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TABLE | # QQ tars, especially compound semi-
Prot ective Fi | ctors, during diffusion, This invention
mhas particular application to compound semi-
Figs. 6-9 conductor diffusion substrat g)ﬂﬁ the pro-
Thi ckness N®0 cessing of s@ihrsulestrates to fafsitater yagipus
Type ggpound S 1conductor devxceAand networks.
N éﬁl{l § Can arise in the g of corgg
* emiconductors. due teriorati
1 x 10[err] 0f the INxatenal ‘caused by volmiiliZhtidh lof one
GaAs 25 pf yhel ts alt certaii emperatures
ompani tituent
D Ga%g: the semlcondug? esultmg
. S i of the phys:ca nucal proper-
Sigerr] ties of Dhaterial, -
10[err] < 30 Many of the com emlconductors, and

particularly the Group 111—V compound
semiconductors, and more specifically gallium
arsenide, indium -arsenide and lead telluride,
® " are compounds in which at least one of the

35 elements is relatively volatile in the tempera-
ture range over which vapour-solid diffusion
may; be achieved and when the semiconductor
is heated to effect diffusion therein, sublima-
tion of the volatile element or elements causes
deterioration at the surface of the semiconduc-
g tor. This sublimation and the accompanying
surface deterioration also occur at tempera-
tures sufficient for thermal conversion of the

s " [Price 45 64
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Salre

the fact that surface deterioration still occurs
and the o g{ﬁ fh sant and surface
concenu'atl s of diffusan 1{: mnﬁ%ﬁcult
-According to the a
methdd 6indparing a substrate of 2 compound

semicondgior |r@;ﬁ1$° h1ch woultr Ger

ggxﬁ%‘fe causedes the stgp of ]

a fayer of ox1 material on the surf: at

Jeast a porhﬁﬁ&Othe sutitrate surface, theC

oxides 1 g a -thickness

prev latlllz jon of th lying seml-
cond atena er may for
e niple sy cally depouted or; alter-

natively, sputt@siAgnto, the sem1cong_uc;9r
The thickness of the oxide layer, while being
adequate to prevent deterioration of the under-
lying substrate, can be made such as to permit
diffusion of conductivity-affecting impurities
into. the . substrate through the.oxide layer.

vari.ous characteristics of
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. “The invention also provides a method of

dxﬁ'usmg conductivity-affecting impurities into
a substrate of semiconductor material, which
may be a compound semiconductor. matenal,

80

in which prior to diffusion, there is deposited : .

on the surface of at least & portion of the
substrate -a -protective .layer of an oxide
material, the conducuvxty—aﬂectmg impurities

85

then being diffused into .the semiconductor
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7 G GaAs 1 x 10[err] N

Sierr] 6500 8 H GaAs | x10[ err]
N None 9 _ GaAs 1 x 10[err]

N Sigerr] 6500 10 = ~CaAs

1 x 10[err] N None 11 - . I nAs

1 x 10[err] N Siderr] 4000 *12 *
PbTe - "N Si q err] 4500

13 2 - - PbTe.. -1070742 - - N '

fl g}gr r7] rial‘throuéx tgc said port% r(])? Qto:rn A ron punty ukﬁg rs]g ?@&&n% semiconductor i

Altﬂnmlvely, a protective layer of

TABLE | | material containing -a controlled’ con&ﬂgﬁblﬁ amFlg 4 lllustrates the seale@‘ube Bﬁ:l:e@ﬂor

Resul t s &f copiicivityiafferting impurities can be

- Junct |50nd;' e subs Q#%%%%ﬁ povrg’% g 1(?:%0“ appr?tﬁs“éi‘nto a @ B e et Time
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, profile, Another adyaritage of the oxide d&OG0 F1gs 6, Z, 8 and 9I‘d@ﬁk@aﬁeﬂdeyplcal e 40
3 x 1 T at 1tdaﬂ'ord v:lpour- d;fef:lseldm into a - d ign " curves arf:z)ir athc_ggwnd semi- 7§ No
und. semiconductor, in a uctor wit wi 1 '

. DecadenCﬁ a closed tube: smglc— e to two-zot 3ys ?ffuj-o[ sfl n dioxide fté?u'yi ) 50. 01
1000 - sichBsystem,Nor &xbe d!ffusmn - Fig) 10 depictsda ¥ombpblin@ sénliconductor 4 '
19&Zn( [lg wﬁ; » 1 : Q00 ;ﬂf&r afttt:r @@G&d@n@@ordance with ® 47
1.5 x oxi ayen5 con am ‘%:E r] e inven 001 :l’ g « No

ting impurities ig. 11 d S d m
Decadenc&rrenﬂy depositing - yoxxde gccordazg tb wmr ‘F % L 0.01%
1000 anldXide of sili¥ef,andl d&mﬂucnvxty-aﬂectmg _ F1g 12 Qepicts diffusidn of X pfn Brgr+d 7
0. 01 /g(r(mpq Prefergbl;g ox1de hyeg_@ 2 oln usma@gﬁgm depth silicon 85 €]

surface, ayer, . .
10[ err tely d o O F@ 111uslﬁ h%oxglgunty dis Decadence
joration of e unhder] semt- - of zinc. cencentration  vs. .de r 18
No Deca or yet permit diffusion of conda@tlmy 10[ erdifferent time fictions, Zn - + 0.1

: substrate and
1000 25 g

both deterioration and diffusion. -

An' ozide ‘of silicon material has been found - -
particularly suitable for use in forming the

protective layer in methods embodying - the

invention.” In" a particular embodiment, ‘an

‘oxide of silicon. layer - ‘containing’ conductmty—

affecting impurities may be formed: over part

of the portion of the semiconductor, a layer

‘of an -oxide of silicon ‘being formed over the

“remaining parts of that portion. The oxide of
silicon - layer contalmng the conductivity-
affecting impurities’ tnay also ' be " overcoated
with “another oxide of silicon layer devoid of
conductivity-affecting impurities. Thus, various

-compound ~ semicondiictor: mtegrated circuit

devices contammg, for example, ‘résistive and

capacitive regions,’ ohmic- interconnections,
transistors and diodes, may be fabricated by
depositing the oxides of silicon containing the
appropriate impurities therein over the regions
wherein the various devices will be fabricated.

Likewise, various diodes; transistors, or other

active  devices can also be fabricated by the

technique of this invention. : =

"By way of example, the invention 'will be
described in greater detail with reference’ to
the accompanying drawings; in which: —

. Fig. 1 depicts apparatus suitable for deposit-
ing ‘an’ oxide of smcon—coaung on the
surface of a compound- sexmconductor, :

- Pig. 2 depicts apparatus suitable for reactive

" sputtéring -a silicon dioxide coating over
-a -compound semiconductor wafer suffi-
- ciently thick to prevent surface detenora.
_tion duritig’ diffusion, - -

Fxg ‘3 illustrates a compound -semi~

e conductor wafer that has been partially
~ coated ‘with ‘an’ oxide of silicon ‘surface
" protecting film which hias been exposed: €0
an environment for diffugion of an im-

30

35

50
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fffgm im;
being suﬁiagg;'egﬁcl.EE‘h méhie)ther regions to -

18" ‘as follaws

dlff the compoudi rsamconductors,

Fig. 14 illustrates- the ]unctmn capacrtance
vs. voltage: values, -~ .

- Figs: 15" a—e . illustrate the various stages
of fabrication for a .planar compound
semiconductor “diode accordmg to the
invention, and: - .

* Figs. 16 a—c dépict the various stages of

fabrication for a mesa dxode accordmg L

to the invention.
- Referring 'specifically . to Fxg 1, a system is
deplcted suitable for depositing an oxide - of
silicon on .a-compound semiconductor substrate.

95

100

In the vapour flow process system illustrated,

a single-zone furnace 1 supports a deposition .

tube 2 therein. Tube:2 may be made. of quartz

‘or other suitable ‘material. A boat or support

3 provided .within tube 2 supports semi-

conductor - substrates 4 which are to be-coated -

with an . oxide of silicon,. A cap exhaust 6 is
provided on one end of tube 2 and allows dis-
charge of spent reactants and products thereof.
At its other end, tube 2 has an inlet region 7.
A container 8 is provided which holds a liquid
9 which may be tetraethoxysilane or any other
suitable organic oxysilane, A carrier gas. inlet
10, extending below the surface of liquid 9,
furnishes a controllable amount of a carrier

105
110

115

gas, such :as oxygen, mto container 8 to entram o

liquid 9. An outlet: pipe 11, couples the carrier
gas into the reaction-tube 2. Interposing outlet
pipe- 11 are an inlet 12.to- provide oxygen
entry for-dilution of the carrier 'gas and an

120

inlet valve 13 to provide pure mtrogen or other

mert gas entry to the system.-

The operation of the oxide ‘of silicon vapour
flow depositiori apparatus: illustrated in Fig, 1
Liquid - tetracthoxysilane: —
TEQS — i3 maintained at niormal room tem-
perature, Oxygen at a flow rate of ‘one-half
aubic foot per hour (at standard conditions)

‘entering infet 10 bubbles through arid entrains

TEOS, passing into outlet pipe 11. Ozygen

125
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regi ons suff

was achi eved.

- 800 1 NoDecadence
None - 800 1 No
- - 13 Fe 50wy -
No Decadence([err]) (3) - ([err]) Percent zinc

([err]) Unprotected

open tube d|

ered severe decadence. ([err]) A diffuéed | ayer or region
The data presented in Table |11, herein- conpound
semi conduct or _undergoing diffusion. 197074after, provides details of the
f
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%%{] gan 19 be yabjeqied e ther qtaasgiﬂn (S’ﬁﬂ‘e sﬂlcon dﬁ%p}? &Wpreunde £f 500
eéIhg,soo glrﬁﬁgpegg’& e&ﬁmﬁ&: e

arseni de was of. TiBcon is - formed on. the- sifdes. The. spent w1th the above technique: has-been -measured

1, 070, 742 process stream is -exhausted via cap exhaust 6 to be 3.54 as compared TorfBbekt siligal ofi 3.78.
icts a co onductor
EIE '(I)'t ec'i I Vel5La ent. of depomfﬁgtfs%con dmxx reacu w:at?F Eg % silicon layer .81 i
ype sputtering on to the compound sem the . oxid sﬂlé}h 59?3@ as re- ¢,
I mpurity = waftli Q&) @piratus consists &Od’lelhaoﬂn’pcnvaﬁ r’@uﬁﬁﬁzﬁp&g or other [deypsition
Sur f ace Neathode 50 ‘havipgt Q)lmbcﬁb Tp;zcathodqlol\ls techniq ues d joke covers gbly a portion of te
P n insulati ase 52 sugh, t Jnder ion of an
M croi ﬁCh U- H@&ﬁ’fs to anT%penlng Vi ed.ﬁ I?il wafer 80§§v ed at %}q r
650 ating - base @% The - 1mu1at se is ‘has suffere® deriowition, bdd has a 0
Sigerr] mounted B9 Gny - sultable me#BQ0in a fixed _uniform d1ﬁ€ﬁdhdinterface 82 3inder the 5 X
1015 * 1lonh Ilgxmejd cathode 50 és a apg@f the wafer notdhagng tl:le sui‘lface pro-Q
sample holde; on its under- ion of reas, under. the su
Cood 25% égﬁ) a" %%M&cé f or . retgining aSont %% F% deterio r%ﬁo
800 S ound semicon substrate 559Sample  occ f 80 has a orm flat
Sigerr] holder. 53880 circular plategﬁ@xnted to- a34ﬁflelon interfac&8® (Hence, it willde appre-  5x
10[ err] roggraple shaft 56 F n bearing and ctpd that the layer) Bjogfforded surggcf@rg-er r]
Bad support hmggg mﬁf 56 mounts 1.15@?:: tectlon %F on, preventlng ocC (S
x sprocket 58 engage a chai “of an ﬂg wion interface aftri le 05
900 316 (not illustrat ort arm 59Cmounts bear- X 1ds9 [0 rtlie] volatile constitue®Offdom _the
Sigerr] ing housu&O@pport 57 to alﬁﬁ@le hracket co:@}iﬁﬂ& KemlcomBaqt surface. 9 o 5 x
10[err} o (nof Gliystrated) gp (gdjustpbly maintain the (fepcription of opemm and closed tubegy -
Good 1 mpound sen‘:gondu ers at an adigh smn v%élf me mto compound  se;
0 35 blc fixed di ¢athode 50 Y conductor Ws with specific regb-o 100
900 ed thereover, voltage supply 61 ‘ence to the apparatus in Figs. 4.and 5 and

#-

._.has its positive side attached to. support arm
°59 and is grounded. The negative side of the

..voltage supply 61 is attached to high voltage

lead 62 containing a clip 63 which attaches to

_ the tab 51 of the silicon cathode 50. High.

45

voltage lead 62 is shielded by a metallic sheath
64 which has a ground connection 66. Since
the sputtering operation is performed in an-
oxygen atmosphere, the apparatus is suitably.
housed within a chamber (not illustrated)
which permits a controlled environment.,

Typical operating conditions for reactively

. sputtering approximately 1,000 angstroms per

50

hour of silicon dioxide on to the compound
semiconductor waférs is achieved under the
following conditions. A gas pressure of 40

. microns of oxygen is maintained as the environ- .

L

55
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M

"ment for sputtering. The silicon cathode 50 is

a less than 0.01 ohm — cm (arsenic doped);

highly crystalline disc abount 4 inches in dia- ~
_meter, The distance between the top surface .

‘of the silicon cathode and the bottom surface '

. of the semiconductor skice holder is about 1.25

inches. When an impurity-containing film is

.desired, an impurity cathode 68 is placed on

the silicon cathode 50. A negative voltage of
about 1500 volts d.c. is applied to the silicon
cathode and develops a current of aboutr 40
milliamps. The slice holder 53 is rotated at

the_diffusion impurity characlenstlc depicted

in Figs. 6—9.
The closed or sealed tube diffusion apparatus

(Fig. 4) consists of a quartz ampoule or tube -
100 having a restriction 102 therein. A seal
103 ‘is made after insertion of the substrate -
104 with oxide -of silicon layer 105 thereon

‘and after insertion of impurity carfier material
106. Ampoule 100 has a break-off swhng tip
107 which is coupled to an evacuation system

_ to decrease the pressure within tube 100 to.
about 10~° Totr, and then the ampoule 100"

is sealed. Ampoule 100 is at this stage ready

“to be inserted in a furnace to provide diffusion’

of the impurity contained in carrier material
106 into wafer 104. The furnace provides a

_uniform temperature throughout ampoule 100
at any desired diffusion temperature, The

oxide of silicon layer 105 provides deteriora-

105

110

115

120

tion-preventing surface protection of the wafer -

allowing a uniform diffusion interface similar

‘to that depicted as interface 83 in Fig. 3, not--
withstanding diffusion temperatures maintained

just below the melting point of the compound
semiconductor wafers.

 The open tube diffusion apparatus (Fig. 5)’
consists of a quartz reaction tube 120 fitted
with an exhaust cap 121 and an inlet cap-122.°

A diffusion furnace 125 (schematically illus-
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I -'ssealeatu sién0Of) zinc ifit malon.
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1,070, 742 of- 1000°C for various periods of time, some ttﬁed w1th the éhrves A—-HRefRigsr 619 to Fi Q. N

10, a ty apd mgmut; appsring immediately following 20
sei consHou g Rafe SAGE CIF %ﬁ‘@t&éﬁémﬁiﬂi‘d b o T, e
t ransi st or Srocess h&rétaﬁre Idsscrﬁﬁeaw&h& to | e forf ﬁrraﬂl dRaplerumBict febothgsle”
according tig. t2hén Flgl Gswrag Aowmd Bnrepiiegnt  Jrables COH@OH@IIS tocone etharecti ve | ayer
151 thereover. had an ohmc coll ectmasiegont act of platinum5 Typically,
after diffusion according to the _connected to the GaAs waf er by an alloy .

i nventi on, \/\/#QH‘PQSO has a p-n j U@ &2152  of 99u8™BBIMEF¥Ad 1% sel eni um

(by weirght).~ " therein. The V\ﬁ,ﬁpgflt),lSO I's used to forma sem- The:
base contact waﬁgsod:mc and nmade by *@oac. **Cond. Thickness
No. - Curve . Material Carriers/cc Type Type = . A
1 A GaAs T1x0v N Si0, 6500
2 B Gads . - 1x10V N S0, . 6500 |
3 c GeAs ~ 1x 109 N S0, . 6500
4 D GaBs . 1x 109 N None —
5 E Gahs C1x 10v N S0, 6500
6 F GaAs ~  1x 104 N None —
7 G GaAs  1x 10V N S0, . 6500 -.
8 H GaAs C1x 107 N None - ’
9 — . GaAs | 1x10v N $i0, . . 6500
10 —  GaAs ' 1x107 N Nome -7
1 — 0 mAs - 1x10v N S0, 4000 )
2 = PbTe  — N S0, . 4500, -
13- —  PTe — N sio, 4500 .
*Concentration | | '
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conductor device. Fig. 11 depicts such a device alloy of 96%gold and 4%
zinc (by weight). as a nesa transistor generally designated by The
alloy emtter was made using an alloy of 10 the reference nuneral 180 and
being made 62 W% gold and 38 wt%tin; a gold wire froma wafer ™
simlarly treated as wafer 150. vvas-used for the emtter lead. In Table IV
30 v+ As illustrated in Fig. 11, a galliumarsenide follow ng,

herei nafter, i's recorded the betas and waf er 160 has an n-type
conductivity region breakdown vol tag]f(ﬁ v%th col | ector-to-base open 161
with an :ohmc—contact 162 serving as % Z(BV_[_Q__L_]__)__I_Q_LDQ nesa

transi stﬁefs fabricated. 15 collector. The p-type region 163 was diffused
The exarrpl e nunbers in Table |V are coge II therein, in accordance with
the invention. An related to the exarrple nunbers of the rraterlal 35

ohm ¢ contact [I64 at d-to. rfegt 163 Tante_t whrchr—tire
transi st o:r-'.-waJ qlg@\?/sgg as tkegtj M1 ol base. I “1§I° g&“ﬂ@nt act
fabricated: | . 166 havi N r¢growt h regi on 167 for s . tjiection - Surface Con-
TABLE | \,Exaﬁnple _ ~ Pressurepy gifgip  Time Ta&lréoel | | DepthX; ceBivdtion (o)
No. =" aﬁ%llrcg  inAwm \B| t JHours ppearaP@r r] Microns Atom/cc
% = znj . 0.1 44300 2 NoDecadmée 40 3 x 10w
3 2 |Zny . 0.1 41900 4 |No Decadenge - 54 3 x 100

& . .
451 3 1%525(1) oo Z‘lgoo 18 |No Decadénge 10 3x0m
6 | 4 |1%Z8() 0.01 - 41000 18 | Decadence ‘1 47 1.5 x 10w
7 ’ 5 | 0.2%za) 0.001 gl%o'o 18 | No Decadens 35  5x 107
8 . .. :{O/Z . : 0 Decadenge . . X 10
9 N 6 | 0L9,Zn() 0.0¢10 1000 - 18 | Dechdence ‘14 - 25x10v 10
19. 1 o.f®zan 3. ; ool |
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sufficientPy f{#*n 55 0-1nvent |1@?P i s 181 e aleserdineg eaf t er—wi t B KPBr ence

for disf f usjpon,| z4et suffi cd.q:ntly b K tlg ‘ﬁg%ce . to Fig. 12. A conpound

sem conduct or [sub- surface dega ence everal devi ces have been strate

190 i s coatled |#t h an oxi de- of gl 80con 1madidodstadencd he di fSikerenti a+ ‘depth

oxi de sof 15 Illgyes 191, which 7 . ctifye uttered . silicon

t echni que (20ne regi on of the oxi de of 4? w?ﬁ‘a&&?‘%xi de Therei nbéfore

ment i Qned;13suffF|e50Mgi | i con—askKi ngoodl ffw5| )Nom&dﬁxﬁé(ﬂ) her " r®gi on 60

cient ¥y THI 5 IIL UIII UII ,LIICI =t @P }JCIIIILLIIIg d-Htston yet
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surface det(?gzm&truaa‘duay&onegmwgsa d.Cl ent | y thin to permt diffusion there-

In nmdking planar. or other sel ectively t hrough. As |IIustrated in Fig.
12, a diffusedhe dith fpds@ttd G e T, $68HLC OEEQH&L\@ Eenﬂﬁx‘/du&@ﬁmdér&ﬁlg 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
s .. layer. The carrier gas used in the open tube In the examples given, diffusiori was performed . .
diffusion was Forming Gas (5—10% H, in for two hours at the varlous dlﬁusmn con-
N) at a flow rate of 500 .cc per min.. In all ditions specified. 2
10 the examples given, galhum arsenide was the
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*The notation SiOx refers to an oxide of silicon which may or may not be Si0O,.
**The notation SiO, refers to a reactively sputtered silicon dioxide layer
***Surface pitting prevented accurate depth measurement,



angstrom silicon dioxide |ayer conpletely m crons. The cathode to

anode spaci ng was masked the gallium arsenide thereunder from 1

i nch, measured from sanple holder 53 with 40 the diffusant.

réspect to the silicon cathode 50. 105 EXAVPLE
|1 ¢ In using the zinc and silicon cathodes undep

A second gaI I ium arsenide wafer havi ng . the reactive sputt¢r :,@g;(
condi ti.ons set forth 1 x 10[err] atons of tin per cubic centi nefjpgs

above, the zinc cathode has a disint tion had deposited the Y SEARS
differential_depth __rate of _a.bo_g'?.‘ﬁa?ﬁéJj__a_mJ_Lt_gr_a.m_per;_hnuLAS
| ayer "af sili Qe Qamie 10,1a. G021 208@Pdubd MEmiAMEIF the tranili@l €as the 'silicem
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was foried = Je A&%rrsct‘rmz m %r AL rIt:f st 1 5
m crens bes ov -tybti e

i mpurity thethesein, in accofdamre with hig lﬂ ormhe saatnplc oum!drs@f(thdmateml 35)r by
di ffusing i ‘r‘tCP IFﬁ d‘t‘tch@ & "B’e’b %5 L Comp PBEle iy FARSRE P he

gal | *um ar se §£ @,@r rB'd"“ Concentration |evel, 120

t hereunder fromt he *di fusant _ Anot her rel ativel y .sinmple
techni que for de- " Fromthe for I fg, it wll -be-appreciated

posi ¥ing the silicon dioxide |ayer. dope wth" - that the invention
provides a hi ghly desiBxedgllee  TBabladlIf or m BVGumb i ol | ed concentratron of

| npuri - di-ffusi on p®dcess foF @i ous c¥RPound senib ties is to
i ntroduce a vapour “or gapeous- cony 460 condugg ors. 'The gxide of silicon
surface pro- .~ '~ pound or elenental  vapour stream of inpuri- 125 »
tection layer- af forded by the invedtion pernf®s  ties4into the oxygen
stream as the ambient- , excell ent, control the vari pus . di-ffusion pro-
envi.-ronment for -the reac%rve sputtering. 1In thi's - cesses which' my be

enpl gyed without the =~ ‘4 . manner5the inpuray will besdeposi ted con-
potential danger of the é:orrpound s%m - 0 currently with the silicon
di oxi de. - 1,070, 742

9 5 Inclusron of th@|rrpur|ty5\Mth|nthqosrlrcon 1 Devrces ‘have’ been
successful ly fabricated - oxide filmpernmts even nore versatjle and
from seniconductor subsfrates pre‘ﬂared by 2b . sinpler diffusion
techrti ques. Referring aggu n utiliging the apparatus angl process
illustratéd =~ to Fig.. 4, the jnpurity carrier material 106 by Fig. 5
with the abové rmdrfrcat?on 5 8y be eli m2‘hated frontthe closed tube

di f f 4- In. general in ahe exarrpl)? presentggl i:n. - .igion process since
the inpurity is incl uded - Tabl'e V-Tol | owing hereinafter, t he. sputtered

wi thi,n the 'sili con . LOXI- dell ayer. 10519 ThereforGO filmthi cknesses ranged from
6700 to 7500 .25 < = TSt ze o tihe TS ¥ .

angstrons, and all di ffusr ons- out of the fi I m -8 gnr fr cant I y- reduced
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a resistivi tys EnfﬁC@mb thin g 1) diffusipn ;ﬁ i 0 Inofmat<he plangti rt pthen electively i | m
{0 5703 oy %{ AT i SRR |
i ndependent tiaqmﬁ PlafldrS €tk 51 r givedQiffulibi|éondiblons, a

dev1ces may be made by diffusion ‘techniques  junction will be: diffused ‘into the substrate iri
unploymg vanous regtons of dlﬁuslon mask some areas and not-in other areas. It will be




roundi ng at nosphere,

t he vapour pressure

cathode was a zinc disc with a

surface area of 35 control furnace 126 may also be elimnated. 1.82
square centinetre. TABLE V
Open Tube Crystat—Dat= Drffoston
After D ffusion Shegt Bul k
Reverse - N Power ([err]) At mos- -
Resistance Resistivity Di ode Junction of Junction v
Time([err]) phere Br eak- Dept h
Capaci tanc® Exanple (Hrs) (1{)@}7#} 1nin)  ([err]/saq)
([err]-cm apprecfi@Mhat for giveh Mitusion -.tatessthe.Qéondﬁ.%ilaﬁdd&&in - ddedtatidn) particu-3 65 o~
Form Gas thickd@of the oxide df.sflidon layer to prd-OVarly-surface. det 'Zﬁtio_n.'-' Lo
0. 110 vent diffusion and deterioration of the con®, 1 (QFurthér mlrtl}e'f)-inventiotg provides not Form .,
Gas - pound semiconductor device mdy,vagy .from only - pretection y'of - the compound . semi-

5 less than %{) an, s ' to:ifTofe: than condisctor “surfacé t -avﬂgssurfa deteriora-
Herr] o 2000t ; Wherdds B€ oxide of silicon. ui r decomposition' -bat2:per: selective 76
H err] layer38 péomit Qiffsion Andffevent deteriora- disRibution of 'impiBitiedOinte théd compound 1 -
Herr] tion gfih¢jcompound seniqominctor may vary  sengsgnductor surfaqg by includingithe desired 1
Herr] from lessgtsl‘%gmg)g toQ ore than  impjrity within. the ili xide film, - 40-0. 41

10,, 10,000 an; Iﬁg‘g&m%d r§tood that  ~Aghin referring to 1?2 silicon oxide ﬁQns .
7 .3 miasking afforded by replol éf]the oxide of- which contain. conductivity-effecting impurities 75 f
0.088 8 silic%;l layer3s achieved since th'e'.tigal}e,thﬁd[qﬁred] nll;._y be if;rm_e'_d.-oln the semicondqcto'%ubsgate
0. 080 Q(Ef?éggfpmﬂeﬂ@@gﬁ% NFou e:laygr Sp ! € -Simutaneous ‘*E'i%@g sgeong 03

- than the Time diff {8 cted. anc{ e desired g " this .

15V 15 ‘Hende,’ by usi v thgﬁu an impurity catﬁ’(ﬁ)gfggy sh t&)\/ﬁﬁantom '

_ by using differential : of
2[ err] hr peilitdad layersl Gor diffusion; A%th masking
15- 20V 0. B8fnst diffusion and fot@ing Hiffufed rregfop

0. 036- may 1bey achieved concyrreptly in ‘the . conpy
0 042 42 fhoelgéf. _semué(?ductor wWiIouL, rd]acadence
0. 220 Examples of gallium arsenide having differ-
1 entia] degfhesilf

32 25 reag;in ttering under the conditions hereto-
1 67 0 742 fore gt are presented as follows. - °

2 " " ExXAMPLE 1 '

A gallium arsenide wafer having 1" x 10"
atoms of tin per cubic centimetre had de-
posited thereon a differential depth layer of
silicon dioxide, 5,000 angstroms over the
region to be diffused and 25,000 angstroms
over the region to be masked. Diffusion was
performed in the sealed ampoule process
{heretofore described) using 1% (atomic) zinc
in a gallium zinc alloy. as the diffusant source.
After diffusion at 1000°C for 30 minutes, a
p—n planar junction was formed 2 microns
below the gallium arsenide surface. The 25,000
angstrom silicon dioxide layer completely
masked the gallium arsenide thereunder from
the diffusant. '

ExampLE II

A second gallium arsenide wafer having
1 x 10" atoms of tin per cubic centimetre
had deposited thereover a differential depth
fayer of silicon dioxide, 1,000 angstroms over
the region to be diffused and 13,000 angstroms
over the region to be masked, Diffusion was
performed in the sealed ampoule process (here-
tofore described) using 30 wt. percent man-
ganese. in a .manganese-gallium :alloy as the
diffusant source, After diffusion at 1000°C for
one hour,: a planaf p—n junction was formed
1: 58 microns below the gallium arsenside sur-
face. 'The 13,000 angstrom silicon -dioxide
layer completely masked the. gallium arsenide
thereunder. from the  diffusant..- - .~ |

From the foregoing, it will.be appreciated
that; the .invention provides. a highly desirable
diffusion. process for various comapound semi-
conductors. The oxide of -silicon surface pro-
tection layer afforded by the invention permits
excellent control of ;the various diffusion pro-
cesses which may be employed without. the
potential danger of the compound semi-

3v

35

55

ines -

cathd@?. 50. During -the. |sffugrerin

tecting hgflaﬁg'tbi 'ttl‘l)l sggfci:ﬁldagnuﬁg? Egl;loli

amount of impurity which may diffédd 4rom

n dioxide layey (fprmed by( tip3fijm into the semiconductor when ti sgtp5

38

strate is exposed to normal diffusion tem-

peratuges. .

It will be appreciated that the impurity
concentration in the silicon dioxide layer may
be varied by varying the amount of exposed
surface area of the silicon cathode 50 com-
pared to the impurity cathode 68. The opera-
tion of the apparatus for sputtering silicon
dioxide films containing zinc as an impurity
on to a compound semiconductor substrate
and in particular gallium arsenide was per-
formed using a silicon cathode 3 inches in
diameter and a zinc cathode 1/2 inch in
diameter. The sputtering operation was con-
ducted at 1800 volts d.c. with 60 milliamps
of current and an oxygen pressure of 40
microns. The cathode to anode spacing was
1 inch, measured from sample holder 53 with
respect to the silicon cathode 50.

In using the zinc and silicon cathodes under
the reactive sputtering conditions set forth
above, .the zinc cathode.has a disintegration
rate of about 1/3 of a milligram per hour
whereas the silicon cathode had a disintegra-

_tion rate of about 4 milligrams per hour. These

rates were essentially constant throughout the
sputtering process. :

- Tt will be appreciated that there are various
other. techniques : for controlling the amount
of - impurity incorporated - into the silicon
dioxide film, stich as casting the silicon with
a known, uniform amount of impurity therein
or. by diffusing impurities into .the :silicon
cathode " at' a desired concentration .level.
Another relatively simple technique : for de-
positing the silicon dioxide layer doped -with
a.uniform, controlled concentration: of impuri-
ties is to introducé a vapour or gaseous com-
pound or elemertal vapour stream of impuri-
ties.into the oxygen: stream as the ambient
environment for the reactive sputtering. In this
manner the impurity. will be -deposited con-
currently with the silicon dioxide, '
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TABLE V- cont. Open Tube Crystal Data

Di ffusion After Diffusion

Sheet Bul k Rever se N Power([err])

At nos- Resi st ance Resistivity D ode Junction of Junction
Time([err]) -~ #phewre Br eak- Dept h
Capaci t ance Exanpl e (Hrs) ([err] 1/ mn) ([err]/sq)

([err]-em down (M1s) ql Equation 14 1/ 2

H err] . 37.0-39.0 0.005- 070,742 0.120

. 0.006 15 | Inclbéiéh of the mpuntégl'ﬁ)ﬂrtﬁd silicon Device# vt fictn ]succg abricated

0 1 N oxide film permits eveh @hdrel@rsatile and frondl s@miconductor subdiréxts’ prepared by 20
90.0-97.0 0 Poplg . diffusion techniques. Referring again progesefustratsd

ot herwi se ﬁe&,ﬁ;‘g@%pﬁ?ﬁkﬁﬁ%ﬁ?ﬁ?@@%rg ]emg ﬂ}g@? ;%%’EE;%%&S a

([err]) Junctgldﬁ'
constant, V iwitlimeea minuﬁide lmmslﬁﬂo’l‘lﬁ film tlncbid:ssesSr & fk’mrﬁ‘?OBrtop’HD@nM al

and ncis a po‘é}%ﬂge %{% loma’gp‘ahd‘)@)%be t@F‘P rdlfbﬁe:h%hqg @}é’ﬁg ce of
this crystgj SULLaO] hn ‘Eﬁ o
herein, the  mayalso Rﬁ h;ﬂgsgmﬁs} i dsQf'ﬂ abs@idimed by
measu-rl Nng j unigé baen dma d lwith jam nﬁn’muty aninginths co:ﬁpound senncerxd rattilideds Jrthed f B0r St

dvadrant me%ﬁ?ﬁ%% o 5?”%&??%?&}

from ®. 098 1 Oinfd. thewakerl 124 iR p¢naentbfam Qs t tarsenic doped. \Whe!iRp&HtgS wer e
0.088 nils; tiendingaa crd, e CRPGuN gPIESFIEE g mlhﬂecmta zipadisawitomsufagetargaref t 3
accuracy of  control furgace 26, aay ieligy bs élt"l’ﬂ’ﬁt?ﬁ‘uel 82 square, EIMENR. ¢ [ ansi st or made from
this Trystal had .a beta of 2[err]. (Jerr]) A transistor made fromthis
crystal had a beta of 1[err]. ([ er rYapuEs¥t h ‘nesa diodes and 1Tasers were
made fromthis C-I’VStaI as |later described, - _The distribuiion of zinc
|rrpurfty as a func- ‘opadmibened flact okgystabDdhat ghort periods of diffu-
tion of time of dlffusDﬂnsmut of [t he Aftet Difigsion sion {15 mnufes to 3
hours) produce jmction aroxirge 1110 S TTifystrated in F| 3 The
dept h% appr.oxi ely the BaiRs- L rl%ggmﬂffﬁiﬁsim%a e%‘e’lﬂs ﬁm&ggresgl] e'Sgepth
fromthe surface Tine®  S]ghereapprioxi mateg the U®Bdalen {Dsgth i buf

the seni cdivduple of (Hrf er arﬂll’me) dr(éh/ﬁqhte (Q—cm) | dpiif f up(MIR) t rre@,Equmi@

m nut es pro 3P gSently LNe Zi cong atrpn in

rel_atl ve duce?’ degener a? ymanloayers (3t un%%‘él od =§?35r‘ proportl ons.
For- exanpl e, aftijer approx rratel y havg been de ‘t hefeb 15

m nutes of #Dffus? on, curEerm Gasujo be |— R&Yt hef 0-8 stantl ating the
distributiop, wigh 10 i|justratyye; of dieed murlijhy copgemtrat)on dis-
reference to Figl 14, the|]j.tinction capaciftance - tribpution, whereas
after a varyi ng nunber of | H, f Of 58t re58\ird. Bu s cryStaI s| 9M95Tabl g V was
deter- 35 hours up about| 40 WIVE B, ¢ ang | mned.
The v&lue of n shbuld be ﬁS f-or a‘f?‘o—%' ré(zspectl lg{) , A?)‘E?sd bel typi cal of
the inpurity ~~ pbrupt juhmegion ajss.0-68 {fece2 a grjaded | {10,095 on. | 0.40—0.41
conceptration .di Stributiop _in the] sem conduct or Curve; BB-FF | n. Fig. 14
illustrate fhe 5 wafer|H- . |— - |— 0.088 .change
in distribugion bj zinc i ‘rmj-r_i ties_from '.._ Cqnsi der 09sd he turves in
Fig. 13 in con- . abrupt to graded witth mcrqased. diffusionftine. 40

junction wi¥® Tap@OYCsit ||| be|l Bted ¢ Ld8¥r defiltes were made
froma slice of. °°°lf(d: el resistpnce, ~except for very short diffu- t he
crystal next to tﬁ.g, ibLelin exarrpl e 11 .~ dions, femains pssentially
constant re ar:d__l pss’ of t he usual -peal ed oul e qlffusi bn (W t hl no 20
depth. Thud® it uld be F?;I#abl i sh¥ebTHA O y | 13uPPael 187 ot ef?™n for

t he wafer) u(‘oShe pgg)oul e |g. a gi e quantd pg—of (igpuri yzﬁzzl Nc) 0.56—0.37
avai | abl e was ‘eyacuated ana seal pd with emental ~zZinc for

di ffusion. The. bghavi our g¢gul d. be} descy.i waf ¢ out} 1 i-nch
di anefer af¥ 20 |32 by a &ussi-an%d%%sr‘?bglgﬂb‘n gxcept- 1éiﬁgurv A mils
thick The diffus|on was af 915[er[]C for | - - o : .

. 13 |1 - E, 35— [0.0%4— |{— 0125 .
> L 13225 |0.037 -

1172




whi ch exhibits the concentrati on dependent 2[err] mnutes. The
junction depth was about 0.3 25 diffusion coefficient of zinc. The effect
of these ml| and was irregular, The diffused crystal

1, 070, 742 TT stTTeof —exanpte
11 having a 0.222 m| junc- on opposed sides of the jynction. Lasers

10 tion was nade into | aser devices. In each case numbers 17to 7 wer e;.
made fromthe gallium the crystal slices were cut into 20 x 2Q- m .
arsensi de Wi ffusi on substrates of thé’GM¥ention wafers and
fabricated. The characteristics of which contained . inpurities in.the
silicon. '5,_current threshold and - current denS|ty for the di oxi-de
coating, whereas l-asers 8.to 6 wer BABLE V—cont... | aser. deV| ces are conpared in

Table VI _here-_ =+ made by diffusing el emant j-zinc into-a aal lium . 15¢

inafter. These dewoleﬁl\were ma(fde ampelDiwg | . ardeni‘de w

cl osed tube. system W , .t SferMiffusionia| | aser flabri catijon process of

cutting no. s_urTace pror e(ﬁ | on Sheet | BAE The I}&Qrsepl arliel..and %ﬁgz ohm

contacts’ Atmos- | Resistance | Resistivity | Diode - | Junction T

Current Threshtlo() = {phasé'ren{ Density -~ = |[Break- |{Depth . | Cagacimme Nunmber

prp - Eemple | (B Ap (0[O |dom | Oui)
4 T. . . s -3 o U WO— — . . . . .

30 11 638 | .. i .- PR B ¥

40 L /4 B, 5031_ -425*49-1 0014—. ;-'-'. o1

54 20, 930 19021 ) *

160 16 5 min. H2, 015 9oo—97o 0.02—0.03 | — — ¥

100 38759 v

350 ® Samples except as ot&eggsegg@d were mamuuned at 900°C for penod specified. ° 9

220 (’) ]'uncuon capacitance ¢ %:b]—A [V-—Vd]-n ‘where A is.a constant Vis thea ﬂe@blas voltage ¥

140 Vd is the barrier pot an36:3s a power:between 0.5 and 0.33. o pf :

258 (ﬂ) For one sample shce 410 , procwsed concurrently with the example slice re; dherem, the - ¥
_ . .- over-all variation of j 1 h was- determined by measuring junction depths in l&uadrants of

250 .. sample. In the first qua readmgs were 0,098 mils; in the second quadrant four t€ddings were

200 . 088nuls,mthetlnrdq tQix readings ranged from 0. 098 10°0. 12mﬂs,andmthcfo§8hquadrant \.?

280 .- two readings were. q_@qg ngggthe readmgs mdxcaung ms:gmﬁcant variations within thg_eccuracy _

230 the measuring techniqugg "1 4 7 ' "Note: Current val ues

wer e obt a@mdaxeistoﬂﬁadéfromﬂmcrystalhadabeﬁiefﬂrrl ng to Fi gs 15 a-e, a conpound
waf er 200 (Fig.. 15d). A haole was then pade - 20 - sem conduct or. ' pl anar
di ode con@t‘?&&?%s@h“‘?%mm%“!“FaFWédl’i’“ﬂPWt de Iayers 203 and 204, and an 35

depi ct ed. ﬁ%&@ﬂ&@%&%s&?ﬁ%%wﬁo%ﬁ&ymlaslat@zhi&cﬁbeﬁont act 207 was forrred
therein by 200 wi th-a conductivity- effectlnglnpurlty

ev apor ation ’f’lﬁ%ﬂibﬂt‘ﬂﬁ%f &ihd ﬂzpurit?ﬁs)a fuft) Q&ﬁﬂuﬁd factors is that short periods of diffu-

10

15

tion of time of diffusion out ‘of the silicon

g _dioxide film is . illustrated in ‘Fig. 13, The .

abscissa represents depth from the surface’ of -
the semiconductor wafer and the ordinate
represents the zinc concentration in relative
proportions. For example, after ‘approximately
15 minutes of diffusion, curve A would be
illustrative of -the impurity concentration dis-
tribution, whereas after a varying number of
hours up to about 40, curves B, C, D and E,
respectively, would be typical of the impurity
concentration distribution in the semlconductor
wafer. -

Considering the curves in Fig. 13 in con-

- junction with Table V, it will ‘be noted that
- sheet resistance, except for very short diffu-

20

25

sions, remains essentially constant regardless of
depth. Thus, it-would be established that only -
a given quantity of impurity (zinc) is available

for diffusion. The behaviour could be described
" by a Gaussian_distribution except for curve A

which exhibits - the - concentration dependent
dlffuslon coefficient of zing, The effect of these

sion (15 minutes to 3 hours) produce junction -

depths approximately the same., Longer diffu-
sion approximates the ‘Gaussian distribution.
Diffusion times of 15 niinutes and under pro-
duce degenerate P type layers (tunnel diodes
have been made thereby).

Further substantiating the dxstnbutlon, with
reference to Fig. 14, the junction capacitance

for the various crystals in Table V was deter-
mined, The value of » should be (.5 for an
abrupt junction and 0.33 for a graded junction.

"Curves BB—FF .in Fig. 14 illustrate the

change in distribution of zinc impurities from

-abrupt to graded with increased diffusion time.

Laser devices were made from a slice of
the crystal next to the slice in example 11 by
the usua] sealed ampoule diffusion {with no
surface protection for the wafer). The ampoule

‘'was evacuated and sealed with elemental zinc

and a wafer about 1 inch diameter and 20

mils thick. The diffusion was at 915°C for

24 minutes. The junction depth was about 0.3
mil’ and was 1rregular The diffused crystal

35

45
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containing silicon dioxide |ayer 201 (Fig. 15a) base contact 208 was then

formed on wafer was processed by KMER-mask technique to 200
to conplete the device. The devices, nmade 25 forma reduced | ayer 203
omwaf er 200 (Fig. as above, were operated successfully as diodes. 40
15b). Next a puregsilicon dioxide |ayer 204 Referring to Figs. 16 a-c,

t he .process of was deposited over the unprotected wafer 200

nmeki ng.a nesa di ode according to the inven- : and the silicon

di oxi de | ayer 203 (Fig. 15c). ti ort®PF42 be described. A conpoubl seni -
The yaf er. 200, LNEAmYWES1 Hivink 4SB2 nfh fulte £ AEULO lthe VithnGifon 2 pBheld2b NY @
si | i %/ di ogﬂdm madglgﬁﬂas:r }iﬁmzrg;ntem’ cak‘?pﬁnemggsf gfﬁa» Fiwgre bsngdi( &?nmrgaegammad

| ayer 251 d asysteloglices. lwsre gty into Xpmom dage “54)5_8“ ates of the mwwe) under
sulLabl e § N R R o tmttagy(a w208 ol uni form y
di s- foner 0V B0 ity b Pimhe QA Uy iff ittluae toagaﬂtﬁlthﬁe‘d
controlled ﬁﬁﬂﬁ.eﬂ'hd’saatvﬂzés w&emmuraccbndhg arsenide wafer iff agalm @BOsystbm with

0 f-
opposi t e-t ypethe sl ¥ ﬂeaﬂd% qm&ﬁ;g Q“ﬁ@gelnﬁ Wﬁ%ﬁmwmer d| ffl on, will

i npar t on the 13 | ‘1,070,742 °
opposi te-type conductivity to a regi-on of waf er not Iess than about
65005 Angstrom.uni-ts thick.: 65 - 250BLETRE i f fusi on region 252 (Fig. 16b)
is 8. “A nmethod as- cl ai med" Cﬁh&t'@hr@holé Or CurrenéBikigved by subjecting

afer 250 having | ay eLaser Number ¢l ai m 7 Ammcl udi ng - tfmn;s/tmo of applying
another - 251 ther =+ . . - oxide |ayer
devoi d of conduct| vity- atafectl ng 5. .3 prow ded by “eH appar at us- depi ct ed
in Fig. - ~inpuritiesaoverlying thggoxide |ayer ‘egnsai ni ng 5 (as
nodi fi ed above) at a terrper ature appro- . i he-conduct.i vi ty affect| ng
inmpurities and the 70 priate for i £ fusi on. .1_1,638
remai nder of the said surface portion,gf the - ser dlfoSIOn t he
mesa*di ode |s fabricat ed . sem -conductor. - . by t e usual mesa, f or ni ng
techni'ques. A suit- 59. .The net hod4as cl ai med i @0.8Pai m 8, in- 10 able
ohm ¢ contact 253 is rrad% to the di ffﬁged .cl udkét@ the step of
di ffUsi ng the conducti vity- regi on 252, and a surtable ohm c. cont act
254 affecting inparities fromihe portion ofssm 75  ‘is made to
the yafer 250 to conplete the device . - | ayer cont ining the’
conductivity-affecting ® (Fig. 16c)*® 35,059 '
inpurities into the sem gonductor to Herma Eﬂglmesa di odes nade
fromit he crystal of di ffused zone therein. 15 exanple 11 in Table V,
according to the.:.a_bo.ive".m 10. The WBthod as cl ai ¥3i n any .one.of
process,:-had 20 x 20 m | mesas with . por - 1254191 M5 4- 10, i n-whi ch
the aer each oxide |l ayer 80 - ated gold-zinc cont act's on-the- P-1ayer (nesa
is formed by reactive spi2ttering.. 29Qurface) and 13a#03- anti nrony on the
n-regi on . 11. The rret hod -as clgjmed in clai %? g _ (waf er base).
claim 7, incl udi ng the sP ep of concurfently 20 2 ver, although the
i nvention has been ~ mepositing anzoOX| de of 'sili gmheand conductivity-
di scl.osed W th respect to Grouplll- fectlnglnpurltlesto
forman oxide of silicon® 8 ' uff’%l -1V corrpolﬂﬁ sem conduct ors, it
| ayer containing conduct jgvi- ty affectlm impuri - o 8m47l be readi|y"
apparent to those - { —ot her conpound
seni conductors = Note: Cuprent veines Weestohwiaedkas 78Kai med. i n-cl ai.m 11, 25 ., havi ng
two or nore e;eefrrents could be :pro- -~ ‘- wherein the oxide ol:‘ S|I|con and
- fre=f l € was then -
;?g gglngu?q’me"md‘ffg pla % -'c gnd\M %ﬁtcﬁ%d;(gmde ayers 203 and 204, and an 5tI €s

, c contact .207 was formed therem
sputtering. 200 with VG oting uh rity evaporation techniques (Fig.- 15¢). An. olnmc 13. The

rret hed as clantasids 4 sx Fig. 15a) 1¢base.ﬂcone¢ttm&| vaf upn degaed mgwafelsubst rate
%Ji #W%esse# 'by ﬂmw g F.‘F‘hC;F m €re O dev1ce ) @{%?
sem condu ﬁﬂmmde hyu'zﬁfurat ﬂ ﬁpﬁfeé:@g E‘%, ﬁf usi on of

the &on- 30 wddﬂbﬂodte&tiﬁe ﬁjéudﬁh&idd%ﬁi-m mﬁg drgZﬁ*the inven-

ducti VI t afdnéo‘hq nlgon Fhsmdq layee 207 (Rign 168e tonj will bﬂ9§escr1bed A compound semi-
y- then waY:edaﬂused ‘ﬁe conductér wafer: 250 having a -silicon"dioxide -
o 30 apparatus deplcted in Fig. 5 {(as modlﬁed layer 251 deposited thereover ds provided {Fig. 45
-gbeve) under suitable temperature and -dnert 16a). The layer 251 contains a uniformly dis-
~.or reducing flowing ambient to form diffused urhuted commlled concentration . of impurities

- gegion 206 of oppesite-type condtmlvmy than -therein -which, after diffusion, will dimpart




tion of a portion thereof, including the step | ayer into the

sem conduct or . of depositing a layer of oxide material on the

14. The method as clained in claim 13, surface of at |east a portion
of the substrate i n whi '

surface, the oxide |layer having a thickness one p-n,junckq

sem conductor 35 sufficient to prevent volatilization of the

The nmethod as clainmed in claim14, 100 | yi ng sem conduct or Yogt#

wherein theldiffusion step pr oduces a;,0p0,aar 2 A met hod ¢

in claiml, whet ein J[unc dox | PrOI i ally _
s1te- e condu wafer ot m ufil }g i é :

deposi 1 ed_ongy gL e S ot o gy AR

sem conduct Oichieved by subjecting wafer 250 havmg layer claim 7 Iilclﬁdit)g a;fp yitig Afothér |

whi ch the xmechereover to a Giffusionreavitouranty clcl eidreldyer rﬂemchmfn@dlmmarv@ﬁwng

| aver h as 2PRa ﬁggg - nt pgm verl oxnde er
: Sysput tere d aEve) at ari':'g'lﬁ) . en s gx conducm s&ch!rnfr Ha%funues Q?nogf tlrgheé 'llda‘y

conducti vit beAéter dnﬁmmiuhetmnsa diode is fabzlcated senn-c%]ductor : d af f ect ing
inmpuritie nigyes) A suit- 94 The\ method al!@lfd !dl afny 8§ ing '

: e ohmic conmr:t T 1 Ivity-
conduct i Vi? y on 252, and. a su % glw Il&gln ﬁem?:ﬁ"m ) IOF? %ﬁ%‘g&“ 75 .
affecting i i dettbﬁ:SwthltZS()ﬂy & thedeRicOT 1o MEontaining the Ldndu ;;g_,dgfg%d as ¥
clained in c¢Fm h6cl6, 45 conduct or rrat erimph:;mes itd uihil sagxcbddmtteﬁ

in which

I'oh dlﬁ'@ zone Ltin on th surface
of at Ieaté g“ﬁgﬂﬁh’é : evﬁlﬁﬂ eaov.epedall ménb Elafﬁéﬁ Rl e %of
\ .

t he subst ratﬁedpgdmfnct@mdm‘ f)ﬂ,l&]bcmlaﬁr Kitiesd eﬁtfbMﬁd by G ﬁtf&g | npuriti es are
of a type a rf@p)raraﬂteold-antunbnyyer ﬂ?@fn-m!mom dt Wbt aethal gs carmkd kchios§ Iog con-

to form p; VE&% Sl 108 v%%{EL gim 7, inclg { ¢ jste ?ftp
|rrpur|t|e | & Bseeﬁﬁ\‘rftasn@gg%ctoénroupl m él, i dgglayer :
qjd;ﬁanngeﬁﬁh '

50 conduct oGrobnIBUDN c&xﬁ}ﬁuﬂasedmmmmgrit c_ ductivi

di ffusi on t hwilu hrea(tllyaap ¥ ’ é e et ) ) 3
E@%ﬂ m o
br late to ; Og‘l’ A&EII: mlm erem the 0x deoq:}\asslli%)ﬂn ﬂﬁmcﬁ
déan, ; fé&%

el 1@ #hS
t he substratp ﬁ%@@pm‘u@ m;wﬁ,usdmg ki%g%elayer\mo the Imbdmbﬂltoﬂvel’ part of the

di ffusing co ce with the inventibd) 12l -deposited B ™
impurities i nto a subst rate of sem - sputterxiﬁ The met hod as cl ai med in°
claim5 or n T, al, o uqllh Tbm@etqu éatﬁed in any one of c| gjm 7,
in which an aP%Jo 5 bm{{&ch di &gq e cindidingethe, | o5y
a portionsgg would sﬁmuaeﬁmﬁgl eﬁw@lb;c‘tolaﬂ y- a;cf ﬁﬂ?,ali A0 95  oOf

portion of t% g a layer of nﬂfeﬁl‘? Qﬁnt‘sa?lﬂm ingclying 3r oI |l ed +

t least n of

conduct or andrécel eap ay&ﬂhéﬁ&ig Jpeleinin Junct Fhhopt
conduct i vg; ysumfu&ﬁeiprcvgnuvouiﬂhzanon of the underf or ngd Tﬁe\/ﬁiéth& % Elﬁﬁi&l Bl 8gmPaY t160 of

t hat i elging semiconductor materxal nerei wherein the diffusion step pxpducttsmopianaﬁo 6. .
A met hod acc fdf n%‘;@‘asg‘l ggs}:’ em luncuoqrhe 9. The almepodd%s gl aimed in :
claim18, 12ge semico oxi de mﬁ,%nk% cldims 75-01 Q'fnoxxde in

whi ch t he4genBcanmkiod ey clalmedoﬂi clumel, wherpin - layer Sl 4 @ifferential thlckness, being suffi- 105
ducti vi ty- ty%’%oxidﬂ a5y 8 pvteed OB i S5 tslent to permit 7d1ff¢eomfhgmdmw ding to

claims, in WG nemod o alBg boﬂ%dxmurgieﬁ%ma"%‘ﬁé@ Q‘f'ﬁ"ﬁ‘b (M8 o
the said oxigRcting¥@uritiés i a0sbstkere thod cdim] 16NCt i ONS
i n the se#s combioot matenal including the stgps of in which the senuconductor is of one con- 110

1,070, 742  deposi 'fagfg t Juctivity atym Foﬂhi@f theapaaductivitynot | ess
t han about g%edfm” gh& CO%GS%&M giﬁglﬁfﬁpgg |on 252

(Fig. 16b) i &uctivity-affecting mﬂ’umks nﬁb sag- C l‘lall ich riheC egbzmof Odxide layeﬁChl eved
by subj ect¢ ngnmehm@()helﬁaé wrgoq of ¢he P’“ € Thatcbmlmdﬂ‘fuswmdirwdh rigat hpprst P of »

appl yi ng anot¥fer, ‘}‘,’3 H ove& g by a Wﬁ“‘@n‘iﬁﬂl*’@ﬁn%m‘ jungtops
oxi de | ayer ggx ﬂgti‘, m&q e ’f‘ i seﬁé““éﬁﬁod"ﬁ;s%,ﬁi&% Bl 16
appar at us deg@hdutted ma&nﬂ; gncludmg the |s1mu bi tdlﬁﬁ p\aervlhsch rtg dxiae opXiliche 1hyaty er

cont ai ni ngs dePOS@nt%‘I reuydfics o rt %ﬂ&)“ﬂpﬂﬂﬂes it H&0
ver.
conduct i vi tyﬂ%ﬁﬁ Bg‘j‘ p’%&ﬂe“l’t hg““ A amli)aa gyer OEP PRl de g on. .
remai nder of cohdaralied ﬁ 5 ﬁ@aﬂ-o 1s ed over the remaining: parts of that
ties. - __poruon s
60 6. A method accordmg to clalm 4— or clanm - 19. The: method as: claimed in . claxm 18, 125
<. 5, in which the oxxde material 1s an ox1dae of "in which the  semiconductor is-of one con- : 4
silicon.”. - ductmty—type, in which .the conductivity-
7. A miethod. aceordmg to clann 5, in Wthh 'aﬁectmg impurities ‘are appropriate to: forma-
“the said .oxide layer i 1s an oxide of. slhcon layer tion of p—n junctions.in the semiconductor,

-

¥



After diffusion, the nmesa diode is fabricated

usual mesa form ng techniques. A suit-

sem - conduct or .

claim8, in- 10 able ohmc contact 253 is made "[o the diffused

the step of dif

using the conductivity
ohm c cont act 284

affecti ng i nn|u1197(9’z42fe

gion 252, and a suita 4>.e“
romthe nnrtlgrLof t he

is made to the WSRdf-tyﬁéﬁmdwmnm mpi &"gen bifhveafed € \hbCless than hta;ytessoo Qﬁg@&m {iids Quckt

8. # method as claimed in claim § or T

evO;&qu‘g ?

conducti vity- af? iffusion CGIP 168) is
impurities |nt Vd ﬁ{gfg)t % lﬁm'gﬁ)}a
fromthe cryst ided by the a Q@lgf

V, according tos (ahmoaﬁ@lvabove) ata t&:ﬁperaﬁheamm

claim 7, incl

oxxde layer
Surities
aﬁduz:t

R

lying )Eﬁ:rm de
idityrRifebtihg) infpyiti@nidd Ghe 70

remainder ofcqha|sm sutfageQporfion oftthe: h

process, had 20P gﬁﬁf? sas. & or-ﬁ‘aml
the or each oxi fommggf%ﬁg %;%I
aQ:ém 'Elfés

is formed bylo esbitdhin GiRAtt RSBt M@He to the dFtibe

sﬂc&zﬁleﬁ uﬁ’cla%}’ﬁr (mesa

n-regi on re&lgn ZSBh@dnaatwtahk elanic bantapedf4 raﬁﬁ:h@ m;ﬁnﬁe’s from ﬂg: dbaﬂe)75
claim 7, i ncI e waler250 gy complpre the device | Qayzo containipg othy pivity, % g he
i nventi on has e mesa R RSe LehoROhE Rrystiil HE ’ﬂ%onf?gfi gﬁ&‘m@g'fﬁi’ﬂé‘f

di scl osed wi #h mnﬂeml mt’]zthGVoupordlmg to \the above ,ﬁgaiou g claifedl id hryCome Bp

form an- oxi de ofrossss) had 38 x @6 mil m&ﬁ %VSIPPEI \¢1a1m_s

pER S

| ayer contai ni nﬁd; i?ﬁ:&ﬁo

apparent to t h

airlOL iin vhis thie o0 el otiderlayer | 80

medby

iy e S

ﬂg?nc Elﬁlé 3 o

semiconduct o8& Moreover, aﬂtﬂougﬂ' hh; m;tnlmndxaabeegl allelfﬁﬁdng ai oeid@bfilidoh, anc?ﬁmddaﬁﬂﬂyng

t wo 3

the's
are ‘concurrent |tjie dﬂp@al dbﬁduc’th@

sputtering. 25 having \WHADr \‘EI‘CC}lWCMS |cBald be pro-  wherein the oxide of silicon and the said 3m- The -
met hod as cl ai n%ied i 2epRydapesewitly the invention. Apﬁamemw ce#cuwépéwpwgd by reaasiEe 1%t e

QR B
| 4G &%ﬁgﬂ’@n of

of cl ai ms S5xyyaT WE Tidids.and i ncl udi

ducti vi ty- af #&c¥ o

= £ >

ctipgimippyities) i

for nore el egghﬁ IIdI——V and\mg
said im °°m§'a?g“.“£q§"‘ BRI CHE TorEnE PR

12, The method as claimed in claim 11,

BT,

sen conduct or natterA adethodiof Preparing a subﬁwmtdierclaﬁﬁsep nf11e ,{deq;z

vigysaffecting { img

etho

imayitiey fram st oFidh 95

the con- 30 wotll %Qgﬂcf éleél’Bﬂll;‘F"F ?gna%%v ; uimheb;tewqﬂ affeqting zﬁusxon of the con-

thereof , i ncl udgNgpdsiify & 1298 of oxide
in claim 13, surfacs,fhe joxid

YERL
which the di #4 Fg';é%o L3 v"m ““(’ngftthfi%

havi ng a thickn SAmethodasﬂﬂﬁedJinI&laimJI].@ﬂxhtﬁﬁ iy

clained in C|a¢

wherein the fg‘a;dsg,xm 1 Chibo SidDedt clent_ er
inclaimi, edfoﬂduator unct i on. sal aﬁé’ch }a,yiggs 1nssep:yt5<pf
deposi ted on ITPHeofrrétﬂH &en ‘?“éﬁ‘iheda_rqvcnt cshqkl diffdsionrin other tdgins.

aﬁectmg nnpunnes into a substrate of semx—
ctor erl inclyding the st ps

1‘?& asffaRd 1af €

seni:conduct Ols
whi ¢h t he oxi de ﬁ‘
- di f f er ent efahe

where1

Bhetdie S

AR IR
depositing a | agasfaceaf aoleasmle proaioerof abe whetrelie in which theddiffublof st¥p tpkudtce
Br tomm—@flunch@ stutbs sqmadogductor. jn

imed 1, clql 100
Swn ?gr’auceg §5§ng

Em condt
sufficient to psa@lvmde lyyst it rykolyzically cepogifed oRe uIEdéI‘he metlibﬂ as Thimetthi blaich fisr

12 in which the oxlde

me%g@‘s claime FQH Y8, 3 rgig ayer 1?;? h erel&bi‘f u@f{ﬁ;ﬁ, %

regtohpa d y

dots ‘é*}“a?dnﬁl c)aumzw i

F&ﬁerﬁ T M iléai nduct1v1 aye

tnaterpsssgo difbyisi as’u*ehqme Jaﬁ ing impeitied a&)@fdetybamfopnae

¢t ered onto 18%¥ of snewide material, gpdafifusing sy 1 forti f-Fruisinesionsoin theo
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