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ABSTRACT

 Thie First Quarterly Progress Report on JPL Contract No. 954876
covers the work during the period Octobér 1 to Decembet 31, 1977. Commer-
ecial high purity ultrafine SiBNA’ A1203 and SiO2 powders were vacuum dried
and stored under nitrogen in sealed containers. Extensive analysis of the
chemical, physical and morphological characteristics of these powders has
been performed. ' '

The preparatién of high purity'AiN powder is being investigated
by elevated temperature gas ﬁhase nucleation reactions involving (1) the
reaction of AlCla(g) and NH3 and (2) tbe reaction between AlCl(g).and_NH3.

"While optimization of reaction (1) has not been completed, it appears that
this process will only give low yields. Preliminary evaluation of reaction
"(2) has not yvet proceeded far enough to permit definitive analysis of

results.



The interaction of molten silicon with fused quartz was examined

The solubility of oxygen at

ol8 atnms/cm3.

in a Knudsen cell using a mass spectrumeter.
the melting point of silicon was calculated to be 1.78 x 1

- and the activity coefficients of oxygen and silicon monoxide, the major

vapor speciles, were calculated to be 4,83 x 10724 and 7.01 x 10-5,

respectively.
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INTRODUCTION

' The JPL Low Cost Silicon Solar Array Project has been estnblished
| with the goal of decreasing the cost of solar photovoltaic arrays for
electrical power generation. Methods of producing silicon sheet for solar
cells are under active development as oﬁe of several tasks desigred to
achieve this objective. In the crystal growing processes a tefraccory
crucible is required to hold the molten silicon while in the ribbon pro-
cesses an additional refractory shnping die is needed to enable silicon
ribbon to be produced. In several ribbon processes the high temperature
mnterinls_are a limiting factor in the development of the technique.
it s e - Tha objoetive of thia study iaLthdévelop and evaluate rve=
fractory die and container materials. The performance targets for the
die and container materials are given in the statement of work as:
(A) The material must be mechanically stable to
temperatures gfeater than the melting point
of silicon (1412 €). Thus it must not melt
or undergo other destructive phase changes
below this temperature.
(B) Materials in contact with molten silicon must
be dimensiohally Stable. to 0.5 mils over a
24 hour period in case of dies. This is
necéssnry to maintain dimensional control of
the processed silicen strip, and is to include
erosion, corrosion, or growfh of surface re-
action products, With container materials,
acceptable reaction rates will be controlled
by permissible impufity level.
{C} The die and container material must not exces-
sively contaminate silicon processéd through i1t.

15 atoms/cc

Present indications suggest that 10
is an upper limit for general impurities. Ex-
ceptions to this are: aiuminum, phospﬁorus,
bdron, arsenic, and gallium, which may be bresent

- one or twa orders of magnitude higher, and carbon,




oxygen, and nitrogen, which may be present in

amounts dictated by e:osion rates (approximately
19

10

numbers may occur as knowledge of their specific

ctoms/cc). However, revision of these

effects is developed. Tor exaﬁple, there are
indications that structural imperfections result .
from carbon levels greater than 1 x 1018 atoms/cc,
{D) The process or processes develbped must be amenable
to the fabrication of dies and containers with close
tolerances and of varying geometries.
(E) The die to be produced and.evaluated on this program,
-ghall beé ‘capable of producing and maintaining a
capillary column of silicon 1 to 3 c¢m wide x 0,01 cm
thick to a height of at least 2.5 cm. Experience
with other materials has indicated that a contact
angle of less than 80° is required.
This study has been initiated to attempt to meet these requirements.
The general approach involves the determination of the solution thermo-
dynamics of several refractory materials in contact with molten silicon
together with the development and assessment of silicon metal oxynitride
ceramies. _
Four silicon aluminum oxynitride (Siaion) materials will
initially be fabricated and assessed as potential die and containers.

These materilals are based on two solid soiutions of general formulae:

8 where x < 4.2 at 1760 C

6-x Alx NBux Ox

si Al N where x < 0.4 at 1760 C.

2=x Tx 2-x Olﬁx _
The first material, frequently called B'-Sialon, is a solid solution

between B-S1i,N, and A1,0,, AIN. The second material referred to as 0'-

5ialon is a solid solution between 512N20 and A1203.



Thease materials will be prepared by the following reactions:

L]
(1) 813N4 + AlIN + A1203 + B' Sialon

(2) Si_N, + Al 0. + Si0 + 0' Sialon.

374 273 2

In this first three months commercial high purity 513N4, A1203

and 5102
AlN is being prepared at Battelle's Columbus Laboratorins.

powders have been obtained and analyzed., Ultrafine high purity



TECHNLCAL DISCUSSION OF RESULTS THIS QUARTER

Evaluation of Si3§*, A‘ZO,, 5102 Powders

_—

Handling and Storage

A special procedure was adopted so that the characteristics
and reactivity of each powder would remain unchanged t'.coughout the
program. High purity ultrafine powders obtained from commercial ven-
dors (see Table 1) were trransferred into clean dry glass jars and then
vacyum dried at 200 C. After cooling the oven was backfilled with
nitrogen and the containers tightly sealed, Powder samples needed for
analysils were obtained by opening the sealed containers under a nitrogen
atmosphere in a glove bag.

During the vacuum drying of the 513N4 powder a deposit formed
on the glass door of the oven, This deposit was chemically analyzed and

found to be ammonium chloride.

Chemical Analysis

Spark Source Mass Speétrographic analysis and Optical Emission

Spectroscopic analysis were performed in order to identify cation and
arion impurities. The major impurities as indicated in Tables 2 and 3
are mainly in the range 10-100 ppmw with the exception of the Cl impurity
in SiBNA' which is 5000 ppmw. 1In Si3Na the other major impurities are
Na{l0) and Mo(12). The main impurities in the SiO2 are Na(20), C1(14),
Ca{(30) and Fe(30), and in the A1203 powder they are Na(40), Mg(20), S1i(50),
P(20), C1(100), Fe(50) and Ca(100).

' Oxygen analysis was performed on two samples of the Si3N&

powder
using the inert gas fusion method. The average value was 2.90 percent. -

Thermalgfavimetrié Analysis

Small weight losses were recorded for all three powders (see

Figure 1). These are probably due to evolution of the remaining chloride,



TABLE 1.

SUPPLIERS OF COMMERCTAL POWDERS

Powder

&, T ) s

Vendor

A1203

grade RC-HP-DBM

8102

Cabosil EH-3 grade

SijNa

SN 402 grade

Reynolds Metal Co.

€abot Corporation

GTE $ylvania, Inc,

b gy T
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TABLE 2,

EMISSION SPECTROGRAPHIC ANALYSES

OF Si3§4

, AL,0., S10, POWDERS

Powder Impurities (PPMW)

Ca Si Mg Mo Al Pe Ga Ni
51,1, nd  Major $ 10 10 nd  nd nd
5i0, nd Major <; <10 10 nd nd nd
Al,O 10 100 5 nd Major 50 .300. <10

273

nd = not detected,
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TABLE 3, MASS SPECTROGRAPHMIC AMALYSES 9F 3i1fia. 5102, and Al,0q {ppmw)
2 283

Sample Designation

£lement Si?fu 5102 Alady Elemant Si}-‘ia $i0 Uk}
316164100 33615-200 13616-300 13610-100 33515-500 3361E 130
Li «Q.004 <0, 006 <, 902 Sn 0.4 0.4 <0.2
Se «Q, 004 <{, 004 «0.02 Sb <0.1 <0.2 <0.07
8 0.96 0.1 0.08 Te «0,2 0.2 <0.06
F 0.1 6.6 0.4 { .06 «0,07 <0.1
H 10 20 40 Cs <0,2 0.4 <0.2
Mg <10 <20 20 Ba <0.1 <0.1 - 0.1
Al{a) <10 10 Major La <0.04 <0.1 <0,07
$i Vator Hajor 50 Ca <0, 0.2 <0.04
P 1 46 20 Pr <0.1 <0,07 <0.02
] £l 4,6 4 tid <0.2 <0.3 <0.2
(n] 5000 14 100 Sm <0,2 <0,3 . <02
€. o..o@.2 . 0.2 0.8 Eu <0.1 <0.2 BN
Ca <6 0 U6 Gd 1'% RENREERRE < FF4 =01
Se .2 <0.7 «0.1 Th <0.02 <0.06 2,03
T <2 <1 0.3 Dy 0.2 <0.3 g
v 0.2 0.2 <l Ho <0,00 <0,2 <0.03
Cr 2 <5 2 Er <0,1 <0.2 <0.1
Mn <3 0.06 0.4 Tm 0.2 <0.6 0.3
Fe <l 30 50 b .2 <0.1 <¢.1
Ce <0.3 0.3, 0.0 Lu <0.07 <0.06 <0.04
N <l <@ 1 Hf 0.1 <03 <0.2
Cu ) 5 0.2 Ta <1 €2 <2
n 2 0.4 2 ) . 0.2 .2 . <0.1
Ga <« <0.4 100 Re <{.06 <Q.2 <0.06
Ge <] <0.6 «0,7 0s <0.1 0.6 0.1
As 0.2 Q.04 <0.04 Ir <0.14 <0.3 <0.2
Se <3 <3 <0,2 Pt <0.2 <0,2 <0}
Br & «0.2 0.1 Au (.08 <0, 6 <(,03
Rb <0.2 <0.07 <0.1 Hy <0.1 <0.3 <0.1
Sr «) <) 0,2 i3 <0.2 <. <0,1
¥ <0.} <0.3 <0.04 _Pb 0.2 0.1 0.2
ir <0,04 «(.6 «0.2 3 «0.060 - <0.07 . <003
b <0.} <] <0.02 Th <0.04 - <0.07 - <0),03
Mo 12 <0, 4 <0.2 U <0.1 <0,3 0.2
fu 0,2 <0.7 <Q.1 .
Rh <0.02 <0, 2 <G.03
fd <0.7 <0,7 (.2
Ag <0.2 «0.2 <.t
Cd 0.2 <0.7 <0.3
In <0.06 <0.1 .<0.04
(a) Memory fram pravicus sample
RFEP
IGINAL " THRE




Percent Weight Loss
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FIGURE 1. . THERMOGRAVIMETRIC ANALYSIS OF

VACUUM DRIED Si3N,, Alp03 AND
8107 POWDERS -
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other absorbed gases and some water vapor picked up in transferring the
powders to the thermal gravimetric apparatus. The 513N4 pouder 1is
particularly unstable in this respect. Figure 2 shows the results for
the vacuum dried powder after it has been exposed to ailr for a few hours.
The weight loss increased to >5 percent. Alsc in Figure 2 are the data
for the as recedived SiBNA powder. These results support the need for

‘the vacuum drying and storage procedure discussed earlier.

Physical Characteristics

The particle size distribution was determined by a sedimentation

...technique (Mine Safety Appliances, Inc.) and the surface.area measured hy . . .. . .

nitrogen adsorption using the single point BET method. The surface area
data are given in Table 4 and the particle size data in Figure 3. The
average powder particle sizes are much higher than suggested by the surface
area data probably because the sedimentation technique is measuring'the
2gglomerate size and not ultimate particle size, The presence of agglom-
erates was confirmed in the compaction behavior of all three powders,

Fipure 4 shows the bulk densities, tap densities and change in
densities as a function of pressure. The breaks in the straight line
graphs (arrowed on the diagram) indicate the presénce of weak agglomerates.
The low bulk density of the Sio2 powder (0.0316 g/cm3, 1.30 percent
theoretical) makes it extremely difficult to handle and to disperse in
‘hexane, which 1s to be used for milling. Consequently,-a high purity $10,
powder of higher bulk density and particle size is being sought,

Morphology of Si3 2 A120 and 8102 Powders

S All pdwdefé were examined by transmission electron micréééopy.

Si3N4 and A1203 powder adhered to the specimen holder, but the SiO2 powder
required dispersing in collodion from which a thin film was made and trans- .
ferred onto the copper grid. ' |

' \ The 8102 powder contained strongly bound aggregates of varying
gize. Figure 5 shows an aggregate approximately 1.5 pm size and the
smaller particles in Figure 6 are 0.05 um aggregates. Individual par-
ticles, caleulated to bé 0.007 uym in siée, are difficult to detect.




Percent Weight Loss :

13

x__,‘._‘x—-x—x—x—x '

b o

o ® As roceived sample

B ¥ Sample hosted @ 200 C under vatuum
and subsoquently exposad to air for-
several hours bafore testing

L L1 1 L i L

200 400 600 800 1000 1200 .

Temperature, C

FIGURE 2. THERMOGRAVIMETRIC ANALYSIS OF

AS RECEIVED Si3N, AND VACUUM
DRIED Si3N, POWDER EXPOSED TO
AIR FOR SEVERAL HOURS
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TABLE 4. SURFACE AREAS OF SiSHﬁ' Alzgﬂ’ 5102 POWDERS
‘Powder Surface Area (mzlgrm)
Si3N4 28.3
5102 '384.0
Al.0 3.78




15_

o

S43aM0d 0TS ANV £0TIV “YNETS 40 NOILNGTHISIO AZIF FITIAVA € FENO1I

SUOJdIW ul ‘3215 2IN1ID¢
0l

i

2015 +
PNE1Ss x
00%v @

—

0]

oe
.
4
o]
1

ot =
-
(1]
v
w

09 4
o
=3
W

o8
(¢
5
S = N

_oo__w.
o
.D.

oci

ovl



16

SHAQMOd TOTS GNY €0ZTV ‘YNETS WO4 SAAMND NOIIDVAWOD °% FANSTI

1sd ‘ainsssig buljoodwo)

ol

Oc

oL

oY

oS

09

$O! o] 20! ) (Ol o0l
! i LI [} FAVAY
v
v
+
$a)yisuap do) +
T -
SaHISUBP 114 4
0% +
oIS A
Ns @

0L

_|DONBIOBY | JO JuRdIRG

Ajsuaq



17

REPRODUCIBLLITY OF THE
ORIGINAL PAGE IS POOR_;

FIGURE 5. LARGE AGGREGATE IN SiO2 POWDER.,

R
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ULIGLNAL PAGE IS POUR

FIGURE 6. DIFFERENT SIZE AGGREGATES IN S:lO2 POWDER.




- wost promising candddate systems for preparing a high-purity AIN sub-

19

In Figures 7 and 8 the spherical shape of the SiSNQ powder is
shown. There 1s some evidence of bonding hetween particles, but this
does not appear to be pérticularly strong according to the compaction
curve. The particle size range is 0.1-0.75 pm.

The A1203 pouder (Fipures 9 and 10) consists of irregular
shaped particles usually weakly bound together. The ultimate particle
size is in the range 0.2-0.75 um.

Preparation of High Purity Aluminum Nitride
A review of literature and BCL experience suggests that the

micron sized powder aret

(1) AlCl3(g) + 1/2N2(g) + 3/2&2(3) MMN(B) + 3HC1(g) AG = +6.15
itcal /mole
* 1000 C
. (2) A1F3(g) + 1/2N2(g) + 3/2“2(3) ———pAlN(8) + 3HF(g)_AG w 425,04
kcal/mole '

(3) ALCL(e) + 1/28)(g)" + 3/2H,(s) 22ELenin(e) + HCL(g) + W, (g) 4G =

~24,02 keal/mole, _
_ Thermodynamically, the most favored reaction of the above is No.
(3). - However, because of the higher reaction temperature and the inherent
complications'of the system,'it was decided to investigate Initially one
of the first two systems. In view of the thermodynamic advantage, the .
- chloride system [Neo. (1)]_was chosen.

Preparation of AIN by Reaction of
Ammonia With Aluminum Trichloride

Since tﬁermodynamically the AlCl3 reaction [No. (1) above] is
not especially favorable, it was desirable to use NH3 in considerable
excess (4 to 18 times) of that required stoichiometrically. Experiments

were performed under these conditions at 1000 C in a free'space reactor

system {(Figure 11). Two separéte gaé gtreams were introduced into a
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FIGURE 7. SPHERICAL SI3N4 PARTICLES.
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FIGURE 8. 0.1-0.7um SPHERICAL 313“4 PARTICLES.
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FIGURE 9. TIRREGULAR SHAPED A.1203 PARTICLES,
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FIGURE 10. TIRREGULAR SHAPED A120 PARTICLES 0.2-0.75um.
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Furnace 1 '
HCIH, A (600C}  NH,3,H,

e

Inlet tube packed with steel wool
only for experiments with precracked NH 3

Furnace { 700 to 900 C)

\\ | Reaction space
i

| Furnace (~1000C)

| — Quartz reactor{ 6.5 ¢m by
45 cm heated fength) To hood
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N
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Trap -
{oil filled)

Electrostatic
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FIGURE 11. APPARATUS FOR INVESTIGATING A1Cl3 + NHj
: "~ " REACTTON FOR PREPARATION OF AIN



6, 5-cm-diameter by 45-cm-long chamber. One of these streams was an un-
precraeked* mixture of NH3 and H2 and the other was thg reaction product
(A1913) from an adjacent chamber in which aluminum was hydrochlorinated

at 600 C. The powder formed in the main reaction chamber maintained

at the desired temperature with a wire wound furnace was entrained in a
reaction product gas stream which exhausted into a glass trap and then
into two electrostatic precipitators. The system was isolated from the
atmosphere by means of an oil~-filled trap.

| A consilderable quantity of white submicron powder was prepared
by this technique in the equipment describded, but it was determined that -
the powder collected was primacily NHACIB. This was based mainly on the
fact that most of the powder, >90 percent, could be vaporized at 1200 C.
It.wus tentatively concluded that the product probably contained AIN and
some Al203, but in view of the small AIN yvield and the inherent difficulty
of separating it from the relatively large quantity of chlorides present,
it was decided to explore a wodification of the technique before expending
funds on a more exhaustive analysis of the product.

Toe improve the yield and reduce the excessive quantity of NH401
Cin thg product, the coating system was modified to ensure that the NH3
was completely cracked immadiately before being introduced into the main
reaction chamber. This has the potential of providing nitrogen in the
most active form and minimizing the formation of NHacl by 1imitihg the
availlability of NHa_to only the small amount that escaped uncracked.

In preparation for the above described approach to forming AlN,
experiments were performed to provide minimum conditions for crncking N“S
‘80 that the time between cracking and introduction inte the reaction
chanber could be mimimized. This should maximize the availability of
active unitrogen by minimizing time for convarsion to molecular. nitrogen.
It was determined that at a gas flow of 290 cm /minuLe (NH fAr of NS) in
a- quartz cracker (10-cm diameter by 28 em)} filled with steel wool and
maintained at a temperature of 800 C. NH
" dissociated. o

4 vas completely (>99 percent)

* NH3 is used as the reactant to take advantage kinetically of atomic
hydrogen; however, Ny + Hp are the predominent equilibrium species.
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The powder forming system used in the initial work was modified to provide
an NH3 cracker adjacent to the main reaction chamber. A preheater temper-
ature of 700 to 900 C was used with a reaction chamber temperature of
1000 €. Other portions of the system were as used earlier for reacting
ammonia without precracking.

The product from the most promising run with the first system
(i.e., with uncracked ammonia) was evaluated by heating slowly to 450 C and

holding for 4 hours in an inert gas stream. The residue was then heated

to 1200 C for 3 hours to increase the crystallite size for X-ray diffraction
studies. The final residue reptesénted about 8 percent of the initial
gample. The residue gave poor X-ray patterns indicating it was not 'aighly
crysta;}ine and.only weak patterns for corundum (A1203) and delta A;203 |
could be identified. This result does not prove that ALN was not present, |
only that it was not in a crystalline form. However, the analysis does

indicare a disappointingly low yield.

The ratio of reactants for the run in which the above product
was (NH3/A1013) 18, This value was varied from 18 down to four without

significant change in results. A product from the second variation of
the aluminum trichloride reaction (i.e., with precracked ammonia) at a _
ratio'(NH51A1013) of three was evaluated in a similar fashion. To promote
" a further increase in crystallite size, this product was heated in argon
to 1400_0.' Since only 2 percent of the sample remained, the residue was
not examined'by.x-ray diffraction studies. The results of the second
approach geem to confirm the results of the initial experiments in that
the formation of adequate quantities of AIN by reaction of NH3 with AlCl3
would probably be time consuming because of low ylelds and would require

congiderable development to optimize.-

Preparation of AlN by Reaction of
Ammonia with Aluminum Monochloride

In view of the low yield obtained in the above work involving

the uée of AlCla, attention wés turned to an alternative approach for the
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preparation of ALN involving reaction of NH3 (or possibly Nz) wich AlCl.
The following are the simplified reactions:

() AL+ ncy B8, o+ awcay +m

758 ~25%

The reaction is not balanced in view of the varying ratio of products
with temperature.

HCl(g) + AlL{f) excess 1 atm,

Composition of product vapor in mole percent at temperatures shown:

1027 C 1127 ¢ 1227 C

AlCl(g) . 21.6 - - 38.86 - 55.20
ALCl4(g) 26.97 16.58 6.78
Hz(g) 51.26 44.31 37.73
HCl(g) 0.17 0.25 0.29

(2) /2N, + 3/2 W, + AICL(g) 1000 G, 41n(s) + HCL(g)

+ Hz(g) AG = ~24.02 kecal/mole .

It should be noted that thermodynamically this reactilon is much
more favorable than that involving Alcl3 discussed earlier._ It was de-
ferred to second consideration, however, because the higher temperatures
and the handling of molten aluminum make for more complicated apparatus
and slower experimental turn ardund time.

The AIN powdeér forming system.(Figure 12) assembled for evaluating
'Alci as a8 precursor consisted of a vertically oriehted.quartz chamber (9-cm
diametér_by 90-cm long) enclosing a graphite crucible. The top portion of
‘this crucible waé used for reacting NH3 with AlLCl and the bottom Eor forming
the AICl by hydrochlorination of molten aluminum., Both portions were heated
to A1200 C inductively. The residue and powder handling portion of this

system was essentially the same as that used in the earlder work.

%  Although NH (g) was used in the feed stream to take kinetic advantage
~ . of atomic nitrogen, ‘N and Hp are the equilibrium species which must be
80 ‘stated if the AG comparisons are to have meaning. :
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The A1Cl system has been shown to he operable but the investiga-
tion has not yet proceeded far enough to permitc definitive analysis of
results. Light gray powder has been obtained but is as yet undetermined
in yield and composition.

Solution Thermodynamics

A fused quartz crucible and crucible lid were fabricated from
tubing and plate quartz to the dimensions given in (Figure 13). Although
the dimensions of the crucible are not eritical, the narrow chamnel in the
1id required to generate Knudsen flow conditions must be accurately machihed.
This was done by diamond drilling. o
L __ Initially a eilver calibration was conducted by placing 4, Smg of

" silver in the Sio2 cell and then completely vaporizing the silver while
monitoring the silver signal from the Nuclide mass spectrometer. This
calibration serves as a reference for any other material being vaporized
from this cell, provided the relative ionization cross sections of the
gpecies are knowm. The mass spectrometric investigation of the reaction
between silicon and silicon dioxide was subsequently carried out using
high purity silicon (Texas Instruments, Inc. 118 ohmem-N type). The
results are giVEh in Tables 5 and 6. The observed pressures i.r the main
silicon species are in good agreement with those of Hultgrew, et al.(l)
(see Figure 14). From these data the calculated pressure of oxygen for

the system at 1700 K is 10 24 atm,

 The oxygen concentration of the.silicon.after melting in fused

quartz is 112PPM:by weight, (196PPM éﬁomic). This determination was per~
‘formed by placing a single grain from the silicon melt in a tungsten
'crucible, The grain of 81 was carefully selected from the center of the
melt so that it had nb_di:ect contact with the fused quartz. This operation
| was pérformed in the foom'atmcspheré, so there may be some surface oxygen
contributing to this 196PPM. The tungsten Knudsen cell is placed in the
mass spectrometer and the $i0 signal is monitored continuéusly as the
pample is heated up to 1410 C. (The phase diagram indicates that about
'5 percent‘Si.will dissolve in tungsten. This.solution probably reduces
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TABLE 5. VAPOR SPECIES OBSERVED FROM 0.0580g Si
IN 0.7825g 510, AT 1700 K

Species Pressure

si | | 4.18 x 107 atm

510 |  2.32x 1070

51, 1.37 x 107°

510, 2.04 x 10730

51,0, o | 1.1 x.lQ-lo
i, 4.7 x 1070

s, | 15 xw

315' - | 1 x 1070

si, | | 6 x 1072
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TABLE 6. VAPOR PRESSURE OF 510 AS A FUNCTION OF
TEMPERATURE . 0580g Si IN 0,7825g §10,

Temp - Species Prassure

1490 K 510 1.43 x 1077 atm

1556 $10 6.64 x 1077

1615 510 2.27 x 1078

1664 510 5.32 x 1078

1648 $10 4.0 x 1070

1690 510 7.63 x 10°°

1704 510 8.88 x 107°
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the 510 from the Si.) The total 510 signal was compared to the S1i0
calibration (where the rotal signal is measured from a known amount of
810) to determine the oxygen content.

Summary of Data at 1700 K

P S0 = 2.9 x 107> aem
PSi =4.3x107 atm
PO, = 107 atm
[o] in 81 = 196PPMA

The measured pressure of $10 is a function of the oxygen available to
the sflicon, and ae such 1s an indicator of the oxygen in solution in the
 melt at any time. It 18 a function of the area contact with the crucible,
the crucible material, and the grain structure of the crucible. As such
it can then become a most valuable figure of merit in evaluative crucible-
molten silicon interactions.

The concentration of oxygen (196PPMA) 18 equivalent to 1.78 x
16t atoms/cm3. This 18 in good agreemenﬁ with the value of ~1.8 x 10
found by Kaiser & Keck(z)
red to the oxygen concentration as determined by vacuum Fusion analysis.

The activity coefficient (f) is calculated from the following

who related the absorption_at 9 um in the infra-

relation:

concentration in the vapor phase

= concantration in the molten silicon

_ Using the value of 196PPMA as theé concentration of oxygen [O]
or silicon monoxide in silicon at 1700 K the activity coefficients of
gilicon monoxide and oxygen monoxide were calculated to be 7,01 x 10-5
and 4,83 x 10-24,re3pectively. .

These data togerher with similar data for Al, Be,'N and €, which
will be generated in the next quarter, will be used to aid the selection of
die and container materials and also the selection of optimum compositions

‘of the B' and 0! Sialon solid solutions.
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PLANS FOR WORK NEXT QUARTER

(1) Fabricate initial Sialon compositions by hot pressing.

{(2) Perform initial evaluation of hot pressed Sialon materials.

(3) Determine the solution thermcdynamics of Al, C, Be, N using
A1203, Be0, SiC and Si,N, crucibles in contact with molten

3%
silicon.

NEW TECHROLCGY

~_No ;temgzpf_newuggﬁhuology have been specifically reported so

far.
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