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PREFACE 

This report was prepared by James H. Lorenz under Consultant Agreement 
No. CL-3-00321-01, Prime Cont ract No . EG-77-G-01-4042 , for the Solar Energy 
Research Institut e.  The object ive of this work was to provide researchers in 
t he field of amorphous silicon wit h up-t o-dat e informat ion on silane and 
disilane. 

Users of silanes in general should find this report of int erest for it s 
surveys of the preparation and purificat ion procedures of silanes and for the 
summaries of the indust rial aspect s of processes used commercially in the 
United St at es and Japan . Comments on t he purit y of available silanes and it s 
impact on phot ovolt aic device performance are presented .  Informat ion supplied 
by silane producers as well as t he purity analysis data supplied by Dr. Reed 
Corderman of Brookhaven Nat ional Laborat ory is grat efully acknowledged. The 
const ruct ive reviews by Dr. Corderman and Dr. Ralph Lutwack of t he Jet 
Propulsion Laborat ory were very helpful. 
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SUMMARY 

This report presents data on the current silane market. Published and public 
information on 22 preparative methods for monosilane and higher silanes are 
reviewed. Twenty-four referenced purification methods are presented and dis
cussed. Sources for the contaminants in silanes are identified. The effects 
of impurities in silane on solar cell performance are included, and data from 
current suppliers of silane are tabulated, including processes used , prices , 
and available grades. Typical and actual analyses of commercial silanes are 
also given . 

The silane process developed by Union Carbide Corporation under the DOE/ JPL 
Flat-Plate Solar Array Project is summarized, including the purification 
steps. A section on the status of silanes in Japan is also included. 
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SECT ION 1.0 

INTRODUCT ION 

Monosilane was first prepared in the laboratory in the mid-1880s and further 
defined along with higher order species in the 1920s. Commercial activity 
began in the 196 0s .  The merchant market for silane is still measured in 
grams, because its only use has been for the deposition of epitaxial layers of 
silicon or silicon nitride in semiconductor production . In 1980, the total 
market for silane was estimated to be on the order of 40, 000, 000 grams 
(40 tons) . Several firms, such as Komatsu Electronic Metals Company in Japan, 
began making silane and depositing silicon from it to obtain a very pure poly
silicon . These have been the only commercial uses for silane.  However, as 
large markets develop for amorphous silicon arrays in the photovoltaics field 
and as several companies continue to develop the use of silane for polysilicon 
production in the United States, improved silane manufacturing processes 
should result. 

This report presents an overview of the current situation concerning silanes 
in the United States and in Japan. Areas discussed include 

• Market summaries 

• Published methods for preparing silane 

• Discussion of possible impurities 

• Impurity levels of commercial silane and disilane 

• Published or recommended purification techniques 

• Commercial availability of silane and disilane. 

The new silane process described in the Jet Propulsion Laboratories/Department 
of Energy Flat Plate Solar Array Project reports is also reviewed. 

For information about the preparation and purification of silanes, a Chemical 
Abstracts review was conducted from 1967 forward. For the availability sec
tion, a questionnaire was sent to producers and/or sellers in the United 
States and in Japan . Telephone calls and interviews were also used. For the 
JPL/DOE projects, quarterly and final reports were used. 

1 
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SECT ION 2.0 

SILANE AND DISILANE IN THE UNITED STATES 

2. 1 MARKET SUMMARY 

The commercial market for silane began in the 1 9 60s with the development of 
the s emiconductor indus t ry .  These uses for epit axial silicon, silicon oxide ,  
or silicon nit ride deposit s have grown rapidly over the years . Silane was 
original ly sold in small cylinders and p riced by the gram.  This practice con
t inues today, even though the volume is now in the many thous ands o f  gr ams . 

As of 1982, the semi conductor busine ss was still the only vo lume market f o r  
silane in the United St ates . Thus, silane quality and packaging have been 
based on those needs .  C ylinders f rom lecture-bot t le sizes up to 1 6 ,000 grams 
are gene rally available . Several companies indicate that they wil l  o f f e r  tube 
t railer quotes on reques t .  The prices of silane are volume-sensit ive, ranging 
f rom $0 . 1 6  to $ 2 . 50 per gram .  

Al l o f  the comp anies surveyed o f f ered the s t andard epit axial deposition resis
t ivity as a measure o f  purity . None o f fered an analysis f or boron or donors . 
Direct analysis techniques for determining the boron, arsenic, and phos phorus 
in silane apparent ly have not yet been devel oped . The Semi conductor Equipment 
and Mat erials Ins titute ( SEMI) specif i cation analyses are o f f ered for a fee . 

Silane for s emiconductor uses is sold 100% or diluted with inert gas . Vo lumes 
are given as 100% equivalent s .  In 19 80, an estimat ed 35,000 kg (3 5 met ric 
tons )  was sold in the Unit ed St ates . By 19 8 2, silane use had gr own to 
40,000 kg . Continued growth of the s emi conductor marke t s  is expected . The re 
is no merchant market f or solar cel ls, as yet . The U . S .  production capacity 
f o r  silane is  es t imated to be over 5 5,000 kg, plus the silane that wil l  be 
marketed f rom the new Union Carbide po lysilicon plant of 1 20 t ons . 

Disilane is currently o f fered by four comp anies:  Air co (dis t ributor f or 
Chronar ) ,  Matheson, S cientific Gas, and Synthat r o n .  This represent s a mer
chant market for research and deve lopment quantit ies only in 25-, 50-, or 
100-gram cylinders .  The p rice ranges f rom $ 5 5 . 00 to $ 1 20.00 per gram .  

2 . 2  PREPARAT ION METHODS FOR S ILANE 

A lit e rature search yie lded data on some 22 methods for preparing silane, mos t  
of them f ound in the literature of the last  2 0  years . Hos t o f  the 2 2  pro
ces ses reviewed are res earch or laborat o ry me thods . Four methods are the ones 
mos t  commonly used on a commercial s ca l e: 

1 .  Lithium hydride with silicon tet rachloride [5] 

2 .  Lithium hydride with t richlorosilane [5]  

3.  Magnes ium silicide with mineral acids [ 1 6] 

3 
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4. Cat alytic redist ribution of chlorosilanes [ 1 7]. 

All of the methods reported here are summarized and referenced. 

1. Kuratomi and Yatsurugi [ 1] claim the following reaction: 

2H2 + Si ( 20%) + A1 ( 8 0%) = SiH4 + Al • 

The patent states that 30 liters per minute of H2 were passed through 
600 grams of molten silicon-aluminum (650°) giving 35 grams per hour of 
silane. The yield is listed at 0. 1 %. I have not calculated the equilibrium 
involved, but the JANAF tables [4 3] present data for the free energy of f or
mation of silane. Experts advise that an equilibrium mixture of hydrogen, 
silicon, and silane at any temperature could contain only a f ew ppm of silane. 
The 0. 1% yield is some 2000 times the calculated equilibrium. This small 
yield could have been due t o  impurities in the silicon. 

2. Jackson, Marsh, and Muetterties [ 2] report the reaction: 

2A 1 + A 1C 1 3 + 3H2 
2A 1H2C 1  + Sio2 

= 3A 1H2C 1  
SiH4 + 2AlOC1 

The first reaction to form aluminum haloalane was carried out at 200°C and 
9 00 atm. The second was done at "moderate conditions". This does not appear 
to be a reaction to scale-up. 

3. Amberger and Boeters [ 3] claim the following: 

This was done at high temperatures, and the probability of getting silicon 
metal is great. 

4. Tachiki and Yamashit a [4] claim the use of hydrogen sulfide or sul
fides of copper, silicon, or nickel as catalys ts for the reaction o f  
hydrogen with powdered silicon a t  35°C and 50 atm. They further claim 
that by controlling the ratios of H2 to silicon, a high yield of any 
desired silane f rom SiH4 t o  Si5H1 2 can be prepared. This would have 
to be reviewed very carefully. Tnermodynamic data predicts a yield of 
1 0  ppb of silane. 

5 .  One of the more popular methods uses lithium hydride. Sundermeyer [5] 
was granted several patents in the early 1 960s for the s emicontinuous 
preparation of silane. Elect rolysis of a LiC 1 /KC 1 mixture at 400°C 
for 4 minutes at 4 V,  3 2  A yielded lithium metal at 7 5 %  efficiency. 
Lithium was reacted with hydrogen to give lithium hydride. LiH was 
reacted with SiC 1 4 to give SiH4 at 7 3%. The yield was 99.5% when 
exces s  SiC14 was used. Purity was in ppm. Later, Sundermeyer and 
Litz [6] reported a continuous operation. 

Lit z and Ring [7] in 1 964 patented a process for the elect rolysis of a 
molten lithium chloride /sodium chloride eutectic to produce lithium 
metal at the cathode and silicon tetrachloride at the silicon anode. 

4 
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The lithium met al is converted t o  the hydride by cont act with gas e ous 
hyd rogen .  Lithium hydride is then react ed with the silicon chloride 
to f orm silane . One could s t art with LiH, if this were available . 
Als o ,  t richloro or dichlorosilane could be the silicon s ource . 

P av lov et al.  [ 8] prepared silane by bubbling a SiC 14-H2 mixture 
through a me l t  of LiH in a eut ectic mixture of LiCl/KC 1 .  The silane 
yield was 95% with some disilane and HC1 and less than 0 . 0 1% o f  boron, 
gallium , phos phorus ,  and antimony . 

Franklin , Francis , and Tarancon [ 9] have a 1 97 6  patent on preparing 
silane in a single chambe r  from the above reactions . They merely 
s t at e  that the silicon made f rom this silane is suf ficient ly pure f o r  
elect ronic-gr ade uses . 

A 1 9 8 1  patent t o  Komat s u  [ 1 0] describes a nickel system for carrying 
out this reaction.  Although this proce s s  is one of the bet t e r  ones , 
the silane produced mos t  likely needs some clean-up before use . These 
reactions are used commercial ly . 

6 .  In 1 9 6 8 ,  Vit et al . [ 1 1 ] patent ed the use of sodium hydride or sodium 
a luminum hydride with silicon t e t rachloride to make silane in a boil
ing tetrahydrofurane sys t em .  

7 .  Weiss and Fisher [ 1 2] des cribe the reaction o f  Si02 with LiA 1H4 at 
200°C ,  c laiming that e ther is the only recognized impurity .  This 
would cer t ainly have to be reviewed by today's s t andards . Be l l ama and 
MacDiarmid [ 1 3] lis t the s ame reactio n ,  but at 1 7 0° . They obtained a 
7 %  yield . 

8 .  Finhol t  et al . [ 14] describe a s impl e  laborat ory metho d :  add SiC 14 t o  
a mixture o f  LiA1 H4 in diethyl ether at liquid nit rogen t emperature s , 
then let it warm up t o  0°C .  This technique give s  silane with a 99% 
yie l d . Jernejcic [ 1 5] and Norman et al. [ 1 6] also report this 
reaction . 

9 .  Roy [ 1 7 ]  prepared silane by the reaction of SiC 14 with NaBH4 in a 
diglyme (a po lye the r )  at ambient t emperature .  No purity is lis t e d .  

1 0 .  Hance and Wagner [ 1 8] reacted trie thoxy silane with s odium t o  obt ain 
silane . 

1 1 .  Kur atomi and Kawakita [ 2 0] placed powdered silicon and nickel nit rate 
in a high-pressure reactor and then t reated this with hydrogen to f o rm 
f ree nickel .  Fur ther addition of hydrogen produced 85% monosilane . 

1 2 .  Lorenz and Whaley [ 2 1 , 2 2] prepared siloxene f rom calcium silicide and 
acid and reacted this with ammonia to obtain silane . A yield of 37% 
monosilane was obtained with less than 0 . 1% higher silane s . 

1 3 .  Kuratomi and Yat surugi [ 2 3 ]  reacted SiC 14 and hyd rogen in a mo lten 
alloy o f  5 0/50 pot assium and s odium to get silane . The product gave a 
depos it ed silicon of 5 0  ohm-em. 

5 
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14. Kuratomi [ 24 ]  s t ates that SiC 1 4 wi th hydrogen at 200°-SS0°C in the 
pres ence of titanium sponge or titanium hydride gives 37 % trichloro
si lane , 2 1% dichlorosilane , 1 3% monochlorosilane , and 8% silane. 

1 5. Tachiki et al. [ 2 5 ]  sintered magnes ium , sili con, and zinc in a reduc
ing atmosphere , powdered the s inter and added s ulphuric acid to get 
99.5% pure si lane in a 90% yield. 

16. Stock, in his book publi shed in 1 9 33 [ 26 ] , described the preparation 
o f  magnes ium si li cide reacted with HC 1 to yield silanes. He states 
that 25% of the silicon was converted to s ilanes:  40% SiH4 , 30% 
Si 2H6 , 15% Si 3H8 and some higher silanes. Feher [ 2 7] adds that having 
2 0% phosphoric acid present aids the reaction toward monos ilane. 
Johnson [ 2 8 ] reports that HBr works quite well also. 

Kuratomi and Yatsurugi [ 2 9] f ound that Mg2 Si with NH4SCN dissolved in 
liquid ammonia gave only a trace of higlier silanes. Ebsworth [ 4 1] 
found the magnes ium s i li cide with acid reaction gave a SO% yield of 
silane when run in hydrazine at 50°C. Yusa ,  Yatsurugi , and 
Takaishi [ 33] report that in the current industri al process , silane i s  
generated by reacting magnesium silici de with ammonium chloride in 
liquid ammonia solution at 0°C. These reactions are well documented 
and are quite s traightforward for si lane production. At least one of 
these reactions is used commercially. For higher s ilane s , economics 
and purity would have to be s tudied carefully. 

1 7. Bakay [ 30] , in his 1 9 76 patent , described this process: si lane is 
obtained by int roducing SiHC 1 3 into an ion exchange resin cons isting 
of terti ary and quaternary ammonium groups at 20° to 200°C .  
Li tteral [ 3 1 ]  in 1 9 78 found this reaction could also be done in two 
steps: trichlorosi lane i s  passed over the resin to make dichloro
s ilane , and a second pas s through the resin gives si lane. This 
process has been used by Uni on Carbide s ince 1 9 7 0  to make dichloro
s ilane and is di scussed in the section on the JPL/DOE process. 

1 8. Calcote [ 3 2 ]  in his work on low-cost silicon under the JPL/DOE solar 
array project reported the preparation of high-purity silane in a non
equilibrium jet plasma wi th sodium and SiCI4 f eed. This gave a very 
low yield. 

1 9. Kutznetsov [ 3 4 ]  states that NaH with tri alkyl aluminum compounds 
reduces tetraethoxysilane to si lane , with the yield depending on the 
order of additions--and complicated by side reactions. 

20. Isano et aL [ 35 ]  noted that si lane can be prepared by decompos ing 
t riethoxysilane in the presence of sodium methoxy di ssolved in 
tet raethoxysilane. 

2 1. Kuratomi and Kawakit a  [ 3 6 ]  reacted KOH ,  KH, and SiC 1 4 at 370°C for 
s ilane. 

6 
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2 2 .  LeFrancois [37 , 44] , in his 1 9 8 2  patent , presents the prepar ation of 
silane by the reaction of a silicon halide , such as silicon tetra
f luoride , with a lkali met al hydrides , s uch as sodium hydride , in a 
liquid that includes a diaryl ether such as diphenyl ether . At ele
vated temperatures , s uch as 2 5 0°

- 2 6 0°C ,  complete conversion of the 
s ilicon tet rahalide to silane was observed , even with cont act times 
under 2 second s .  

This patent , assigned t o  Al lied Corporation , claims the use of silicon 
chlorides , bromides , or iodides alone or in mixtures with s odium , 
lithium , or potassium hydrides . Silicon tet rafluoride is preferred , 
because it is an available by-product in the manufacture of pho s phoric 
acid . Vigorous stirring is required--5 , 000 to 1 0 , 000 rpm. One 
example cited is NaH in mineral oil s lurried in diphenyl ether/ 
biphenyl .  With s t ir ring , equimolar par t s  of nit rogen and SiF4 are 
f lowed in at 2 5 5

°
C .  The ef f luent gas contains 40% N 2 , 2% SiF4 , and 

56% SiH4• O ther peaks on the gas chromatograph eluting af ter silane 
could be higher silanes . Solid products were equal part s  of NaF and 
Na2 SiF 6• No purities were given , but the common impurities f ound in 
other methods would probably be present in the sil ane. 

2.3 PREPARATION METHODS FOR HIGHER SILANES 

There are very f ew publications on the higher silanes . The mos t  definitive 
work was done and repo rted by St o ck in 1 933 [26] . Dropping magnesium sili
cide, prepared by reducing s ilica with met allic magnesium at high t emper 
atures , into aqueous hydr o chloric acid s o lution , formed silanes . The evo lving 
gases had this approximate composition: 40% silane , 30% di silane , 1 5 %  
t risilane , 1 0% tetrasilane , and 7% higher silanes . 

Johnson and Isenberg [38] s tudied the preparation of magnesium silicide and 
its reaction in ammonia and ammonium bromide at low temperatures. They con
c luded that the yield of disilane was determined by the temperature of the 
reaction , the nature of the solvents ,  and the compos ition of silicides used. 
If they prepared their magnesium silicide at temper atures of S00°-900°C ,  where 
they s t ate that only the MgSi species can survive , mos t ly monosilane was 
obtained . If the silicide was prepared at 400

°
-S00°C ,  higher magnesium 

s ilicides appeared , such as Mg 2Si 2 • This silicide species favor s  the for
mation of disilane. Als o ,  the disilane yield is increased if the silicide is 
react ed in the ammonia/ammonium bromide s o lution at 5 0°C ins tead o f  at -35°C .  
In these cases , the disilane in the product was increased f r om a f ew percent 
to 50%-60% . Using traps at various temperatures ef fects a separation of the 
silanes . 

Finholt et al . [ 14] in 1 947 under a Naval Research project , defined the 
lithium aluminum hydride method for higher silane s .  When silicon halides are 
used with LiA1H4 in an ether solution at liquid nit rogen temperature , and 
warmed to room t emperature,  an almost complete reaction occurs .  When silicon 
tetrachloride is used , a 99% yield of silane is obtained . Lithium hydride 
could also be used , but the reaction is s l ower . When hexachlorodisilane is 
used , an 87% yield of disilane can be obtained . If octochlorot risilane is 
used , t risilane resulted . The higher o rder chlorosil anes are a by-product in 
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the manufacture of silicones. Because of no market, they are not normall y  
isolated. They can �asily be cracked back into useful silicone monomers. 

In their 196 1  patent, Tachiki and Yamashita [4] claim the use of H S or sul 
fides o f  Ni, Cu, or Si as catalysts for the reaction o f  hydrogen witt powdered 
silicon at 3 S0 and at SO atm. If the ratios of Hz to silicon are controlled, 
any desired silane can be prepared from SiH4 to Sis H1 z. For example: Using 
1 90.8 L of Hz, Tachiki obtained 95% SiH4 • With 1 S8.S L of Hz, 9Z% disilane 
was achieved, and with 1ZO. S L of Hz, 98% Si SHl2 resulted. This work would 
have to be verified. 

Gasper, Levy, and Adair [4Z] prepared trisilane by reducing Si3c18 with LiAIH4 
in butyl ether in vacuum. All of these methods are used in development or in 
small-scale commercial uses. 

2 . 4  POSSIBLE IMPURITIES AND IMPURITY LEVELS IN COMMERCIAL SII.ARES 

To some degree, the impurities found in a product will be related to the 
purity of the starting materials. For silane, the silicon source is most 
l ikely related to metallurgical silicon; typical analyses are given in 
Appendix B. Since most of the silane made in the United States uses a chloro
silane, these impurities could be c arried through into the silane. Note that 
the elements of Group III (B) ,  Group V (P, As, Sb) and lots of heavy metals 
are present. If silicon tet rachlorosilane is used, sources and possible 
impurities are as given in Appendix C. Here again, most of the elements 
listed above would be present. Even if one uses silicon tetrachloride from 
the polysilicon effluent, contaminants from the reducing agents would intro
duce quite a few elements. Stone [40] studied the composition of silanes pre
pared by the magnesium silicide method. He found some Z1 compounds could be 
present, including silane, and higher silanes up to Si8H18• A typical process 
silane composition is given in Appendix A. 

Almost all of the producers and sellers of silane indicated that they had a 
proprietary purification technique. However, they are generall y  considering 
only those impurities which are critical in current semiconductor uses. 
Analyses are typically run on silane for contained gases, nitrogen, oxygen, 
hydrogen, argon, chlorosilanes, carbon as monoxide or dioxide, and methane. 
Electrical properties are checked by deposition of a thin silicon layer on a 
silicon wafer. The resistivity of a standard electronic-grade wafer typicall y  
ranges from SO to 1SO ohm-em. This property determines the quality grade. 
Several companies are advertising 1000 ohm-em silane--the uniformity and use 
of this material will have to be determined. Incidentally, the resistivity of 
the epitaxial deposit does not directly correlate with what the silane would 
provide in a poly or amorphous deposition. It is not an indicator of the 
level of donors or acceptors. 

Silane for semiconductor use is generally evaluated by the deposition of a 
very thin layer of silicon onto a single-crystal silicon wafer. The silicon 
grows on the same orientation (or axis) as the crystal in the wafer. Hence, 
the name epitaxial : same axis. The resistivity of the deposited layer is 
then measured to give a compensated resistivity. In silicon, the acceptors-
normal ly boron--and the donors--normal ly phosphorus and arsenic--neutralize 
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each othe r ,  atom f or at om. Thus , we obtain the overall electri.cal measurement 
o f  resis tivity and type. The type of resis tivity is p (positive) for exces s 
boron or n ( negative) for excess phospho rus or arsenic. So , the boron level 
could be 10 ppba and the phosphorus level 8 ppba to give a 2 ppba exces s  of 
boron,  set ting the res is tivity of 1 40 ohm-em, p-type. Or it could also be 
62 ppba of boron and 60 ppba of phosphorus for the s ame resis tivity reading. 
One really needs to know actual levels of the impurities. It follows , then , 
that a resis t ance of 2000 ohm-em on the deposited layer merely means that the 
dif ference in atoms is 0.12 ppba. In the single-crys tal silicon area,  high 
levels of B or P or any impurity can cause "dis location" as the cryst als grow. 
These can also cause uneven elect rical properties. 

The need for cont rol or knowledge of the actual levels of element s in the 
s ilicon is yet to be determined for the amorphous area. Contro lled levels o f  
boron and phosphorus result in a more uniform product. Moreover , the presence 
of heavy meta ls can a f fect the long-term s t ability of the product. Group I I I  
(B ) and Group V (P and A ,  et c. ) analy ses are not normally run on silane. 
Union Carbide s ugges t s  that these analyses are not easy to run and accept able 
processes will have to be developed. 

Brookhaven National Laborat ory has run studies on the concentration of 
vo latile impurities in selected cylinders of commercial silane and disilane. 
This work was perf ormed under the auspices of the U.S. Department of Energy , 
Division of Materials S ciences , O f f ice of Basic S cience,  under Contract 
DE AC02 7 6CH000 1 6. One segment of this s tudy published recently [45] indi
c ates that impurity levels of 20 ppm can affect the electronic properties o f  
amorphous silicon cells. Further detailed dat a provided by R .  Corderman [46] 
are given in T ables 2- 1 ,  2-2 , and 2-3 for silane and in T able 2-4 for 
disilane. These data indicate the wide range of impurity levels (f rom 1 0  ppm 
to 1 1 , 5 00 ppm) in various selected commercial silane products , and that fil
ters can remove some of the impurities. These were propriet ary filter s , but 
it is known that chlorosilanes and siloxanes can be removed by pas sing the 
silane over activated charcoal. Cor derman found that chlorosilanes in silane 
most likely react with moisture present to f o rm siloxanes. Either one o f  
these species can reduce the shor t-circuit current and the fill factor of 
amorphous photovoltaic devices. The newe r ,  high-resis t ivity grades of silane 
generally show reduced impurity levels. A purer disi lane should also be 
available soon. 

From these dat a we can surmise that the f ollowing impurities could be present 
in commercial silane : atmospheric and rare gases , methane , carbon oxides , 
chlorosilanes , higher silanes , boron , phosphorus ,  antimony , and arsenic. The 
impurities in disilane would be expected to be the s ame as in silane , with the 
pos s ib le addition of higher order carbon compounds such as c2 H4 , c2 H6 , and 
C3H8. 

Mos t  companies use gas chromatography to determine impurities , and epitaxial 
deposition f or resis tivity. Met al impurities are not normally run. One 
analy sis showed quantities from 0. 1 to 0.005 ppmw of iron , sodium , chromium , 
potassium, zin c ,  copper , nickel ,  lead , and tin. All commercial silanes seem 
to be n-type; that is , they yield n-type epit axial films. This means the 
Group V elements --such as P and As--are dominant , which could be the reason 
that mos t  amorphous silicon int rinsic layers are s lightly n-type. 
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Table 2-1 . Impurities Detected in Silane: Cylinders K l  through K4 

C ylinder: M1 M2 w/ o Fi ltera M2 w/Fi lterb M3 M4 
Supplier: Matheson Matheson Matheson Matheson Matheson 
Grade: Semi conductor Semi conduct or Semiconductor Semi conductor Semi conducto r  

Species 

HC 1 200 8 , 5 00 290 920 30 

SiH3C 1  3 2 0  3 , 000 10 -- 1 0  

SiH2c 1 2 
SiC 1 4 
SiH30SiH3 36 0  3 , 600 1 70 1 , 1 00 1 7 0  

( SiH3o ) 2SiH2 
-- 1 9 0  1 0  1 0 0  

SiH3 ( 0 SiH2 ) 20SiH3 
-- 5 0  

Si 2H6 900 1 , 800 80 1 , 1 00 1 1 0  

Total [C 1 ]  5 20 1 1 , 5 00 300 920 40 

Total [0] 36 0  3 , 840 1 80 1 , 20 0  1 7 0  

Source: Brookhaven National Laboratory 

Note:  All numbers are in ppm ,  with the measured data rounded to give two digi ts  of precis ion ; 
balance is SiH4 ( 1 0 , 000 p pm= 1 % ) . 
aSpeci ally dis t i lled to  remove N2• 
bWi th proprie t ary filter between cylinder and mass spectrometer . 
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Cylinder: 
Supplier: 
Grade: 

Sp ecies 

HC1 

SiH3C1 

SiH2c12 

SiC14 

SiH3 0SiH3 

(SiH3o) 2SiH2 

SiH3 ( 0SiH2) 20SiH3 

Si2H6 

Total [C1] 

Total [0] 

Table 2-2 .  Impurities Detected i n  Si lane : Cylinders M5 through K 6A 

M5 
Matheson 

Semiconductor 

210 

5 0  

260 

120 

26 0 

260 

11 
Ideal 
TOPS 

10 

20 

20 

230 

30 

20 

I2 
Ideal 
TOPS 

620 

400 

340 

100 

2, 900 

1, 3 6 0  

100 

M6 
Matheson 

Purity 

10 

90 

60 

10 

90 

Source: Brookhaven National Laboratory. 

M6A 
Matheson 

Purity 

60 

190 

240 

60 

190 

Note: All numbers are in ppm , with the meas ured data rounded to give two digits of precis ion; balance is 
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Table 2-3 .  Impurities Detected i n  Si lane : Cylinders M7 through B3 tit 
I 

Cylinde r :  M7 M8a LC 1 B 1 a B3 a 

Supplier:  Matheson Matheson Liquid Carboni c Matheson Matheson 
Grade : Purity Purity CCD Semiconductor Purity 

Species 

HC 1 -- -- 30  210 

SiH3C 1  -- -- 10 so 

SiH2c 1 2 

...... SiC14 
N 

SiH30Si H3 -- 30  80 2 7 0  

( SiH3o ) 2 SiH2 

SiH3 ( 0SiH2 ) 20SiH3 

Si 2H6 280 1 80 so 2 2 0  9 0  

Total [C1] 0 0 40  260  0 

Tot al [0] 0 30  80  270  0 

Source : Brookhaven National Laboratory .  

Not e :  All numbers are i n  ppm , with the measured dat a rounded t o  give two digi t s  o f  preci sion ; balance is 
SiH4 ( 10 , 000 ppm= 1% ) .  I� a1 0% SiH4 in UHP H2• � N 0 \,J:) N 
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Cylinder: 
Supplier: 

Species 

HC1 

Si2H5C 1  

co2 
SiH30SiH3 
Si2H50SiH3 
(si2H5 ) 2o 

Si3H8 
Si4H10 

Total [C1] 

Total [0] 

Table 2-4. Impurities Detected in Disi lane 

DS1 
KOR Isotopes 

540 

120 

860 

2, 600 

7 0  

660 

860 

DS2 
Chronar 

600 

26, 000 

410 

0 

600 

Source: Brookhaven National Laboratory. 

DS3 
Chronar 

48, 7 5 0  

6, 200 

6, 400 

330 

0 

54, 950 

Note: All numbers are 
digits o f  precis ion; 
(10, 000 ppm = 1%) .  

in ppm, 
balance 

with the meas ured data rounded to give two 
is Si2H6 and most likely some SiH4 

2 . 5  PURIF ICAT ION TECHNIQUES 

A s earch of the Chemical Abs tracts was made on purification techniques fo r the 
period 1960 to date. Some 24 references are reported in this s ubs ection. 

Monos ilane has been prepared and used in the semiconductor indus try fo r some 
twenty years. Host of the p urity requirements were related to obtaining an 
epitaxial layer of s ilicon, where the electron donors and acceptors can be 
controlled. The major impurities of concern were tho s e  listed in the proposed 
SEHI standards C3STD8, 9, and 10, as s hown in Appendix D. Thes e specifi
cations lis t the maximum parts -per-million levels of o xygen, hydrogen, water, 
carbon oxides , hydro carbons as methane, chlorosilanes , and rare gas es as 3 to 
10, 000. 

Thes e specifications relate bas ically to semiconductor us es . Sp ecifications 
will have to be s et up for s ilanes for solar energy us es . For example, hydro
gen in the silane should not be a problem for solar cell us es .  Some chloro
s ilanes may even be us eful, s ince it has been reported that some halides 
enhance the ability o f  the depos ited amorphous silicon to be easily doped. 
The level of Group III and V elements will probably be impo rtant, becaus e  they 
determine the electrical properties . Dis s olved gas es s uch as oxy gen and the 
heavy metals in crys talline s ilicon determine the lifetime of the device, as 
thes e elements tend to combine with the us eful elements . We pres ume that 
s imilar actions can occur in amorphous silicon. 

13 
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The use of s ilane to produce po lys ilicon was cons idered in the early 1960s and 
prompted further inves tigation into purity. One U.S. company, Trancoa, 
operated a polys ilicon plant for s everal years . They depos ited s ilicon from 
silane on the external surface of an internally heated quartz tube. T he 
quartz s hattered upon cooling and was removed by acid leaching. The s ilane 
was made from the lithium hydride-s ilicon tetrachloride method. Around 1970, 
Komats u began producing very pure s ilicon from s ilane. 

Dr. Carls on and his team als o studied the effects of various impurity gases in 
s ilane on glow-dis charge-formed amorphous s ilicon [ 4 7 ] . His data are s um
marized in Table 2-5 . 

Of thes e contaminants , all s howed s ome detrimental effect, but water, s ulfide, 
pho s phine, and chloros ilanes caus ed s evere decreas es in properties. The data 
als o s how that amorp hous s ilicon can accommodate relatively large concen
trations of impurities and s till exhibit s ignificant photovoltaic effect. 
Thus , a more pure starting material might be very useful, for it appears that 
the correlation of impurities in s ilane to cell properties is s trong. In 
another report [ 48] , Dr. Carls on's team found that carbon materials such as 
methane in s ilane cause increased res is tivity, which lead to problems with 
contacts and lower solar cell performance. T he Brookhaven data (in 
Section 2.4) indicate that all currently available commercial s ilanes contain 
various levels of imp uri ties. Res earchers s hould obtain a cylinder analys is 
from their s uppliers. 

Additional data on the effects of air, oxygen, nitrogen, phos phine, and 
monochloros ilane on amorphous s ilicon s olar cells are given in an article by 
Delahay and Griffith [74] . 

Table 2-5 . Photovoltaic Properties : The Ef fect of Impurity Gases 
in Silane 

Impurity Gas Voc Jsc Fill 
(Vol. % of total atm.) (mV) (mA/cm2) Factor 

None--control 7 00 6.0 0.5 4  

2.3% H20 400 0.6 0.23 

2.3% H2S 425 3.0 0.21 

1.0% GeH4 370 3 .0 0.21 

10% CH4 6 6 2  4.0 0.53 

30% CH4 230 0.02 0.18 

1o% N2 595 6.0 0.5 5 

0.06% PH3 130 1.5 0.42 

5 0% SiH2c12 321 0.05 0.25 
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2 . 5.1 Properties of Si lane 

The basic properties of silane are lis ted in Appendix E .  The various silanes 
have a wide range of boiling points . Early workers found it easy to s eparate 
monos ilane from the di- or tris ilanes by cooling the mixture below -130°C and 
then taking o ff each species as it warmed up to its boiling point . 

Silane is generally listed as spontaneous ly flammable in air. My experience 
is that very pure monosilane does not s pontaneously ignite in air. Mos t  prob
ably, all monos ilane contains some di- or tris ilane, which does ignite on 
exposure to air. Silane does not react with neutral water, ammonia, or metal 
hydrides . It will react with halogens , bas es ,  and alco hols and will reduce 
s alts to their base metal. Silane is ordinarily s table at temperatures up to 
380°-400°C .  Thes e properties allow several different purification proces s es ,  
unique to silane, to be us ed. A further lis ting o f  properties is given by 
Yaws et al. in his article "Phys ical and Thermodynamic Properties of Silane, " 
p ublished in the January 1978 iss ue o f  Solid State Technolo gy .  

2 . 5 . 2  Purification Processes 

The various techniques for purifying silane involve selective reactivity, 
s elective s o rp tio n, dis tillation, or a combination of thes e. 

1. Chalupa et al. [51] found that scrubbing crude silane with a s olution 
of s odium and liquid ammonia produced a pro duct suitable for manufac
turing semiconductors (1961) . 

2. Lewis et al. [52] reporting 0::1 an Air Force-s pons ored study by Me tal 
Hydrides, Inc. and Cambridge Labs, lis ts s everal techniques for pur
ifying silane. A liquid ammonia scrubber is sugges ted for removing 
boron co mplexes . Activated carbon, at temperatures below zero, is an 
ads orbent for di borane and arsine. (This should als o remo ve other 
polar molecules --phosphine and chloros ilanes . )  Passing s ilane through 
a hot tube at 35 0°C should decomp o s e  hydrides of germanium, lead, gal
lium, and antimony . After these treatments, s ilane with only ppb 
impurities res ulted . 

3. A Britis h pateat [53] states that silane can be freed fro m ars ine by 
pas s ing it through activated carbon in a ves s el at -78°C, imbedded in 
solid co2• Diborane can be removed by pas s ing it through the s ame 
material at 0° to -30°C .  The s aturated charcoal may be reactivated by 
flus hing it with argon at 200°C .  

4 .  Caswell and LeFever [54] , in a German patent, treated silane with 
finely divided metals (Li, Rb, Cs , Ba, Sr, or Mg ) to remove boron. 
The boron co mplex (BzH6 2Na)  is eas ily removed. The reactive metal can 
be on an ads orbing agent as a carrier, such as sodium on silica ge l,  
on activated alumina, or on a crys talline zeolite . 

5.  A Netherlands patent [55 ] s tates that 98�� s ilane, with impurities of 
hydrogen, chloros ilanes , s ilicon tetrachloride, helium, s iloxane, 
dis ilane, ars ine, phosp hine, and diborane is purified by distilling it 
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at -10° to -70°C into porous wood charcoal and then into porous mag
rwsium sili�ate ::it -40° to -80°C. The impurities come off the top; 
the silane, off the bottom. This is then passed through granular wood 
charcoal at -10° to -5 0°C. The resulting silane is "practically" 
pure. 

Asano et al. [56] used carbon 
pore size to remove ethyl and 
pared from triethoxysilane. 
remain in the silane. 

and a synthetic zeolite of 0.5 to 0.9 nm 
ethoxy impurities from their silane pre

Less than 0. 2 ppm of these impurities 

7. Cowlard [57] states that crude silane can be purified by passing it 
through a molecular sieve above 0°C. He suggests a type SA, 1 3X 
mixture of synthetic zeolites. The purified silane gave a deposited 
silicon of 100 ohm-em, p-type. (Data on Linde molecular sieves is 
listed in Appendix F.) 

8. Ohgushi et al. [5 8] explain the molecular sieving action on an ion 
exchange zeolite A. Using a potassium A zeolite, they exchanged the 
cation with divalent metal elements and determined the adsorption of 
phosphine from silane. A mechanism is proposed. 

9. Takaishi and Gomi [5 9] have suggested a compact purifier for silane to 
remove what they believe to be the major impurity in commercial 
silane--phosphine. They advocate the use of potassium-zinc A zeolite 
which, they state, selectively adsorbs phosphine. They passed 
1-3 L/min of a 5/95 mixture of silane/hydrogen through the zeolite 
column at -20°C. The impure silane gave a silicon film of 0.7 ohm-em; 
the treated silane gave an epitaxial silicon film of 3000 ohm-em. 

10. Schoellner [60] claims in an East German patent that a 5 0:50 mixture 
of silane and phosphine, mixed with nitrogen to a phosphine volume % 
of 5, was passed through a sodium-magnesium A zeolite and the phos
phine was completely removed. The phosphine recovered from the zeo
lite contained only 0.18 volume % silane. 

11. Caswell [61] patented a process to purify silane by means of a syn
thetic zeolite system to remove arsine and phosphine. 

12. In a Russian patent, Lebedev [62] claims purifying silane by passing 
it through a sorbent of 20%-40% aqueous collodial solution of silica 
with 1% ammonia. 

13. Yatsurugi et al. [63] in a German patent describe a new ion exchanged 
zeolite--specifically for removing phosphine from silane. This is a 
zeolite in which 30%-83% of the ions are replaced by potassium and 
16��-66% of the exchangeable calcium is replaced by divalent ions from 
the group: Xg, Zn, Cd, Pb, and Mn. 

14. K;.lrato<ni. and Yatsurugi [6�] developed a zeolite of fine pore size to 
purify silane. The sodium of the zeolite is replaced with zinc or 
lead. In a companion patent [65] they used a lithium ion to replace 
the sodi•Jm. 
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1 5 .  Takaishi et al.  [66] studi e d  the properties of mole c ular sieves, where 
the sodium and potassium were replaced with calci.um or ,o;_i1c. 'P1e 
functionality o f  purifying sil anes was measured against their 
composition. 

16 . Yusa , Yatsurugi , and Takaishi [67 ]  report that silane made by reac t ing 
magnesium silicide and ammonium chlo r ide in ammonia contains d ibu rane , 
arsine , phosphine , methane , carbon oxides , and rri t rogen .  A new zeo
l ite with zinc and potassium i ons was made from a Linde 4A r10lec<1lar 

sieve . Sil ane purifie d with this system gave a deposited silicon of 
1000 to 8000 ohm-em . 

1 7 .  LeFever [68] states that treating silane with ammonia removed boron 

hydride and hali de i mpuri ti e s .  Silane and ammonia are condensed 

together and heated to 25°C at 400 psig. The impurities form non
volatile coordination compounds. The excess ammonia is fractionated 

or adsorbed at -78°C on synthetic sodium zeolite A. Si licon deposi ted 
from this silane had a resistivity of 300 ohm-em ( less than 5 ppba 

boron) . 

1 8 .  Tarancon [SO] in his 1 9 7 8  patent detai ls a process for the purifi
c a tion of silane involving passing the i mpure silane through a suc
cession of six zones connect ed in series . He lists a typical process 
si l ane as having 97%-98% by weight monosilane ; 1.5%-2.5% hydroge n ,  
chl n r osilanes, and silicon tetrachloride; 0.5% helium, silicones, 

h i gher silanes, arsine , pho s phine, and diborane. This appears to be a 

silane prepared by the hydride-si l i con tetrachloride method. The pro

cess is carried out in a closed system to preclude air ·1( f'lOisture. 

The impure silane is passed through the following zones: 

19 . 

a. A stainless-stee l  packed column at 8 psig--remr:lVes si licon 
tetrach loride . 

b. Activate d charcoa l  at -70°C ,  7 psig--removes chloros i lanes and 
si licones. 

c .  "F lorisi 1" at -70°C, 6 psig--rem o ves arsine and phosphine . 
( Florisil ls magnesium silicate from the Flori d i n  Company. ) 

d .  Stainless ste e l  packed column at -24°C ,  100 psig--removes low 

bo i lers ,  gases,  and lite s .  

e .  Empty co lumn a t  - 1 9 5°C, 2 psih--freezes out the silane. 

f. Activated charcoal at 20°C, 100 psig--removes diborane and l1tgher 

sil anes . 

Tarancon clai ms the treated product i.s 99. 99�� pure tnonos L L1.ne. The 

product is comp r es sed to 1500 psig for packaging. 

Hartford [69] and Clark [70] and their coworkers at Lns h,l amos 
Laboratories describe a sil ane purification method bas(�d on 1a�er-

induced chemistry. By selective ph o to ly sis , quAntum ,·iJ' lris ;or t1H' 
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destruction of arsine, diborane, and phosphine are claimed. With a 
193-nm argon-fluoride excimer laser, at ambient temperature, 50 ppm of 
arsine and phosphine in silane were reduced to less than 0.5 pmm. The 
impurities were preferentially dissociated and deposited as metal or 
as polymer on the filters. 

20. In a 1965 patent, Bradley [7 1] claims the purification of chloro
silanes or silane by adding elemental iodine, bromine, or chlorine and 
distilling. This is said to remove all of the phosphine and arsenic 
and some of the boron and sulfur. While this technique has been 
demonstrated with chlorosilanes, its usefulness with silanes would 
have to be confirmed. 

2 1. Coleman [72, 73]  reports the preparation of ultra-high-purity silane by 
using a recycle system in the separation columns. In preparing 
trichlorosilane for redistribution to silane, he reports that a small 
amount of silane is fed into the feed system at the stripper column in 
which chlorosilanes and silicon tetrachloride are separated. The 
silane at these temperatures reacts with the chloride impurities to 
form hydrides. Thus, any arsine, phosphine, or boron present as 
chlorides would be converted to volatile hydrides, which are removed 
with the other light fragments in the column. This process would be 
usable only if the investigator were running the total Union Carbide 
silane process, however (see Section 3.0) . 

We can conclude that no one process will completely purify silane. On a 
research level, the use of charcoal, molecular sieves, and perhaps some 
ammonia traps should yield a fairly pure silane, however, based on the refer
ences cited here. Of course, it is desirable to start with the most pure 
silane available. But note that silane should be handled even at a research 
level only by experienced personnel. Manufacturers of silane are unanimous in 
recommending that users not try to purify silane. They suggest that only a 
filter be used to remove particulate matter. It is suggested that needs for 
improved silane should be discussed with a supplier. See in particular 
Tarancon [50] . This patent lists the various filters and the impurities that 
are removed by each filter. Note that the used filters (saturated with 
silane) must be properly disposed of. A higher-purity silane may be available 
by 1984, both from current suppliers and from the new Union Carbide plant. 

2 . 6  COMMERC IAL AVAILABILITY 

To determine the commercial status of silanes in the United States, fifteen 
companies who could make and/or sell them were sent a questionnaire that 
requested preparation methods, analysis capability, and typical purity, as 
well as literature, pricing, and grades. This was followed up with one or 
more telephone calls to confirm data. The comments reported here are those 
submitted by the companies. 

Seven of the U.S. companies contacted indicated they are or can be prime pro
ducers of monosilane. It appears that some companies buy some or all of their 
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requirements, depending on vol ume and availab le supply . 
parries that produce and sell silane are 

• Airco Industrial Gases 

• Linde Specialty Gases ,  Union Carbide Corporation 

• Air Products and Chemicals , Inc . 

• Liquid Carbonic Corporation 
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The current U . S .  c om-

• Matheson Division, Searle Medical Products Corporation 

• Scientif ic Gas Products, Inc . 

• Synthatron Corporation. 

Allied Chemical Company indicated that it can produce silane and is consider
ing entering the market.  

Companies that only sell silane are Ideal Gas Products , Inc. , and M. G.  
Scie ntific Gase s. Disilane is produced and sold by Chronar Corporation ( sold 
by Airco) , Matheson Division, and Synthatron Corporation . Several additional 
comp anies indicated interest in making disilane , if the market develop s .  The 
list of companies contacted and their addresses is given in Ap pendix G. 

No producer was willing to give details on his methods of producing si lane s .  
This is a competitive business and all undoubtedly have their own methods of 
purifying products . Based on literature , patents, and industry awareness , 
there are probably three basic processes used commercially to prepare silane : 

1. Lithium or sodium hydride with a silicon halide 

2. Magnesium silicide with a mineral acid 

3. Catalytic redistribution of chlorosilanes .  

There are many variations of the processes,  but the 
ces s  in the United States seems to be Method 1 .  
Method 3 at their Washington plants . 

most of ten me ntione d pro
Union Carbide is us ing 

For disilane , one could use Method 2 above , in which a mixture of silanes 
usually results. Lithium aluminum chloride wi th hexachlorodisilane could also 
be used.  A new process involves passing silane through an electrical dis
charge . This method should produce disilane as pure as the starting silane . 
Several comp anies are actively working in this area and could well be develop
ing new methods. We believe that Chronar is using the magnesium silicide pro
cess for their production of silane and highe r silanes,  but is also develop ing 
the improved methods for producing a purer disilane . Be cause disilane can 
de compose at room temperatures into silane and hydroge n,  the material should 
be analyzed bef ore use . 

Re ferences are given in the preparation section of this report on the methods 
f or making silane s. Products of all the se methods re qui re soJTJe purif ication , 
however,  to improve the quality. Currently , silanes are use d in the United 
States basically in the se miconductor market. Production and sales have been 
in the mi llions of grams and distribution has been in gas cyl inders . If amor
phous silicon solar cell production begins soon, however, larger volumes wi ll 
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probably be needed . Scale-up o f  the hydride o r  s i l i ci de processes could b e  a 
problem.  The new Union Carbi de process should be able to provide bulk silane , 
if needed,  subj ect to the company ' s  own internal requirements for p o lysili con 
production. The company estimates that it wil l  have the ability to meet any 
custome rs ' needs , provided that i t  has adequate lead t ime .  

There are three maj or grades o f  s i l ane available : epit axial , s i l i con nitride , 
and charged couple devi ce (CCD ) . Some companies offer two grades , others 
offer up to five . Proposed SEMI speci fi cations are given in Appendix D.  
Epi taxial grades are around 100 ohm-em . The types over 1000 ohm-em are 
usually of the CCD variety . For s i l i con nit ride , silane is reacted with am
moni a ;  thus , chloros ilane and methane contents should be under 10 p pm. 
Epitaxial grade si lane usually allows up to 1000 or 10 , 000 ppm of chloro
silanes . Most commerci al s ilane today provides n-type epitaxial s i li con ; that 
means the phosphorus and arseni c impurities are greater than the boron or 
aluminum . Other high-resistivity grades are coming on the market ; these 
should be evaluated carefully for solar cells , because impurities are as 
import ant as res i s t ivi t y . 

u . s .  sales of si lane in 1982 were probably over 40 , 000 kg or 40 met r i c  tons . 
This market should follow the s emi conductor indus t ry growth curv e .  In 19 8 3 ,  
s ales should exceed 45 tons • 

.. 
2 . 6 . 1 Addi tional Comments on Silane Producers 

2 . 6 . 1 . 1  Airco Industrial Gases 

Ai rco makes and sells silane and disi lane ; it may also purchase part of its 
needs . The company has i ts own methods of puri fying s i lane made by a l i thium 
hydride-chloros ilane proces s .  It also has a contract with Chronar to distri
bute disi lane and to do quali ty-control work . They offer nit ride-grade silane 
of 1500 ohm-em , with the following maximum ppm :  oxygen , 1; nit rogen , 25 ; 
chlorosilanes , 1; CO , 2 ;  wat e r ,  1 ;  argon, 1; hydrogen, 200;  methane , 1 ;  and 
heavy metals , ppt .  1500 ohm-em s i lane is offered at $1. 20/ g .  Dis i lane is 
$65/g  in 25-g s i zes , $55/g in 100-g s i zes . 

2 . 6 . 1 . 2  Allied Chemical Company 

Allied is not current ly producing s i l ane . However , it does have a p i lot  p l ant 
based on the LeFrancois patent ( s i l i con tetrafluoride p lus sodium hydri de ) . 

2 . 6 . 1 . 3  Air Products and Chemicals . Inc. 

Air Products makes and sells silane prepared by the l i thium hydride p lus sili
con tetrachloride method.  It  offers ni tride or  epi t axi al-grade si lane , whi ch 
equals or exceeds the proposed SEMI specifi cations , and is greater than 
1 00 ohm-em. A typical lot would have these ppm impurities : hydroge n ,  500 ; 
methane , 1 0-40 ; HC1, 10-20 ; CO , 5 ;  nitrogen,  40 ; rare gas , 40 ; and wat e r ,  1.  
The company does a complete analys i s  on each lot , including epitaxial resis
t i vity . It suggests that custome rs not t ry to puri fy silane , but wi l l  discus s 
special needs with them. 
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2 . 6 . 1 . 4  Chronar Corporation 

Chronar is making s i lane and di s i lane bas i cally for i t s  own so lar ce l l  pro
ducti o n .  Excess capacity wi ll be s o ld through Ai r co . The quality o f  t h e  
p roduct reported in the Brookhaven dat a ( Se c t ion 2 .  4 )  was early product ion.  
The company reports they have now imp roved the quality o f  their p r o duct s , 
e s p e ci ally di s i lane , which is made by a new proces s .  

2 . 6 . 1 . 5 Liquid Carbonic Corporation 

The company makes and sells s i l ane , producing it by means of a prop riet ary 
proces s .  A 1 9 7 8  news re lease s t at es " Liquid Carboni c has been operating the 
l arge s t  s i lane-p ro ducing f aci l i t y  in the U. S .  at San Carlo s , Ca . They 
recent ly completed an expansi on whi ch wi ll d oub le p lant capaci ty . "  Five 
grades of silane are of fered:  epit axia l ,  100 ohm-em ; po ly s i l i con or oxide 
grad e ,  5 0 ;  s i l i con ni t ri de , 5 0 ;  charged coupl e ,  200 ; and HRS ,  400 . Ty pical 
i mpurit ies : hydro carbo ns , 1 0  ppm , CO , 1 0 ; hydrogen , 500 ; and ni t roge n ,  100 . 
A speci al res i s t ivity analys i s  wi ll be run f or $ 2 00 each . The company recom
mends only us ing a f i lt e r  for par t i culat es . 

2 . 6 . 1 . 6  Matheson Gas Products , Inc. 

Mathe s on makes and sells  s i lane and disi lane by a propriet ary method .  It has 
two grades of s i lane : s emi conduct o r - 1 00 ohm-em , pri ced from $ 0 . 24 to $ 0 . 8 8/g ; 
and Mathe s on puri t y , 1 000 ohm-em , pri ced f rom $0 . 9 5 to $ 1 . 30 /  g .  Di s i  lane i s  
sold in 1 0 0-g cylinders a t  $ 4 5 / g .  Mathe s on i s  deve loping a new process and 
exp e c t s  to sell  dis i lane for under $20 in 1 9 84 . Quality control i s  bas i cal ly 
epi t axi al deposi t i on and gas chromatography . The Matheson puri ty grade has 
under 1 0  ppm chlo r o s i lanes . Cus t omer s  can also reques t  special quali t y
cont rol t es t s .  The d i s i lane i s  99+% pure ,  with s ome hydroge n ,  chlorosi lanes , 
and s i l ane . A new process for di s i lane i s  now under deve lopment that should 
y i e ld a purer d i s i lane . 

In June 1 9 8 3 , G .  D .  Searle & Company announced the sale of i t s  Matheson Gas 
Products operat i ons in the Uni t e d  St ates and Canada to a j oi nt venture f o rmed 
by UG I Corporation ' s  Amerigas sub s i di ary and Nippon Sanso K. K. of Tokyo . 
Earli e r ,  Searle announced the s ale of i t s  Mathes on European operation t o  Uni on 
Carbide Bene lux N. V. The U . S .  operat ion wi l l  be known as Matheson Gas 
Product s ,  Inc . 

2 . 6 . 1 . 7  Scientific Gas Products ,  Inc . 

Thi s f i rm makes and s e l ls s i lane and disi l ane , us ing hydrogena t ion of 
t ri chlor os i lane . Some mat erial i s  purchased and pur i f ied f or sale . They s e l l  
two grades of s i lane : epit axial , 1 0 0  ohm-em , and ni t ride grade , 5 0  ohm-em . 
The epitaxial grade has these maximum p pm:  ni t rogen , 40 ; oxygen , 1 0 ;  methane , 
40 ; hyd rogen , 1000 ; wat er , 3 ;  chloro s i lanes , 1 000 ; and r a r e  gas e s , 40 . The 
ni t ride grade has the chloros i l anes reduced to 10 ppm .  Scient i f ic prices 
s i l ane f rom $0 . 95 / g  f o r  1 0 0  g t o  $ 0 . 3 6 / g  f or 5000 g.  It do es no t sugge s t  that 
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the cus tomers t ry to puri fy the si l ane , only that they use a fi lter to remove 
any oxide formed in the lines . No s pecial analyses are offered . 

2 . 6 . 1 . 8  Synthatron Corporation 

Synthat ron makes and sells silane and dis i lane produced by means of a pro
prietary process and purified by i t s  own technique. It offers s everal grades 
of silane ; the bes t  grade would have these ppm maximums : nit rogen , 100 ; 
oxygen,  1 ;  water,  2 ;  hydrogen,  5 0 ;  C O ,  1 0 ;  methane , 5 ;  argon , 5 ;  and chloro
s i lanes , 5. Dis ilane has this typi cal profi le of impurities : hydrogen , 
0 . 5- 1 . 6% ;  ni trogen , SO p pm;  oxygen, S O ;  argon , 5 0 ;  C O ,  5 0 ;  co2 , 2 0 ;  methane , 
1 0 ;  C2H6 , 1 0 ; chlorides , 0 . 5 % .  Complete cyl inder analysis cos t s  $ 1 25 .  
Customers are dis couraged f rom t rying to run their own purifi cat i on processes . 

2 . 6 . 1 . 9  Union Carbide Corporation, Linde Division 

Linde Special ty Gas Products makes and sells s i lane prepared by a proprietary 
method . They offer an electronic grade of 1 00-1 5 0  ohm-em . Typi cal impurities 
are in maximum ppm: chlorosilanes , 5 0 ;  hydroge n ,  200 ; methane , 5 0 ;  nitrogen , 
100 ; and some water and oxygen. They wil l  run a special res i s t ivity analysis 
for $ 1 00 . Linde expects to introduce an "Ultra Plus" grade of s i lane soon , 
yielding a deposited film of over 1 0 00 ohm-em. It recommends that customers 
not t ry to purify silane themselve s .  

2 . 6 . 1 . 10 Ideal Gas Products , Inc. 

Ideal sells monos i lane and dis i lane . It gets its si lane from Certified Gas 
and Cont rols , Inc .  Ideal us es a propriet ary puri ficati on process to make a 
CCD grade si lane , which it calls "thousand-ohm-plus silane , "  or TOPS . Each 
lot is evaluated using advanced in-house methods . It also offers an elec
t roni c grade , presumably around 100 ohm-em. The impurity levels in TOPS grade 
si lane were given as 1-5 ppm moisture , 2-5 p pm methane , 2 0-600 p pm hydrogen , 
and 5-100 ppm ni trogen. The uncomp ensated epitaxial deposited sili con can be 
up to 2500 ohm-em res i s tivity . Spreading conductance measurements can also be 
t aken . Heavy metals are typically less than ppt .  Ideal does run the SEMI 
specif i cation tests and will do cus tom analysis for customers , suf ficient t o  
qualify the si lane for its intended use . Di si lane i s  als o sold,  but the 
impurities are not listed . Ideal does not suggest further purifi cation by 
cus tomers , but does suggest that chemi cally cleaned gas handling equipment be 
use d .  

Si lane pri ce ranges , as reported by the companies i n  July 1983 , are lis ted in 
Table 2-6 . These are the list price s ,  general ly for 1 00-g to 1 0 , 000-g or 
larger cylinders . These prices are for refe rence only . Cus tomers should get 
di rect quotes for the quality and quantity they nee d .  Disilane is generally 
avai lable only in 50- or 1 00-g cyl inders . 
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Table 2-6 . Si lane Prices (U . S .  list , July 1983)  

Company 

Ai r co 

Air Product s 

Linde-UCC 

Liquid Carboni c 

Mathe s on 

S cient i f i c  Gas 

Synthatron 

Ideal Gas 

aAvai lable in Fal l  1 9 8 3 . 

Grade Name 

Nit ride 
CCD 1 5 00 
Di s i l ane 

Nit r i de 
Semi conductor 

Semi conducto r  
Ultra P lus a 

Epi t axial 
Nit r i de , CCD 
HRS-400 

Semi conductor 
Matheson Purity 
Di s i lane 

Epit axial 
Ni t ride 
VLSi 

Po lycrys t al l i ne 
Epi t axi a l , Ni tride 
Di s i lane 

Electroni c  
TOPS 

bExpected t o  be in $ 20 range in 1 984 . 

Not e :  Cylinder sizes o f  1 00 , 1000 , 3000 , and 5 000 g are 
1 2 , 000 , or 1 6 , 000-g s i zes avai l ab le f r om some companie s . 
pri ces only . Actual prices mu s t  be obt ained f rom each 
that the re is a cylinder lease or rental charge . 

2 . 6 . 2  Si lane Data Sheets 

Price Range 
( $ / gram)  

o .  3 2-0 . 7 l  
1 . 20- 1 . 5 0 
5 5 . 00-65 . 00 

0 . 5 0 -0 . 7 5  
0 . 2 9 -0 . 9 0 

0 . 1 7 -0 . 4 1  
0 . 5 0- 1 . 00 

0 . 1 6 - 1 . 3 8 
0 . 1 6 - 1 . 30 
0 . 1 6 - 1 . 3 0 

0 . 2 4 -0 . 88 
0 . 9 5 - 1 . 3 0 
45 . oob 

0 . 3 6 -0 . 9 5  
0 . 4 3- 1 . 1 5 
1 . 30-2 . 7 8  

o .  30-1 . 00 
0 . 3 0 - 1 . 00 
85 . 00- 1 3 0 . 00 

0 . 34-0 . 8 5 
0 . 6 1- 1 . 5 0 

co mmon , with 1 0 , 000 , 
These are pub lished 

comp any . Note also 

Representative dat a sheet s  are at t ached to this repo rt as Ap pendix L. This is 
not i nt ended t o  be a comp lete collection of all pos s i ble data sheet s ,  however . 
Sheets are included for the f o llowing : 

• Ai rco Indus t ri al Gas e s  

• Ai r Product s silane speci f i cat ions 

• Ideal Gas s i l ane speci f i cation and prices 

• Linde s i lane product info rmat ion shee ts 

• Liquid Carbonic si lane s peci f i cati ons 
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• Mat heson Tech Brief on high-purity silane 

• Matheson disilane 

• Scient ific Gas Products sheet 

• Synt hat ron specifications. 

T hese sheets should provide an indicat ion of t he t ypes of silanes commercially 
availabl e. 
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3 .  1 INTRODUCT ION 

SECTION 3 . 0  

REVIEW OF T HE  JPL/UCC CONTRACT--SILANE FOR 
POLYS IL ICON PROJECT 

____ ::;_· T_R-_2_U_9 2 

In 1 9 7 5 , the Jet Propulsion Laboratory (JPL) was selected by the U . S .  
Government ( f i rs t  by ERDA, and later the Depar tment o f  Energy )  to cont ract and 
manage the Low Cos t  So l ar Ar r ay Pro j e ct (LCSA)  under the overall renewable 
ene r gy  program .  Union Carbide Corporation ( UC C )  was one of the twelve com
p anies funded to work on less cos t ly me thods for making poly s i l i co n .  The 
obj ect ive of this cont rac t ,  N o .  9 5 4 3 3 4 ,  was to develop the s i lane process  
techno logy f o r  the manuf acture of poly s i l i con in a large commercial p l ant i n  
1 9 8 6 , a t  a price o f  not more than $ 1 0 / kg ( 1 9 7 5  d o llars ) .  

Uni on Carbide had been int eres ted in s i licon chemi s t ry since the 1 9 30s when 
they began research on s i l i cone s . This work was interrupted by Wor l d  War I I  
assignments on the atomi c energy program . Res earch cont i nued spo r adically 
over the next 30 years and inc luded s i lane work . UCC produced silane by the 
t r i chloro s i lane -ethano l process in 1 9 5 5  and by the mo lten salt process in 
1 9 57 . It has cont inued to be one of the largest current p ro duce rs o f  s i l ane . 
In 1 9 6 7 , UCC ' s  Si li cones Division began p roducing dichlorosi lane , usi ng a UCC 
patented proces s .  Pat ents were also i s sued to UCC f o r  producing s i lane . 
These processes were us ed later in the JPL programs . 

3.  2 SCOPE OF THE JPL CONTRACT 

The obj ective of the Phase I program was to conduct feasibility resear ch to 
e s t ablish the practi cality of three concept s :  

• Hi gh-vo lume , low-co s t  product i on o f  s i lane , as an intermediate for high 
pur i ty s i l i con 

• Pyr o ly s i s  of s i lane to s i l i con in a f ree space or a f lu i d  bed reactor 

• Use of capacit ive heating o f  a f lu i d i zed bed . 

3. 3 SUMMARY OF THE PROCESS AND DESIGN WRK 

A small process deve lopment unit was des igne d ,  const ruct e d ,  and operated i n  
1 97 5 - 1 9 7 7  to demons t r ate the conversion of di chloros i lane or t r i chloros i lane 
to s i l an e .  

Phas e  I I  was authori zed i n  1 97 7 , to p rovi de an informat ion bas e and t o  d o  a 
prelimi nary des i gn for an exper imental process des i gn unit ( E: PSDU or pi lot 
plant ) sized for 100 t ons of s i l i con per year . 

Phase III  was author i zed in 1 9 7 9  f o r  UCC to design,  const ruct , and operate the 
EPSDU unit for one year . Thi s  prog ram was terminated i n  1 9 8 1 , b e f o r e  any of 
the pu rchas ed equi pment could be as s embled . Union Car bide the n nego t i a t e d  
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wi th the Department of  Energy to obtain thi s equi pment in order to  complete 
the si lane part of the unit wi th corporate funds . They then moved the EPSDU 
equi pment from the East Chicago s i te to another company location at Washougal ,  
Washingto n .  Thi s uni t i s  now part o f  the Elect roni cs Division Mat erials Te ch
nical Center at that locati on . Government funding continued in 1983 on 
Phase IV , with limi ted work on f luid bed decomposit ion of silane . 

In the fall of 1980 , Union Carbide Corporation approved the cons t ructi on of a 
1 000-metric ton plant to produce polysilicon from silane . The technology 
needed to decompose silane was purchas ed from the Komatsu Elect ronic Metals 
Company , Lt d ,  a subs i di ary of Komat s u ,  Lt d .  Engineering s tudies  were begun i n  
1 98 1 ;  ground was broken at the Mos es Lake , Washingt on, site on July 6 ,  1982 ; 
and initial production is  s cheduled f or late 1984 . 

3 . 4  DESCRIPT ION OF THE SILANE PROCESS 

A simplified flow schemat i c  for the overall process to make silane and poly
s i li con is shown in Figure 3-1 . Thi s  process converts 98% metallurgi cal grade 
s ili con to trichlo ros i lane (TC S )  in a hot fluid bed reactor fluidized with a 
hot , equimolar hydrogen/silicon tet rachloride ( STC)  gas feed . The hot vapor 
product from the reactor , which cont ains 15%  trichlorosi lane , is quench-cooled 
to its dew point to rej e ct heavy metal chloride cont aminant s .  The product is 
fed to a st ripping co lumn whi ch frees the liqui d of dissolved gases . In the 
TCS disti llation co lumn ,  the liquid is s eparated into sili con tet rachloride 
f or re cycling and an overhead product of trichlorosilane and lites . The over
head product is further processed in a s econd disti llation column to s eparat e 
trichlorosi lane off the bottom. The trichlorosi lane is recycled t o  the first 
disti llation co lumn through a cat alys t in the redi s t ribution reactor that 
partially converts it to si li con tet rachloride and dichlorosi lane . Overhead 
product from the second dist illation column, dichlorosilane and lites , is fed 
through another cataly t i c  redist ribution react or , whi ch partially converts  it 
to si lane . The s i lane mixture is  processed through the final si lane polishing 
column . 

Ninety-eight percent pure , powde red metallurgi cal grade sili con , with an 
average particle s i ze of 300 mi crons , is fed from a s torage bin to a catalyst  
blender ( s ee Fi gure 3-2) . A smal l  amount of  copper catalyst  can be added 
here . This mixture is fed into the f luid bed ,  hydrogenat ion react o r ,  operat
ing at some 482°C and 500 psia. A recycle stream of hydrogen and si licon 
tet rachlori d e ,  in equimolar part s ,  is  preheated to over 5 1 0°C before entering 
the reacto r .  Make-up hydrogen is added from the pyrolysis  reactor or from a 
st orage tank .  The hot vapor product contains some 15%  TC S ,  44% hydroge n ,  4 1 % 
STC , and some sili con dus t . Al l of the trace metal contaminant s f rom the feed 
s ilicon are also present as metal chloride s .  This is quenched and moved to a 
set tler tank . Many of the metal cont aminant s settle out as insoluble com
pounds .  A small s t ream i s  bled o f f  the bottom o f  the settler t o  remove these 
s olids . Hydroge n is removed and recycled to the hydrogenation react or . The 
crude TCS / STC is moved to a s torage tank . 
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Figure 3-1 .  Flow Schemat ic of the Union Carbide Si lane Process ,  
Ultra-High-Purity Si licon Plant 
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Figure 3-2 . Block Flow Diagraa of the Silane-Silicon Process 
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The crude TCS / STC mixt ure i s  then f e d  to a s t r i p p e r  c 0 l nmn t o  r ef'",o ve .'l L  
vo lat i le cont ami nant gas e s  lighter than s i lane t o  a t  leas t 0 . 0 1  p p b  and L o  
remove 99:� o f  t he he avy vo lati le cont ami nant s .  The c rude T C S / STC i s  f e d  t o  
the s e cond co lumn , whi ch als o  receives a re cyc l e  s t r eam f rom the f i r s t  r e d i s 
t r i bu t i on r eact or . This column should s ep a r at e  9 7 /� of t he T C S  o verhead and 
rej e ct 97% of  the STC as bot t om l i quid f o r  recy c l ing . 

The t race met a l  cont ami nan t s --PC 1 3 , Asc 1 3 , Fec l 3 , NiC l 2 , CuC 1 2 , and C ac l 2-
have a hi gher boi ling point than the TCS and thus wi l l  be rej e c t ed wi t h  the 
STC and eventual ly removed as s ludge f rom the s e t t ler t ank . If any of  the s e  
met al s  are p resent a s  hyd r i de s , they wi l l  s t i l l  be with the TCS . 

The TC S ,  INhich also has monochlorosi l ane and d i chlorosi lane ( DC S )  wi th i t ,  i s  
f ed into the thi rd co lumn , along wi th a se cond feed f rom the recy c l e  o f  the 
s i lane co l umn . This is s e t  to deliver 9 7 %  of the TCS to the bot t om and 9 7 %  o f  
the DC S  t o  the t o p  as dis ti ll at e .  The bot t om product is  coo l e d  and fed 
through a Rohm and Haas Amber ly s t  A-2 1 ami ne base i on exchange res i n  in the 
cat aly t i c  redi s t r i but i on react o r .  Thi s reactor  cat alyzes the f o l lowing 
react ions : 

2HSiC 1 3 = H2 SiC 1 2 + SiC 1 4 

2H2 SiC l z = H3 S i C l  + HS i C l 3 

The DC S  i s  cooled and pas s e d  into a s e cond redi s t r i bu t i on reac t o r  s imi lar to 
the f i rs t .  This p ro duct is  fed into the f ourth co lumn , whi ch s e parates out 
some 1 1  mo l % si lane . The s i l ane produ c t  i s  s tored as l i quid for e valuat i on , 
cylindering , or to supply the p yr o l y s i s  react or s .  

3 . 5  CALCULATED PROCESS IMPURITIES 

The primary source of imp ur i t i e s  i s  the met a l lurgi cal s i l i con raw mat e r i a l . 
Other impu r i t i es could enter wi th t he copper cat alys t ,  hydrogen, n i t r o g e n ,  o r  
s i l i con tetrachl o r i de . The amount s of impur i t ie s  pos s ible and thei r sources 
and exit points in the proce s s  are shown i n  T able 3- 1 .  The boiling points of 
the various pos s i ble compounds in the s t ream are l i s t e d  in Table 3-2 . Thes e  
data i nd i cate that s eparat ion b y  d i s t i l l at i on should b e  p o s s i b l e . 

Theoret i ca l  calculat i ons sugges t  a p o s s ible s i l ane pur i t y  of l e s s  than 
0 . 05 ppb of the Group III or Group V e l ement s ,  wi th some hydrogen.  This i s  
b as e d  o n  the p ro c e s s  operat i ng con t i nuou s ly at equi l i b r i um .  

3 . 6  SPEC IAL PURIFICAT ION PROCESSES 

In the proces s ,  the re are redundant puri f i ca t i on techniques to e ns u r e  the 
pur i ty o f  the s i l ane p ro duc t . Three of  the se t e chni ques have b e e n  f e e1 t :n� e d  in 
the NASA Tech Bri e f s  ( Pu r i f ication Se c t i on 24 ) . C o p i e s  of  these b r i e f s  are 
a t t ached as Appendices H ,  I , and J. 
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Table 3-1 .  Process Impurit ies for Union Carbide Si lane 

Element or 
Compound 

Aluminum 
Ant imony 
Argon 
Ars enic 
Boron 
Calcium 
Carbon (C ) 
Carbon Dioxide 
Chromi um 
Copper 
Helium 
Iron 
Lead 
Magnesium 
Manganese 
Methane 
Me 2stc l 2 
Ni ckel 
Ni t rogen (N2 ) 
Oxygen ( 0 2 ) 
Phosphorus 
Sulfur 
T i t anium 
Vanadian 
Zinc 
Zirconium 

Amount Entering 
per Amount Product 

lb. mo les / lb .  mole 

3 . 2 5 
2 . 6 3 
6 . 4 3  
4 . 1 9  
1 . 0 1  
4 . 6 8 

1 . 3  
2 . 4 2  
1 .  20 
9 . 6 0  
6 . 05 
3 . 1 0 

4 . 2 9 6 1  
2 . 1 6 
1 . 1 4 
1 . 94  

9 . 6 7 8  
3 . 9 6  
2 . 0 1  
4 . 1 8  
2 . 0 1  
7 . 1 9 
2 . 2 1  
1 .  2 2  
4 . 8 1  
8 . 2 5  

X 1 0-3 

X 1 0-6 
x 1 0-5a 

X 1 0-6 

X 1 0-4 

X 1 0-4 

X 1 0-3 

X 1 0-6 

X 10-4 

X 1 0-3 

X l Q-5 

X 1 0-3 

X 10-6 

X 1 0-4 

X 1 0-4 

X 1 0-6 
x 1 0-4b 

X 1 0-5 
x 1 0-2c 

X 1 0-3d 

X 1 0-4 

X 1 0-5 

X 10-4 

X 1 0-4 

X 1 0-6 

X 1 0-5 

Ent ry Point . Pe rcentage 
of To tal Compound Ent er ing 

Me tal Grade 
Si licon 

9 6 . 5 %  
8 1 . 0 

0 . 4  
8 1 . 0  

1 00 . 0  
1 00 . 0  
1 00 . 0  

0 . 3  
1 00 . 0  

0 . 6  

99 . 9  
25 . 2  
99 . 2  

1 00 . 0  
0 . 7  

1 00 . 0  
6 . 2  

5 9 . 7  
1 00 . 0  

7 . 0 
8 3 . 9 
9 9 . 4  

1 00 . 0  
7 7 . 7  

Cement 
Copper 

1 .  1% 
1 6 . 2  

1 6 . 2  

99 . 4  

0 . 1  
7 4 . 0  

0 . 8  

39 . 3  

93 . 0  

Hydrogen 

9 9 . 6 

99 . 7  

1 00 . 0  

99 . 3  

0 . 2 
0 . 7  

aArgon does not include pyrolysis purge quant i ties . 
bTypi cal organic-chlorosi lane . Decomposes to methane and chlorosi lanes . 
clnc ludes dissolved nitrogen in inert gas padding on STC storage tanks . 
dlncludes oxygen content of moi sture . Reacts to f orm oxides . 

STC 

2 . 5 % 
2 . 8  

2 . 8  
(0 . 1  

(0 . 1  

<0 . 1  
0 . 8  

<0 . 1  

1 00 . 0 
<0 . 1  
9 3 . 6 

0 . 3  
<0 . 1  

1 6 . 1 
0 . 6  

2 2 . 3  

Exi t  Point ( ' X '  
indicates compound 

is present ) 

Was te 
Chlorides 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

S t ripper 
Co lumu 

X 
X 
X 

X 

X 

X 

X 
X 
X 

X 
X 

Source: Final report . Low Cost Solar Array Proj ect . JPL/UCC Cont ract No . 954334 . 1 9 7 9 .  
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Table 3-2. Union Carbide Si lane Process Compound Relative Volati lity Factor 

Compound 

Ars enic chloride 

Arsenic hydride 

Boron chloride 

Boron hydri de 

Phosphorous chloride 

Phosphorous hydride 

Hydrogen sulfide 

Silane 

Monochloros i lane 

Di chlorosi lane 

Tri chlorosi lane 

Silicon tet rachloride 

Formula 

AsC 1 3 
AsH3 
BC 1 3 
BzH6 
PC 1 3 
PH3 
HzS 

SiH4 
H3SiC 1 

H2S iC 1 2 
HSiC 1 3 
SiC 1 4 

No rmal Boi ling 
Point (°C )  

1 30 

-55  

+1 2 . 5  

-96 . 5  

+7 6 

-85 

-60 

- 1 1 2  

-30 . 4  

+8 . 6  

+3 1 . 8  

+5 6 . 7  

Sour c e :  Final repo rt , Low Cost Solar Array Proj ect , JPL / UCC Cont ract 
No . 954334 , 1 9 7 9 .  

3 . 6 . 1  Controlled Distillation 

It is possible that ce rt ain cont aminants of intermedi at e volat i l i t y  could 
become trapped in sections of the disti llati on sys t em. For exampl e ,  B C 1 3 , 
whose boi ling point falls between those of DC S and TC S ,  wi ll go wi th the over
head dist i l late product in the TCS column, enter t he DCS column , and be 
rej ected to the bot t om product s .  Thus , it  is possible that the concentration 
of BC l could build up in the sys t em and carry over into the produc t .  To pre
vent t�is , smal l  bleed s t reams are designed in the sys tem to provi de an exit 
path from the sys t em. Thus , the clos ed-loop process can be operated for maxi
mum economies of conservat ion of chlorine , hydrogen , and minimum was t e  di s
posal ( s ee Appendix H ) . 

3 . 6 . 2  Converting Metal Chlorides to Volatile Hydrides 

When the crude products from the hydrogenat ion reactor are run through the 
s tripper to remove most  of the silicon tet rachloride for re cycling and to vent 
off the light was te gases , impurit ies such as arseni c ,  phos phorus , and boron 
chlorides would s t ay wi th the TCS cut .  These would impose a heavi er load on 
the down s t ream process ing equipment . A new patent , issued in 1 9 82 , presents 
the t e chn�que used in the UCC proces s .  A small amount of silane is f ed int o 
the bot t om of the st ripper column . The s i lane reac t s  �i th the Group I I I  and V 
chlorides to  form hydrides of arseni c ,  boron, and phosphorus . The se volat i l e  
compounds are readi ly remo ved with the light gas was tes . On ly 1 0  to 100 ppm 
of si lane need to be dive rted from the final s i lane column to the s t ripper to  
conver t  the 1 to 1 0  ppm of  impuri ty chlorides ( s ee Appendi·>e I ) . 
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3 . 6 . 3  Use of Multi-Passes through the Catalytic Redistribution Reactors 

The resin catalyst used i n  thes e reactors is functionally a tertiary aliphat i c  
ami ne .  Any bo r-on compound that travelled this far in the process st ream 
should form a complex wi th the ami ne and be removed .  The cont inuous-f low , 
closed-loop system provides several passes through the equi pment (see 
Appendix J) . 

3 . 6 . 4  Final Distillation 

The final dis t i llat ion column is keyed to remove any boron hydride whi ch has 
survived all the other traps . Diborane boi ls at -93°C ,  while s ilane boi ls at 
- 1 1 2°C .  The column can be operat e d  to produce a si lane product with les s  than 
0 . 0 1  ppb diborane , even if the co lumn feed contains up to 5 p pm .  

3 . 7  COMMERC IAL AVAILABILITY 

The Union Carbide Washougal plant was started up in early 1983 . It is 
expected that it wil l  make silane avai lable to be marketed by the Linde 
Divis ion by the Fall of 1 983 . 

While complete analyses of the s i l ane have not been run , we can calculate a 
derived puri ty from the analys is of the depos ited l ayer of p o lysi li con.  Poly
s i licon produced in March of 1983  at Washougal was analyzed as follows : boron , 
0 . 02 1  ppba ; phosphorus , 0 . 06 5  ppba ; and arseni c ,  antimony , and aluminum below 
the detection limit of 0 . 0 1  ppba . These data equate to the following amount s  
o f  these materials i n  the starting s ilane : boron,  0 . 07 p pbw; and phosphorus , 
0 . 06 3 ppbw . The lifetime test on the polysi li con was over 6000 mi croseconds ; 
this i ndicates very few, if  any , heavy met al impurities . This polysilicon had 
a res is tivity of 2000 ohm-em, n-typ e .  Unf ortunate ly , no direct relati onship 
of the reading on polysilicon versus the deposi t ed epit axial layer of s i l i con 
has been established . The preliminary analysis on silane from the UCC 
Washougal plant indicates only hydrogen and argon present in measurable quan
t i t ies . UCC indi cates that in steady-state equi librium product ion , these 
gases should be s tripped out .  

The pricing for this type of silane has not been establi shed yet , but i t  is 
expected to be in the range of the current ly avai lable 1 000 ohm-em or bet t e r  
s ilanes ( $0 . 50 to $ 2 . 5 0 / g ) . 
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Feb.  1 9 8 3 .  

NASA Tech Bri e f s ,  Spring/ Summe r 1 9 8 2 , Vo l .  6 ,  No . 4 ,  It ems 2 3 ,  24 , 2 5 . 

Uni on Carbi de Corporation,  " Feasibility of the Si lane Process f or P r oducing 
Semi conductor Grade Si l i con , "  Fi nal repor t , June 1 9 7 9 ,  Contrac t  No . 9 5 4 33 4 ,  
Jet Propuls i on Laborat o ry / U . S .  Depar tment o f  Ene r gy . 

Uni on Carbide Corporat ion , Fi nal Re port --Phase I I I , Contract No . 9 5 4 3 34 , Jet 
P ropuls i on Laborat ory / U . S .  Depar tment o f  Energy ( urrpublished ) .  
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SECT ION 4 . 0  

SILANE AND DISILANE IN JAPAN 

4 .  1 MARKET SUMMARY 

Unti l  198 1 , si lane was used in Japan mos t ly for sem.i conductors--deposi t s  of 
epit axial s i li con , sili con oxide , or s i l i con nitride.  Most  of this silane was 
sold as 1% to 20% mixtures with inert gases . There was only one dome s t i c  pro
ducer ,  Komatsu . Union Carbide Corporation and Matheson also sold U . S . 
produced si lane in the Japanes e  market . 

The methods of doing bus iness in Japan are s imilar to those in the Uni ted 
Stat es but s ometimes they may seem a l i t t le more complicat e d .  There are pro
ducers , importers , traders , dist ributors , resellers , and agent s .  Any one 
importer or distributor might sell through several agents or dealers . No 
Japanese company current ly exports si lane to the United States . 

The Japanese government ' s  " Sunshine Proj ect , "  their photovoltaic program ,  has 
closely focused on the use of amorphous silicon solar cells . These cells are 
now in commerci al production in Japan . This has already att racted more local 
producers and off-shore interest i n  the market . 

It is est imated that the s i lane market in Japan in 1 9 8 1  was some 8 , 000 kg 
( 8  metric tons ) . In 1 9 8 2 ,  this grew to an es timat ed 1 3 , 000 kg . Komat su had 
the maj or share of the market , which it shared with imported Union Carbide and 
Matheson silane . Prices seem to range from $ 0 . 20 to $0. 30/ g ,  whi ch is compar
able to U . S .  prices . 

4 .  2 COMMERCIAL AVAILABILITY 

4 . 2 . 1 Manufacturers of Silane in Japan 

Three companies now manufacture si lane in Japan: Komat su Elect roni c Met als 
Company , Ltd . ;  Mitsui Toat su Chemi cal s , Inc . ; and Honj o Chemi cals Corporation.  

Komat su Electroni c Metals Co . ,  Lt d .  
2 6 1 2  Shinom.iya,  Hirat suka 
Kanagawa Ken ,  254 , Japan 

Komatsu has made silane for over 15 years . The indus t ry rat es it as capable 
of making up to 60 tons of silane , mos t ly for their own use in making po ly
s i li con. It s many patents and publi cati ons (referenced in the report sections 
on preparation and puri f i cation) tes t i fy to i t s  interest in the area. These 
publications refer chiefly to the company ' s  preparat ion method of reacting 
magnesium s i li ci de with ammonium chloride in liquid ammoni a .  Komat su ' s  dat a 
sheet , Appendix K, indi cates that si lane has a very low boron content and a 
minimum of other cont aminant s .  Its deposited si licon f i lms yie ld a res is 
t ivi ty of more than 2 , 000 ohm-em. Bei ng the only producer of s i l ane in Japan 
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up to 1 9 8 2 ,  Ko 'lla t s u  h ad most of the merchant market there.  
that it w i l l  hold t h a t  market share as the vo lume expands , 
expand produc t i on as neede d .  

The Honj o Chemi cal Corporation 
3-1 8-2 1 ,  Nishi nakaj ima 
Yodogawa-ku , Osaka 
5 32 Japan 

One could expect 
and very likely 

Honj o s t arted production of silane in 1 9 8 2 ,  with a li cense from Matheson . It s 
capacity is est imated at three tons per year . No data were given in i t s  
response , but one could expect the product to be o f  the s ame quali t y  as 
Matheson ' s  in the United Stat e s . 

Mi tsui Toatsu Chemi cals , Inc .  
2 , 5  Kasumigaseki 3-chome 
Chiyodaku , Tokyo 
1 00 Japan 

Mitsui s t ar ted up a plant capable of making five tons per year of si lane early 
in 1 9 8 3 .  Its process has not yet been disclosed.  Product data sheet s wil l  be 
avai lable later this year . 

4 . 2 . 2  Traders or Sellers of Silane 

The following companies act as wholesalers for local producers and/or import 
sil ane . They might also repackage or di lute it  with other gases , as needed . 

Nippon Sanso (Komatsu dist ributor)  
1 6-7 Nishi -Shimbashi 1-chome 
Minatoku , Tokyo 
1 05 Japan 

Takachiho Trading (Matheson importer)  
4-8 Hiroo 1 -chome 
Shi buyaku , Tokyo 
1 5 0  Japan 

Sei tetsu Kagaku ( Uni on Carbide importer)  
2 2 ,  5-chome Kitahama 
Higashiku , Os aka 
5 4 1  Japan 

Ni s san Shoj i 
Kozat okaikan 
Ni shishinbashi , Minat oku 
Tokyo , 1 05 , Japan 

Tomoe Shokai 
1 -25  Minimikamat a 1-chome 
Otaku , Tokyo 
1 44 Japan 

40 



Suzuki Shokan 
1 ,  Koj imachi 3-chome 
Chi yodaku , Tokyo 
1 00 Japan 

T oyoko Kagaku 
1 280 Nakamaruko 
Nakaharaku , Kawas aki shi 
Kanagawaken ,  2 1 1  Japan 

4 . 3  DISILANE 

There is no commercial production of dis i lane in Japan , as of the end of 1 9 8 2 .  
Several companies are i n  the pilot -plant s t age ; these inc lude Shin Et su , 
Mit sui Toatsu , and pos s ibly Honj o .  Only smal l  amount s of dis i lane are 
import ed .  Pri ces of the imported dis i l ane are in the $ 1 00/g range . Mitsui 
indi cat ed it would have small quant i ties of di silane avai lable in 1984,  at 
prices (in Japan) of $ 5 /g or les s .  Purity data are not avai labl e .  

4 . 4  COMMENTS 

The announcement in June 1983 of the sale of the Matheson Gas Products  oper
ation to a j oint venture formed by the Amerigas subs idiary of the UG I 
Corporat ion and Ni ppon Sanso K. K. of Tokyo , is expected to have an impac t  on 
the Japanese silane s i tuat ion. Nippon Sanso could eas i ly now use the Mathes on 
technology to make si lanes in  Japan. Ni ppon Sanso has been repackaging 
Komatsu silane and selling it through at least six deale rs . 

On August  8 ,  1983 , Ai r Products and Chemi cals announced that they had acquired 
a minori ty interest in  Dai do Oxygen C o .  Air Products also signed a t echnology 
exchange with this Japanese indu s t rial gas concern . Thi s move could have an 
impact on the si lane indust ry in Japan. 

4 . 5  BIBLIOGRAPHY 

Dr . K. Is ogaya , Mi tsui Toatsu Chemi cals , Inc . , private communi cation . 

Japan Economic News , 1 982 issue s .  

Dr . M.  Kobayashi , Honj o Chemi cal Comp any , privat e communi cation .  
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SECT ION 5 . 0  

CONCLUS IONS 

Si lane has been avai l able over the past 20 years in quality and quan t i t i e s  
t ailored to mee t  the requi rements of the s emi conductor i ndus t ry ,  which 
consumed s ome 4 0 , 000 kg in 1 9 8 2 . This market wi l l  continue to grow at 1 2% -
1 8%/yr . The advent of large-s cale integrat ed ci rcui t s  stimu l ated the s earch 
for better qualit y  materials , inc luding s i l ane . S o ,  to meet this demand , 
higher purity silanes have become avai lable in the past f ew year s . 

Production capaci ty f or s i l ane has gener a l ly kept pace with need . In 1 9 8 3 ,  
s i l ane capaci ty in the Uni ted States was over 5 5 , 000 kg ( 5 0  tons ) . In 
addi tion,  a new Union C arbi de p o lys i l i con plant s t arted in 1 98 3  has the 
capac i t y  to make 1 2 0 , 0 0 0  kg /yr of silane . In Japan , the 1 3 , 000-kg si lane 
market is supplied by three dome s t i c  producers along with imported material 
f rom four U . S .  and European f irms . Therefore , cur rent and planned capaci ty 
wi l l  be adequate to s e rve new and exi s t i ng market s .  

5 . 1  SILANE 

Seven U . S .  producers of si lane each o f f e r  two or more grades . The original 
epit axial-grade s i l ane had a depo s i t ed s i l i con f i lm of 5 0- 1 5 0  ohm-em . New 
s pe cial grades have epitaxial f i lms of 500 to a reported 1 0 , 0 0 0  ohm-em. Mo s t  
u . s .  si l ane i s  made f rom chlorosilanes and alkali metal hydride ; therefore , 
chl oros i l ane , HC 1 ,  si loxane s , carbon oxides , and hydrocarbons are common 
impuriti e s . The e le ctroni c  grades s e ll f or $ 0 . 1 7 / g ,  and Premium grades cos t 
$ 0 . 5 0  to $ 2 . 00/ g in large volume s . New proce s s  wo rk under way at seve ral 
f i rms could result in further improvements in quality and co s t .  For examp l e , 
s i l ane f rom the new Union Carbide process cont ai ned only part s -per-bi l lion 
impuri t i e s , according t o  the f i rm ' s  analys e s . 

5 . 2  DISILANE 

Di s i l ane , avai l able only in resear ch quantities f rom three U. S .  producers , is  
made f rom the processes des cribed in this report , whi ch yield mixed higher 
s i l anes and chloride cont ami nants . Pur i f ication,  howeve r ,  is not eas y .  The 
advant ages of using disi lane are known , but i t s  qual i t y , uni f o rmi t y , and pri ce 
mus t  impr ove to make it suitab l e  for wi der use .  Re cent ly , several compani es 
have revealed that new producti on proces s es are being developed . These could 
i nvolve making dis i l ane by pas s i ng silane through an elect rical di s charge , a 
method that should yield a much purer d i s i l ane . 

Di s i l ane prices have ranged f r om $ 4 5  t o  $ 8 5 / g in 1 00-g cyl i nders . One company 
i ndi cates that its new process could result in a higher purity d i s i l ane at 
$ 20 / g  in 1 9 8 4 .  The impact of larger di s i lane markets on future prices is very 
hard to predict at this t ime . 
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5 . 3  JAPAN 

In Japan , s i l ane f o r  bo th semi conductor and so lar cell uses has been supplied 
by Komat su and by imported ;nat erial from three o f f -shore fi rms . Prices and 
quality have been simi lar to those in the Uni ted St at es . As silane is used 
more and more in the production of amorphous solar cells , two additional 
Japaneses fi rms have now begun producing it . Moreover , two U . S .  companies 
that make s i lane have recent ly j oined forces with Japanese partne r s .  This all  
sugges ts that much more competi tive market ing wil l  occur in the future . 

Three Japanese f i rms are now deve loping processes in order to enter the 
disi lane market .  One company said that they expect to be able to sell thei r 
disi lane in Japan for less than $ 5 . 00/ g .  No quality data are available , 
however . No si lanes are current ly being exported f rom Japan , but one company 
has indi cated that it is surveying possible U . S .  markets . 

5 . 4  GENERAL COMMENTS 

At the beginning of this study , we hoped that a simp l e , single-s t ep 
purifi cation procedure for si lane might be uncovere d .  Unfortunate ly ,  there 
does not seem to be  such a process . Procedures do  exis t ,  however , for 
removing one or two cont aminants from si lane in one s t ep . All current 
producers of si lane advi se customers not to attempt to purify it , and we 
concur with this suggestion.  

Wi th the proj ected avai labi lity of new grades of silane and the new Union 
Carbide process f or si lane , the solar indust ry wi l l  have materials to  evaluat e 
that are more pure than previous ones . One aspect yet to be accomp l i shed is 
the deve lopment of a solar specificati on f or silane and disilane . In order t o  
specify limi t s  for bo ron , phosphorus , and heavy metals , analyt i cal procedures 
wi ll have to be develope d .  

Imp roved silanes are now coming into the market ,  and increased competition i s  
expected t o  keep pri ces at f air values . 
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APPENDIX A 

TYPICAL PROCESS SILANE COMPOSIT ION 

Monos ilane: 9 7 %-98% . 
Hydrogen,  chlorosi lanes , si li con tetrachloride : 1 . 5%-2 . 5 % .  
Higher si lanes , arsine , phosphine , diborane : 0 . 5% .  

( 1 % equals 1 0 , 000 ppm . ) 

STR-2092 

The source of this analysis is Tarancon , u . s .  Patent 4 099 936 , July 1 1 ,  
1 9 7 8 .  This is believed to be the l i thium-chlorosilane process , the mo st pop
ular si lane process in the United St ates . 

Not e : The material contained in these append ices i s  presented for 
information only ; none of i t  represents endorsement of a 

par t icular product or process b y  the au thor , the S o lar 
Energy Res earch Ins t i tu t e ,  or th e U . S .  Dep t .  o f  Energy . 
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APPENDIX B 

IMPURITIES IN METALLURGICAL�E S ILICON 

For 98% s i li cone-grade s i licon: 

Element Maximum % ppm 

A1 0 . 20 2000 
Fe 0 . 6 0  6000 
Ca 0 . 1 0  1 00 0  
Mn 0 . 06 600 
Cr 0 . 03 300 
As o . oos so 
B o . oos so 
Bi o . oos so 
c o .os soo 
Cb o . o s  soo 
Co 0 . 0 1  1 00 
Cu 0 . 0 1  100 
Mo 0 . 0 1  1 0 0  
Ni 0 . 0 1  1 00 
p 0 . 0 1  1 00 
Pb 0 . 00 3  30  
s 0 . 0 1  1 00 
Sb o . oos so 
Sn 0 . 005  so 
Ta 0 . 0 1  100 
Ti  0 . 04 400 
w 0 . 0 1  100 
v 0 . 02 200 
Zn o . oos so 
Zr 0 . 0 2  200 

The source of this t able is the E lkem Met als Company data sheet , 
1 9 8 2 .  Si li con is produced f rom Nor th Carolina quarzite,  low ash coal , 
petroleum coke , and wood chips in an electric furnace wi th carbon 
elect rodes . 
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APPENDIX C 

SILICON TETRACHLORIDE SOURCES AND POSS IBLE IMPUR IT I E S  

Production Methods 

A .  Di rect produc t i o n .  Fumed s i l i ca producers , usua l ly capt i ve u s e :  DeGu s s a , 
Cabo t .  

B .  Zi r conium producers : Te l edyne , We s t ern Z i r conium .  

C .  T r i chloros i l ane produce r s : Union Car bi de , Dow Corni ng , T e x a s  Ins t rument s ,  
General Elect r i c .  

D .  Ef f luent f rom the TCS / p o ly s i l i con p l ant s : Monsant o ,  Mo toro l a ,  Texas 
Ins t rument s ,  General Elect ri c .  

E .  Di rect mer chant produ ce r :  Van de Mark . 

Possible Impuri ties 

A .  Al l me tal chlorides of e l ements f ound in me t a l lurgi cal-gr ade s i l i con . 

B .  All met al chlorides of e l ements in z i rconium ore s . 

C .  Var i able--coul d  be B ,  P ,  As ,  i n  ppb leve l s ; C in ppm ; and S in ppm . If 
shipped in d rums , Fe and higher leve ls o f  the above e l emen t s  c o u l d  be 
p res ent . 

D .  B in ppm , P ,  As i n  ppm ,  C in ppm ,  and higher ch loros i l anes ( po lyme rs ) . 

E .  D i s t i l led p roduct --ppm of a l l  e l emen t s  in A .  

No t e :  Speci a l ly di s t i l led and puri f i ed s i l i con tetrachloride i s  avai lable  for 
epi t axial use at $ 2  t o  $4 per pound .  
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APPENDIX D 

PROPOSED SEMI STANDARDS FOR SILANE* 

SEMI Standard C3 . STD . 9  for Si lane Specification (SiH4 ) for Polysilicon and/or 
Silicon Dioxide Application ( Proposed) 

Purity:  9 8 . 8897% 

Resis t ivi t y :  >SO ohm-em n-type 

Impuri ties Maximum Acceptable Level ( p pm) 

Oxygen ( 02 ) 
Wat er (H2o )  
Hydrogen ( H2 ) 
Total of carbon dioxide + carbon monoxide 

( C0 2 + CO)  
Total hydrocarbons expressed as me thane 
Chlorosilane ( ioni zable chlorides including 

HC 1 reported as C 1 )  
Rare 
Heavy metals 
Parti culates 

TOTAL H1PURIT IES 

�o be determined between supplier and use r .  

1 0  
3 

1 0 , 000 

1 0  
40 

1 , 000 
40 

a 
a 

1 1 '  1 0 3  

Not e :  Percent purity may include t r ace quant it ies of nit rogen . 

Not i ce :  SEMI makes no warranties or represent ations as to the suitability o f  
the standards set forth herein for any parti cular application. The determi
nation of the suitability of the s t andard is solely the responsibility of the 
user . Users are cautioned to refer to manufacturer ' s  ins tructions , product 
labels ,  product data sheet s ,  and other relevant literature respecting any 
materi als mentioned he rein.  These standards are subj ect to change without 
noti ce .  

*Adapted from the Semi conductor Equipment and Materi als Ins titute ( SEMI ) 
s pe c i f i ca t i o n s , August 1 98 1 .  
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SEMI Standard C3 . STD . l0 for Silane Specification (SiH4) for Si licon Ni tride 
Application (Proposed) 

Purit y :  9 9 . 94 1 7% 

Res i s t ivi ty:  >SO ohm-em n-type 

Impuri ties 11aximum Acceptable Level ( p pm) 

Oxygen ( 02 ) 
Water (H2o )  
Hydrogen ( H2 ) 
Total of carbon dioxide + carbon monoxide 

( C 0 2 + CO)  
Total hydrocarbons expressed as methane 
Chlorosilane (ioni zable chlorides including 

HC 1 reported as C 1  
Rare 
Heavy met als 
Parti cul ates 

TOTAL IMPURIT IES 

aro be determined between supplier and use r .  

Not e :  Percent purity may include t r ace quant it ies o f  ni trogen . 

1 0  
3 

5 0 0  

1 0  
1 0  

10 
40 

a 
a 

5 8 3  

Not i ce :  SEMI makes no warranties o r  represent ations as t o  the suit abi lity o f  
the standards set forth herein for any part i cular appli cation. The de termi 
nati on of the suit abi lity of the standard is so lely the responsibility of the 
user . Users are cautioned to refer to manuf acturer ' s  ins t ructi ons , product 
labels , product data . sheet s ,  and other relevant literature respecting any 
materials mentioned herein. These standards are subj e ct to change wi thout 
noti ce .  
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SEMI Standard C 3 . STD. l l  for Silicon 
Tetrachloride Specification ( SiC14 ) ( Proposed) 

As s ay :  
Dopant s :  

Resis tivi t y :  

Trichlorosilanes : 

99 . 5 9% minimum by weight 
Acceptor 0 . 3  p pba 
Donor 1 . 5  ppba 

) 1 00 ohm-em (n-type) 
> 1 000 ohm-em ( p -typ e )  

0 . 4% (liquid phase )  
< 1 0 0  ppm (liquid phase )  

Not ice : SEMI makes no warranties o r  represen
t ations as to the suitability of the standards 
set forth herein for any parti cular appli cation. 
The determination of  the sui t ability of the 
standard is solely the responsibility of the 
use r .  Users are cautioned t o  refer t o  manufac
turer ' s  instructions , product labels , product 
data sheet s ,  and other relevant literature 
respecting any mat erials mentioned herein. 
These st andards are subj ect to change without 
not i ce . 
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SEMI Standard C3 . STD . l 0  for Si lane Speci fication (SiH4 ) for Si licon Nitride 
Application (Proposed) 

Purit y :  99 . 94 1 7% 

Resi s t ivi ty:  >SO ohm-em n-type 

Impurit ies Maximum Acceptable Level ( p pm) 

Oxygen ( 0 2) 
Water (H2o )  
Hydrogen ( H2 ) 
Total of  carbon dioxide + carbon monoxi de 

( C0 2 + C O )  
Total hydrocarbons exp ressed a s  me thane 
Chlorosilane ( i oni zable chlorides inc luding 

HC 1 reported as C 1 )  
Rare 
Heavy me t als 
Parti culates 

TOTAL IMPURIT IES 

�o be determined between supplier and user . 

Not e :  Percent purity may include t race quant ities of nit rogen . 

1 0  
3 

500 

1 0  
10  

1 0  
4 0  

a 
a 

5 8 3  

Noti ce:  SEMI makes no warranties o r  represent ations as t o  the sui t ability o f  
the standards s e t  forth herein f o r  any part i cular appli cat ion. The determi
nati on of the sui t abi lity of the standard is solely the res ponsibili t y  of  the 
user . Users are cautioned to re fer to manuf acturer ' s  inst ructions , product 
labe l s ,  product data sheet s ,  and other relevant literature respecting any 
materi als mentioned herein.  These standards are subj ect to change without 
not i c e .  
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APPENDIX E 

PHYSICAL PROPERTIES OF SILANES 

SiH4 Si 2H6 Si 3H8 Si 4H 1 0  

Melting point (oC )  - 1 8 5  - 1 3 2 . 5  - 1 1 7 . 4  -84 . 3  

Boi ling point ( oC )  -1 1 1 . 9  - 1 4 . 5  5 2 . 9  1 07 . 4  

Vapor pressure 
0 °C 9 5  9 . 1 
- 1 1 8  °C 5 3  1 

Critical temp . (oC )  -3 . 5  1 09 189 249 

Dens i ty of liquid 
at 1 atm g/mL 0 . 68 0 . 6 9  0. 7 2 5  0 . 7 9  

Dat a from The Chemi s t ry of Si licon , Ro chow [ 3 9 ] . 
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APPENDIX F 

DATA ON UNION CARBIDE MOLECULAR SIEVES 

UNION CARBIDE CORPORATION 
LINDE DIVISION 
National Specialty Gases Office 

Department HGR 

100 Davidson Avenue-Box 444 
Somerset, N.J. 08873 

Molecular Sieves 
The first commercial quantities of UNION CARBIDE Molecu
lar Sieves became available in 1954 - the result of Union 
Carbide's research with natural zeolites which began in 1948. 

UNION CARBIDE Molecular Sieves are synthetically pro
duced, crystalline metal alumino-silicates, that have been 
activated for adsorption by removing their water of hydration. 
Since little or no change of structure occurs during this 
dehydration, unusual, highly porous adsorbents arc formed 
that have a strong affinity for water and certain other gases and 
liquids_ 

Unlike other adsorbents, Molecular Sieves have a precise, 
uniform size and molecular dimension. According to the size of 
these pores, molecules may be readily adsorbed, slowly 
adsorbed or completely excluded_ 

This sieve-like selectivity, based on molecular size, plus a 
selective preference for polar or polarizable molecules, gives 
Molecular Sieves an extremely high level of adsorption 
efficiency, and permits close tailoring of the adsorbent to the 
specific use_ Molecular Sieves have a basic formula of M, I n  
0 · A l 2  0 "  · x Si02 · y H 2  0 where M is a cation o f  n valence. They 
are completely different from the gel-type amorphous alum
ino-silicates commonly referred to a.<; zeolites, which although 
similar in composition, do not exhibit any selectivity based on 
molecular size. 

Through its pioneer synthesis techniques in adsorption 
technology, Union Carbide has been able to produce and 
evaluate numerous types of synthetic zeolites, differing in 
chemical composition, crystal structure and adsorption 
properties. 

UNION CARBIDE Molecular Sieves are produced in a wider 
range and type than any other adsorbents. They are available in 
the form of powder, beads or pellets. Among those which have 
been found to be more commercially useful are Type 4A and 
Type 13X which have the following unit cell formulas: 

Type 4A - N a , ,  [ ( AI 02 ) 1 2  (Si02 ) 1 2 ] · 27H 2 0  

Type 13X - Na8c [ ( AI 0, )88 (SiO, )108 ] ·  276112 0 

In both cases the sodium ion can be exchanged to form other 
useful products. 

This catalog lists UNION CARBIDE Molecular Sieves that have 
the widest range of commercial use. Technical and application 
information for each of these is available upon request. Many 
less commonly used sieves for specialized applications, 
although not listed. are also available. Inquiries should be sent 
to the Union Carbide Specialty Gases Office listed on the back 
cover. 
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Adsorbents • Molecular Sieves 
Part 

Number Quantity Description Price 

Type 3A 
:� lb UNION CARBIDE MS-1001 Powder I 1 1 00 

Molecular Sieves 
MS-1002 /2 lb - Case of 6 Powder o6 oo 

MS-1 003 2 lb Powder 20 00 

Form: Powder and pellets MS-1004 2 1b - Case of 4 Powder 68 00 

MS-1 005 12 lb Powder 75 00 

Nominal Pore Diameter: 3A. MS-1006 30 lb Powder 142 00 

Molecules Excluded: >3A 
'/t6·tn. Pellets effective diameter, MS-1014 1 lb 1 3  00 

e.g., ethane MS-1015 1 lb -- Case of 6 1116 -m. Pellets 66 00 

MS-1016 5 lb 1/16-in. Pellets 38 00 
Base: Alumma-Stl icate MS-1 0 1 7  5 lb - Case of 4 1�6-in Pellets 1 2 1  00 

MS-1018 25 lb 1/16 -tn Pellets 1 3J 00 Cation. Potassium MS-1019 25 lb Case of 4 1/16 -·m Pellets 4 1 2  00 

Heat of Adsorption (max.):  MS-1020 50 lb Vl6"in.  Pellets 202 00 

1 800 Btu/lb H2 0 ··-------
MS-1 028 1 lb 1/s-tn. Pellets 13 00 

Applicatton: MS-1 029 1 lb - Case of 6 'IH ·m. Pellets 66 00 

The preferred Molecular S1eve MS-1030 5 lb 118-in.  Pellets 38 00 

adsorbent for the commerc1al MS-1031 5 lb - Case of 4 118-m.  Pellets 1 2 1  00 

dehydration of unsaturated MS-1032 25 lb 11a -m Pellets 1 35 00 

hydrocarbon streams such as MS-1033 25 lb Case of 4 11a·ln Pellets 4 1 2  00 
cracked gas, propylene, butadiene MS 1034 50 lb 1/s·in Pellets 202 00 
and acetylene. It is also used for 
drying polar l1quids such as 
methanol and ethanol 

Type 4A 
:12 lb UNION CARBIDE MS-1 069 Powder $ 1 1  00 

Molecular Sieves 
MS-1070 12 lb - Case of 6 Powder 56 00 

MS-1071 2 lb Powder 10 00 

Form: Powder, pellets, mesh and beads MS-1072 2 lb - Case of 4 Powder 68 00 

MS-1073 1 2  lb Powder 75 00 

Nommal Pore Diameter: 4A MS-1074 30 lb Powder 1 4 2  00 

Molecules Excluded: >4A MS-1082 1 lb 1�6-in. Pellets 1 3 OtJ 
effective d1ameter, e.g., propane MS-1 083 1 1b - Case of 6 11t6·in.  Pellets b6 au 

Base: Alumma-Silicate MS-1 084 5 1b 'lt6 ·in. Pellets 38 00 

MS-1085 5 lb - Case of 4 lf16 ·m. Pellets 1 2 1  00 

Cation: Sodium MS-1086 25 lb 11
16-m Pellets 135 00 

MS-1087 25 lb - Case of 4 1116 -m. Pellets 4 1 2  00 

Heat of Adsorption (max.! MS-1 088 50 l b  1116 -in. Pellets 202 00 

1800 Btu/lb H 2 0  - -- ------
MS-1096 1 lb 11s -in. Pellets 13 00 

Application: MS-1097 l ib - Case ot 6 118 -in. Pellets 66 00 
The preferred Molecular Sieve adsorbent MS-1098 5 lb 118-in. Pellets .13 00 for static dehydration in a closed gas or MS-1 G99 5 lb - Case of 4 11s-in. Pellets 1 2 1 00 liquid system. It is used as a static 

MS-1 100 25 lb 118-in. Pellets 1 35 00 desiccant i n  household refngeration 
systems, in packaging of drugs, in MS-1 101 25 lb -- Case of 4 118-in. Pellets 4 1 2  00 

electrOnic components, in perishable MS-1102 50 lb 1/a -in. Pellets 202 00 

chemicals and as a water scavenger 
in paint and plastic systems. MS·1 1 1 0 1 lb 14 x 30 Mesh $ 13 00 

Also used commercially in drymg MS-1 1 1 1  1 lb - Case o f  6 1 4 X 3D Mesh 66 00 
saturated hydrocarbon streams. MS-1 1 1 2  5 lb 14 X 30 Mesh .18 00 
Molecular S1eves with Indicator are MS-1 1 1 3  5 l b  - Case o f  4 14 X 30 Mesh 1 2 1  00 
beads that have been chem1cally MS-1 1 1 4 25 1b 1 4 X  30 Mesh 1 3J 00 impregnated to display a blue color 

MS-1 1 1 5  2 5  l b  - Case o f  4 14 X 30 Mesh 4 1 2  00 when fully activated by removing 
the water of hydrat1on. When a gas MS-1 1 1 6 50 lb 14 X 30 Mesh 202 00 

54 



s=�� '-' ---------------------"'-ST�R..__- 2.,_,0'--"--=-9 2  

Type 4A (Continued) 
UNION CARBIDE 
Molecular Sieves 

stream IS dru�d usmg th1s product. the 
blue color will turn to pmk as water IS 

adsorbed denoting saturatiOn of the 
s1eve The steve may then be reac !1vated at 200'C under vacuum or 
nitrogen atmosphere for several hours 
More conveniently, the s1eve may be 
replaced from fresh stock See page 
170 of th1s catalog for a low-pressure 

molecular s1eve gas punl1er column 
that may be used wilh thiS product or 
any of the other molecular s1eve types. 

Type SA 
UNION CARBIDE 
Molecular Sieves 
Form: Powder and pellets 

Nom1nal Pore D1ameter 5A 

Molecu les E xcluded. > sA 
effect ive d iameter, 
e.g , iso compounds and 
all four C3rbon rmgs 

Base Alumtna·Stllcate 

Cat1on: Calcium 

Heat of Adsorption (max.):  
1800 Btu/lb H 2 0  

Application: 
Separates normal paraffins 
from branched-<:hatn and 
cyclic hydrocarbons th rough 
a selecttve adsorption process 

Type AW-300 
UNION CARBIDE 
Molecular Sieves 
Form Pellets 

Nomm;JI Pore Olaf'leter 4A 

Mnlecules E x c luded. .,:;. 
Base A lum i na-Si l i cat e 

Application 
Dehydrat1on of trace ac1d-
conta1nmq streams and 1on 
exchange 

Part 

Number Quantity 

MS-1 1 24 l ib 
MS-1 1 2 5  1 lb - Case of 6 
MS -1 1 26 5 lb 
MS-1 1 2 7  5 lb - Case o f  4 
MS-1 1 2 8  25 l b  
MS-1 1 29 25 lb - Case of 4 
MS-1 1 30 50 lb 

MS-1 1 38 1 lb 
MS-1 1 39 1 lb - Case of 6 
MS-1 140 5 lb 
MS-1 1 4 1  5 l b  - Case o f  4 
MS 1 1 42 25 lb 
MS 1 1 43 25 lh - Case of 4 
M S - 1 1 4 4  5 0  l b  

MS-1 1 52 1 lb 
MS-1 1 53 1 lb -- Case of 6 
MS -1 1 54 5 lb 
MS-1 1 55 5 lb - Case of 4 
MS- 1 1 56 25 lb 

MS-1 1 79 lj1 lb 
MS-1 180 1/2 lb Case of 6 
MS 1 1 8 1  2 l b  
MS-1 182 2 lb Case of 4 
MS·l  183 12 lb 
MS 1 1 84 30 lb 

-- --- - --------� 
MS-1 1 9 2  1 l b  
MS-1 193 1 lb Case of 6 
MS 1 1 94 5 lb 
MS-1 1 9 5  5 1b Case of 4 
MS-1 196 25 lb 
MS - 1 1 9 7  25 l b  Case of 4 
M S - 1 1 9 8  5 0  lb 

Description 

8 X 1 2  Beads 
8 X 1 2  Beads 
8 \ 12 Beads 
8 :< 12 Beads 
8 X 1 2  Beads 
8 x 12 Beads 
8 X  1 2 Beads 

4 X 8 Beads 
4 X 8 Beads 
4 x 8 Beads 
4 X 8 Beads 
4 \ 8 Beads 
4 X 8 Beads 
4 X.: 8 Beads 

8 X 12 Beads w/1 nd1cator 
8 X 12 Beads w/lnd1cator 
B ·-: 12 Beads w/lnd1cator 
8 X 12 Beadsw/ Jnd1cator 
8 X 12 Beads wt lndJcator 

Powder 
Powder 
Powder 
Powder 
Powde r  
Powder 

---� --- -
11

16 -m Pellets 
1l16 1 n  Pel lets 
'I ' 111 111 Pel lets 
11,6-ln Pel lets 
'116 -111 Pellets 
1/

1
6 -m .  Pellets 

'1
1
6 " 1 11 Pel let s 

Price 

$ 13 00 

56 00 

38 00 

1 ? 1  ou 

1 3� 00 

<� 1 ?  00 

20? 00 

$ 

1 3 00 

b6 00 

38 00 

1 ;' 1  00 

1 J '1 UO 

4 1 2 00 

?02 00 

20 00 

1 0 5 00 

70 0\1 

243 00 

2�l0 00 

1 1 00 

'J(J 00 

20 00 

68 00 

75 ou 

1 4 2 00 

: J oo 

ilfi OO 

J8 0U 

1 ? 1  00 

135 00 

4 1 ?  00 

?02 00 
��----------------- -�----

MS 1 206 1 lb 118 -m. Pel lets : 3 00 

MS-1 207 1 lb - Case of 6 11t� -11l Pel lets bf) OO 
MS-1 208 5 lb 118 -m Pellets 38 00 

M S - 1 209 5 lb - Case of 4 118 ·in Pellets 1 2 1  DO 

MS 1 2 1 0  2 5  lb 'Is 111 . Pellets 00 
MS- 1 2 1 1  2 5  lb Case of 4 1lg-lll Pellets 4 1 ? 00 

MS 1 2 1 2  5 0  lb 14 -m Pel lets 20? 00 

MS-1042 1 lb 1116 m Pellets 13 oo 

MS-1 043 1 lb - Case of 6 11,6 -m. Pellets 66 00 

MS-1044 5 lb 11u, -m Pellets 38 00 

MS-1045 5 lb - Case o f  4 11u,-ln Pellets 1 2 ; oo 

MS-1046 25 lb 1/
1
6 - 1 n  Pellets 1 35 00 

MS-1047 25 lb - - Case of 4 11
1
6 ·1 n  Pellets 41 � 00 

MS-1048 50 lb 11u, -l n Pellets ?02 00 
�------- � 

MS-1056 1 lb 11�:� -111 Pellets 1 3 00 

MS-1057 1 lb Case of 6 1lg -1n Pel lets bb OO 

MS-1 058 5 lb 'Is -m Pellets Jii [\:1 
MS-1059 5 lb - Case of 4 'Is -I n  Pellets 1 2 1  no 

MS-1060 25 lb lis Ill Pel lets UiJ 
MS-1061 25 lb Case of 4 llg -m Pellets 1 1 '! 00 

MS-1062 50 lb 118 -m Pel lets 70:' 00 
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Adsorbents • Molecular Sieves 
Part Number Quantity Description Price 

Type AW-500 
1/16-in. Pellets UNION CARBIDE MS-1220 1 lb $ 1 3 00 

Molecular Sieves 
MS-1221 1 1b - Case of 6 '1,6-in. Pellets 66.00 
MS-1222 5 lb 'lt6 ·in. Pellets 38.00 

Form: Pellets MS-1223 5 1b - Case of 4 lf16-in. Pellets 121 00 
MS-1 224 25 lb 1f16-in .  Pellets 135 00 

Nominal Pore Diameter: 5A MS-1225 25 1b - Case of 4 lf16-in. Pellets 412  00 
Molecules Excluded: >SA MS-1226 50 lb 1f16-in. Pellets 202 00 

effective diameter MS-1233 1 lb lf8-in.  Pellets 13 00 
Base: Alumma-Sillcate MS-1234 1 1b - Case of 6 '18-in. Pellets 66 00 

MS-1235 5 lb 1/g-in. Pellets 38 00 
MS-1236 5 1b - Case of 4 IJ8 -in. Pellets 1 2 1  00 
MS-123/ 25 lb 1/8-in. Pellets 1 35.00 

Application: MS-1 238 25 lb - Case of 4 '18 -in. Pellets 4 1 2  00 
Dehydration of trace ac1d- MS-1 239 50 lb 1f8-in.  Pellets 202 00 
containmg streams and ion 
exchange. 

Type 1 3X 
UNION CARBIDE MS-1 328 112 lb Powder $ 1 1 00 
Molecular Sieves MS-1329 112 lb -- Case of 6 Powder 60 00 

MS-1330 2 lb Powder 21 00 
Form: Powder, pellets and beads MS-1331 2 lb -- Case of 4 Powder 71 00 

MS-1332 12 lb Powder 80 00 
Nominal Pore Diameter: 1oA MS-1333 30 lb Powder 1 52 00 
Molecules Excluded . > 10A MS-1341 1 lb lf16-m. Pellets 14 00 effective diameter, MS-1342 1 lb - Case of 6 1116-in Pellets 71 00 e.g., (C4 F9 ) 3 r-J  MS-1 343 5 lb lf16 -in. Pellets 40 00 
Base· Alum1na-Sil 1cate MS-1344 5 lb - Case of 4 1116-in. Pellets 133 00 

MS-1345 25 lb 11
16-in.  Pellets 14� 00 

Cation: Sodium MS-1 346 25 lb - Case of 4 1116-in. Pellets 440 00 
MS-1347 50 lb lf16- in.  Pellets 2 1 7  00 

Applicattan --� --�--
Used commerctally for general MS-1355 1 lb 118-in. Pellets 1 4  00 
gas dry eng, an plant feed MS-1356 1 lb -- Case of 6 'Is-in.  Pellets 71  00 purification (simul taneous MS-1357 5 lb lf8 -1n Pellets 40 00 removal of H20 and C02l and MS-1 358 5 lb - Case of 4 118- in. Pellets 1 33 00 l1qu1d hydrocarbon and 
natural gas �v'lleetenmg MS-1359 25 lb 1l8-1n.  Pellets 1 45.00 
(H2S and mercaptan removal) MS-1 360 25 lb - Case of 4 '18-in. Pellets 440 00 

MS-1361 50 lb 118-in.  Pellets 2 1 7  00 
MS-1362 1 lb 4 X a Beads $ 14 00 
MS-1363 1 lb -- Case of 6 4 X a Beads 71 00 
MS-1364 5 lb 4 X a Beads 40 00 
MS-1 365 5 lb - Case of 4 4 x 8 Beads 1 33 00 
MS-1 366 25 lb 4 X a Beads 1 45 00 
MS-1367 25 lb -- Case of 4 4 X a Beads 440 00 
MS-1 368 50 lb 4 X 8 Beads 2 i 7  00 
MS-1 369 1 lb a x  1 2 Beads 1 4  00 
MS-1370 1 lb - Case of 6 B X  1 2 Beads 71 00 
MS-1371 5 lb 8 X 1 2  BP.adS 40 00 
MS-1372 5 1b - Case of 4 8 X  1 2 Beads 1 33 00 
MS-1373 25 lb a x  1 2 Beads 145  00 
MS-1374 25 lb - Case of 4 8 X 12 Beads 440 00 
MS-1375 50 lb 8 X 12 Beads 2 1 7  00 
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APPENDIX G 

LIST OF U. S .  C OMPANIES CONTACTED 

Producers and Sellers : 

Ai rco Indust rial Gas es 
5 7 5  Mountain Avenue 
Murray Hi l l , NJ 07974 
( 20 1 )  464-8 1 00 

Ai r Products and Chemi cals , Inc .  
P .  0 .  Box 1 1 04 
Al lentown , PA 1 8 105 
( 2 1 5 )  48 1-8257  
Robert Wel ch , Product Manager 

Liquid Carbonic Corporation 
1 3 5 S .  LaSalle St reet 
Chi cago , IL 60603 
Dr . W .  G.  Lee , Nat i onal Account Manager 
( 3 1 2) 855-2500 

Chronar Corpo rat ion 
P. 0 .  Box 1 7 7  
Pri ncet on , NJ 085 40 
( 609)  587-8000 
Dr . Al len Delahay 

Al lied Chemi cal 
P .  0 .  Box 1087R 
Morristown, NJ 07960 
( 2 0 1 )  455-2000 
J. H .  F. Loozen , Manager ,  New Business Development 

Matheson Gas Products 
30 Seavi ew Drive 
Secaucus , NJ 07094 
Frank Sconavacca , V. P . , Marketing 
( 20 1 )  867-4 1 00 

Scient i f i c  Gas Products ,  Inc .  
2330 Hamilton Blvd . 
S .  Plainfield , NJ 07080 
( 20 1 )  7 5 4-7 7 00 

Synthatron Co rporat ion 
50 Intervale Road 
Parsippany , NJ 07054 
( 20 1 )  335 -5 000 
Paul Mann , Nat ional Sales Manager 
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Union Carbide Corporati on 
Linde Specialty Gas Products 
P .  0 .  Box 444 
1 00 Davidson Avenue 
Somerset , NJ 088 7 3  
( 20 1 )  35 6-8000 
St eve A. Conviser , Business Manager 
Pat Taylor ,  Product Manager 

Sellers Only : 

Ideal Gas Products Inc . 
9 7 7  New Durham Road 
Edison , NJ 088 1 7  
( 20 1 )  287-8766 
H. G .  Gi l l , Chai rman 

M. G .  Scient ific Gases 
M .  G .  Burdet t  Gas Products 
175 Meis ter Avenue 
N .  Branch , NJ 08876 
( 20 1 )  3 2 1-9595 
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APPENDIX H 

NASA TECH BRIEF : 

PURIFY ING S ILANE 

Eliminating Impurity Traps in  the Silane Process 
The extraction of a small sl ipstream from separators 
prevents Impu rities from building up. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

VOLATILE TRICHLOROSILANE 
+ LIGHTER 

COMPONENTS 

OICHLOROStLANE 
+ LIGHTER 

COMPONENTS 

STRIPPER 

CHLOROSILANES 
+ S•CI4 

SEPARATOR 

SoCI4 
+ HEAVIER 

COMPONENTS 
TRIC>1�0'10SILAN[ 

->- HEAVIIOR 
(':JMPONENTS 

The Redistribution Reaction Section of the silane process progressively separates the heavier parts of the chloros1lane feet1stock until a 
l1ght silane product is available tor pyrolys1s The color l1nes 1nd1cate addtttons to the process that prevent tmpur1ty b u i l d u p .  The 
red1stnbut1on reactors catalytically adJust the composition of the teed for more favorable separations 

A modification has been proposed to 
reduce 1mpunty trapping 1n the Silane 
process for produc1ng semiconductor
grade Sil icon A small amount of liQUid 
contam1ng 1mpur111eS IS wrlhdrawn from 
the proceSSing stages 1n wh1ch trapptng 
occurs and IS passed to an earlier proc
eSSing stage in  wh1ch such 1mpunt1es 
tend to be removed v1a chemical 
reactions 

The silane process IS one of the most 
prom1sing methods for producing S i l iCOn 
for low-cost solar cells by convert1ng In
expensive metallurgical-grade Sil icon to 
semiconductor-grade Silicon. In the 
s1lane process. the metallurgical-grade 
mater1ai 1S f1rst hydrogenated to produce 
a feed stream composed primanly of tn
chlorosllane and Silicon tetrachloride 
but also conta1n1ng other chlorosllanes 
The feedstock 1s passed through a se
ries of separator columns that produce 
ultra-h1gh-punty silane (S1H4) A pyrol

YSIS reactor breaks down the s1lane 1nto 
hydrogen, which IS  recycled to the 
hydrogenator. and semiconductor-grade 
SiliCOn 

398 

A problem w1th the s1lane process has 
been that certain 1mpunt1es of 1ntermed1 
ate volatility can become trapped 1n the 
separator loops Eventually the 1mpur1-
11es build up to the po1nt where they over
load the separator columns and con
tamlllate the silane product 

In the mod1f1ed process (see f1gure) a 
small stream of liquid IS Withdrawn from 
the last two separator columns and 
returned w1th recycled Silicon tetrachlo 
r1de to the hydrogenator There, some 
impunt1es are converted to Insoluble 
metal complexes that settle and are 
removed w1th the heavy-waste stream 
Other 1mpur111es continue to the stnpper 
column, where they pass off w1th other 
volatile components (The stnpper col
umn removes such gases as nitrogen 
and methane dissolved in the feed 
stream from the hydrogenator - ail  
components hav1ng volat1l1ty equal to or 
greater than that of hydrogen sulf1de ) 

The effluent from the str1pper - pr1 
manly tnchloros1lane and sil1con tetra 
chlonde essentially free of h1gh-volat1!1ty 
contammants - enters separator col 

5 9  

umn 1 There, tnchloros11ane and l1ghter 
components are extracted and sent as 
the feed to separator column 2 SII ICOil 

tetrachlortde and heav1e' components 
are removed and returned to the hydro 
gena tor 

I n  separator 2. dtchloros1lane and 
i1ghter components are extracted and 
sent to separator column 3 Heav1er 
chlorosilanes are returned to separator 
1 .  except that 1n the new process a smal l 

sltpstream IS d1verted to the recyclmg 
Sll1con tetrachionde The sl1pstream 
orevents 1mpunt1es w1!h vo1at111ty greater 
than that of tr1choioros1lane but less than 
that of dichlorosllane from becom1ng 
trapped and accumulating 1n the loop 
between separators 1 and 2 Such 1m 
punt1es Include boron tnchlonde. phos 
phorus chlonde. and arsentc chlonde 

In separator 3.  silane IS extracted as 
the product D1borane and other 1mpun 
t1es are returned to separator 2.  and a 
sltpstream IS added to the Silicon tetra 
chlor1de return The SlipstreaM prever.ts 
such 1mpur1t1es as boron hydnde phos 
phorus hydnde. and arsen1c hydr:dt> 

NASA Tech Briefs, Spnng/Summer 1982 
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APPENDIX I 

NASA TECH BRIEF : 

REK>VING IMPURITIES FROM S ILANE 

Removing Chlorides From Metal lurgical-G rade Sil icon 
Process for mak:ng 'ow-cost si l icon for 
solar cells is further improved 

NASA 's Jet Propu/s;on Laboratory, Pasadena, Caldorma 

TRICHLVAOSILA"'E 

+ SILICON 

-;- � TRACI-�LORIDE 
FEEDSTOCK 

SilAN E 

LIGHT 

WASTE 

GASES 

FEED 

S"rf'IPPER 

COLUMN 

l RICH:.CROSILANE 
,.L:CON TFT;,}�����ICJE 

. ������':S:�AR��� �---
>OR i'if'�YC!_IN :::O 

TRICHLOPOSILANE 

RICH 

S,LAr-..� f'OR 

H,G>-i PlJP'r; 

,- , c r::: ::;r, 

Silane Product Recycled To Feed Stripper Column conver: s  some ot 'he r.e<h'Y 1mour:t 1es to \iOia t , l e  ones :hat  pass ::Jft a! t n e  t �·o t r e  

colurrm w 1 t h  l : g h t  wastes T h e  1mpur1t 1es - chlondes o !  arserrc ph0sphc',JS. a n j  boron - wouiC othf'rv. se b e  carPed �c  �ubsec<�e:': 
u.st;l lat.ons where they woLid be ddf1cult  to remove S1nce o n : ,  8 s:T>al l  ar,'OU'l\ cf s1lane I S  recycled s , l , r: o n j:"'''duc t cr JO> T .  r : c- r· c ,  ·e 
'TtC.InS hiQh 

Upgrad1ng metall: .. l fQ I C3 ' ·grade SiliCOn 
10 �1gh-pv1ty sen;:conductor-grade S1l 1 
con for low-cost solar ce1 1s requ1res a 
cr'l ,ca!  step 1r' '"''llict-'r chlorc'OI Ia:�es are 

seoa rated frorT1 a sntcon te:rac:- l cnde 
carr er tor fu rther process:r"g When the 
chloros1lanes are separated. such ,m 
punt1es as arsen1c c hlonde . ohosphorus 

,._::fJior,oe and boron chlor:de tend to '3:av 

w1th therr The retent11Jn o' thPse 1rnpu

r·: 1es :n me feedstock tmposes a heav1er 
1mpur1ty !oad on dow'lst ream orocess-

1ng eau,pment and maKes :t more d:t 
lieu It to n1a1r,�a:'l h1gh punty :n !he s l:con 

proauc� 
'-lowevei. a srnali amou n t ot S: 1ane 

aaded tr.J :r.e ch1orosilaroe and Silicon tet 

rachior:de ..,, ,xture e1 1rr,:nates the 1�1;; . .� r 1 

. S .  P a t e n t  4 , 3 4 0 , 5 7 4  

t1es A sma1 1 po 'l ion cl ;t1e S 1 1a;11C' pro· 
c: .... ced 1n a ,ater reac. r ·;:--·- ; s,mp1y 
d1verted to the feed Str ipper 

•'1h'cr tt··e cr 'C '·JS · I ar.e ar,d S l 1 rcon :etra. 
c; h ror ,de are seoarateG 1see ' r g L · - e \  The 

s11ane reacts \"lith the cnlor:de 1rT·pur1t:es 

to for m hydr · :::Jes . sucn as a rse'"�IC 

hydr�de. piO';cror·.Js hyd r 'de . and boron 

r-,ydr:de :r.(;sP vola! le co"lprJur'':--, ::v e 

�eadily removed alortg ot'·P" I I<:J'"! 
wastes 1n the :=olur--'n 

The srlane enters at the bottom at 1he 

feed str :pper colu:-':in S:nce s1 1ar-e :s a 

volatrle s:Jbstanc.e. t rtses the e n t 1 r e  

length ot the co lumn I t  thus ha s  a longer 
\1me tc react ..,.,, • ..,, 1rnpur1tres than 1f 1! 
were a• a "11g�"""�e r ·eve1 r r , :r.e col 

Ju l y  2 0 ,  1 9 8 2  

NASA Teen 8rmfs Spring/Summer 1982 
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'A"tr, thP 01"P� �.,. c;a.ses 

Oi cc ..... rse tre ,rrrourt:y CO"Ct''lt':. 

t1ons 1n the teedstock are 3 , r eadv ovv -
�_. s ua l ly leSS :r,ar i pprT1 (0 rlbO,J' 1!] :_;prn 
ro enSl; : e  comcre�e r eCJc t ror- !�P. ::- 1  a�e 
::.hourd DE: adaed •r, CO'"Cerl·a:'JIS :'" i J 
to , '}0 ppm 1 rr.o 1es of s · !2ne oer ·-n · .or 
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APPENDIX J 

NASA TECH BRIEF : 
REMOVING IMPURIT IES WITH THE CONT INUOUS-FLOW PROCESS 

Low-Waste Purification of Si l icon 
A continuous-flow process converts metallurgical-g rade 
si l icon to semiconductor-grade si l icon. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

REFLUX 
CONDENSERS 

DISPAOPORTIONA TION 
REACTORS 

(CONTAINING 
ION·EXCHANGE REFLUX 

CONDENSER 

IMPURE 
s, 

RESIN) 

This Purification Process starts with impure (metallurgical-grade) silicon and produces high-punty silicon suitable for semiconductor 
applications. The input silicon is reacted with hydrogen and silicon tetrachloride to produce chlorosilanes; by a combination of distilla
tion and disproportionation in resins, the silicon is converted to silane that is pyrolyzed to pure s1!icon. The H2 and SiCI4 are recycled m 
the continuous-flow process. 

The ultra-htgh-purity silicon required 
for solar cells. transistors, and in
tegrated circu:ts can be produced from 
metallurgical-grade silicon by the forma
tion and pyrolysis of s1lane gas (SiH4} 1n 
a continuous-flow process that max
Imizes product purity with a minimum 
amount of equipment The Integrated 
process recycles unreacted and byprod
uct materials, thus min1m1zing material 
losses ana simplifying waste disposal It 
also ensures the effective removal of Im
purities, 1ncludmg boron 

The metallurgical-grade Sll1con IS 
reacted with H2 and SiCI4 in the system 
shown 1n the figure to produce chlorOSII
anes (HxSiCI4-x) By a combinatiOn of 

NASA Tech Briefs, Sprmg/Summer 1982 

distillation and redistnbution, the lighter 
(hydrogen-rich) chlorosilanes progress 
through the system, and the heav1er 
(chlorine-nch) ones are fed back to distil
lation columns and to disproportionation 
or hydrochlonnation reac'lors. The over
all process consumes the sil1con and 
produces h1gh-purity S1H4 that IS 
pyrolyzed to high-punty submicron par
ticles of silicon The H2 produced in the 
pyrolysis is fed back to the hydrochlon
nation reactor. 

Metallic 1mpunt1es are fluxed out of the 
system by pencx:lic drain1ng of small 
amounts of contaminated S1CI4. Boron IS 
specially removed by the disproportlon
ation resins and controlled d1stillat1on 
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The principal merit of this system is 
the speci1ic sequence in which the dif
ferent steps are integrated. As the f1gure 
shows. the first distillation column 
recycles SiCI4. the third column sepa
rates out ultra-htgh-purity SiH4. and the 
intermediate second column separates 
fractions that pass to resin dlspropor
tionation-reaction zones 

Th1s work was done by William C 
Breneman and Larry M. Coleman of 
Union Carbide Corp. for NASA's Jet 
Propulsion laboratory. For further in
formation. Circle 23 on the TSP Re
quest Card 
NP0- 15033 
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APPENDIX K 

KOMAT SU S ILANE DATA SHEET 

S1R4 Gas 
(Monosi lane ) *  

Outstanding Characteristics 

Boron content : 
Res i s t ivi ty of depos i t :  

less than 0 . 02 ppb 
more than 500 ohm-em. 

STR- 2 0 9 2  

Komatsu Monosi lane Gas can not be mat ched by any other gases of this kind i n  
i t s  high purit y ,  high resi s t ivity , uni formi ty and reliabi lity . Komat su ' s  
p roprietary process and the biggest production i n  the world naturally give 
such properties to the monosilane gas . 

Res i s t ivi ty of deposited f i lm wi ll be 2 , 000 ohm-em m1n1mum , as all 
gas -producing syst ems are we ll cont ro lled . Due to its high puri ty and no 
halides contained , Komatsu monosi lane gas is ideal for epitaxi al growth , thin 
film deposition and formation of perfect layer of silicon oxide and s i l i con 
nitri de . 

Komat su monosi lane gas is usually supplied in undiluted condi t io n  i n  an 
appropriate iron cylinder .  The cylinder s t andard capacity is ap�roxirnat e ly 1 0  
or 40 litre water content . The gas pressure i s  approx . 7 2  kg /em - 1 , 000 pounds 
per square inch . In this cas e ,  the gas weight is approximat ely 1 kg in a 
1 0  litre cyl inder . Di lut ed gas wi th high purity diluent s such as hydroge n ,  
nit rogen or argon wi ll be avai lable upon reque s t . 

General Properties 

Monosi lane is a colorless 
spont aneous ly f l ammable in 
with free halogen or heavy 
hydrogen by heating higher 

and ordorless gas at room temperature , and is 
air and other oxidizing gases , and reacts violent ly 
metal hydrides . It wi l l  decompose into silicon and 
than 300°C ,  and by an electric discharge . 

Phys i cal const ants are as follows . 

Mole cular weight : 
Boi ling point : 
Freezing point : 
Critical temperature : 
Critical pres sure : 
Speci f i c  vo lume at 70°F ,  1 
Heat of format ion: 
Density--gas at 20°C :  

3 2 . 1 2 
-1 1 2°C ( - 1 6 9 . 6°F )  
- 1 8 5°C (-30 1 °F )  
-4°C ( 2 4 . 8°F )  
48 atm 

atm . 1 2 . 049 cf / l b .  
7 . 2 Kcal /mol 
1 .  44 g/L 

*Adapted from dat a sheet No . 105 is sued by Komat su El ectroni c Me t a l s  Co . ,  Lt d . , 
Tokyo , Japan . 
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Silane 
SiH4 

A I G  1 1 58-8 o, b3 

APPENDIX L 

SILANE DATA SHEETS 

I. Airco Industrial Gases 

Product Description 
S i lane is avai lable from Airco Specialty Gases 

in the pure form or as a gas mixture. Three g rades 
are avai lable: 

E lectronic G rade 
V . L . S . I .  G rade 
C . C . D .  or Nitride G rade - an ultra h igh  pu rity 

product developed specifically to meet the demands 
of the charge coupled device and high pu rity 
n itration.  

Specifications 

Purity - Electronic Grade 

Maximum 
Impurities 

Oxygen 10 ppm 
Chlorosllanes 1 000 ppm 
Carbon Monox1de ---

Carbon Diox1de 20 ppm 
MOISture 3 ppm 

Hydrogen 5000 ppm 
Methane 50 ppm 
Typ1cal Res1stiv1ty > 1 00 ohm/em 

Purity - V.L.S.I. Grade• 

Maximum 
Impurities 

Oxygen 10 ppm 
Chloros1lanes 1 00 ppm 
Carbon Monox1de + 

Carbon Dioxide 5 ppm 
Motsture 3 ppm 
Hydrogen 1 000 ppm 
Methane 30 ppm 
Typ1cal Res1stiv1ty >100 ohm/em 

Purity - C.C.D. or Nitride Grade* 

Oxygen 
N itrogen 
Chlorosllanes 
Carbon Monox1de + 

Carbon D10X1de 
Mo1sture 
Argon 
Hydrogen 
Methane 
Typ1cal Res1Stlv1ty 

Maximum 
Impurities 

1 ppm 
25 ppm 

1 ppm 

2 ppm 
1 ppm 
1 ppm 

200 ppm 
1 ppm 

-·2500 ohm/em 

'Avai lable 1 n  A1rco Spectra Sea l •· a l u m 1 n u m  cy11nders only 
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Typical 
Analysis 

1 ppm 
< 1 00 ppm 

5 ppm 
1 ppm 

< 1 000 ppm < 30 ppm 

Typical 
Analysis 

1 ppm 
< 1 00 ppm 

5 ppm 
1 ppm 

< 500 ppm 
5 p p m  

(over) 

STR-2092 



I .  Airco Industrial Gases ( Concluded) 

General Information 
C.C.D .  or N i tride grade s i lane has been 

developed to meet the more stringent demands for 
carrier l ifetime and mobi l ity of charge coupled 
semiconductor devices. It is capable of growing 
epitaxial s i l icon with  a resistivity i n  excess of  
2500 ohm/em. 

Cyl inders to be used with s i lane or s i lane 
mixtures are treated indiv idual ly  from the start. 
They are spec ia l ly prepared by the man ufacturer 
before shi pment to A i rco. where they u ndergo 
an extensive cleaning and passivation seq uence. 
Once this has been completed the cyl i nders are 
f i l led and then remain only in  s i lane service. 

Special Note 
In order to meet the high pur ity req u i rements 

of this material, specia l ly  treated a l u m i n u m  
cyl i nders (Spectra Seal®) must b e  used. When 
provided in A i rco's Spectra Seal cyl inder, gas 
specifications l i sted wil l  not change with t ime or 
temperature through at least 90% of product usage. 
Shelf l i fe is guaranteed to be at least one year. 

Product Handling 
To help us maintain these leve ls  of purity, 

please read our data sheet - "Procedu res for the 
storage and handl ing of electronic gases. · ·  
Cylinder Sizes-

Electronic  grade s i lane is ava i lable in steel 
cyl i n ders conta in ing 1 5 ,000 gm, 1 0,000 gm or 
500 gm. M ixtures are avai lable in #200 and #80 size 
cyl i nders. 

V .L .S . I .  grade is ava i l able in a size #1 50A 
Spectra Seal a luminum cyl i nder conta i n i ng 
5,000 g rams of material .  V.L.S . I .  m ixtu res are 
avai lable in # 1 50A and #30A size Spectra Seal 
a luminum cyl inders. 

C.C.D.  or N itride grade is only avai lab le i n  
Spectra Seal a luminum cyl i nders conta i n i ng 
5,000 gm,  2,500 gm,  1 ,000 gm or 500 g m .  M i xtures 
are avai lable in #1 50A and #30A size Spectra Seal 
a luminum cyl i nders. 
Cylinder Valve Outlets-

For al l  s i lane and s i lane mixture cyl i nders: 
CGA #350. 
Handling Equipment

Regulator Model -
Stain less Steel Model #52-75 (350) 

Flowmeter Model  -
Stai n less Steel Model S75• 

"A number of standard ranges a r e  available 

6 5  
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II. Air Products and Chemicals , Inc. 

Gases & 1 
Chemicals 

Rhenium Hexafluoride (Refs) A toxic, light-yellow, nonflammable liquid with a 
detectable odor. Reacts with water to form hydro
fluoric acid. 

Toxicity-Tox1c Severely 1rntatmg and corros1ve to tiSSues, producmg burns typical of hydrofluoric 
aetd 
Compatible Materials-Monel and nickel are the 
preferred materials of construction. however. steel 
and stamless steel can be used at room tempera
ture Teflon 1s res1stant and recommended for gaske"::: ____ _ 

C.P. Grade 
97.0% 

ORDERING INFORMATION 

CYLIIDEft '"' 
LB. 

COMMODITY CODE 
JIJII.A-865000 

F.O.B. Hometown. PA 

CYLINDER DIMENSIONS (em) 
2 X 15 (5 X 37) 

Silane (SiH4) 
Tox�c.!!!-Tox�c 
TWA-S p_e_�----
Fire Polentiai-Pyrophonc low concentrations may 
���ulate_ �•!hout_py:_o�_l29���� 
Compatible Materials-Noncorros1ve to most 
metals Iron. brass steel. sta1nless steel or 
alum1num can be used 

Nitride Grade 

I 

ORDERING INFORMATION 

CYUIOER COMMODITY ... CODE 
AD 1-0-4852750110 
AD 1-8-485273000 
A01-X-465271000 

CYLINDER DIMENSIONS (em) 
9 X 55 (23 X 140) 
9 X 55 (23 X 140) 
9 X 55 (23 X 140). 

Molecular Weight-300 19 Cylinder Valve Outlet-1/4" compre�s1on f1ttmg 
Cylinder Pressure at 70°F (21.1"C)-O ps1g (0 kPa) DOT Hazard Class-Corros1ve Matenal 
Liquid Density at 77"F (25°C)-384 lb/ftl (6, 15 t kg/m3) DOT Labei-Corros1ve 

Cylinder Color-Stamless steel 

CONTENTS 

lbs lk!ISI 
(0.91) 

Cylinder Pressure ai 70"F {21.1"C) 

GROSS WEIGHT 

lbs (kgsl 
5.0 (2) 

�_1o.ooo 9 ____ __ _ -- -�?-�_oy�� !8.6_��-�l 
�-��_g -------

0-1 

CONTENTS GROSS WEIGHT "' 101 lb< (kgsl 
11 (5,000) 151 (68) 
7 (3,000) 147 (67) 
2 (1,000) 142 (64) 

DELIVERY PRESSURE COIOIODITY CODE RANGE ps1g (kPa) PAGE NO. 
llonuol Control Volv• Monel without gauge 118 

A colorless, extremely react1ve. compressed gas. 
Ignites spontaneously in air. 

Specific Volume at 70"F and 1 atm 
[21.1"C and 101.3 kPa {abs)]-

��2_!!�1�.J�-��-���9_1 ------
�!�d-��lor-R�---- -�-------
C:::ylinder Valve Outlet-CGA _3_�------
00T Hazard Class-Flammable Gas · -----·· 
DOT Label-Flammable Gas --- ------------ --- -------

R•COMM.NHD RUIPII.NT 

COMMODITY DELIVERY PRESSURE CODE RANGE ps1g {kPe) PAGE NO 
Two-Stoge Rogulotora 
E12-T-C442A 0-25 (0-172) 108 
E12-3-C4420 0-100 (0-690) 108 

ADDITIONAL DATA 

Other cylinder sizes are available on request 

SPECIALTY GAS DEPT. 

AIR PRODUCTS AND CHEMICALS, INC. 

BOX 538 
ALLENTOWN, PA 181 05-0538 

NOTE Refer to enclosed Price L1st for current pnc1ng rnformation 
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I I .  Air Products and Chemi cals , Inc . (Continued ) 

Silane (Continued) 

Semiconductor Grade 
> 1 00 ohm-em 

ORD.RING INRIRMATION 

"""'" """""' CYLINDER DIMENSIONS 

R·-UIHD IIQUI .... NT 
CONTENTS GROSS WEIGHT COIIMODrTY DELIVERY PRESSURE ... COO! (em) "' 101 "' (kgsl CODE RANGE ps1g (kPa) PAGE NO 

A ADJ.B-4850511XDJ 
A AD1-F-485055000 
A ADI-3-<485053000 
A AD1-l-485051 000 
0-1 AIJ4.J-48505 

···-----------------· ··--
9 X 55 (23 X 140) 22 (10,000) 162 (73) 
9 X 55 (23 X 140) 11 (5,000) 151 (68) 
9 X 55 (23 X 140) 7 (3,000) 147 (67) 
9 X 55 (23 X 140) 2 (1,000) 142 (64) 
6 X 19 (15 X 48) 0.2 (100) 12 (5) 

ADDITIONAL DATA 

For silane mixtures and other gases used 
by the semiconductor ind ustry turn to 
page 86. 

Two-Stage Regul•tora 
E12-6-C445A 0-25 (0-172) 108 
E12-W-C445B 0-50 (0-345) 108 
E12-C-C445D 0-100 (0-690) 108 
E12-U-C445F 0-250 (0-1,724) 108 

Silicon Tetrachloride (SiCI4) A toxic, colortess, nonflammable liquid with a 
detectable odor. Reacts violently with water lo lorm 
hydrogen chloride 

Toxicity-Tox1c Extremely 1mtat1ng and 
destructive to !iSSues contact wrth skrn causes severe burns 
Compatible Materials-Highly corros1ve when 
mOISt Preferred matenals of construct1on are stainless steel (type 304 or 316) Teflon, Pyrex• or 
9� 

Semiconductor Grade 

ORDERING INFORMATION 

M�_!!_�ular �e.!_ght - 1 69 9 
Cyi��.!.!:__P�eSSlJ!�-��_"_F_ (2�.�°C) -0 �S_I� _(�_k_£'_a_l_ 
liquid Dens1ty at 60°F (15°C)-92 8 lb It' ( 1  486 5 
kg-'m_'_l__ 

�ylinder c��::-:_?� lver 
C)lmder Val ... 

_
e Ou

_
tle!-� 8' compres510n fll!,ng 

DOT Hazard Class-Corros1ve Mater,al 
DOT Labei--Corros1ve 

COMMOGITY CODE CYLINDER DIMENSIONS (em) CONTENTS 

lbs (kgsl 
GROSS WEIGHT COMMODITY 
lbs (kgsl COD!. DELIVERY PRESSURE 

RANGE pa1g (kPa) PAGE NO 

5 gol A51-K-48805 

F.O B Hometown. PA 

12 X 19 (30 X 48) 55 (25 01 80 (36) -------
ADDITIONAL DATA 

For other gases used by the sem1conductor 
industry turn to page 86. 

Pyrex " 1s a reg1stered trademark of Cornmg Glass Works 

6 7  

None R8qulrecl Material is liquid under 
normal conditions. 
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II. Air Products and Chemicals , Inc. (Continued ) 

SILANE/SILICON TETRAHYDRIDE (SiH4) 
SPECIFICATIONS 

Resistivity > 100 ohm-em 

A sample of each batch of epi grade silane is evaluated on our own 
reactor. Silane is deposited on silicon substrates and then the 

resistivity of the unaoped layers is measured. 

PHYSICAL PROPERTIES 
Molecular weight 

Boiling point at 1 atm 

Color 

Critical density 

Critical pressure 

Critical temperature 

Density, Gas at 1 atm 32"F (O"C) 

Flammable limits in air 

Melting point at 1 atm 

Specific gravity at -301"F (-1 85"C) 
(Air � 1 )  

Specific volume a t  1 atm 70"F 
(21 .1"C) 

Vapor pressure at -220.9"F 
(-1 40.5"C) 

Viscosity at 1 atm 59"F (1 5"C) 

TYPICAL APPLICATION 
Silane is used as a source of 
high purity silicon for epitaxial 
and thin film deposits, and 
for low temperature vapor 
deposition of silicon oxide and 
silicon nitride. 

32.1 2 

�1 70"F (-1 1 2"C) 

Colorless 

45.6 lb/ft3 (730.4 kg/m3) 

702.5 psia 

25. 7"F ( -3.5"C) 

0.0826 lb/ft3 (1 .32 kg/m3) 

Pyrophoric, spontaneously 
flammable 

-301"F (-1 85"C) 

0.68 

1 2.1 lt3/l b  (0.755 m3/kg) 

1 .9 psia 

1 1 2.4 micropoise 

SAFETY CONSIDERATIONS 
Flammability 

I CAUTION 

EXTREMELY FLAMMABLE. 
DO NOT EXPOSE TO 
THE ATMOSPHERE 

The major hazards of silane 
are associated with its pyrophoric 
properties. Silane is spontane
ously flammable upon contact 
with air or with oxidizing gases. 
It reacts violently with most free 
halogens or heavy metal hydrides. 
When heated to 572"F (300"C), 
silane begins to decompose into 
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Specialty Gas 
Data Sheet 

SILANE 

si l icon and flammable hydrogen 
(SiH4-+Si + 2H2). It is also decom
posed by an electric discharge. 
Keep the product away from heat, 
sparks, and open flame. 

Toxicity 

The American Conference of 
Governmental Industrial Hygienists 
has recommended a threshold 
limit of 0.5 ppm for silane. 
The toxicological properties 
have not been fully investigated. 
If inhaled, it may be Irritating 
to the respiratory tract and may 
cause headache and nausea. 
Use only with adequate ventila
tion. I f  silane is inhaled, 
remove the victim to fresh air 
and keep him warm and quiet. 
If respiration has stopped, start 
mouth-to-mouth artifi cial respira
tion at once. Seek medical 
assistance promptly. 

GENERAL HANDLING 
INFORMATION 
Silane should be stored and 
handled In well-ventilated 
areas at positive pressures. 
Isolate from halogens, oxygen 
and combustible, organic, or 
oxidizing materials. Avoid con
tact with air at all times. 

Silane is generally noncorrosive 
toward most construction 
materials. Use diaphragm pack-

CAir Products and Chemicals, Inc. 19n 
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II. Air Products and Chemicals , Inc. (Concluded) 

SPECIALTY GASES 

Hydrogen 

Oxygen 

Argon - Rare 

Ni trogen 

Chl ori des 

THC 

CO/C02 

Wa ter 

Re s i st i vi ty 

APCI 

S I LANE 

N i t r i d e  Grade 

Speci f i c at i on 

< 500 ppm 

< 1 0  ppm 

< 40 ppm 

< 40 ppm 

< 1 0  ppm 

< 1 0  ppm 

< 5 ppm 

$. l ppm 

> l 00 ohm-em 

" S EMI " Spe c i  fi cati on 

� 5 00 ppm 

� l 0 ppm 

� 40 ppm 

Not Spec i fi ed 

s. 1 0  ppm 

s. 1 0  ppm 

:s.._ l 0 ppm 

s. 3 ppm 

> 50 onm-cm 

Gaseous Chemtcals • F luorine Compounds • Chemical l ntermedrates • Rare Gases • Custom Blrnc i'· 
• Cali bration Gases • M u l tr·Component Gas M r x tures • E lectronic Grade Gases & Mrxtures . E m rssron Control (iil'>P� . Stt'r r l r z m g  M rxtures 

• Moisture Mix tures • Special Gas Mrxtures • Regul ators • F l ovv Meters • Blenders • Manifolds . Manual F !o1-, .. c,mtrol v alves 

6 9  
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III. Ideal Gas Products , Inc. 

Pure Electronic Gases 

Thousand Ohm Plus Silane (T.O.P.S.• Grade) is an 
exclusive new product, manufactured by Certified 
Gas and Controls, Inc.; sold and distributed by Ideal 
Gas Products, Inc. This product was made possible 
by the successful development of a totally new 
concept in silane purification. 

In manufacturing silicon devices in clean systems, 
T.O.P.S�SIIane will increase yields, improve carrier 
mobility, lifetime, and remove thermal effects due 
to impurity carrier thermal activation. Remarkable 
gains in yield (up to 400%) have been obtained in 
production usage where the only parameter changed 
was from the use of "relatively impure" standard 
epi or electronic grade silane to T.O.P.S�Silane. 

Maintaining the extraordinarily high quality of 
T.O. P.S.• Silane is our primary concern, and 
because of this, each cylinder is analyzed. Spread
ing conductance measurements are made on every 
lot of T.O.P.S� Silane to verify its exceptional resis
tivity. A bulk sample of silicon with a resistivity 
measured at 1 750 ohm em by a 4-point measure
ment is used for high end calibration. The raw resis
tance measured with this calibration sample is near 
to 1 megohm, with conductance G equal to 0.9 to 
1.0 micromhos with the probe head used in our 
measurements. Only epi deposited from T.O.P.S� 
Silane in a clean system and which exhibits a raw 
conductance less than 1.2 micromhos is consider
ed acceptable. 

In addition, dCJdV plotting is made to measure 
carrier concentration. With observed carrier con
centrations below 3 x 10" per cubic centimeter as 
measured by dCJdV plotting, and with 5 x 1CJU sili
con atoms per cubic centimeter, the net NA-ND of 
less than 60 carrier contributing atoms per billion 
silicon atoms indicates the order of total impurities. 
Since other silanes are more strongly N type, this is 
an indication that the purification of T.O.P.s.• is 

I DEAL GAS PRODUCTS. l t-.j C _  
PO Box 7 0 9  
Edison. N e w  JersP.y 0881 7 
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effective in reducing the level of phosphine (which 
is usually present at the low part per billion level) to 
the low part per trillion range. Since heavier 
elements would be more effectively removed than 
phosphorus by the purification processes employ
ed, it is obvious that other heavy elements are 
removed to an even greater degree than phosphor
ous. Detection by any method other than electrical 
measurements on a single crystal structure 
deposited from this silane is impractical. A long 
list of elements at non-detectable levels would 
seem to be meaningless when the purity indicated 
by the carrier concentration is considered. 

Concentration of other typical gaseous impurities 
is also closely monitored on each individual cylin
der as shown below. Particular attention is given to 
cylinder preparation for T.O.P.S� Silane and for 
mixtures of T.O.P.S�with various carrier gases such 
as helium, hydrogen, nitrogen or argon, all of which 
are UHP grade gases. 

Purity Specifications: 
Resistivity: 1 ,000 ohms/em mm1mum undoped 

epitaxial silicon deposited in a 
clean system. 

Chlorosilane: Non-detectable by sparging 10 liters 
of silane through 125 ml of deionized 
water (conductance <0.5 micromhos) 
without measurable increase in 
conductance. (This test method will 
also detect any impurity ionizable at 
infinite dilution.) 

Hydrogen: 100 ppm maximum 

Nitrogen: 10 ppm maximum 

Total Hydrocarbons as Methane: 2 ppm maximum 

Moisture: 2 ppm maximum 



IlL Ideal Gas Products , Inc .  (Conclude d )  

Ideal Gas Products, I nc.  
Pure Electronic Gases 

Purity 

AMMONIA. 
ElectroniC .  99.995 ' o 
H,O < 10 ppm 

I I I 

Molecular 
Weight 

1 7  03 1 

--

-
t--

- -"'"" I """ Electronic. 99.998 " ,  
--

-
-

-
-
�

· -
--

---

CHLORINE. 70.906 
ElectroniC. 99.98' 

-
----·- --

-- ··· -r---
DICHLOROSILANE I 
Res1St1v1ty Capab1 l 1 t y  I ::> 50 ohms;cm. N type 

- - ----+ 

Electronic. 99.995 � ,  
HYDROGEN 
SELENI DE. 
E lectron i C 99.95 ' 

Electron :c. 99.99°. 0  

N ITROUS OXI DE. 
Electronic.  99.995 

PHOSPH I N E, 
E lect ron i C . 99.998" 

SHl < 2ppm 

Uncomper·sdtPd 

I 

l 

+-

1 00.99 

76.62 

36.461 

8() 976 

32 1 2  

SILANE. Electronic I 3 2  1 2  
Res 1 S t 1 v : t y  :> 1 00 ohMs;cm l 
Uncompensated 

Specific 
Volume 

Cylinder Cylinder 
Valve Contents 
Outlet 

Size 
Price 

Recommended 
Regulators 

22 5 CGA 660 
cu.  f t  l b  

5 1  CGA 
cu ft .  I� 

10 9 

4 8  
c u  ft  / I t;  

1 1 .2 CGA 330 
CU.  ft l b  

8 7  C G A  32fJ 
CIJ. f L· i h  

---- -- -+--
1 1  4 I CGA 

cu.  rt . i lb I 
- I 

12 1 
cu ft  i l h  

57  
16  

1 6  

44 
1 0  

44 

i -
i 

'l5 l b s  1 SJOO on I ' 500 Se· 1es 
' G i bs l l' oo l 
35 1 bs t-s7�0 00 1 1 500 �erle;--

1 7 5  on 
- t ---- -
40 l bs S30G 00 i 1 500 S c r 1 e s  
15  I bs 1 70 00 j 

1 00 00 ' . -� -

t 
55 l bs 1, 

e lbs 

60 lbs 

S 1 500 00 I 1 500 S e r i 8S 
I I I 

On 1 500 Sw1es or 
r-�eC:tJest � 900 Ser 1es 

S255 00 1 500 Senes or 

6000 1 900 Senes 

S450.00 1 500 St:r  IC;s ·Jr 
1 900 Sencs 

S275 00 1 500 Senes 

5660 00 1 400 Se'leS ur 
280 1 600 Senes 

S650 00 1 500 Senes or 
1 75.00 1 900 Senes 

, S6 Ob': JO • I clOD 
3 . 1 00 OC : 1 90C Ser if'S 

C/lO l10 I 

SPe pagL� -E: f o r  '-,oec i l l ca t i U W'i 
1 50 oo 1 

- t 
1 2 1 CGA 3�o l 

r:: u It : :L' .  

7 1  

44 
44 

[ 
! 5 000 g 

1 uoo q 
; r,o g 

s 1 700 on i 1 soc S•"r ,cs  c,r 
40C OC l l 9C'0 

b5 00 i 

G u c.� ' 1 l r � v  i. 1  ,.._ . , !  
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IV. Linde Division� 
Union Carbide Corporation 

FEATURES 

• Resistivity greater than 100 ohm-em 

• Lowest epitaxial temperature 

• No corrosive by-products 

• Maximum conversion efficiency to si l icon 

• Useable with sapphire substrates 

• Accurate gas feed 

Union Carbide Silane is widely accepted for epitaxial depos

ition of single crystal films and for polycrystal l ine silicon. 

The silicon content of silane is greater than that of any of 

the chlorosilanes. Its principal high temperature reaction is 

one of simple pyrolysis. 

There are no corrosive by-products from the pyrolysis and 

none of the reverse reactions common to the chlorosilanes 

are present. 

Deposition temperatures, of Silane, as low as 800 ° C in 
hel ium with no loss of crystal l in ity are possible. Low growth 
temperatures obtainable with si lane tend to minimize 
impurity diffusion effects which become appreciable above 
1 000 °C. 

Growth rates observed with silane are determined by the 
individual process and reactor geometry. Typically, rates 
between 0.2 microns per minute and 0.5 microns per 

minute are used for sil icon epitaxy on a si l icon substrate 

and up to 8.0 microns per minute are used for s i l i con 
epitaxy on sapphire substrates. 

Silane usage is not l imited to epitaxy. Low temperature 
chemical vapor deposition of s i l icon dioxide fi lms by 
controlled- oxidation of silane are finding increasing usage. 

Some of the uses of si l icon dioxide films are in integrated 
circuit manufacturing for device passivation, as dielectrics 
in multilevel metalized circuits and in MOS technology. 

SILANE 
SiH4 

Chemical vapor deposition of si l icon nitride films formed 
by the controlled reaction of silane and ammonia are also 
being increasingly used. 

Typical applications of si l icon nitride films are insulation, 
passivation and sealing of devices and integrated circuits. 

Si lane is shipped as a gas in high pressure cylinders. It  is also 
available in gas mixtures with hydrogen, hel ium, argon or 
nitrogen. Since it is supplied in gaseous form, 1t may be 
very precisely metered into reactors, eliminating the need 
for bubblers and their inherent inaccuracies. 

Established conditions for chemical vapor deposition reac· 
tions are easily reproduced. 

PHYSICAL PROPERTIES 

Odor 
Color 
Molecular Weight . . . . . .  
Specific Volume @ 70

°
F ,  1 atm 

Boiling Point @ 1 atm 
Freezing Point @ 1 atm 

Density, Liquid @ - 301
°

F 
Density, Gas @ 0

°
C, 1 atm 

V iscosity, Gas @ 1 5
°

C 
Critical Temperature 

Critical Pressure 

choking 
colorless 

32. 1 

1 2. 0  ft3/lb 

- 1 69
'

F 1- 1 1 2°
C) 

-301
'

F I- 1 85°C) 

0.68 g/ml 
1.44 g/1 

1 1 2.4 micropo1se 

24.8
'

F I - 4
'

CI 
702.7 psi a 

Flammability Limits in Air Spontaneously flammable 

Heat of Formation, Gas @ 25°C . 7.3 kcal/mole 

Latent Heat of Vaporization @ b.p. 
Heat Capacity, Gas @ 25°

C, 
1 atm, Cp 

2.96 kcal/mole 

10.24 cai/mole, 
o

C 

PRODUCT SA F ETY 

Specialty Gases include products with properties that can cause serious accidents, injuries, and even 
death if proper precautions and safety p ractices are not fol lowed. Therefore, be certain to use a l l  
applicable safety precautions described i n  Specialty Gases Safety Precautions and Emergency Pro· 
cedures, F - 1 2-237, dur ing storage, hand l i ng and use of these gases. F - 1 2-237 is available on request 
from Union Carbide or from your U n ion Carbide Distributor. 

Thos mformat1on 1S not 10 be taken as a warranty or representation for wh1ch we assume legal respo n s 1 b o i 1 t y  nor as perot10�smn or rec-orn 
rnendat10n to pract1ce a n y  patented mvent10n W i t h o u t  a locense It IS offered solely tor your cons1deratoon, onvesngatoon anU v e r . l • � a t • n n  
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IV. Linde Divi sion (Continued)  

GAS REGULATION 

Union Carbide Silane Regulators Models SG-3862 and SG-

3865 are especially designed to handle silane and silane gas 

mixtures. &at leakage caused by contamination from the 

reaction of silane with air is virtually e l iminated. The valve 

stem ( poppet) is anached to the diaphragm, forming a 

single unit. If  a seat leak occurs, the increasing delivery 

pressure w i l l  cause the stem to be pulled tighter and tighter 

against the seat until it seals off. This feature also permits 

the regulator to be used at very low inlet pressures. 

Models SG-3862 and SG-3865 regulators have a stainless 

steel body, diaphragm, inlet filter and gauges, and outlet 

shut-off valve. Regulator and valve seat both are Kef-F. 
A factory-installed purge assembly and a diffusion-resistant 

diaphragm seal shutoff valve on the outlet are standard. 

Helium mass spectrometer leak detector tests of representa

tive Models SG-3862 and SG-3865 regulators show an in

board leakage rate of less than 1 x 1 0-6 cc/second. The 

regulators are available with either a 0- to 15-psig or an 

0- to 75-psig delivery pressure range as shown in the table 

below. 

Inlet Pressure Delivery Pressure 

Gauge Range 

psig psig Part No. 

0 - 3000 0 - 1 5 SG 3862-350 

0 - 3000 0 - 75 SG 3865-350 

7 3  

TOXICITY 

The toxicity of silane is unknown. However, because of its 

combustion on contact with air yielding no known toxic 
by-products, the major hazard associated with silane is 
primarily from its spontaneous flammability wtth atr.  

l nittal ly, the stigma of being pyrophoric caused a slow ac
ceptance by industry of silane. However, it is now recog
nized as being no more hazardous if not even safer to handle 

than hydrogen. When a leak develops, it immediately burns 
with no release of known toxic fumes or buildup of an 
explosive atmosphere. The flame on burning is a relatively 
"coo l "  flame with no danger of melting metal tubtng or 
other assorted apparatus resul cing in some type of catas
trophe. In many cases of small leaks, the resulttng s i l ica 

formed at the point of leakage seals itself. And in ail cases, 

the fire is stopped by simply shutting off the cylinder valve 
to isolate the gas source. 

MATE R I A LS OF CONSTRUCTION 

Silane is non-corrosive to most metals. Piping and tubtng 

can be of iron, brass, steel, stainless, or aluminum. However, 
Type 31 6 stainless steel is recommended i n  plumbing of 
reactors and gas delivery systems. Stainless steel regulators 
should be used for all high purity applications with silane. 

A l l  piping and tubing should be designed to withstand the 
pressures to be encountered. 

STR- 20 9 2  



IV. Linde Division (Continued )  

II HANDLING AND STORAGE II 
Silane and silane mixtures can be handled safely with the 
proper precautions to avoid contact with air at all times. 
Almost a l l  recommendations are d irected at not violating 

this one rule. Specific precautions that should be observed 

in handling silane are as follows: 

1. Before using si lane, read al l  equipment instructions, 
cylmder labels, data sheets, and other associated 

information pertaining to silane and its use. 

2. Handle silane in a well-ventilated area while avoiding 

the presence of combustible materials. 

3. Store silane at positive pressures. 

4. Do not condense silane (- 1 1 0° C or less}. Condensat1on 

of silane runs the risk of leaks developing with 
subsequent suck back of air  into the system forming 
explos1ve mixtures. 

5. Do not use silane in conjunction with heavy metal 

halides or free halogens which react violently. Care 
should be taken that a l l  components of any si lane 
handling system are purged of free halogens that might 

exist from degreasing agents or chlorinated hydro
carbons. 

6. All  systems to handle silane should be designed with 
these facts in mind: 

a. Prevention of leakage, both 1 n  and out, under 

vacuum and pressure. 

b. Minimum necessary internal volume. 

c. E l imination of dead spaces. 

d. Isolation of system components in case of a leak, 

rupture, or other failure. 

e.  Ability to easily evacuate and purge the system and 

components with inert gas. 

f. Silane should never be purged through a vacuum 
pump. 

g. A l l  fittings preferably should be of the welded type 
or Swagelok style to minimize the l i kel ihood of 
leaks. 

h.  Use diaphragm packless valves with resilient seats 

such as Teflon. 
Remove backplates from gauges and rotometers 
where gases may collect on leakage. 

Use metal diaphragm regulators to minimize a i r  

diffusion leakage. 

7.  All  systems should be evacuated and thoroughly 

pressure checked for leaks at pressures two to three 

times the anticipated working pressure. In addition, a 
regular leak test procedure and testing schedule should 
be instituted and followed as part of normal preventive 

maintenance. 

8. Ground al l  equipment and lines using silane. 

9. An alternate vacuum and inert gas purge of the system 

should be used to purge all air out of the system after 

it has been leak checked. 

10. When pressurizing the equipment with silane or a silane 
mixture, open the cylinder valve slowly. All other 
equipment adjustments of regulators, needle valves, 
etc., should also be made slowly. 

1 1 .  Before disconnecting any system that has had s i lane in 
it, thoroughly purge the system of silane with an inert 
gas. Any portion of a system that is dead ended or 

al lows "pocketing" of silane should be treated by 

considerable purging in the order of ten times the 
trapped volume. 

1 2. Venting of silane or silane mixtures should be through 
small diameter pipe or tubing ending under a shallow 
water seal to prevent back d iffusion of air. Venting 

should be to an area designed for silane disposal, 

preferably by burning. Concentrations even in the low 
percentage range are dangerous and should not be 
exposed directly to air except for disposal. 

1 3. Do not store cylinders with oxidizers such as oxygen, 

chlorine, or flammable materials. 

14. I n  addition, observe the following good cylinder 

practices in the handling and storage of silane: 

7 4  

a. Removable cylinder caps should be kept on cylin· 
ders at all times until  they arc secured against a wall, 

bench, or placed i n  a cylinder stand and are ready to 
use. 

b. Never drop cylinders or permit them to strike each 
other violently. 

c. Do not lift cylinders by the cap. 

d. Avoid dragging, roll ing, or sliding cylinders even for 
a short distance. They should be moved with a 
suitable hand truck 

e.  No part of any cylinder should be subjected to a 
temperature above 1 25° F .  A flame should never be 
permitted to come in contact w1th any Part of a 
compressed gas cylinder. 

f. Cylinders should never be subjected to artificially 
created low temperatures. 

g. Keep the cylinder valve closed at all ti mes, except 

when the cylinder is in active use. 

h .  Never tamper with cylinder valves or attempt to 

repair or alter cylinders or valves. 

Never use compressed gases where the cylinder is 

apt to be contaminated by the feedback of process 

materials, unless protected by suitable traps or 
check valves. 

Notify the owner of the cylinder if any condition 
has occurred which might permit any foreign 
substance to enter the valve or cylinder, giving 
details and cylinder serial number. 

k.  Cylinders should be stored i n  an assigned area that 
is dry, cool, well ventilated, and fire resistant. 

STR- 2092 



IV. Linde Division (Concluded ) 

AND LING AND STORAGE ( Co ntinued) 

Storage should comply with all local, state, and 
mun1cipal regulations. 

Cylinders stored in the open should be protected 
from extremes !n weather and not ex posed to 
continuous dampness or other corrosive conditions. 

m.  When returning empty cylinders, close the valve 
before shipment and leave some positive pressure in 
the cylinder. Repl ace all gas tight valve outlet caps 
and valve protective caps. Do not repaint, remove, 

or deface any cylinder markings, labels, decals, tags, 
and stencil markings used by the supplier for 
identification. Mark the contents label E M PTY. 

DISPOSAL 1 
Silane, s i lane mixtures, and silane purge or vent gases can 

readi ly  be treated to destroy the silane by several means as 

follows· 

1. Burning the silane by slowly bleeding silane contair.ing 
gases into a continuously burning pilot flame. 

2. By vent1ng the silane containing gases slowly to the air 

through a water seal and burning by self ignition of the 
silane i n  an isolated area away from personnel. 

3. Scrubbing the silane through a caustic bed or caustic 

solut1on ( 10% sodium hydrox ide). 

4. By reaction with aqueous mercuric chloride. 

11 :VAl LABILITY AND S H I PPING DATA r 
Pure silane 1s  available in steel h1gh -pressure cyl inders of 

DOT 3AA20 1 5  or 3AA2400 spec1f1cation as follows: 

Cylinder 
Cylinder Grams Pressure Cylinder Sh ipping 

Size S ilane (psi g) Dimensions Weight 

T 1 6000 1 650 9 X 55" 1 80 lbs. 

T 1 0000 1 250 9 X 55" 167 lbs. 

T 5000 730 9 X 55" 1 56 1bs. 

K 1 2000 1 3 1 5  9 X 52" 1 6 1 1bs. 

K 5000 780 9 X 52" 1 46 1bs. 

K 1 000 235 9 X 52" 137 lbs. 

G 600 625 6 X 20" 32 lbs. 

G 200 200 6 X 20" 3 1 1bs. 

The cylinder valve i s  of a diaphragm, pack less forged brass 

construction with safety devices. The valve outlet is of 350 

CGA (Compressed Gas Association) design which has .825" 

-14 NGO left hand external threads and is bored to accept 

a .5725" round nose nipple 

CGA CONNECTION 350 
825" - 14NGO LH EXT 

Si lane is classified by the D.O.T.  (Department of Trans

portation) as a flammable gas and carries a D.O.T. FLAM

MABLE GAS shipping label.  All  s i lane cylinders are shipped 

with a gas tight cap on the valve outlet. 

Silane is also available in gas mixture form with various 
background gases such as hydrogen, argon, nitrogen, and 
helium in varying concentrations. Additional information is 
available on request. 

UNION CARBIDE CORPORATION • L I N D E  D I V I SION 

P.O. Box 444, 1 00 Davidson Avenue, Somerset, N .J .  08873 • Telephone (20 1 )  356-8000 

TWX 7 1 0-997-9550 • TLX 833-199 

T h e  terms LINDE a n d  U N I O N  C A R B I DE are registered trademarks o f  U n i o n  Carbide Corporation. 

F 34920 8/80 3M 0-0498 

7 5  

Prrnted 111 U . S . A  
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v. Liquid Carbonic ,  
Subsid . o f  Houston Natural Gas Corporation 

LIQUID CARBONIC 
Subs1d1ary of Houston Natural Gas Corporation 

SPECIA LTY GAS TECHNICA L SA LES BULLETIN 

S ILANE SPECIFICATION #SG-3 

_Phys ical S t a te 

Guaranteed Minimum Purity 

Typical Pur i ty 

Film Res i s t iv i ty ( l )  

Epi taxial Grade 
Polys i l i con or Oxide Grade 
S i l i c on N i tride Grade 
Charge Couple Dev i c e  Grade 
HRS Grade 

Tvpical Maximum Impur i t ies  (Gases ) 

Oxygen - ND 
Total Hydrocarbons - 10 ppm 
Water - ND 
Carbon Monoxide/Carbon Dioxide - 10 ppm 
Hydrogen - 500 ppm 
Chloros ilanes ( as choloride ion) - 10 ppm 
:-.J i trogen - Less than 100 ppm 
Trace Metals ( 3) 

( ! ) Determined bv four point probe method . 

S ilane 

Gas , S iH4 

9 9 . 3 70 % 

9 9 . 99% 

> 100 ohm-em 
> 50 ohm-em 
> 50 ohm-em 
> 200 ohm-em 
> 400 ohm-em 

N e t  Contents 
Available in 

1 , 000 Grams 
3 , 000 Grams 
5 , 000 Grams 

1 4 , 000 Grams 

( 2 ) 0ther quan t i ti e s  and cylinder sizes available on reque s t . 

( 3 ) To be determined b e tween supplier and cus tome r .  

(N-type) 
" 

S i lane 
Cylinders 

(9" X 5 2 " )  
( 9 "  X 5 2" )  
(9" X 5 2 " )  
( 9 "  X 55" )  

Recommendation f o r  Valve and Regulator - Valve CGA 350 S tainless S te e l . 
Regulator - Liquid Carbonic Model #BOOS , 700S , Safe ty-T-Purge Module 
TDR#440 or TDR # 4 50 . 

Revised #6 - Feb . 1 9 83 

LCCO Form 2930C 

7 6  
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VI. Matheson Divis ion , 
Searle Medical Products USA Inc . 

Background - Dlsi!ane, the d1mer of S1H4, has recently 
rece1ved considerable attent1on. especially from research 
workers m amorphous Silicon photovoltaics. 1 

Htgh depos1l10n rates at low substrate temperatures make this 
new material a strong candidate for further stud1es 1n plasma and 
low pressurechem1cal vapordepos111on systems as a source of 
h1gh qual1ty amorphous or polycrystalline si11con 

Matheson IS pleased to offer d1s1lane from stock. Presently. 25 
gram stainless steel cylinders are stocked 1n our Gloucester. 
Mass . branch Other quant111es are available upon request The 
OOT-3E 1 800 contamer and packless valve are sold outnght. 
with a credit upon return 

Gas Properties - Typical Purity 
Si2H6 

H, 

Si,HyC!l 

SiH4 

99 + %  

0. 1 5% 

less than 100 ppm 

0.5% 

D1S1Iane shows a sltght tendency to decompose at room 
temperature w1th the product1on of hydrogen and silane. � 
Matheson's matenal ts purtf1ed JUSt prtor to shipment actual 
Si,, H,, content 1S at least 25 grams at t1me of shipment Punty is 
a function of t1me and temperature 

Otsilane IS a flammable. pyrophonc gas, shipped as a liquid 
under its own vapor pressure of 32 psig at 70°F, 21 1 oc 
Calculated (approximate) vapor pressures are as follows· : 

Temp. C Pressure, PSIA 
0 20 8 

1 0  J4 3 
20 45.5 
25 53.2 
30 60.9 
40 78.3 

TB-186 

Equipment - Mamtenance of safety and pur1ty 1s tmportant 
Because dis11ane IS a ltqutd 1n thecyltnder. 11 should not be plac
ed hortzontally dunng use. Matheson offers an appropriate 
cylinder stand. regulator and purge combinatton whtch 
mimmtzes interior volume and package we1ght while 11 max
tmtzes safety. punty and ease of use 

Matheson ·s 3455 regulator and 1 423-SP cross purge 
assembly and Model 505 cyltnder stand prov1de the user wtth a 
proven design. ma1ntarning htgh purityw1th mtnimal loss of gas 
during purgtng 

1) Scot t . B  A et al.  Glow Discharge Preparatton of Amorphous 
Hydrogenated StiJcon from Htgher Stlanes. App Phys 
Letter 37. 1 980 - pg 725-727 

2) Wiberg. E & Amberger. E . . Hydrides of the Elements of 
Ma1n Groups 1-JV. Elsev1er Publtsh1ng Co 1 971 

3) Harper. L R . .  Yol les.  & M1l ler ,  H.  C .  - Decomposition of 
Disilane. Separatton of Si!ane/Otsllane Mtxtures by Gas. 
Phase Chromotography. J . I norg Nucl Chem .. 1 96 1  Vol 
2 1  pg 294-296 

4) W1berg & Amberger. Ref. 2 

Calgary, Aiberta T'2A6.l4 
B.oy 6 Jl FJ l�th A,, 

p,,,,e 140"ltl48 16bn 

7 7  
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VI . Matheson Division (Concluded) 

ggatheson 
TECI-1/Briet 

MATHESON PURITY SILANE 
tOOO ohm-cm 

TB-191 

Matheson has responded to revolutionary changes 

in· purity rEquirements for semiconductor process

ing with a new grade of silane. This new material is 

purer by orders of magnitude than normal, com

mercial ly  available silane. 

purities to l imits imposed by cyl inder preparation. 

Analysis of process stream silane for these impuri

ties before compression into cylinders would be of 

no value. Matheson's proprietary cylinder treat

ment techniques assure that the container contri

bution is min imal .  
The new Matheson Purity Silane costs more, but 

is clearly economical when yield improvements are 

attributed to its use. Maximum cost-effectiveness is 

noted in critical epitaxial and poly-sil icon deposi
tions. N itride and critical oxide depositions also 

benefit from reduced defect densities caused by 

particu lates and volatile impurities. 

The true test of Matheson Purity Silane lies i n  your 

end-use resu lts . . yield increases, better process 

contro l ,  low leakage, higher lifetime, fewer stack
ing fau Its are just some of the potential gains that 

can be realized with this material. 

Purification to remove active dopants has resu I ted 

in si lane with a resistivity of 1 000 ohm-em. This 

effectively reduces most metallic and reactive im-

Matheson Purity Si lane is ava i lable in cylinders 

containing 12 ,000, 5,000 and 1 ,200 grams net 
contents. 

£a•t R.,.t.er1orti. N J  07073 Gon .. les. Lou,.,ana /0737 

PO Box85 1805Sou1hland D"ve 

932 Pa1e"on Pia�k Road Phon• 15041 644 5303 

Phone 12011933 2400 

Telex 424546 MATHSN B.aton R.,..go. Louo01ono 

Glou""l1•r. �huMtu 01930 Dor•ct l•ne!o Gonzale• 

Ntw York.No.., York J430313'1 
Oorec t h M t o fa<l Ruthe•i<>•d 6 1 G roV<Str.,..t 

���:·
,

O

S

�tono LIN 5A9 

530Watw, St<oot�aS1 

Phone (4161 668 3397 

Coble T W X 6 1 0 38 4 2 152 

8 2431 0� .. 1. Bei91Um 

N•o>erhe1rl>tl>>t2313 

Phon� (0141 580 '155 

6056 Heusenttamm, Wnt Gormany 

9416397 Pnone 1617) 283 7700 

Cable TWX 7 1 0 3 4 7 1 3 1 0  

L a  Pone, Toxn 77571 

PO Box 90S 

Edmonton, Alberu T5B4K6 Noedeo·o••le•w••<1 3U 

Mnrrow. Go0<91• 30260 

P O  Box 136 

6B74 SouthMa•n Sueet 

Phone 14041961 7891 

Brtd���tport, N J  08014 

P O  Box38 

603Heron0r�ve 

Pho"" 16091 467277[) 

O.yton, Ohoo 45424 

S135 Uenfong L•ne 

Pho"" 151312363021 

PO Box 6240 Statlon' 'C Phone 06104 2060 

1920 We" F•.,mOn1 Pad<"'ay 12143 6Bth Street 

Johot,lll•r>O,. Ii0434 Phone 1 1 1 3 1 4 7 1 2544 Pho"" 1403) 4 1 1 -4036 

PO Bo>. g6 Cabl� TWX 910 880-4064 Cable TWX 610 831 21 26 

'>'a�hdtt3n Road & Rochard• Street 
Pt>ono 18151 727-4848 Cucan�O�<JI. C;dofornoa 91 730 On-a Ooltatto K1G ON1 
C•ble TWX 910633 1943 aBOOUt•ca Avenue 1665 Ru«el l  Roa<l Unot 5 

Chocago, Uhnou 
Q,ect hneto Joh•t 242 1321 

Baltomore Maryfand 21227 
6655 AmbertM Drwe Un110 

Phofle 13011 796 0517 

P•oune 1714) 987-4611 Phone (6131521 6504 

Nowuk. C..hlornta 94560 
6775 Centra1 Avenue 

Phone 14151 793 2559 

Cable TWX 9 1 0 3 8 1 -6051 

Cai<Jiry,Aibert• T2A6J4 
Bav 6, 31 \0 14!h A•enuo N E  

Phone 14031 248 1668 

Pronledm USA 1962 Ma1heson Otvtston ol Searle Medtcal Products USA Inc 

7 8  

215JGB NoeuwVennep 
The Netherland• H.,vo•Wdat 40 

Phon• 2526 73842 

MG 1 33 
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VII • Scientific Gas Products , Inc .  

.----------------------------------.-----------------------------; 
GAS SPECIFICATIONS AND PRICES RECOMMENDED CONTlWLS 

SILANE 
V.L.S.I. Grade 
Specrfrcatron 99 99% M t n  • 
M r n r m u m  Resrsttvrty 

1500 o h m - e m  
M a x r m u m  l m purrtres 
Nrtrogen 10 ppm 
Oxygen 5 ppm 

T H C  as 
Methane 5 ppm 

Helrum 1 0  ppm 

Hydrogen 4500 ppm 
Water Vapor 1 p p m  
Chlorosr lanes 

1 0  ppm 

Rare Gases 10 ppm 
·excludes Hydrogen 

content 

Nitride Grade 
Speclfrcatron 
99 96°1o Mtn 
M r n r m u m  Resrstrvrty 

100 ohm-em 
M a x r m u m  l m purtl tes 
Oxygen 1 0  ppm 

THC a s  
Methane 10 ppm 

Cy!mder 
S1ze 

1 C-SK 
1 C-3K 

1 C-5K 

1 0  
1 C  
1 5  

Contents Gross Wt 
(grams) (lbs ) 

5000 136 
3000 1 3 1  

5000 1 36 
3000 1 3 1  
1200 1 25 

100 30 

Price 

$85GG.I!fl 4350.00 

$2750.00 
1-.00 

710.00 
115.00 

Water Vapor 3 ppm QUANTITY DISCOUNTS A VAILABLE 
Hydrogen 500 ppm 
Chloros1lanes 

1 0  ppm 

Rare 40 ppm 

Epitaxial Grade 
Specif icat ion 
99 8°o 
M 1 n 1 m u m  Reslslol/lty 

100 ohm-em 
Max1mum t m p u n t1es 

Nitrogen 40 ppm 

Oxygen 10 ppm 
THC as 

Methane 40 ppm 
Hydrogen 1000 ppm 
Water Vapor 3 ppm 
Chloros1lanes 

1000 ppm I 

Rare 40 ppm 

Semiconductor Grade 
Specification 
99 7% M1n 

1 C-5K 
1 C-3K 
1 C - 1 K  

1 5  

1 C-5K 
1 C-3K 

M 1 n 1 m u m  ResiS!IVIly 1 C - 1 K  

5 0  or.m-cm I 1 5 

Oxygen 10 ppm 
THC as 

Methane 50 ppm 

2000 ppm 

5000 
3000 
1 200 

100 

5000 
3000 
1200 

100 

136 
1 3 1  
1 25 

30 

1 36 
1 3 1  
1 25 

30 

$1800.00 
1 1 10.00 

480.00 
95.00 

$1800.00 
1010.00 

500.00 90.00 

Cylinder 
charge 

See 
Page 4 

See 
Page 4 

See 
Page 4 

See 
Page 4 

Type 

Smgle Stage 
Orffusron 

Resrstant 
Regulator 

Two Stage 
Drffusion 

Resistant 
Regulator 

Stainless 
Steel 
Srngle Stage 

Regulator 

Model 

Controls tor Silane 

A51 8-350 $135.00 

ASBA-350 205.00 

A35E-350 210.00 

See 
Page 

85 

86 

87 

�
�

�;�r;:
n

m l m p��t�e;
m

L 

Water Varor 3 ppm 

L L_____ ______ 1000 p p m  _ _L ______ L_ ____ _J ______ � ________ _L ______ _L ______ _L __ � 
Specific Volume 12 7 cu ft lb • 

GAS AND CYLINDER DESCRIPTIVE DATA 
Cylinder Valve Outlet C G A  #350 ., Cylinder Pressure (ii: 70' F 

Scientific Gas Products Inc. 
2330 H a m 1 l ton Bou levard 
So P lamf te ld .  N J 07080 ' 9986 

7 9  

1 C-5K - 730 ps;g 
1 C -3K-- 5 1 0  psrg 
I C - / 1(-225 ps1g 15 720 ps1g 
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VIII. 

SYNTHATRON CORPORATION 
50 INTERVALE ROAD 
PARSIPPANY. NEW JERSEY 07054 

March 8 ,  1983 

Mr . J.  H.  Lorenz 

Dear Mr . Loren z :  

Synthatron Corporation 

TEL. 20 1 -33!5-!1000 
TI...X 1 3 6 4 !5 4  

I am wri t i n g  yon t h i s  J et t er in respons<> t o  the survey form on 8 i l ane 
an d D i s i l ane wh i ch you forwarded t o  us on February 2 5 . 

l .  Syn t h at ron manuf actures and s e l l s  both mono- S i l ane and D i s i l ane . 
As you m i ght un ders t an d ,  we con s i der our manufactur ing an d puri f i cation 
processes propri e t ary , as do most peop le i n  the spe c i alty gas business . 

2 .  We make S i l ane ava i l ab l e  at vari ous purity leve l s .  The best S i l ane 
we se l l  curren t l y  can be charac t e r i ze d  b y  the fol l ow i n g  typ i cal analyses : 

I mpuri t ies 

Nit rogen 
Oxygen 
Water 
Hydrogen 
Carbon Mono x i de + Carbon 

Dioxi de + Methane 
Met h ane 
Chloros i l ane 
Argon 
S i l ane 

Typ i c al 
Con centrat i on 

( 100 PPM 
< l PPM 
<. 2 PPM 
< 50 PPM 
< 1 0  PPM 

< 5 PPM 
< 5 PPM 
< 5 PPM 

B a l an ce 

The impur i t y  pro f i l e  o f  a typ i cal lot of Synthat ron Di s i l ane would be as 
fol lows : 

I mpuri t ies 
H 
N� 
02 
Ar 
C02 co 
CH4 
C2H6 
C2H4 
C3H8 
Ch lor i des 
Some 

80 

0 . 5 - 1 . 6% 
< 50 PPM 
< 50 
< 50 
<; 20 
< 50 
< 1 o  
< n  
< l 
< l 

. 5% 
99 . 0% pure 



VIII. Synthat ron Corporation (Continued) 

Mr . J .  H .  Lorenz 
Page 2 
March 8 ,  1 9 8 3  

3 .  Mos t  o f  o u r  impur i t y  an a l y s e s  a r e  p e r f o rmed b y  g a s  c h r omatography 
and a comp l e t e  an a l y s i s  f o r  each of the l i s t e d  impur i t i e s  is avai l ab l e  
o n  a n  i n d i v i du a l  c y l i n de r  b as i s  f o r  $ 1 2 5 . 0 0 .  

4 .  S y n t h at ron h o l ds a vo t i n g  memb e r s h i p on a l l  o f  t h e  r e l e vant SEMI 
comm i t t ees . We h ave approved an d voted for the SEMI S i l an e  s t an d ards 
an d h ave con t r i b u t e d  our i n- p u t  to t h e i r  devel opmen t . N a t u r a l l y , we are 
p repared t o  analyze our m a t e r i a l  to i n s u re i t s comp l i an ce w i t h  t h e s e  
s t an da r ds . 

5 .  Be cause o f  t he h a zardous n at u r e  o f  S i l an e , we do our b e s t  to d i s
cour:?.ge o u r  cus t omers ' run n i n g  t h e i r  own p ur i f i c at i on p r o ce s s e s  nn t h e  
mat e r i a l . I f ,  however, a spe c i f i c  i mp u r i t y  i s  o f  p a r t i c u l ar con c e rn t o  
a cus t ome r ,  w e  c a n  g i ve h i m  adv i c e  c o n c e rn i n g  pur i f i c a t i o n f o r  t h at 
s p e c i f i c  i mp u r i t y  on an ad h o c  b as i s . 

6 .  I h ave e n c l o s e d  dat a s h e e t s  o n  t h e  S i l an e  c u r ren t l y  av a i l ab l e f rom 
S y n t h at ron . Toge t h er w i t h  the t y p i c a l  an a l y s i s  l i s t e d  above , t h at s h o u l d  
g i ve y o u  a comp re h e n s i ve v i ew o f  t he mat e r i als we mak e avai l ab l e . P r i c i n g  
on t h i s  ma t e r i a l  i s  c o n t e n gen t o n  t o t a l  vo l ume a n d  quant i t y  p e r  package . 
In g e n e r a l  te rms , i t  can be s a i d  t h at t h e  p r i ce wi l l  ran ge bet ween $ . 1 9 
p e r  g r am and $ . 5 5 p e r  gram. T h e  cy l i n de r  s i z es av a i l ab l e  f rom o u r  company 
e xp re s s e d  in t h e i r  vo l umet r i c  capac i t i es , express e d  i n  l i t e r s  of w a t e r , 
are as f o l lows : 0 . 4 4 l i t e rs ( l e c t ure b o t t l e ) ,  3 . 7  l i t e r s  ( No .  3 ) ,  
6 . 9  l i t e rs ( No .  7 ) , 1 6 . 7  l i t e r s  ( N o .  16 ) ,  4 3 . 8  l i t e rs ( No .  44 ) ,  and 
4 9 . 0  l i t e r s  ( No .  4 9 ) .  

S h o u l d  y o u  h ave any f u r t h e r  q ue s t i ons c o n c e rn i n g  S y n t h at ron ' s  S i l an e  o r  
Di s i l an e ,  p l e a s e  c a l l me at your conve n i en ce . 

Yours t ru l y , 

SYNTHATRON CORPORAT ION 

� 
M i c h a e l  Hayes � 
Nat ion a l  S a l es Manager 

MH / s s  

En c l . 

8 1  
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VIII. Synthatron Corporation (Concluded) 

I MPURITY 

Oxygen ( 0 2 ) 

l'la ter ( H 2 0) 

Hydrogen ( H 2 ) 

Carbon D i o x i de 
and Carbon Monoxide 
( C02 + CO l 

T o t a l  Hydrocarbons 

*Chloros i l ane 

. Rare Gase s 

Ni trogen 

* * Re s i s t i v i t y  

S I L A N E  
S P E C I F I C A T I O N S  

T I O N  

S E M I - G R A D E  

( I M P U R I T I E S  I N  p p M )  
POLYSILI CON E P I TAXIAL N I T R I DE 

1 0  1 0  1 0  
3 3 3 

1 0 , 0 0 0  1 0 , 0 0 0  5 0 0  

1 0  1 0  1 0  

4 0  4 0  1 0  
1 , 0 0 0  1 , 0 0 0  1 0  

4 0  4 0  4 0  
4 0  

5 0  ohm-em 100  ohm-em 5 0  ohm-em 

* I on i z a b l e  c h l o r i de s  i n c l u d i n g  HCL reported as C 1 .  

* *  Gre a te r  than , n- type . 

8 2  
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