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. W .form.: .. ~ borosili~te glass coating i~. : WJ{ATWE CLA(M IS:-
.. ··i(lFigu~ . .2): ;()~ the sulface of the m..asI.dng .. . l ., A method. of ID.ak:ing a ~micond~tpr 

< . ·:· cq~ting 2Z:- aJ.i4 on the exposed surface of · deV'ice including a patterned pdl}rcfystallihe 
. , the,·~~lycfy.stid]b.ie sili.cOii .layer 20; .There- • silicmt' layer on an insillaror, comprisirlg te,, 

5'.. · 8,fU,i{th~\W!~fe:C-'10 is heated to diffuse boron moving portia!lS ()f. ,said. silicon ~yer after 
: · eµ.tireiy.Jhr<>;ugh/the film 20 to the insulator diffµsing a P ·iype impuriiy into and tlitough 

·· l~'.to ''Pt.oduc¢ ,iy doped region 28 as shown. . the regions to:be retaiiied .. ' .. . .. 
·• .iThe·,d:C!~4.·region 28 becomes the conductor .2.· . A. method of. :making.· a ·semiconductor 

.. · 18:iji:'tbe';(0»pWing steps. . device including a ~~:tei:9ed po'lycrystalline 

lO . ~~~t~~f!;! :~~~~~4J;e:£~.· · .!~~ii~~~:tb; ::~:cio:1f8mri8i~gs!~~ 
in a suitable solvent. The futriri.sic po~9ris· ·. stantfal1y -'inirmsiC 1'Qlycrystal1ine silicon on 
only of the film 20 are next removed~' The said iilsu'lafor~ characterized by doping those 
invention has discovered that no etch re- portions of said film intended to be retained 

15 sistant mask is''requfred'ovet.the p doped ,·as ·sai(f .. patterned·layer With a p type .im­
region 28 of the film 20. It has been found purity, and thereafter contacting the entire 
that the known. solvents fQr siliCQn are !!elec- film with a solvent for a time sufficient ;to 
tive . for substantially . lrttrin~ic silicon;. that rtmioye . ·tile. . $lrbStantla1ly'. Inttin!!iC. , sijic.on, 
is. they are solvents in· Whfoh intrinsic sili~oi;i said. ~Ne~f ~ing a : solution, in . iwl;tich · ~ub_~ 

20 is relatively soluble but ~ Which p doped sfariti~l,ly j~frmsiC silicon is SQ~~bJ.e, but in 
silicon is substanti.~y insoluble. ~ .. d,oped w.hich, J>.. ·,d9ped siJ,ioon ·.is• subst:U)fia:lly in~ 
silicqri, however, is rel~tiv~y : solul)le. S'ilit- soltibl~:.·:. '.: .. · : . · . . . . . . . . 
able solvents are aqueous !iydraZ.irte splli:~ ·:. 3. : A'i#~tlio~' a,s· cJ~i'm.'e<l in claim: 2!, wt,,¢re~ 
tions, potassium hydroxide-ptopa.ilol solo- in :Sai.4 'iijSUlatQf is. an ~Ufa:ting .coap,ng ()f 

25 tions, or mixtures of hydrofluoric a~id and siUCQn ·@xJ.de. .on a :8.u$c~ of· a. bo_tly"of 
~itr'ic ac!9· ~cl: the . like. J;'he, ~~~ .. sqieoli monoccyStaliilie, ~ili.¢c>:J1; . : < ' ' :: . ' . : . : 
fifui 20 ~. expoSed to one ~f ,ib~ .. s.olyent$, ... 4, •. f:\.,IA~th,~d a~ ctaµn¢d JI1c;l~3, where" 
The materia) :w~ e~h . o~y · ~ .i~S,:in~c µi ~~f!~~:~q~YAA:.t; is se~ec,tect. fron:i .the_ gr~up 
areas, resulting m. cJeaQ., .well deftnexi edges cons~, ot.~uumµeq.0$ hyci~ne. solu~on; 

30 of the conductor'l8'. "(he .t¢.11ns .''S6l(tple" a'·. pofa.Ssfom'' ily(fu)lQ.4C-propanq1 .soJuti~ri; 
and ''in.soluble''· as uSed hei'Cip. a~ ihterided and .a ~~ .~ hydrQfluoric acjd and hltric 
·tom~nrelative.lys"ol:uble'~(J.)ns9lubJ,e . .As acid .... ~.·:;:,'.;:.:··; .... ·,. ,: , · · .. · .. 
is knoWn., dopcx1,·po1yc.r:Ystalliiie .silic;<?ti ¢an . . s. A,µ1¢thod~~.cwmoo.in chum2, ~J;tere­
be etched in. the_·aei~C. solutiollS, · fo(<?x; !it said0

,d~p!n~ ~~P ~s.·~~ti~ ~ut,l>y ~q&.-
35 ample .. The rate; Of etehing, J:ioweve~ • .is .ID- mg ~nd1Jc,t;,.vity .mocijf1~I'$ m~ and throu~ 

verscly prop~rtional to the c;Iopiilg lev~ and ~o~. p.ortioils 'of said film mt~11ded to ·be 
highly dqped ll18.terial. i~: extremely diffi~tilt retain~;:.· . , : . . • . . . . · . . .. . 
to etch. Consequently, .. m the petforI11ance 6. A method as c~une.d ijl clami S, where­
of the present method, the tegion 28 should in, said coi;iductiyity mO<lifiers. ate 'bO~ii 

40 be relatively highly doped. .· . . . at(?iri,s _W;hicb . are prese~t in &.aid p0rti,ons 
In one example of the Presen~ metho<i, the after: ~d. d,oping step in a: ~ulface . coil<:e~:­

solvent may be an aque<)us solution of 64% tration Of at least 1016 atoi:µs/cm3• :and said 
hydrazine, by.vol:wne; the dopingleyel of the s0Jve11t .is ·an aquet>us solution of 64% 
conductor 18; ·that is, ·of the region 28, liydt8.zine~ by voh1~e. . . . . . 

, 45 should then: amoUlit to a sutface cortcentra:- ' 7. A method. as .cla:iilied in clami 2~ m­
tion of· at.least. about iOt& atoms/c.ln.3. As ctlidlng the steps C>f fomiiIJg a diffusiqri 
is knawn. (he conceriti'ation of ·mpdifieI'$ in riiask on Said continuous film l~ving, un­
a diffused region f8.lls off exporientiiilly from covered . 'tile. pcfrtio~s thereof ll!.tendelj . to 
a. max.iinum concentratio.n at the suif~ce bect>me Said patterned layer, diffusi,iig P 

·so through· whieh the .diffusfon .is earrie<l.o\J.t type conductivity modifiers into a.ilct:t~.-ough 
and it is ccnnt'n:oli to ci¢scribe doping e<>n:- the uncovered' porti~ns· of said 'film to (oqn 
centratio~s in terms of the sui'face con- a doped region eJL'.tending entirely, through 
centration:·as is done,here. Uticier the$e con- said. film, said· ~using ·step ~ing caqied 
ditions, good edge · definition . may .pe ·out ~. an oxidizing atmosphen:'. wh~J.'Cl>Y 

SS achieved. , · : . , · · .·. . a sUicate glass .film is f onned ·.on t;&e e~p<)sed 
The etehing solutions: desed~dabove for surfa~.; of. said diffusion mask: and' ~i4 

silicon do not attack silicon . dioxide to an polyctystalliile ... Silico,n fihil~ remo~ ~y 
appreciable extent; therefore, the removal of etching Said silicate glas!! film and 'said.dif;. 
the intri.nsic a~s of· the filin 20 is effectively fusion m8.$k, and· epntacting the entire· silicon 

60 self~lirliitillg;)p.at is~ the etching willstop at film with a.solvent in which intrili.sic.sili~on 
the surface of tll.e coating 16. Pin holes in the is splubfo but in which P doped siU~n. an~ 
insulator ·~ are not as likely to be fomi.ed the material of said iI.isulatoi' are su~«µi~ 
in this proces!!, as in t,h~ prior art proeess tially insoluble )o remove only the undo1*f 
described . above. Con¢q,uently, subS.tantial portions of said film.. · · · . 

65 yield improvements may·be expected. · · 8. A method as claimed in claiin 7, where-
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to form a borosilicate glass coating 26 . WHAT WE CLAIM IS:-
. (Figure 2) o~ the surface of the m~ing . 1. A method of making a semiconductor 
coating 22 arid, on the exposed surface of · device including a patterned polycrystalline 
the .P.Jlycrys~e silicon: layer 20 .. There- silicon layer on an insulator. comprising re­
after, the·wafer 10 is ~eated to diffu~ boron .. ----moving portions of said silicon layer after 
. entirely through .~the film 20 to the msulato~ diffusing a P type impurity into and through 
16 to pt:¢uce a' doped region 28 as shown. the regions to be retained. · 
The· doped region 28 becomes the conductor 2. A method of making a semiconductor 
18 iii the (allowing steps. device including a patterned polycrystallilie 
: The ~roil glass coating 26 and the ma~k- silicon layer on an insulator. comprisµig ~he 

ing coatmg 22 are next removed by etching steps of depositing a continuous film of sub- . 
in a suitable solvent. The intrinsic portions stantiaHy intrinsic polycrysta:l1ine silicon on 
only of the film 20 are next removed. The said insulator; characterized by doping those 
invention has discovered that no etch re· portions of said film intended to be retained 
sistant mask is required over the P doped · as said· patterned layer with a P type lm­
region 28 of the film 20. It has been found purity. and thereafter contacting the entire 
that the known solvents for silicon are selec- film with a solvent for a time sufficient to 
tive for substantially intrinsic silicon, that remove the $Ubstantially. intrinsic sili~n. 
is, they are solvents in which intrinsic silicon said solvent being a solution in iwhich su~~ 
is relatively soluble but in which P doped stantially intrinsic silicon is solu'ble but in 
silicon is substantia:Jly insoluble. N doped . which P doped silicon is substantUdly in-
silicon, however. is relatively soluble. Suit- soluble. : ·'· 
able solvents are aqueous hydrazine solo- 3. A method as claimed in clalm 2, where-
tions, potassium hydroxide-propanol solu- in said insulator is an insulating coating of 
tions, or mixtures of hydrofluoric acid and silicon dioxide on a surface of a body of 
nitric acid, and the like. The entire silicon monoccystalline silicon. . . · . 
film 20 is exposed to one of these solvents. 4. A method as claimed .in clalm 3, where~ 
The material will etch only in its intrinsic in said· solvent is selected from the group 
areas. resulting in clean, well defined edges consisting of an aqueous hydrazine solu~ion; 
of the conductor 18. The terms "~Jubie" a potassium hydroXide-pr<?pan91 _sol~q~i;i.~ 
and "insoluble" as used herein are intended and a mixture of hydrofluonc acid and 11:1trtc 
to mean relatively soluble and insoluble. As acid. · · 
is known, doped polycrystalline silicon can 5. A method as claimed in claim 2, where-
be etched in the acidic solutions. for ·ex- in said doping step is carried out by diffua­
ample. The rate of etching, however, is in- ing conductivity modifiers into and through: 
versely proportional to the doping level and · those portions of said film intended to be 
highly doped material is extremely difficult retained. . . ·· 
to etch. Consequently, in the performance 6. A method as claimed in claim 5, wher~ 
of the present method, the region 28 should in said conductivity modifiers are ooron 
be relatively highly doped. atoms which are present in said portions 

In one example of the present method, the after said doping step in a surface concen­
solven:t may be an aqueous solution of 64% tration of at least 101& atoms/cm3 , and said 
hydrazine, by volume; the doping level of the solvent is an aqueous solution of 64% 
conductor 18, that is, of the region 28, hydrazine. by volume. . . . . · 
should then amount to a surface concentra- 7. A method as claimed m claun 2, m­
tion of at least about 101s atoms/cma. As · eluding the steps of forming a diffusion 
is known, the concentration of modifiers in mask on said continuous film leaving un­
a diffused region falls off exponentially from covered the portions thereof intended to 
a maximum concentration at the surface become said patterned layer, diffusing P 
through which the diffusion is carried out type conductivity modifiers into and through 
and it is common to describe doping con- the uncovered portioQS of said film to fonn 
centrations in terms of the surface con- a doped region extending entirely through 
centration as is done here. Under these con- said film, said diffusing step being carried 
ditions, good edge definition may be out in an oxidizing atmosphere whereby 
achieved. a silicate glass film is formed on the exposed 

The etching solutions described above for surfaces of said diffusion mask and said 
silicon do not attack silicon dioxide to an polycrystalline silicon film, removing by 
appreciable extent; therefore, the removal of etching said silicate glass film and said dif-
the intrinsic areas of the film 20 is effectively fusion mask, and contacting the entire silicon 
self-limiting, that is, the etching will stop at film with a solvent in which intrinsic silicon 
the surface of the coating 16. Pin holes in the is soluble but in which P doped silicon and 
insulator 16 are not as likely to be formed the material of said insulator are substan­
in this process as in the prior art process tially insoluble to remove only the undoped 
described above. Consequently, substantial portions of said film. 
yield improvements may be expected. 8. A method as claimed in claim 7, where-
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in said insulator is an .insulating coating of 
silicon dioxide on a surface of a body of 
monocrystalline silicon. 

9. A method as claimed in claim 7, where­
in said solvep.t is an aqueous hydrazine solu· 
tion, a potassium hydroxide-propanol solu­
tion, or a mixture of hydrofluoric acid and 
nitric acid. 

10. A method as claimed in claim 7, 
wherein said polycrystalline silicon film is 
about 8000 A thick and is formed by heating 
said insulator in an atmosphere comprising 
silane diluted with hydrogen. 
· 11. A· method as claimed in claim 7, 

wherein said conductvity modifiers are boron 
atoms and said doped region contains said 
boron atoms in a maximum concentration 
of at least 101s atoms/ems after the per­
formance of said doping step. 

12. A method of making a semicoductor 
device substantially as hereinbefore de­
scribed. 
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