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ABSTRACT 

Opt1cal propert1es of three types of 1nsulat1ng f1lms that 
show prem1se 1~ potent1al app11cat10ns 1n the III-V sem1-
conductor technology were evaluated, namely a-C:H, BN and 
CaF2· The plasma depos1ted a-C:H shows an amorphous 
behav10r w1th opt1cal energy gaps of approx1mately 2 to 
2.4 eV. These a-C:H f1lms have h1gher dens1ty andlor hard
ness, h1gher refract1ve 1ndex and lower opt1cal energy 
gaps w1th 1ncreas1ng energy of the part1cles 1n the plasma, 
wh1le the dens1ty of states rema1ns unchanged. These 
results are 1n agreement, and g1ve a f1ne-tuned pos1t1ve 
conf1rmat10n to an ex1st1ng conjecture on the nature of 
a-C:H f11ms (1). Ion beam depos1ted BN f1lms showamor
phous behav10r w1th energy gap of 5 eV. These f11ms are 
nonst01ch1ometr1c (BIN approx1mately 2) and have refract1ve 
1ndex, dens1ty and/or hardness wh1ch are dependent on the 
depos1t10n cond1t10ns. The ep1tax1ally grown CaF2 on 
GaAs f1lms have opt1cal parameters equal to bulk, but we 
found ev1dence of damage 1n the GaAs at the 1nterface. 

INTROOUCTION 

Insulator f11ms on s~m1conductors have a w1de var1ety of app11-
cat1ons, 1nclud1ng pass1vat10n, 1nsulat1on, capp1ng, etc. In the case 
of s111con, the s111con based f11ms 5102 and S13N4 have been success
fully used for all the reQu1red app11cat10ns. However, the need for 
h1gh speed dev1ces and 1ntegrated c1rcu1ts requ1res the use of III-V 
sem1conductor dev1ces and substrates. 51°2 and S13N4 proved to be 
1nadequate for some of these app11cat10ns for III-V sem1conductors. 
Thus, new types of 1nsulator f11ms for one or more of the reQu1red 
app11cat10ns are needed 

In th1s study we have chosen 1nsulator f1lms belong1ng to three 
groups of mater1als: amorphous hydrogenated carbon (a-C:H), boron 
n1tr1de (BN) and a fluor1de (CaF2). All three groups are new 1n 
the search for adequate gate d1electr1cs for III-V sem1conductor 
dev1ces, the most d1ff1cult and cruc1al app11cat1on of an 1nsulator 
f1lm. They can be used for a var1ety of appl1cat1ons, and they have 
rather useful propert1es. Some of these propert1es are: (a) a-C:H. 
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Eas1ly prepared as a homogeneous f11m (2), very hard mechan1cally and 
chem1cal1y, h1gh breakdown voltage (3) and res1st1v1ty. relatively 
low interface density of states on 51 (4) and InP (3). var1able energy 
gap (1 and 5), can be used in metal-insulator-metal MIM structures 
(6). (b) Boron n1tr1de, BN, has been suggested for u~e with III-V 
sem1conductors (7). It 1s a h1gh temperature d1e1ectr1c (8), sug
gested fQr passivation (9). protective coat1ng (10) or x-ray litho
graphy masks (11). The f1lms can be prepared by 10n beam (12 and 
13). low temperature CVD (14 and 15). plasma depos1t1on (16 and 17), 
RF glow discharge (18), sputtering (19), boraz1ne pyro1's1s (20) and 
others (7 and 21). The propert1es of the BN films, as 1n the a-C:H 
case, depend on the preparation cond i t1ons. (c) Fluor1des, (Caf2 
1n this report) are of 1nterest as ep1tax1a1 growth (nonlatt1ce 
matched) has been reported on GaAs (22), InP (23) and S1 (24). It 
has a high bandgap (12 eV), relat1,e1y h1gh dc d1electr1c constant 
(25), can be used 1n very fine line (approx1mate1y 3 nm) lithography 
(26). Double heterostructures promising three dimensional integrated 
circuits have been reported in GaAs (2), InP (28) and S1 (29). Thus 
the poss1b1l1ty of grow1ng S1, fluor1de and III-V comb1nat1ons for 
opt1cal and m1crowave c1rcu1ts 1nterm1x1ng 1s very real. Working FET 
devices were reported in 51 (30 and 31). 

In th1s work. we report a study of a-C:H, BN and CaF2 f1lms 
using ellipsometry, UV-v1s1ble absorption, IR ref1ect10n and trans
m1ss10n, and Auger electron spectroscopy (AES). In the case of a-C:H 
we correlate our results with ex1st1ng conjectures (1) regard1ng 
opt1cal gap, hardness and graph1te content. In the case of BN and 
CaF2 we analyze our results to obtain the qual1ty of the f1lms and 
1nterfaces and the poss1ble chem1ca1 1mpur1t1es 1n them. 

EXPERIMENTAL 

The sample preparat10n w111 be d1scussed only very briefly. 
a-C:H f1lms were prepared by 30 KHz plasma depos1t1on (1 and 32) using 
several power ~ett1ngs w1th a constant pressure, or several pressures 
w1th a constant power. In one instance, a constant power and pressure 
were kept. wh1le th~ temperature of the substrate was varied. Sub
strate~ used 1n th1s study were InP (for el11pso~etry). quartz (for 
UV-v1s1b1e absorpt10n) and S1 (for IR Mult1ple Internal Ref1ect1on
MIR). BN f1lms were prepared by Sp1re Corporat10n using an 10n beam 
techn1que and boraz1ne (10 and 13). The 10n beam energy was kept 
very low (150 eV) to reduce the damage to the III-V sem1conductor, 
wh11e the other cond1t1ons were set for good qua11ty material (10 and 
13), i.e. temperature of 200 and 350°C, 10n beam current density of 
100 pA/cm2 and using a heated tungsten f11ament through the 10n 
beam for 10n beam neutral1zat10n. Four runs were done, using InP, 
GaAs, S1, quartz and Ge-MIR substrates. Only two runs gave homoger
eous samples, and w1l1 be reported here. The BN f1lms d1d not adhere 
to the GaAs, InP and Ge-MIR substrates. Thus, only good qual1ty 
f1lms were obta1ned on 51 and quartz sub~trates. The CaF2 f1lms on 
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l1ne 1n amorphous sem1conductors. accord1ng to Mott ~nd Dav1s (38). 
The absorpt10n coeff1c1ent a 1s g1ven by: 

a = 
411' °m1n 
nc tiE 

(1) 

Here n 1s the refract1ve constant. (om1n/~E) 1s a factor deter
m1ned by the dens1ty of states 1n the bottom of the conduct10n band 
and/or the top of the valence band. E 1s the photon energy and Eo 
1s the opt1cal energy gap (A = ad. where d 1s the f1lm th1ckness). 
Usually. the factor (411' Om1n)/(nc ~E) 1s abbrev1ated by a s1ngle 
parameter. B2. A value of Eo = (2.35±0.08) eV 1s obta1ned from 
F1g. 1. In add1t10n. a rather s1gn1f1cant "ta1l" 1s observed at low 
energ1es and low absorpt10n values. s1m1lar to that found 1n a-C:H 
produced by g'iow d1scharge (39 and 40). Us1ng an est1mate for the 
th1ckness d, we calculate a value of (aE)1/2 ~100 (cml/2 eV1/ 2) 
for the "knee, 1n good agreement w1th prev10us data (40). Th1s low 
value of the "knee" 1s one of the reasons why "ta1l" free results are 
prevalent 1n the 11terature (5, 41, and 42). We tr1ed to enforce an 
exponent1al Urbach edge (38) on the "ta1l". We obta1n u value of 
0.7 eV for the act1vat10n energy, wh1ch seems too h1gh when compared 
w1th the results for a-S1xCl_x (43). We must p01nt out that the 
exper1mentai errors are qu1te h1gh 1n th1s exper1mental range. 

El11psometr1c measurements of a-C:H f1lms on InP were done at 
s1x wavelengths for 0 values of the depos1t10n power at a flow rate 
of 70 sccm, correspond1ng to a of pressure of 315 mTorr. A three 
phase model was used successfully 1n analyz1ng all the a-C:H el11pso
metr1c data. Representat1ve results of the refract10n constant n 
and the ext1nct10n coeff1c1ent K (K = 411'a/~) as a funct10n of depo
s1t10n power P for several wavelengths are shown 1n F1gs. 2 and 3 
respect1vely. The results for K were analyzed 1n a Tauc plot, as 
shown 1n F1g. 4. The stra1ght 11nes were drawn through the (aE}1/2 
p01nts above the "knee" at (aE)1/2 z 100. The slopes of these 
l1nes, 1.e. the parameters B as def1ned prev10usly us1ng Eq. (1), 
have the same value for all powers used, denot~ng that the dens1ty of 
states 1s not chang1ng as a funct10n of the depos1t10n power 1n th1s 
case. The value of B 1s 300 cm-1/2 eV-1/2, versus 750 cm-1/2 

eV-1/2 for a-S1 xCl_ x (43) and 1n good agreement w1th results 
deduced from plasma depos1ted a-C:H results (39 to 41), The opt1cal 
gap Eo found from F1g. 4 1s dep1cted 1n F1g. 5, as funct10n of 
the depos1t10n power P. A decrease 1n Eo 1s clearly observed 
w1th 1ncreas1ng power. We def1ne the Ar etch rate ER as d/te 
where te 1s the Ar etch t1me through the whole th1ckness of the 
f11m and d 1s the el11psometr1cally determ1ned th1ckness. The 
exper1mental ER as a funct10n of the depos1t10n power 1s shown 1n 
F1g. o. A marked decrease 1n ER versus P ,S apparent, denot1ng a 
harden1ng and/or dens1fy1ng of the f11m w1th the depos1t10n power. 
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GaAs were prepared at West1nghouse Research Center as descr1bed in 
Ref. 22, us1ng an ion bombardment cleaning method su1table for epit
axial growth (33). 

E1l1psometry was performed us1ng a rotat1ng analyzer ellipsometer 
with a laser or a Hg arc lamp as 11ght sources. The mu1t1p1e angles 
of 1nc1dence and wavelengths method was used 1n the data analysis (34 
and 35). Th1s method g1ves a unique determ1nation of the refract1ve 
1ndex and the ex~1nct10n coefficient at each wavelength without any 
assumpt10ns en composition of the film and a prior knowledge of the 
opt1ca1 constants of the const1tuents. In most cases, a three phase 
model was used. However, presence of an interface or an inhomogeneous 
f11m require a four phase model (35 and 36). At least five angles of 
1nc1dence were used at each wavelength. The refractive indexes and 
ext1nction coeffic1ents of the substrates used in the el11psometr1c 
work, 1.e. GaAs, InP and Si, were taken from Aspnes and Studna (37). 

Reflection and transm1ssion at normal incidence were measured 
continuously 1n the IR (2.5 to 50 ~m range) using a computer control
led Perkin Elmer 1430 spectrometer. During the measurements, the 
sample cell was continuously purged with dry nitrogen. In some cases, 
MIR plates were used to enhance sensitiv1ty in the IR. Absorpt1on 1n 
the UV-v1sible (190 nm to 3.2 ~m wavelength range) was measured us\ng 
a computer controlled Perkin Elmer Lambda 9 spectrometer. The data 
was taken discretely using a slit width of 2 nm. Up to 200 points 
were measured on each sample. The sample cell was continuously purged 
with dry nitrogen during the measurements. A blank quartz substrate 
was placed in the reference path, for hackground correction. However, 
no correct10n was made for the difference in the reflectivity of the 
quartz reference plate and the f11m. 

AES was used in conjunct10n with Ar ion sputtering for depth 
profi11ng. Absolute etch rates were determined by comparison with 
the ellipsometrically determined film thickness. Absolute values of 
the atomic concentrations were obtained by correcting the peak to 
peak signal amplitude by the corresponding elemental sensitivity 
factor. 

RESULTS AND DISCUSSION 

a-C:H Fllm~ 

Absorption in the UV-visible range was taken on a-C:H films made 
on quartz substrates from methane gas (CH4)' at a power of 150 W 
and a flow rate of 50 sccm, corresponding to a pressure of 245 mtorr. 
The directly measured parameter 1s the absorbance A. In Fig. 1 we 
show a Tauc plot, i.e. (AE)1/2 versus E. This plot is a straight 
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At th1s stage, we w111 compare our results with the conjecture 
forwarded by s. Kaplan et al. (1). They cla1m that s1nce double bond 
hydrogenat10n 1s an exotherm1c process, "graph1t1c" behav10r 1s fav
ored over tetrahedral bond1ng 1n h1gher energy growth env1ronments. 
They show ev1dence of th1s assumpt10n by compar1ng a-C:H f11ms made 
by f1ve d1fferent exper1mental conf1gurat1ons. As a-C:H propert1es 
are depen1ent qu1te strongly on the many var1ables encountered 1n 
d1fferent preparat10n cond1t10ns, 1t seems that a better test of th1s 
assumpt10n 1s 1n order. In add1t1on, the1r results ~how a rather 
str1k1ng feature: a-C:H f1lms exh1b1t1ng more "d1amondlike" behav1or, 
i.e. larg~r bandgap and more tetrahedrdl bond1ng show a steep decrease 
in their hardness as compared w1th t~e more "graph1t1c" films. 

Our results conf1rm th1s model, includ1ng the hardness test. The 
h1gher the plasma depos1tion power, the more sp2 versus sp3 bonds 
are made, g1v1ng a more "graphitic· f11m, w1th smaller bandgap (F1g. 5) 
and h1gher hardness or dens1ty (F1g. 4). We further tested th1s model 
us1ng the correlat10n of the refractive 1ndex n 1n thp v1s1ble w1th 
depoSit1on power (F1g. 2), i.e. higher n for the more "graphit1c H_ 

l1ke f11ms, grown at h1gher depos1t1on powers. F1g. 7 shows the el11-
psometr1cally measured refract1ve 1ndex 1n the v1s1ble as function of 
the depos1t1on temperature. An 1ncrease 1n n, 1.e. more "graph1t1c" 
behav1or, 1s ev1dent as the energy growth env1ronment 1s 1ncreased. 
S1m1lar behav10r was found 1n the l1terature (40 and 44). The last 
po1nt 1n F1g. 7, at 250°C, 1s anomalous. We be11eve that the depo
s1t1on process 1s somewhat changed above 200°C. For example, we 
could not depos1t any a-C:H fIlms at all (2) on III-V-sem1conductors 
above 200°C. Changes 1n the depos1t1on above 200°C were also 
reported elsewhere (44). In F1g. 8 we show a general decrease 1n 
el11psometr1cally measured refract1ve 1ndex n w1th 1ncreas1ng depo
s1t1on pressure. The higher the pressure, the lower 1s the average 
energy per part1cle, 1.e. we expect less "graph1t1c" f1lm. F1nally, 
we show 1n F1g. 9 a Tauc plot for a-C:H f1lm made us1ng n-butane, 
C4H10· The power (150 W) and pressure (245 mtorr) are equal to 
that used for the film shown 1n F1g. 1. However, the opt1cal enprgy 
gap 1s now (3.05±0.20) eV versus 2.35 eV. The average energy per 
mass (or the part1cles' momentum) 1s smaller for the heav1er butane 
molecule as compared to methane. Thus we obta1ned a h1gher bandgap 
1n agreement w1th the model. 

BN f1lms 

An AES prof1le of one of the BN f1lms, made at 200°C substrate 
temperature 1s shown 1n F1g. 10. The f11m 1s nonsto1ch1ometr1c w1th 
a BIN rat10 of about two. The same rat10 was found 1n the f1lm made 
at 350°C. Small oxygen and carbon contam1nat10ns are also ev1dent, 
w1th excess 0xygen at the interface and a large excess carbon on the 
surface. It 1s be11eved that the optical properties of boron Oxide 
are s1m1lar to that of BN, and therefore the excess oxide will not be 
detected. Nonstoich10metr1c BN f1lms, w1th BIN rat10s of two have 
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been shown to exh1b1t propert1es not much d1fferent than the st01ch1-
ometr1c compos1t1on (15). Thus, we be11eve that our results are at 
least qua11tat1vely, representat1ve of 1on-beam sputtered BN w1th 
almost st01ch1ometr1c compos1t10n. Add1t1~~a1 exper1mental results 
on the sample analyzed 1n F1g. 10 w1ll now be shown. In F1g. 11, we 
show IR reflect10n (R 1n arb1trary un1ts) and transm1ss1on (T) spectra 
of BN on S1. The usual BN peaks (9, 18 to 21, and 45), shown to be 
present 1n the amorphous phase (18 and 21), at 1370 and BOO cm-1, 
are observed. The peak at 1370 1s w1de and asymmetr1c, as prev10usly 
reported (18 and 19), poss1bly dUt~ to contr1but1on from boron ox1de. 
The transm1ss1on results show two add1t10nal "valleys," that are due 
to the S1 substrate. N-H and the other bands could not be detected 
due to the low sens1t1v1ty. In F1g. 12 the absorpt10n coeff1c1ent 
Q, 1n the v1s~ble range, 1s shown versus the photon energy E. The 
th1ckness was obta1ned from el11psometry and the absorbance measured 
d1rectly. We observe a peak 1n Q at 3.2 eV, a "shoulder" just below 
5 ~V and a steep 1ncrease below 5 eV. A Tauc plots1ng the same 
results for Q as shown 1n F1g. 12 1s shown 1n F1g. 13. We found an 
opt1cal gap of (S.0±0.4)eV w1th a dens1ty of state parameter of 
B = (850±50)cm-1/ 2 eV-1/2. Very s1m1lar results were found for the 
BN f1lm depos1ted at 350 DC, w1th an opt1cal gap of (5.1±0.4)eV, 
B = (1000±BO)cm-1/ 2 ev-l/2, a Q peak at approx1mately 3.2 eV and a 
"shoulder." These results are 1n contrast w1th a d1rect opt1cal gap 
observat10n (21), 1n agre~ment w1th the values of the opt1cal gap of 
approx1mately 5 eV repnrted ear11er (18 and 19) for amorphous BN, but 
a l1ttle h1gher than 4 eV reported much ear11er (9). The result 
obta1ned 1n F1g. 13 p01nts to the amorphous nature of th1s f1lm. It 
1s be11eved that only 20 percent or less of the 10n beam depos1ted BN 
1s in the cub1c phase, w1th the rema1nder be1ng amorphous, but def1-
n1tely not hexagonal (10). The exact or1g1ns of the peak at 3.2 eV 
and the "shoulder" at 5 eV are not known. We tr1ed to f1t the "shoul
der" to an Urbach edge, but 1t does not shown exponent1al behav1or. 
The refr~ct1ve 1ndex n versus wavelength as obta1ned by ell1psometry 
and us1ng a three phase model, 1s shown 1n F1g. 4 for two BN f1lms. . 
The ext1nct1on coeff1c1ent 1s e1ther zero at A > 546.1 nm, or very 
small, 1n agreement w1th the absorbance data. We see a small decrease 
1n n w1th 1ncreas1ng wavelength, typ1cal of h1gh band gap mater1al. 
There 1s a def1n1te decrease of n w1th 1ncreas1ng substrate temp
erature. The value of n reported here 1s 1n agreement w1th some of 
the reported data, espec1ally when h1gher temperature or h1gher energy 
depos1t1on was 1nvolved. The h1gher the energy or the substrate temp
erature, the lower 1s the reported refract1ve 1n0ex (15, 18, 20, and 
45), aga1n 1n good agreement wHh our data. We n1te that th1s trend 
1s oppos1te to that found 1n a-C:H. We w1ll now ~ tggest an explana
t10n of th1s trf?nd 1n n versus depos1t1on temper •.. iJre, at least 1n 
th1s case. We calculated the absolute Ar etch note ER of BN, s1m1lar 
to the case of a-C:H (see F1g. 6). We obta11led ER = 7.7 nm/m1n and 
3.B nm/m1n for the 350 ard 200 DC substrate temperatures respect1vely. 
Th1s s~ows that a harder and/or denser f1lm was obta1ned at the lower 
substrate temperature, a fact that by 1tself 1s po1nt1ng to a h1gher 
refract1ve 1ndex n. A s1m11ar dependence of n versus the hardness 
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was found 1n a-C:H, but 1t occurred when the a-C:H substrate tempera
ture was ra1sed. We have also tr1ed to f1t the el11psometr1c data to 
a four phase model. We found that there 1s no 1mprovement 1n our f1t 
wh1le the fourth phase was an 1nterface layer. However, when the top 
100 A were assumed to be d1fferent from the rest of the sample (36), 
we obta1ned a decrease by a factor of 5 1n the var1ance. Thus, the 
top layer was shown both by AES and by el11psometry to be d1fferent 
from the rest of the f11m. Numer1cally, the top layer has a s11ghtly 
lower refract1ve 1ndex, wh11e the absolute value of n for the bulk 
of the f11m was pushed up by ,oughly 5 percent versus the data shown 
1n F1g. 14. 

CaF 2 Fl1ms 

The ep1tax1al C2F2 f11ms were grown on GaAs. Thus, only IR 
and el11psometr1c opt1cal character1st1cs could be performed. A 
reflect10n spectrum (R 1n arbHrary unHs} 1 s show,; 1 n F1g. 15. The 
ma1n feature observed 1s the large peak at approx1mately 280 cm- l , 
typ1cal of bulk CaF2 fluor1te mater1al (46). El11psometr1c data 
was obta1ned for two CaF2 f11ms. Oeta1led results for one sample 
(NCG-l) are shown 1n Tab'~ I. The p~rameter 0 1s the var1ance, 
def1ned by (36) 

Here wand dare thp. exper1mental values, Wi and d ' are 

(2 ) 

the calculated values, N 1s the number of exper1mental wand d 
v~lues (56 1n th1s case) and M 1s the number of free parameters. 
The summat10n 1s on all angles of 1nc1dence 1 and wavelengths j. 
The results shown 1n column A were obta1ned us1ng a three phase model 
w1th nand K of GaAs from Ref. 37. The f11m has exactly the same 
refract1ve 1ndex (w1th1n exper1mental error) of bulk CaF2 (26). 
The result K = 0 was also pos1t1vely checked. However, the value 
of 0 1s very h1gh. In column B we used a three phase model, a f1xed 
value of n for the CaF2 f11m, (1.449 for all wavelengths shown) 
and vary1ng nand K for the substrate. The result shown 1n column 
B, Table I for GaAs shows nand K values wh1ch are approx1mately 
5 percent d1fferent from those reported by Aspnes and Studna (37). 
Th1s d1screpancy 1s h1gher than the exper1mental error, p01nt1ng to a 
change 1n the top layer of GaAs. Another approach, that seems more 
plaus1ble, was to try a four phase model. We f1xed the values of n 
and K of the GaAs and the CaF2 accord1ng to 11terature (26 and 
47) and got the result shown 1n column C. The var1ance 1s as low as 
1n column B, and the result shows an 1nterface w1th nand K cor
respond1ng to roughly 85 vol % GaAs and the rest vo1ds. Analys1s 
was done us1ng the effect1ve med1um approx1mat1on, as shown elsewhere 
(36). We bel~eve that the damage to the top GaAs layer, (wh1ch 
became later the 1nterface) was done dur1ng the clean1ng step (33). 
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Results of measurements at 6328 A for two CaF2 films are compared 
1n Table II. It happened that th1s wavelength was a very strong 
"resonant' line (35) for the NCG-l sample, thus show1ng very h1gh 
values of 6. These values are due to experimental error in setting 
and measur1ng the absolute value of the angle of 1nc1dence. Two sets 
of results are shown, wh1ch are equ1valent to columns A and B 1n 
Table I. The main conclus10n from Table II 1s that both films behave 
l1ke bulk CaF, and 1n both ~dS~5 there is a def1n1te change 1n the 
GaAs values of n arid K as compared to the results of Aspnes and 
Studna. El11psometr1c mea~urements done on the same NCG-1 f1lm else
where (48) and analyzed for the GaAs opt1cal constants nand K 
show b~tter a~reement w1th Ref. 37 for values of n, but the same 
d1screpancy 1n K. 

CONCLUSION 

Our stud1es on a-C:H are 1n gooo agreement w1th the conjecture 
forwarded by Kaplan et al. (1) regard1ng the d1rect correlat10n 
between the energy env1ronment dur1ng depos1t1on and the -graph1t1c" 
behav10r. We have tested and conf1rmed th1s assumpt1Jn w1th measure
ments of the opt1cal energy gap, the sputter1ng etch rate and the 
refract1ve 1ndex. Work 1s nu~ 1n progress to correlate these para
meters w1th the hydrogen content (47) as measured by IR and by nuclear 
react10n methods (2). The ma1n conclus10n regard1ng the 10n beam 
depos1ted BN 1s that the mater1al 1s amorphous and has an opt1cal 
bandgap of 5 eV. Refract1ve 1ndex and hardness are deper,dent on the 
depos1t10n temperature. These f1lms are not opt1m1zed yet, but the 
h1gh bandgap 1s prom1s1ng for app11cat10ns as a d1electr1c. The work 
1n CaF2 shows a good Qua11ty f1lm, w1th opt1cal propert1es s1m1lar 
to bulk. There are 1nd1cat1ons that the clean1ng procedure has 
damaged the top layer of the substrate. The qua11ty of the f1lm 
shows good prom1se for future app11cat1ons 1n sem1conductor dev1ces. 
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TABLE I. - ElLIPSOMETRIt: RESULTS FOi! AN EPITAXIAL 

CaF2 FILM ON GaAs 

[Three assumpt10ns are used for an.lys1s, as exp1a1ned 
1n the text, g1v1ng results A, 8 and C.] 

ca:2 G:A:~h! Inte~faCe--- --l 
_. ~-~~ K ~ n j - K__. __ ~.·--p~ 
3650 1.442 - 13.94812.03 I 1.32 2.32 

). 

(A) 

4047 1.445 _j4.634
1

2.02 3.58 1.85 
4358 1.447 - 5.25 1.43 3.92 1.46 
5461 1.439 - 4.34710.03 2.70 

t-.5_7_7_0+-1_.UO l -42~ 0.06 1.96_L '---1 

d(A) 
6 

1494.21 1496.4 i d1 • 22.4 A; d2 • 1478.5 A 

0.687 1 ____ O~~~J __ _ O. i 4~._n __ . __ 

TABLE II. - COMPARISON OF ELLIPSOMETRIC 
RESULTS or 632B A FOR TWO EPITAXIAL 

CaF2 FILMS ON GaAs. 

[In both cases the ext1nct1on coeff1c1ent 
of CaF2 was f1xed at 0.] 

l
-'--l _._-- ----I Sample CaF2 r---l -'.. .-._--

I n ~ d( A) n 

I~C~~1-t-1~44711. 14B8.5 \.B56a 
I 11.450 1497.1 3.914 

! NCG- 2 ! 1.432 1157 E '. 3. 856a 
L .. _ j 1.~~5~~547.~_14_~1l0 
IF1xed. 

'--"'---I~ 

GaAs i 6 I 

l
~ - -~~ I 

K I ~ 1 0.19~~ t- 0 . b;4 

I -0 I 0.5b5 

j 0.196a [' 0.1941 
-0 0.1~ 
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