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We, RCA CORPORATION (formerly known  ter has been sub-divided into a
plurality of     as Radio Corporation of America), a cor-  isolated regions
connected in parallel also  45     poration organised under the laws of the
exhibit second breakdown. It has been sug-     State of Delaware, United
States of America,  gested that a distributed resistance in series  5 of 30
Rockefeller Plaza, City and State of  between the emitter contact and the
emitter     New York, United States of America, do  region will minimize
second breakdown.     hereby declare the invention, for which we    One
method of controlling the size and  50     pray that a patent may be
granted to us,  shape of diffused regions in a semiconduc-     and the
method by which it is to be per-  tive body comprises depositing a coating
of 10 formed, to be particularly described in and  refractory insulating
material containing a     by the following statement:-
conductivity modifier on a predetermined       This invention relates to a
semiconductor  portion of the body surface. The coated  55     junction
device and to a method of fabri-  body is then heated to diffuse the
conduc-     cating said device.                         tivity modifier
from  the coating into that 15   According to the invention we provide a
portion only of the body immediately adja-     semiconductor junction
device comprising a  cent the coating. Since the diffusion source
monocrystalline  semiconductive  body  of  is a solid, the process is known
as solid-to- 60     given conductivity type; a layer of low re-  solid
diffusion.     sistivity polycrystalline semiconductive ma-    In prior art
fabrication methods, after the 20  terial  on  a  portion  of  the  surface
formation of a diffused region adjacent one     of said body, said
polycrystalline layer  face of a semiconductive body, this face is
having  incorporated  therein  a  conduc-  exposed to the deleterious
effects of the  65     tivity  modifier capable  of altering  the  ambient
atmosphere. Moreover, additional     conductivity type of said body; a
region of  processing steps are required to form  an 25 said body
immediately adjacent said layer,  electrical contact to the diffused
region.     said region having a conductivity type oppo-    Figure 1 is a
schematic sectional view of     site that of said body; a rectifying
junction  a first form of apparatus useful in the prac- 70     between said
region of said body and the  tice of the invention;     remainder of said
body and an electrical    Figure 2 is a schematic sectional view of a 30
connection to said polycrystalline layer. On  second form  of apparatus
useful in the     the polycrystalline layer there may be pro-  practice of
the invention;     vided a layer of high resistivity material   Figures 3-6
are cross-sectional views of 75     carrying said electrical contact. The
elec-  a semiconductive body during successive     trical contact may be
another layer of low  steps in the fabrication of a semiconductive 35
resistivity polycrystalline semiconductor.  device according to one
embodiment; and,       Transistors capable of handling  high    Figures 7-8
are cross-sectional views of a     power at high frequencies are limited in
semiconductive body during successive steps 80     their operating
characteristics by an undesir-  in the fabrication of a semiconductive de-
able phenomenon known as second break-  vice according to another
embodiment. 40  down, in which the emitter current concen-     trates in
local regions and destructively            FIRST APPARATUS     overheats
these regions, therefore, called    One form  of apparatus 10 (Figure 1)
"hot spots". Transistors in which the emit-  useful in the practice of the
invention com-  85         [Price 5s. Od. (25p)]    
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2      prises a refractory furnace tube 11, which  products leave the
system  by way of the     may, for example, consist of a high melting
outlet 13. After the polycrystalline coating  65     glass, fused silica,
or the like. The furnace  21 has been deposited on the substrate     tube
11 is provided with an inlet tube 12  for the desired period of time, the
flow of  5  at one end, and an outlet 13 at the other  the silane mixture
and the conductivity     end. The furnace tube 11 is positioned  modifier
is shut off, and the furnace 14 is     with its central portion in a
furnace 14,  switched off. When the temperature inside  70     which may,
for example, be an electrical  the furnace tube 11 has dropped to about
resistance furnace. A carrier gas tank 15,  200[err]C, the flow of the
carrier gas may be 10 a silane tank 16, and a tank 17 containing  turned
off completely, and the furnace boat     a volatile conductivity modifier,
are all ar-  19 together with the coated substrate 20     ranged to feed
into the inlet 12 of furnace  may be removed from the furnace tube 11. 75
tube 11. It has been found preferable to    Alternatively, the coated
semiconductive     utilize the silane in the form  of a diluted  body 11
may be left in the furnace tube, and 15 mixture consisting of about 1 to 10
volume  subsequent diffusion steps are performed in     percent silane, the
balance an inert gas such  the same furnace tube without exposing the
as nitrogen or argon. The carrier gas suit-  substrate to the atmosphere.
80     ably consists of an inert gas, such as nitrogen     or the like. The
conductivity modifier may           SECOND APPARATUS 20  be either an
acceptor or a donor. When    In this method, the silane is decomposed
the semiconductor utilized is silicon, a suit-  in a hot furnace tube as in
the method     able donor source is arsine or phosphine, described above,
but the substrate to be     while a suitable acceptor source is methyl
coated is not present in the furnace tube,  85     borate. The flow of gas
from each tank is  Instead, the substrate is kept in a cooler 25  regulated
by flow meters 18 between each  environment completely outside the furnace
tank and the inlet 12.                      tube. The reacting gases are
swept out of       A refractory furnace boat 19 is positioned  the furnace
tube, and rapidly cooled by forc-     within that portion of the furnace
tube 11  ing them through a jet so as to impinge upon  90     which is
surrounded by the furnace 14. A   the substrate, and thus form in the
substrate 30 semiconductive substrate 20 is placed in the  a
polycrystalline semiconductive layer. The     furnace boat 19. The
substrate 20 suitably  special utility of this method is that only
consists of a monocrystalline semiconductive  moderate heating of the
substrate is required.     body such as silicon or gallium arsenide or   A
form of apparatus 30 (Figure 2) useful  95     the like.
in this embodiment comprises a refractory 35    The furnace 14 is set to
maintain the tem-  furnace tube 31 having an inlet tube 32 at     perature
inside the furnace tube 11 at about  one end, and a jet orifice 33 at the
other     580  to  700[err]C. The  inert carrier gas  end. Furnace tube 31
is positioned in a     utilized, which in this example is nitrogen,
furnace 34. A carrier gas tank 15, a silane 100     is first swept through
the furnace tube 11  tank 16, and a conductivity modifier gas 40 while the
furnace 14 is warmed to the desired  tank 17 feed into the inlet tube 32.
The     temperature. The rates of flow  of the  flow of gas from tanks
15-17 is controlled     various reactants depend on the size and  by flow
meters 18 as in the previous example.     shape of the apparatus, and on
the tem-    In this embodiment, a substrate 36 is 105     perature of the
furnace.                    kept out of the furnace tube 31 and out 45
When the temperature inside furnace tube  of the furnace 34. Instead, the
substrate 36     11 has reached a predetermined level within  in this
example is positioned a short dis-     the range of about 580[err] to
700[err]C, a mix-  tance, generally less than 2", from the jet     ture of
the diluted silane from tank 16 and  orifice 33. The system is purged by a
flow 110     the conductivity modifier from tank 15 are  of the carrier gas
from the tank 15 in the 50 passed through the inlet 12 into the furnace
direction indicated by the arrow while the     tube 11. The silane
decomposes according  furnace is brought to a predetermined tem-     to the
reaction                             perature in the range of about 580 to
700[err]C. A flow of silane and conductivity 115                SiH[err] -
2Si +  2H[err]              modifier is then passed into the furnace tube
31. The temperature of the furnace tube     A  coating 21 of
polycrystalline silicon is  31 is now sufficient to decompose the silane.
55 thus deposited on the substrate. Incorpor-  The mixed vapors of the
inert carrier gas,     ated in polycrystalline layer 21 is some of  the
unreacted conductivity modifier in the 120     the conductivity modifier
from tank 17. The  silane, and the reaction product exit from
concentration of the conductivity modifier in  the furnace tube 31 by way
of the jet orifice     the polycrystalline layer 21 can be varied by  33,
and thus form a jet stream indicated by 60  changing the relative rates of
flow of the  the arrow from the jet orifice 33. This jet 



silane and of the conductivity modifier,   stream is allowed to impinge
upon the sur- 125       The carrier gas and any unreacted silane  face of
the substrate 36. The jet stream     and conductivity modifier and the
reaction  cools off rapidly as it leaves the jet orifice       3
1,198,569                                        3      33, and hence the
surface of the jet stream  at a lower temperature than normally utilized
65     at the point where it impinges upon the sub-  for the deposition of
monocrystalline silicon.     strate 36 may be varied by adjusting the
Monocrystalline silicon epitaxial layers     distance between the jet
orifice 33 and the  are generally deposited by decomposing  5 substrate 36.
A polycrystalline silicon coat-  silane at temperatures above 1000[err]C.
In     ing 37 in which the conductivity modifier is  contrast, the
polycrystalline layer 47 is de-  70     incorporated is thus deposited on
the sub-  posited by decomposing the silane at tem-     strate 36 while
maintaining the substrate at  peratures below 700[err]C. The
polycrystalline     a very moderate temperature. This method  silicon thus
deposited has a highly polished 10 is particularly useful when the
substrate is a  shiny appearance. A  small amount of a     semiconductor
which cannot withstand high  suitable volatile conductivity modifier is in-
75     temperatures.                               corporated in the stream
of silane. In this                                                 example,
the conductivity modifier is phos-                   EXAMPLE I
phine.       A  crystalline semiconductive body 40    The semiconductive
body 40 is subse- 15 (Figure 3) is prepared with at least one major
quently  heated  to  form  a phosphorus.  80     face 41. The precise size,
shape, composi- diffused N type region 48 in semiconductive     tion, and
conductivity of semiconductive  body 40 immediately adjacent face 41 and
body 40 is not critical. In this example,  internal the P type diffused
region 44. A     semiconductive body 40 is about 50 mils  PN junction 49 is
formed at the boundary 20  square, about 6 mils thick, consists of mono-
or interface between the N type diffused  85     crystalline silicon, and
is of N type con-  region 48 and the P type diffused region 44.
ductivity. A  masking coating 42 is de-  The size and shape of the diffused
region     posited on face 41 of body 40 by any con-  48 corresponds to the
size and shape of the     venient method. The coating 42 suitably  aperture
previously formed in masking layer 25  consists of a refractory insulating
material  46.                                       90     such as silicon
oxide, silicon nitride, silicon    An aperture 50 (Figure 6) is formed in
oxynitride, or the like. When the semi-  the silicon layer 47 and in the
masking layer     conductive body 40 consists of silicon, as in  46 so as
to expose a portion of the diffused     this example, the coating 42 may
consist of  region 44. In this example, the aperture 50 30 silicon oxide
formed by heating the semi-  is ring-shaped, and surrounds the diffused  95
conductive body 40 in an oxidizing ambient.  region 48. A ring-shaped
metallic electrode       Standard photolithographic techniques are  51 is
deposited within the aperture on the     utilized to form an aperture 43
(Figure 4)  exposed portion of face 41 within the aper-     in the masking
coating 42, thus exposing a  ture 50. Another metallic electrode 52 is 35
predetermined portion of face 41. The semi-  deposited on the portion of
the silicon layer 100     conductive body 40 is now treated in the  47 over
the diffused region 48. Electrical     vapors of a suitable conductivity
modifier,  lead wires 53 and 54 are attached to the     which in this
example is an acceptor such  electrodes 51 and 52 respectively. The re-
as boron, to form a P type region, 44 in  maining steps of mounting and
casing the 40 semiconductive body 40 immediately adja-  device  are
accomplished  by  standard 105     cent face 41. The size and shape of the
methods of the art. The device thus fabri-     diffused region 44
corresponds to the size  cated is a bipolar triode transistor, wherein
and shape of aperture 43, since the remain-  electrode 52 serves as the
emitter electrode,     ing portions of coating 42 acts as a mask  and
electrode 51 serves as the base electrode. 45 against the diffusion of the
conductivity modi-    One advantage of the device thus fabri- 110     fier.
A PN junction 45 is formed at the  cated is that the polycrystalline
semiconduc-     interface or boundary between the P type  tive layer 47 is
not removed from the sur-     diffused region 44 and the N type bulk of
face of the device, and acts as a protective     body 40.
cover over the device surface; more par- 50    The remaining portions of
the masking  ticularly as a cover over the surface inter- 115     coating
42 are removed, and a fresh mask-  cept of the PN junction 49, which is
never     ing coating 46 (Figure 5) is deposited on  exposed to the
atmosphere. Another ad-     face 41 of body 40. Coating 46 may for  vantage
of the device is that the same poly-     example consist of silicon nitride
deposited  crystalline semiconductive layer 47 which 55  by the reaction of
silane and ammonia.  serves as a diffusion source and a device 120
Photolithographic methods are utilized to  cover also serves as a device
electrode. The 



form an aperture in the masking coating 46.  fabrication  steps  required
are  thereby     The aperture exposes a portion of face 41  simplified,
thus increasing the manufactur-     completelly internal the diffused
region 44.  ing yield and decreasing the unit cost. 60    A layer 47 of
doped polycrystalline silicon     is now deposited over the masking layer
46                EXAMPLE II                   125     and over the exposed
portion of face 41.    A  crystalline semiconductive body 60     Suitably,
the polycrystalline silicon layer 47  (Figure 7) of given conductivity type
is     is deposited by the decomposition of silane  prepared with at least
one major face 61.        4
1,198,569                                         4      The semiconductive
body 60 may consist Electrical lead wires 73 and 74 are attached     of
silicon, germanium, gallium  arsenide,  to electrodes 71 and 72
respectively. The     silicon-germanium  alloys, and  the  like. remaining
steps of mounting and casing the     Standard masking and diffusing
techniques  device  are  accomplished  by  standard  5  are employed to
form a diffused base region  methods of the art.                        70
63 of opposite conductivity in body 60, im-   In the operation of the
device as a bipolar     mediately adjacent face 61. A  rectifying  triode
transistor, each of the dielectric layers     barrier 64 is formed at the
boundary be-  68 act as a resistance in series with the     tween the
diffused region 63 and the bulk  corresponding emitter region 66, and thus
10 of body 60. The rectifying barrier 64 be-  prevent the formation of "hot
spots" at any  75     comes a base-collector junction of the device. one
emitter site.     Face 61 is masked with an insulating re-    Reference is
made to our co-pending     fractory coating 62. The coating 62 may  Patent
Application  No. 12002/68 (Serial     for example consist of silicon oxide.
A   No. 1,152.156) describing and claiming a 15  plurality of apertures are
formed in the  semiconductor device.                         80     masking
coating 62 so as to expose a plur-     ality of areas of face 61, all of
the exposed    WHAT WE CLAIM  IS: -     areas being within the boundaries
of the    1. A semiconductor junction device com-     diffused region 63. A
thin layer 65 of poly-  prising: depositing a polycrystalline layer 20
crystalline silicon containing a suitable con-  body of given conductivity
type; a layer of     ductivity modifier is now deposited by the  low
resistivity polycrystalline semiconduc-  85     low  temperature  method
described  in  tive material on a portion of the surface of     Example I
within each of the apertures in  said body, said polycrystalline layer
having     the masking layer 62. As the polycrystalline  incorporated
therein a conductivity modifier 25  silicon layers 65 are deposited, some
of the  capable of altering the conductivity type of     conductivity
modifier in  each  layer 65  said body; a region of said body immedi-  90
diffuses into the immediately adjacent por-  ately adjacent said layer,
said region hav-     tions of face 61, and forms a plurality of  ing a
conductivity type opposite that of     emitter regions 66 of given
conductivity type.  said body; a rectifying junction between said 30 In the
drawing, only two such emitter regions  region of said body and the
remainder of     66 are shown for greater clarity, but it will  said body
and an electrical connection to  95     be understood that in practice, the
number  said polycrystalline layer.     of such isolated emitter regions
may exceed   2. A  device as claimed  in claim  1,     100. The interface
67 between each shallow  wherein said monocrystalline body and said 35
emitter region 66 and the base region 63  polycrystalline layer consist of
the same kind     becomes one of the emitter-base junctions of  of
semiconductor material.               100     the device.
3. A  device as claimed in claim  1,       In this embodiment, a layer of
electric-  wherein said monocrystalline body and said     ally resistive
material 68 is deposited on  polycrystalline layer consist of silicon. 40
each of the doped polycrystalline silicon    4. A method of fabricating a
semicon-     layers 65. A  wide variety of dielectric  ductor junction
device characterized by com- 105     materials may be employed for this
pur-  prising: depositing a polycrystalline layer     pose. Advantageously,
the dielectric layer  of semiconductive material on at least a     68
consists of high resistivity polycrystalline  portion of a surface of a
monocrystalline 45  silicon deposited by the thermal decomposi-
semiconductor body, said  polycrystalline     tion of silane as described
above, but with-  layer having incorporated therein a conduc- 110     out
the addition of any doping agent. A   tivity modifier capable of altering
the con-     layer 69 of heavily doped polycrystalline  ductivity type of
said body; heating said     silicon is then deposited over the top of  body
to diffuse said conductivity modifier  50 each dielectric layer 68 and over
the top  from said polycrystalline layer into that por-      of the masking
layer 62. The layer 69  tion only of said body which is immediately 115 



is of the same conductivity type as the layers  adjacent said
polycrystalline layer to alter      65, and serves as an electrical contact
to all the conductivity type of said portion; de-      of the emitter
regions 66.                  positing a layer of high resistivity material
55    An opening 70 (Figure 8) is made in  on said polycrystalline layer;
and forming an      layers 62 and 69 to expose a portion of face
electrical contact to said high resistivity 120      61 within the diffused
base region 63. A   layer.      metallic base electrode 71 is deposited on
5. A method of fabricating a semicon-      the portion of face 61 thus
exposed. In  ductor junction device comprising: forming  60 this example,
the base electrode 71  is  a monocrystalline semiconductive body with
annular, and extends around the plurality  a region of given conductivity
type immedi- 125      of discrete emitter regions 66. At the same  ately
adjacent one surface of said body; de-      time, a metallic emitter
electrode 72 is de-  positing an insulating masking layer on said
posited on the portion of layer 69 which  one surface to expose a plurality
of discrete  65  interconnects all the emitter regions 66. portions of said
given type region; deposit-             4
1,198,569                                         4      The semiconductive
body 60 may consist Electrical lead wires 73 and 74 are attached     of
silicon, germanium, gallium  arsenide,  to electrodes 71 and 72
respectively. The,     silicon-germanium  alloys, and  the  like. remaining
steps of mounting and casing the     Standard masking and diffusing
techniques  device  are  accomplished  by  standard  5  are employed to
form a diffused base region  methods of the art.                        70
63 of opposite conductivity in body 60, im-   In the operation of the
device as a bipolar     mediately adjacent face 61. A  rectifying  triode
transistor, each of the dielectric layers     barrier 64 is formed at the
boundary be-  68 act as a resistance in series with the     tween the
diffused region 63 and the bulk  corresponding emitter region 66, and thus
10 of body 60. The rectifying barrier 64 be-  prevent the formation of "hot
spots" at any  75     comes a base-collector junction of the device. one
emitter site.     Face 61 is masked with an insulating re-    Reference is
made to our co-pending     fractory coating 62. The coating 62 may  Patent
Application No. 12002/68 (Serial     for example consist of silicon oxide.
A   No. 1,152,156) describing and claiming a 15  plurality of apertures are
formed in the  semiconductor device.                         80     masking
coating 62 so as to expose a plur-     ality of areas of face 61, all of
the exposed    WHAT WE CLAIM  IS: -     areas being within the boundaries
of the    1. A semiconductor junction device com-     diffused region 63. A
thin layer 65 of poly-  prising: depositing a polycrystalline layer 20
crystalline silicon containing a suitable con-  body of given conductivity
type; a layer of      ductivity modifier is now deposited by the  low
resistivity polycrystalline semiconduc-  85      low  temperature  method
described  in  tive material on a portion of the surface of      Example I
within each of the apertures in  said body, said polycrystalline layer
having      the masking layer 62. As the polycrystalline  incorporated
therein a conductivity modifier  25  silicon layers 65 are deposited, some
of the  capable of altering the conductivity type of      conductivity
modifier in  each  layer 65  said body; a region of said body immedi- 90
diffuses into the immediately adjacent por-  ately adjacent said layer,
said region hav-      tions of face 61, and forms a plurality of  ing a
conductivity type opposite that of      emitter regions 66 of given
conductivity type.  said body; a rectifying junction between said  30 In
the drawing, only two such emitter regions  region of said body and the
remainder of      66 are shown for greater clarity, but it will  said body
and an electrical connection to  95      be understood that in practice,
the number  said polycrystalline layer.      of such isolated emitter
regions may exceed   2. A  device as claimed in claim  1,      100. The
interface 67 between each shallow  wherein said monocrystalline body and
said  35  emitter region 66 and the base region 63  polycrystalline layer
consist of the same kind      becomes one of the emitter-base junctions of
of semiconductor material.           100      the device.
3. A  device as claimed in claim  1,      In this embodiment, a layer of
electric-  wherein said monocrystalline body and said      ally resistive
material 68 is deposited on  polycrystalline layer consist of silicon.  40
each of the doped polycrystalline silicon    4. A method of fabricating a
semicon- 



layers 65. A  wide variety of dielectric  ductor junction device
characterized by com- 105       materials may be employed for this pur-
prising: depositing a polycrystalline layer       pose. Advantageously, the
dielectric layer  of semiconductive material on at least a       68
consists of high resistivity polycrystalline  portion of a surface of a
monocrystalline  45  silicon deposited by the thermal decomposi-
semiconductor body, said  polycrystalline       tion of silane as described
above, but with-  layer having incorporated therein a conduc- 110       out
the addition of any doping agent. A  tivity modifier capable of altering
the con-       layer 69 of heavily doped polycrystalline  ductivity type of
said body; heating said       silicon is then deposited over the top of
body to diffuse said conductivity modifier   50 each dielectric layer 68
and over the top  from said polycrystalline layer into that por-       of
the masking layer 62. The layer 69  tion only of said body which is
immediately 115       is of the same conductivity type as the layers
adjacent said polycrystalline layer to alter       65, and serves as an
electrical contact to all the conductivity type of said portion; de-
of the emitter regions 66.                  positing a layer of high
resistivity material   55    An opening 70 (Figure 8) is made in  on said
polycrystalline layer; and forming an       layers 62 and 69 to expose a
portion of face  electrical contact to said high resistivity 120       61
within the diffused base region 63. A  layer.       metallic base electrode
71 is deposited on    5. A method of fabricating a semicon-       the
portion of face 61 thus exposed. In  ductor junction device comprising:
forming   60 this example, the base electrode 71  is  a monocrystalline
semiconductive body with        annular, and extends around the plurality
a region of given conductivity type immedi- 125        of discrete emitter
regions 66. At the same  ately adjacent one surface of said body; de-
time, a metallic emitter electrode 72 is de-  positing an insulating
masking layer on said        posited on the portion of layer 69 which  one
surface to expose a plurality of discrete   65  interconnects all the
emitter regions 66. portions of said given type region; deposit-        5
1,198,569                                           5      ing a first
layer of low  resistivity poly-  necting all said discrete portions of said
ystalline semiconductive material as dis-  high resistivity layer; and,
forming an elec-     crete portions on each of said discrete por-  trical
contact to said second layer of low  25     tions only of said given type
region, said  resistivity polycrystalline material.  5  low resistivity
semiconductive material hav-    6. A  method  as claimed in claim  5,
ing incorporated therein a conductivity modi-  wherein said monocrystalline
body and said     fier capable of altering  the conductivity
polycrystalline layers consist of silicon.     type of said body; heating
said body to    7. A semiconductor junction device sub-  30     diffuse
said conductivity modifier from said  stantially as hereinbefore described
with re- 10  discrete portions of said first layer of poly-  spect to
Figure 6 or to Figure 8 of the     crystalline semiconductive material into
said  accompanying drawings.     discrete portions only of said given
conduc-    8. A method of fabricating a semicon-     tivity type region and
to thereby convert  ductor junction device substantially as here-  35
said portions to opposite conductivity type;  in described with reference
to the accom- 15  depositing a layer of high resistivity material  panying
drawings.     as discrete portions on each said discrete     portion of
said first layer of polycrystalline           For the Applicants,
semiconductive material; depositing a second      MATTHEWS, HADDAN & CO.,
layer of said low resistivity polycrystalline         Chartered Patent
Agents, 20  material on said high resistivity layer, and            31-32,
Bedford Street,      on portions of said masking layer, said
London, W.C.2.      second layer of polycrystalline material con-
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1970.                 Published at The Patent Office, 25 Southampton
Buildings, London, WC2A lAY                                   from which
copies may be obtained.    


