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ABSTRACT OF THE DISCLOSURE 

In the production of polycrystalline silicon by the depo 
sition of silicon from a gaseous stream of a halosilicon 
compound and hydrogen onto a silicon substrate being 
maintained at an elevated temperature, there will on oc 
casion develop an area of single crystal silicon. Growth 
of the single crystal area may be terminated and poly 
crystalline growth initiated by increasing the concentra 
tion of the halosilicon compound in the gaseous stream 
by at least 50 mole percent for a period of about ?ve 
minutes and then returning the concentration of the halo 
silicon compound back to its previous level. Alternatively, 
the single crystal growth may be inhibited and the growth 
of polycrystalline material initiated by introducing an oxy 
gen impurity into the gaseous stream of the halosilicon 
compound and hydrogen. By decreasing the temperature 
of the substrate upon which the silicon is being deposited 
by about 100° C. for a period of about ?ve minutes, the 
development of a single crystal silicon can also be termi 
nated and polycrystal silicon growth initiated. Polycrystal 
line growth can also be initiated on a single crystal sur 
face by etching the surface at about 900° C. with a hy 
drogen and hydrogen chloride gas stream. 

This invention relates to the vapor deposition of silicon 
on a silicon substrate, and more particularly to the pro 
duction of polycrystalline silicon bodies which are to be 
further processed for use as semiconductor materials and 
the like. 
The vapor reduction of halosilicon compounds onto a 

hot silicon ?lament to obtain semiconductor grade silicon 
is a process well known in the semiconductor industry. 
One of the problems of such growth is that deposition 
can sometimes be substantially in the form of a single 
crystal or consist of large grains which do not have suf 
?cient perfection to be useful either as a sliceable single 
crystal rod or as a fusible polycrystalline rod. 
The present invention permits the production of uni 

form polycrystalline material by providing a method for 
inhibiting the growth of single crystal material and initiat 
ing the growth of polycrystalline material thereby elimi 
nating the problems encountered with a material which is 
only partially polycrystalline. The present invention may 
be generally described as a method for inhibiting single 
crystal silicon growth and initiating polycrystalline growth 
by increasing the concentration of the halosilicon com 
pound in the gaseous stream from which the silicon is 
being deposited upon a substrate. The concentration of 
the halosilicon is increased at least 50 mole percent and 
maintained at that level for a period of about ?ve min 
utes before being lowered back to the previous level. 
The invention also contemplates the conversion of sin 

gle crystal silicon areas to polycrystalline form by intro 
ducing an oxygen impurity into a gaseous stream of the 
halosilicon compound and hydrogen. 

In yet another aspect, the invention includes a method 
for terminating single crystal silicon development and 
promoting polycrystalline growth by temporarily lowering 
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the temperature of the substrate upon which the silicon 
is being deposited by about 100° C. 

In still another aspect of the present invention polycrys 
talline growth is initiated on a single crystal surface by 
etching the surface with a hydrogen and hydrogen chlo 
ride gas stream at about 900° C. 
To be more speci?c, reference is here made to Examples 

I through VIII which relate to the termination of single 
crystal development by increasing the concentration of 
the halosilicon compound; to Examples IX through XIV 
‘which relate to the introduction of an oxygen impurity 
into the gaseous stream to terminate the single crystal 
silicon development; to Examples XV and XVI which 
relate to terminating single crystal silicon development 
by lowering the temperature of the silicon substrate; and 
to Example XVII which relates to etching the single crys 
tal surface at a temperature of about 900° C. with a hy 
drogen and hydrogen chloride gas to initiate polycrys 
talline growth. 

EXAMPLE I 

This example serves to demonstrate that polycrystalline 
growth is promoted by utilizing a high concentration of 
trichlorosilane, hereinafter TCS, in the gaseous stream 
of hydrogen and TCS from which silicon is being de~ 
posited. 
An 8 inch single crystal silicon ?lament approximately 

1/4 inch in diameter was suspended between graphite elec 
trodes in an approximately 2 inch I.D. cylindrical quartz 
enclosure having end plates ?tted with gas inlet and ex 
haust ports. The conventional quartz enclosure was purged 
with hydrogen at the rate of 10 liters per minute while 
the silicon ?lament was elevated to a temperature of 
1300“ C. by passing an electric current through the ?la 
ment in a conventional manner. Purge of the enclosure 
was continued for ten minutes after the ?lament had 
reached 1300° C. The gas flow rate through the enclo 
sure was then brought to 11 liters per minute by intro 
ducing 1 liter per minute of hydrogen chloride gas into 
the hydrogen stream before the hydrogen stream entered 
the enclosure. The hydrogen and hydrogen chloride gas 
stream was circulated through the enclosure for 15 min 
utes to etch from the surface of the ?lament any im 
purities which may have adhered thereto during prepara 
tion of the ?lament from a melt or the like and mounting 
of the ?lament in the enclosure. At the end of the 15 
minute etching period, the temperature of the ?lament 
was lowered, over a few minute period, to 11750 C. after 
which the hydrogen chloride flow was terminated. After 
terminating the hydrogen chloride flow, the hydrogen 
?ow rate was reduced to 9‘ liters per minute and 1 liter 
per minute of TCS was added to the gaseous stream of 
hydrogen. The hydrogen and TCS were circulated through 
the enclosure for a period of 20 minutes, after which the 
rod formed by deposition of silicon from the TCS and 
hydrogen stream onto the ?lament was removed for in 
spection. 
The single crystal ?lament was covered with defects 

which initiate polycrystalline growth. More than 1,000 
twin defects per inch were formed during the above dep 
osition on the six inches of the rod exposed to gases, one 
inch at either end of the rod being contained within the 
electrodes. No single inch of the rod contained less than 
1,000 defects. 

EXAMPLE II 

This example, like Example I, serves to demonstrate 
that polycrystalline growth is promoted by‘ utilizing a high 
concentration of TCS in the gaseous stream of hydrogen 
and trichlorosilane. 
The procedure of Example I was followed through 

etching of the silicon ?lament and after etching the tem 
perature of the ?lament was dropped to 1250° C. rather 
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than 1175° C. After the temperature of the ?lament had 
been lowered and the flow of hydrogen chloride gas 
terminated, a gaseous stream containing hydrogen and 
TCS, the latter of which comprised 20 mole percent of 
the total mixture, was circulated through the enclosure at 
the rate of 20 liters per minute. After several minutes 
during which silicon was deposited from the TCS and 
hydrogen stream onto the silicon ?lament, the ?lament 
was cooled and found to be covered with more than 
1,000 twin defects per inch for that portion of the ?la 
ment exposed to the gases. As in Example I, no single 
inch of the rod contained less than 1,000 defects. 

EXAMPLE III 

This example, like Examples I and II, serves to demon 
strate that polycrystalline growth is fostered by a high 
TCS concentration. 
The procedure of Example II was followed, except 

the silicon was deposited at a temperature of 1275 ° C. 
rather than a temperature of 1250° C. The resulting sili 
con rod was found to contain over 1,000 twin defects 
per inch for that portion of the rod exposed to the gase 
ous stream of hydrogen and TCS. 

EXAMPLE IV 

This example demonstrates that a lower TCS concen 
tration in the hydrogen and TCS stream from which sli 
con is deposited will not initiate polycrystalline growth 
in the manner described in the preceding Examples I, II 
and III. 
The procedure of Example I was repeated exactly, with 

the single exception that the TCS and hydrogen stream 
contained only 5 mole percent TCS and that the resulting 
rod formed by the deposition of silicon on the ?lament 
contained only 191 twin defects over one inch of the 
rod chosen for a defect count. 
By contrasting the results of Example IV with those 

detailed in Examples I-III, it can be seen that by in 
creasing the concentration of the halosilicon compound 
in the gaseous stream from which silicon is being de 
posited, the production of polycrystalline material is pro 
moted since defectsgreatly increase over the single cry 
tal surface with increasing halosilicon concentration. The 
halosilicon concentration can also be increased by using 
a more volatile halosilicon compound in conjunction with 
TCS, this will be most particularly pointed out by the 
following examples. 

EXAMPLE V 

This example points out how few defects will be formed 
by using a low TCS concentration in the hydrogen and 
TCS stream. 
As in Example I, an 8 inch single crystal ?lament ap 

proximately 14 inch in diameter was suspended between 
conventional electrodes in a quartz enclosure having an 
approximately 2 inch I.D. Approximately 10 liters per 
minute of hydrogen were circulated through the quartz 
enclosure While the temperature of the ?lament was ele 
vated to a temperature of 1325° C. by passing the current 
to the ?lament in a conventional manner. While the ?la 
ment was being elevated in temperature and for a period 
of 11 minutes thereafter, 10 liters per minute of hydro 
gen were circulated through the enclosure. Upon expira 
tion of the 11 minute period, 2 liters per minute of hy 
drogen chloride gas were introduced into the 10 liter 
per minute hydrogen stream prior to its entry into the 
reactor bringing the total gas ?ow through the reactor 
to 12 liters per minute. The hydrogen chloride and hy 
drogen mixture was circulated over the ?lament for one 
minute, after which the hydrogen chloride flow was ter 
minated. Ten liters per minute of hydrogen continued 
to ?ow over the ?lament for an additional 2 minutes, at 
the end of which 1 liter of hydrogen chloride was intro 
duced into the hydrogen stream bringing the total gas 
load to 11 liters per minute. The gaseous mixture con— 
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4 
taining 10 mole percent hydrogen chloride (based on the 
hydrogen) was passed over the ?lament for a period 
of 15 minutes. The hydrogen chloride ?ow was termi 
nated for a period of 1 minute during which 10 liters 
per minute of relatively pure hydrogen continuted to cir 
culate over the ?lament. After the enclosure had been 
purged with the pure hydrogen, 2 liters per mintue of hy 
drogen chloride were again introduced into the stream 
bringing the total gas ?ow in the enclosure to 12 liters 
per minute, which flow rate was maintained for 1 minute. 

After the ?lament had been etched as described above, 
the hydrogen chloride concentration was reduced to 1 
liter per minute over a 1 minute period. The hydrogen 
?ow rate was then, over about a 1 minute period, in 
creased to 17 liters per minute, and over a 5 minute 
period, a hydrogen stream containing trichlorosilane was 
gradually added to the ?rst hydrogen stream to bring the 
total flow rate to 30 liters per minute, 4.2%, of which 
was trichlorosilane, and 1 liter per minute of which was 
hydrogen chloride. After 1 minute at the 30- liter per 
minute ?ow rate, the hydrogen chloride flow rate was 
gradually reduced to bring the hydrogen chloride con 
centration of 3.5%. After the expiration of about 1 
minute, the temperature of the ?lament was lowered to 
1215 ° C. and the silicon was deposited on the ?lament 
for a period 1 hour. The TCS passing through the en 
closure is added to the hydrogen stream by bubbling a 
carrier stream of hydrogen through a bottle of liquid 
TCS to permit the hydrogen to become saturated with 
the TCS vapor, all of which is known to those skilled 
in the art. The TCS used in the procedure described 
above contained only 0.01% dichlorosilane as a result 
of which the rod formed by depositing silicon on the 
?lament contained only 32 twin defects. The defects ap 
peared on the {211} faces which developed on the rod 
formed during the deposition. The starting ?lament had 
its axis oriented in the [111] direction. 

EXAMPLE VI 

This example serves the same purpose as Example V. 
The procedure of Example V was repeated, except 

silicon was deposited on the ?lament for a period of 1 
hour and 25 minutes. The resulting rod contained only 18 
twin defects on the {211} faces of the rod formed by the 
deposition. The liquid TCS used in the bubbler, as above, 
contained only 0.01% dichlorosilane. 

EXAMPLE VH 

This example demonstrates that the concentration of 
the halosilicon compound can be raised by using a tri 
chlorosilane with a relatively high concentration of di 
chlorosilane. Increasing the halosilicon concentration 
serves to initiate polycrystalline growth. 
The procedure of Example V was followed through the 

etching steps. After the ?lament had been etched, as de 
scribed in Example V, the hydrogen chloride concentra 
tion was reduced to 1 liter per minute over a 1 minute 
period. The hydrogen flow rate was then increased and 
TCS introduced into the enclosure in a hydrogen carrier 
stream bringing the total gas flow through the enclosure 
to 20 liters per minute, 2 mole percent of which was tri 
chlorosilane and 3.5 mole percent of which was hydrogen 
chloride. The ?lament received silicon for a period of 65 
minutes, after which the rod formed by the deposition 
was removed and found to contain more than 600 twin de 
fects on the {211} faces. 

In this instance, the liquid TCS contained in the bubbler 
through which a portion of the hydrogen stream was di 
rected to pick up the TCS contained 1.32% dichlorosilane 
which increased the number of defects. 

EXAMPLE VIII 

This example further supports the results demonstrated 
in Example VII. 
The procedure of Example Vll was repeated, except 
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the ?lament received silicon for a period of 60 minutes, 
rather than 65 minutes. The rod formed by the deposition 
was found to contain more than 1,000 twin defects over 
the {211} faces. Here, as in Example VII, the trichloro 
silane used in the bubbler contained 1.32% dichlorosilane. 
As will be noticed in contrasting Examples V and VI with 
Examples VII and VIII, the addition of the dichlorosilane, 
which has a lower boiling point than that of TCS, to the 
gaseous stream passing through the enclosure increases 
the halosilicon concentration promoting polycrystalline 
growth since it encourages formation of twin defects over 
the single crystal ?lament. 
The formation of single crystal silicon material can also 

be spoiled by the addition to the enclosure of oxygen im 
purities, as explained below in more detail. 

EXAMPLE IX 

This example demonstrates that defects leading to poly 
crystalline growth may be formed by introducing oxygen 
impurities into the reactor through outgassing of the re 
actor walls. 
The procedure of Example V was repeated, except that 

before the ?lament was elevated in temperature to 1325° 
C., and while hydrogen at the rate of 10 liters per minute 
was being circulated through the enclosure, the quartz 
vessel was outgassed. The outgassing was conducted over 
a ?ve minute period by heating the outer surface of the 
quartz enclosure with a gas oxygen torch to drive any oxy 
gen or water vapor contained in the quartz out of the 
quartz into the enclosure. 
The etching and deposition steps of Example V were 

followed and the rod resulting from the deposition con 
tained over 300 twin defects. 

EXAMPLE X 

This example serves to demonstrate that oxygen im 
purities may be introduced into the reactor by outgassing 
of the quartz reactor wall under high temperatures. 
The procedure of Example V was repeated, except the 

quartz enclosure was wrapped during the etching and 
deposition steps with a microquartz wool material 1/8 inch 
thick. The microquartz insulation caused the temperature 
on the wall of the quartz enclosure to reach 714° C. which 
is greater than twice the normal temperature of 300° C. 
Deposition on the silicon ?lament was carried out for 45 
minutes, and the rod resulting from the deposition was 
found to contain more than 300 twin defects due to out 
gassing of oxygen impurities from the quartz wall of the 
quartz vessel under the high temperatures to which the 
wall was subjected during the etching and deposition steps. 
The oxygen impurity may be added to the gas stream 

prior to its entry into the reactor vessel, as demonstrated 
in the following Examples XI through XIV. 

EXAMPLE XI 

This example serves to demonstrate that an oxygen im 
purity leading to polycrystalline growth may be intro 
duced into the reactor through a carrier gas of helium 
containing oxygen. 
As in the previous examples, an 8 inch single crystal 

?lament was suspended between electrodes within a quartz 
enclosure having an ID. of approximately 2 inches. The 
enclosure was elevated to 1300° C. while the enclosure 
was being ?ushed with a 10 liters per minute gaseous mix 
ture containing 50 mole percent helium and 50 mole per 
cent hydrogen. Then, for about 30 seconds after the 
rod has been elevated to a temperature of 1300" C., 
the hydrogen ?ow rate was increased from 5 liters 
per minute to 10 liters per minute while the helium 
flow rate was being decreased from 5 liters per min 
ute to 0 liters per minute. The 10 liters per minute 
stream of hydrogen was circulated through the en 
closure for a period of 680 seconds, then 2 liters per 
minute of hydrogen chloride gas was added to the hydro 
gen stream bringing the total gas ?ow to 12 liters per 
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minute. The hydrogen chloride and hydrogen stream was 
circulated through the enclosure for one minute. After 
the expiration of the one minute period, 1 liter per min 
ute TCS was added to the hydrogen chloride and hydro 
gen stream bringing the total gas ?ow, to 13 liters per 
minute. After addition of the TCS, the hydrogen chloride 
flow rate over a period of about 1 minute was decreased 
to about 500 cc. for one minute, and silicon was deposited 
upon the element for a period of one hour and thirty 
three minutes. The rod formed by the deposition was 
found to contain more than 300 twin defects over the 
{211} faces. Rods grown under identical conditions, but 
without the addition of helium to the initial hydrogen 
purge were found to contain no more than 21 defects. 
The helium used above contained oxygen in the form 

of water vapor on the order of 10‘ p.p.m. 

EXAMPLE XII 

This example, like Example XI, is directed to the in 
troduction of oxygen into the reaction through use of an 
oxygen containing helium gas. 
As in the above examples, an 8 inch single crystal 

silicon ?lament was suspended between graphite elec 
trodes in a cylindrical quartz enclosure. The enclosure 
was purged with hydrogen while elevating the tempera 
ture of the ?lament to 13000 C. After the ?lament had 
reached 1300° C., two liters per minute of hydrogen 
were circulated through the enclosure for a period of 
680 seconds. Upon termination of the hydrogen treat 
ment, the initial 2 liters per minute of hydrogen chloride 
gas were circulated through the enclosure bringing the 
total gas ?ow to 12 liters per minute. The hydrogen chlo 
ride and hydrogen gases were circulated through the en 
closure for 1 minute. Following the hydrogen chloride 
and hydrogen treatment of the ?lament, the hydrogen 
chloride gas ?ow was terminated and a stream compris 
ing hydrogen and TCS was circulated through the en 
closure at the rate of 20 liters per minute. A 95 mole 
percent hydrogen and 5 mole per-cent gas stream was 
circulated through the enclosure for twenty minutes at 
the end of which period a gas stream of helium was cir 
culated through the enclosure at the rate of 10 liters per 
minute for ten minutes. The ?ow of the hydrogen and 
TCS gas stream was then resumed for an additional thirty 
minute period. The rod developed from the deposition of 
silicon on the ?lament contained more than 300 twin 
defects. 

EXAMPLE XIII 

This example uses helium to introduce the oxygen im 
purity during etching of a single crystal ?lament. 
As above, an 8 inch single crystal silicon ?lament sus 

pended within a quartz enclosure. The enclosure was 
purged with hydrogen at the rate of 10 liters per minute 
while the temperature of the ?lament was elevated to 
1300“ C. After the ?lament had reached 1300° C., a 
gaseous stream comprising 95 mole percent helium and 
5 mole percent hydrogen chloride circulated through the 
enclosure for a period of ten minutes. At the end of the 
ten minute period, the temperature of the ?lament was 
decreased to 1250" C. After termination of the helium 
and hydrogen chloride etch treatment, a gaseous stream 
comprising 95 mole percent hydrogen and 5 mole per 
cent trichlorosilane was circulated through the enclosure 
at the rate of 20 liters per minute for 150 minutes. The 
rod resulting from the deposition of silicon contained 
more than 300 twin defects. 

EXAMPLE XIV 

This example, like Example XIII, introduces the oxy 
gen impurity during the etching procedure. 
The procedure of Example XIII was repeated, except 

the concentration of the helium and hydrogen chloride 
stream was modi?ed and a stream comprising 90 mole 
percent helium and 10 mole percent hydrogen chloride 
was used. The deposition period was limited to 30‘ min 
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utes and the rod formed during the deposition had more 
than 300' twin defects. 
The helium used in Examples XII—XIV contained a 

high water vapor content which resulted in defects being 
formed on the single crystal surface. The defects, as ex 
plained above, initiate polycrystalline growth. 

EXAMPLE XV 

This example demonstrates that polycrystalline growth 
may be initiated by low temperature deposition. 
As above, an 8 inch single crystal silicon ?lament ap 

proximately l?i inch in diameter was suspended between 
electrodes positioned within a quartz enclosure. The tem 
perature of the ?lament, after purging the enclosure with 
hydrogen, was raised to about 1325° C. by passing a 
current to the ?lament. After the ?lament had reached 
1325° C., 10 liters per minute of hydrogen were circu 
lated through the enclosure for a period of 11 minutes, 
following which 2 liters per minute of hydrogen chloride 
gas were introduced into the hydrogen stream bringing 
the total ?ow through the enclosure to 12 liters per min 
ute. The hydrogen chloride and hydrogen mixture were 
circulated over the ?laments for 1 minute, after which 
the hydrogen chloride flow was terminated. Ten liters per 
minute of hydrogen continued to ?ow over the ?lament 
for an additional 2 minutes, at the end of which 1 liter 
of hydrogen chloride was introduced into the hydrogen 
stream ‘bringing the total gas ?ow to 11 liters per minute. 
The gaseous mixture containing a 1:10 hydrogen chloride 
to hydrogen ratio was passed over the ?lament for a 
period of 15 minutes. 
After the ?lament had ‘been etched as described above, 

a gas stream comprising hydrogen and TCS was added 
to the hydrogen and hydrogen chloride gas stream bring 
ing the total flow rate to 2.0 liters per minute. The com 
bined stream contained 2.25 mole percent trichlorosilane. 
After one minute at the 20 liter per minute ?ow rate, the 
hydrogen chloride flow rate was lowered to 500 cc. per 
minute over a one minute period. After expiration of an 
other minute, the temperature of the ?lament was lowered 
to 1100° C. over a two minute period. The gaseous 
stream of hydrogen, hydrogen chloride and trichlorosil 
ane was circulated over the ?lament for a period of 10 
minutes. At the end of this period, the hydrogen chloride 
?ow rate was reduced to 250 cc. per minute for an addi 
tional 90 minutes during which time silicon was deposited 
upon the silicon ?lament. The rod formed from the above 
described deposition contained more than 1,000 twin 
defects over its surface. 

EXAMPLE XVI 

This example points out that the low temperature dep 
osition of Example XV resulted in the defects formed 
on the single crystal ?lament used in Example XV. 
The procedure of Example XV was repeated, except 

the deposition temperature was 1200‘ C. rather than 
1150° C. and the deposition period was extended to 4 
hours. 
The rod produced by the deposition described above 

contained only 3 twin defects. 
As will be evident from examination of Examples XV 

and XVI, deposition at a lower temperature will create 
defects leading to polycrystalling growth. 

EXAMPLE XVII 

This example demonstrates that polycrystalline growth 
may be initiated by etching a single crystal surface with 
hydrogen chloride gas at a low temperature. 
The procedure of Example V was repeated through 

the etching procedure. 
After etching of the ?lament, the hydrogen chloride 

concentration was reduced to 1 liter per minute over 
about a 1 minute period. The hydrogen ?ow rate was 
then, over about a 1 minute period, increased to 17 liters 
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8 
per minute, and over a 5 minute period, a hydrogen stream 
containing TCS was gradually added to the ?rst hydrogen 
stream to bring the total ?ow to 30 liters per minute, 4% 
of which was TCS and 1 liter per minute of which was 
TCS. The hydrogen chloride concentration was then 
brought to 4% of the total stream and the temperature 
of the ?lament reduced to 1250'” C. at which temperature 
silicon was deposited on the ?lament for 10‘ hours with 
no noticeable defects being formed. 

After the 10 hour deposition period, the TCS concen 
tration was dropped to 0%. The temperature of the rod 
was lowered to 900° C. and the hydrogen chloride con~ 
centration increased to 2.5 fold for a period of 5 minutes. 
Then the concentration of the hydrogen chloride was de 
creased to its original level, the temperature of the rod 
was elevated back to 1250° C. and the TCS concentration 
returned to 4%. After depositing silicon on the rod for 
30 minutes many defects were observed over the surface. 
The temperature of the rod can be lowered to a tempera 
ture between about 600° C. and 950° C. during the high 
concentration hydrogen etch to produce the defects 
which as explained above lead to development of poly 
crystalline material. 
As will be clear from consideration of Examples I-VII, 

the concentration of the halosilicon compound may be 
increased in a variety of ways. In addition to the manner 
described in Examples I through VII, the ?ow rate of 
the hydrogen can be decreased in the hydrogen-TCS 
stream thus increasing the concentration of the halosili 
con compound. The effective concentration of TCS can 
also be increased by increasing the reactor pressure. For 
example, by increasing the reactor pressure from sub 
stantially atmospheric to a pressure of 4 or 5 p.s.i.g., the 
polycrystalline growth can be initiated since the effective 
TCS concentration, that is the number of TCS molecules 
per cubic inch, is increased. The concentration may be 
increased for long periods of time to produce defects 
before returning to lower concentrations, though ?ve 
minutes is usually su?icient. 
As will also be clear from examination of Examples 

IX through XIV, oxygen impurities, such as pure oxygen, 
water vapor, carbon dioxide, or sulfur dioxide and ozone 
may be introduced into- the gas stream or brought into 
contact with the ?lament in a variety of ways other than 
those described. For example, relatively pure oxygen in 
minute quantities may be added to the hydrogen stream 
during purge of the enclosure, or may be added to the 
hydrogen and TCS stream during deposition. 

Polycrystalline material may also be formed by lower 
ing the temperature of ?lament during deposition, as is 
clear from examination of Examples XV and XVI. The 
temperature need be decreased in most instances only for 
a period of ?ve minutes though it may be reduced for 
longer periods, if desired. 

While rather speci?c terms have been used to de 
scribe several embodiments of the present invention, they 
are not intended nor should they be construed to limita 
tion upon the inventions to de?ne the following claims. 

I claim: 
1. In the production of polycrystalline silicon by the 

deposition of silicon from a gaseous stream of a halosili 
con compound and hydrogen onto a silicon substrate 
being maintained at an elevated temperature of 950‘ 
1300" C., during which deposition single crystal silicon 
begins to develop, an improved method of terminating 
single crystal silicon development and promoting poly 
crystalline growth which comprises: 

(a) increasing the concentration of the halosilicon 
compound in the gaseous stream by about 50 mole 
percent for a period of about ?ve minutes; and 

(b) then lowering the concentration of the halosilicon 
compound back to its previous level. 

2. The method of claim 1, wherein the halosilicon is 
trichlorosilane which initially comprises about 5 mole 
percent of the gaseous stream and the concentration of 
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the trichlorosilane is increased in step (a) to between 
about 8 and 10 mole percent. 

3. The method of claim 2, wherein the hydrogen ?ow 
rate is not altered during step (a). 

4. In the production of polycrystalline silicon by the 
deposition of silicon from a gaseous stream of a halosili 
con compound and hydrogen onto a silicon substrate 
being maintained at an elevated temperature of 950 
1300° C., during which deposition single crystal silicon 
begins to develop, an improved method of terminating the 
single crystal silicon development and promoting poly 
crystalline growth, which comprises: 

(a) introducing into the gaseous stream an oxygen 
impurity in minute quantities. 

5. The method of claim 4, wherein the oxygen im 
purity is selected from the class consisting of: pure oxy 
gen, water vapor, carbon dioxide, sulfur dioxide and 
ozone. 

‘6. The method of claim 5, wherein the oxygen con 
taining impurity is introduced in an inert carrier gas. 

7. In the production of polycrystalline silicon from a 
gaseous stream of a halosilicon compound and hydrogen 
onto a silicon substrate being maintained at an elevated 
temperature of 950-1300° C., during which production 
the deposition of polycrystalline silicon. begins to convert 
to the deposition of single crystal silicon, an improved 
method of returning the single crystal silicon to polycrys 
talline form, which comprises: 

(a) lowering the temperature of the substrate about 
100° C. or more for a period of about ?ve minutes; 
and 

(b) then returning the temperature of the substrate 
to the initial temperature at which deposition was 
being conducted. 

8. The method of claim 1, wherein the initial deposi 
tion temperature is about 1200" C. and the temperature 
is lowered in step (a) to about 1150° C. 
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9. In the production of polycrystalline silicon by the 

deposition of silicon from a gaseous stream of a halo 
silicon compound and hydrogen onto a silicon substrate 
being maintained at a temperature above 950° C. but 
below 1300° C., during which deposition single crystal 
silicon begins to develop, an improved method of ter 
minating the single crystal silicon development and pro 
moting polycrystalline growth, which comprises: 

(a) terminating the flow of the halosilicon compound; 
(b) reducing ,the temperature of the substrate to a 
temperature between about 600° C. and 950° C.; 
and 

(c) etching the substrate with a stream containing 
hydrogen and hydrogen chloride. 

((1) returning the temperature of the substrate to the 
deposition temperature after etching with the hy 
drogen and hydrogen chloride stream. 

10. The method of claim 9, wherein the halosilicon 
compound is trichlorosilane, the temperature during the 
etching step (c) is about 900° C. and the concentration 
of the hydrogen chloride in the gas stream of hydrogen 
and hydrogen chloride is about 10 mole percent. 
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