of 10 miorr was maintained during the deposition. All argon power at 200
volts were used as sputtering conditions so that amorphous films were obtained.
Deposition proceeded for 9 minutes at a rate of about IK/sec., giving films
which were measured to be 510A thick using a Varian interferometer. A 5-inch
target of 5-nines pure CdTe was used with the substrates mounted at a dis-

tance of 5 cm from the target. All films were stored in dry air unti! analyzed.
7.2 Analytical Conditions

The hybrid ion scattering-Auger electron spectrometer was utilized
in obtaining the profiles which will be discussed. The primary ion beam in
the scattering experimencs was He4 for films 3 and 5 and Ne20 for film 4. The
primary beam energy was 1.5 kev, the beam diaineter was 0.5 mm FWHM, the beam

2
current was maintained at 180 na giving a current density of about 65 pa/cm >

T
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the rastered area was about 0.02 cmz, the signal was gated from the central
35% of the rastered area, and the sputtering rate was about 1.SK/min. No
oxygen was detected by ISS in any of the films; the measured oxygen sensi-
tivity was about 10”2 monolayers.

For AES analysis, the electron beam was set to give an energy of 1.5 kev
at 2 ma, giving target currents of 8-10 pa. The modulation was set at 3 volts
and a time constant of 0.1 msec was used.

The first step in each analysis was to obtain an Auger spectrum from
the surface of each film (the "a" spectrum in each series). The sample was
positioned for ISS analysis, and the ion beam was switched on to begin the
scattering experiment. After the beam had sputtered through the film to the
substrate, the sample was again positioned for Auger electron analysis and
another spectrum obtained (spectrum "c" in each series). The electron beam
was moved tc intercept the side of the sputtered crater and a third spectrum
obtained (spectrum "b" in each series). All of this was necessary because
we did not have a precision sample rotator to move the sample back and forth
between the ISS and AES positions. (This unit is currently vades construction
and will feature a computer-controlled stepping motor for precision alignment,

thus allowing simultaneous profiles to be obtained).
7.5 1SS Profiles and AES Spectra

The results of these profiling studies are shown in Figures 19-24.
Film 3 was exposed to room air only long enough to transfer it from the
spurcering chamber to a desiccator for storage and fruom there to the ISS
vacuum chamber. Figure 19 is the composition profile for this film, and it
shows a rather uniform cadmium/tellurium profile throughout the film. The
rapid rise in the sputtered ion peak is a very good indicator that the sub-
strate has been reached, since the lower ionization potential of the potassium
ions in the substrate (compared to cadmium and tellurium which had made up
the bulk of the sputtered ions to that point) gives a higher percentage of
ions in the rputtered species and hence an j..creased ion signal. Ion scatter-
ing signals from potassium and chlorine appear at the same time, confirming
that the substrate indeed has been reached. The increase in the cadmium +

tellurium peak after about 1/2 hour sputtering cannot be explained.
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Figure 20 shows three Auger electron spectra taken from Film 3 at the
specific points indicated. S, Cl, C, and O appear as impurities on the
surface. The sulfur, carbon and oxygen probably arise from pump fluids in
the vacuum system of the sputtering unit, as well as residuals from the ISS
vacuum system. C and O probably arise from the cracking of CO and C(‘Z by
the electron beam interacting with the surface. Note that the surface appears
to be tellurium-rich. In spectrum "b" the cadmium and tellurium are approxi-
mately stoichiometric. There appears to be a great deal of potassium at this
level, perhaps diffusing from the substrate. Analysis of the bottom of the
crater shows a chlorine-rich surface. This is opposite to what might be
expected according to others who have studied the effect of electron beams on
alkali halides (35,36). Essentially, the electron beam causes the surface
region to become depleted in the halide, leaving an alkali-rich surface.
Perhaps in the case where a film in deposited on the alkali halide the film
acts as a barrier to the halide movement, causing a build-up of halide ions
at this interface; or perhaps the film enhances the diffusion of the alkali,
leaving a halide-rich interface. This clearly needs more study, such as an
1SS investigation of the compositional profile through such a film after an
extended exposure to an electron beam. The primary ion beams used in ISS do
not seem to affect the alkali halides in the same manner as electron beams.

Figure 21 shows the ISS profile of CdTe Film 5 which had been exposed to
room air for about 17 hours. Although no oxygen was detected, the {ilm did
seem to be degraded in some manner. The Cd,Te peak did not fall off sharply
at the interface as in the previous film. In addition the signals from the
100 scattering experiment were quite erratic.

The Auger electron spectra shown in Figure 22 indicate P, §, C1l, C and
O impurities on the surface of Film 5. As before, the surface is telluriun-
rich. Part way through the film, the comprnsition is still tellurium-rich,
with a significant amount of potassium present, as well. As in the previous
film, the interface region at the surface uf the substrate assayed very
chlorine-rich.

Helium-4 was used as a probe gas in the ion scattering e¢xperiments con-
ducted with the previous two films, because we were interested in detecting
the presence of oxygen arywhere in the film. Using 4He+ it is not possible
tc separate the signals derived from cadmium from those derived from tellurium.
Thus, 20Ne+ was used for the ion scattering experiments on Film 4. The ISS

spectra (Figure 23) indicate a cadmium-rich surface, just like the previous

40



510A CdTe Film on KCl (%)

6 x X
x
b 4 x x
x

Cd, Te (x100) / X

»
|

/ ~
- 5,1, (x100)
Substrate (x10)
(K« Cl)

ION YIELD (C/S)

N
T
<
1]
H
I
(‘0
3

| | | | 1

(o] 2 4 €
SPUTTERING T:ME (HRS)

Figure 21. Ton Scattering Profile . Sputtered (dTe Film 5.

CdTe Film on KCI (3)

/;.";A!/\,’ e T°£T' a
ci ~;

C

j. Cd(376)
s fe (483)

\
A\l

1
| —_— i e a—
f
i}
cluey| K@92
1 1 1 1 | 1 1 L 1 i |
(¢} 200 400 600 800 1000

ELECTRON ENERGY (eV}

Figure 22. Auger Electron Spectra of Sputtered CdTe Film 5:
(a) Surface of ¥ilm, (b) Halfway Down Crater Wall,

(c) Bottom of Crater. it




510A CdTe Film on KCI (4)

Cd (x100)
@ / | 451 (x500)
H dF-0 o ] E 2 -]
O - » x
2 1" N *
= L Te (x500) :'
5 'y
o
2} PO —
o]
= % [0}
x

«Substrate (x59)
(K« Cl) (<]

1 b Il L I 1 I

i
o 1 2 3 «
SPUTTERING TIME (HRS)

Figure 23. Ion Scattering Profile of Sputtered CdTe Film /3

CdTe Film on KCI (4)

{a)

cdiire)

e

AL

- \

'gré ,—‘A( {c)
K K

cr(sn)

K(252)

| ] 1 1 1 o
400 600 800 1000
ELECTRON ENERGY (eV)

1
o} 200
Figure 24. Auger Electron Spectra of Sputtered CdTe Film 4:

(a) Surface of Film, (b) Halfway Down Crater Wall,
(¢) Bottom of Crater.

42



two films. The same impurities occur on the surface as before. However,
part way through the film, the Auger electron spectrum (b) shows the film
to be cadmium-rich. Potassium is also present at this location in the film,
as well as some chlorine. Spec’~um "c¢" shows the bottom of the crater to be
potassium-rich, unlike the pr . s two films. These differences have not
been explained at this time.

Another disturbing finding is shown in the two Auger electron spectra
in Figure 25. Two CdTe films were prepared under identical sputtering con-

ditions, using the same target, in two different sputter deposition systems.

ta)
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Figure 25. Auger Electron Spectra of Sputtered CdTe Films Prepared in:
(a) An Oil-Pumped MRC System and (b) a Turbomolecular-
Pumped Airco Temescal System.
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The film from which spectrum "a" was obtained was made in a oil-pumped MRC

system. The surface contained chlorine, carbon and a great deal of oxygen
as impurities, and it assayed very cadmium-rich. Spectrum "b" was obtained
from a film made in a turbomolecular-pumped Airco Temescal system. This
film was tellurium-rich and contained some sulfur and phosphorus, a little
oxygen and a lot of carbon. Thus it appears that the type of sputtering
apparatus, or at least the type of vacuum system used on such an apparatus,
is an important parameter to give, along with the r.f. power and voltage,

and the sputtering gas pressure.
8. AUTOMATION OF THE ION SCATTERING SPECTROMETER

Automatic control of the ion scattering spectrometer by a PDP 11/20
computer is accomplished through a 3M Eight Channel Digitzl Multiplex System
and a computer interface unit (C.I.U.) designed in this laboratory. The
computer controls the channel, counting and scan sequences. A maximum of
eight (8) different channels or segments of the ISS spectrum can be scanned
sequentially.

The width of each channel can be selected in order to integrate the
counts over a given peak, or the width can be narrowed down to measure the
height of a given peak. The counting scheme can be programmed to store
either the counts per channel over a fixed time interval or the time required
to obtain a fixed total count (20 to 215). In addition successive readings
of an individual segment can be specified (1, 3 or 5) before proceeding to
the next channel. A copy of the basic program for an automatic, computer-
controlled ISS profile is given in Appendix B. The definition of variables
used in the program is listed in Appendix C.

In a typical profile a manual scan is first made with the multiplex
unit and an XY recorder. This enables one to select the segments or channels
to be investigated and to determine the proper counting level for each

2ONe+ ions scattered from a 99OZ

channel. A typical ISS spectrum of 1.5 kev
CdTe film sputter-deposited on a KCl substrate, obtained 12 minutes after
the ion beam was turned on, is shown in Figure 26. This is a plot of the
ion yield (counts/sec) vs. the energy ratio ES/EO, where Eo is the energy

ZONe+

of the incident probe ions, and ES is the energy of the elastically

scattered neon ions. Chemical identification of the scattering target atom
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is obtuined by measuring the energy ratio ES/EO. In Figure 26 the two major
peaks correspond to neon ions elastically scattered from Cd and Te atoms on
the sample surface. The energy ratio (ES/EO) region between 0.32 to 0.36
corresponds to 20Ne+ ions elastically scattered from K atoms. No peak is
observed in this region.

An additional peak which occurs in the low energy region of the ISS
spectrum is the sputtered ions (S.I.) peak. The interaction of the ion beam
with the sample sputters successive layers of atoms from this surface. Some
of the sputtered atoms are ejected as ions at typical energies of 2-10 ev.
The yield of sputtered ions depends upon the element and the state in which
it exists on the surface. Low ionization potential elements, such as Ca,

K and Na, are easily sputtered as ions, while elements that are chemically
combined, such as oxides, produce enhanced ion yields. By monitoring the
sputtered ion peak in a compositional depth profile, additional information
about the interfacial regiou between the CdTe film and the KCl substrate
can be obtained.

A spectrum is scanned by sweeping the voltage applied to the electro-
static energy analyzer and displaying the counting rate versus the ratio
of the energy of the scattered ions to the energy of the incident ions. The
spectrum shown in Figure 26 was obtained at a slow sweep speed (100 ev/min).
Some information can be lost before the next scan is initiated. With a com-
puterized profile, faster data acquisition is achieved and counting statistics
greatly improved by repetitive counting. Thus, more detailed studies of
compositional homogeneity with depth and diffusion profiles in the films
can be made.

The complete profile of a 990A CdTe film is shown in Figure 27. The
sampl’e was deposited on a KCl substrate by sputtering from a 5-inch CdTe

target in a diffusion-pumped vacuum system. The deposition conditions were:

PAr: 40 millitorr (Ti purified)
rf voltage: 500 volts
rf power: 180 watts
Substrate-target
distance: 5.2 cm
Deposition time: 200 sec
Base pressure: 2 x 107% torr

The film thickness was 9902, measured with a Varian Interferometer.
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The diameter of the ion beam that was used in the ISS profile was nominally
1 mm. The beam was rastered over an area of approximately 0.16 cmz, with the
scattered signal electronically gated so that the signal from 257% of the
rastered area entered the detection system. These added raster-gating
capabilities of the ion scattering spectrometer are essential for more
accurate compositional depth profiling, since the signals from the crater
walls (generated by the Gaussian distribution of the ion beam) are minimized.

In Figure 27 the data taken at sputtering times of 2 and 12 minutes were
obtained manually, while those obtained at longer times were taken with the
spectrometer controlled by a PDP 11/20 computer. The computer print-out
listing the chemical symbols of the elements, elapsed time per specified
count, gain and count rate per channel, and time between scans are given in

Appendix D. Light (8) channels were programmed as follows:

Chemical Symbol Description Energy Ratio
SIL Sputtered Ions Signal, Lower Limit 020
SIP Sputtered Ions Signal, Maximum 025
SIH Sputtered Ions Signal, Higher Limit 030
KL Substrate (K) Signal, Lower Limit 320
KP Substrate (K) Signal, Mzximum 335
KH Substrate (K) Signal, Higher Limit 360
CD Cd peak 700
TE Te peak 745

At sputtering times from 25 to 175 minutes, the time between starts of scans
was 10 minutes, and each set of scans lasted for 2 minutes. For the sputter-
ing times from 184 to 226 minutes, the time between starts of scans was
changed to 6 minutes, with each set of scans lasting for 3 minutes. The
printed data from T = 125 minutes to 226 minutes 1s also given.

The profile shown in Figure 27 shows that, as the interface between the
film and KC1 substrate is approached, the ion signals scattered from Cd and
Te begin to decrease, while the sputtered ions peak rises very rapidly, since
the latter peak consists of sputtered ions of Cd, Te, those from KCl and
other impurities trapped at the interface. The slow decay in the Cd,Te
signal was due to the slow sputtering rate used. From the measured film
thickness and the ISS proiile, a sputtering rate of about 6.7R/min was

calculated.
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Modifications in the basic program are currently underway to enable the

computer to:

(a) Detect the p:e°sence of peak, determine and store the count rate
for each segment or channel;
(b) Plot the scattered ion yield for each channel as a function of

sputtering time.

The modified program can readily follow shifts in peak position, which are

indicative of the charged states of the surface.
9. PREPARATION OF COATINGS BY ION PLATING
9.1 Introduction

Ion plating is a vacuum coating technique in which a film is pro-
duced by depositing neutral atoms as well as ions on the substrate surface.
There are two competing phenomena occurring at the surface of the substrate:
the deposition of ionic and neutral species of the coating material; and the
sputtering of the deposited film and substrate material by newly arriving
ionic and neutral coating material species.

The substrate is placed at a high negative potential with respect to
the evaporating material; thus any positive ions formed will be accelerated
toward the substrate. The high velocity of these incoming ions will generally
cause them to be buried deeper into the surface than the neutral atoms. This,
coupled with the competing sputtering process, leads to greater adhesion of
the deposited film than when orly neutral atoms are deposited, even when a

relatively small percentage of the coating species are ionized.
9.2 Apparatus and Procedure

A MRC electron beam zone refiner was modified for use in ion plating.
A tungsten filament was used as an electron source to evaporate the coating
material. The coating material was placed on a pedestal, at a high positive
potential; the electrons emitted by the hot filament were thus accelerated
toward the material. A relatively high ion production can be achieved when
an electron beam is used rather than joule heating. Biasing the substrate
produces an electric field between the coating material and the substrate

which augments the production of ions, as well.
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By changing the filament current and potential at which c¢he coating
material is maintained, th® evaporation rate of the coating material can be
controlled. By changing the substrate-to-coating material distance, one can
control the ratio of ions/neutrals striking the substrate. Since the final
velocity of the ions is a function of the potential difference between
substrate and the coating material, increasing the substrate potential
increases the velocity and hence the depth of penetration of the ionms.

A thermistor located at the surface of the substrate was used to monitor
the substrate temperature. A shutter was used to isolate the substrate
while the coating material was being heated to a stable evaporation rate.
Once a stable rate was achieved, the shutter was opened and plating allowed
to take place until the desired thickness was obtained. The entire process
was carried out in a vacuum chamber with a working pressure of between

1074 and 10™° torr.

9.3 Results

A number of germanium and cadmium telluride films were deposited on
glass substrates. In addition, cadmium telluride was deposited on KCl
substrates. The basic deposition parameters are shown in Table VI, where
Tf is the final substrate temperature. Beam conditions refer to the electron
beam used for heating and ionizing. The substrate-to-target distance is the
measured distance between the surface of the coating materials to be evaporated
and the substrate surface.

Cermanium films were prepared in an attempt to study the film-character
of coatings prepared by different processes, since we have thoroughly studied
sputter-deposited germanium films. The cadmium telluride films were prepared
for simultaneous characterization with sputter-deposited films of the same
composition. Complete characterization of the ion-plated films was not done.

However, the CdTe films appeared very uniform and adhered extremely well

both to glass and to KCl.
10. PLASMA POLYMERIZATION OF THIN FILMS

Plasma polymerized organic films prepared as described in AFCRL-TR-75-0152 (1)
were submitted to Mr. Joseph Comer of AFCRL for electron microscope characterization,
specifically by transmission electron microscopy and diffraction. The samples

were prepared and examined by Mr. Comer using a JEM-6A electron microscope with a
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beam having an energy of 100 KV. He obtained electron micrographs for
examining texture, selected area diffraction patterns, and high resolution
electron diffraction patterns both to cover large areas in diffraction
and also to examine the films using a grazing incidence electron beam.

Two of the films were completely amorphous. Two of the films were
highly crystalline but also showed the presence of an amorphous phase.
Crystallite size was about 100X. Textural differences were thought to
be caused only be regions of different thickness.

The selected area diffraction patterns taken on the crystalline films
could be interpreted as a cubic structure which could be indexed as diamond.
Table VII shows that the agreement with the diamond pattern is very good,
although the measured values are close to certain reflections from graphite.
A highly-oriented graphite film could produce a pattern with no 00%
reflection. To check for this the sample was tilted up to 20°, but no change
in the diffraction pattern was recorded.

High resolution electron diffraction was used to confirm the selected
area diffraction results. Table VIII shows the measured d-spacings for the
same film as shown in Table VII (SAD). Tilting the sample as much as 45°
produced no change in the diffraction pattern. A glancing angle electron
diffraction pattern was obtained from the same film (mounted on a grid) in
an attempt to find an (00%) graphite reflection. The results compared
with an ASTM pattern for graphite are shown in Table 1X. By this technique
the (002), (006) and (008) reflections show up, indicating the possibility
of graphite being present. However, the glancing angle diffraction pattern
was obtained from only a small portion of the sample because of the dis-
tortion of the grid from previous measurements. If these films are
graphitic, then they must be highly oriented with the c-direction normal
to the surface of the film. On the other hand, if they are diamond (or
diamond-1like) as indicated by SAD and high resolution diffraction patterns
from two different films, then this technique presents a new method for
producing diamond-like films for prctecting optical components. Further
studies to elucidate this are being conducted utilizing electron microscope

facilities at Penn State.
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TABLE VII

ANALYSIS OF SELECTED AREA DIFFRACTION PATTERNS
FROM FILM NO. 21, PLATES 4590C AND 4593C*

Relative Diamor.d (ASTM) Graplkite (ASTM)

Measured d Intensity dd) hk d (k) _hk
3.36 002
2.13 100
2.06 vs 2.06 111 2.03 101
1.79 s 1.78% 200 1.800 102
1.678 004
1.544 103
1.26 m 1.261 220 1.232 10
1.158 112
1.138 105
1.12C 006
1.08 m 1.0754 311 1.054 201

1.03 w 1.03%% 222 0.994 114,116

.9816 400

.841 008
.82 vw .8182 331 .829 116
.801 211

*
J. Comer, AFCRL

%k
Forbidden according to x-ray structure factor
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TABLE VIII
HIGH RESOLUTION DITFRACTION OF FILM NO. 21%*

Digmond (ASTM)

Measured d (R) (Pattern 4599C) dlA) hk?
2.06 .06 111
1.795 1.78 200
1.265 1.261 220
1,082 1.0754 311
1.032
.892 400
.82 331

*
J. Comer, AFRCL

TABLE IX

GLANCING ANGLE ELECTRON DIFFRACTION FROM FILM NO. 21%*

Pattern 4604C Graphite (ASTM)
S 15 I d(A) hk
3.36 3.36 002
2.12 2.13 100
2.03 101
1.27 1.80 102
1.678 004

1.30
1.225 1.25 116G
1.1 1412 006
.84 .84 008
.829 116
.79 .80 211

*
J. Comer, AFCRL
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APPENDIX A

Program in BASIC Language for PDP 11/20
for Controlling the Automated Ellipsometer
and Collecting and Processing the Data.




KV?

10

20

30

40

50

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
3090
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
$00
510
520
530
S40
550
S60
570
580
590
600
0l0
620
630
640
450
6460

1 11-FEB~-76 LNSIC V0105

IIM 1(30)'R(30).S|(300)182(300)pP(soo)pw(300)vN(300).U(300)
LET I1=3,14159/100
LET Li2=12%D1
CALL °*EINI®
FOR J=1 10 30
LET R(J)=0
NEXT J
PRINT ®"1HOW HANY SETS OF 100 TO BE AVERAGED®®
INFUT N

LET =0

IF v=1 THEN 200

IF Y:>O0 THEN 210

FRINT °*HOU RANY STEFS SHOULL MOTOR MOVE®
INFUT Q

FRINT *WHAT 1S THE VALUE OF FO°
INIFUT Fo

PRINT "UWHAT IS THE NUMBER OF Q.0E-3 DEGILE 1NCELAENTE e
INFUT K2

LET G=9.00000E~034K2

FOR M=0 TO Q

FOR J=1 TO N

FOlk K=1 TO 30

LET I(hi)=0

NEXT K

FOR L=1 TO 100

FOR K=1 10 30

Call., “TI1IF*“(X)

LET I(n,=I(K)+¥

HEXT K

NCXT (.

FOR k=1 T0O 30

LCT Iy =T¢(x) 100

LET RiK) =9

LET R(K) =064 1K)

NEXT K

GO 10 <10

FRINT “FOURICR TTRMG®

PRINT 1) oI 00l (D) p 2t T(0)
FRINT TSy I(70 01 (3T, (10)
PRINT 1(115, 001201130 0C1a) 101
NEXT J

FOR K=! TO 30

LET R(RY-R(R)/N

NEXT N

GO T 039

FRINT *"AVERALGL TERMS®

PRINT ROy lRC) s R(BY o (3) o R (S)
FRINT ROGE)oREZ) (3 o (Yo le( 1O
FRINT RCOU1)oROIDIyROIZ) w014 el (1D)
FRINT ROLOYeROITI oIS oIy ol (20)
FRINT (2L o REZD)wic (23 o LIT4) s (25
PRINT RO28) v RIZ7) RIS 912 9 10(30)
LET 70=0

LET IFL=0

LET F2=0

IF Y=2 THFN 400

LET S1:=0

LET &2=0

GO Ty 420

LET S1(1) =0

LET S2(t =0

LET T1=0

LET T2=0

LET r2=0

LET F4=0

FOR (=1 TO 30
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670 LET Z0=20+R(L)

4680 LET AO=1%I01

670 LET A=NA0-DIk(l.~1)

700 LET F1=Fl4RLIFCOSA)

710 LET F2=F24ROLI¥SINCA)

720 IF Yx1 THEN 740

730 LET S10M)=51 (M) HROLIXTOS (2% (AN
740 LET S2(M)=S2(MIFRILIASINCIXIADY)
750 GO TO 780

760 LET S1=S1+K(L)I¥COS(24(A))
770 LET S2=024R(LI¥GIN(D2X(A))
780 LCT Ti=T1HR(LI¥COGIRIA))
790 LET T2=T24R(LIXSINCIREA))
800 LET F3=FI+R(LIKCOSCARIA))
810 LET Fa4=FA+RLIXGINCAKRCA))
820 LET FS=FS4HR(LIXCOSCEREA))
830 LET F&=F&HRILIAFINIVIAD)
840 LET SZT=S34KRUIXCOGLKIAD)
850 LET S4=GA4R U FETNCLHAD)
860 LET S5=88+4R{LIXCOGCZHEA))
870 LET S&=84HRILYESINC/ RN
880 LET C1=E1tROLIXCOLIBRAN)
890 LET E2=E2+R(LIFSINCBRA))
900 NEXT L

910 LET Z0=2Z0/30

920 LT F1=F1/(15%/70)

@30 LLT Fi-Y2/010%70)

940 IF Yx4 THIN Y00

950 LET S1(M)=81 M)/ (10702
960 LET B8I2(h)=32(M1/CL5KIU)
970 GO TO 1600

980 LET S1=51/0154.07

990 LET S2=82/010%70)

1000 LET Ti1=TL/CL5%I0)

1010 LET T2=T2/015820)

1020 LET F3=F3/C1Gx10)

1030 LLT FaA=F4/(15+20)

1040 LET FS=FL/(15%20)

1050 LET F&=F&6/(15420)

1060 LET S3=83/(15420)

1070 LET S4=G4/C15%70)

1080 LET 85=85/(15%70)

1090 LET S6=96/ (15700

1100 LET F1l=F1/0154720)

1110 LET EZ=L2/71uxI0)

1120 GO TO 1140

1130 FRINT *20 =°/0

1140 GO TO 1140

1150 FPRINT °*F1 =°*FLl+."F? ="1D
1160 IF Y. 1 THEN 100V

1170 GO TO 1170

1180 FRINT °*S1(*M*)=*GL(M) *SD2C "M°)I="L2 (M)
1190 GO TO 1210

1200 FRINT °*S1 =°31,°82 =°52
1210 GO TO 1240

1220 FRINT °*T1 =*Tt,*T2 =°T2
1230 FRINT °*F3=*F3,"F4="F4q
1240 GO TO 120

1250 FRINT *FS =*Fiy°'Fé6 ='F6
1260 FRINT *S3 =°53,"64 =°54
1270 FRINT *4%5 ='35,°G6 =86
1209 FRINT *10r =0y "0 =000
1290 IF Y:1 THEN 2040

1300 LET W(MY=1-S1(MIXSLIN) -G U)RE2HM)
1310 LET F(M)=(FOFDIL) + (M¥GKIL)D
1320 LET N(M)=S2(1H)/761(M)
1330 LET VM) = CATNI(NGn G 0.
1340 FRINT *P(*M®)="P(M) "W M*)="W (M) "V M®)="V (D)
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1350 FOR Ki=1 TO K2

13460 CALL °*LSTF*(1,1)

1370 NI'XT K1

1380 NLCXI M

1390 GOGUR 2430

1400 FIRIN) *CO="COy*Cl1="Cls*"C2="C2

141¢ IF Y:0 THFEN 1440

1420 LET F1=-Cl/(Zx(2)

1430 FRINT °*F1 IN DEUGREES="i"1/01

1440 LET U=1/5Q8C¢1-COCLIXC1/7C4¥CD))

1450 IF U:=0 THEN 1470

1460 LET U=-U

1470 IF Y=0 THEN 1%510

1480 LET F2=-C1/(2400)~-3.1415%/2

1490 FRINT °*F2 IN DEGREES = *P2/Dh1

1500 IF Y=1 THEN 1620

1510 LET G1=(12.3972-5441)

1520 LET G2=(12.3973/5481)

1530 LET Gi1=-0G1

1540 LET G2=-G?

1550 FRINT *WHAT ARE THE aPFROXINDATE ValLUSsS OF DRELTA &
1560 INFUT L3eF3

1570 LET M1=SINCPI4D1) /COS(F3ANL)

1580 LET M2=F1-(GOEML+GIFLOS (DB ) S1 NEANT)
1590 LET mW3=12/D1

1600 FRINT *{F SUE &) IN DEGREES ='H3

1610 IF ¥Y=0 THI'N 1470

1620 LET P7=C0S2FF 3NN

1630 LET FB=CSTNC2#F XN ) £SIN D IENGE

1640 LETY FA=(FPLP2) /2402587 /7F

1650 LET FOS=F4/01

1660 FRINT *TRUE (F SUR S) IN DEGRELES = "FaJ

1670 FOR M=0 TO Q

1680 LET W(MI=Y (i)

1690 NEXT M

1760 GOCUR 22430

1710 FPRINT *V0=°COy*V1="C1l,"V2="C2

1720 IF Y=1 THEN 1770

1730 LET AL1=CO+ (LA LYHCCDONT 1)

1740 FRINT *A1 IN LEGREES=*n1. 11l

1750 LET Ma=al1-(61 /L0200 LY /ST e v L)
1760 LET M3=Ma/D1

1770 FRINT *(A SUR S) IN DNEGREES =*"hMY

780 IF Y=0 THIN (978

1790 LET A2=CO+C1XI THCIREDNFD

1800 FRINT *A2 IN DNIORFEZ=*AD/DI

1810 ILET A4=(A1+A2)/2-GL4P7/18

1820 LET A3=n4/D1

1837 FUTHT *nCTUSL ATTANTH A& To TGk <03

1840 LET F9=SIN(2¥$xkLi1)

1850 LET DA=2%(LOS{DIXD1) « CCOSCNIENT1) ) =10 (FOulw )
1860 LET G330 (CF1-F2)RCHS I ADE Y (= v b0 05 Teba i i -0 s
1870 LET GA=(((A1=-A2)¥COS(DIALS) = (P 1=FT) PTG Talehiviit) )y 1
16880 FRINT °“CALCULATED VALUIT UF 61-°G3

1890 FRINT *INFUT UNLUF OF G1:=°G1

1900 [IRINT *CALCULATED VALUL OF G2-*GA4

1910 FRINT *INI'UT VALUE OF G2=°G2

1920 LLCT v=Y#1

1930 IF Y1 THEN 19080

1940 FRINT “WIAT IS THE VALUC OF F90 IN DNEGREFS7?®
1950 INFUT F6

1940 |57 ATy

1970 GO TO 110

1980 [RINT *WHAT IS THE VAILUY OF THE NEXT 1 IM DECECD e
1990 INFUT F&

2000 LET FO-F6

2014 FRINT 17W HAJY SETS 01 160 10 LE SOEE i oe®
2020 INFUT N
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2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2140
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2450
2470
2480
24920
2500
2510
2520
2530
2530
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2640
2670
2600
26°0
2700
2710

GO TO 110

LET N2=82/51

IF St1:060 TO 2080

LET Q1=(ATNIND) ) /24 (3,14159/2)K(SGH(SR))
GO TO 2090

LET Q1=(AINI(ND))/2

LET Z1=UXSORC(S1451)+(S2%52))

IF Z1x=0 THEN 2120

LET Z1=-21

LET AS=((-2¥GAXZ1)+(1-GAKGA) kSAR(1-Z1XZ1) 1/ ((14Z1)~(GAAGAIK(L -21))

FRINT °*LIME 2130 AS5="AS5
IF AG:>0 THEN 2170

LET AS=((-2%GA4XZ1)~(1-GAXEA)KSAR (1-Z1X7 1)) /(L1 = L0GARGAI# (|

FRINT * LINE 2160 A5-'AS
LET X1=(Q1-A4)

LET Y1=F6¥D1-F4

LET X2=(COS(X1IMSINCYL))/Z(SINC(X1)I*COS(Y1))
LET X3=X24A5%63

LET Xa=1F(A%5) (63 K(X2)

LET X5=((GII#C05(X1))/SIN{X1)

LET X6=ASSLIcY1)/COSCT1)

LET X7=((GSI%SINCI L) 3/C05(Y1)

LET X8:=((ak) 4C05(X1)) /% (MR N1

LET Y2= (14 (@) S (X830 M L1 (AT I RN )

LET YZ=((0X3)# (XA V= (X5=Hb) mi <y ki

LrA N
LET Y4=(((XI)KC(XTI=(XBII )4 n i CnU)~CAGY ) 1 /Y0

LET YS=(Y$)/(V3)

LET Yo6=CaTN (YY) /Dt

LET YZ=SAQRO(YIor 3o+ (Yarvivay)
LET Y8=(ATN Y 7)) 701

FRINT "LELTA= 6y "FSl="Ys
LET V1=(Y4)-(D3)

LET V2=(Y83-(F 1)

LET L3=Ys

LET F3=Y3

IF Allv(Vv1.C.0100 TO 2400
GJ 10 1570

IF ARS(V2)<. 0160 TO 2420
GO TO 1570

STOF

LET B=0
LET E1=0
LET B2=0
LET L3=u
LET ka=0
LET EDS=0
LT Gl=o
LET N1=Q+1

FOR I=0 TO Q

LET R=U+F(1)

LET Kl=R1tP(TYRF(T)

HI G S ORI I (L 4 BN BRI B SX G
LET B3=EI+(TOAFCI) KR %P OD)
LET RaA=FRE4+W(I[)

LET LS=sRGEUCLY*¥H(CT)

LET RO=R&+WIVKkF(I)XF(])
NEXT [

LET Hi=RAXRO-RS¥R1

LET HU=EOALE-BARH2

LET H3=R2xl ! -HDI%xRY

LET Hae=lalil2-1it %1

LET HO=N1XDB2-Ex1

LET Hé=B+ha-Lii s

LET H7=(H5¥HA-H6&kHI)

LET CO=(HUXIIG-HIAHS) /17
LET Cl=(HDYXH9~-K1x{Ha)/H7
LET CO=(RA-MIeTN-Dv1I21) /11"
RETURN

END
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APPENDIX B

Program in BASIC Language for Controlling
the Ion Scattering Spectrometer with the
PDP 11/20 Data Processor.

A



JNISSC 12-UAN-76 RASIC V01-05

100 DIM H$C(7)sBC7510)9CCA4),01€4)

120 FRINT *IF YOU WTSH OUTFUT ON THE DECTAFE ENTER 1 OTHERWISE 0O,°

140 INFUT R7

140 FRINT "ENTER THE MAXIMUM NUMEBER OF SECONDS THAT AN INDIVTYDUAL "

180 MRINT *SCAN SHOULD LAST: A NUMBER BETWEEN .1 AND 51.1°

200 INFUT 73

220 LET J=1.5

240 LET 73=Z3%10

260 IF 73:,9 THEN 400

280 FOR B3=0 TO 9

300 IF 7220 THEN 440

J20 LET J=Jgk?

340 NEXT R3

360 FRINT 737104 "GREATER THAN MAXTIMUM NUMERER OF SLCONDS (S1.2) RE-ENTER®
380 GO TO 200

400 FRINT Z3/105"1LESS THAN MINIMUM NUMEER OF SECONDS Col=G142) RE-ENTER"
420 GO TO 200

440 FRINT 723/103 "AFPROX =2 ¥k "IR35Y o= 03 xB/30

450 FIRIMNT "ENTER NUMBER OF MINUTTS 1O EE SFENT ON AN INODTYIIIUAL SET nNf
480 PRINT "3CANS. A NUMEER LESS THAN 1 CAUSES SINGLE FASSESe

300 INFUT Hé

920 LET Réxis-1

340 PRINT *I'NTER THF TIME BETWEEN STARTS OF H5CANG T

S60 INFUT RS

SO R

600 RIM THESE NEXT FEW STATEMENTS RECOME LUNNECESSARY IF B{ie 7)Y IS USED
620 REM

440 FRINT "ENTER THE NUMBIZR OF THOUSANDTHS YOUu WISH a8 A STEFPSTZE FOR®
660 FRINT "CROSSING FROM ONE ENERGY RATIO KOUNIH TO THE OTHER,

680 FRINT "ZERD CAUSIEES THE OFTION TO ES TGNOREIN, OTHERWIZE ENTER AN®
700 FRINT "INTEGER BETWEEN 1 AND PG

720 INFUT R4

740 IF EA-9996G0 TO 440

760 IF G2=0 THEN 800

700 T RAC160 TG &40

800 FRINT "ENTER THE TOTAL TIME IN MINUTES THAT THIS RUN Ma&Y L AST®

820 INFUT R2

840 FRINI "ENTER THE NUMEER OF ENERGY RATID [RANGES TO RF USED FOR®

840 FRINT *THIS EXFERIMENT, AT LEAST 1 MUST KE USED AND MAX IS 8"

880 INFUT RO

P00 IF EOG<1 THEN 840

920 IF RGC:=8 THEN 840

¥40 LET GO=RO-1

P60 FIRINT "ENTER THE NUMRER 0OF CONSECUTTVE S3CANS ACKOSS AN INDIVIDUAL®
980 FRINT "ENFRGY RATIO (AP THAT ARE TQ RE USFDS*:

1000 FRINT * 1, 3y OR S."

1020 INFUT R1

1040 IF E1<16G0 TO 1000

1060 IF R1:% THEN 1000

1080 LFT Ki1=K1-1..

1090 L.ET D9=0

1100 FRINT "ENTER THE FOLLDWING DATA UNTIL YOU HAVE 2 LINES FOR EACH®
1120 FRINT °ELEMENT TO RE CONSIDERED. THTS IS THE FORMAT:®

1140 FRINT "LINE 1 CHEM SYMEOL. LINES 2-5 NUMERERS SEFARATED RY COMMAG:®
11,¢ PRINT *1. THE CHEMICAL SYMEROL®

1180 FRINT "2, LOWER ENEKRGY RATIO*

1200 FRINT *3. UFFER ENERGY RATIO®

1220 PRINT *4. GATN SENSITIVITY 1,y 2, 5, OR 10°

1240 FRINT "5, MAX COUN’ - A NUMEER HETWEEN 16 AND 32748°

1260 REM PRINT *4. ZERO IF YOU WISH TO STEF ACRNGSy STEMSIZE OTHFERWISE®
12000 FOR K=0 10 RO

1300 INFUT BS$(NK)

1320 INPUT B(N+QO) v B(Ko 1) yR(Ky10) sy B(K+9)
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1340 GO T0 1400

1360 FRINT °*GAIN VALUE ENTERED IN ERROR FLEASE ENTER AGATN®
1380 INFUT R(Ks»10)

1400 FRINT RS (K)SEB(KsO)iB(Ks1)3E(Ky10) s E(Ks»7) FR(K»9)
1420 LET 1=0

1440 IF I(K»10)=1 THEN 1600

1440 IF E(Ky10)=2 THEN L1580

1480 IF R(Ky»10)=5 THEN 13560

1500 IF H(K+10)=10 THEN 1540

1520 GO TO 1360

1540 LET I=1

1560 LET I[=1+1

1580 LET I=T+1

1600 LET BR(Ke2)=I

1620 LET J=1.9

1440 LET Z=E(Ky?)/16

1660 LET J=1.5

1480 FOR I=0 TO 11

1700 IF Z:.) THEN 1840

1720 LET J=J

1740 NEXT I

1760 FRINT E(K»9) 3 "GREATER THAN MAX COUNTS ENTER NUMGER LSS THON®
1780 FRINT *327468 ENTER AGAINI®»

1800 INMUT B(RKyY)

1820 GO TO 1440

1840 LET B(KsB)=I

1860 IF RileQ)-=R(hel) THEN 1950

1880 FRINT "LOWER LIMIT *3U(NsQ)s" XCEEDS UFFER LIMIT " sRelh i
1900 FRINT CENTER UVALUES AGAIN®

1920 INFUT B(R»0O) vRB(Ks 1)

1940 GO TO 1880

1950 IF N9=1 THEN 2842

1960 NEXT N

1970 I B7<:1 THEN 2080

1920 OFEN *DT1:JMISSD.DAT® FOR OUTFUT AS FILE 7
2020 REM

2040 KEM EEGIN CONTROL. SECTION

2060 REM

2080 Call, "CTRL®(0»0rRG2 093

2100 CALL °*RENC®(3+G0O)

220 REM START S5LCN TIMER

2140 CALL °"TIME®(1,0sE3)

2160 LET G=0LO+R2

2180 LLET T=060

2200 LET G1=T+RS6

2220 LET (G2=T+RS

2240 FRINT

2260 FRINT "CL STR STOF COUNT GAN CT*GN COUNT RATES b
2280 PRINT °* TIME CTIM®

2300 FOR K=0 TO EO

2320 FOR J=0 TO BRI

2340 LET D(J)=0

23460 LET C(.1H=0

2380 LET Z=R(N»0)

2400 CaALL. "ENGY"(Z)

2420 CALL °*CTRL®C(D{N»2) 93 sEB(Ky8)9s0r1)
2440 IF RBaA=0 THEN 2500

2460 LET Z=Z+ER4

2480 IF Z:=R(Kys1) THEN 2520

2500 LET Z=R(K»1)

2520 CAl.l. "ENGY*(Z)

540 CALLL "CTRL®C(B(Rs2)s0sB(KsB)r1r1)
”60 CALL *CTRL®(B(R(2)sOrsB(Ns8)90r1)
2580 CALL °*RED1°(R1,D8BsR2sR3I»R49RS)
2600 CALL °CTRL®*(E(Ns2)90sE5+0+0)
26420 CALL °*RENO*(S152+83)
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2640
2660
2680
2700
2720
2740
2760
2780
2800
2810
2820
2840
2842
26843
2844
2845
n044
2847
2848
2849
2830
2851
2852
2853
2854
2855
28454
28340
DBBO
2900
2920
2440
2940
2960
3000
020
3040
1940
3080
3100
3120
3140
3160
3i18¢
3200
3220
3240
3250
3280
3300
3320
3340
3360
3360
3400
3420
3440
3460
3480
3500
3520
3540
3540
3580
34600
3620

CALL *CTRL®*(E(KN+2)+0rE35¢0,»3)

CALL °*REDC*(3,T)

CAaLl. FCTRL®(B(K?»2)909R50092)

CALL *REDC*(2yC)

I 2=83 THEN 7860

FRINT *THE SPECTROMETER IS FRODRALLY ON ‘INTERNAL® MODL.

IF you-*

FRINT *WISH T0 CONTINUE FRESS RETURN KUY. IF YOU WISH TO CHANGE®
FRINT *THE ENERGY RATIO LIMITS TYFE C ANIN FKLSH RETURN REY®

INFUT C$
IF C$::°C* THEN 2842

IF C$:-** THEN 3980

GO TO 2420

FRINT *GIVE THE CHEM SYMEOL(S) ONF AT A TLuf FOR THE ONE
FRINT *WISH T0 CHANGE. PRESS RET KEY TF YOU WEUH NO MORE
INFUT C$

IF C$:%° THEN 2420

FOR T=0 TN RO

IF E$(T)=C% THEN 28%51

NEXT I

LET EO=EO+1

LET BSC(EO)=CH

FRINT ENTER THE FOLLOWTMG MUMBERS SEFARATED 1YV COMMAS®
FRINT *1. LOWER ENERGY RATTO%eyse*D, UPFTR ENCRGY RATIO®
FRINT *3. GATH SENSITIUITY (+ 2+ Te OR LO°

FRINT *4. MAX COUNT - A NUMLTR BETWECN 16 AND 32760°

LET no=t

GO TO 1320

LET BCIY Do) +RD
FT C(hH=CC H+C
TH Z7=R(Ke1) THEN 2960
LET 7741
GO TO 400
NEXT )
LET ¥-0
LET X=0
FOR =0 TO K1

LET Y=Y4+D(D)

LET X=X+C(J)

NEXT

LET B(K»3)=X/CJ+1)

LET B(K»4)=R(Ks10)XR(K+3)

LET BCOK»SY=(Y/C(J41)/10)

LET B(N»&)=H(N»4)/B(Ks»5)

FRINT RE(RDSH(RK»O) sR(Kv1)SB(NS3ISE(N910)iK(KNA) 3
IF h=0 THEN 3280

FOR I=0 TQ k-1

FRINT * "

NEXT 1

FRINT IHT(R(Ky&)4.3) 3%

1F =7 THEN 2380

FOR 1=K TO 6

FRINT * *y

NEXT T

FRINT TiB(R» D)

I B7 1 THEN 3460

FRINT B7:ES(R) 3 2" iB(he0) s v 3 BNy 1) 3% " B(hr»10)3"e"s
FRINT #7:0(Ne3) i v " iB(N»4) 3" » " iB(R»&)i "9 3iTi" v *iB(ND)
IF T:6 THEN 3929

IF 761 THEN 3700

CALL °*ENGY®"(999)

CALL "TTIME*(190+3)

CALL *CTRL®(3»1+s1191,0)

CALL "TIME*(1,0+E3)

NEXT K

REM WAIT 8 SECONDS

CALL °*TIME®*(1+0+35)
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3640
36460
3680
3700
3730
3740
3760
3780
3800
3820
384¢
3840
33880
3900
3920
3040
JI960
3980
4000
4020

caLL

CALL

GO TO
IF T
CAaLL

CAl_L

CALL

CALL

IF T.

co 10
PPRINT
FRINT
INFUT
GO TO
INFUT
¥ 79
IF 7Z29
CAl L.

ClOSE
NI

"CTRL®"(3+0v11+1,0)
*TIME®(1+0yR3)
2300
62 THEN 3840
"ENGY* (9299)
*CIRL"(0s1+v091+3)
*CTRL*(0r0+0+0,3)
*RETIC* (3, T)
=G2 THEN 2200
3760

*CRROK ERROR TOO LITTLE TIME ALLOTTED

*OF SCANS. THE OLD
IS

2200

79
=500 TO 840
=3 TEN 2080
"TIME®"(0y0+0)

' ¥4

66

VALUE UAS

*»EIFENTIK

BETWFI'N STARTY

NEW UL UE®



APPENDIX C

Definitions of Variables in the Program
Used for Controlling the Ion Scattering
Spectrometer with the PDP 11/20 Data
Processor.
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JMISSV  18-DEC-75 BASIC V01-05

10 REM AUTOMATION OF ION SCATTERING SFECTROMETER

20 REM JMM  JULY 16+ 1975

30 REM

40 REM THE COMFUTER IGNORES THE HARDWARE WINLOWS ANI' TREATS THE

S0 REM MACHINE AS IF IT WERE A SINGLE CHANNEL MACHINE

60 REM

70 REM INITIALIZATION OF THE FROGRAMME: DEFINITIONS OF VARIABLES

80 REM SCALER DEFINITIONS

85 REM

90 REM EO NUMEER OF WINDOWS TO BE LOOKED THROULGH TO DETECT FRESENCE OF
160 REM VARIOUS ELEMENTS

110 REM

120 REM

130 REi4 K1 NUMBER OF SUCCESSIVE READINGS OF AN INDIVIDUAL WINDOW TO EE
140 REM MADE BEFORE FROCEEDING TO THL WEXT WIiDOW.

150 REM

160 REM K2 THE TOTAL TIME IN MINUTES WHICH THE EXFERINMENT MAY RUN.
170 REM UF TO 4096 MINUTES (68.1 HOURS)

180 REM

190 REM E3 THE MAXIHMUM NUMBER OF STCONDS THAT THE MACHINE MAY DEVOTE TO
200 REM AN INDIVIDUAL FASS ACRLSS THE WINDOW.

210 REM

220 REM k4 STEF ©IZE JF USED TO STEF ACROSS A WINLOW TO LETERHINE THE
230 REM FRESENCE OF AUSENCE OF THE ELEMENT BCING TESTED

240 REM

245 BEM BS MINUTES TO BE SFENT RETWEEN STARTS GF SCAMWING FERIODS.
250 REM

255 REM E6 TIME TO BE SFENT SCANNING.O0 MEANS ONE SCAN.

260 REM

265 RIEM E7 SUITCH VC DECIDE WHETHER OUTFUT I€ 70 GO YC DEC-TAFE

271 REM

280 REM

300 REM

310 REM K COUNTER FOR WHICH WINDOW IS CURRENTLY BREING LOOKED AT.

320 REM

330 REM I+J GENERAL USE COUNTERS

340 REM

350 REM D9 HARDWARE CHANNEL (WINDOW) BTING LOOKRED AT CURRENTLY

360 REM

370 REM D8 TUMMY ARGUMENT BREING USEDL *"BUSY®

380 RiM

390 KEM R1 GAIN VALUE RETURNED BY REN1 THIS SHOULD EE EQUAL TO EB(he2)
400 REM

4310 REM R2 ARGUMENT TELLING IF MAXI ‘UM COUNT WAS ATTAINED

420 REM

430 REM R3 ARGUMENT TELLING IF MAXIMUM TIMZ WAS ATTAINED

440 REM

450 REM R4 ARGUMENT DIUMMY? FROM RED1 TELLING IF COUNT EXCEEDED THE LIMIT
460 REM

470 REM RS ARGUMENT CONTAINING THE FAST TIMER TIME FROM RED!

480 REM

490 REM T *REAL® TIME ELAFSED MINUTES FROM STARTING

500 REM

510 REM Z ARGUMENT FOR "ENGY® THAT CONTAINS THE MOST RECENMNT VALUE OF E/E
511 REM

515 REM C CURRENT E/E TOUNT VALUE FOR CUMULATION

320 REM

525 REM C$ VALUT TO DETERMINE WHETHER TO CONTINUE IF ON INTERNAL MOLE
526 REM REQUIRES THAT IT BE SET TO EXTERNAL BEFORE GOING ON

530 REM G TIME THAT RUN IS TO END

£31 REM

%35 REM GO INITIAL CLOCK TIME USUALLY O

536 REM
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S54¢
541
545
550
560
570
380
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
770
760
790
800
810
830
840
850
3460
870
880
870

REM
REM
REM
RE#H
RER
REHM
KEM
KEM
REM
REM
REM
KL M
REM
REM
KEM
REM
RER
REM
RE M
RFM
REM
REM
REM
REM
REM
REM
RENM
REMN
REM
REM
REM
REM
REM
REM
END

G1 QUITTING TIME FOR SCANNING SET
G2 REGINNING TIME FOR NEXT SET OF SCANS

23 SECONDS FOR MAXIMUM TIME

E$(7) AN 3 ELEMENT CHARACTER ARRAY CONTAINING THE CHEMICAL
SYMEOL (DR NAME) FOR THAT ELEMENT ASSOCIATED WITH THAT WINDOW

B(7+9 ) AN 8X10 ARRAY CONTAINING THE FOLLGWING?

I»0 LOWER ENFRGY RaTIO INFUT

I+1 UPFCR ENERGY RATIO  INFUY

I:2 GAIN  SENSTIIVITY FACTORS 0= 1y 1232y 2=55,3=2%10
1,3 COUNT -AVERAGE OF THE GSEVERAL FASSES(RL)

I-4 PROLMUCT OF THE FRECEDING TWO ACTUAL COUNTS

I+5 FAST TIMER TIME

I»4 COUNT RATE - DIVIDEND OF FRECEDTMNG TWO.

I,7 SWITCH TO DICTOE RETWEEN TIME FOR COUNTI1L» COUNT FOR TIMEZO
1.8 MAX COUNT (FPOWER OF 2) FOR THIS ENERGY RATIOD GAF
I,9 MAX COUNT (NUMRBER) ENTERED

110 GAIN FACTOR VALUE =192+3s OR 10

C(4) A O ELEMENT ARRAY TD HOLD INTERMEDNIATE COUNT VALUES
BEFORE AVERAGING THEM FOR E(I »3)

[(4) HOLDNS THE CUMULATIVE INTERMEDIARY VALUES FOR FAST TIMER
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APPENDIX D

CdTe Depth Profile Data Obtained with
the Ion Scattering Spectrometer Con-
trolled by the PDP 11/20 Data Processor.



LTISSE 18-DEC-75 PBRASIC V01-05

IF YOU WISH OUTFUT ON THE NECTAFE ENTER 1, OTHERWISE 0.
70
ENTER THE MAXTMUM NUMEER OF SECONDS THAT AN TINTITUTNUAL
SCAN SHOULT L AST: A NUMRBER RETWEEN .1 AND 51.1
L
S5 AFPROX =2 #%x & = 25,6
ENTER NUMEBER OF MINITES TO BF SPENT ON AN INDITUTIIIAL SFT OF SCANS
A NUMEER LESS THAN 1 CAUSES SINGLE FASSES
2e)
ENTER THE TIME RETWEEN STARTS OF SCANS
710
ENTER THF NUMEER OF THDUSANTITHS YOU WISH AS A STFFSTIZE FOR
CROSSING FROM ONF ENFRGY RATIO KOUNDRY TU THF DTJFR,
ZERO CAUSES THE OFTION TO BE IGNORETs OTHERWISE FNTER AN
INTEGEFR RETWEEN 1 AND 599
71
ENTER THE TOTAL TIME IN MINUTES THAT THIS RUN MAY LAGT
7360
ENTER THE NUMEER OF ENERGY RATIO RANGES 10 RE USCL FOR
THIS EXFERIMENT. AT LEAST 1 MUST KE USED AND MAX 1G 8
8
ENTER THE NUMEREIR OF CONSECUTIVE SCANS ACROSS AN INUIVINNAL FNFRGY RATLO 6
AF THAT ARF TO EBE USEN1+3,0rR 5.
71
ENTER THF FOLLOWING TIATA UNTIL YOU HAUE 2 LINFS FOR EACH
ELEMENT TO RE CONGIDERED .  THIS IS THE FORMAT:
LINE 1 CHEMICAL SYMROLs LINE 2 NIJMRERS SEFARATED RY COMMAS
1. THE CHEMICAL SYMEROL
2. LOWER ENERGY RATIO
3. UJFPER ENLRGY RATIO
4. GATN GENSITIVITY te 25 S, OR 10
S. MAX COUNT - A NIJMEIR BETWEEN 16 AND 32768
»

STi

PI0+205 1y 10000
SIL 20 20 1 0 10000
?SIF
P2592551910000
STIF 25 25 + 0 10000
?STH
730,304,105 10000
SIH 30 30 t 0 10000
KL
?320+,320,1,1000
K. 320 320 1 0 1000
NP
?3359335+1,1000
KF 335 335 1 0 100u
?KH
?3609360+1,1000
KH 360 360 1 0 1000
?Ch
?70097009195000
cCh 700 70¢C 1t 0 5000
?TE
$745,745,1+15000
TE 745 745 1 0 15000
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EL STk
SIL 20
SIFE 25
SIH 30
KL 320
KF 335
KH 360
CDh 700
TE 745
1.6
SIL 20
SIF 25
SIH 30
KL 320
KF 335
KH 340
Ch 700
TE 745
1,6
SIL 20

EL STR
SIL 20
SIF 25
SIH 30
KL 320
KF 355
KH 340
cn 700
TE 745
1.6
SIL 20
SIF 25
SIH 30
KL 320
KP 335
KH 360
Ch 700
TE 745
1,6
SIL 20

EL STR
SIt. 20
SIF 25
SIH 20
KL 320
KP 335

STOF

STOF
20
25
30
320
135
360
700
745

20
25
30
320
335
360
700
745

20

STOF
20
25
30
320
335

COUNT GAN CTXGN COUNT RATES
3904 1 3904 610

8192 1 8192 1575
8192 1 8192 J034
1024 1 1024 379
1024 1 1024 394
1024 1 1024
4096 1 4096
16384 1 146384
3669 1 36464 573
8192 1 8192 1517
§1°2 1 8192 2926
1024 1 1024 3?4
1024 1 1024 394
1024 1 1024
4086 1 4096
10384 1 16384
3507 1 3507 549
COUNT GAN CT&GN COUNT RATES
3885 1 3885 407
8192 1 8192 1546
8192 1 8192 J034
1024 1 1024 366
1024 t 1024 379
1024 1 1024
4096 1 4096
16334 1 16384
3587 1 3587 560
8192 1 8192 1437
8192 1 8192 2825
1034 1 1024 366
1024 1 1024 427
1024 1 1024
4096 1 4096
16384 1 16384
2422 1 3422 535
COUNT GAN CTXGN COUNT RATES
3831 1 3831 599
8192 1 8192 1463
8192 1 8192 3034
1024 1 1024 379
1024 1 1024 379

72

445

2276

TIME CTIM
1291 6.4
1291 5.2
1291 2.7
1291 2.7
1291 2.6
1291 2.3
1291 1.8
10240 1291
1292 4.4
1292 5.4
1292 2.8
1292 2.6
1292 2.6
1292 2.5
1292 1.8
10240 1292
1293 4.4
TIME CTIM
1301 6.4
1301 5.3
1301 2.7
1301 2.8
1301 2.7
1301 2.4
1301 1.8
10240 1301
1302 6.4
1302 5.7
1302 2.7
1302 2.8
1302 2.4
1302 2.2
1302 1.8
10240 1302
1303 6.4
TIME CTIM
1311 6.4
1311 S.6
1311 2,
1311 2.
1311 2,

SFUTTEL TN

v

135 oIN

145 MIN

1

TINE
N



EL STR
SIL 20
SIF 25
SIH 30
KL 320
KF 335
KH 360
cn 700
TE 745
1.7
SIL 20

EL STR
SIL 20
SIF 25
SIH 30
KL 320
KF 335
KH 360
cn 700
TE 745
1.7
SIl 20
SIF 25
SIH 20
KL 320
KF 335
KH 340
co 700
TE 745
1.8
SII 20

STOF

20
e L
45

30

320
335
3460
700
745

20

STOF

20
25
30
320
335
360
700
745

20
2%
30
320
330
J60
700
745

20

sTOar

20

25

30

320
335
3460
700

745

CUUNT GAN CTxGN COUNT RATES

365 1 3657 571

8192 1 8192 1463

8192 1 8192 2825
1024 1 1024 3v4
1024 1 1024
1024 1 1024
4096 1 4094
16384 1 16384

3346 1 3346 523

COUNT GAN CT¥GN  COUNT RATES

472990 L 4296 670

8192 1 8192 1743
8192 1 8192 3151
1024 1 1024 S
1024 1 1024

1024 1 1024

4096 1 4096

16384 1 16384

4138 1 4138 447

8192 1 8192 1638
8192 1 8192 3034
1024 1 1024 5
1024 1 1024

1074 1 1024

4096 1 40%6

16384 1 16384

4166 1 4166 651

COUNT GAN CT*GN COUNT RATES

5562 1 55462 869

8192 1 8192 2482
6192 1 8192 3901
1024 1 1024 640
1024 1 1024
1024 1 1024
40746 1 4096

14384 1 16384

9333 't 5333 832

8192 1 8192 2214
8§12 1 8192 3901
1024 1 1024 60
1024 1 1024

1024 1 1024

4096 1 4096

16384 1 16384

5400 1 5400 844
8192 1 8192 2214

73

94638

9102

7302

78072

TIME CTIM
1322
1322

1322

Time

1331

1331
1331
1331
1331
1331

1331

1332

1332
1332
1332
1332
1332

1332
1332

1333

TIME CT{i4
1341

1341
1341
1341
1341
1341

1341

1342

1342
1342
1342
1342
1342
1342

1342
1343

1331

P N T
iC ™

L ks

P R Y
LT = G

1341

1342



ELL STR
SIL 25
SIF 30
SIH 40
KL 320
KP 335
KH 3460
Ch 700
TE 745

2.2

SIL 25
SIF 30
SIH 40
KL 320
KP 335
KH 360
chr 700
TE 745

.2

- b

SIL 25
SIF 30
SIH 40
KL 320
KF 335
KH 340
cnr 700

EL STR
SIL 2%
SIF 30
SIH 40
KL 320
KF 335
KH 360
coh 700
TE 745
2.4
SIL 25
SIF 30
SIH 40
KL 320
KF 335
KH 360
Ch 700
TE 745
25
SIL 25
SIF 30
STH 40
NL 320
KP 335
KH 360
ch 700
TE 74%S

-~ =
“td

SIL 25
SIF 30
SIH 40
KL 320
KF 335
KH 360

STOR
25
30
40
320
335
360
700
745
25
30
40
320
335
340
700
745
25
30
40
320
335
340
700

STOF

320
335
360
700
745
25
30
40
320
335
340
700
745
25
30
40
320
335
340

COUNT GAN CTXGN COUNT RATES TIME CTIM
8192 1 8192 2926 1350 2.8
8192 1 8192 5120 1330 1.6
8192 1 8192 6827 1351 1,2

1024 1 1024 4683 1351 1.5

1024 1 1024 731 1351 1.4

1024 1 1024 683 1351 1.5

4096 1 4096 1517 1351 2.7

16384 1 16384 7447 1351
8192 1 8192 2825 1351 2.9
8192 1 8192 5120 1351 1.6
8192 1 8192 6827 1351 1.2

1024 1 1024 731 1351 1.4

1024 1 1024 731 1352 1.4

1024 1 1024 683 1352 1.5

40726 1 4096 1517 1352 2.7

16384 1 16384 7447 1352
8192 1 8192 2B25 1352 2.9
8192 1 8192 5120 1352 1.6
8192 1 8192 4827 1352 1.2

1024 1 1024 640 352 1.6

1024 1 1024 788 1352 ..

1024 1 1024 683 1352 1.5

4094 1 4096 1517 135 2.7

COUNT GAN CTxGN COUNT RATES TIME CTIM
8192 1 8192 3277 1356 2.5
8192 1 81%2 5851 1356 1.4
8192 1 8192 7447 1356 1.1

1024 1 1024 731 1356 1.4

1024 1 1024 788 1356 1.3

1024 1 1024 731 1356 1.4

4098 1 4096 1412 1356 2.9

16384 1 16384 6827 1356
8192 1 8192 3034 1356 2.7/
8192 1 8192 5851 1357 1.4
8192 1 8192 8192 1357 1

1024 1 1024 731 1357 1.4

1024 1 1024 788 1357 1.3

1024 1 1024 731 1357 1.4

4096 1 4096 1365 1357 3

16384 1 16384 6554 1357
61722 1 8192 2926 1357 2.8
81922 1 8192 5851 1357 1.4
81?22 1 B192 8192 1357 1

1024 1 1024 7886 135 1.3

1024 1 1024 788 1358 1.3

1004 1 1024 731 1358 1.4

4096 1 4096 1412 1358 2.9

16384 1 16384 6554 1358
8192 1 8192 3151 1358 s
8192 1 8192 5851 1398 1.4
8192 1 8192 8192 1358 1

1024 1 1024 788 1358 1.3

1024 1 1024 788 1358 1.3

1024 1 1024 683 1359 1.5

74

164 MIN

iI%0 MIN



EL STR
SIL 25
SIF 30
SIH 40
KL 320
NP 335
NH 3460
Ch 7200
TE 745
2.6
SIL 25
SIF 30
SIH 40
KL 320
NF 330
NH 3460
Ch 200
TE 745
2.7
SIL 25
SIF 30
SIH 40
KL. 320
NF 335
KH 360
ch 700
TE 745
2.7
S, 25
SIF 30
SIH 40
AL 320
NF 335
KH 340

EL STR
SJl. 25
SIF 30
SIH 40
AL 320
NF 335
KH 360
Ch 700
TE 745
2.8

SIL 25
S.r 30
SIH 40
NL 320
KF 3345
NH 340
Ch 700
TE 745
2.9

SIL. 25
SIF 30
STH 40
NL 320
NF 335
KH 340
ch 700
TE 745

2.9

STOF
25
30
40
320
335
360
700
745

=
23

30
40
320
335
3460
700
45
o5

30

40

320
X35
340
700
745

CIOUNT GAN CT*GN CODUNT RATES

8192 1 8192 3413
8192 1 8192 6302
8192 1 8192 8:92
1024 1 1024 782
1024 1 1024 788
1624 1 1024 768
4096 1 4096 1321
16384 1 16384
8192 1 8192 3413
B192 1 8192 6827
8192 1  8ty: 9102
1074 1 1024 788
1024 1 1024 738
1024 1 1024 788
4096 1 4096 1321
16364 1 14384
B192 1 2192 3413
8192 1 919, 6827
8192 1 8192 9102
1074 1 1024 788
1074 1 1024 853
1024 1 1024 =g
4096 1 4094 1280
16384 1 16384
B192 1 B192 1540
8192 1 8192 6827
8192 1 8192 9100
1024 1 1024 b
1024 1 1024 853
1024 1 1C24 731
COUNT GAN CT*GN COUNT RATES
8192 1 8192 3901
8192 | 8192 7447
8192 1 a192 9102
1074 1 10624 853
1024 1 1024 738
1024 1 1024 73
4096 1 3094 1241
16384 1 16334
8192 1t 8192 3901
8192 L 8192 7447
8192 1 R1eD 910D
1074 1 1024 853
1074 1 1024 853
1074 1 1004 731
4096 1 409 1205
16384 1 16384
8192 1 8192 4096
8192 1 8192 7447
192 1 8197 §107
1024 1 1024 853
1024 1 1024 853
1024 1 10024 731
4096 1 4096 1205
16384 1 16384

75

TIME CTIM
1362 2.4
1362 1.3
1362 1
1342 1.3
1362 1.3
1342 1.3

1362 3.1

6302 1362
1362 2.4
1363 1.2
1363 .9

1363 1.3
1363 1,3
1363 1,3

P36T B, 2

6068 1343
1343 2,4
1363 1.2
1363 9
1364 1.3
1364 1,2
1344 1.4

1344 3,0

6068 13464
1364 2,3
1344 liver sy
1364 9
1364 1.4
1344 2
13485 1.4

TIME C11Im
1348 .
13648 1.1
13468 .9
1368 1.2
1368 1.3
1368 1,4

1368 3.3

5891 1348
1368 2.1
1369 1.1
1369 .9
1369 1.2
1369 1.2
13649 1.4

1369 3.4

5650 1349
1369 2
136492 1.1

1349 ¢
13/0 L.
1370 1.2
1370 1.4

1370 3.4

5630 1370

196 MIN

‘GOt IN



SiL 25
S1F 30
5IH 40
AL 320
KF 335
KH 360

EL STR
SIL 25
SIF 30
SIH 40
KL 320
KF 335
KH 360
Cn 700
TE 745
3
SIL 25
SIF 30
SIH 40
KL. 320
KNF 335
AH 340
ol 700
TE 745
3
SIl. 25
SIF 30
SIH 49
Ki. 320
KF 33%
KH 340
ch 700
TE 745
3.1
SIL 25
SIF 30
SIH 40
KL 320
KF 335

EL STKR
SIL 25
SIF 30
SIH 40
K. 320
KF 33Y
KH 360
ch 700
TE 745
3.2
Sl 25
SIF 30
SIH 40
K. 320
N 330
K'4 360
cn 7200
TE 745
J.3

=
25

30
40
320
335
360

STOF

ie 1=

-t
30
40
320
335
360

700
745

o] 4

pupe )

30

40

320
330
3460
700
745

- e
-‘J

30

40

320
330
360
700
745

[
23

30
40
320
335

STOF
25
30
40
320
335
360
700
745

e

)

30

40

320
335
360
700
745

8192 1 8192 4094
8192 1 8192 8192
8192 1 8192 2102
1024 1 1024
1024 1 102¢
1024 1 1024

788

853

COUNT GaAN CTxGN  COUNT RATES

8192 1 8192 4312

8192 1 8192 8192
8192 1 B192 1024
1024 1 10.°4
1024 1 1024
1024 | 1024
4094 1 3096
16384 1 146384
8192 1 8192 5
8172 | 819> 8192
812 1 8192 1024
1024 1 1024
1024 | 1604
1074 1 104
4094 ! 4094
16384 1 146384
8192 1 8192 4819
8192 1 8192 R192
319> 1 8192 1024
1624 1 1024
1024 1 10,4
1024 1 1024
4096 1 4098
16384 1 146384
8192 1 8192 4819
8192 1 812 8192
8192 1 H#192 1024
1024 1 1024

1024 1 1024

0
853

0
853

0
53

0
853

853

8G3

COUNT GaN CTXGN COUNT RATES

8192 1t 8192 5120

119> | 8162 2102
1192 1t 8152 10243
1074 1 1024
1074 1 104
1024 1 1024
4096 1 4096
14384 1 14334
8192 1 8192 5441
8192 1 8192 2102
8192 1 8192 1024
1024 1 1024
o241 003
1024 1 1024
4096 1 4096

16384 1 163874

76

0
RS3

0
788

931

?31

786

788

731

731

1138

1138

1078

10

[
J

0

13720 2
13720 1
13720 .9
1370 1.3
13720 1.2
1371 1.3
TIME CTIM
13724 1.9
13724 1
1374 3
1374 1.2
1374 h.2
1374 1.4
13749 3.4
5461 1474
1374 1.8
1395 1
1375 .8
13275 4.7
L3375 1.3
) (RGN (s
JI3T5 3ac

5461 1375

137% 1.2

1275
1375
1376 4

12

1326 1.2
1376 .4

1376
n28S 1376

)

e

1376 1.7
1376 1
1376 .3
1376 1.2
1377 -
TIME C11im
1380 .
1380 .9
13§10 .8
11260 Poo
1380 1.1
1380 1.4
13180 3.8
S120 t 530
1380 .5
1381 Q@
1381 R
1311 1.1¢
12061 [
1381 1.4
1381 1.9
4965 1381

208 MIN

13 mMIw



SIL
SIF 30
SiH 40
KL 320
KF 335
KH 360
ch 700
TE 745
3.2
SIl. 25
SIi* 30
SIH 40
KL 320
KF 335

25

EL STR
SIl. 2%
SIF 30
SIH 40
L 320
NF 335
360
700
TE 745
3.6
SIL
SIF 30
SIH 40
KL 320
KF 235
KNH 340
CDh 700
TE 745
3.6
Sl 2§
SIF 30
SIH 40
N 320
NP 335
NH 3460
cn 700
TE 74%S
3.6
SIL
SIF 30
STt 40
N, 320
KNF 335

-
25

14
25

EL STR
SIL. 25
SIF 30
SIH 40
K 370
N 335
NH 360

STOF
23
30
40
320
33%
340
700
745
23
30
40
aonn
335
340
760
745

25

30

40

320
335
360
700
745

=
25

30
40
30
33%

STOF
25
30
40
370
335
360

8172 1 8192 5461
8192 1 8192 9102
84192 1 8192 10240
10274 1 1024 as3
1024 1 1024 853
1024 1 1024 731
40596 1 4096 105
16384 1 16384
8192 1 8192 5851
8192 1 812 9102
8192 1 B152 10240
1024 1 1024 853
1024 1 1024 85:
COUNT GAN CT#GN COUNT RATFS
192 1 3192 S851
8192 1 8192 10240
192 1 8192 10240
1074 1 1024 853
1024 1 1924 788
1024 1 1024 781
4096 1 4096 953
16384 1 16384
8192 1 8192 4302
8192 1 8192 10240
8192 1 8192 10240
1024 1 1074 788
1024 1 1024 833
1024 1 1024 483
4096 1 409 931
14384 1 16384
8192 1 8192 4302
192 | /192 10240
8192 1 8192 10240
1024 1 1024 788
1024 1 1024 788
1024 1 1024 731
4096 1| 4096 953
16384 1 16384
8192 1 8192 4827
8192 t 819> 10240
8192 1 A192 10240
1024 1 1074 788
1024 1 1024 853

COUNT GAN CT¥GN COUNT RATES

8172

8192

8192
to"4
1024
1024

1 8192

1 8192

1 8192
1 10674
i 1024
1 1024

6302
10240

10240
133

77

)0

5120

455

455

455

1381
1381
1381
1382
1382
1342
1362

1382
1382
1382
1392
1383

TIMFE
1386

13846

1385
1384
1386
1336
13646

13802

1.4
0(?
o4

1.8
e

e 2760 01N

1.4
8
o
¥ |
)i = B
1.4
4.3

1 1386

138364
1387
1387

1387

1387

1387

1337

t.3
.83
8

.3

Le¥

LY

4.4

1367

1387

1387

1388
138R
1388
13¢8
1368

1.3
8
.8

10"

103

1.4

4.3

1348

1388
1388
1388

1388

1389

TIME
13922

1392

1392
1392
1392
1392

‘0?
o8
.0

1.3

102

cTim D26 MIN




