
6                                       1,1 13,344    con.  Thus a channel
shorting the base  surface, said electrode serving to counter-   contact to
the collector cannot be com-  act the effects of surface inversion in the
pleted.                                    device.      The field relief
electrode of this inven-    2. A  semiconductor device  according  5 tion
has utility in semiconductor devices  to claim  1. wherein said region is a
part 70    other than the transistors, etc., illustrated  of an electrical
component.    above. For example, the reverse charac-    3. A
semiconductor device according to    teristics of a diode are distinctly
improved  claim  1 or 2, wherein a first insulating    by the use of this
invention.  The base-  coating covers at least a portion of said 10
collector junctions of the transistors de-  surface.
75    scribed herein may be considered as di-   4. A semiconductor device
according to    odes, ignoring  the emitters and emitter  Claim 1, wherein
said electrode does not    contacts.
extend  over the  junction  between  said      Primary emphasis has been
placed upon  region and the material of the semicon- 15 the use of the
field relief electrode to avoid  ductor body adjacent said region.   80
degradation due to inversion of p-type sili-   5. A semiconductor device
comprising a    con since this appears to be the situation  semiconductor
body having a region of a    in which the effect is most troublesome. In-
first conductivity type formed adjacent one    version of n-type silicon
also occurs, how-  surface thereof, the material of the semi- 20 ever, and
so it will be understood that the  conductor body adjacent slid region
being 85    principles of the invention apply equally  of a second
conductivity type, an electrode    well to n-p-n transistors or the like
cor-  making electrical contact with the material    responding in
structure to the p-n-p de-  of the semiconductor body adjacent said
vices shown. It may be noted that lightly  region only, said electrode
having a closed 25 doped n-type silicon exhibits the inversion
configuration surrounding  said region in 90    effect rather noticeably,
but in fairly doped  spaced relationship therefrom and compris-    n-type
silicon inversion is not ordinarily  ing a portion in ohmic contact with
said    detected.  Consider the transistor of Fig-  material of the body
adjacent said region,    ure 3. but with the collector regions 31 and  and
a shield portion inwardly extending 30 32, and the emitter region 34 being
n-type  from  the contact portion  toward  said 95    and the base region
33 being p-type. Here  region and spaced from  the surface. said    the
guard ring 36 would be n+ rather than  electrode serving to counteract the
effects    p+.  Biasing the base negative with re-  of surface inversion in
the device.    spect to the collector will produce a field    6. A
semiconductor device according to 35 beneath the strip 39 which tends to
place  any preceding claim  3 wherein a second 100    a positive charge
adjacent the siliicon sur-  insulating coating covers said shield por-
face, thus tending to invert the surface of  tion.    the n-type collector
to p-type. The elec-    7. A semiconductor device according to    trode 43
will prevent this from  occurring  Claim  6, wherein a conductive strip
over- 40 by eliminating the field just as in the p-n-p  lies said second
insulating coating and the 105    arrangement.
shield portion and makes electrical con-      Devices constructed using
semiconduc-  tact with said region.    tor materials other than silicon,
such as    8. A semiconductor device according to    germanium  or the
III-V  compounds, may  claim 6, wherein a second region is formed 45
utilize this invention to advantage in some  adjacent said surface within
said region, 110    cases. Silicon has been used as an example  which
region is of the second conductivity    because the inversion effect
appears most  type and wherein conductive strips overlie    prevalent in
this material.                said  second insulating  coating  and  the
WHAT WE CLAIM  IS:                       shield portion and make separate
electrical 50   1. A  semiconductor device comprising  contact with the
first and second regions. 115    a semiconductor body having a region of 9
A semiconductor device according to    a first conductivity type formed
adjacent  claim 8, wherein said device is a PNP plan-    one surface
thereof, the material of the   claim 8, wherein said device is a PNP plan-
semiconductor body adjacent said region  ar transistor, said semiconductor
body is of 55 being of a second conductivity type, an  P-type conductivity,
said first region is of    electrode making electrical contact with  N-type
conductivity, said second region is 120    the material of the
semiconductor body   of P-type conductivity and said electrode      the
material of the semiconductor body  contacts a more heavily doped P+  type
adjacent said region. said electrode having  conductivity region.    a
closed configuration  surrounding  said 60 region in spaced apart
relationship there-    10. A method of making a semiconduc-    from  and
comprising a portion in ohmic  tor device including the steps of:
125    contact with said material of the body ad-  (a) diffusing impurities
into one face of a    jacent said region, and a shield portion in-
semi-conductor  body  using  a  silicon    wardly extending from the
contact portion    oxide coating as a mask to form a region 65 toward said
region and spaced from  the    in said one face of conductivity type
[err]                                                  1,113,344
7       opposite that of the subjacent semicon-    the opening thereover.
20      ductor material,                            11. A  method according
to  claim  10,    (b) forming an opening in the silicon oxide  which
includes  a plurality  of diffusion      coating on said one face which
defines a  steps for forming regions in said semicon-  5   closed
configuration  surrounding  but  ductor body.      spaced from  said
region,                   12. A  semiconductor device, substanti- 25    (c)
selectively applying a metal film to said  ally as described herein with
reference to      one face to adhere to the silicon sur-  and as
illustrated by Fig. 3 and Fig. 4 or      face in said opening and to extend
in-  any of Figs. 10 to 13 of the accompanying 10   wardly towards said
region of the oxide  drawings.      coating transverse to the opening,
13. A method for making a semiconduc- 30    (d) applying another silicon
oxide coating  tor device, substantially as described here-      to said
one face over the metal film,     in with reference to Figs. 5 to 8 of the
(e) forming an opening in the oxide coat-  accompanying drawings. 15  ing
above said region, and                      H. D. FITZPATRICK  & CO.,
(f) applying a conductive metal strip over          Chartered Patent Agents
of       the oxide coating, the strip extending       27 Chancery Lane,
London W.C.2       across but being insulated from the metal
and       film, the strip engaging said region in      14-18 Cadogan
Street, Glasgow C.2.   Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1968. Published at the Patent
Office, 25 Southampton Buildings, London, W.C.2, from which copies may be
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