
4                                           978,561       semiconductor
compounds are doped with  arsenide wafer 43-is achieved by an alloyed
tin.                                        silver-zinc ring 44.
Although silicon, germanium and tin will   It is to be recognized that tin
may be      all act as donors in gallium arsenide to some  diffused, rather
than alloyed, into gallium   5  degree, tin is the preferred element for
arsenide to produce N-type doping. For 70      several reasons. First of
all, tin has the  diffusion, the gallium  arsenide wafer is      lowest
melting point of these three elements  sealed in an evacuated ampoule of
quartz or      and, therefore, is more easily alloyd to the  similar
material,  together with a small      IIIa-Va compounds. Secondly, tin is
more  amount of tin so arranged that the tin is not  10  solid soluble in
the gallium arsenide than are  in contact with the wafer. The ampoule and
75      germanium and silicon. Thirdly, tin is a  its contents are then
heated to from 800[err] C.      stronger donor impurity than the other two
to 1000[err] C. for a period of from one hour      elements, probably
because it enters the  to about fifty hours.      semiconductor
substituting for nearest neigh-    The donor doping properties of tin which
15  bour pairs only to a slight degree as com-  make this material useful
in the formation 80      pared with silicon and germanium.        of
rectifying contacts to P-type gallium arse-        The strong doping
properties of tin in  nide, also make this material excellent for
gallium arsenide make it an excellent ma-  the formation of ohmic contacts
to N-type      terial for use in forming the emiter of gal-  gallium
arsenide. 20  lium arsenide transistors.                     The processes
outlined above for the 85        A  gallium  arsenide NPN diffused base
manufacture of various gallium  arsenide      transistor may be produced
using the techni-  transistors have been described omiting cer-      que
illustrated in Fig. 2a-c.   A starting  tain necessary etching, cleaning,
and other      wafer 31 of N-type conductivity has diffused  steps, all of
which are usual and conventional 25  into its surface to a depth of a few
mils a  in the art in the production of transistors, 90     P-type
conductivity impurity such as zinc  since these particular steps form no
part of     to produce a P-type "skin" as shown by the  the inventive
concept of the present inven- 



dashed lines in Fig. 2a. The resulting P-  tion.     type gallium arsenide
is then removed from  WHAT WE CLAIM IS: - 30  all but one surface of the
wafer, as by etch-   1. A  transistor comprising a body of 95     ing,
leaving only the P-type region 32 be-  gallium arsenide having therein a
region of     neath the one surface. Tin is then evapor-  P-type
conductivity, and having alloyed to     ated onto a small region 33 of the
P-type  at least a portion of said region of P-type     surface, and a
zinc-gold alloy is evaporated  conductivity a body comprised of tin or 35
onto another small region 34 adjacent the  principally of tin.
100     tin. The wafer is then heated to from about    2. A transistor
according to Claim 1, in     600[err] C. to about 800[err] C for a time
suffici-  which said region of P-type conductivity is     ent to alloy the
tin and the zinc-gold alloy to  diffused.     the wafer. The wafer is then
masked in    3. A transistor according to Claim 1 or 40  an area
immediately surrounding the two  2, wherein there is included a body of
zinc 105     alloyed contacts and the unmasked P-type  and gold alloyed to
said region of P-type     region removed by etching to produce a
conductivity at a point spaced from the body     "mesa" structure (see Fig.
2c) in the con-  comprised of tin.     ventional way. After removal of the
mask-    4. A  transistor according to Claim  1, 45  ing material, leads 35
and 36 are attached  including an additional body comprised of 110     as
by thermal compression bonding to the tin alloyed to said region of P-type
conduc-     two alloyed regions, and a tab 37 is soldered  tivity at a
point spaced from the first body     to the N region of the wafer. The
N-type  of tin.     region 31a of the wafer comprises the col-   5. A
transistor according to Claim  4, 50  lector of the transistor and the
P-type dif-  wherein there is included a silver-zinc ring 115     fused
region 32a of the mesa, the base. The  alloyed to said region of P-type
conduc-     zinc-gold alloy contact 34, forming an ohmic  tivity.
contact to the P-type region, acts as the base    6. A  gallium  arsenide
transistor sub-     contact to the transistor and the tin-alloyed
stantially as herein described with reference 55  contact 33, forming a
rectifying contact with  to Figs. 2a to 2c of the accompanying draw- 120
the P-type region, acts as the emitter con-  ing.     tact of the
transistor.                       7. A gallium arsenide transistor substan-
A gallium arsenide NPN alloy transistor  tially as herein described with
reference to     can be made by alloying tin into opposite  Fig. 3 of the
accompanying drawing. 



60  sides of a P-type gallium  arsenide wafer.     Such a transistor
(before the attachment of    H. D. FITZPATRICK & CO.,     leads) is shown
in Fig. 3 wherein the tin         Chartered Patent Agents,     emitter dot
is designated as 41 and the tin  3 Gray's Inn Square, London, W.C.1,
collector dot is designated as 42. Contact to              and 65  the base
region-bulk of the P-type gallium    94 Hope Street, Glasgow, C.2.
Abingdon: Printed for Her Majesty's Stationery Office, by Burgess & Son
(Abingdon), Ltd-1964.                 Published at The Patent Office, 25
Southampton Buildings, London, W.C.2,                                  from
which copies may be obtained.           4
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