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t hese three éﬁ;}‘ Iﬁﬁé@; tyen havigg, DC | eakpge currgpss of less were as

foll ows: 110 (57.8%, (2.4%,) (70.6%,) Ni t rogen

Argon 55 Fidini akage I nput Deposition Rate Rat e
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Vol t age, %ﬁrcﬁlgrﬁ/ﬂh i.gaﬁage > ol t 4200
500 8 93.5x10-° ampd& 145190 2 72 420025 500

None 60 45 190 3 (44200 (82%) 500 (2.1%) 0.8

45 1 ¥hcuit Yiéld, Percent 80.29% 18.92, 8157, 1,412,998

7 The run nunbers corres ond to the adheS|ve Iayer of 80 melght

per cent N|B Azﬂunta,lhg efntbF teadels OOE?@FEO tOFeé #ei ght
percent ubstgﬂ I:' 1 0 @y va\,u ‘es Sfrlga {ser st and Run
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undoped avolu@Bt perddfi Gl&ﬁgﬁuj twhere the prising argon emﬁdgétc(ﬂ'l Sqlu'ﬁaﬁklﬂ- conpri sing
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t ot al 76apm:mt e GuecurrBXE detp®y WA hafid’. baxe 2| aecithoded @greft2of( mOnma, ad7

nanof ar adsl eﬂrSR'}tt?r@ﬁ|dFP°§te?Iefateh‘én15°heG?r§t&t dé’llsétt‘tfl a4l p ‘ araallp(el) and
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masked nent. This | eakage current test of the circuits 40 and anodized in
a dilute (0.01 weight per- (containing 10 capacitors each) is nore cent)
citric acid solution maintained at [err], stringent than testing the
i ndi vi dual capacitors
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20 for one hour at 230 volts DCto form a thenselves. Since each circuit
has a total dielectric film 64, conprising an oxidation capacitance of 47
nanof arads, an allowable product of Ndoped beta tantalum A |eakage
current 7s [err] anpéres. The 45 counterelectrode 66, conprising a
[err] |eakage current test results were as follows: Run No. 1
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sputtering Cond"l‘faé Qf3Stant plurality of N-doped beta th§ leﬁlé@ El'ec‘g@c GiNEhEhO RS -at least 8
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wherein the niay H‘E;;% ior p ut&ﬁ’b ytaining aSAthSJ?ﬂS‘E p@p aﬁlgw.gé_ arEeys
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simiar to th Qt"ig Jéﬁre nﬁ’frém R g Htboms. 1'Vas
used to sputt ekerdse 1eak~§e cuAtant eebil(ﬁ” pERITPRANE MC B@ﬁﬁl’dd&lhé'iﬁllyaaﬁlv&dl’ f0@e- doped
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substrate 15 ot Exar 'CFka Cpat E‘gflqﬁoﬂﬁb B o ARG o ﬁg.,c_g 105

| east 0.1 alom e of arr impefes e

’f’
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evacuated to a atom c percent. 65 pressure of

[err] torr. after flushing with 5. An electrical conponent as clained in
argon gas. A gaseous mxture conprising claim3 or claim4, wherein the
conponent argon and nitrogen was then admtted through is a thin-film
capacitor. inlet 53 into the sputtering chanber 19 at a 6. An el ectrical
conponent as clainmed in




15 flowrate of 25 cc/mn. to raise the pressure claim5, wherein the
capacitor conprises two 70 to [err] torr. The [err] was m xed with
el ectrodes having therebetween a dielectric the argon gas from source 57 at

aflowrate film conmprising an oxidation pro m nut e,
whereby a nitrogen gas nitrogen-doped beta tanta a ”u I n of 2.3
percent by vol une of 7. An article as clained in c alrm .the -

resul tant gas®ous i xture of argon and i HA13ABW of the el ectrodes cont al ns 8
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i 4:5 claimed in claim 6, where~
aseous Ire 0 ar fectrodea coptains mfrogen- 75
el ectric bias tqm@0 AR sﬁmshéa ' ce, 35:, od bBa tanbl@mPr OCedur €
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bei ng arranged Iﬂaldamrsoaaax veltd ANET Bas i 8dd van&ﬂ  the %
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electric bias i (g]aec égg? ?Eg%fs‘ietef’ﬁ‘ﬁ"t 3(m1n %1;5 g’g?“t‘[‘b ;e SPW?} @ﬁlymg an
subj ected to 3550 é‘edﬁ}le o[f QRN AS- 0 hyadi go&r@ﬂféﬁl aP%[hral@ Re tﬁﬂf s5(bo
volts DC for On&ep&‘itéﬂ,l'ﬁ:ﬁe;at thitaa rphmagizygafs thet Ne having abxafebtafodgmghxtm@otantal hsrm 45

a tenperature odeIEeérhe ggﬂm{e ssél»ubq;el sy ébatf%gﬁfdain
at oms. j‘@ c@%ﬁf K%ﬁtllalf cllis cg 1;;

met hod as cl aom%ﬁtmlamoc ’cmas nbe @rmgmsavmaageAbeakaﬂexeﬁubﬁe_ea médt if (ﬁégr ively 95
anperes in a D@ bias is additi onal | i ebiade) witheregpent tol dty i adjgcem slement,

exhi bited by the E%p&’e ;fatrorgslurai;e eacqﬁ m % o B%ﬁ%f‘é;‘ﬁé%k%ﬁ%ﬁ&g ehtender
such 11" A gt QA% 60 shlDe fob osd ik of 0 gaC MO GInt bOHding, the fahthlum,
anper es/ devi ¢8. a’ tenpkRiufs 08 215 oc, whetti Ilhaltabe ol fproduge dis@ét® ABraluhi) tommnt ai ni ngp
gas is nitrogen cuxvm'rnqure@@m me;esundettaken An 10. A method as claimed ﬁ_.rgclax ?:g QJd as
claimed in any g "‘agé";)uce = At gg P@fs nﬁ&ieﬁc Bigisraddiipgly apeir €11,
wherein the ni t Q&R M‘akané Ty betia Aank@lUR 16aat 3 RiyNeheads
cont ai ni ng ga® |c&xdamn| alxloe?a&npe&smemeom C ¢emg@ntlOnwherdgehe nitrogen atoms- 10

A thin film capac], ﬁ@&i lly as 110 55"“‘”“‘“2 gazﬁésdbtf@%édt LOn as. of
claimed in clai m1 A ‘%ﬁsn }5@ nlleSEphRRT Mibh sr8h ‘fﬁdaﬁ““ﬂ@ e woms-  C
L M S * 8 mtrogen—doped beta tantalum containing at contammg gas is amip

8 EXAMPLE || least 0.1 atomic percent niftegemi n t he nj 3. ethmu@m{]ﬂaeasmwubwnaﬂlymmm
A. A sputterifg apphrarensiien a5 Flamed dn chim L ofersinpefongysiessribd afithy pfergnemfocand
percent. shown in Figure 1 was used to sputter a 3. An electrica
conponent conprising a nitrogen-doped beta tantalumfilm 18 on a

substrate having a film of nitrogen-doped 5 substrate 15 of Exanple I|-A
The cathodic beta tantalumcontaining at least 0.1 atomic 60 array 21 of
the apparatus 17 conprised six percent nitrogen. 9" long x 3/8

di aneter high purity 4. An electrical conponent as clained in tantal um
el enents 22 and 22', spaced claim3, wherein the nitrogen in the filmis
1-9/ 16" apart, <centre to centre. The present in an amount of not nore
than 10 10 sputtering chanber 19 was evacuated to a atom c percent.

65 pressure of [err] torr. after flushing with 5. An electrical
conponent as clainmed in argon gas. A gaseous mxture conprising claim3
or claim4, wherein the conponent argon and nitrogen was then admitted
through is a thin-filmcapagitor. inlet 53 into the sputtering chanmber 19

.



15 flowrate of 25 cc/mn. to raise the pressure claimb5, wherein the
capacitor conprises two 70 to [err] torr. The [err] was m xed with

el ectrodes havi ng therebetween a dielectric the argon gas from source 57 at
‘a flowrate film conprising an oxidatiom product of of 0.6 cc/ninute,
whereby a nitrogen gas nitrogen-doped beta tantalum concentration of 2.3
percent by \jim,‘a"m'uluuﬂm article as clainmed in claim®6, where- 20 the
resul tant gass A i " rargon and in one of the el ectrodes contains
nitroggn-~ 75 nitrogeh was *establ ijghegs doped betg

t ant al-um—Fhe—subst+rate—35—was—ma-hrtat-red—at—a——8—Arethed—oef—For m ng

ni t r ogen-lepad hcmged 8t adet 6ff th adcsch- and sput t @x iISH@ROEN, beta tantal um
conpri si rguyingudrewinrgsng t ant al um carrj ed out &hartgred Rettrdgentol t age of 5, 000

in an at rggggﬁﬁgm ;I‘]’i:l?ﬁj‘;ﬁg‘“ <908 gas 25 O MIEEERCY: cat hode current of
500 5 @esc *ﬂpi L0 R @gqgﬁm at ons- cont al Hdag B0 field bias vol t age
of -200 \2obft the BESompanging dragybngs. and adj usti ng Agdem foomedpplicats on of the field
bi as curr entprfed 24 GefMBajests SEtionkry Ofcd) By BSGouridd PreksD B Aingdh-OSH - 10BNt ai ni ng gas to
a val ue a [ ePytjisheprtThePadut Oﬁq?}gﬁ*}l@g;%?mg@ggggﬁ?%ﬂefl%‘dOW\H@?ﬂééF» e tantal um
conbinés with the tantalum firim 18" was obtained on the nitrogen atons
and deposits on a substrate 30 thermally grown [err] layer of the sub- a
ni trogen-doped beta tantalumfilmcontain- 85 strate 15. The resultant
N-doped beta ing fromO.1 to 10 atom c percent nitrogen. tantalumfilm
18 had a nitrogen content of 9. A nethod as clained in claim8, where-
at least 3.5 atom percent as determned by in the tantalumis sputtered by
appl yi ng an spectrophotonetric anal ysis. electric bias to a
tantal um source; which 35 B. The procedure of Exanple Il-A was
conprises a plurality of tubular elenments 90 repeated except that a
plurality of the N- having a bore through which cool ant may be doped beta
tantal um fil m deposited substrates passed, the elenments being arranged in
a.row of Exanple Il-A were obtained and used and connected to an AC bias
source so that in the fabrication of a plurality of capacitors in use
during one half cycle of the applied 40 simlar to that described in
Figures 3 and AC bias at |east one element is negatively 95 4.

bi ased with respect to its adjacent elenent, The resultant plurality of
N-doped beta the applied electric bias ionizing the at |east tantal um
capacitors were each subjected to sone of the nitrogen gas or nitrogen
con- a potential of 50 volts DC for one mnute at taining gas, the ions
bonmbardi ng the tantalum 45 a tenperature of [err], whereby | eakage to
produce discrete tantal um atons. 100 current nmeasurenments were
undertaken. An 10. A nethod as clained in claim9, where- average

| eakage current of [err] anperes in a DC bias is additionally applied to
the per device was exhibited by the capacitors. elenents. An acceptable

| eakage current under such 11. A nmethod as clainmed in any one of 50
conditions is [err] anperes/device. clains 8-10, wherein the nitrogen
atons- 105 containing gas is nitrogen. WHAT WVE CLAIM I S: -

12. A method as clained in any one of 1. A conposition of matter
conprising clains 8-11, wherein the nitrogen atons- nitrogen-doped beta
tantalum containing at containing gas is ammonia. least 0.1 atomc

percent nitrogen. 13. Athin filmcapacitor substantially as 110
55 2. A conposition as claimed in claim 1, hereinbefore described with
reference to and 9 1,412,998

9 illustrated in Figures 3 and 4 of the accom P. S. BROMWN
panyi ng draw ngs. Chartered Patent Agent,
14. A nmethod of maki ng nitrogen-doped 5 Morni ngt on Road, beta
tantal um substantially as hereinbefore Wodford Green, 5
described with reference to Figures 1 and Essex. 2 of

t he acconpanyi ng draw ngs. Agent for the Applicants.

Printed for Her Majesty's Stationery Ofice, by the Courier Press,
Leam ngton Spa, 1975. Published by The Patent O fice 25 Sout hanpton
Bui | di ngs, London, WC2A 1AY, from which copies nmay be obtai ned.



