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·said· one warer··:fa~'to·'remove contam.iilaniS 45 

therefrom;.' '· .~:• .. , .. ·'<. · '. ... .' .. : ~' .':. 

: ':The wafer sWface'Js ~eaneci, for e:i:~pJe 
by ti'eatin~t ·witb''.an':acl~ed

" S<>lutior;::·of 'hy~ 

:~~;;7:~~ar~=~~~
5pf!1ts~~::.1~~; so 

adjacenf to'·~e.regions· iiito··whkh .. ·impurities . , 

have been 4eij1)eratCJ.f'inttoouced '~o·'control 

particrilarly de~ibed: iii·'and 'by ·the foJJ.owirig the conductivitffype thereof/'.' _<· . . : ::::· ·:;; 

The: inventiori .. wilFbe de5cribed with refer.: 

~~1~~d ... ~~j~~~~erd~:~~~~~fcizt!i;~~~~~ ~~ 
a ~icon .uct1ve wa,1er .urmg·suc;cess1~·

steps 

in the ·fabrication of·'•·>sCJ;riicoliductof·deVi.ce 

~c.ording to orie ~bodinien(o('the:-'irtveri~
ibn; 

~itatiroi·:··~'"t~' ~'·.fi~~-,~~~-: ~t:,~~.: ~~bd
 ·60 

of fabrit:ating'scini&ndtict:9f · devic'es'.'accordfug 

Z..~°S~~i~ 65 

PB.red with at 1east one::mafor ftice ;"19: The .··.;. 

'a~ospbere whkb.' iiiclu4.~ 'watet' 'vapour~'~' lt ~<;onduct0r': mat~rial 
.. inay' consiSt of silicim, 

ha,s also' been''.pfop9~·to"Jilake traiisiSt:oridmd silicon-germanium alloys, geririanium; or the 

25 othCJ; . ~i®Adui.:t0r "·deyices . by a·: prCicess like. In this' eX&mplC; ~Wafer ·10' cOilsisis of 

whiChJritjud~s foiiruiig a\$,ilicon '.o*ide inaskirig .. mo~!lcrystalline .siUcon, _Tl1e exact '.sfae :aha f>? 

1a:r~ §n,: .a._Silic~_#f¢r; r~~!inf~o~i
o.ris. 6£ m~pe_ of ~~i~ptj~~~i-VC ·'wat~ 'W :fa :'n~t. 'cpti:-

_thJS la~J<rexp()s~: the .yi.rafer_ ~siirface, d~ffusmg <;at-I~ ~ts:·i::~~~le; ·W.~!el
' }~ 1s_-_appr,0XJD:l~tely 

30 -~;~~::v~:d m11:~i~':h~~~~?~ ~*~~:·,~;,:;~_!:6(~~.~~~1:~.¥~~~r 

difi~d. areas ... · However; ·improvement is· de• type, 0r mtrms1c; or compensated. In this :ex• :is 

.• .. =-~~~ i\ti'.~~~ ' 
35 · · .AccQl'.<:Ungly; it 1s :an ob1ect of this myentt'Oil .od. When wafer· 10.: consists· of' materials other 

~1~~#1; ~liiffd ~ 
40 ·mg a ·portioµ::()f oµe lliaj9f face of a' -.setriic0n- aed d~omposltlo~· pfodti~s of .:th~ ·cqmp~a 

~~ctqr w~et ·of- p. ~~ co~dti~v!tY, t,yp~ .wi4t oy.e(W¢ "~~~~e--<>~ ·thf \Ya~eI;~:;~en' .. iyat~i .·10 .85 

~mco11 ()~1~e; __ .diffu_s~g; co11ci_Uct~y1ty ~op
mets cons1s1! o~--~~h~I1?' a~ 1n tills· ~~a:mp1~,··t1Je, 8!"-

mto ~e ~a~~·.Po/t.l?n.~,o!-·s
-a1~ .. wa:t~ fa7e? con. o~~de: ~~y~ l'l. ~:r be f9r~ed: by :\J.~t1iig 

.: '·. 

removmg sa1d silicon oxide· maSk; ·and cleaning w?-fer 10 ·m .. steam .. ·for a,pproxunatcly 30 
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mjnutes at approximately 1100°C. region 17 and the boron-diffµsed PO::.type _region 
. Referring now to FIGURE 2, one or more 13. . . ·· · · ·. ·" 
portions of the silicon oxide layer 11 are now All of 'the silicon oxi4~ coating Qll wafer 
removed by any convenient method, leaving face 19 is now reriioved;:Ieaving :waferJO·with 

5 in the;: layer 11 at least one aperture 12 in its cWfused. surface exposed; ' as shawn in ; 
which is exposed a ·desired portfon 'of wafer FIGURE'··;. The· silicon o#4C .caa,ting ·is co.n­
face 19. The desired portion .of the, silicon .ox- ·. veni@tlY: removed by treating: wafer 10 in a 
ide layer 11 may be removed by either sand concentrated aqueous solution· ·of hydrofluoric 
blasting or grinding. Alternatively, the silieon acid for a few minutes. The wafef is then 

10 oxide layer 11 may be suitably masked with wa:shed in deionized or distiUed··water:, 
an acid resist (not shown) such as paraffin wax, The Slll.'face of wafer 10 is now cleaned by 
or apiezon wax, or with a· photoresist such as treating the wafeiin a bath having the ci:lmpo-
a bichromated protein, and the unmasked por- sition 100 cc. concentrated hydrogen peroxide 

r .. ·: 

."J"? 

7Cf.:'< 

75 

· tions of silicon oxide layer 11 removed by solution and 0.5 to 10 cc. of a· concentrated 
15 means of a suitable etchant, such as a concen- strong aci4, such as concentrated· hydroChloric 80 

trated aqueous solution of hydrofluoric acid. acid: In. this- example, the hydrogen peroxide 
A conductivity type modifier is then diffused soluti()'D contains.appro.tely 30 weight per-
into the unmasked portion of wafer face 19. cenfl{20i and die bath contains 1 cc. concen-
If an acid resi~ or photm,·~st has been used trate4 hydro~oric a9id Per,-ioo cc. <>f the per-

20 to define the aperture 12, the resist is removed oxide- salution. The wafer. is immersed in the 85 
prior to the diffusion . step. · In. this example, bath ·at room. temperatµl'e, and. the. \lath Is then 
diffusion is accomplished_ PY: •heatjng wafer 10 heat~, ;~o J~91ll 8.5° to 95°C. This ~eatment 
in a nitrogen ambient containing.bo!on oxide tends to _remov¢c any .m.etcillic.:traces. or other 
vapours for .approximately 35 mmutes· at impuriti,e8 from the wafer surface, bl.ltthe.hy-

25 925°C, then heating the .wafer in steam for drogen peroxide. may cause the fori;nation .of 90 
approx.imately two hour~ ... at ·1200°C. The a thin silj~oµ9Jdde surface film when ~ewafer 
boron diffuses into the unmasked portion of consists. of .. silic0n, as . in. this. example, The 
wafer face 19. Since boron. is an acceptor in wafer is therefore treated again with concen,. 
silicon, the boron~dif{use.d wafer region 13 is tr~ted hy~fiuoric acid to relJ1o~e any _Sjlicon 

30 converted to p..:iype ·conductivity, and a p-n oxide film that bas been formed,.then washed 95 
junction 14 is formed at the. interface between with boiling deioniZed or distille<f water. . 
the P-type boron-diffused regi1;>n 13 and ·the Refc;n:ing now, to FIGl]:f.W 6,. a fresh layer 
N..:type bulk of wafer 10. · . or coating ~1 .of silicon oxide ·is now deposited 

The unmasked portion of major· face 19 is on wafer face 19. The.fresh silicon oxide coat-
35 now covered with a mask 15 (FIGURE 3). ing 21 may be deposited by thermal oxidation 

The mask. 15 may suitably consist· of silicon of a silo~ane. compound,· as described above. 
oxide,.and ~Y be deposited by any convenient Since wafer 10 eonsists of silicon intbis exam.­
method, such as by thermally decomposing a ple, the fr~ silieon oxide 1ayer 21 is conven..: 
siloxane compound to. deposit silicon oxide on iently f~d ·by heating• wafer ·10 ··in stea,in 

40 the wafer, as described above. Alternatively, for .appro:x:.iJDately~_ 15 .·minutes. at 1100?(::~ 
when wafer 10 · consists of silicon, as in .this Durmg this . ·. heating step the phosphorus 
example, the silicon oxide layer 15 is farmed difftised regioti 17 becomes thicker. ' ' ' 
dur~~ the diffusion step by the effect of steam Selected portions of silicon. oxide coating 21 
on silicon.. · .. . . are now !-"Cnl,oved by any convenient mei:hod, 

45 Referring now to FIGURE 4, one or more such as grindmg, sand blasting· or· etching. A 
portions of silicon oxide mask 15 are removed ring-shaped· portion 24 (FIGURE 7) of. wafer 
by any convenient method, leaving in the mask face 19 within the P-type region 13 is thereby 
15 at least one aperture 16 in which is exposed exposed, a8 well as. a portion, 22 of wafer face 
a desired portion of wafer face 19. A second 19 within the N-type region 13. . 

50 diffusion is now accomplished by heating wafer Refeqing now to FIGURE 8, a metal such 
10 in an ambient containing a conductivity as alwriiiiiuni is evaporated on the e;x:posed 
'type modifier capable of inducing the original pOrtions of wafer face 19, thereby forn:µn.g a 
conductivity tjpe of the wafer (N-type in this metallic contact 25 to the N-type emitter re-

.. example). Conveniently, thi~ is accomplished gion 17, and a contact 26 to the P~type.base 
55 by heating wafer 10 in the vapours of phos- region 13. The device is subsequently complet­

phorus pentoxide .for approximately 8 minutes e~ by ~tta~ electrical lead wires to contacts 
at approximately 1100°C. The phosphorus, 25 and 26, mounting wafer 10 on a base plate, 
which. is a donor in ·silicon diffuses into the and ·casing tlie.device.· These steps are accom­
unmasked portion of wafer face 19, and forms plished by techniques known to the art, and 

60 a phosphorus-diffused N-type x:egion 17, The do not fqrm a part of this invention. .... 
time, temperature and modifier concentration It has ·unexpectedly been found that .when 
are selected so that region 17 is thinner than semicoriducfof devices having a silicon oxide 
region 13, and is completely surrounded by surfaee layer- are fabricated as descn'bed abo.ve, 
region 13. A p-n junction 18 is formed at the with a silicon oxide layer utilized as a difftisioil 

~5 interface between phosphorus-:-diffused N-type mask, then removed from the wafer and the 
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wafer surface treated to remove contaminants, 
the operating life of the device is improved . 
·Moreover, the device thus fabricated shows 
improved resistance to elevated reverse volt-

s ages. While the exact mechanism r~sponsible 
for the improvement is not understoOd, it is 
theorized that in devices made aG(:ording to 
the prior art some traces of metalliC and other 
impurities are· present on the surface of the 

10 wafer and in the silicon oxide layer upon the 
wafer surface, and that these impurities migrate 
during the operation of the devke, thereby ad­
versely affecting the electrical parameters of 
the device. In the embodiment descn"bed 

15 above, the silicon oxide layer is removed,. after 
. all diffusion steps are complete, the exposed 

surface of the wafer is treated to remove· me­
tallic and other impurities, and a fresh clean 
layer of silicon oxide may then be deposited 

20 on the wafer. Accordingly, the amount of im­
purities present on the wafer surface and in 
the fresh silicoi:;. oxide layer is reduced, thereby 
improving the electrical parameters of the de­
vice, such as the breakdown voltage. 

25 It will be understood that the above example 
is by way of illustration only, and not limita­
tion, since various modifications and variations 
may be made without depaning from the scope 
of the claimed invention. For example, only 

30 a single diffusion step may be utilized, and 
the devices may be made of semiconductive 
materials other than silicon. The hydrogen per­
oxide acid bath utilized may contain lesser 
amounts of hydrogen peroxide, and the wafer 

35 treated in the bath for longer periods of time. 
Other strong acids, such as hydrobromic acid 
and nitric acid, may be utilized instead of the 
hydrochloric acid. 

WHAT WE CLAIM IS:-
40 1. A method of fabricating a semkonductor 

device, comprising the successive steps of: 
masking a portion of one major face of a semi­
conductive wafer of a given conductivity type 
with silicon oxide; diffusing canductivity 

4S modifiers into the unmasked portions of said 
wafer face; removing said silicon oxide mask; 
and cleaning said one wafer face to remove 
contaminantS therefrom. 

2. A method of fabricating a semiconductor 
SO device according to Claim 1 wherein the 

diffusion of conductivity modifiers into the 
wafer face is performed in the following man­
ner: diffusing an opposite conductivity type 
modifier into the initially unmasked portions 

5.5 of said one wafer face to cause diffused regions 
to occur in said wafer, re-masking a portion 
of each of said diffused regions on said one 
wafer face; and diffusing a said given conduc­
tivity type modifier into th~ unmasked portions 

60 of said diffused regions. 
3. A method of fabricating a semiconductor 

device according to Claim 1 or Qaim 2, com­
prising the additional steps after the cleaning 
step, of : forming a fresh silicon oxide layer 

65 upon said major wafer face; removing portions 

of said fresh silicon oxide layer; and, deposit­
ing metallic contacts on the exposed portions 
of said major wafer face. 

4. A method of fabricating a semiconductor 
device according to Claim 1 or Claim 2 com.;. 70 
prising the additional step after the cleaning 
step of: forming·· a fresh silicon oxide layer 
upon said major wafer face. 

S. A method of fabricating a semiconductor 
device according to Claim 2 which compri8eS 75 
using an acidified hydrogen peroxide solution 
in the cleaning step ·to remove contaminants 
from said one wafer face; and, then forming 
a fresh silicon <_>xide layer upon said one wafer 
face. • 80 

6. A method" of fabricating a semiconductor 
device according to Claim 1 which comprises 
cleaning said one wafer face by treating said 
wafer with a mixture of hydrogen peroxide 
and· a strong acid; and then forming a fresh 8' 
silicon oxide layer upon said major face. 

7. A method of fabricating a semiconductor 
devke according to Claim 1 or Claim 2 in 
which the cleaning step comprises treating said 
wafer with a mixture of hydrogen peroxide 90 
and hydrochloric acid; and then treating said 
wafer with hydrofluoric acid; and in which, 
after the cleaning step a silicon oxide layer 
is re-formed on the wafer. 

8. A method of fabricating a semiconductor 95 
device according to Qaim 1 or Qaim 2 in 
which the cleaning step comprises treating said 
wafer with a mixture of hydrogen peroxide 
and hydrochloric acid; treating said wafer with 
hydrofluoric acid; and then washing said wafer 100 
with water; and in which a silicon oxide layer 
is re-formed on the wafer after the cleaning 
step. . 

9. A method of fabricating a semiconductor 
device according to Claim 1 or Claim 2 which 105 
comprises: treating said wafer with 
hydrofluoric acid to remove said silicon oxide 
mask; and cleaning by first treating said wafer 
with . a mixture of hydrogen peroxide and 
hydrochloric acid; and by then treating said 110 
wafer with hydrofluoric acid; and finally wash-
ing said wafer with water; and re-forming a 
silicon oxide layer thereupon. 

10. A method of fabricating a semiconductor 
device according to any one of the preceding 115 
claims, in which the or each silicon oxide layer 
is formed on said wafer by heating said wafer 
in steam. 

11. A method of fabricating a semiconductor 
device . according to any one of Claims 1 to 120 
3 which comprises: cleaning said one wafer 
face by first treating said wafer with a mixture 
consisting of 100 volumes concentrated hydro-
gen peroxide and one-half to ten volumes of 
concentrated hydrochloric acid; by then treat- 125 · 
ing said wafer with hydrofluoric acid; and 
finally by washing said wafer with water; and 
then forming a silicon oxide layer on said 
wafer by heating said wafer in steam. 

12. A method of fabricating a semiconductor 130 
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the operating life;;of the' device is 'iriiproV'ed:. in'g''metatlic ·contacts on µle'~posed· pOrtions 
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device a~ditig''to-' Claim l oi:<Qaiill 32"com'" 70 

· · ' - for. tJie'.: in:.tJ?roV'ement is n:ot ·_i.m:d¢rstood/' it-·· is pnsin:g:'the ·· ad,ditiorial'. step'' after'· t:he ::cleaning 

~;~~~SJ!~E~5~:.f7:~=:?Ji ud;pe•Vl:.fc·Ae·.4.·:a•·~c· ... ~ .. co&rrmdi.~_·.~ng·~tuo;~_-.• b<cr.ca ...... ~2::w:rh._senu1·.·c_ .• h·?_·~com-~dpr:ct1~sesl.. 1".j:. 

10 .wafer and in the SilicOn,_ oxide .layer upon the l.lUlu 
~ 

-- wafer .surface, ~µ; tQa.fthese. iinpririties migrate U.Sing'· an ·a:~idified :.hydrogen pei;~xide solritloii 

during;the operatfon of the <i1:Vice, thereby ad- in the cl~g •step:t.o 'remove:rontaminants 

.·versely affecting the electrical parameters of from said otie wafer face; and, then forming 

the devici{ In:' -the· enibodimeri.t : desttibed · ~ ·nesh,~il~coti' <;)#de fayer :~po1qaid one wafer 

IS · above, the'Sllidin oJclde layer.is_re.ffi.dvt:d, ;aft~ .face. '• ,,: ~' :: · -· - .. '· .. .;;:= · '<,": : . 80 

. all diffusion steps are ·Com.ptete,'.the:e'Xpo8ed•· · it'.t\ metliod·of'fabricating a semiconductor 

·· surface of the wa:fer is treated to remove me- device according to Claim 1 which comprises 

< tallic and other impurities, ~d a fresh clean cleaning said one wafer face by treating said 

layer of silicon oxide may then be deposited wafer with a mixture of hydrogen peroxide 

20 on the wafer. Accordingly; the amount of im- and a strong acid; and then forming a fresh SJ 

purities present on the :Wafer surface and in silicon oxide layer upon said major face. 

the fresh silicon oxide layeds reduced, thereby 7. A m~od of fabricating a semiconductor 

improving the electrical parameters of the de- device according to Claim 1 or Claim 2 in 

vice, such as the breakdow:n·voltage. whicli the cleaning step comprises treating said_ 

25 It will be understood that the above example wafer with a mixture of hydrogen peroxide 90 

is by way of illustration oruy, and not limita- and hydrochloric acid; and then treating said 

tion, since various modifications and variations wafer with hydrofluoric acid; a.nd in which, 

may be made without departing from the scope after the cleaning. step a silicon oxide layer 

of the claimed invention .. For example, only is re-formed on the wafer. 

30 a single diffusion step may · be utilized, and 8. A method of fabricating a semiconductor 9S 

the devices may be mad~ of semiconductive deviee according to Claim 1 or Claim 2 in 

materials other than sili(:on. The hydrogen per- which the cleaning step comprises treating said 

oxide acid bath utilized. may contain lesser wafer with a mixture of hydrogen peroxide 

amounts of hydrogen peroxide, and the wafer and hydrochloric acid; treating said wafer with 

35 treated in the bath for longer periods of time. hydrofluoric acid; and then washing said wafer 100 

Other strong acids, such as · hydrobromic acid with water; and in which a silicon oxide layer 

and nitric acid, may be utilized instead of the is re-formed on the wafer after the cleaning 

hydrochloric acid. 
step. 

WHAT WE CLAIM IS:- 9. A method of fabricating a semiconductor 

40 1. A method of fabricating a semiconductor device according to Claim 1 or Claim 2 which 105 

device, comprising the · '.successive steps of: comprises: treating said wafer with 

masking a portion of one·inajor face of a semi- hydrofluoric acid to remove said silicon oxide 

conductive wafer of a given conductivity type mask; and cleaning by first treating said wafer 

with silicon oxide; diffusing conductivity with a inixture of hydrogen peroxide and 

4S modifiers into the urunas~ed portions of said hydrochloric acid; and by then treating said 110 

wafer face; removing ·said silicon oxide mask; wafer with hydrofluoric acid; a.nd finally wash-

and cleaning said one wafer face to remove ing said: wafer with water; and re-forming a 

contaminants therefrom. . silicon oxide layer thereupon. 

2. A method of fabricating a semiconductor 10. A method of fabricating a semiconductor 

50 device according to Claim 1 wherein the device according to any one of the preceding 115 

diffusion of conductivity .modifiers into the clairiis, in which the or each silicon oxide layer 

wafer face is performed in the following man- is formed on said wafer by heating said wafer 

ner: diffusing an opp9.~te · conductivity type in steam. 

modifier into the initi~ly unmasked portions 11. A method of fabricating a semiconductor 

55 of said one wafer face to cause diffused regions device according to any one of Claims 1 to 120 

to occur in said wafer; rc;:-masking a portion 3 which comprises: cleaning said one wafer 

of each of said diffused regions on said one face by first treating said wafer with a mixture 

wafer face; and diffusillg. a said given conduc- consisting of 100 volumes concentrated hydro­

tivity type modifier into the unmasked portions gen peroxide and one-half to ten volumes of 

60 of said diffused region.s. 
concentrated hydrochloric acid; by then treat- 125 

3. A method of fiib~cating a semiconductor ing said wafer with hydrofluoric acid; and 

device according to Claim 1 or Claim 2, com- finally by washing said wafer with water; and 

prising the additionar st¢ps after the cleaning then forming a silicon oxide layer on said 

step, of: forming a 'fte;sJi silicon oxide layer wafer by heating said wafer in steam. 

65 upon said major w!lfer face; removing portions 12. A method of fabricating a semiconductor 130 
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device• according .t:Q 'llllY one -Of the preceding 
claims. Which . comprises, -treating . said wafer 
with hydrofluoric acid. to remove said silicon. 
oxide ma•; washing said ·wafer ·with d.eionized 

5, water; treating said wafer with a mixture. con­
sUting Qf 100 volUD1es concentrated hydrogen 
peroxide· and one volume of concentrated 
hydrofluoric acid; .treating said. wafer With 
concentrated hydrofiueric . acid; washing said 

10 wafer with boiling deionized water; and then 
forming a silicon · oxide layer on said wafer 
by ~ting_ !!&id wafer in steam. 

.1.3. A nieth;o~ ~ :f~~~~tjng. a· ~~p.114.~~~·.. <~~ · 
device. B~!:>stantW!Y, as : hereinbefor.e .. tiescri~ · "'!-· 
with reference to -the acan.npanying dravvfugs. . 15 ·· · 

14. A semic()llductor device when fabrieated 
by .a method according to ·any one of the 1're .. 
cecling ~s. · 

.. A. M. & WM. CLARK, 
Chartered . :Paknt Agents, 

S Stone Buildings, 
Chan<:C"Y Lane, , 

..• Lf?Jldon;. W.C:~· ~'Jo 

~ Spa: Prin~ for Her Majeety!a, S~~ Ofti~~·.-by -the ·Courier Pre,;s 
.(l:.eaminston) L~.-1967. Published by The.,P,atent ,Q~~ 2S· Southampton BuildingJ, 

· London, W.C.Z, from which .copiea may be.obtained. · · · 

1111111111111111111 11111111111 
* C L K S * 

.... :.··.; 

.. ·.::. 


