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affected by the deposition of additional layers. Where deposition occurs by
thermal decomposi- Background of the Invention
tion, the dopant in the underlying layers may dif- fuse from one layer to
another or may migrate The presence of unwanted impurities in a   5
within a single layer if the temperature of deposi- semiconductor material
can have drastic results on  tion is too high. High temperatures are
necessary the conductive properties of the semiconductor,     to deposit
semiconductor materials which are resis- even where such impurities are
present at ex-       tant to decomposition, i.e., stable. It is preferred
tremely low concentration levels. Because the un-   that the semiconductor
material be relatively unsta- wanted impurities must in many instances be
no   10  ble, to facilitate decomposition; however, such ma- greater than a
few parts per billion, the techniques  terials are difficult to purify
because of their in- employed to purify the starting materials must be
stability. Ideally, such relatively unstable semicon- extremely rigorous to
achieve the exacting stan-     ductor materials would be purifiable under
mod- dards Imposed.                                       erate conditions
which remove undesired compo- Various techniques have  been  developed   15
nents and permit thermally-induced deposition at wherein an impure starting
material is treated to   temperatures which do not result in dopant diffu-
remove very high percentages of undesirable im-      sion or migration.
purities mixed therewith. For example, starting ma-     Silicon has long
been used in the manufacture terials can be subjected to cryogenic
distillation or  of semiconductors. However, other materials may pressure
distillation, or gaseous diffusion, or solid  20   be employed to
manufacture semiconductors, and phase zone refining. However, in those
techniques,   in certain instances these materials possess elec- as well as
with other available purification methods,  tronic characteristics superior
to those of silicon. A the level of purity which must be consistently main-
silicon atom has four valence electrons; in a lattice tained to produce
semiconductor-grade material in    of silicon atoms, the overwhelming
majority of va- large quantity either cannot be reached at all or  25
lence electrons act as a "glue" to bond the crystal can be attained only at
a prohibitive cost.         lattice together. Because very few of the
silicon After the starting material has been purified to  valence electrons
are available to conduct current, semiconductor-grade standards, it still
must be fur-  the silicon lattice is a relatively poor conductor ther
processed to produce a conductive semicon-      without the addition of
another material (a dopant) ductor film having acceptable physical and
elec-  30   which fits into the lattice and has either an excess tronic
properties. Where the semiconductor is pro-   or a shortage of electrons to
facilitate passage of duced from a single material such as silicon, com-
either negative or positive current. Combinations of bined with a dopant,
the manufacturing process is    elements such as gallium and arsenic or
aluminum, less complex than that wherein two or more materi-   gallium and
arsenic may also be used to manufac- als are combined in conjunction with
dopant to  35  ture a crystal lattice to form a semiconductor. Gal- produce
a binary, ternary or higher semiconductor   lium and aluminum are Group
IIIb elements which film.
have three valence electrons while arsenic is a Semiconductors are produced
by the succes-       Group Vb element which has five valence elec- sive
build-up of individual layers of semiconductor-  trons. A crystal lattice
of gallium arsenide has the grade material and dopant. To derive
reproducible  40  same number of available valence electrons as a
electronic characteristics from a silicon film, it is  silicon crystal.
However, because of its different necessary for the silicon film
manufacturer to intro-  atomic properties, a gallium  arsenide crystal duce
a precise amount of uniformly dispersed         causes the conduction
electrons to move at a electronically-active dopant. The resulting film
much higher velocity than that of silicon electrons. should appear under
high magnification as a uni-  45  In gallium arsenide the maximum electron
velocity form plane of silicon with interspersed dopant ma-  is about
10[err] centimeters per second, while in sili- terial. The presence of
impurities in the film inter-  con the maximum velocity is about 2 X
10[err] centi- rupts the planar uniformity and results in stress    meters
per second. Conduction electrons in an points which can alter both the
structural and elec-  aluminum  gallium  arsenide crystal travel even
tronic integrity of the film. It can be appreciated   so  faster than those
in the gallium arsenide crystal. that a film comprised of two, three, or
more com-    Additionally, electrons in the gallium arsenide cry- ponents
of different atomic geometries in addition   stal are less likely to
collide with the lattice than is to a dopant will be more susceptible to
structural  the case in a silicon crystal. The mean free path of and
electronic defects than a silicon film unless the  an electron in
moderately doped gallium arsenide components, essentially free of
adulterants, are  55  is roughly ten times the mean free path of elec-
uniformly combined in precise ratios. It is also    trons in silicon. M.
Heiblum, L. Eastman, "Ballistic highly  desired  that the  deposited  layer
of       Electrons in Semiconductors", Scientific American,
semiconductor-grade material and dopant be un-       256, No. 2, p. 102
(1987). 3 
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semiconductor film comprises two     feed containing the compound and
undesirable im- or more components, the need for the purification
purities, injecting the feed into a gas chromatog- procedure to deliver a
product having reproducible,  raph as a series of regularly spaced pulses
in a low levels of impurities is more pronounced. Typi-  continuous stream
of an inert carrier gas, the only the semiconductor film manufacturer pur-
5   chromatograph having a packing which differen- chasing already-purified
starting materials will en-  tiates the flow through it of the compound
from that counter substantial lot-to-lot variation in the actual  of the
impurities such that It separates the com- level of impurities in the
material as delivered.  pound in each pulse from the impurities therein so
Such variation has marked effects on the con-     that the compound elutes
from the chromatograph ductivity of the resulting epitaxial film. In
addition,  10  at a different time from the impurities and directing the
purification processes used by individual sup-  the eluted compound
component of each pulse to pliers employing standard distillation and
refining  a receiver separately from the impurity component techniques have
limitations as to the removal of  characterised in that the compound is a
Group Illb certain  impurities, such  as  materials  which   or a Group Vb
compound of the formula MR3 azeotrope with the desired starting material,
com-   15  where M is a Group IIIb or Group Vb element and pounds with very
similar boiling points and organic  R is one or more of the group
consisting of hy- compounds.                                        drogen,
halogen and aliphatic and aromatic organic moieties having from one to
twelve carbon atoms, The Prior Art                                     in
that the gaseous feed is provided by passing an 20 impure liquid feed
containing the compound and Silicon-containing compounds have been puri-
undesirable impurities through a heater and in that fied using techniques
taught in Jacob et al U.S.  the gaseous feed is warmed by the heater to a
Patent No. 3,019,087, and in Shoemaker et al U.S.  temperature in the range
of approximately 10 to Patent No. 3,041,141.
12[err] higher than the temperature of the separating The production of
Group IVa elemental silicon   25  column(s) of the gas chromatograph before
being from impure silane feed is taught in Walker et al  injected into the
inert carrier gas. U.S. Patent No. 4,537,759. The Walker patent de-     The
method permits relatively impure, relative- scribes a process wherein [err]
gas is separated   ly unstable starting materials containing Group IIIb
from impurities in the gas by passing the [err] feed  and Group Vb elements
to be purified such that through a large scale gas chromatographic column
30  residual impurities consistently do not exceed parts and selectively
removing pure [err] from those     per billion levels. impurities which
elute at different times from the   In a preferred embodiment the method
can chromatographic column. However, Walker deals     very suitably be
employed in a process for the only with the purification of inorganic
silane, a  production of films by thermal decomposition from Group IVa
hydride compound which is gaseous at  35  a variety of starting materials
for use In semicon- room temperature. Walker does not address the
ductor devices which gives consistently high qual- purification of
non-[err] materials, the purification of  ity films in which dopant
diffusion and migration are materials which are liquid at room temperature,
the  minimized. combination of multiple purified components, the     In the
process for the preparation of two, three purification of relatively
unstable materials, or the   40  or more component semiconductor films
after the eventual final use of the purified components.    initial
purifying step, the individual purified materi- The inventors believe that
the purification of  als in the gaseous phase are diluted in the same or
phosphine (err) may have been attempted using     different proportions
using an inert gas. Either be- gas chromatography in the 1950's by a
company     fore or after combination of the diluted, purified known as
Abcor. However, it is not known whether  45  gases, a gaseous phase dopant
not exceeding this attempt by Abcor met with any success.       10ppm
concentration is added. After combination Until now, no method has been
known which      of the diluted gases and the dopant, a film is can purify
commercial quantities of both liquid and  produced by thermally decomposing
the combined gaseous Group IIIb and Vb compounds to the        gases on the
surface of a substrate. degree necessary for use in semiconductor ap-  so
The starting materials used to produce epitaxial plications. Nor until now
has it been known to    films for semiconductor and optoelectronic device
produce consistently high quality two, three, or  applications as
envisioned herein are compounds more component epitaxial films at a
manufacturing  produced from elements in Group IIIb and Group cost
comparable to that for producing single com-  Vb of the Periodic Table.
Specifically, such com- ponent films.                                55
pounds include the halides, hydrides, mixed A method of purifying a
thermally decomposa-   halohydrides, and alkyl and aryl compounds of one 



ble compound in accordance with the present in-   to twelve carbon atoms of
nitrogen, phosphorus, vention comprises providing an impure gaseous
arsenic, antimony, bismuth, boron, aluminum, gal- 4    5                 EP
0 353 256 B1                    6 lium, indium and thallium. Examples of
these com-  fraction to a receiver through the use of a dis- pounds
include  trimethylgallium  [err]    criminating device operating in concert
with a de- phosphine (err), arsine (err), arsenic trichloride  tector or a
timer. [err] triphenylaluminum (err) dimethylar-     As the pulse
containing the desired fraction sine [err] triethylbismuth (err) and   5
mixed with inert carrier gas travels through the indium tribromide (err).
packed column, the retention and release prop- The starting materials used
in carrying out the  erties of the packing material cause the pulse to
process of this reaction may contain a relatively  increase  in  length
within  the column. This large amount of impurities when compared to the
"lengthening" process ultimately permits the sepa- purified form of the
same materials. Such relatively  10  ration of a desired fraction from
impurities. How- impure starting materials are commercially avail-  ever,
it also increases the time window through able.
which the desired fraction elutes from the column. The purification of the
compounds containing    The desired fraction does not elute at a constant
Group V[err]elements proceeds by introducing the      concentration; the
plot of concentration in carrier impure compound into a gas chromatograph
inlet  15  gas versus time approximates a Gaussian curve. A port in a
series of timed pulses. Each pulse is    valving device connected to a
detector or timing carried through the gas chromatograph column by
device permits segregation of the eluting desired means of a constant flow
of inert carrier gas, such  fraction from the impurities such that the
collection as hydrogen.                                       window
encompassing the desired fraction may be The packing in the gas
chromatograph column   20  increased to obtain maximum  product, or de- is
preferably composed of a porous polymer pack-   creased to obtain maximum
purity. ing material. A molecular sieve-type packing may       Because of
the peak broadening phenomenon also be used, but it does not exhibit the
same     which occurs in the packed column, the concentra- repeatability of
results obtained with the porous  tion of desired fraction in inert carrier
gas varies at polymer packing, nor does it resist degradation as   25  the
column outlet and consequently also in the long as the polymer packing.
receiver. For the purpose of producing a high qual- The specific packing
material utilized is impor-  ity epitaxial film using the desired fraction
from this tant to the practice of this invention. Further, in a
purification process as a component thereof, a spe- preferred form of the
invention, it has been found  cific concentration of desired fraction to
carrier gas that the separation efficiency of the column can be   30  is
required. A sensor is used to measure the con- further improved by
subjecting the packing in the  centration of the desired fraction in
carrier gas, the column initially to heat and subsequently to an    sensor
being connected to a valve which opens to undiluted stream of the material
to be purified, prior  add carrier gas to the column outlet gas flow to use
as a separation column. This preconditioning  should the desired fraction
concentration level be- step should be conducted at a temperature in the
35  come too high. The system parameters are set range of 10[err] to
30[err]below the maximum operat-    such that the desired fraction
concentration will not ing temperature of the packed column. Heat is
be too low in the receiver. applied to the packed column for approximately
Several of the Group [err] compounds desig- one hour. The heat is then
removed and the un-     nated for use in this invention are generally clas-
diluted stream of material is passed through the   40  sified as strong
irritants and poisons. Therefore, packed column for about thirty minutes.
extreme care must be taken in avoiding or minimiz- During the purification
operation of the gas   ing human exposure to these compounds. To this
chromatograph, relatively impure starting material  end, a variety of
safety devices are integral to the is introduced into the inlet of the
separation column  overall system through which the Group [err] com- using
a timed valving device which periodically  45  pounds flow. Among these are
leak detectors, over- opens to permit flow of the starting material
pressure sensors, overtemperature sensors, and through the column. The
starting material is mixed  unexpected detector response sensors. with a
constant flow of insert carrier gas at the inlet  The Group IIIb compounds
are preferably puri- port. This pulse of starting material is carried into
fied in much the same way as the Group [err] the column by the flow of
inert gas. As the pulse   50  compounds. At column temperatures approaching
progresses through the column, the impurities be-  maximum  separation
efficiency, however, the different retention times on the column packing
maintain compositional integrity, the column tem- material. By the time the
initial pulse reaches the  perature is decreased. However, in decreasing
the 



end of the column, the impurities have separated  55  column temperature,
the separation efficiency also from the desired fraction to an extent
sufficient to  decreases. A prescrubber is provided prior to the permit
recapture of the desired fraction substan-  column inlet; this aids in
purification. In addition, tially free of all impurities by directing the
desired  when the desired Group [err] fraction exits the col- 5    7
EP 0 353 256 B1                     8 umn outlet, it tends to be in the
form of a mist   though material having different levels of impurities
which hampers the collection process. A demisting  may also be processed.
Depending on the com- device is provided to improve collection of the
position of the compound, the feed may be in desired Group [err] fraction
after the fraction exits  either the liquid or gaseous state. To assure a
column outlet. After demisting, the desired    5   constant supply of
impure feed for the gas group [err] fraction is directed to a receiver.
chromatograph purification unit 4, one or more re- In production of the
epitaxial film, the ratio of  dundant feed sources 6 may be connected Into
the the purified Group [err] compound to the purified     purification unit
4. Feed from  source 2 flows Group [err] compound must remain constant to
en-    through feed line 8. Feed from redundant feed sure the proper
crystal growth on the substrate.  10  source 6 flows through feed line 10.
Flows from the Material flow from the individual receivers contain-  feed
sources 2 and 6 are regulated by valves 12 ing purified Group IIIb and
Group Vb compounds is  and 14, respectively. regulated by various metering
devices. Dopant is       The impure feed flows to automatic valve 16 added
to the combination of purified Group [err] and  which opens and closes by
automatically-operated Group [err] compounds at a mixing manifold. The   15
signal to cause the impure feed to flow into the gas dopant and purified
Group [err] and Group [err] com-  chromatograph purification unit 4 as a
series of pounds are then introduced into a reactor wherein   pulses. The
rate typically falls in the range of 6 to the materials are thermally
decomposed on a sub-   30 pulses per hour. The pulse of impure feed flows
strate to form the film.                           through purification
unit inlet line 18 to heater 20. 20   The heater brings the impure feed to
a temperature Description of The Drawings
approximately 10 to 12[err] higher than that of the separating columns,
described below. If the impure The invention can be further disclosed by
re-   feed is in the liquid state, the heater provides the ferring to the
accompanying drawings, in which:    additional function of vaporizing the
liquid. The Fig. 1 is a flow diagram of a Group Vb material  25  heater
ensures that no temperature gradient will be purification unit in
accordance with a preferred  established at the front of the separating
column; embodiment of the invention;                     such a gradient
would adversely affect the col- Fig. 2 is a flow diagram of a preferred
embodi-  umn's separating characteristics. Heater 20 in- ment of a Group
IIIa material purification unit;  creases the temperature of the impure
feed to and                                         30  approximately match
that of the carrier gas which Fig. 3 is a flow diagram of the final mixing
stage  will carry or sweep the impure feed through the of the purified
components which precedes the    gas chromatograph purification unit 4.
thermal deposition onto a substrate.                The carrier gas is fed
into the purification unit 4 by means of gas inlet line 22. The carrier gas
is Detailed Description                           35  inert to the
materials comprising the feedstock, and may be nitrogen, hydrogen, helium,
argon or other Thermally decomposable Group IIIb and Group     material.
The carrier gas flows through line 22 to Vb compounds are first purified,
then combined in   preheaters 24 and 26 joined by connector line 28. the
presence of a dopant and thermally decom-      The preheaters 24 and 26
increase the temperature posed onto a substrate to form a conductive film.
40  of the carrier gas to approximately match that of Unless otherwise
specified, all components of the  the impure feed as it exits the heater
20. The purification and deposition systems are leak-free  preheaters are
lined with stainless steel mesh to and chemically inert to the presence of
the Group  increase surface area and improve heat transfer. [err] and Group
[err] compounds, the impurities in-  The preheaters 24 and 26 may be heated
by the cluded therewith, the dopants and the carrier gas.  45  same source
as is used to heat the separating Typically, Grade 316L stainless steel is
utilized in  columns. Alternatively, individual heat sources may
constructing the purification and deposition system  be affixed to the
preheaters to permit individual components which contact the film
components or    control. the impurities thereof.
The carrier gas exits preheater 26 and flows Halides, hydrides, mixed
halohydrides, and al-  so  through detector input line 30 to reference
detector kyl and aryl compounds having from one to twelve   32. Reference
detector 32 is typically a thermal 



carbon atoms of the Group Va elements nitrogen,    conductivity device but
may be of different con- phosphorus, arsenic, antimony and bismuth are
struction. The reference detector 32 serves to pro- purified to
semiconductor-grade standards by the   duce a reference signal which
functions as a base process as shown diagrammatically in Fig. 1.   55  line
upon which any signal attributable to sample Relatively impure Group [err]
compound feed        will be superimposed. material is located in feed
source 2. Typically, the   The carrier gas exits reference detector 32,
starting material is approximately 99.9%  pure,    flows through line 34
and check valve 36 and 6    9                 EP 0 353 256 B1
10 mixes with heated impure feed at line junction 38.  49. The signal
produced by the sample detector 49 Check valve 36 is interposed between
junction 38   is compared electronically with the signal from the and
detector 32 to prevent flow of impure feed into  reference detector 32. A
comparator circuit (not the reference detector. The carrier gas flows
shown) factors out the signal contribution due to through column input line
40 along with a con-   5   the carrier gas to produce a net signal
correspond- centrated pulse or "plug" of heated impure feed to  ing only to
the components of the Impure feed. separating columns 42 and 44 joined by
connector       The separated gaseous impurities are vented line 46. In the
preferred method of practicing the  or diverted from the system by means of
automatic invention, columns 42 and 44 are packed with       valves 51 and
53. As the gas composite mixture porous polymer such as "Poropak" material
from   10  exits sample detector 49 it flows through detector Waters
Associates  of  Milford,  Mass.  or        outlet line 50. Automatic valves
51 and 53 are "Chromosorb Century" material from  Mansville      actuated
either by a signal from sample detector Corp. and operate at a temperature
in the range of  49 or by a timer (not shown). When gaseous impu-
approximately 90 to 200[err] The packed columns     rities combined with
carrier gas reach line junction are preconditioned at a temperature of
about 180[err]   15  52, automatic valve 51 opens and automatic valve to
220[err] for approximately one hour. The columns  53 closes, causing the
gaseous impurities with then accept a stream of undiluted impure feed for
carrier gas to be vented or diverted from the sys- at least 30 minutes. The
columns are then ready    tem via vent line 54. After the gaseous
impurities for separation use.                                with carrier
gas have passed through automatic The composition of the gas in the column
input  20  valve 51, automatic valve 51 closes and automatic line 40 at the
time the gas flows into column 42 will  valve 53 opens. Desired material
with carrier gas vary because of the pulsing effect of automatic    then
flows along condenser inlet line 55 and enters valve 16. When the automatic
valve 16 is closed,   condenser 56. Condenser 56 is typically nitrogen
undiluted carrier gas flows through line junction 38  cooled, and is
adjusted so as to condense only and along column input line 40. When the
auto-  25  desired material to the liquid state. After the puri- matic
valve 16 opens, a heated pulse or "plug" of  fied desired material has been
liquified, it is di- essentially undiluted gaseous impure feed flows
rected along condenser outlet line 57 to a suitable past line junction 38
along column input line 40   collector and/or storage unit 58. The purity
of the shortly thereafter. Feed line pressure above the   desired material
in the collector/storage unit is point where impure feed and carrier gas
meet at  30  greater than 99.9999%  pure. Carrier gas subse- line junction
38 is maintained at a higher value than  quent to condensation of the
desired material is the pressure in the carrier gas line 34 before the
vented through a scrubber apparatus (not shown). junction 38, in order to
minimize carrier gas back-    Halides, hydrides, mixed halohydrides, and
al- flow into the feed source 2 or 6.                  kyl and aryl
compounds having from one to twelve Carrier gas interrupted with discrete
pulses of  35  carbon atoms of the Group III[err] elements boron, impure
gaseous feed flows into separating columns  aluminum, gallium, indium, and
thallium are purified 42 and 44 joined by connector line 46. The carrier
to semiconductor-grade standards by the process gas is minimally hindered
by the porous polymer    as outlined in Fig. 2. packing in the columns and
continues its forward       Relatively impure Group [err] compound feed
flow. Components in the gaseous impure feed,  40   material at
approximately 99.9% purity from feed however, interact with the column
packing to dif-  source 59 flows through source outlet line 60 to ferent
degrees. Some impurities may interact with  line junction 62. To maintain a
constant supply of the packing to a lesser degree than the desired
impure feed, one or more redundant feed sources material and will exit
column 44 before the desired  64 can be installed. Feed from redundant
source material. Some impurities may interact with the   45  64 would flow
through source outlet line 66 to line packing to a higher degree and will
exit column 44  junction 62. after the desired material. The flow rate,
pulse rate  Impure feed then flows through connector line and column
temperature are adjusted so that the    68 to prescrubber inlet junction
70. The feed can 



maximum volume of desired material having the      then be directed to
either one of two identical requisite purity is obtained, using techniques
which   50  prescrubbers 72 or 74 through prescrubber inlet are known per
se.                                  lines 76 or 78. The prescrubbers have
been found The carrier gas-impure feed composite mixture   very useful
because the Group [err] compounds exits column 44 through detector input
line 48 into  used in semiconductor manufacture applications sample
detector 49. The detector again is typically  are difficult to purify.
Group [err] compounds are a thermal conductivity device. The presence and
55  less stable and therefore more easily thermally concentration of impure
feed components are de-    decomposed than Group Vb compounds. As a re-
termined by measuring the thermal conductivity of  sult, less vigorous gas
chromatographic purification the gas mixture as it flows through sample
detector  techniques must be used, which has the overall 7    11
EP0353256B1                       12 effect of decreasing separation
efficiency. The   can convert to the liquid state. Liquid purified ma-
prescrubbers function to remove some of the impu-  terial then flows back
through connector 130, past rities from the feed while still at ambient
tempera-  outlet junction 126 and through outlet line 128 to a ture. The
prescrubbers 72 and 74 remove impuri-   suitable collector and/or storage
unit 129 which ties by means of a bed of molecular sieve material   5   may
be conventional. Carrier gas and residual un- activated carbon through
which the impure feed   converted aerosol flow through vent line 134 to a
flows. When the removal efficiency  of one        scrubber 135 which also
may be conventional. prescrubber decreases as a result of an excessive
Purified Group IIIb and Group Vb compounds amount of impurities retained on
the molecular    may then be shipped off-site in suitable containers sieve
material or activated carbon, the impure feed   10  to film manufacturers,
or they may be used on-site is redirected to the other prescrubber by
adjusting  to directly manufacture epitaxial film for semicon- valves 80,
82, 84 and 86 while the bed in the first  ductors. prescrubber is
regenerated. This switching capabil-    Broadly, the manufacture of an
epitaxial film by ity permits uninterrupted flow of the impure feed
thermal decomposition requires the transfer of a through the prescrubbers.
15  specified amount of one or more purified Group [err] After treatment in
either prescrubber 72 or 74,  and Group [err] compounds to a mixing
manifold, the feed flows through prescrubber outlet lines 88  along with a
specified amount of one or more or 90, respectively, to prescrubber outlet
junction  dopants and carrier gas. The individual compo- 92. The feed then
flows to automatic valve 94     nents are then thoroughly mixed so that the
gas- which pulses feed at a rate of typically 6 to 30   20  eous blend is
homogeneous. The homogeneous pulses per hour into heater 96 of gas
chromatog-  blend flows to a thermal decomposition reactor raph
purification unit 97 in a manner similar to that  which houses a substrate
upon which the homo- described in purifying Group Vb compounds in Fig.
geneous blend minus the carrier gas deposits as a 1.
solid under the action of heat. As previously described for the Group[err]
pu-  25  In Fig. 3, carrier gas flows into a manifold 136, rification
process, inert carrier gas such as nitro-  then to purified feed sources
138, 140, 142, and gen, hydrogen, helium, argon or other material    144.
Carrier gas can also be supplied to dopant flows through gas inlet line 98
and is heated to  sources 146 and 148. Carrier gas can also be
approximately the same temperature as that of the  supplied directly to the
mixing manifold 150. Car- feed as the feed exits the heater 96. Heating of
the   30  rier gas flow to the purified feed sources, dopant carrier gas is
accomplished by preheaters 100 and  sources and mixing manifold is
regulated by valves 102. The heated carrier gas flows through refer-  152,
154, 156, 158, 160, 162 and 164. ence detector 104, past check valve 106 to
line       Films of the type here involved often have one junction 108. The
carrier gas then flows together  Group IIIb compound component, one Group
Vb with discrete pulses of feed through separating   35  compound
component, and a single dopant. The columns 119 and 112, and through sample
detector  system as presented in Fig. 3 for illustrative pur- 114.
Impurities are vented or diverted from the   poses permits the utilization
of up to four discrete system using automatic valves 116 and 118 work-
feed materials and two dopants. Films may be ing in opposition connected to
a timer or actuated  prepared according to the teachings of this inven- by
a signal from sample detector 114. The vented   40  tion which have more
components than could be or diverted gases flow through vent line 120.
accommodated by the system of Fig. 3. In condenser 122, the now-purified
Group[err]     Carrier gas may be transferred to the mixing compound is
cooled to form the liquid state. How-  manifold 150 directly; it may enter
the mixing ever, the purified gas does not easily convert to the  manifold
150 in combination with either one or liquid state. The Group IIIb
compounds on cooling   45  more o the purified feeds or dopants; or it may 



tend to form an aerosol in the gas phase instead of  enter the mixing
manifold 150 by means of a condensing on the inside walls of condenser 122.
combination of the two operations. Likewise, the To collect the purified
material in aerosol form, the  feed sources and dopants may enter the
mixing carrier gas with the aerosol flows through con-   manifolds 150 in
undiluted form or as a mixture denser outlet line 124 along with purified
liquid  50  with carrier gas. The flow of purified sources 138, Group IIIb
compound to outlet junction 126. The   140, 142 and 144 and dopants 146 and
148 with or purified liquid flows through outlet line 128 to a  without
carrier gas are regulated by regulator suitable collector and/or storage
unit 129 which  valves 166, 168, 170, 172, 174 and 176. terial in aerosol
form flows along connector line 130   55  with carrier gas at the purified
feed source, the to demister 132. The demister is packed with stain-
compound arriving at the mixing manifold 150 in less steel mesh to provide
a large surface area   diluted form. Group Vb compounds typically enter
upon which the purified material in aerosol form  the mixing manifold 150
without prior dilution. Dop- 8    13                EP 0 353 256 B1
14 ant may enter the manifold in either diluted or    taxial films can be
produced having thicknesses undiluted form. The above methods are typical,
not  ranging from 0.1 to 20 [err] exclusive. Group [err] compounds may
enter the          A conductive epitaxial film is comprised of a mixing
manifold undiluted, as likewise the Group [err]  number of individual
layers of deposited material. compounds may be premixed with carrier gas.
5   Films may be built up of as many as 500 layers of After the components
in specified amounts en-   deposited material, or even more. Films which
have ter mixing manifold 150 via inlet lines 178, 180,  optimum
reproducible electronic characteristics are 182, 184, 186, 188 and 190, the
components are     built up of layers of homogeneously deposited thoroughly
combined. The means of combining the    components which do not migrate
after deposition. components via the manifold is proprietary to the   10
Earlier efforts at preparing conductive films of manifold manufacturer, but
it generally consists of  Group IIIb and Group Vb elements such as GaAs a
complex array of baffles and valves to facilitate  were limited to using
relatively stable precursor intimate mixing. Such manifolds are available
from  compounds, which were required to withstand the CVD Equipment, Deer
Park, New York, Emcore,        vigorous purification procedure needed to
bring the South Plainfield, New Jersey, Spire, New Bedford,  15  compounds
to semiconductor-grade purity. Con- Massachusetts, and Semacs, Phoenix,
Arizona.       sequently, large amounts of heat input were need- The
thoroughly mixed blend of components        ed to cause the decomposition
and layer deposi- then flows through reactor inlet line 192 to thermal
tion of the precursor components. The high tem- deposition reactor 194.
Deposition of the homo-    peratures needed to decompose the precursor
geneous mixture onto a substrate occurs upon   20  compounds tended to
cause atomic-level changes proper control of the gaseous blend feed rate
and  in the already-deposited crystal layers. Dopant of the conditions for
pyrolyzing the gaseous blend.  atoms tended to diffuse from one layer to
another, For example, in the manufacture of a gallium ar-   or to migrate
within a single layer. senide (GaAs) film, a mixture of arsine (AsH3),
Group IIIb and Group Vb compounds which are trimethylgallium  (err) and
diethylzinc (-  25  relatively less stable may be purified by the meth-
(err) dopant are conducted into a chemi-    od described above for eventual
use as a compo- cal vapor deposition reactor by means of hydrogen  nent of
an epitaxial film. The use of less stable carrier gas. The ratio of arsine
to trimethylgallium is  precursors permits the deposition by thermal de-
about 13 to 1, which is necessary to compensate    composition to be
conducted at lower tempera- for the large amount of arsine lost before the
depo-   30  tures. Lower temperature deposition decreases the sition is
completed. For every mole of trimethylgal-  tendency of components in
already-deposited lay- lium, approximately 2 X 10[err] mole diethylzinc is
ers from migrating or from cross-diffusing from one added as dopant. The
concentration of arsine in    layer to another. Therefore, film
inhomogeneity is carrier gas near the substrate is 2.5 to 3.0%.
minimized and superior electronic characteristics Trimethylgallium is
present at the level of .20 to  35  result. By proper control of the gas
flow and ther- .23%. The gaseous mixture of arsine, trimethylgal-  mal
conditions, very sophisticated films can be lium, diethylzinc and hydrogen
flows past one or   produced having individual layers only about 20 more
gas-deflecting  baffles to provide for a      angstroms in thickness.
Investigations to date in- smooth, uninterrupted flow over the substrate,
dicate that room temperature mobilities of undoped which is typically a
thin plate having a uniform   40  films are increased by about 70% over
those of thickness from 2 to 5mm and composed of gallium    films grown
from material purified by conventional arsenide. The gas mixture flow rate
is less than 20  techniques. cm/sec. Deposition of gallium, arsenic and
zinc is 



accomplished by the generation of heat from radio  Claims frequency
induction source resistance heaters or  45 even from a high-power lamp. The
heat source is    1. A method of purifying a thermally decomposa- directed
onto the substrate, over which surface the    ble compound comprising
providing an impure gas mixture flows. At substrate surface tempera-
gaseous feed containing the compound and tures of about 500 to about
800[err] the gas mixture    undesirable impurities, injecting the feed into
a components (except for hydrogen) decompose, re-  50    gas chromatograph
as a series of regularly leasing hydrogen, methyl and ethyl ions which re-
spaced pulses in a continuous stream of an combine to form a variety of
gaseous organic mol-      inert carrier gas, the chromatograph having a
ecules which are vented from the reactor with the      packing which
differentiates the flow through it hydrogen carrier gas. The surface of the
substrate     of the compound from that of the impurities after
decomposition is comprised of a uniform cry-  55  such that it separates
the compound in each stalline layer of gallium and arsenic atoms with zinc
pulse from the impurities therein so that the homogeneously dispersed
throughout at a concen-        compound elutes from the chromatograph at a
tration of approximately one part per million. Epi-    different time from
the impurities and directing 9    13                 EP 0 353 256 B1
14             [err] ant may enter the manifold in either diluted or
taxial films can be produced having thicknesses undiluted form. The above
methods are typical, not  ranging from 0.1 to 20 [err] exclusive. Group
[err] compounds may enter the          A conductive epitaxial film is
comprised of a mixing manifold undiluted, as likewise the Group Vb  number
of individual layers of deposited material. compounds may be premixed with
carrier gas.    5   Films may be built up of as many as 500 layers of After
the components in specified amounts en-   deposited material, or even more.
Films which have ter mixing manifold 150 via inlet lines 178, 180,
optimum reproducible electronic characteristics are 182, 184, 186, 188 and
190. the components are     built up of layers of homogeneously deposited
thoroughly combined. The means of combining the     components which do not
migrate after deposition. components via the manifold is proprietary to the
10  Earlier efforts at preparing conductive films of manifold manufacturer,
but it generally consists of  Group IIIb and Group Vb elements such as GaAs
a complex array of baffles and valves to facilitate  were limited to using
relatively stable precursor intimate mixing. Such manifolds are available
from  compounds, which were required to withstand the CVD Equipment. Deer
Park, New York, Emcore,         vigorous purification procedure needed to
bring the South Plainfield, New Jersey, Spire, New Bedford,  15  compounds
to semiconductor-grade purity. Con- Massachusetts, and Semacs, Phoenix,
Arizona.        sequently, large amounts of heat input were need- The
thoroughly mixed blend of components        ed to cause the decomposition
and layer deposi- then flows through reactor inlet line 192 to thermal
tion of the precursor components. The high tem- deposition reactor 194.
Deposition of the homo-     peratures needed to decompose the precursor
geneous mixture onto a substrate occurs upon   20  compounds tended to
cause atomic-level changes proper control of the gaseous blend feed rate
and  in the already-deposited crystal layers. Dopant of the conditions for
pyrolyzing the gaseous blend.  atoms tended to diffuse from one layer to
another, For example, in the manufacture of a gallium ar-    or to migrate
within a single layer. senide (GaAs) film, a mixture of arsine (err),
Group IIIb and Group Vb compounds which are trimethylgallium  (err) and
diethylzinc  (-  25  relatively less stable may be purified by the meth-
(err) dopant are conducted into a chemi-  od described above for eventual
use as a compo- cal vapor deposition reactor by means of hydrogen   nent of
an epitaxial film. The use of less stable carrier gas. The ratio of arsine
to trimethylgallium is  precursors permits the deposition by thermal de-
about 13 to 1, which is necessary to compensate    composition to be
conducted at lower tempera- for the large amount of arsine lost before the
depo-   30  tures. Lower temperature deposition decreases the sition is
completed. For every mole of trimethylgal-  tendency of components in
already-deposited lay- lium, approximately 2 X 10[err] mole diethylzinc is
ers from migrating or from cross-diffusing from one added as dopant. The
concentration of arsine in    layer to another. Therefore, film
inhomogeneity is carrier gas near the substrate is 2.5 to 3.0%.
minimized and superior electronic characteristics Trimethylgallium is
present at the level of .20 to  35  result. By proper control of the gas
flow and ther- .23%. The gaseous mixture of arsine, trimethylgal-  mal
conditions, very sophisticated films can be lium, diethylzinc and hydrogen
flows past one or    produced having individual layers only about 20 more
gas-deflecting baffles to provide for a        angstroms in thickness.
Investigations to date in- smooth. uninterrupted flow over the substrate,
dicate that room temperature mobilities of undoped which is typically a
thin plate having a uniform   40  films are increased by about 70% over
those of 



thickness from 2 to 5mm and composed of gallium    films grown from
material purified by conventional arsenide. Tho gas mixture flow rate is
less than 20  techniques. cm/sec. Deposition of gallium, arsenic and zinc
is accomplished by the generation of heat from radio   Claims frequeny
induction source resistance heaters or   45 oven from a high-power lamp.
The heat source is     1. A method of purifying a thermally decomposa-
directed onto the substrate, over which surface the    ble compound
comprising providing an impure gas mixture flows. At substrate surface
tempera-      gaseous feed containing the compound and tures of about 500
to about 800[err] the gas mixture    undesirable impurities, injecting the
feed into a components (except for hydrogen) decompose, re-  so  gas
chromatograph as a series of regularly leasing hydrogen methyl and ethyl
ions which re-      spaced pulses in a continuous stream of an combine to
form a variety of gaseous organic mol-      inert carrier gas, the
chromatograph having a ecules which are vented from the reactor with the
packing which differentiates the flow through it hydrogen carrier gas. The
surface of the substrate    of the compound from that of the impurities
after decomposition is comprised of a uniform cry-   55  such that it
separates the compound in each stalline layer of gallium and arsenic atoms
with zinc  pulse from the impurities therein so that the homogeneously
dispersed throughout at a concen-        compound elutes from the
chromatograph at a tration of approximately one part per million. Epi-
different time from the impurities and directing 9    15                EP
0 353 256 B1                   16               [err] the eluted compound
component of each pulse      one of Claims 1 to 3, diluting the purified to
a receiver separately from the impurity corn-  compounds with an inert gas,
combining in a ponent characterized in that the compound is a
predetermined proportion the diluted Group IIIb Group IIIb or a Group Vb
compound of the          and Goup Vb compounds, adding to at least formula
MR3 where M Is a Group IIIb or Group   5  one of the diluted Group IIIb and
Group Vb Vb element and R is one or more of the group    compounds a
predetermined amount not in consisting of hydrogen, halogen and aliphatic
excess of 10 ppm of an electronically active and aromatic organic moieties
having from one    dopant material in the gaseous state and ther- to twelve
carbon atoms, in that the gaseous       mally decomposing In a reactor the
diluted feed is provided by passing an impure liquid  10  Group IIIb
compound, Group Vb compound feed containing the compound and undesirable
and dopant material on the surface of a sub- impurities through a heater
and in that the      strate to form an epitaxial film of 0.1 to 20[err]
gaseous feed is warmed by the heater to a        thickness. temperature in
the range of approximately 10 to 12[err] higher than the temperature of the
15  9. A method as claimed in Claim 9 wherein a separating column(s) of the
gas chromatograph     constant concentration level of the Goup IIIb or
before being injected into the inert carrier gas.  Goup Vb compounds is
maintained in the reac- tor during thermal decomposition, thereby fa- 2. A
method as claimed in Claim 1 wherein the        cilitating preparation of a
uniform quality epi- gas chromatograph has a packing consisting of  20
taxial film. either porous polymer or molecular sieve col- umn packing
materials.                        10. A method as claimed in either Claim 8
or 9 wherein the concentration of the Group Vb 3  A method as claimed in
either Claim 1 or 2        compound is measured after elution of each
wherein the column(s) of the chromatograph is  25  pulse to ensure a
constant level of Group Vb preconditioned by heating the column and
compound into said reactor. packing therein for a period of at least one
hour at a temperature about 10[err] to about     11. A method as claimed in
any one of Claims 8 to 30[err] below the maximum operating tempera-
10 wherein the concentration of the Group IIIb ture of the packing, then
flowing a stream of  30  or Group Vb compound in the inert gas is 2% Group
IIIb or Group Vb compound gas over         to 15%. the packing and heating
for a period of at least one-half hour.                                12.
A method as claimed in any one of Claims 8 to 11 wherein the diluted Group
IIIb and Group 4. A method as claimed in any preceding Claim  35    Vb
compounds and electronically active dop- wherein the compound Is a Group
IIIb com-        ant are mixed in a manifold prior to introduc- pound and
the gaseous feed is passed through      tion into the reactor. 



a prescrubber of activated carbon prior to in- troduction into the
chromatograph.            PatentansprUche 40 5. A method as claimed in any
preceding Claim     1. Verfahren zum Reinigen einer thermisch zer- wherein
the compound is a Group IIIb com-        setzbaren Verbindung, bei dern man
eine un- pound and wherein the compound is passed          reine gasf6rmige
Beschickung bereltstellt, die through a condenser and demister after
elution    die Verbindung und unerwUnschte Verunreini- from the
chromatograph.                  45       gungen enthalt, die Beschickung in
einen Gas- chromatographen als Serie gleichmtiIg beab- 6. A method as
claimed in any preceding Claim        standeter Pulse in einen
kontinulerlichen Strom wherein the compound is trimethylgallium.
eines inerten TrAgergases einspritzt, wobei der Chromatograph eine Packung
hat, die den FluB 7. A method as claimed in any one of Claims 1 to  so  der
Verbindung von dem der Verunreinigung 5 wherein the compound is arsine.
durch ihn so unterscheidet, daO er die Verbin- dung bei jedem Puls von den
Verunreinigun- 8. A method of forming an epitaxial film of a        gen
darin abtrennt, so daO die Verbindung aus thermally decomposable Group IIIb
material,       dem Chromatographen zu einer anderen Zeit Group Vb material
and dopant material on a   55  eluiert wird als die Verunreinigungen, und
wo- substrate comprising purifying a thermally de-   bei man die eluierte
Verbindungskomponente composable Group IIIb compound and a Group
eines jeden Pulses getrennt von der Verunrei- Vb compound by a method as
claimed in any         nigungskomponente auf elnen Empfanger rich- 10    17
EP 0 353 256B1                    18 1B l1111111111 1   1 tet,
7. Verfahren nach einem der Ansprtche 1 bis 5, dadurch gekennzelchnet,
wobei die Verbindung Arsin !st. daI die Verbindung eine Verbindung der
Grup- pe Illb oder eine Verbindung der Gruppe Vb     8. Verfahren zum
Herstellen eines epitaktischen der Formel MR3 ist, wobel M ein Element der
5   Films aus einem thermisch zersetzbaren Mate- Gruppe nIlb oder ein
Element der Gruppe Vb        rial der Gruppe Illb, Material der Gruppe Vb
bedeutet und R eines oder mehrere aus der         und Dotlerungsstoff auf
einem Substrat, wobel Gruppe bedeutet, die aus Wasserstoff, Halo-       man
elne thermisch zersetzbare Verbindung gen und aliphatischen und
aromatischen orga-      der Gruppe Illb und elne Verbindung der Grup-
nischen Anteilen besteht, die eins bis zwolf  10  pe Vb mit einem Verfahren
gemNO elnem der Kohlenstoffatome aufwelsen, daB man die gas-      AnsprUche
1 bis 3 relnigt, die gereinigten Ver- formige Beschickung so bereitstellt,
daB man      bindungen mit elnem Inertgas verdOnnt, die eine unrelne
FlUssigkeit, die die Verbindung      verdUnnten Verbindungen der Gruppe
Illb und und unerwUnschte Verunreinigungen enthalt,        der Gruppe Vb in
einem vorbestimmten Ver- durch einen Heizer fihrt, und daf man die  15
haltnis kombiniert, mindestens einer der ver- gasf6rmige Beschickung mit
dem Heizer auf         dlnnten Verbindungen der Gruppe Illb und der eine
Temperatur im Bereich von ungefahr 10        Gruppe Vb eine vorbestimmte
Menge von bis 12  C hoher erwarmt als die Temperatur        nicht mehr als
10 ppm eines elektronisch akti- der Trennsaule(n) des Gaschromatographen,
ven Dotierungsstoffes im gasf6rmigen Zustand bevor sie in das inerte
Tragergas eingespritzt  20  zusetzt und die verdUnnte Verbindung der wird.
Gruppe Illb, Verbindung der Gruppe Vb und den Dotierungsstoff auf der
Oberflache eines 2. Verfahren nach Anspruch 1, wobel der Gas-
Substrats zur Bildung eines epitaktschen chromatograph eine Packung
autweist, die aus      Films mit elner Dicke von 0,1 bis 20 am ther-
Sgulenpackungsmaterialien entweder aus po-  25    misch zersetzt. rosem
Polymer oder aus Molekularsieb be- steht.
9. Verfahren nach Anspruch 8, wobei man In den Reaktor wahrend des
thermischen Zersetzens 3  Verfahren nach Anspruch 1 oder 2, wobei die
einen konstanten Konzentrationswert der Ver- Saule(n) des Chromatographen
vorkonditioniert  30  bindungen der Gruppe Illb oder der Gruppe Vb wird,
indem man die Saule und die Packung         aufrechterhalt, wodurch das
Herstellen eines darin Uber einen Zeitraum von mindestens el-
epitaktischen Films mit einheitlicher Qualitdt ner Stunde bei einer
Temperatur von etwa 10       erleichtert wird. bis etwa 30 *C unterhalb der
maximalen Be- 



triebstemperalur der Packung erwarmt, dann   35  10. Verfahren nach
Anspruch 8 oder 9, wobei man einen Strom eines Gases einer Verbindung der
die Konzentration der Verbindung der Gruppe Gruppe Illb oder einer
Verbindung der Gruppe      Vb nach dem Eluieren jedes Pulses mi~t, um Vb
Uber die Packung flielten RInt und Uber        einen konstanten Pegel der
Verbindung der einen Zeitraum von mindestens elner halben        Gruppe Vb
in dem Reaktor sicherzustellen. Stunde erwairmt.
40 11. Verfahren nach einem der Ansprlche 8 bis 10, 4. Verfahren nach einem
der vorhergehenden An-        wobei die Konzentration der Verbindung der
sprUche, wobei die Verbindung eine Verbin-        Gruppe Illb oder der
Gruppe Vb in dem Inert- dung der Gruppe Illb ist und man die gasfor-
gas 2 bis 15 % betragt. mige Beschickung vor dem EinfUhren In den   45
Chromatographen durch einen Vorwascher aus     12. Verfahren nach einem der
Ansprtche 8 bis 11, aktiviertem Kohlenstoff leitet.                   wobei
man die verdUnnten Verbindungen der Gruppe Illb und der Gruppe Vb und den
elek- 5. Verfahren nach einem der vorhergehenden An-       tronisch aktiven
Dotierungsstoff vor dem Ein- sprUche, wobei die Verbindung eine Verbin-  5o
fUhren in den Reaktor in einer Rohrverzwei- dung der Gruppe Illb ist und
man die Verbin-      gung mischt. dung nach dem Eluieren aus dem Chromato-
graphen durch einen VerflUssiger und Entne-    Revendlcatlons bler leitet.
55  1. Procede de purification d'un compose pouvant 6. Verfahren nach einem
der vorhergehenden An-        8tre decompose thermiquement, comprenant
sprUche, wobei die Verbindung Trimethylgalli-     la fourniture d'une
charge gazeuse impure um ist.
contenant le compos6 et des impuret6s indesi-    19                EP 0 353
256 B1                   20     1               llHlIl  11c II rables,
I'injection de la charge dans un appareil  chromatographie. de
chromatographie gazeuse sous forme d'une serie d'impulsions espac6es
r6gulierement les  5. Proc6de selon P'uns quelconque des revendi- unes des
autres dans un courant continu d'un      cations prdcedentes, dans lequel
le compos4 - gaz porteur inerte, I'appareil de chromatogra-   5  est un
compose du Groupe Illb, et dans loquel - -;phie ayant une garniture qui
fait la diffdrencia-  le compos4 traverse un condenseur et un dis- tion
entre l'ecoulement le traversant du compo-   positif anti-brouillard aprbs
sa decharge de se et celul des impuretds de sorte qu'il separe  lappareil
de chromatographie. le compos6 dans chaque impulsion des Impu- ret6s
contenues et quo le compos6 est d6char-  1o  6. Proced6 selon l'une
quelconque des revendi- ge de l'apparell de chromatographie a un ins-
cations prec6dentes, dans lequel le compose tant different de celui des
impuret~s, et l'envoi  est le trim~thylgailium. du compose decharg6 lors de
chaque impul- sion vers un r6cepteur separ6ment du compo-   7. Proced6
selon l'une quelconque des revendi- sent impuret6s, caracterise en ce que
le corn-  1s  cations 1 a 5, dans lequel le compos6 est pose est un compos6
du Groupe Illb ou du          l'arsine. Groupe Vb r6pondant a la formule
MR3 dans laquelle M est un 6l6ment du Groupe Illb ou   8  Proc6d6 pour
former une pellicule epitaxiale un element du Groupe Vb et R est un ou
d'une matibre du Groupe Illb, d'uno matiere du plusleurs atomes du groupe
constitu6 de I'hy-  20  Groupe Vb, et d'un dopant pouvant so d6com-
drogene, d'un halogene et de parties organi-      poser thermiquement sur
un substrat compre- ques aliphatiques et aromatiques ayant de un      nant
les etapes consistent a purifier un compo- a douze atomes de carbone, en ce
que la          se du Groupo Illb et un compose du Groupe charge gazeuse
est fournie en faisant passer      Vb,pouvant se decomposer thermiquement,
une charge liquido impure contenant le corn-  25  par un proc6d6 tel que
revendiqu6 dans l'une pos6 et les impuretds Ind6sirables a travers un
quelconque des revendications 1 A 3, a diluer 6elment chauffant et en ce
que la charge ga-     les compos6s purifi6s avec un gaz inerte, b zeuse est
chauff6e par I'6lment chauffant A      combiner dans une proportion
pr~determin~e une temperature sup6rieure d'une valeur corn-    les compos6s
dilu6s du Groupe Illb et du prise dans la gamme d'environ 10 A 12'C & la
30  Groupo Vb, a ajouter & au moins l'un des temp6rature de la ou des
colonnes de s6para-      compos6s dilues du Groupe Illb et du Groupe tion
de l'appareil de chromatographie gazeuse     Vb une quantitM pr~ddtermin~e
ne ddpassant 



avant l'injection dans le gaz porteur inerte.     pas 10 ppm d'un dopant
6lectroniquement ac- tif, h I'etat gazeux, et a decomposer thermi- 2.
Procedd selon la revendication 1, dans lequel  35  quement dans un rdacteur
le composd dilud I'appareil de chromatographie gazeuse com-        du
Groupe Illb, le compos6 dilue du Groupe porte une garniture constituee de
mat6riaux de    Vb et le dopant sur la surface d'un substrat garniture de
colonne soit en polymere poreux      afin de former une pellicule
dpitaxiale d'une soit on tamis moleculaire.
epaissour de 0,1 & 20 um. 40 sv 3. Proc~dd selon l'une des revendications 1
ou 2,  9. Proc~dd selon la revendication 8, dans lequel dens lequel la ou
les colonne(s) de l'appareil    un niveau de concentration constant des
corn- de chromatographie sont pr6-conditionn6es par     poses du Groupo
Illb ou du Groupe Vb est chauffage de la colonne et de la garniture
maintenu dans le rdacteur pendant la ddcom- qu'elle renforme pendant une
dur6e  d'au   45     position thermique, ce qui facilite la pr~para- moins
une heure a une temperature d'environ      tion d'une pellicule epitaxiale
de qualite unifor- 10 C & environ 30 C au-dessous de la tem-        me.
pdrature de fonctionnement maximum de la garniture, puis par circulation
d'un courant du  10. Proc6d6 selon la revendication 8 ou la revendi- gaz du
compose du Groupe Illb ou du Groupe  Go    cation 9, dens loquel la
concentration du com- Vb sur la garniture et le chauffage pendant une
pose du Groupe Vb est mesuree aprbs la dur6e d'au moins une demi-houre.
d6charge de chaque impulsion afin d'assurer un niveau constant du compos6
du Groupe Vb 4. Proc6d6 selon l'une quelconque des revendi-       dans le
r6acteur. cations prdcddentes, dens lequsl le composd   65 est un compose
du Groupe Illb et la charge    11. Proc~d6 selon l'une quelconque des
revendl- gazeuse traverse un pr6-6purateur on carbons      cations 8 a 10,
dans lequel la concentration du activ6 avant 1'introduction dans l'appareil
de    compos4 du Groupe Illb ou du Groupe Vb 12    21                 EP 0
353 256 B1                    22   I       liII1 j dans le gaz inerte est
de 2% a 15%. 12. Proc6dd selon Iune quelconque des revendi- cations 8 h 11,
dans lequel les compos6s dilues du Groupe Illb et du Groupe Vb et le   5
at~ dopant diectroniquement actif sont melang6s dans un collecteur avant
introduction dans le r6acteur. 10 15 20 25 30 35 40 45 50 55 13    


