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9 '~ife ~~wa~~~ ~ ~rly. ~o, a tetjmiq~_ f91:_ .~oying •• ~·4eµosited ~~,:=-hfs=tJff~r:1 :~f:i m~. amtaci. to ~ surfaee of. a 8etWtondpc.. matc;iial ·t<> ' the· ·sutface ·Qt . tli~- wafer.. The 1$ tor body. · . .. · . · . . · _ . s.CifilOOiid.n~Oi· ;piaterie:J.~ '. : typically · silicon, ·1 h ... ,. U£ · ·Of· · '· •· · ·· ·•·· ··' ·• wOUJ.d'bC·transpaierido infra~ arii;f. :so wotild 6Q 

20 
0Wlvt~h~th·~ei_hm~ont.r.·_:._·~.01-~.1-~_.me:_J :S .• emticon~drn~.·--~-···_·.t.e ... :.~_-_:.:_~_:.t_-_:_._·_.,•.- ~~:r~io~]:~ ~~~r..,._ ... ..., •. .., .. ~... Sii:iee :~licori :1s-··:tra:MF.ent ;t9'.-in:frareg,;'the ~? the. heatiiig ()rdiruirily ~g done e,ither iri. an alli>ymg .. y 4;e proYjd~ "by -~tjon from '.'.' allt>Ying fuixut.c£'or.by'·p~g ~ waf~ on thchvaf~-fttce·:~-.t:he Q.eposited contacts, a· ·strip' heater>Tu: either{eas~ dt is ,difficult pl'QdnciJJ,g ·~· :-m.&ie tapI"d i:illojing. . 25 t0 'control i:he''deiree of Iieatihg. ·f.q .P&dncii · The n:OWJ. Jea~ .aiul ad~ntages ·of ·this an .optiniwn au()f~';c;qnta~, it is prefeiat>le inv~tfoh.,'.:·Will.~e ·readily apPatent ;frO,tµ 70 ·· h ·Olli · ·· ···. "·· · · · · t.o f ffie<ifol10Wiiig•:d~ilep des9tiptioµ of ·a pre;. ,. 
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tiOll. is. )llus~t:e:d. A plurality Qf ·wafer8 -10 '- aCtiially' fuSed or alloyed with the_ semiconduc- ~~ 
of _semictjndµ,ct~ materia-1 ie- dispoSed on a tor material is preferably a vecy small per- ,,_-"':.-' 
heat sink suppOI't member 11 such as a block centage of the stripe thickn~. _As, illu11trated _ '.:~; : , 
or shett of,_a.luntiniuin qr,.qUll'ft.~. ~,,b(lnk_~ _in Fig. 4, which is_ not to:scill¢-~caply_a-'tl'iin- ~:,\ 

-:~=l~~l:s~~~~::~~~~ ~:!Ei:J~$ce:t;:~??~1·::;:'~; .. -
lamps 12 may be suitably motmted on one"." _controll«l by _vai'y:itlg the power appli~ ·'to:. '- ';;,,_ -

_ half inch centers about one-half inch fi'om the IR tlibes, - the ·- distance betWeen _ the JR - ;:c;. 
10 the base member 11. The ~ti.re assembly is- tubes' and,the work, or the tlme-ofexp(,sure 1S'ii+ 

mounted in an evacuable chamber so that a _to the heat source. _ -- --
vacuum may be provided during ihe·--alloying 
step. __ _ . : WHAT WE CLAIM is:-.._ .:: :· .>d 

Each of the wafers 10 may have a large 1. A method for alloying atleast one, metal 
15 num~er o! doubl~dfffused trallsis,~%8 f~~ ®n~- .. t() _a semiconduct0r h9<1Y c0mpriSing -

therein With each of the _trans15tors beiiig of · pJa:~g, a11·am~t of metal 1D; contact with 80 
the type illust:nlted in .)3ig. }_~ __ 1)~ bulk of th~ ~etn.icondttctor _body_ and subjecting the •- --
the wafer 10 may be n.;iype-~sru-con."and pro:-· •bOdy an,d ··th~ amount of- inetaF t0 infrared 
vides the coll~~ ,~gion f()]:',. each' ()f . the raqia~ froof one; 91' ,more infrared' lamp. -

A> many .t~~' -while ~- and .e!ni~ _ }·:A-m~ as clitime.d in cJai~ 1, wherein 
regi0ll$: 14 and JS, w~d be P.iWf4ec(by"J>,. -~t.J~t a·pomon.. Of.tl1e" amowit of metiil ~5 -
and N-type diffuSioils, :resp~c1;i:~ely,. ;Jwiitet, 1s,~pJ,ac¢. -Qll a: sudace Of the :Sc1nicimductor 
and base: CQil~~ ::are proym~ :bY ~~ting bQdy iii--th~ form . Of a)ayc;r. - . ---- - ,. . ; - -
pai111 .of pataU~. ~ .i6 and 17 Of :at~.. -J. A,i1J.etbrid ~s clairried in, cWm. 1, wherein 

~ ~~=~~~~ ~~~~~~.90. 
the m$1_ snipes :is :widely :udlized arid is 4. A inethod"_aS ~ iri.ariy Of clairiis ,. _ 

30 ~~f~Jii ft~5:e::::~ :. ; 
stripes-16 81.ld 1'1,thete;OJi. .. ~t:Bpa~_;-p<>$iti!>IlS, 1 to ~' Wli~ the bulk of. the seniicOridrictor: - <::i ,: -

35 ~~w!~·m: ~r;:::r;;~:::..=.: 100.· 
.dµ~ye ~- ~epi~;_, 1l ~,.;,an-;·eya.cuable 1:1:\~-~--of-the: senuconductor bOdy is mam,.~ 

40 ~~~~a~~&:,~.=:-~~ 
the dura,tian of the aUoyingproees~.,Of;"~~ _ -,-7. A ,m.et\1~. as claimed m any_ ·of:~. 105:: 
~ny inert_ -11-tgJ.98p~e. ~Y ~-, ~µit.ab~~ , The i to ~' ~h~ the. bodY .and the- ~Oun.t 
mfrare4 -Wbes iµ-~. en~gizc~q: l>y: applying- fl.C ?-(--T~ is sub1e;cted to the infrared radia,tion 
-~th~ofor:at.l~Sl;,tbreetofqµr.~s. ma.~~.> - __ --, ___ _ - . _ 

45 The as~bly· C<JQls 'rap4\ly wh~:-.the tubes . 8, A m$~- as claimed in ariy _of d8.inls 
~ de-~e,rgi'z~ since the: themial<iµ,ertia ()f ! to, _7, ,'W:herem the. sen:UCOJ1duct()l'body is no 
the -oUibc:s:ois smalJ.. ~4. tb,e. sµ~- iµem.~ pth_la_¥. s~ _that Qll~i.;~a~ thereof is" adjac:en:t 
are heated veiy little. : . ->·. . , , : _ , _ e -0117 °"-" more .Ll,Llaj'cd lamps_ and; a~: least 

.-The deposited, :stripes ,16 and_. tt~Y ·be l:L. pqrtton of !he amount: _of metal)s placed 
50 either· on 1:0p of the wafers. in Figs. _ l, and 2, ~n. a-,.s,~rfac;e ;.of ._the -~ody shaded from the 

or underneath the wafers, since silicon::· .. is one or'._ pi~ infrar~ Janips :_by the. body._ _ 115 
rclatively-.:transparent to 'infra~: In fact, ---_- 9 .. A meth~_.as clitinied in•.any· of claims 
alloying is even more ra~.:for :alµmin.itux\ 1 t(j: 7, wh~ tl:ie, semiconductor body __ is . _ 
qii,• silicon ·w}ten _ :the contact lll8.terial is plac¢d so $.at one_sq;:fa,~-thei'eof is adjac;ent 

55 f11-~est ,fl'!)ID.- fu._~: h<:at: s~ compare-4 to tf?..e -fm.~ _or moridnfrared .lampii and a,t- least 
wh~:the-CQPita~ are~ th~ h,~t ~e a Vo'l!ion of the amOilnt of metal- is, placed 120 
and the wafer. For exampl~,, v_e_r:y, :s~r on said ~e.:surface. __ , .. :- -- , .- - --_ -
~-IJq.ys, -~r~ ()~ii!~- Jn lQ- $CCon~, witW·.-the ; -_w-. ~,.-A1~ as clii1*¢Jn an~ of. cle,ims 

_
6
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0
,. ~tacts ()ll" ~op ansI_S: s~ds, ~th:~ con,- l to 9, wherein the step. of' ~ub1.ecty:i.g ,the 

tacts on the bottom. ThiS may be a~ted body· and. the. amOQDt .,()f mefal, _to fufra,.red 
to the ,faet that • inf~red ra~ --~g ._·the ;ra,c\i_a,tlon -.iS accomplished J~y .subjeCtirig _:tl)e 125 
JD,~- srirface · f4'st .tend to be J;efle¢teq:,t,wbile l:i()dy , 8.nci the am~f ()f. metal to ilif~ 
those!" strikitig the se:i:niconductoi metal inter.;; iadiiition from One or mOre quartz Infrared 
face first tend to be absorbed. _ tubes. _ · : 

The amount of deposited materialwhich is 11. A method as claimed in any of clainis 

__ , 
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tion is illustrated. A pii.irality of wafers 10 
of semiconductor material fir disposed on a 
heat sink support member 11 such as a block 
or sheet of aluminium or quartz. A bank· of 

5 infrare.d tubes 12 is mounted above the base 
member 11 by a suitable support (not shown). 

·Preferably, these are quartz tubes. These 
lamps 12 may be suitably mounted 0n one­
half inch centers about one-half inch from 

10 the base member 11. The entire assembly is 
mounted in an evacuable chamber so that a 
vacuum may be provided during the alloying 
step. 

Each of the wafers 10 may have a large 
15 number of double-diffused transistors formed 

therein with each of the transistors being of 
the type illustrated in Fig. 3. The bulk of 
the wafer 10 may be n-type silicon and pro­
vides the collector. region for each of the 

;tO many transistors, while ~e and emitter 
regions 14 arid 15 would be provided by P­

·and N-type diffusions, respectively. Emitter 
and base contacts are provided by evaporating 
pairs of parallel stripes 16 and 17 of alumi-

actually:@etkor alloyed with the semiconduc- ,f~ 
tor -rilateiia1 ik preferably a very small per- ¢'..":3. 
Cetltage · ()f the stripe thickness. As illustrated . .. .. ,,., 
in Fig'. 4, which is not to scale, only .a th~ . ;;;: . 
layer of the bottom surface of the stripe J .. 1:~, 7(t ;.­
is fused with the silicon wafer. The eiiict:'-X >;>i;,,7 
degree and depth of alloy may be accurately '. / :; 
conttoUed by varying the power applied to . · f"< 
the . IR· .. tubes, the distance between the IR ·.,_,,,. 
tubes aild the work, or the time of exposure 7'5''''' 
to the heat source. 

Wl:JA,T WE CLAIM IS:- :-:• .. ·< 
1. ·A method for alloying at least one metal. 

contact to a semiconductor body comprising 
placing an amount of metal in contact with 80 
the. s~conductor body and subjecting the 
body· and the amount of metal to infrared 
radiation f~ one or more infrared lainps. 

2. A method as claimed in claim 1, wherein 
· at least a portion. of the amount of metal 85 
is placed on a surface of the semiconductor 
bo,dy in thei form of a layer. 
· 3:; A method as claimed in claim 1, wherein 
at least a portion of the amount of metal 
is .phJced on a surface of the semiconductor 90 
body in the fonn of one or more metal strips. 

li 

25 ni~ typically one by three mils in area 
spaced one-half mil apart and 6000 to 8000 
A thick. This technique for evaporati0n of 
the metal stripes is widely utilized and is 
described in the prior art. Masking and selec-

30 tive etching may be used to properly position. 
the stripes 16 and 17. Each of the wafers 10 
may have perhaps one hundred pairs of the 
stripes 16 and 17 thereon at spaced positions, 
and after the alloying step the wafers would 

4~ A method as claimed in any of claims 
1 to 3:, wherein at least a portion of the -~ 
metal. placed on the semiconductor body is 

35 be sawed into as many separate transistritrs. 
The wafers 10 are placed on the heat con­

.ductive base member 11 in an evacuable · 
chariiber such as under a bell jar which is 
connected to vacuum pump system. The pres-

40 sure is lowered to about 1 micron Hg for 
the duration of the alloying process. Of course, 
any inert atmosphere may be suitable. The 
infrared tubes are energiZed by applying AC 
power thereto for at least three to four seconds. 

45 The assembly cools rapidly when· the tubes 
are de-energized since the thermal inertia of 
the tubes is small and the support members 
are heated very little . 

The deposited stripes 16 and 17 may be 
50 either on top of the wafers in Figs. 1 and 2, 

or underneath the wafers, since silicon is 
relatively transparent to infrared. In fact, 
alloying is even more rapid for aluminium 
on silicon when the contact material is 

55 farthest from the heat source compared to 
when the contacts are between the heat source 
and the wafer. For example, very similar 
alloys are obtained in 10 seconds with the 
contactS on top and 5 seconds with the con-

60 tacts on the bottom. This may be attributed 
to the fact that infrared rays striking the 
metal surface first tend to be reflected while 
those striking the semiconductor metal inter­
face first tend to be absorbed. 

6 ::- The amount of deposited material which is 

aluminium. · . 95 
· S. A method as claimed in. any of claims 
1 ro 4, Wherein the bulk of the semiconductor' 
l;xldy- is maintained below the alloying temper- ( ' arure.. . . . 
. ·6 .. A method as claimed in claim S, wherein 100 
th~ ·bulk of the semicon~uctor body is main­
tam~ ):Jelow the alloying temperature by 
placmg the · l?ody on a heat conductive 
member. 
. · 7. A meth_od as claimed in any of claims 105 
1 to 6, wherein the body and the amount 
?f .metal is subjected to the infrared radiation 
in a vacuum. 

8. A method as claimed in any of claims 
1 to 7, wherein the semiconductor body is 110 
placed so that one surface thereof is adjacent 
the: one: or more infrared lamps and at least 
a .. ~¢on of the amount of metal is placed 
i>n a:. surface of the body shaded from the 
one' 0r more infrared lamps by the body. 115 

_9.,·A. n;iethod as claimed in any of claims 
1 JC> 7, wherein the. semiconductor body is 
placed so that one surface thereof is adjacent 
the ~e or more infrared lamps and at least 
a po~ion of the amount of metal is placed 120 °°' ~af~ one surface. 
·,JO~ A method as claimed in any of claims 

1. to:: 9, wherein the step of subjecting the 
bof.iy : llJJd the amount Of metal to infrared 
ra_cljatioo is accomplished by subjecting the 125 
OO:dt: and the amount of metal to infrared 
riidiatioil from one or more quartz infrared 
tubes. 
· · 11'. A method as claimed in any of claims 

---------------------- ... 
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~:' l to,10, wherein the amount of metal is placed 14. A ~con4uctor device wh.,en in.a&: ~y; 'Hf;' · './ . 
. .: ; , .. in col:ttaet with a bOdy made of silicon. the method as claimed in any of dditS·.r : . . . : 

. ~:~; A · nteth~ for alloying __ one or more to 12. · · ··. . . , 
_r>;retal q:m.tact$ 'to a s~uctc>i.' lx.>dy sub- . . 

.5 ~~E:! 3::*~~;.~·~ix.·· 
eii:h¢r: singly ~ in combination. S })jll'Jc·;·G11Tde:ns, Glasgow,. C.3. . ~' 
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