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This invention relates to a method: of form-
ing P-N junctions in semiconductors and
more particularly to a method of forming P-N
junctions in semiconductors by epitaxial de-
position techniques.

It has been found desirablé to extend the
substrate for an epitaxially grown device by
epitaxial growth of the material thereof hav-

. ing like-type conductivity. This extended: or

continuation” layer of the substrate perfects
the substrate surface by allowing the crystal
to grow away from the disorder associated at
the surface. The continuation layer of the
stbstrate does not have to be of the same

. resistivity material and may be either of a
‘higher or lower resistivity depending on the

ultimate results desired.

~It has been found, however, that a mini-

mum thickness of the continuation layer must

. be grown on the substrate in order to perfect

the substrate and provide certain other ad-
vantages hereinafter described. Havmg epit-
axially’ deposited the continuation layer on
the substrate of like-type conducmwty, various
P-N junction diodes, transistors and multi-
layered devices may then be fabricated. To
avoid contamination of the oppome-type con-
ductivity layer from impurities in the original
substrate. during epitaxial deposition there-

- of, the continuation layer of the substrate is

deposxted in appropriate thicknesses to func-
tion as a buffer layer which prevents the sub-
strate irhpurities from out-diffusing or out-

., [Price 4s. 6d.]
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temperature to a vapour containing a con-
trolled ratio of a first volatilized compounct
of said semiconductor material and a second
volatilized compound of a like-type conduc-
tivity-imparting impurity for a period of time
to deposit epitaxially a like-type conductivity
continnation 1layer of said semiconductor
material on said substrate, and thereafter sub-
jecting said substrate at said temperatuze to

-a second vapour containing a controlled ratio

of said first volatilized compound and a third
volatilized compound of an opposite-type con-
ductivity-imparting impurity for a period of
time to deposit epitaxially an opposite-type
conductivity layer of said semiconductor
material on said continuation layer.
Accordingly, by utilizing the invention thin
layer collector regions for transistors can be
fabricated, greatly reducing the bulk resistance
of the collector region without any undesirable
changes in the specific collector resistance. Of
course, it is necessary to deposit the thin
collector region on a very low resistivity single
crystal substrate of like-type conductivity as
that of the collector region, the substrate
being single crystalline to allow epitaxial
growth of a collector region. In such a tran-
sistor, the substrate supports the collector

region,

The invention will now be descnbed, by

way of example, with reference to the accom-
panying drawing, wherein:—

Figure 1 illustrates a P-N junction dewce _
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elllustrated in Figure 2. A reactor generally
de31 ted as 1 is provided haying a reactor
ﬂﬁjm ﬁ'ﬁfs o n&e suitable non-
contaminating materxal for semiconductors,
which is surrounded by a furnace 2 to main-
tain appropriate temperatures within the re-
actor. A quartz or other noncontaminating

- material slab 4 is placed within reactor tube 5

and provides support for the semiconductor
substrate 3 from which epitaxial semiconductor
devices are to be grown. The reactor is pro-
vided with an outlet tube 9 contained within

- a sealing stopper 7, that leads to a gas flare-

55

off (not shown). An inlet tube 8 is provicded
extending into reactor tube 5 and is held
in place by suitable sealing stopper 6.

The input source to the reactor 1 is the

- effluent from evaporator 10, the evaporator

65

10 being provided to ensure that liquid 25,
being in a controlled ratio of silicon halide to
the impurity halide, is completely evaporated
and: carried by the hydrogen from container
30 into reactor 1. For this purpose, quartz
chips 13 are provided in the evaporator and

“are heated appropriately by heater 14, Drop

tube 12 held within the evaporator 10 by

G@Hﬁ:éﬂ
ed, the reacti
pure hydrogen and a 1te

tivity layer is then deposited on the con-
tinuation layer, substituting an opposite-type
impurity in the liquid 25. Although not illus-
trated, a modified system may be provided
in Wthh the liquid 25 would contain N-type
impurities and another container similar to
container 20 having a liquid similar to liquid
25 with P-type impurities would be contained
therein.

Many different semiconductor devices have
been: made by the epitaxial deposition method
of the invention with different. operable para-
meter variations, utilizing both germanium
and silicon semiconductor materials, However
in all cases during the epitaxial deposition of
the continuation layer and the opposite-type
conductivity layer, it is necessary to main-
tain the ratio of silicon halides to the im-
purity halides constant. However, some para-
meters such as the temperature to which the.
substrate is heated may be varied during the
deposition.

In the specific examples hereinafter des-
cribed, acceptable variations in processing
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#rLgbput 1.5 volume percent in the
th

@ﬁm
o flow, the. v rate remaining the same.
iﬂmﬁg :Pptg:sed over th'e-n!%eated sub-

strate: for “about three' minutes, the growth
rate -of the epitaxial deposit being about 0.1
mrils per minute. Thus, a 0.3 mils thick N-type
layer having a resistivity of 2 ohm-cm. is
epitaxially deposited on the N+ (meaning
heavily-doped) substrate. After the N-type
continuation layer has been deposited on the
silicon substrate, the reactor is flushed with

"Hy for two to three minutes, Silicon tetra-

chioride  doped with a hundred parts per
million by volume of boron tribromide (BBr,)
is:then added to the hydrogen stream (flow
rate remaining the same) by an amount of 1.5
percent by volume. This is passed over the
substrate heated to about 1250° C,, and a P-
type- layer having the resistivity of about 2 to

- 3 ohmeem: is epitaxially deposited at the rate
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of about 0.1 mils per minute. The flow of this
effluent is continued for only about 0.5
minutes; hence, a P-type conductivity layer is
about: 0:05 to 0.06 mils in thickness.

The device made by the above method was
ar-N*N-P- device having a breakdown voltage
across. the P-N junction of about 135 volts.

o ExamrLE II
- A 0.001 ohm-cm. single crystal silicon sub-
strate, uniformly doped with bogon P+ (P+

“being: utilized to -designate a highly doped
substrate), is placed: in the reaction tube and -

heated to about 1250° C. The substrate is
etched with- hydrogen flowing at a rate of 10
litres per minute for about five to ten minutes.
After etching, silicon tetrachloride doped: with
2 hundred parts per million of borontribro-
mide was added to the hydrogen stream, the
amount: being metered to about 1.5 percent

- by volume in the hydrogen flow, the hydrogen

flow. rate remaining 10 liters per minute, This

. effluent-was passed over the heated substrate

for about three minutes, and the growth rate
of- the epitaxial deposit was sufficient to pro-
duce: 2. 0.2 mils thick P-type layer thereon

» having -a. resistivity of 0.5 ohm-cm. (This

continuation layer is designated P-type in-
asmmuch: as: its . resistivity is higher than the

original P*-type substrate). After forming the:

5. A nethod according to any of clains 60 :
3 and 4, wherein said opposite-type
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t he substrat e,
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ate,
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collector (the con-

ness of the N-typd Ud;
emitter and the P-type

tinuation layer) was about 0.3 mils. The tran-

sistor produced as above has a 300 volt base
to collector breakdown voltage.

In the utilizing of the invention for silicon,
of which the above two examples are illustra-
tive, the minimum thickness of the continua-
tion layer necessary to prevent contamination
by diffusion or outgassing impurities from. the
substrate is 0:1 to 0.2 mils. For example, if
a P-type layer of 2—3 ohm-cm. resistivity is
to be epitaxially deposited on the continuation
layer, an N-type continuation layer of approxi-
mately 0.2 mils thick will be required. How-
ever, if a P-type layer of about 0.5 ohm-cm.
resistivity is to be epitaxially deposited on the
continuation layer, the N-type continuation
layer may be 0.1 mils thick.

Thus, it will be recognized that when the
opposite-type conductivity layer is to be epit-
axially deposited on the continuation layer,

thinner continuation layers may be utilized for .

low resistivity opposite-type conductivity
layers, whereas for higher resistivity opposite-
type conductivity layers thicker continuation
layers must be utilized. The reason: for this is
that the higher the impuzity concentration in
the opposite-type conductivity layer the lower
the resistivity thereof. Thence, more opposite-
type conductivity impurities require compen-
sation by impurities diffusing from the sub-
strate to raise the resistivity of the opposite-
type conductivity layer. _

For silicon, the parameters of the reaction
illustrated in Figure 2 can be varied within
the following limits:

1. Hydrogen flow rates for the unit can be
varied between 1 and 20 litres per mimute.

2. The volume of the silicon halide (with
the impurity halide by volume remaining
constant) in: the hydrogen flow can vary be-
tween. 0.1 and 6.0 volume percent,

3. The temperatures of substrate can be
varied between 1150° C. and 1350°. C.

4. All permutations of the above three
parameters may be utilized.

Although the above parameters may be
varied as described, caution should be exer-
cised wher a 1 inch diameter substrate is
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t enper at U 3 w;} i et PN { 51] espound of
and P‘ 5@ %ul':k nmw qw&ed Iﬁmg:ee beps oaub,edmg onductor = |
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of inp u y i oD I‘vﬂ{nﬁe intot o:apdﬂecdalmmngamdnt@&m Jetlm uic terial
on sai Bgtdr@&eﬁowlwchwas 1t ervolag,l i) )3 ) growt h
and t her emipeter Di PAY =Rl %‘ e byt imartiigt FeRflrit yer Thi s,
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avoided to prevent contamination.

The P-type layer of ium was 0.080
ohm-cm. having a thickness of 0.12 mils. This
thickness of the P-type layer allows sufficient
depth for an emitter region to be diffused
therein. The minimum thickness of the con~
tinuation. layer (N-type layer) that will allow

" & P-type layer to be epitaxially grown thereon
without contamination is about 0.3 mils. The
reaction parameters may be varied by all per-
mutation within the following limits. The

temperature of the substrate may be from

- about 800° C. to 880° C. The germanium:

tetrachloride concentration in the hydrogen

stream may vary from 0.2% to 5.0% by

volume whereas the H, flow may be varied

from 2 litres per minute to 13 litres per
minute.

It should be understood that an mporbant
feature of the invention is the formation of
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a continuation layer on the substrate of the -

same- conductivity even though. the resis-’
uwtytﬁlfwthe layer is varied, and that after
the continuation layer has been epitaxially
grown on the substrate, additional epitaxial
opposme—type conductivity layers may then be

60

ing a controlled ratio of said ﬁrst volatilized
compound and a third: volatilized compoumnd:
of an opposite-type condwcmwwmmmmg
impurity for a period of time to deposit epit-
axially an opposite-type conductivity layer of
said semiconductor ‘material on said cofr-
tinuation: layer. : 3
2. A method according to claim 1 wherem'
said semiconductor material is silicon. :
3. AmztlmdaccordmgtoclmmlorZ"
‘wherein said substrate is of N-type conduc-
tivity silicon and wherein the layer deposited
: upon said continuation layer is of P—type siti-.

' 4 Amethodaccordmgtoanyomeofthe.
_ preceding claims wherein the substrate is sili-
con and is uniformly doped with antimony to
about 5% 10 antimony atoms per cm® and

said like-type conductivity-imparting impurity -

is antimony pentachloride.

5. A method according to any of claims.
2, 3 and 4, wherein said oppomte—atype con~ -
dmuwty—nmparung impurity is boron tri--
bromid
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6. A method accordmg to any ‘one of tbe

preceding claims in which the first mentioned;
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temperatiire of the substrate was then raised to
880° C. Germanium tetrachloride doped with
0.4% by volume borontribromide was sub-
sequently introduced at 0.6% by volume into

the hydrogen flow, which was 11.2 litres per.

minute. Different temperatures for the N-
and P-type layer deposition are used since in
the deposition of the N- layer, a tem-
perature can be used whereby the diffusion
of impurities from the substrate into the N-
type layer is faster than the epitaxial growth
of the N-type layer. This, of course, must be
avoided to prevent contamination.

The P-type layer of ium was 0.080

" obm-cm. having 2 thickness of 0.12 mils. This

thickness of the P-type layer allows sufficient
depth for an emitter region to be diffused
therein. The minimum thickness of the con-

_tinuation layer (N-type layer) that will allow

P—type layer to be epitaxially grown thereon
without contamination is about 0.3 mils. The
reaction parameters may be varied by all per-
mutation within the following limits. The
temperature of the substrate may be from
about 800° C. to 880° C. The germanium
tetrachloride concentration in the h
stream may vary from 0.2% to 509 by
volume whereas the H, flow may be vari
from 2 litres per minii& to 13 litres per
minute.

It should be understood that an important
feature of the invention is the formation of
a continuation layer on the substrate of the
same-type conductmty even though the resis-
tivity of the layer is varied, and that after
the comtinuation layer has been epitaxially
grown on the substrate, additional epitaxial
opposite-type conductivity layers may then be
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prising thse steps of sub;ecmng a semiconductor
material substrate one conductivity to a
temperature suitable for promoting the epit-
axial growth thereof, subjectmg said semicon-
ductor substrate at said temperature to a
vapour containing a controlled ratio of a first
volatilized compound of said semiconductor
material and a second volatilized compound of
a like-type conductivity-imparting impurity
for a period of time to deposit epitaxially a
like-type conductivity continuation layer of

-said semiconductor material on said substrate,

and thereafter subjecting said substrate at
said temperature to a second vapour contain-
ing a controlled ratip of said first volatilized
compound and a third volatilized compound
of an opposite-type conductivity-impanting
impurity for a period of time to deposit epit-
axially an opposite-type conductivity layer of
said semiconductor material on said con-
tinuation: layer,

2. A method according to claim 1 wherein
said semiconductor material is silicon.

3. A method according to claim 1 or 2,
wherein said substrate is of N-type conduc-.
tivity silicon and wherein the layer deposited
upon said continuation layer is of P-type sili-
con.

4. A method according to any one of the

jed preceding claims wherein the substrate is sili-

con and is uniformly doped with antimony to
about §X10™ antimony atoms per ¢m® and
said like-type conductivity-imparting impurity
is antimony pentachloride.

5 A method according to any of claims

, 3_and 4, wherein said opposite-type con-
ducuvxty-lmparung impwity is boron tri-
bromide.

6. A method according to any one of the
preceding claims in which the first mentioned
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controlled ratio and the second nentioned ployed as a carrier for

conducting the con- controlled ratio are retained constant during
trolled mxtures of the volatilized conpounds the respective vapour
deposi tion peri ods. to said sem conductor substrate and for con-

7. . A nethod according to any one of the ducting spent vapours away from
said gpb- 25 5 preceding clains wherein said tenperature state:

suitable for pronoting epitaxial growh is be- ~ 12. A method of forming a
P-N junction i n . tween 1150[err] 9849hd 1350[err] C. 5 a
sem conductor epl Taxi al _depos| tron | n 8. fA met hod accor ai ng to
claim 17 Wne?oé degowaé&gled const,anti ana f e% @lmfﬂmﬂg& cmnpoftggs sai d

seni COMCt)‘B @‘k' \@a;;ui' %elﬂ&'i smd semiconductor substrate and for con-
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