
5 131,229 process comprises a reactor in the form of compound such as a
halide of phosphorous, a tube 34 having heating coils 31. The fur- into the
flask 33, or in a similar flask if a nance may be of a horizontal or
vertical type   different temperature is required. With this be suited for
single or multiple slices,  arrangement and due to the hydrogen re- may be
either resistively or inductively  duction of the silicon tetrachloride,
lightly  70 heated. The silicon wafers including the  doped N-type silicon
is deposited upon the wafer 25 are disposed within the furnace in slice 25
within the apertures 26 and 27 and such a position as to expose the
silicone  grows epitaxially upon the N+ silicon sub- such a position as to
expose the slices to  strates 12 and 14. The deposition will con- 10  gases
directed into the tube through a con-  tinue until the regions 30 and 31 of
the  75 duit 135. The hydrogen chloride and the  lightly doped N-type
silicon are formed silicon tetrachloride vapor are respectively within the
vacant areas previously produced introduced into the conduit  135 from  a
by the vapor etch step and adjacent the N+ cylinder 32 containing anhydrous
hydrogen  regions 12, and 14 respectively, as shown in chloride and from
flask 33 containing liquid  Figure 7. silicon tetrachloride, through which
hydro- Although a particular method and par- gen gas is bubbled.  The vapor
pressure of  ticular materials have been  described  in the silicon
tetrachloride is controlled by sub-  selectively removing the N+ low
resistivity merging the flask 33 in an ice bath. Purified  subsetrate
material and epitaxially redeposit- 20  dried hydrogen enters end 136 of
the con-  ing the N-type material, any variations of 85 duit. The flow of
the gasses into the tube  the materials or the techniques may be uti-
furnace 34 is regulated by conventioal  lized as long as the broad concept
of selec- valves.                      tive vapor etch and epitaxial
redeposition is With the valves adjusted so that an excess  employed. Using
this concept close control 25  of hydrogen chloride vapor is introduced
may be maintained over the dimensions and  90 



into the reactor, the wafer 25 will be sub- the configuration of the N-type
regions. In jected to a selective vapor etch. While the  addition, it is to
be observed from Figure 7 oxide mask 22 will be substantially un-     that
contact may be made to the N+ re- affected, select portions of the low
resistivity  gions 12 and 14 at the surface of the wafer 30 N + substrate
regions 12 and 14 are re- 25 by cutting through the oxide layer 22 95 moved
as shown in Figure 6. The etchant  without the necessity of a subsequent
dif- itself will comprise a mixture of silicon  fusion step, to reach these
regions. As men- tetrachloride, hydrogen chloride, and hydro-  tioned
previously, the N+ layer 12 or 14 gen. Alternatively, the valve controlling
the allows better low resistance contact to be flow of silicon
tetrachloride may be closed,  made to the underside of the N-type region
100 and an etchant comprising hydrogen chloride  30 or 31 which serves as
one of the active and hydrogen may successfully be used to  regions of a
component in an integrated cir- remove the silicon substrate.  The rate of
cuit, for instance the collector region of a etching as well as the
dimensions of the  transistor. etched regions will be determined largely by
The selective vapor etch step furnishes 105 the configuration and size of
the oxide mask- two complementary results. In addition to ing 22, as will
be observed by a comparison  removing the low resistivty N+  substrate of
the area of substrate removed below the  as described, it thoroughly cleans
the silicon aperture 26 with the substrate removed be-  oxide; mask 22 thus
avoiding undesirable 45  low the aperture 27. Other factors that will
silicon overgrowth on the oxide during the 110 affect the rate of etching
are the temperature  subsequent deposition step, and it also re- at which
the reactory is maintained, the flow moves contaminants from the surface of
the rate throughe the conduit 135, and the  per-  N+ regions upon which the
N-type silicon centage composition of the etchant.  For  is epitaxally
deposited. 50  example, for one particular configuration of     In order to
more closely control the geo- 115 the oxide mask 22, when the flow rate was
metry of the vacant spaces shown below the kept at 15 litres minute, the
temperature at  dotted lines 21a in Figure 6 produced by the 



approximately 12000C. and the etchant con-  vapor, etch  step, the starting
material 10 55  sisted of 95% H[err] and 5% HCl, the silicon   illustrated
in Figure 1 should have a crystal substrates  12 and 14 etched at a rate of
orientation other than the 111 plane. Each     120 approximately 3
microns/minute.     of the low resistivity N+  moncrystalline After the
desired amount of the low-  portions 11-15 of Figure 5 have a crystal
resistivity silicon has been removed from the  orientation other than the
111 plane and the wafer by the above-described process the  vapor etch step
as before described may be 60 valves are closed to terminate the flow of
carried out to produce the vacant spaces 125 the hydrogen chloride, the gas
flow through illustrated below the dotted  lines 21a in the conduit 135
then consisting of hydrogen  Figure 6 and the redeposit step carried out
and silicon tetrachoride.Doping impurities  as before described to produce
regions 30 may be introduced into the gas stream by  and 31 as illustrated
in Figure 7. However, 65 placing an appropriate impurity-containing  it is
significant to point out that by using a 130    6
1,131,229 starting material with a crystal orientation  etching technique
which does not substan- other than 111 plane, the geometry of the  tially
affect the oxide mask 37. The wafer vacant spaces can be more closely
controlled  is then placed in an epitaxial reactor such so that when
regions 30 and 31 are redeposi-  as the one shown in Figure 8, and P+ 5
ted into the vacant spaces they have a very  con is deposited within the
vacant space flat or plane surface thereby allowing more  created by the
etching step. The P-type accurate alignment of the masks used in the
conductivity of the silicon may be produced fabrication of the circuit
elements, allowing  by introducing a halide of boron, for in- more uniform
diffusion of the regions of  stance, into the flask 33. After the P+ sili-
10  these circuit elements and allowing the  con has been formed within the
wafer 35 as 75 



placement of continuous leads or contacts  depicted in Figure 12, the
entire wafer is across the surface of the wafer.         subjected to
hydrogen fluoride to completely Referring back to Figure 7, it will be
remove the oxide mask 37, this removal observed that the layers 30 and 31
may now   having a negligible effect on the silicon ma- 15 serve as active
regions into which subse-  terial underneath.                       80
quent diffusions, or upon which epitaxial  . As the next step in- the
fabrication, a depositions, may be made in order to fabri-  series of mesas
41-44 are etched upon the cate various components of an integrated  surface
of the wafer 35.  The insulating circuit. Referring now to Figure 9, a sec-
oxide layers may now be formed upon the 20 tional view of a completed
integrated circuit  mesas as previously  described. As an  85 is seen, with
a NPN transistor T[err] and a re-  alternative, however, it may be
desirable first sistor R[err] having been formed in the N-type  to deposit,
by conventional techniques, a redeposition regions 30 and 31 by diffusion.
layer 39 of metal, such as molybdenum or A P-type diffused region provides
the base  tungsten, as shown in Figure 13. Being ad- 25  of the transistor,
while an elongated P-type  jacent the low resistivity substrate, the metal
90 region formed simultaneously with the base  layer has the effect of
further lowering the provides the resistor R[err] N-type diffused
resistance in this area. The silicon oxide regions provide the transistor
emitters. The  layer 40 is then formed over the metal layer diffusion
operations utilize silicon oxide  39 and- the two layers are selectively
re- 30  masking so that the oxide layer 22 acquires  moved in all regions
except over the mesas -95 a stepped configuration in the final device.
41--44, as shown in Figure 13. The semi- Openings are made in the oxide
where con-  conductor material 45 is then grown over tact is necessary,
then metal film is deposited  the entire top surface of the wafer 35, as
over the oxide and selectively removed to  heretofore. described. 35
provide the desired contacts and intercon-   The structure of Figure 13 is
then sub- 100 nections.  The completed unit is seen in  jected to a lapping
and polishing step, Figure 10, with. the transistors T[err]  and T[err]
whereby the substrate material is removed 



and the resistors R[err], R[err] and R[err] along with  except for the
portions making up the mesas the metal film interconnecting providing a
41-44, and the device is rotated 180[err]. The 40  logic circuit as seen in
schematic form in  resulting structure is depicted in Figure 14 105 Figure
11.                           where the low resistivity P+ region at the
The versatility and utility of the process  location 44 is electrically
isolated from the according to this invention, as described  low
resistivity N+ regions at the locations above, and in particular the
selective vapor  41, 42 and 43 which are electrically isolated 45  etch and
epitaxial redeposition steps, allow  from each other. 110 the fabrication
of these discrete circuit com-   The wafer 35 now has an oxide mask 48
ponents within a single wafer and yet elec-  formed upon the surface, as
depicted in trically isolated from each other. This may  Figure 15 (the
manner of formation being be further illustrated by the following des-
similar to that of the oxide layer 22, as des- 50 cription, in which an NPN
transistor, a PNP cribed with reference to Fig. 6), and the 115 transistor,
a diode, and a resistor, are  wafer is then subjected to the selective
vapor formed within -one segment of a wafer.   etch and epitaxial
redeposition steps which Referring to Figure 12,. the first step in   have
been previously-described in connec- this fabrication is the formation of a
thin  tion with Figures 6-8. After the N-type 55  oxide layer 37 over the
low-resistivity N+   regions are formed at the locations 41-43, 120 silicon
substrate 36 of wafer 35. Using  the oxide mask 48 may be altered at these
photographic masking and  etching tech-  locations to form  the
configuration repre- niques, for example, an aperture 38 is  sented by the
dotted lines, and another formed exposing a portion of the underlying
series no selective vapor etch and redeposi- 60  silicon. The wafer is then
subjected to an  tion-steps are utilized to produce regions of 125 etching
process by which a quantity of N+   P-type silicon above the N-type layers.
Simi- silicon, defined by the outline is removed,  larly, through the use
of subsequent oxide This etching may be achieved by the vapor  masking,
selective vapor etching and the re- etch process of the present invention,
or  deposition of silicon having different types 



65  alternatively, by any conventional chemical  of . doping, or by
conventional N- and P- 130    1,131,229
7 type diffusions (during which a naturally  regions of one conductivity
type on a surface occurring silicon oxide film forms over the  of a
semiconductor wafer, forming an insu- surfaces exposed by the openings in
the  lating layer over each of the mesa regions, side mask 48 shown in Fig.
15), the struc-  depositing support material to overlie the ture of Figure
16 is produced where a PNP  mesa regions, removing the semiconductor 70
transistor is formed at location 44, a P-N  material except for the low
resistivity ma- diode at location 43, a resistor at location  terial
forming the mesa regions, masking 42 and an NPN transistor at location 41,
all parts of the individual low resistivity mesa of these components being
joined by a com-  regions to leave uncovered selected surface 10 mon
substrate 45 but yet electrically isolated  portions of at least some of
those regions, 75 through the substrate. The oxide layer 48  removing part
of the uncovered surface por- is then selectively cut away and ohmic con-
tions of the individual mesa regions to a tacts and interconnections
deposited in the  depth insufficient to penetrate those regions, form of
metal film at the desired locations  depositing high resistivity
semiconductor ma- 15 as shown in Figure 17.                    terial of
the said one conductivity type 80 Although specific integrated circuit
struc-  within  the  respective spaces previously tures have thus been
described, it is obvious  occupied by the material removed from that using
the method of this invention, a  those regions, and forming circuit compon-
multitude of configurations of circuit com-  ents in the said high
resistivity semiconduc- 20  ponents may be formed within one substrate. tor
material.                         85 The use of the selective vapor etch,
along    4. A method according to claim 3, in with other advantages,
accomplishes the which the circuit components are formed by 



cleaning of the oxide and substrate at the  diffusion of impurities into
the high resistiv- same time as it etches away a predescribed  ity
semiconductor material. 25  portion of the silicon, thus avoiding two    5.
A method according to any one of the  90 steps. The dimensions of the
active regions  preceding claims in which the or each insu- of the various
circuit components may be  lating layer or mask is formed of silicon
closely controlled by the combination of the  oxide. vapor etch and
epitaxial redeposition, thus    6. A method according to any one of 30
increasing the reliability of the device.  the preceding claims, in which
the removal 95 While the invention has been described  of parts of the
uncovered portions of the with reference to specific methods and em-  said
individual regions is effected by vapor bodiments, it is to be understood
that this  etching. description is not to be construed in a limit-   7. A
method according to any one of the 35  ing sense. Various modifications of
the dis-  preceding claims, in which the high resistiv- 100 closed
embodiments, as well as other em-  ity semiconductor material is formed as
an bodiments of the invention, may become  epitaxial extension of the low
resistivity ma- apparent to persons skilled in the art with-  terial
remaining in  the said  individual out departing from the scope of the
inven-  regions. 40 tion as defined by the appended claims.     8. A method
according to any one of the 105 WHAT WE CLAIM  IS:-
preceding claims, in which the said indivi- 1. A method for use during
fabrication  dual regions are monocrystalline orientated of semiconductor
devices, comprising form-  in other than the <111> plane. ing individual
surface exposed regions of    9. The product of a method carried out 45
low resistivity semiconductor material in a  in accordance with any one of
the preceding 110 substrate, the said regions being isolated  claims. from
each other by insulating material,   10. A semiconductor device comprising
forming an insulating mask on a surface of  a plurality of bodies of
monocrystalline the substrate adjacent the said individual  semiconductor
material in and exposed at a 



50 regions to leave uncovered selected portions  surface of a substrate,
the bodies being iso- 115 of  at  least  some  of  those  regions, lated
from each other by regions of insulat- those regions, and depositing high
resistivity  ing material each body comprising a first *
semiconductor material of the same conduc-  region of low resistivity
semiconductor ma- tivitv type as the low resistivity material terial
containing a second region of high 55 within  the  respective  spaces
previously  resistivity material of the same conductivity 120 occupied by
the material removed from  type as the low resistivity material, both those
regions.                           the first and second regions being
exposed 2. A method according to claim  1, in  only at the said substrate
surface and the which the said individual regions are isola-  second region
being of smaller depth than 60 ted from each other by respective layers of
the first region, an insulating layer overlying 125 insulating material
disposed between the  the said substrate surface and having aper- regions
and the substrate.              tures therein exposing parts of the respec-
3. A method for fabricating circuit com- tive first regions, each aperture
containing ponents comprising the steps of forming in- an ohmic contact to
the underlying first re- 65 dividual low resistivity semiconductor mesa
gion.                                130    1,131,229
7 [err]    8                                        1,131,229 11. A device
according to claim 10. in-  Figures 9-11 of the accompanying draw- cluding
electrical circuit components formed  ings. 



by the first and second regions, the circuit   15. A  method  for
fabricating  circuits components being electrically interconnec-
components substantially as described here 5  ted.
in with reference to and as illustrated by 12. A device according to claim
11, in  Figures 12-17 of the accompanying draw- which the electrical
interconnections are  ings. supported by the insulating layer overlying
16. The product of a process as claimed the substrate layer.
in any one of claims 13-15.       25 10    13. A method according to claim
3, sub- stantially as described herein with reference         ABEL &
IMRAY, to and as illustrated by Figures 1-8 of the       Chartered Patent
Agents, accompanying drawings.                                  Quality
House, 14. A  method according to claim 13                  Quality Court
15  substantially as further described herein               Chancery Lane,
with reference to and as illustrated  by      London, W.C.2 Printed for Her
Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1968.
Published at The Patent Office, 25 Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


