
4                                       1,070,742    trated) surrounds a
portion of tube 120 to  the zinc concentrations achieved by 2 and 4
provide a diffusion region therein. A vapour  hour periods of diffusion,
respectively, in an    pressure control furnace 126 (schematically  ambient
of about 0.1 atmosphere of zinc. In    illustrated) surrounds another
portion of tube  Fig. 7, curves C and D, respectively, repre- 5  120 to
provide an impurity vapour control zone  sent the zinc concentrations
achieved in silicon     therein. Within the diffusion region of the tube
dioxide protected and unprotected gallium     120, a quartz boat 123 is
provided to hold  arsenide wafers after 18 hours of diffusion in  35
wafers 124 during diffusion. An impurity boat  an ambient of about 0.01
atmosphere of zinc.     127 is positioned within the vapour control  Curves
E and F of Fig. 8 and curves G and 10 zone of tube 120 to hold an impurity
source  H of Fig. 9 illustrate a further comparison     128. To obtain a
controlled flow of impurity  of zinc concentrations achieved under various
vapour into the diffusion zone of tube 120, an  conditions of diffusion in
gallium  arsenide. 40     inert or forming gas ambient is provided. The
The curves F and H relate to wafers which     source of gas 129 is coupled
by a valve 130  were not protected with silicon dioxide. 15  and pipe 131
to flow meter 132. Pipe 133    Table I appearing hereinafter details the
provides a flow path from meter 132 to intro-  various characteristics of
the crystal and pro-     duce gas from source 129 into reactor tube
tective layer thereover used in the closed or  45     120.
sealed tube diffusion of zinc into gallium       Figs. 6-9 depict zinc
impurity concentra-  arsenside among others. Some examples include 20
tions at various depths in gallium arsenide  the compound semiconductor
unprotected with     wafers that were exposed to zinc vapours in a  the
sputtered silicon dioxide film  or other     closed tube diffusion process
at a temperature  oxide of silicon layer. The examples are iden-  50     of
1000[err]C for various periods of time, some  tified with the curves A-H
of Figs. 6-9.     with and others without the surface protection  Table II
appearing immediately following 25  afforded by a sputtered silicon dioxide
layer  Table I gives the diffusion conditions and     6500 A thick, the
layer being achieved by the  results achieved by diffusion for the examples
process heretofore described with reference to  set forth in Table I,
example numbers in both  55     Fig. 2. In Fig. 6, curves A and B represent
tables corresponding to one another.
TABLE I         Example                         Crystal Data
Protective Film                                           Impurity
Figs. 6-9                      *Conc.         **Cond.
Thickness  No.        Curve      Material       Carriers/cc      Type
Type            A     1          A            GaAs          1 x 10[err]
N            SiO[err]           6500     2          B            GaAs
1 x 10[err]        N            SiO[err]           6500    3          C
GaAs           1 x 10[err]       N            SiO[err]           6500     4
D            GaAs          1 x 10[err]        N            None
-     5          E            GaAs          1 x 10[err]        N
SiO[err]           6500     6          F            GaAs          1 x
10[err]       N            None            - 



7          G            GaAs          1 x 10[err]        N
SiO[err]           6500     8          H            GaAs          lx10[err]
N           None    9          _            GaAs          1 x 10[err]
N        SiO[err]            6500     10          -           GaAs
1 x 10[err]       N           None    11          -           InAs
1 x 10[err]        N            SiO[err]           4000  12          -
PbTe              -               N            SiO[err]           4500
13          -           PbTe              -               N
SiO[err]        4500    *Concentration   **Conducivity
1,070,742                                        5
TABLE II                     Diffusant              Diffusion
Results of Diffusion                               Zinc
Junction  Surface Con- Example                    Pressure    Temp   Time
Surface       Depth X[err] centration (Co)   No.         Source       in
Atm        [err]C    Hours       Appearance    Microns    Atom/cc      1
Zn                0.1          1000       2     NoDecadence             40
3 x 10[err]      2     Zn               0.1          1000       4     No
Decadence            54       3 x 10[err]      3     1%Zn([err])      0.01
1000     18    No Decadence           10      3 x 10[err]      4
1%Zn([err])      0.01         1000     18     Decadence                47
1.5 x 10[err]      5     0.1%Zn([err])       0.001     1000     18     No
Decadence          3.5     5 x 10[err]      6  0.1%Zn([err])       0.01%
1000     18     Decadence                14       2.5 x 10[err]     7
0.01%Zn([err])    0.0001      1000     18    No Decadence            0
10[err]      8     0.01%Zn([err])   0.0001       1000     18      Decadence
11       10[err]      9     Zn               0.1          1000     18
No Decadence          -       3 x 10[err]      10     Zn               0.1
1000     18     Decadence                -            -  



11    Zn                  -           800       1    NoDecadence
5.1      12    None                -           800       1    No
Decadence(2)        -             -      13    Fe 5OMg             -
800       1    No Decadence([err])      (3)     -      ([err]) Percent zinc
refers to atomic % of zinc in a gallium-zinc alloy.     ([err])Unprotected
regions suffered severe decadence.     ([err]) A diffused layer or region
was achieved.          The data presented in Table III, herein-  compound
semiconductor undergoing diffusion.       after, provides details of the
open tube diffu-  As the impurity source, about 10 grams of       sion
process with both vapour flow oxide of  zinc having an exposed molten
surface area of   5  silicon (TEOS deposit) and sputtered silicon  about 10
sq. cm was used to maintain a con-       dioxide processes to obtain the
protective  stant zinc vapour pressure in the diffusion tube. 15
layer. The carrier gas used in the open tube  In the examples given,
diffusionwas performed       diffusion was Forming Gas (5-10%  H[err] in
for two hours at the various diffusion con-       N2) at a flow rate of 500
cc per min. In all  ditions specified.   10  the examples given, gallium
arsenide was the              6
1,070,742                                             TABLE III
Protective Layer    iffusion Conditions   Diffusion   Diffused
N-Type                            Impurity    Diffusion Example
Impurity      Thickness         Zone Temp  Zone Temp         Depth
Surface    No.        Atom/cc  j     A         Type    C          C
Microinch   Condition      1    .  5x 10[err]       500       SiO[err]*
650        900        63        Good       2        5 x 10[err]     500
SiO[err]          700         700       40        Good       3        5 x
1015        500       SiO[err]           700         800          205
Good       4        5 x 10[err]        500    SiO[err]           800
800         250        Good       5        5 x 10[err]     500
SiO[err]          800         900      348        Good       6        5x
10[err]      500       SiO[err]          800        1000      316*[err]
Bad       7        5x 1015         500       SiO[err]          900
900      316        Good       8        5x 10[err]          500
SiO[err]          900        1000         378***    Bad      9        5 x
10[err]       1500    SiO[err]*           800         800          40
Good       10        5 x 101        1500       SiO[err]          800
900           47        Good 



11        5 x 10[err]       1500    SiO[err]          800        1000
111***    Bad       12        5 x 1016       1500       SiO2         900
800           16        Good       13        5 x 10[err]       1500    SiO2
900          900           32        Good      14        5 x 10[err]
1500    SiO[err]          900       1000       111***    Bad      15
5 x 1016        500      SiO[err]          650      900        158
Good       16        5 x 10[err]         500      SiO[err]          700
800         205        Good      17        5 x 101[err]       500
SiO[err]          700         900      284        Bad       18        5 x
10[err]        500    SiOx          800         800          221
Good       19        5 x 10[err]         500      SiOx          800
900          300        Good      20        1 x 10[err]7    1l00
Si0[err]          700         700       40        Good       21        1 x
10[err]     1100      SiO[err]          700         800       40
Good       22        1 x 10[err]     1100      SiO[err]          700
900       95        Good       23        1 x 10[err]     1100      SiO[err]
700        1000          253***    Bad       24        1 x 10[err]     1100
SiO[err]          800         900       95        Good      25        1 X
10[err]        1100     SiO[err]          800        1000          190***
Bad       26        1 x 10[err]     1100      SiO[err]          700
700       40        Good       27        1 x 10[err]    500        SiOx
800         900          206        Good       28        1 x 1017       500
SiOx          900          900          158       Good    *The notation
SiO[err] refers to an oxide of silicon which may or may not be SiO[err].
**The notation SiO[err] refers to a reactively sputtered silicon dioxide
layer. ***Surface pitting prevented accurate depth measurement.
1,070,742                                       7       Referring to Fig.
10, a typical compound  emitter of the transistor.                    20
semiconductor wafer appertaining to the inven-    For of evaluation, the
transistors     tion is illustrated. The wafer 150 has an oxide  made
according to the illustration in Fig. 11     of silicon protective layer
151 thereover.  had an ohmic collector contact of platinum 5  Typically
after diffusion according to the  connected to the GaAs wafer by an alloy
invention, wafer 150 has a p-n junction 152  of 99%  gold and 1% selenium
(by weight). 25     therein. The wafer 150 is used to form a semi-  The
base contact was ohmic and made by an 



conductor device. Fig. 11 depicts such a device  alloy of 96% gold and 4%
zinc (by weight).     as a mesa transistor generally designated by  The
alloy emitter was made using an alloy of 10  the reference numeral 180 and
being made  62 wt% gold and 38 wt% tin; a gold wire     from a wafer
similarly treated as wafer 150. was used for the emitter lead. In Table IV
30     As illustrated in Fig. 11, a gallium arsenide  following,
hereinafter, is recorded the betas and     wafer 160 has an n-type
conductivity region  breakdown voltages with collector-to-base open     161
with an ohmic contact 162 serving as the  (BV[err]) for the mesa
transistors fabricated. 15  collector. The p-type region 163 was diffused
The example numbers in Table IV are cor-     therein, in accordance with
the invention. An  related to the example numbers of the material 35
ohmic contact 164 attached to region 163  in Table III from which the
transistor was     serves as the transistor base. An alloy contact
fabricated;     166 having a regrowth region 167 forms the
TABLE IV                     Example         Table III         BV[err]
No.           Example            Volts             [err]
1               4               40                5
2               4               40                4
3               4               40                1
4                5              40                5
5               5               40                4
6                5              40                1
7               17              21                3
8               17              21                2
9              19          20                4                         10
19              20                3                         11
19               20                2          The technique of making
planar diffusions  and surface protection diffusion windows or 40  into
compound semiconductors utilising the  openings in the oxide of silicon
sufficiently thin  55     invention is presented hereafter with reference
for diffusion, yet sufficiently thick to prevent     to Fig. 12. A compound
semiconductor sub-  surface decadence. Several devices have been     strate
190 is coated with an oxide of silicon  made using the differential depth
oxide of     layer 191, which may be reactively sputtered  silicon
technique (one region of the oxide of 45  silicon dioxide hereinbefore
mentioned; suffi-  silicon masking diffusion and another region  60
ciently thick to prevent diffusion therethrough.  permitting diffusion yet
both regions prevent-     A region 192 in layer 191 is provided which  ing
surface deterioration.     is sufficiently thin to permit diffusion there-
In  making  planar or other selectively     through. As illustrated in Fig.
12, a diffused  diffused compound semiconductor devices, the 



50  region 193 is present and forms a planar junc-  oxide of silicon layer
must be of differential 65      tion. It will be appreciated that other
planar  depth so that for given diffusion conditions, a      devices may be
made by diffusion techniques  junction will be diffused into the substrate
in      employing various regions of diffusion mask  some areas and not in
other areas. It will be             8
1,070,742     appreciated that for given diffusion rates the     conductor
undergoing deterioration, particu-  65     thickness of the oxide of
silicon layer to pre-    larly surface deterioration.     vent diffusion
and deterioration of the com-      Furthermore, the invention provides not
pound semiconductor device may vary from        only protection of the
compound semi- 5   less than 10,000 angstroms to more than
conductor surface to avoid surface deteriora-     20,000 angstroms, whereas
the oxide of silicon     tion or decomposition but permits selective  70
layer to permit diffusion and prevent deteriora-   distribution of
impurities into the compound     tion of the compound semiconductor may
vary        semiconductor surface by including the desired     from less
than 500 angstroms to more than       impurity within the silicon oxide
film. 10  10,000 angstroms. It will be understood that       Again
referring to Fig. 2, silicon oxide films     masking afforded by regions of
the oxide of        which contain conductivity-effecting impurities 75
silicon layer is achieved since the time required  may be formed on the
semiconductor substrate     for the impurities to diffuse through the layer
55 by the simultaneous sputtering of silicon     is greater than the time
diffusion is conducted.   and the desired impurity. For this purpose 15
Hence, by using differential depth oxide of        an impurity cathode 68
shown in phantom     silicon layers for diffusion, both masking
lines may be positioned on top of the silicon  80     against diffusion and
forming diffused region      cathode 50. During the sputtering process a
may be achieved concurrently in the com-        silicon oxide deposit or
layer will be formed     pound  semiconductor  without  decadence
which has not only the desired surface pro- 20  thereof.
tecting qualities, but also contains a small       Examples of gallium
arsenide having differ-      amount of impurity which may diffuse from  85
ential depth silicon dioxide layers (formed by     the film into the
semiconductor when the sub-     reactive sputtering under the conditions
hereto-   strate is exposed to normal diffusion tem-     fore given) are
presented as follows.           peratures.
It will be appreciated that the impurity 25                   EXAMPLE I
concentration in the silicon dioxide layer may  90       A gallium arsenide
wafer having 1 x 10[err]      be varied by varying the amount of exposed
atoms of tin per cubic centimetre had de-       surface area of the silicon
cathode 50 com-     posited thereon a differential depth layer of
pared to the impurity cathode 68. The opera-     silicon dioxide, 5,000
angstroms over the       tion of the apparatus for sputtering silicon 30
region to be diffused and 25,000 angstroms      dioxide films containing
zinc as an impurity  95     over the region to be masked. Diffusion was
on to a compound semiconductor substrate     performed in the sealed
ampoule process         and in particular gallium arsenide was per-
(heretofore described) using 1% (atomic) zinc      formed using a silicon
cathode 3 inches in     in a gallium zinc alloy as the diffusant source.
diameter and a zinc cathode 1/2 inch in 35  After diffusion at 1000[err] C
for 30 minutes, a   diameter. The sputtering operation was con- 100     p-n
planar junction was formed 2 microns        ducted at 1800 volts d.c. with
60 milliamps     below the gallium arsenide surface. The 25,000     of
current and an oxygen pressure of 40 



angstrom  silicon  dioxide layer completely        microns. The cathode to
anode spacing was     masked the gallium arsenide thereunder from        1
inch, measured from sample holder 53 with 40  the diffusant.
respect to the silicon cathode 50.         105                      EXAMPLE
II                       In using the zinc and silicon cathodes under
A  second gallium  arsenide wafer having         the reactive sputtering
conditions set forth     1 x 10[err] atoms of tin per cubic centimetre
above, the zinc cathode has a disintegration     had deposited thereover a
differential depth       rate of about 1/3 of a milligram per hour 45
layer of silicon dioxide, 1,000 angstroms over     whereas the silicon
cathode had a disintegra- 110     the region to be diffused and 13,000
angstroms     tion rate of about 4 milligrams per hour. These     over the
region to be masked. Diffusion was        rates were essentially constant
throughout the     performed in the sealed ampoule process (here-
sputtering process.     tofore described) using 30 wt. percent man-
It will be appreciated that there are various 50  ganese in a
manese-gallium  alloy as the        other techniques for controlling the
amount 115     diffusant source. After diffusion at 1000[err]C for of
impurity incorporated into the silicon     one hour, a planar p-n junction
was formed      dioxide film, such as casting the silicon with     1: 58
microns below the gallium arsenside sur-     a known, uniform amount of
impurity therein     face. The 13,000 angstrom  silicon dioxide      or by
diffusing impurities into the silicon 55  layer completely masked the
gallium arsenide       cathode at a desired  concentration level. 120
thereunder from the diffusant.                  Another relatively simple
technique for de-        From the foregoing, it will be appreciated
positing the silicon dioxide layer doped with     that the invention
provides a highly desirable     a uniform, controlled concentration of
impuri-     diffusion process for various compound semi-       ties is to
introduce a vapour or gaseous com- 60  conductors. The oxide of silicon
surface pro-      pound or elemental vapour stream of impuri- 125
tection layer afforded by the invention permits    ties into the oxygen
stream as the ambient     excellent control of the various diffusion pro-
environment for the reactive sputtering. In this     cesses which may be
employed without the        manner the impurity will be deposited con-
potential danger of the compound semi-          currently with the silicon
dioxide.                                                      1,070,742
9        Inclusion of the impurity within the silicon    Devices have been
successfully fabricated      oxide film permits even more versatile and
from  semiconductor substrates prepared by  20      simpler diffusion
techniques. Referring again  utilising the apparatus and process
illustrated      to Fig. 4, the impurity carrier material 106  by Fig. 5
with the above modification.  5  may be eliminated from the closed tube
diffu-    In general in the examples presented in      sion process since
the impurity is included  Table V following hereinafter, the sputtered
within the silicon oxide layer 105. Therefore  film thicknesses ranged from
6700 to 7500  25      the size of the diffusion ampoule 100 may be
angstroms, and all diffusions out of the film      significantly reduced.
were at 900[err]C in a flowing hydrogen or form-  10   The open tube
diffusion apparatus (Fig. 5)  ing gas environment. Further, in Table V for
may also be simplified. Where the wafers 124  purposes of illustration,
gallium arsenide was      have been coated with an impurity-containing  the
compound semiconductor utilised. It had  30      film prior to diffusion,
the impurity source 128  n-type conductivity with a tin concentration
and the impurity boat 127 may be eliminated.  of 10[err] atoms/cc., having
a resistivity of 0.015 15  Since diffusion of the impurity from the film
to 0.02 ohm-cm. The silicon cathode was      into the wafer 124 is
independent of the sur-  0.01 ohm-cm arsenic doped. The impurity 



rounding atmosphere, the vapour pressure  cathode was a zinc disc with a
surface area of 35      control furnace 126 may also be eliminated.  1.82
square centimetre.                                                TABLE V
Open Tube                 Crystal Data                    Diffusion
After Diffusion                                         Sheet       Bulk
Reverse                 N Power([err])                           Atmos-
Resistance  Resistivity   Diode    Junction    of Junction
Time([err])    phere                                 Break-    Depth
Capacitance Example  (Hrs)         ([err] 1/min)   ([err]/sq)
([err]-cm)    down       (Mils)      Cj, Equation   1([err])     3
Form. Gas  0.095-       0.03        l0V       0.075-
0.110                               0.10   2([err])     3          Form.
Gas  -             -          12V       0.095   3        1
H[err]       44.3-56.0  0.04           15V        0.125   4        1
H[err]       58.6-68.0  0.03           12         0.095   5        1
H[err]       46.0-55.0  0.05           10V        0.125   6        1
H[err]           58.6-68.0  0.02       12V        0.095        0.40-0.41
7        3              H[err]       -              -
0.088   8        3              H[err]
0.080   9([err])    2@900[err]C;    H[err]            55.0-65.0  0.03
15V       0.125            cooled to            400[err]C over
2[err]hr period   10        24             H[err]       54.6-67.9  0.06
15-20V  0.182         0.40  11([err])    32          H[err]       56.1
0.036-       15V        0.222       0.36-0.37
0.042   12        32       H[err]             53.3-58.4  0.037-       15V
0.220                                                     0.044   13
1              H[err]       33.5-    0.034-       -          0.125
32.25       0.037            10
1,070,742 



TABLE V-cont.            Open Tube               Crystal Data
Diffusion                      After Diffusion
Sheet        Bulk         Reverse                 N Power([err])
Atmos-       Resistance   Resistivity  Diode    Junction       of Junction
Time([err])    phere                                  Break-    Depth
Capacitance Example      (Hrs)        ([err]1/min)   ([err]/sq)
([err]-cm)   down      (Mils)        Cj, Equation 14        1/2
H[err]          37.0-39.0  0.005-      -         0.120
.0.006 15       1/4           H[err]          42.5-49.1  0.014-       -
0.1                       0.02 16        5 min.        H[err]
90.0-97.0  0.02-0.03     -           -   ([err])  Samples except as
otherwise noted were maintained at 900[err]C for period specified.
([err]) Junction capacitance equation is Cj=A [V-Vd]-[err]  here A is a
constant, V is the applied bias voltage       Vd is the barrier potential
and n is a powers between 0.5 and 0.33.   ([err]) For one sample slice of
this crystal, processed concurrently with the example slice reported
herein, the       over-all variation of junction depth was determined by
measuring junction depths in four quadrants of       sample. In the first
quadrant four readings were 0.098 mils; in the second quadrant four
readings were       O.088 mils; in the third quadrant six readings ranged
from 0.098 to 0.12 mils; and in the fourth quadrant       two readings were
0.088 mils; the readings indicating insignificant variations within the
accuracy of       the measuring technique.   ([err]) A transistor made from
this crystal had a beta of 2[err].   ([err]) A transistor made from this
crystal had a beta of 1[err].    ([err]) Both mesa diodes and lasers were
made from this crystal as later described.         The distribution of zinc
impurity as a func-    combined factors is that short periods of diffu-
tion of time of diffusion out of the silicon      sion (15 minutes to 3
hours) produce junction      dioxide film  is illustrated in Fig. 13. The
depths approximately the same. Longer diffu-  5  abscissa represents depth
from the surface of     sion approximates the Gaussian distribution.
the semiconductor wafer and the ordinate          Diffusion times of 15
minutes and under pro   30      represents the zinc concentration in
relative     duce degenerate P type layers (tunnel diodes      proportions.
For example, after approximately     have been made thereby).      15
minutes of diffusion, curve A would be           Further substantiating the
distribution, with  10  illustrative of the impurity concentration dis-
reference to Fig. 14, the junction capacitance      tribution, whereas
after a varying number of      for the various crystals in Table V was
deter-  35      hours up to about 40, curves B, C, D and E,       mined.
The value of n should be 0.5 for an      respectively, would be typical of
the impurity    abrupt junction and 0.33 for a graded junction.
concentration distribution in the semiconductor   Curves BB-FF in Fig. 14
illustrate the  15  wafer.                                         change
in distribution of zinc impurities from        Considering the curves in
Fig. 13 in con-       abrupt to graded with increased diffusion time. 40
junction with Table V, it will be noted that    Laser devices were made
from a slice of      sheet resistance, except for very short diffu-    the
crystal next to the slice in example 11 by      sions, remains essentially
constant regardless of the usual sealed ampoule diffusion (with no 20
depth. Thus, it would be established that only    surface protection for
the wafer). The ampoule      a given quantity of impurity (zinc) is
available  was evacuated and sealed with elemental zinc  45      for
diffusion. The behaviour could be described   and a wafer about 1 inch
diameter and 20      by a Gaussian distribution except for curve A     mils
thick The diffusion was at 915[err]C for 



which exhibits the concentration dependent        2[err] minutes. The
junction depth was about 0.3 25  diffusion coefficient of zinc. The effect
of these  mil and was irregular, The diffused crystal
1,070,742                                       11         slice of example
11 having a 0.222 mil junc-      on opposed sides of the junction. Lasers
10 tion was made into laser devices. In each case    numbers 1 to 7 were
made from the gallium         the crystal slices were cut into 20 x 20 mil
arsenside diffusion substrates of the invention         wafers and
fabricated. The characteristics of     which contained  impurities in the
silicon      5  current threshold and current density for the     dioxide
coating, whereas lasers 8 to 6 were          laser devices are compared in
Table VI here-      made by diffusing elemental zinc into a gallium   15
inafter. These devices were made according        arsenide wafer in a
closed tube system with          to the usual laser fabrication process of
cutting no surface protection.          on the 110 plane and making ohmic
contacts                                                   TABLE VI
Current Threshold       Current Density                        Laser Number
Amp                  Amp/cm[err]                                1
54                    20,930                                2
38                     14,728                             3
30                     11,638                                4
40                     15,503                               5
54                     20,930                               6
160                     62,015                                7
100                     38,759                               8
350                    135,659                                     9
220                     85,271                              10
140                     54,263                             11
370                    143,410                              12
290                    112,403                             13
250                     96,899                               14
200                     77,519                               15
280                   108,529                                16
230                     89,147                     Note: Current values
were obtained at 78 K.              Referring to Figs. 15 a-e, a compound
wafer 200 (Fig. 15d). A hole was then made      20  semiconductor planar
diode construction is    in silicon dioxide layers 203 and 204, and an  35
depicted. A compound semiconductor wafer      ohmic contact 207 was formed
therein by          200 with a conductivity-effecting impurity
evaporation techniques (Fig. 15e). An ohmic 



containing silicon dioxide layer 201 (Fig. 15a) base contact 208 was then
formed on wafer          was processed by KMER-mask technique to       200
to complete the device. The devices, made      25  form a reduced layer 203
on wafer 200 (Fig.     as above, were operated successfully as diodes. 40
15b). Next a pure silicon dioxide layer 204     Referring to Figs. 16 a-c,
the process of           was deposited over the unprotected wafer 200
making a mesa diode according to the inven-           and the silicon
dioxide layer 203 (Fig. 15c).   tion will be described. A  compound semi-
The wafer 200 then was diffused in the        condutor wafer 250 having a
silicon dioxide      30   apparatus depicted in Fig. 5 (as modified
layer 251 deposited thereover is provided (Fig. 45           obove) under
suitable temperature and inert     16a). The layer 251 contains a uniformly
dis-           or reducing flowing ambient to form diffused    tributed
controlled concentration of impurities           region 206 of
opposite-type conductivity than   therein which, after diffion,  will
impart            12                                         1,070,742
opposite-type conductivity to a region of wafer     not less than about
6500 Angstrom units thick. 65     250. The diffusion region 252 (Fig. 16b)
is        8. A method as claimed in claim  5 or     achieved by subjecting
afer 250 having layer        claim 7, including the step of applying
another     251 thereover to a diffusion environment such       oxide layer
devoid of conductivity-affecting 5   as provided by the apparatus depicted
in Fig.       impurities overlying the oxide layer containing     5 (as
modified above) at a temperature appro-       the conductivity-affecting
impurities and the  70     priate for diffusion.
remainder of the said surface portion of the        After diffusion, the
mesa diode is fabricated    semi-conductor.     by the usual mesa forming
techniques. A suit-      9. The method as claimed in claim 8, in- 10  able
ohmic contact 253 is made to the diffused      cluding the step of
diffusing the conductivity-     region 252, and a suitable ohmic contact
254        affecting impurities from the portion of the  75     is made to
the wafer 250 to complete the device     layer  containing  the
conductivity-affecting     (Fig. 16c).
impurities into the semiconductor to form a        The mesa diodes made
from the crystal of      diffused zone therein. 15  example 11 in Table V,
according to the above       10. The method as claimed in any one of
process, had 20 x 20 mil mesas with evapor-         claims 4-10, in which
the or each oxide layer 80     ated gold-zinc contacts on the P-layer (mesa
is formed by reactive sputtering.     surface) and gold-antimony on the
n-region         11. The method as claimed in claim 5 or     (wafer base).
claim 7, including the step of concurrently 20    Moreover, although the
invention has been      depositing an oxide of silicon and conductivity-
disclosed with respect to Group III-V and           affecting impurities to
form an oxide of silicon  85     Group II-IV  compound semiconductors, it
layer containing conductivity-affecting impuri-     will be readily
apparent to those skilled in        ties.     the art that other compound
semiconductors         12. The method as claimed in claim 11, 25  having
two or more elements could be pro-        wherein the oxide of silicon and
the said im-     cessed in accordance with the invention.        purities
are concurrently deposited by reactive  90
sputtering.        WHAT WE CLAIM  IS:-                              13. The
method as claimed in any one of        1. A method of preparing a substrate
of       claims 5, 7, 11 and 12, and including the     a compound
semiconductor material which         further step of effecting diffusion of
the con- 30  would suffer deterioration caused by volatiliza-
ductivity-affecting impurities from the oxide  95 



tion of a portion thereof, including the step       layer into the
semiconductor.     of depositing a layer of oxide material on the
14. The method as claimed in claim  13,     surface of at least a portion
of the substrate      in which the diffusion step produces at least
surface, the oxide layer having a thickness         one p-n junction in the
semiconductor 35  sufficient to prevent volatilization of the under-    15.
The method as claimed in claim 14, 100     lying semiconductor material.
wherein the diffusion step produces a planar        2. A method as claimed
in claim 1, wherein        junction.     said oxide layer is pyrolytically
deposited on        16. The method as claimed in claim 5 or     the
semiconductor.                              in any one of claims 7-12, in
which the oxide        3. A method as claimed in claim 1, wherein
layer has a differential thickness, being suffi- 105     said oxide layer
is sputtered onto said semi-       cient to permit diffusion of
conductivity-     conductor.                                      affecting
impurities in selected regions and        4. A  method of diffusing
conductivity-           prevent such diffusion in other regions.
affecting impurities into a substrate of semi-        17. The method as
claimed in claim 16, 45  conductor material, including the steps of
in which the semiconductor is of one con- 110     depositing on the surface
of at least a portion     ductivity type, in which the conductivity-     of
the substrate prior to diffusion a protective    affecting impurities are
of a type appropriate     layer of an oxide material, and diffusing con-
to form p-n junctions in the semiconductor,     ductivity-affecting
impurities into the semi-       and in which the regions of the oxide layer
50  conductor through the said portion of the oxide     that permit
diffusion through it are appro- 115     layer.
priate to formation of planar p-n junctions        5. A  method of
diffusing conductivity-           in the semiconductor.     affecting
impurities into a substrate of semi-        18. The method as claimed in
claim 5 or     conductor material, including the steps of          claim 7,
in which an oxide of silicon layer 55  depositing on a surface of at least
a portion       containing conductivity-affecting impurities is 120     of
the substrate prior to diffusion a protective    formed over part of the
portion of the semi-     layer of oxide material containing a controlled
conductor and a layer of an oxide of silicon     concentration of
conductivity-affecting impuri-     is formed over the remaining parts of
that     ties.                                           portion. 60    6.
A method according to claim 4 or claim        19. The method as claimed in
claim 18, 125     5, in which the oxide material is an oxide of       in
which the semiconductor is of one con-     silicon.
ductivity-type, in which the conductivity-        7. A method according to
claim 5, in which        affecting impurities are appropriate to forma-
the said oxide layer is an oxide of silicon layer   tion of p-n junctions
in the semiconductor,             12
1,070,742      opposite-type conductivity to a region of wafer    not less
than about 6500 Angstrom units thick. 65     250. The diffusion region 252
(Fig. 16b) is           8. A method as claimed in claim  5 or     achieved
by subjecting wafer 250 having layer      claim 7, including the step of
applying another     251 thereover to a diffusion environment such
oxide layer devoid of conductivity-affecting 5  as provided by the
apparatus depicted in Fig.       impurities overlying the oxide layer
containing     5 (as modified above) at a temperature appro-      the
conductivity-affecting impurities and the  70     priate for diffusion.
remainder of the said surface portion of the 



After diffusion, the mesa diode is fabricated   semi-conductor.     by the
usual mesa forming techniques. A suit-         9. The method as claimed in
claim 8, in- 10  able ohmic contact 253 is made to the diffused     cluding
the step of diffusing the conductivity-     region 252, and a suitable
ohmic contact 254       affecting impurities from the portion of the  75
is made to the wafer 250 to complete the device    layer  containing  the
conductivity-affecting     (Fig. 16c).
impurities into the semiconductor to form a        The mesa diodes made
from the crystal of        diffused zone therein. 15  example 11 in Table
V, according to the above      10. The method as claimed in any one of
process, had 20 x 20 mil mesas with evapor-        claims 4-10, in which
the or each oxide layer 80     ated gold-zinc contacts on the P-layer (mesa
is formed by reactive sputtering.     surface) and gold-antimony on the
n-region        11. The method as claimed in claim 5 or     (wafer base).
claim  7, including the step of concurrently 20    Moreover, although the
invention has been      depositing an oxide of silicon and conductivity-
disclosed with respect to Group III-V  and      affecting impurities to
form an oxide of silicon  85     Group II-IV  compound semiconductors, it
layer containing conductivity-affecting impuri-     will be readily
apparent to those skilled in       ties.     the art that other compound
semiconductors         12. The method as claimed in claim 11, 25  having
two or more elements could be pro-        wherein the oxide of silicon and
the said im-     cessed in accordance with the invention.        purities
are concurrently deposited by reactive  90
sputtering.        WHAT WE CLAIM IS:-                              13. The
method as claimed in any one of        1. A method of preparing a substrate
of      claims 5, 7, 11 and 12, and including the     a compound
semiconductor material which         further step of effecting diffusion of
the con- 30  would suffer deterioration caused by volatiliza-
ductivity-affecting impurities from the oxide  95     tion of a portion
thereof, including the step      layer into the semiconductor.     of
depositing a layer of oxide material on the       14. The method as claimed
in claim  13,     surface of at least a portion of the substrate     in
which the diffusion step produces at least     surface, the oxide layer
having a thickness        one p-n junction in the semiconductor. 35
sufficient to prevent volatilization of the under-   15. The method as
claimed in claim  14, 100     lying semiconductor material.
wherein the diffusion step produces a planar        2. A method as claimed
in claim 1, wherein      junction.     said oxide layer is pyrolytically
deposited on       16. The method as claimed in claim 5 or     the
semiconductor.                              in any one of claims 7-12, in
which the oxide 40    3. A method as claimed in claim 1, wherein     layer
has a differential thickness, being suffi- 105     said oxide layer is
sputtered onto said semi-      cient to permit diffusion of conductivity-
conductor.                                      affecting impurities in
selected regions and        4. A  method of diffusing conductivity-
prevent such diffusion in other regions.     affecting impurities into a
substrate of semi-       17. The method as claimed in claim  16, 45
conductor material, including the steps of       in which the semiconductor
is of one con- 110      depositing on the surface of at least a portion
ductivity type, in which the conductivity-      of the substrate prior to
diffusion a protective   affecting impurities are of a type appropriate
layer of an oxide material, and diffusing con-     to form p-n junctions in
the semiconductor,      ductivity-affecting impurities into the semi-
and in which the regions of the oxide layer 50  conductor through the said
portion of the oxide    that permit diffusion through it are appro- 115
layer.                                          priate to formation of
planar p-n junctions        5. A  method of diffusing conductivity-      in
the semiconductor.     affecting impurities into a substrate of semi-
18. The method as claimed in claim 5 or     conductor material, including
the steps of      claim 7, in which an oxide of silicon layer 55
depositing on a surface of at least a portion    containing
conductivity-affecting impurities is 120      of the substrate prior to
diffusion a protective   formed over part of the portion of the semi-
layer of oxide material containing a controlled    conductor and a layer of
an oxide of silicon 



concentration of conductivity-affecting impuri-    is formed over the
remaining parts of that      ties.
portion. 60    6. A method according to claim 4 or claim        19. The
method as claimed in claim 18, 125      5, in which the oxide material is
an oxide of      in which the semiconductor is of one con-      silicon.
ductivity-type, in which the conductivity-        7. A method according to
claim 5, in which      affecting impurities are appropriate to forma-
the said oxide layer is an oxide of silicon layer  tion of p-n junctions in
the semiconductor,         1,070,742
13      and in which the regions of the oxide layer         25. The method
as claimed in claim 1 or     containing  conductivity-affecting  impurities
claim 4, in which the oxide layer is formed     are appropriate to the
formation of planar p-n    by passing a vapour of an organoxysilane and  25
junctions in the semiconductor.              a carrier gas including oxygen
over the sub- 5    20. The method as claimed in any one of         strate
material and depositing therefrom  an     claims 4-19, in which the oxide
layer is a        oxide of silicon layer onto the substrate.     silicon
dioxide layer.                         26. A semiconductor body made by the
21. The method as claimed in claim  14,         method as claimed in any
one of claims 1-3  30     wherein the said semiconductor is gallium
or claim 25. 10  arsenide and one of the said diffused impuri-       27. A
Group III-V  compound semi-     ties that forms the junction is zinc.
conductor body when by the method as       22. The method as claimed in any
one of         claimed in any one of claims 4-21.     claims 4-20, in which
the semiconductor is          28. A  semiconductor body made by the  35
a compound semiconductor.                    method described herein with
reference to Figs. 15    23. The method as claimed in any one of
1-5 or to any one of Figs. 12, 15 and 16 of     claims 1-3, or as claimed
in claim 22, wherein     the accompanying drawings.     the said
semiconductor is a Group III-V     compound semiconductor.
ABEL & IMRAY,       24. The method as claimed in claim 23,
Chartered Patent Agents, 20  in which the compound semiconductor is
Quality House, Quality Court,     gallium  arsenide, indium  arsenide,
indium      Chancery Lane, London, W.C.2.     antimonide or lead telluride.
Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier
Press.            -1967. Published by The Patent Office, 25 Southampton
Buildings, London, W.C.2,                                  from which
copies may be obtained.    


