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. CHEM::CCAL VAPOR DEPOSITION-PRODUCED S::CLICON CARBIDE 

HAYINg IHPRQVED PBQPBBTIES 

Th• present invention i• cliracted to silicon carbide produced 
by chemical vapor deposition proceasea having improvet\optical 
properties, inci.udinq.imprpv~ optica~ tra~aaission, purity, and 

electrical r••iativity, ancl.to a deposition proceaa for pJ:'Oducinq 
such •ilicon carbide. 

l•gkgrqund of $)\• rnyan1jion 

While sinqle.cry•tal er-sic exhibit• aoma deqree of gptical 
transmi••ion, polycrystalline &•Sic 1•· sW.tantially opaque. It 
would be desirable to proyide a-sic which optically transmit•, 
particula~ly in the viaible and infrared ran9e. Optically. 
tranlllllittinq Sic would have applications for len••• and-dames, 
liqht detection and ranqinq (LIDAR) mirrora_, aolar collector• and 
concentrators, cathode.covers (in the· reactive ion etchinq 
systems), and. aatron~ical.airror•. SiJ\91• crystal a-s1c·1. 
unsuitable ~or auch bulk application• due to its size limitation1 
thu.s, it would b• desirable to produce O_P~ically transmitting s-s1c· 
which can be produced in bulk. 

xnown,J:>ulk silicon carbide is almost invariably opaque, 
absorbing and acat.terin9.li9ht.in the visible and infrared regions 
of th• apecU'Um. Met.hod.• ot pro4~cin9 bulk sic include sinterinq 
and.hot preaaing, slip cast.in; and reaction bonctinq. Th••• ~thods 
are unlilcely·candidat•• tor producinq optically.transmittinq sic as 
they suffer ~rom one or more of the ~oilowinq drawbacks: l) they 
produce a· multi-phase material, e.9., inc~';ld• a Si phase, 2) the 
material ia not theoretically.dense, and/or 3) the material is not 
of hiqh purity and may contain metallic ~purities that deqrade 
opticai transmission. 

A better candidate tor producinq optically tranamittinq Sic, 
ei~her free-standing bulk Sic or thin films on a substrate surface, 
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is SiC Pr-educed by· chemical v~por deposition ·(CVD). However, most 
of the·sic previ~sly prOducad ))y CVD i• 0paqu•, •Xhibitin9 
cons~d~abla acatterinq and absorption in the vi~ible and infrared. 
Applicants ara aware of ettorta by th• u.s. Air Force and General 
Electric to improve the infrared transmi•sion o·f sic by improving 
process parUleters, such as substrate temperature, flow rates, 
furnace pr•••ur• eta~ 'l'h••• e~rorts met with limited succ•••· 
A1~0UCJh sic transmitted in the 2-5 µm (infraract •pectrma ranqa), 
the material exhibited considerable scattering whicb made it 
urusuitable for u•• ~n ima9in9 opplicationa. · 

· It i• a general object of the present invention to produce 8-
SiC in bulk or thin film torm having· improved optical transmission. 
Other objects include providing CVD-Sic having heretofore 
unachieved puritz. "'4 electrical· resistivity. 

summary of th• Jny9n1jigu 
. . 

Bulk, tree-•tandinq, si_licon. carbide, fabricated by_ chemical 
vapor deposition (CVD), is ~ptically·transmitting in the visible 
and infrared ran9e. Specific deposition p~ramet:er• are required tc 
produce th• optically transmitting stiic:on carbide. "Thia silicon 
carbide ia biqhly pure, theoretica·lly den•• and ha• electrical 
resistivity in excesa of SiC's previously Jcn~wn. 

»rie( pe1cription .pf tb• praying• 
Fig. 1 i1 a schematic ot CVD apparatus used to fabricate 

optically transmitting 8-S·iC. 
Fig. 2 is a graph comparinq the transmission of CVD-8-si~ witi 

th• tranAlisaion ot a•SiC •. . . 

· Figs 3a, 3b and 3Q illustrate ditterent battle/mandrel 
arrangements used wLthin the depo•ition chamber of a furnace for 
the tabrication of cvo-a-sic. · . 
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Fig. 4 is·a transmission spectrum of a highly optically 
. . 

transmitting CVD-B-Si~. 

Detailed pescription of Certain Preferred·:Embodiments 
. Herein, unless otherwise noted~ optical properties of silicon 

carbide produced in accolrdance with the present invention are 
defined in terms of Attenuation coefficients (cm-1

) at o.6328 µ.m 
(visible-laser measured) and 3 µm (infrared-spectr~photometer· 
measured). Attenuation coefficient is intended herein to include 
all optic~l .losses, inc.luding both scattering and absorption. 
Attenuation C!?efficient is calculated as follows. If T~ R, x are 
the transmitt•nce, reflectance·a~d material thickness, then the 
attenuation coefficient, B is calculated from the following 
equation 

·2 
Cl-Rl expC-Bxl 

T = 
1-R2 exp(..:.2Bx;) 

The reflectance is calculated from the refractive index (n). 

R = 
Cn-1> 2 

(n+l) 2 

The refractive index (n) is assu~ed to be 2.635 at 0.6328 µ.m and 
2.555 at 3 µ.m. 

Unless othe~ise stated, properties of Sic produced in 
·accordance with the invention are room teniperat~re values, i.e., 
·measured at 20-2s•c _(293-.301°K). Although it is believed· that 
thermal conductivity measurements are generally independent of the 
measuring technique; thermal conductivity' values reported herein 
are those measured by flash-lamp techniques. Deposition chamber. 
temperatures are measured by thermal probes within the deposition 
chamber plac:=ed close~y·adjacent the deposition site, e.g.; a 
mandrel on. which bulk free-standing Sic ~s to be deposited _or a · 
surface on which a film of Sic is to be deposited. Although the 
deposition site temperature may not be exactly that of the probe-
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measured location, experience has found that probes closely 
adjacent, but differently located relative to a deposition site are 
almost always within 10°C of each other and generally within 5°C of 
each other. Thus, the deposition site is presumed to be.withins-
100c of the probed deposition Chamber temperature. 

The sic to which the invention pertains is buik or free­
standinq, i.e., capable of .being self-supported. This is to be 
distinguished from thin sic films which are deposited upon a 
surface with the.intent that the sic remain permanently bonded 
thereto. To be.free-standi~q, the sic must generally be deposited 
~o a thickness of upw.ard of about 0.1 mm. 

Silicon carbide produced in accordance with the present 
invention has an attenuation coefficient at .6328 1-&1" of about 20 

·1 . 
cm or less, prefe~ably about 10 or less, and.more preferably 
about 8 or less. The silicon carbide has an attenuation 

·1 . 
·coefficient at 3 ,um of about 20 cm or less., preferably about 10 
or less, more preferably about 8 or less and most preferably ab~ut 
5- or less. It_is believed that silicon carbide produced in . .. 

accordance with the present invention is more optically 
transmitting at .6328 and 3 µm than any polycrystalline silicon 
carbide of the prior art. Thi!! si~icon carbide in accordance with 
the invention is _stoichiometric (1:1 ~i:c ratio), 100% theoretical 
.dense, and highly pure;- i.e., about 5.ppm metallic impurities. or 

less and pref er ably. ·about 3 • S ppm metallic impurities or less. It 
is found that the- higher ivthe purity, the greater i-s- the optical 
transmittance of the Sic prQduced. ~lso hiqh purity is v~ry 
"important for semiconductor furniture manuf,actured of cvo-sic~: 
aiqh purity is achieved using high pur~ty reaction materia1s,­
particu1ar1y Oz-free Hz and contamination free qrahite deposition 
set up. It has been ~emonstrated that distilling MTS from its as­
purchased condition results in more optically transmitting cvo-

. deposited sic. 
Anoth~r feature of the sic of the present invention is its 
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very hiqh bulk resistivity. Resistivity is an important attribute 
of material for electronic pa~kaqinq·. The upper limit of most non­
doped Sic to date is about,100 ohm-cm, and CVD-sic is not believed 
to have been consistently produced having resistivity of more than 
100 ohm-cm. The resistivity of CVD-SiC accordinq to the present 
invention has reached 4. 53X1-04 ohm-cm. When Sic of such high. 
electrical resistance is achievable, values lower than this value, 
yet still above that known in the prior art, is achievable, by 
introduction of impurities, e.g., through doping. Accordinqly, 
novel CVD sic is produced in ·accordance with the present invention. 
having resistivity of soo ohm-cm or greater, preferably 1000 ohm-cm 
or greater, and·more preferably 10,000 ohm-cm or· greater •. 

·Furthermore, th~ sic produced in accordance with the invention is 
of the n-type, whereas most CVD-SiC is of the p-type. n-type is 
preferred as its resistivity tends to be constant over·a broader 
temperature range. 

. . . 
Illustrated in Fig. 1 is an apparatus ~seful for fabricating 

CVD-&-sic. Depos·ition is carried out within a furnace· 10. A 
stainless steel ~all provides a cylindrical deposition chamber 12. 
Heatinq is provided· by a qra~hite heating element 14 which is 
co~nected to an external power supply by an electrode 16. Graphite 
deposition.mandrels are arranged within a graphite isolation tube 
2o and gas is introduced by means of an injector.22 through the 
upper end of the isolation tube ~o that the reaction gases sweep 
along the mandrels 18. One or more baffle(s) 24 is used to control 
the aerodynamics of gas flow through the furna~e. 

The line 26 which supplies the.injector is fed by an argon 
cylii:i.der 2a·, a hydroqen cylinder 30, and: a MTS bubbler 32. The 
argon is fed by lines 34 and 36 both directly to inlet line 26 and 
through the bubbler 32. The hydrogen cylinder is connected by_ a 
line 38 to the inlet line26. Argon flow through lines 32 and 36 
and hydrogen flow through line 38 are controlled by mass flow 
controllers 40, 42 and 44. The MTS cylinder 32 is maintained at a 
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constant temper.ature by a constant temperature bath 46. ~ pressure 
.CJauqe 48 is connected to a feed back loop which controls the gas 
pressure of the bubbler 32. 

An outlet line so is connected to a bottom outlet port_Sl. -
Pressure within the deposition chamber 12 is controlled by a vacuum 
pump 52. which pulls gases through the chamber and a furnace 
pressure control valve 54 operably connected to the vacuum pump. 
The temperature and pressure within th·e deposition chamber 12 ·are 
measured by a thermal p~obe SS and a pressure indicator.56. 
Exhaust gases are-passed through a filter 60 to remover partieulate 
material Upstream Of the pres~ure control Valve and through a 
scrubber 62 downstream. of the vacuum pump to remove HCl. 

A5 discussed beiow in.the examples~ particularly with respect 
to Figs. Ja, lb a~d Jc, the arranqement of baffles may be varied to 
produce desired results. The results discussed below with respect 
to Figs la, lb and Jc are pa~icular to th~ furnace in which the 
sic wa~ deposited and may vary from furnace to furnace and also the 
configuration of the ·mandrel or substra'te on which sic of. desired 
configuration is to be deposited. 

·To obtain optically transmitting CVD-deposited 8-SiC, a 
deposition chambe~ temperature of between about 1400 and.about 
1soo•~, preferably between about 1400.and about 1450°C is employed. 
The deposition chamber pressure is about so torr or·1ower, 
preferably about 10 torr or.lower and most preferably about 5 torr 
or lower. The H2/MTS ratio is from .about 4 to about 30, preferably 

. . 
from·about 10 to about 20. The depos~tion rate is about 1 micron 
per minute or less; it is believed that this very low deposition 
rate is critical to obtain B-SiC with good optical transmittance. 
~he rate at which the deposition surface is swept by the reactant 
gases also appears to affect the optical transmittance of the 
depositE!d Sic.· Although optically transmitting Sic· has been 
produced with average flow velocities of about 10 cm/sec·, it is 

·prefer.red that flow velocities be at least .about 300 cm/sec·, and 

1iiiii1Hr 
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more preferably at least about 1000 cm/sec. sweep velocity, which 
is the.gas _velocity at the depositio~ surface, is a function not 
only of the flow rat~ of gases into _the f~nace, but of the furnace 
design and orientation of the deposition surface(s) within the. 
deposition chctmber of the furnace. · . 

HCl is a reaction product of the deposition of sic using MTS 
and Hz as the reaction gases. It is found that adding gaseous HCl 
to the qas stream that. is introduced into the reaction chamber 
further i•proves the optical transmission·of the CVD-&-si~ which is 
produced. To have a significant effect on t;ransmission of the Sic, 
the HCl/MTS molar rati~ is generally at least about 0.2. 

The invention will now be described in greater detail by way 
of specific examples in the experi~ents described below. 

Example 1 

several deposi~ions of Sic ~e~e performed in a CVD reactor to 
fabricate CVD-~ic with improved transmission. In.these 
depc)sitions, the CVD pro.ce~s condition$ an:d the clepos.ition set-up· 
~ere varied to_ optimize the vis-IR transmission of cvo-sic. The 
process conditions used were: ·substrate temperature: 1400-1470°C, 
furnace pressure: 3-200 torr, flow rates - MTS: 0 •. 1-2 .• s slpm 
(standard liters. per ml.~ute), Hz: o.s-s.·e slpm. Hz/MTS molar . . 

·ratio: 4-30, and ave~aqe flow velocity = 14-1260 cm/sec. 
The CVD-SiC was characterized for.vis~IR transmission. The 

s~~ transmission was determined to be dependent upon MTS purity, 
cvo process conditions ana CVD deposition geometry~ The 
commercially available MTS of 99t purity contains metallic 
impurities which end up in the cvo-sic and deqra~e its near-IR 
transmission. Distillation of MTS in a .narrow temperature range 

.around its boiling' point has resulted in fabricating stc which 
exhibits qood transm~ssion in the infr~red region. 

Table l below shows the attenuation coefficient values for 
·cvo-sic at 0.6328 _µm and 3. µmas a function of furnace pressure. 
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It j,s.seen that as the pressure decreases from 2oo·torr to 10 torr, 
both visible and infrared attenuation coefficients decrease, i.e~, 

transmittance in both visible and infrared req.ions increase. 
Althouqh Run #11 (furnace·pressu~e = 3 torr), material showed an 

increase in ~ttenuation coefficient in comparison to Run·#7 
(furnace pressure= ~o torr), this increase may be due to.the 
deposition set-up which was chanqed. 

The effects of varyinq other CVD process parameters on . . 

transmission were less clear. · Qptimum results were obtained for 
the followinq process conditions. Substrate temperature: 142S•c, 
Furnace pressure: 10 torr, FlQw rate: MTS = o .• 19 slpm, Hz = 2.s 

slpm, Ar = 1.0· slpm, Hz/MTS molar ratio = 15 and average flow 
velocity = 365 cm/sec. 

Three deposition set-ups were tried in an effort to maximize. 
. . 

the transmission o.f CVD-sic. These set-ups are shown in Fiqure Ja, · 
·3b and 3c •. All these set~ups yielded CVD-~-sic w"ith improved 
transmission at different parts of the deposition region. Two set­
ups (Fiqs. 3a,b) used four_rectanqular mandrel plates~ 3.5 in.-wide 
x 12 in.-lonq, arranqed in the form of an open square box. 

The deposi~ion set-up of Figure Ja consisted of a. mandrel box 
100 at the end of which was placed a graphite baffle 102. In this 
case, porous material was deposited ·on the mandrel while dense and 
qood·quality ~-sic was obtained on the baffle. It is believed that 
th~ porous material was deposited because (i) the reagents were 
"cold," i.e., there was C?nsiderable temperature difference between 
th~ mandrel and the qa~eous reaq~nts and (ii) the reagent sweep 
speed on the mandrel walls was small. This· ezj>lanation is 
consistent with the observation that the material on the upper half 
of the mandrel was more porous than on the lower half. 

In Fiqure 3b two baffles were used, one 104 before and the 
other 106 after the mandrel box. The function of the first baffle 
104 is to preheat the reagents and direct the qas close to the 
mandrel walls to increase reagents sweep speed along the mandrel 
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box 108. This deposition set-up produced CVD IJ-SiC with good vis­

IR transmission. The "best" material was produced on the upper 
h2'lf. of the the mandre~ box. The deposited material on other areas 

had better transmission than that produced at other CVD conditions. 

In the deposition set-up of Figure Jc, the two walls of the 

mandrel box 110 were t_apered. The cross-section of the mandrel box 

was a square 3.5 in. x 3~5 in. on the top end and a rectangle 3.5 

in. x 1.05 in. at the bottom end. The aim of using this tapered. 

box was to continuously reduce the cross-section and thus increase 
the flo.w velocity. to study'its effect on the quality of the 
material. This set-up also employed a baffle 112 before and a 
baffle ·~14 after the mandrel box. Although this configuration also 

produced good optical quality cvo-sic, considerable str~ss in the 

material was observed and the deposited material exhibited 

substantial bowing. 

Rin furnace 
No. Set•Up 

2 la 

3 lb 

4 lb 

5 le 

7 lb 

11 lb 

Table 1 
Attenuation ~oeff icient of CVD-Psic as 

Function·q~ Furnace Pressure 

AtteNletfon 
Ful'Nlce Pressure Coefftctent <cm') 

<Torr) a o.6328 ,. a 1,.-

200 .30 40 

zoo 66 24 

40 19 21 

20 16 14 

10 7.3 3.5 

3 . 7.6 

Avg 
Veloi:i 
ty 
Clll/Sec 

49 

21 

197 

zn-
761 

365 

1260 
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Addition of HCl to the reaction mixture is found to suppress 
formation of Si-rich sic. The CVD process conditions were: 
substrate temperature = 1413-1423°C, FUrnace pressure: 3-7 torr, 

. . . 

flow rates - H2: 2.s_slpm, ~s: 0.19 -slpm, Ar: l.O slpm~ HCl: 
0.15-6.0 slpm, Hz/MTS molar ratio: 15, HCl/Hz molar ratio = o.054 

· - 0.21 and an average flow velocity: 540-1260 cms·1
• The 

deposition set~up used_was ·the t".lo-baffle configuration of Figure 
Jb. Table 2 below lists the attenuation coefficient values that . . 

were· obtained when HCl_ was added to the reagent mixture. A 
comparison of attenuation coefficient ~or Run #10 ~nd #11 (Table l) 

clearly shows .improved optical transmission values when HCl.is 
added. FUrther, similar to Example l, the vis-IR transmittance of 
qvo-sic increased as the furnace pressure decreased. 

Run 
No. 

9 

10 

Table 2 

Attenuation Co~ff icient of· CVD-~SiC when HCl 
is Added to the Reaction Mixture 

Average 
Furnace Furnace Attenuation Velocity 

Setup. Pressure Coefficient .(cm) cm/sec 
(Torr) 

@ 0.6328 µm @ 3µm 

3b 7 7.4 2.8 540 

·Jb 3 6.9 2.1 1260 
.. , 

Fiqure 2 shows. a comparison of transmission of ~-sic with that of 
commercially available a-sic single crystal sample. Both samples 
are 0.012-inch thick. It is seen that cvo-~ sic performs 
considerably better t~an single crystal a-sic in the ne~r-IR region 
while the latter material performs better in the visible region. 
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Figure 4 shows infrared transmission of· cvo-sic when.HCl is 
added to the reaction mixture· (Run #10). The thickness of the 
sample was about 0.022-inch. 60% transmission is seen in the.near 
IR reqion which corresponds to an attenuation ·coefficient of 
2 .1 cm" 1 at 3 µm.· This is believed to be the · 1owest value of 
specular attenuation coe~f icient that has ever been achieved for 
poiycrystalline cvo-asic free-standinq sample. This material was 
also characterized for hardness and fracture toughness and yielded . . . -z 
values of Vickers hardnass (Kq mm ) = 2700 ±58.8 with l Kg load 
and fracture toughness (MN m "312

) = 2. 2 J ±0 •· 04 3 • These values are 
typical of CVD-SiC. Thus, an improvement in optical properties ha.­
been obta.ined without degrading other properties such as hardness 
and fracture _toughness. 

• 
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1. 
having an 

Free-standing chemical vapor deposited J3-SiC 
attenuation coefficient. at .6328 µm of 20 cm-lor 

less. 

2. Sic according to claim 1 having an attenuation 
coefficient at • 6"328 µm of 10 cm-1 or less, preferably 
8 cm-1 or less. 

3. Free-standing chemical vapor deposited ~~SiC 
having an attenuation coefficient at 3 µm of 20 cm-1 or 
less. 

4. Sic according to claim 3 having an attenuation 
coefficient at 3 µm of. 10 cm-1 or less, preferably 8 cm-1 or 
less and more pref~ra~ly 5 cm~1 or less. 

s. A metho4 of producing optically transmitting 
free-standing ~-SiC in a· chemical vapor deposition 
apparatus ( 10). having a deposition· chamber .< 12) with a 
surface therein for deposition of SiC, by introducing 
methyltrichlprosilane and ~gas into said reaction chamber 
under conditions which pyrolytically deposit sili~on 
carbide on said surface, characterised in that.said 
conditions comprise a deposition chamber temperature of 
between 1400°C and 1500°C, a deposition chamber pressure of 
6.67kPa (SO torr) or less, a H2/methyltrichlorosilane molar 
ratio of between 4:1 and 30:1 and a deposition rate of 
1 µm per minute or less. 

6. A method according to claim 5 wherein said 
pressure is 1.33kP.a (10 torr) or·less, preferably 667Pa 

(5· torr) o~ less. 
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7. A method according to claim 5 or claim 6 
wherein said temperature is between 1400°C and 1450°C. 

8. A method according to ·any one· of ciaims 5 to 7 

wherein said H2/methyltrichlorosilane ratio is between 10:1 
and 20: 1. 

9. A method according to any one of claims 5 to 8 
w~erein HCl is supp~ied to said deP<>sition chamber at a 
HCl/methyltrichlorosilane molar ratio of at least 0.2:1 .. 

· 10. Free-standing chemical vapor deposited·~-SiC 
having an electrical resistivity of 500 ohm-cm or above, 
preferably 1000 ohm-cm or above and more preferably 10,~00 
ohm-cm or -above. 


