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METHOD OF FABRICATING SEMICONDUCTOR 
DEVICES 

Matter encloud in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

(I) Field of the invention 

This invention relates to the fabrication of semicon 
ductor devices, and more particularly relates to a 
method for ?lling depressions in a semiconductive 
body by selectively oxidizing regions of the depression. 
The invention has special application to the class of 

devices having a junction to be operated in avalanche 
breakdown. This class includes avalanche photodiodes, 
PNPN diodes, avalanche transistors, and IMPATT di 
odes. IMPATT, an acronym for the I: phase ] phrase 
[Ml’act Avalanche and Transit Time, is a generic name 
applied to devices which employ the avalanche and 
transit time properties of semiconductor structures to 
produce negative conductance at microwave and milli 
meter wave frequencies. This negative conductance is 
employed in microwave amplifiers and oscillators and 
represents a powerful solid state source of high fre 
quency microwave power. It will be convenient to de 
scribe this invention speci?cally in terms of the IM 
PATT diode. 

(2) Description of the prior art 
Semiconductor devices fabricated according to the 

widely used planar process have certain advantages 
including ease of interconnection of devices by means 
of overly contacts and including passivation against 
contamination that would tend to deleteriously a?'ect 
device characteristics. Highly characteristic of the pla 
nar process is the diffusion of impurities through a 
mask to form a PN junction comprising a plane central 
portion and a curved surrounding edge portion which 
intersects the surface. The geometry of such a junction 
favors the occurrence of avalanche breakdown at ei 
ther the surface or at the curved edge of the junction. 
Unfortunately, such breakdown is generally less desir 
able than breakdown in the bulk over the larger area 
central plane portion of the junction. 
Various techniques have been suggested to ensure 

bulk rather than surface or edge breakdown. 
One class of such techniques con?nes itself substan 

tially to the conventional planar process. Typical of this 
class is the method described in US. Pat. 3,345,211, 
issued Oct. 3, 1967. [n that process the resistivity of the 
semiconductor material adjoining the edge portions of 
the junction is adjusted to promote bulk breakdown 
rather than surface breakdown. A diode fabricated in 
that way avoids the surface breakdown problem, but 
there still remains the problem that the curved edge 
portion of the junction tends to have a lower break 
down than the central planar portion. As a conse 
quence, the breakdown tends to be localized at the 
relatively small area of the curved edge, thus adding 
excess resistance to the diode. This is particularly unde 
sirable for a negative conductance device in that series 
resistance subtracts directly from the available negative 
resistance. 
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2 
Another such technique which has been employed to 

induce uniform breakdown of the central planar por 
tion of the junction is the use of a guard ring which is a 
low resistivity zone surrounding the surface and edge 
portions of the junction. However, this approach tends 
to add excess capacitance and resistance to the diode, 
both of which limit the available output power and high 
frequency response. 
One way to avoid breakdown at the curved edge of a 

planar junction is to abandon the planar structure and 
revert to the old mesa structure such as is depicted in 
the US. Pat. 3,067,485 to D. F. Ciccolella et al., issued 
Dec. ll, 1962. However, mesa structures of the prior 
art have two distinct disadvantages. One is the lack of 
adequate junction passivation which causes surface 
breakdown where the junction comes to the sidewalls 
of the mesa. A second disadvantage is the obvious 
dif?culty of interconnecting elements, such as to form 
an integrated circuit. 
Accordingly, an object of the present invention is a 

semiconductor devices containing an avalance junction 
which avoids the tendency to edge or surface break 
down without sacri?cing efficiency and high speed of 
response. 
A further object of this invention is a semiconductor 

structure having the desirable avalanche breakdown 
properties of the older mesa structures while retaining 
the passivation and overlay contact features of planar 
structures. 
A broad object of the invention is a method for selec 

tively filling depressions in a semiconductive body. 
Another broad object of the invention is a method for 

forming a mesa of epitaxially grown semiconductive 
material over a bulk portion of semiconductor mate 
rial, with the mesa laterally surrounded by a grown 
genetic oxide of the epitaxial semiconductive material 
in such a manner that the surface of the grown genetic 
oxide is substantially coplanar with the surface of the 
mesa. 

SUMMARY OF THE INVENTION 

To these ends, the present invention provides a pro 
cess for the convenient fabrication of a semiconductor 
structure which includes a mesa-like semiconductor 
portion within a plane surface on which overlay 
contacts may be formed. 

In one aspect an important feature of the method of 
this invention is the use of a multirole mask on a semi 
conductor surface. In one step the mask protects a 
portion of the semiconductor surface while the un 
masked portions are partially etched away. In another 
step the same mask prevents oxidation of the protected 
portion of the semiconductor surface while the previ 
ously etched portions are oxidized. Subsequently the 
mask is removed in a solution which does not attack the 
oxide or the semiconductor surface. 
Another important feature of the method of this 

invention is that use is made of the fact that during the 
thermal oxidation of silicon approximately 1,000 ang 
stroms of silicon oxide is formed for every 440 ang 
stroms of silicon depleted. That is, selective thermal 
oxidation is employed to ?ll depressions in a silicon 
surface. 
As will be apparent from the detailed description set 

forth hereinbelow, an important ?rst step in accor 
dance with this invention is the forming on the surface 
of the expitaxial layer of a body which includes a semi 
conductive epitaxial layer on a semiconductive bulk 
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)ortion a ?rst mask of a material having the character 
stics that it resists etching in an ambient which etches 
he semiconductor material and that it inhibits oxida 
ion of the underlying semiconductor material during a 
.ubsequent step in which the unmasked portion of the 
.urface is oxidized and that it is removable by etching 
n still another ambient which attacks the mask but 
loes not appreciably attack the grown oxide of the 
emiconductor material. After the mask is formed, the 
my is immersed in an ambient which etches the un 
nasked portions of the surface of the epitaxial layer but 
loes not attack the mask, the etching being allowed to 
)roceed until the unmasked portions of the surface of 
he epitaxial layer are etched at least partially through 
he epitaxial layer to form a mesa. Thereafter, and 
vithout removing the mask, the body is exposed at an 
:elevated temperature to a second ambient suf?cient 
o oxidize the unmasked portions of the epitaxial layer 
ll'ld for a time suf?cient that the oxide grown there 
:xtends essentially completely through the epitaxial 
ayer and planarity thus is substantially restored to the 
‘.urface of the body. Then the mask is removed from 
he surface to expose the portions of the surface previ 
)usly underlying the mask; and impurities are intro 
luced into the now exposed portions of the semicon 
luctor surface to modify the conductivity therein, it 
aeing an important advantage of this impurity~intro 
lucing step that the aforementioned grown oxide is 
lsed as a second mask for enabling selective introduc 
ion of impurities into the now exposed semiconductor 
'egions. 
In accordance with the preferred embodiment of this 

nvention, the impurities introduced into the exposed 
semiconductor portions are of a type and amount suffi 
:ient to form in the mesa a plane rectifying junction 
which intersects the sides of the mesa where such sides 
11'6 covered by the grown genetic oxide. 
In a ?rst described embodiment of this invention an 

[MPATT diode is prepared essentially as follows. A 
ightly doped N-type layer is formed on a plane surface 
)f a more heavily doped N-type monocrystalline silicon 
)ody. Typically, the N-type layer is formed by an epi 
‘axial growth process. Then the portion of the layer 
which is to de?ne the I: idode ] diode junction area is 
nasked with, for example, silicon nitride, a material 
iaving the above-described characteristics, and the 
inmasked portions of the semiconductor surface are 
:tched to a predetermined depth, thus forming a mesa. 
Jsing the fact that, during thermal oxidation, silicon 
)xide thickness increases faster than the underlying 
:ilicon is depleted, the etched regions are then oxidized 
mtil they are substantially ?lled with oxide, thus restor 
ng a substantially plane surface on which overlay 
:ontacts may be formed. 
Thereafter, the mask is removed from the surface by 

:tching in a solution which attacks the mask but does 
tot attack the surrounding silicon oxide. The ?nal step 
s a diffusion of impurities into the previously masked 
)ortion of the semiconductor material to form therein 
tthin P-type zone adjacent the surface, thereby form 
ng a plane PN junction extending laterally to the side 
valls of the semiconductive mesa. By diffusing to a 
Iepth such that the jucntion intersects the sidewalls of 
he mesa at a point beneath the surface of the thermally 
grown oxide, passivation of the junction is achieved. 
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BRIEF DESCRIPTION OF THE DRAWING 

The invention and its further objects and features will 
be more clearly understood from the following detailed 
description taken in conjunction with the drawing in 
which: 
FIG. 1 shows in cross section an IMPA'IT diode 

fabricated in accordance with this invention; 
FIGS. 2 through 6 show the IMPA'IT diode in vari 

ous stages of its manufacture; 
FIG. 7 show a cross section of two diodes connected 

in series; and 
FIG. 8 shows a cross section of a PNPN diode fabri 

cated in accordance with this invention. 
It will be understood that although the following 

process is described in terms of a single element, the 
steps of the process may be performed upon an entire 
slice which subsequently is divided into several hun 
dred single elements. 

DETAILED DESCRIPTION 

In the IMPATT diode l0 depicted in FIG. 1, the 
monocrystalline silicon body comprises a mesa portion 
of reduced cross section on a bulk portion 11 of in 
creased cross section. Bulk portion 11 is of low resistiv 
ity N-type conductivity while the mesa includes a 
higher resistivity N-type zone 15 contiguous with the 
bulk and a shallow P-type surface zone 14 contiguous 
with zone 15, thereby forming a plane PN junction 13. 
The bulk portion surrounding the mesa supports a 

silicon oxide layer 12 of height such that its upper 
surface is substantially coplanar with the plane surface 
of the mesa. 
Junction 13 intersects the surface of the body at the 

sidewalls of the mesa, and so the region of intersection 
is buried beneath the surface of the silicon oxide, 
thereby being protected from contamination which 
would deleteriously affect the junction. 
Generally, as will appear below, it will be desirable to 

fonn the mesa from a layer which is grown expitaxially. 
This facilitates achieving the desired high resistivity for 
layer 15. 
A ?rst metal electrode 21 contacts the P-type zone 

14 of the diode. A ring contact (not necessarily 
closed), seen in cross section as metallic regions 22 and 
23, contacts the low resistivity N-type substrate 11. To 
minimize series resistance, zones 22 and 23 are advan 
tageously as close as possible to the mesa, subject only 
to the provision that the contacts do not in any way 
interfere with the space charge depletion region associ 
ated with junction 13. 

It will be noted in FIG. 1 than an optional second 
insulating layer 16 has been formed over the surface of 
both the oxide and the semiconductor portions of the 
IMPATT diode for the purpose of providing further 
protection against contamination. Layer 16 may be of 
silicon nitride, aluminum oxide, or zirconium oxide, or 
of any other material known to provide protection 
against contamination. 
The N-type region 15 is advantageously adjusted in 

thickness and resistivity such that when junction 13 is 
reverse-biased, that portion of the space charge deple 
tion region which extends into layer 15 should ap 
proach interface 17 between layer 15 and substrate 11 
when the electric ?eld in the space charge depletion 
region is at the threshold of avalanche breakdown. 

If avalanche breakdown occurs before region 15 is 
swept out, both the DC bias current and any AC signal 
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current is forced to flow through part of the relatively 
high resistivity region 15, thereby adding series resis 
tance to the IMPATT diode and thereby detracting 
from any negative resistance which is produced. 
On the other hand, the space charge region of junc 

tion 13 cannot extend signi?cantly beyond interface 17 
due to the high density of free charge carriers in sub 
strate 11. It has been found that if avalanche break 
down requires a voltage signi?cantly higher than that 
voltage necessary to just deplete layer 15 of free charge 
carriers, the high frequency oscillations can grow in 
magnitude until the device is thermally destroyed. 
Though this problem is not well understood, it is 
avoided by the above~suggested relation between the 
thickness and resistivity of layer 15. 

In accordance with the presently described embodi~ 
ment of the invention, an IMPATT diode of the kind 
shown in FIG. 1 is fabricated as follows: 
Referring to FIG. 2, the starting material is a mono 

crystalline silicon water 1 1 having a very heavy concen 
tration of arsenic impurity such that the resistivity is 
less than about 00015 ohm-centimeter. On one surface 
there is grown, in conventional fashion, a one micron 
thick epitaxial layer 31 in which arsenic again is the 
predominant impurity but of lesser concentration such 
that the resistivity of the epitaxial layer is about 0.05 
ohm-centimeter. 
A 2000 angstroms thick masking layer 32, for exam 

ple, of silicon nitride, is then deposited on epitaxial 
layer 31 by the conventional process including pyrolitic 
decomposition of an organic silane. 
As will become more evident hereinbelow, masking 

layer 32 serves a multiple function, and as such will 
advantageously have the following characteristics It 
should not be appreciably etched by the ambient (liq 
uid or gaseous) which is to be used subsequently to 
etch silicon. Further, it should be etched by an ambient 
which will appreciably etch neither silicon nor silicon 
oxide. In addition, during subsequent thermal oxidation 
of the silicon body, layer 32 should prevent oxidation 
of silicon material covered by that layer. Finally, layer 
32 should not form, with the underlying silicon, any 
alloys, compounds, or mixtures which are not conve 
niently removed without damaging the surrounding 
silicon and silicon oxide. 
The next processing step is the removal of portions of 

layer 32 from all regions of the surface of epitaxial 
layer 31 except those under which a rectifying junction 
will be subsequently formed. This removal is accom 
plished, for example, by forming a photoresist ?lm or 
coating selectively over portions of the layer 32; etch~ 
ing the exposed portions of layer 32 in a solution of 
phosphoric acid maintained at a temperature of about 
180° C; and then dissolving the remaining photoresist 
in a standard solution intended therefor. 
Then by conventional techniques, such as etching in 

hydro?uoric acid, the now exposed portions of the 
semiconductor surface are etched for a time sufficient 
to remove about 70 percent, i.e., about 0.7 micron of 
epitaxial layer 31. The resulting mesa-like structure is 
shown in FIG. 3 wherein all but a central portion of the 
epitaxial layer has been etched leaving the epitaxial 
zone 41 covered by the silicon nitride mask 42. As 
depicted, some undercutting typically occurs. 
Then, as shown in FIG. 4, thermal oxidation of the 

entire structure at about 1050° C. in steam for about 
two hours converts the unprotected portions of epitax 
ial layer 31 to oxide. 
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6 
Inasmuch as about 1,000 angstroms of silicon oxide is 

formed for every 440 angstroms of underlying silicon 
depleted, the oxidation step is advantageously adjusted 
such that the formed oxide zones 51 and 52 substan 
tially ?ll the voids created by the etching and thus 
restore a substantially planar surface 53, as shown in 
FIG. 4. 
The next step is to remove the silicon nitride mask 41 

by immersing the body in a bath of hot (about [ 80° 
C ] 180° C) phosphoric acid which does not attack 
silicon or silicon oxide appreciably, This leaves the 
structure shown in FIG. 5. 

It will be noted from FIG. 5 that all but a central 
portion of epitaxial layer 31 has been removed, thus 
leaving a mesa-like structure completely surrounded 
laterally by a passivating layer of silicon oxide which 
serves the double purpose of restoring a substantially 
plane surface and of passivating the sidewalls of the 
mesa. 

The next step takes advantage of the known fact that 
silicon oxide is an effective mask against the diffusion 
of boron. The structure shown in FIG. 5 is cleaned in 
conventional fashion and then ,placed in a diffusion 
furnace such that boron is diffused into the exposed 
surface of the mesa to produce, as shown in FIG. 6, a 
shallow zone 14 of P-type conductivity having a sheet 
I: resistivilty ] resistivity of about 500 ohms per 
square. 

It will be noted in FIG. 6 that PN junction 13, formed 
between diffused zone 14 and the undiffused remainder 
of epitaxial zone 15, is substantially planar, i.e., free of 
curved portions. In addition, junction 13 has been 
formed at a depth lower than the surface 53 of the 
oxide zones 51 and 52 so that all points, such as 61 and 
62, at which the junction 13 intersects the sidewalls of 
the mesa are covered and thus passivated by the oxide. 
Referring again to FIG. 1, it will be apparent that a 

variety of arrangements may be adopted for accomlish 
ing actual electrical contact to the semiconductor 
zones. A particularly advantageous technique includes 
the use of a beam lead technology such as disclosed in 
the M. P. Lepselter Pat. 3,335,338, issued Aug. 8, 
1967. 
Similarly, it will be apparent to those skilled in the 

semiconductor integrated circuit art that two or more 
such diodes may be formed and interconnected electri 
cally on a common semiconductor substrate, as shown 
in FIG. 7. 
The two diodes 71 and 72 shown in FIG. 7 each are 

identical to the diode of FIG. 1. It will be apparent that 
the two diodes can be formed on a common N-type 
substrate and then electrically isolated by the removal 
of semiconductor material, as shown to form air gap 73 
and, thus, to leave an air-isolated structure, such as 
disclosed in the US. Pat. 3,335,338 to MP. Lepselter, 
issued Aug. 8, I967. 
More particularly, FIG. 7 shows the two identical 

diodes 71 and 72 connected electrically in series by the 
relatively thick metallic beam 76 which is attached at 
the one end to a portion of the ring contact (shown in 
cross section as zones 74 and 75) to diode 71. The 
other end of beam 76 is attached to the dot contact to 
diode 72. Beam 76 is shown crossing over, but not 
contacting, metallic zone 77 (which is a cross section of 
the ring contact to diode 72), and, as such, may be 
advantageously formed by the techniques in US. Pat. 
3,461,524 issued Aug. 19, 1969 to M. P. Lepselter, and 
assigned to the same assignee as this application. 
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Still further, it will be apparent that the method of 
this invention may be employed to fabricate a diode 
requiring multiple di?usions such as, for example, the 
PNPN diode shown in FIG. 8. 
Referring to FIG. 8, ?rst, there is formed a monocrys 

talline substrate 81 of relatively low resistivity N-type 
:onductivity having a thin layer 82 of relatively high 
resistivity P-type conductivity thereon. A multipurpose 
mask is employed as described hereinbefore in relation 
to the ?rst embodiment to enable etching of the sur 
rounding material to form a mesa and then to enable 
thermal oxidation of the surrounding etched regions to 
substantially reform a plane surface 83 with the top of 
the mesa 84. The multipurpose mask is removed and 
subsequent successive diffusions are employed to form 
?rst the N-type zone 85 and then to convert the surface 
portion of zone 85 to the shallow P-type zone 86. Elec 
tric contacts are made to the front and/or the back of 
the wafer in accordance with conventional techniques. 
in addition, the method of this invention may be 

employed to fabricate an avalanche photodiode simply 
by forming a structure, such as is described with refer‘ 
ence to FIG. 1, with the exception that a transparent or 
serpentine-type electrode pattern is formed on the 
surface of the zone above the junction, and a conven 
tional electrode is formed either on the back of the 
wafer or on the front, such as zones 22 and 23 in FIG. 
1. More particular information relating to fabrication 
of avalanche photodiodes may be found in US. Pat. 
3,514,846 issued June 2, 1970 to W. T. Lynch, and 
assigned to the same assignee as this application. 

It will be understood that the speci?c embodiments 
described are merely illustrative of the general princi 
ples of the invention and that various modi?cations are 
feasible without departing from the spirit and scope of 
the invention. That is, the method of this invention is of 
general applicability for increasing the planarity of a 
silicon wafer by selective thermal oxidation. 
More particularly, it will be evident that the inven‘ 

tion may be employed to form passivated plane junc 
tions free of curved edges in other devices, such as 
avalanche transistors or integrated circuits. 

Still further, it will be apparent that materials other 
than those [ sepci?cally ] specifically mentioned obvi 
ously may be used instead. For example, aluminum 
oxide may be used instead of silicon nitride for the 
multipurpose masking layer. 
What is claimed is: 
[ 1. A method of fabricating a semiconductor device 

comprising the steps of: 
forming on the surface of the epitaxial layer of a body 
which includes a semiconductive epitaxial layer on 
a semiconductive bulk portion a ?rst mask of a 
material having the characteristics that it resists 
etching in a ?rst ambient which etches the semi 
conductor material, it inhibits oxidation of the 
underlying semiconductor material during a subse 
quent step in which the unmasked portion of the 
surface is oxidized, and it is removable by etching 
in a second ambient which attacks the mask but 
does not appreciably attack the grown oxide of the 
semiconductor material; 

immersing the body in the ?rst ambient so that the 
unmasked portions of the surface of the eptiaxial 
layer are removed by etching at least partially 
through the epitaxial layer to form a mesa; 

exposing the body at an elevated temperature to a 
second ambient suf?cient to oxidize the unmasked 

8 
portions of the epitaxial layer for a time sufficient 
that the oxide grown there extends essentially com~ 
pletely through the epitaxial layer and planarity is 
substantially restored to the surface of the body; 

5 removing the mask from the surface to expose the 
portions of the surface thereunderlying; and 

introducing impurities into the exposed semiconduc 
tor portions to modify the conductivity therein, this 
lastmentioned step using the aforementioned 
grown oxide as a second mask for enabling selec 
tive introduction of impurities into the exposed 
semiconductor regions] 

I: 2. A method as recited in claim 1 wherein the 
impurities introduced into the exposed semiconductor 

15 portions are of a type and amount suf?cient to form in 
the mesa a plane rectifying junction which intersects 
the sides of the mesa where such sides are covered by 
the grown oxide. II 

[3. A method as recited in claim 1 wherein the 
20 resistivity of the epitaxial layer is different from the 

resistivity of the bulk portion. 1 
I: 4. A method as recited in claim 1 wherein the 

material for said mask is silicon nitride. I 
I: 5. The method recited in claim 1 further character 

25 ized in that the semiconductor material is silicon] 
[6. The method recited in claim 3 further character~ 

ized in that the material for said ?rst mask is selected 
from the group consisting of silicon nitride and alumi 
num oxide. ] 

I 7. The method recited in claim 5 further character 
ized in that the semiconductor body comprises a low 
resistivity substrate and a higher resistivity epitaxial 
layer thereon] 

[ 8. The method recited in claim 7 further character 
35 ized in that the introduced impurities convert at least a 

portion of the epitaxial layer to a zone of conductivity 
type opposite to that of the epitaxial layer] 

I: 9. The method recited in claim 5 wherein 
the silicon body includes a one micron thick N-type 

epitaxial layer on a thicker bulk portion, 
the ?rst mask is of a material selected from the group 

consisting of silicon nitride and aluminum oxide, 
the unmasked regions are etched to a depth of about 

0.7 micron, and 
the ?rst mask is removed by etching in a solution of 
phosphoric acid maintained at about 180° C. ] 

[ 10. The semiconductor device fabricated accord 
in to claim 9.] 

11. The semiconductor device fabricated accord 
50 ing to claim 1. ] 

12. A method of fabricating a semiconductor device 
comprising the steps of: 
first forming a semiconductive epitaxial layer on a 

semiconductive bulk portion, the bulk portion and 
the layer constituting a semiconductive body; 

second forming on the surface of the epitaxial layer a 
first mask of a material having the characteristics 
that it resists etching in a ?rst ambient which etches 
the semiconductor material, it inhibits oxidation of 
the underlying semiconductor material during a sub 
sequent step in which the unmasked portion of the 
surface is oxidized, and it is removable by etching in 
a second ambient which attacks the mask but does 
not appreciably attack the grown oxide of the semi 
conductor material; 

immersing the body in the first ambient so that the 
unmasked portions of the surface of the epitaxial 
layer are removed by etching at least partially 
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through the epitaxial layer to form a mesa; 
exposing the body at an elevated temperature to a 
second ambient sufficient to oxidize the unmasked 
portions of the epitaxial layer for a time sufficient 
that the oxide grown there extends essentially com 
pletely through the epitaxial layer and planarity is 
substantially restored to the surface of the body; 

removing the mask from the surface to expose the 
portions of the surface thereunderlying; 

introducing impurities in to the exposed semiconductor 
portions to modify the conductivity therein, this 
last-mentioned step using the aforementioned grown 
oxide as a second mask for enabling selective intro 
duction of impurities into the exposed semiconductor 15 
regions; and 

10 

characterized in that: 
I . the semiconductor material is silicon; 
2. the ?rst forming step produces an epitaxial silicon 

layer which is about one micron thick on a thicker 
bulk portion and which is doped differently from the 
bulk portion; 

3. the ?rst mask is of a material selected from the 
group consisting of silicon nitride and aluminum 
oxide, 
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4. the unmasked regions are etched to a depth of about 

0.7 micron, and 
5. the first mask is removed by etching in a solution of 

hot phosphoric acid. 
13. A method as recited in claim 12 wherein the impu 

rities introduced into the exposed semiconductor portions 
are of a type and amount sufficient to form in the mesa 
a plane rectifying junction which intersects the sides of 
the mesa where such sides are covered by the grown 
oxide. 

14. A method recited in claim 13 further characterized 
in that the semiconductor body comprises a low resistiv 
ity substrate and a higher resistivity epitaxial layer 
thereon. 

15. A method recited in claim 14 further characterized 
in that the introduced impurities convert at least a por 
tion of the epitaxial layer to a zone of conductivity type 
opposite to that of the epitaxial layer. 

16. A method as recited in claim 15 wherein the impu 
rities introduced form in said zone P-type conductivity in 
the upper part of the mesa, an N-type zone remaining 
between the P-type zone and the bulk portion, and 
wherein electrical contacts are made to the P-type zone 
and the bulk portion so that the device is capable of func 
tioning as an IMPATT diode. 

* * * * * 


