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Of . ' Umted St t& .of
Amenca, .do hereby declare the: .inyention, :
which. we pray that a patent may

‘us, and the: metho_d
med; to’be parti
. followmg statément ;-
““"This: invention ‘relates ‘to electrical . eontacts
for ‘sethiconductor ‘ devices;" and ‘more parucu—

_',rly describ | in and

meral g

COMBLETE SPECIFICATIGN

: of metal in contact w:th the semmonductor

bady ‘and ‘subjecting the body and the amount
of- metal ‘to Infrared radlauon from one or

s more ‘infrared Japips.

‘Copductive tpatenal may _‘bei' epos1ted xn a
selected. pattern ‘on ‘the ‘surface -of ia s

an pverhead heat souree, preferably -a ‘bank
of quartz ‘infrared :tilbes. The .infrared tubes
are. exeited for -afew: séconds, heatmg the
déposited -metal by radiant infrated and- fus-
ing “the “bottony ‘surface of the deposlted
material o the: -su#face of the: ‘wafér.. The
semicotiductor ‘materidl, ‘typically * silicon,

ite woild be tmnsparent o mfrared and so’ worild

be heated ‘very little. “As -soon as the infrared

ich tbes ‘are -cut off;’ ~Ehe wafers and contacts

avoid further alloym
" when air alloying f
' enure wafer assen;,‘

35

cool -rapidly -due to thé heat sink and the
fact that, the ttibes have little thermal -inertia.
Since -stlicon ‘is -transparent -to" infrared, ‘‘the
alloying piay be _provided ‘by radiation from
the wafer face - -the deposited contacts,
pm'lt_i;]mng even ‘more rapid -alleying.

“beeome readily apparent -from
detailed description of - pre-
ent'of -the invention -when

taken ‘i conjunction thh the aceompanymg
dr_awmgs, wherem : i

Fﬁg 2 is-an end view m elevatlon of the
apparams of 3 -

cnlarged secnonal view
of “the devme of Fig. 3 ‘after

. 1 and _)'pupa,ratus
ccordmg to _fus inven-

ovel features and advantages -of - this

1

_ i 50
d  conductor iwgfer, ‘then the wafer is- placed on
- a heat-conductive support i vacuuwi under
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. ‘tion is 111ustrated A plurahty of wafers 10':'
Coof se:moonductor material de dis

posed on a
heat sink support member 11 such as a block
or sheet of, alumifilum or quartz. A.bank. of
infrared 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 sunably mounted on. one-
‘half inch centers about one-half inch from
the base member 11. The entire assembly  is’

mounted in an evacuable chamber so that a

vacuum may be provxded during the alloying
‘step.

Fach of the wafers 10 ‘may have a large

number of double-diffused transistors formed -
therein with each of the transistors’ betig. of - placit
the type illustrated -in Fig. -3. ‘The bulk of - the- s
the wafer 10 may be i-type ‘stiicon and ‘pro-* “body "
. vides the collector .region for. each of .the
‘while base. and  _emitter.
regions: 14 and .15 would be provxded by P-
and N-type dlﬁ'usmns, -te'spectwely Emitter.

many. _transistors, .

and base- contacts :are provided by evaporating

pairs of- parallet 'stnpes 16 and 17 of aluxm_-_
Eaced one-half mil apart and 6000 ‘t0;:8000.
thick. This techmque for “evaporation. of
the metal stripes .is widely. utilized and is
described in the prior art.. Maskmg and selec-,
tive etchmg may be. used to properly: position.
‘wafers 10

nium, . typically.

the: stnpw 16 -and 17.. Each of .

d : pairs_of - the.
stnpes 16 and 17. ﬂnereon at. spacadf posmonls:ij_

and. after the alloyg step -th
be sawed. into.as nany separy tranststors
- The wafers 10 are placed on'

chamber such as under 2 bell’ ja

-connected .to: vacuum.-pump. system,. ‘The presr-"
sure is lowered to ;about. 1 micron Hg for.
the duration of the alloying. process. Of course;
any ihert atmosphere may be. suitable, , The

infrared tubes are energized by applying AC

- power thereto for at least three to four, seconds.
The assembly" cools 1apidly when:the tubes -
are. de-energi'zed since the; thermal ‘inertia of
the .tubes. is- small and the- support members '
are heated very little. :

- The deposited :stripes .. 16and17ma be
mtherontopdfthewafetsmFlgs 1and2
or underneath the wafers, since silicon..is
relatively . transparent.. to ' infrared. In fact,
alloying™ is even more rapid.:for . alummmm
on, silicon “when the contact . material . is
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-

tacts on the bottom. This may be attnbuted '

to. the fact that -infrared rays .
metal- surface first tend ‘to be reflec
those striking the ‘semiconductor n_;eml- mter-

face first tend to be absorbed.

The amount of deposited material which is

actually fused or alloyed w1th the semlconduc-

tor material is preferably a. very small per-
centage of the smpe thickness. “As ﬂlustrated_
in Fig. 4, which is not to scale; only a-
layer of the bottom surface of the stripe
1is fused with- the- silicon -wafer.: “The

degree and depth of alloy may be accurately

controlled. by vaiying the power applied i

the IR tubes,” the " distance betiveen the IR ‘
tubes’ and- the work, -or the tlme of exposure

to the heat source.

' WHAT WE CLAIM IS:—

. 1. A method for alloying at- least one. metal.'.- N

-contact 02 _semiconductor bod

‘emiount of metal in contact with
conductor body and. sub;ectmg the

radiation from' one -or thore infrared . lamps. -

2. A method as claimed in claim. 1, wherein .
at Jeast a’ "portion: of : the amonnt of metal’
is.placed ‘on a surface of ‘the semloonductorj :

quym.thefonnofalaer

1.to .3, wherein at least' a’ -portion of . the

_methodascla:medmanyofclaunsﬁ
l, whetein ‘the bulk of the semiconductor -
intained below the alloymg temper-

tained ’ below. the alloying temperature. by

pl
m 3 ]
Amethodas cla!medmany of cla
6, wherem the body and the amiount
of eml i sub)ected to the infrared radlauon
in 4 vacuum,

8. Amethodasclaunedmanyofcla.lms

to.7, wherein.the semiconductor body is
placed. so that one surface thereof is ‘adjacent

I'to
1

. the one’ or more mfrared lamps and at.least
a

portion of the amount: of metal is placed
on a surface ‘of the body shaded from the
oné -or. more infrared lamps by the -body.

9, Amethodasclalmedmanyofclalms
1 to.7, wherein the semiconductor body -is

y comprising -

method as clalmed in claim 5, wherem.-
bulk. of -the: semicoriductor body is main- .

80~
‘the: amount "of - metal to infrared . -

8.

bodylnthefo'ﬂnoffoneormcremetalsmps-:_.-_
4Amethodasclam_z_ed'manyofclaunsi s

_ the ‘body .ona heat conducuve_

1057

110

placed so. that one’surface -thereof is adjacent - -

the .one or more infrared lamps and at least
a portion of the amount of metal is. placed-‘
on said one surface. ‘.

10 A method as clalmedm any of clalms '

1 0.9, wherein the step: of: subectmg .the
bady and. the -amount..of .metal to infrared '
radiation is .accomplished by . subjecting ‘the

ile body .and the amount- of metal to infrared:

120

radiation from ome or more quartz mfrared_ '

tubes.

" 11. A method as claimed in any of claims

plaoed on. the semlconductor body FL e
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tion is illustrated. A pltirality of wafers 10
of semiconductor material i disposed on a
heat sink support member 11 such as a block
or sheet of aluminium or quartz. A bank of
infrared 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 on one-
half inch centers about one-half inch from
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
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
many transistors, while base and emitter
regions 14 and 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-
nium, typically one by three mils in area
spaced one-half mil apart and 6000 to 8000
A thick. This technique for evaporation of
the metal stripes is widely utilized and is
described in the prior art. Masking and selec-
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

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

ductive base member 11 in an evacuable’

chamber such as under a bell jar which is
connected to vacuum pump system. The pres-
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.
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 litile.

The deposited stripes 16 and 17 may be
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
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-~
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.

The amount of deposited material which is

I

gy

actuall fusedor alloyed with the semiconduc-
tor aterial is preferably a very small per-

centage of the stripe thickness. As illustrated .
in Fig. 4, which is not to scale, only a thin .

layer of the bottom surface of the stripe .1
is fused with the silicon wafer. Thé exact

degree and depth of alloy may be accurately «

controlled by varying the power applied to -

the IR-tubes, the distance between the IR
tubes and the work, or the time of exposure
to the heat source.

" WHAT 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
the. semiconductor body and subjecting the
body and the amount of metal to infrared
radiation from one or more infrared lamps.

2. A method as claimed in claim 1, wherein

‘at least a portion of the amount of metal

is pl_aged on a surface of the semiconductor
body in the form of a layer. '
" 3; A method as claimed in claim 1, wherein
at least a portion of the amount of metal
is .placed on a surface of the semiconductor
body in' the form of one or more metal strips.
4. A method as claimed in any of claims
1 to 3, wherein at least a portion of the
meta] -placed on the semiconductor body is
aluminjum, T :
" 5. A'method as claimed in any of claims

1 to 4, wherein the bulk of the semiconductor

bgu_dryé-.is maintained below the alloying temper-
ature,
. 6. A method as claimed in claim 5, wherein
the -bulk of the semiconductor body is main-
tained . below the alloying temperature by
placing " the body on a heat conductive
membeér. ' :
.-7. A method as claimed in any of claims
1 to 6, wherein the body and the amount
of 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
placed so that one surface thereof is adjacent

the one or more infrared lamps and at least’

a portion of the amount of metal is placed
on. a:surface of the body shaded from the
one-or more infrared lamps by the body.

9.7A method as claimed in any of claims
1 to-7, wherein the semiconductor body is
placed so that one surface thereof is adjacent
the ‘one or more infrared lamps and at least
:portion of the amount of metal is placed
on.said one surface. :

. ‘A method as claimed in any of claims
1 t0° 9, wherein the step of subjecting the
body -and the amount metal to infrared
radiation is accomplished by subjecting the
body and the amount of metal to infrared
radiation from one or more quartz infrared
tubes.
" 11. A method as claimed in any of claims
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.O,Wheremtheammmtofmetalxsplaood' 14. Asennoonductordevicewhmma_
ntact with- a body made of silicon. the method as claunedmanyorfclaﬁns
" A “method for alloying ‘one. or more to 12. .

+ metal contactsto & semiconductor body sub-

.5 stantially as hereinbefore described. . H. D. FITZPATRICK & CO,, .-

: 13. A semiconductor: device substantially. as Chartered Patent Agents,

"+ hereinbefore described w: 3 Gray’sInn Squarc, London, W.C

- 4 "of the accompanymg-f’dmwmg taken and - -
. e1ther smgly or in combination. . 5 Park: Gardens, Glasgow, C3.

o Leamm ton Spn 'Printed for Her Ma)esty's Statione anOﬂice by’ utler Press—1965. o - o
_Publlshed at The Patent Office, 25, Southamplaon Buildin gs, London, W, C.2 from which copies may ‘be obuined- o




