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acetic dokitiéh, akd dfigure, Ah@lsl off thy/ €xbRalkHows rnhaﬂaﬁl ni ng
maski ng smmllalhmefdeacahoomﬁotﬁ Hoes smpral k) ithsi merqetlt%‘a cm @PlFlcm t her eby

roundj ngl3ds pboEH Y @i H“ i of fthis he nitric
%%ES? o g 8t é[;i' @béus Eg el

aci d R 10 e (bl Wy b 114Y6r C
and t heris fdI6w4a tyS4aeadh nmng.eimir the sames aératBﬁ@Bsf ﬁ:tbmsbwbn&t@tmgf 20% b

vol une solufpress véseusedy joortalicth

oo o B ‘I;'Eté? t“%ti i opyror ME@ it et

Concent r |a%p11e§0dr n . tRdRél (perbt)(re @tﬂﬁdﬂﬁtaﬂbvebmmlg Et ched. The
acetic acid vol une concentrated phosphoric acid. Upon slows the rate
of lifting of the photoresist. 80 30 conpletion of the etching, any, .
remai ni ng Tables I, Il, Ill; and IV give the effects =~ mask is T
renoved. Then an oxide |ayer 14, of various nixtures of .phosphoric, nitric
and containing a sel ected amount of phosporus, acetic acid, all = °
concentrated, as a function 'is grown over .the first layer alum num 13
of tenperature, on the angles of the sides and the exposed. oxide |layer

12. Typically, of an alum num conductor with the hori- 85 35 .this second
dielectric layer 14 is about 0.5 zontal plane.as well -as describe the
appear - - mcrons thick. Next, dielectric l'ayer-14 is ance of the edges
of the intersections of masked and contact holes are etched through
these sides with the top of the alumnum ~ this dielectric to selected:
ones of underlying condcutor. The sides of the conductors are al um num
conductors 13. Then a selected essentially those sides of conductor 17
shown 90 40 thickness of a second alum numlayer, such in Fig. 2e which
rise frominsulating | ayer as layer 15 (Fig. 4b) is deposited onto di-
16 to contact photore5|st Iayer 23 |n thls electrlc Iayer 14. For this

) - M T o b1



| ayers are to be applied when there is no perature of the etchant is above
100[err] C 1, 308, 359

5 TABLE |

Remar ks Concentration Angl e of sides
Edge at intersection Tenper ature (Percent Volunme) « wth

and 45°

hori zont al of side and top 5 60[err] C- 60% Phosphorl C
Abouyt _aAS5[err] | Shar p 1,308,359 20% N fric
20% Acetic 65[err]C Sanme_ __ Abouf 30,
Sharp - 70[err]C - TARLEI About 30[feLs
Roundi ng 10 : X
begi ns 80[err][C “Sane . Rematks  Apoyt 30[err]
Vel | -rounded. . : Concentration Angle of sides - Edge at intersectior®” | €SS
90[err] C  Temperature Sane - (Percent Volume) h&lﬁﬂmohhﬁﬁl 30[ & iile and topConpl et el y
rounde% 15 — J.qufcfi'jI\/ m, 450 b tTrcTreases
. Di scermabl e b®C 60% Phosphoric bott 45 arp “toward 30
‘st 1 rounded _1%{%e1q{t,]1& Sane I ncreases
Di scernabl e but » ) t owar d
30[err] still round@t Acetic 110[err]C _ Sang
‘About 30] e”]6S°C Shar p Sat%@ About 30°- Sharp .. TABLE
|1 : Remar ks
Angl e of side®w°C -Edge .-at iSatner sectl on  About 30Tenper atRouading
Concent at i on wi th horizontal of side and t opbegins 50[err]C
70% Phosphor i ggec About gL err] AMdar $°25 Well-rounded
15% Nitric or ledb% Aceti Cc 60[err] C
Sane . About 70[ err]- Sha o 70[err]C
Sane %0°C AboutSa%8| err] Leﬁe‘b?"ngo to roﬁﬁﬂﬂﬁe’[
80[err]C Sane . ) ~ ~About 30[err]: - Roundi ng 30
i ncreabes 100°C 90[ erSainéi ' IRawmges Discernable Bht ghtly
steeper Very well toward 30 still rounded t han
30ferr] : 1o§°éunded me 100[ er rihéreases BidiFhable but
'Sl ightly steeper. - Top of ggge : toward 30° still rounded
than 30[err] still rounded 35 o
but shar pnesd!0°€ Same About 30° Sharp
Q@ppears near I
bot t om®f edge 110[err] TABLE I Sane Bet ween
30[err] Shar p T e and
45[ err] Remarks
: ) - Angle of sides Edge at mtersectlon
Temperature Concentration with horizontal of 'side and top'-
- 50°C 70% Phosphoric ~ About 70° .~ Sharp
25 o 15% Nitric '
| 15% Acetic
60°C -  Same About 70°" Sharp
-~ 70°C Same About 30° Begins to round,
80°C. Same About 30° Rounding
30 _ N increases
e 90°C - - - Same . Slightly steeper Very well =~
than 30° _ rounded N
- - 100°C Same - _Slighﬂy steeper " Top of edge
“ o - than 30° ' - still rounded °
35 but sharpn&ss ‘
appears near -
bottom of edge
110°C Same Between 30° Sharp
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6 TABLE 111 Tenperat ure
Concentration Remar ks 70[err]C, 80[err]C

80% Phosphoric At 70[err] C and 80[err] C sides nmade an angle and
90[err]C 10% Nitric of about 60[err] wth horizontal.
At 90[err, 5 ' 10% Aceti c ' side anglege
was | ower=than at.. |ower e, ‘\,v,

terrperaturesi At all three terrperaturesl303359
edges at int€rsections of sides Wiih top..
were sharp.- 70[err]C, 80[err]C TABLE III 90% Phosphori c - At these
t hree tenperatu.&mg slﬁlgs were ﬁm—goremc Remarks 5% Nitric
all al nost vertiGal—CNRaKi ng angle 0 - 5%
Aceti c 70;(S:§aoglgat 85 wit Iao%drhosphnﬁcal) a:fquom e im&:gldm m;:lle .in %glc
' ' ut 60° orizon t 90°
;R;e[)sectlon§ ofn s with to%éﬁ"‘gceuc mde L‘I}V‘lléh 3 [}mgature
s . tempera ﬁgﬁ thied tempesd %j
Concentration Remar ks edges at’ el R top
Phosphori c Get sloped sides with well roumdmalvp -
10%0 Acet I C

30% Nitric 0°
All tenper atlyr eéidcéoog%m% Phospgg@ ﬁ“é’fgh"m Getaus +€ f:e

lifting of 59 Acemc 10%boitt859 @ith homzontal) andrmgdslang

mat eri al at aI I terrperatures ' intersections. of sides wifQ3opScwaré ¢
Al tenperatures - 40% Phosphorl c ResB®s unusabl e. -
40% Nitric . 20% Acetic 25 . Fi gs-..- .4a and 4b
show structure substantl- of Iayers oTABLRAVCt i ve | eads, -each |ayer of
ally simlar_to that of Fig. 1 w t —the—ex- cond ctlveleads bei ng
separated fridm REpRgRUre oot i SPPRYEPhe netal cond 13, 15, 17 cent
layers of | eadsabyerhgdtinkeni ng ebbg PRGNS 55 Get slopair siiddcwiad dbil irétinadd |
conductor 19, shown in |ayers,3@hditibe bott edgdsayer’ of conductive bot h
Figs. 4a and 4b, have all been WH¥EC | eads being separated fromthe

underlying 30 tRg GRGesur’ | NSUoal PRGpkoREET S A& s@Bd alBnahitotiifibg & € by a
first dieleabric |ayer, said com% NltnchEt al onasking tnateridl 9t aih esnipagtutesbr eak

line in- ductive |ayers sel ect?QY/elt%Pe'éSont acting adj acent di cating that
only a section LQ% ctur ve | g 1pugh holes in the

inter- 60 R{ a'.%‘h%sﬁe ed%ﬁ%amgé conduct ofs%fw 5 vening dielectric
| ayers, and sal d bot t om roum}ed\cty;c the process of this invention wi'th

| ayer of conductT he edge

24c of condugt org | I3 -
overlying tha Taﬁf 4a ﬁfiﬂt &%ﬂ &}L sue - Orc(fﬁé&ga(ﬁ %ﬁéﬁc}}é léaﬁéj cfhell%l%a]gf

substrat e througition that tha mietnl MthQMdécﬂﬂ Asntaiayessni Ileasis bshm&ne diclegtric

in said intervd ctpE %rSh" ' lay ¥ ks
ke ?Eﬁﬂﬁ m%iﬁé%w? i%% ;*%gy:gég?""ezg; g dﬁ?" o

ina mltiple n&i&eéonﬂﬁitﬁ 19 sh gdlirle n-€ adulbti et-.lecweel ame&mg&ﬁ;aceﬁﬂ

pattern. Li kewm a ool d %0]{@15‘}9@“3? rf‘gﬂ%gé @em 60
rounded edges (e, |f %‘f@ %i“?ﬁ% by to
ensure that sse yﬁeﬁaea DA conductd lﬁ§eagous B0 1a as el i S€S

gradual ly undevér}ymnghd teanisal rmtten aazhdadtort rpemgs ini tasund@lying subsmete thrdglacr 0ss

| ayer 17. is. also rorlmded |res altgs |eéggerw g dn said mterven e@ctfaﬁ lager,
enon nas 888 G o L o %%‘ Rt g

in connecti G0 \pafidin. a,:B@meCthe i-swxodedtloaﬁ- ed‘m aﬁm ddeo the@eVi ce

i ncl udes C sinetive dayery 1t iscroundpd with dhe feenlfr | IenSP pig leadst wé'bl 181 evenf .
conductive | ead®t ‘;‘ﬂlzc @egh‘l?felﬂﬂsﬁr?"@ﬁﬂly 0 EX lp’%ﬂi?sgﬁ transitipns \J0 :
device as clai mevf' f1d hhgbebR describddl 05( ceasem&epduﬁiearmd%hcrssf;

cont ai ni ng mlmhommtdnsmna:mﬁhmdw cﬂemecewmchclsamtlessmmondumrydﬂesnm&utﬂemunber

T e R e T
4. A device as Plaleinidrehal T F$1ce B ™ |

whi ch said senia6paéiied Mimbes ofSindthlyRrsand Sal tree layers of aond&tﬁ@mon uct or
devi ce conprjsing a f| rst di eI ectric |ayer |45 A deviegpeunldimefl igidldimoh.in 80

%Ny said sprigonductor is gilicon
sem CFndUCt of su A Semicondicto devg::%mggyrl‘x.{z{ng‘lal t rit %e]ectnc layer is a%romp%gnd o?%gx% Q)
in claim4 ingmiconductor substrate carrying a plurality. .. ..5... A device- as-claimed in-claim- 4 in



1, 308, 359 TABLE | ||

Tenper.at ure Concentration. . . .. Remarks... oeeso.
70[err]C, 80 C 80% Phosphori c At 70[err] C and 80[err] C si des 5;
made angl e and 90[err]C 10% Nitric of about F
60[ e wi th horizontal. At 90[err]C 5 . aCet i
side angl e was | ower than at | ower 1.308.359

tenperatlures, At all three.tenperatufes

edges at intersections of si des wi- ARt P

wer e sharp. 70[err]C, 80[err 90% Phosphori c At

t hese three'mﬁﬁammat ures Si daﬁ:emmxm 10 and 90[ eResdrks 5% Ni tric
al | al nost \fCT'LIL,a.I \llur\lll T

acetic MG BEhout sl iy ‘;‘bm'ﬂ’fﬁon 2 G5 J5S G R R s e 20 sale

i nt er secki oNs 0? 5' des W t higop pecetive side -angle was lower than at lower .

shar p. - temperatures. TABIIEhfe¥/ tenfpgraturgSenper alG\r e
Concentrati on Remar ksedg“ at intarsectippsQfesidss With dop 60%
Phosphori ¢ Get sloped sides with wel FePSiHBed

30% Nitric 70°c, so°Cc  edges.90% Phosphoric At these three temperaturesl flfésAesed | C .
Al tenpér aput 8°C . - 60005%1 horl c - all admosts*e\mﬂe( ) leuﬁfform
lifting of 20 ~ SeAce " g I yighorionih and $;a..§ i ng

material at all tenpeératures. sharp. 20 cetic 5
Al'l tenperat i - 1
40% Nitric " B 0% Acetic 25 Figs. 4a and 4b £
show structure subst anti- of | ayeré‘\ (}TE onductive | eads, each |ayer of F
ally sinsl al're{nper&thﬁt of Fi gc(,aoammwgﬁh t he ex- commeﬂgkve | eads "bei ng
separated fr —that—the—petal—eonductors—1+3—%5, 17 cent i
llayers of | édldempsramret er veniht %ﬁ?%h@’é‘i ric C?S sloped sidey Wifhe Vel RUPGhal '
conductor 19, shown in |aydp4, g t he bStEom | ayer of conductive bot h

Fi gs. 4a an;ﬂffb have al | b%gn ethlgd Ieagls bei n separ atlef(t:i fromthe

under | yi temperatwtiges of SPHsPHoprg | §§ SeVEre iftingofst rat e by aé .
first di&gectrl c layer, sai 0 " asking Hiafed ?gg%ﬁwuﬁeé a break

line in- ductive |ayers seleCti ve‘l y cont acting:adj acent di cating that
only a sect |Aﬂhtemfpe1'aiu3:sstrucm%ePhosphoduct|ﬁbsultaymssbh hrough holes in the -
i nter- 60 I's shown. The ZS% a of conductor 13 is vening dielectric
l.ayers, and said bottom 8?‘8 by the process of this invention with

| ayer of conductive | eads sel ectively cont act- 35 the result that the edge .-
24c of chduFigardaldnd 4brs ws;gxcmnSsLtbsta:act iof dayens of agrslustive ddads gich layee of

overlyi ng t#¥ similagit ﬁlla °t“’ bei i Bng
substrate tﬁ?t{ﬁ 5 tm a nggggcg;rg %\%HﬁdQEers e 0 eads %?"@%ﬂ:ﬁff 55

in said intyyeRs.ng Eivé bl beedyeiohed, 6 3eads bedeG@aﬂﬂii mmtba Mndeh'lgmgr acks
conmonl y3®bthe edgas of ld%ﬂmtlcglamaiﬁamdek& andd ré—‘ bptratg By 2 first dl ig dagera al nt

I h a nu | to owing k
S pepra Rl GRS §

r"= unded edgmndebtby&e process oﬂthxsunvemohavylhr ldygr pfsconmmteldidmsfelwwehewmgttll t by

D ensurd the eslﬂé éthmﬁ%h?ﬂtj ing %ﬁ“}m as ﬁgﬁr 19

e to men m th under] n
rises gr adu‘fﬂ also %h f P e ﬁﬁ@%m ric layer oger and
across | ayedoed fot exhibit the cracks commonlyomﬁl’ sﬁﬂldévxbﬂhﬁfacth:%dlm that: Wiile this

i'nventi on hasve@eeﬁmdﬂem i oaultiple lﬂer metglevi eash E‘ﬁs‘ in fagke quCtg %g he Pgs-i n 45

t ') SS
i comnet? 1B LER RO EEITC SR G G device
i ncl Udes that &v/& btﬂﬂla L n eoRuflly f Er!yﬁl@t Rhds ﬂﬂ&r gradual WRn$ifgher SO Of ¢
conducti ve bx&admd across laytthi7s i nvent i on cam'er aid lowerrleadls. be used to :

d ev I c e a C l évlﬁbdh‘s r’n mnrﬁlas 1bq=§%gdi &bed WhlBl sa1 S@ f%(?n uggﬁ QIQIIC;ﬂg glg ! C eS

!'"

cont ai ni f %ek%’iﬂ%@ Eougaly @ittive leadsd ‘
nunber of nisainvénBgeican, of coursk, hbeeasddatyaer 530 odmdami |c1a&neldemdaax;n 1 in 75
4. A devi cepmduce| ssmiseniiuctor cdeitan dontaining0 whlchxgsm sg@c e includes

yers oL con ct1v

whi ch sai d $¥ieElBH RIS °of B°& | 4%eBon and tg{ff’ X device as Tlai g hygsangugt or

devi ce ceypriwhHAT WE CLAMN ®iel ectric | aygéh dafl emRORTAOONT slitonSdndisaian. 80

sem conduct or, sAbshicaidactondavice Romprisiplg lar aiirsttcyelectnc layer idadorppauad aksiliegbmi #8d i n
claim4 in semiconductor substrate carrying a plurality. . A device -as -claimed in-claim 4 in

B

N

er e - e P e AR YT Tz & et
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7 which said plurality of |ayers of conductive said

phosphoric acid conprises between 60 | eads conprise a

pl ura €rs of _an percent by vol ume of sai d etchant,

alum nium | eads, and one intervening di- said nitric acid conprises

bet ween 10 and el ectric layer conprises a layer of a com 30
percent by volune of said etchant, and 55 5 pound of silicon P
cont ai ni ng X¥ anount of said acetlc aC|ﬂ308,059pr| ses t he renui nder of \W
phosphor us. et at 1 Ci

being concen. 1R S By SR B i cféfseﬁﬁﬁ bﬁi‘mﬁf‘éﬁﬁ cmﬁf’ed
conduct or Ieadsam dé, Qma g@i-  said s derwedd 10

wher ei n an undeblegtnegych @lnmuseslaclaveay:éra ¢am-a 3ﬂme@pnt lsra‘mhl henta@ndd 55
conpri ses abodt Pg'ﬁ‘d silicon containifg) an HOEH qfncsﬂgd‘%ﬁcg" htrate
percent by vol UR% lf:ms Qd%EC;JP&ﬂ&m 8afbr of trated, nmpri si ng ep03|ti ng

a Iayex of met alodu&dr lefdst ddhérerd Cib acmmaryix@es et Wﬂeﬁleﬂl&i amirlcwm 10 wherem

sai d undee yi_ng ad| wierlyingi @elbqg}feia erS i d rsa'éfph e geid H’W#eél °16f

et chant andl jwhich includes a semiic %kﬂlu?& &ﬁd&{eﬁ

depositing Jlilé
mask- acetic agi uﬁ‘déﬁ'ﬂ g rﬁ ek, %E'iall erc%ﬁl' volume of said etchant, ﬂﬂ‘l
| ayer of met aI mmtadiaxihleﬂe to %d dldmtmc leyechmlt acetic acid compnses the remamder of sald

65 - said, layos cof aqie] tp ‘ 65
sem conduct or d@k ﬁﬁg,tb ?ﬁfﬁéﬁeﬂi{éﬁ; jﬂﬂ?&%ﬁﬁe (E'é

those portions of sié HysORMERIORhICHLS 6 B Ge. cadlmwofrmeraopdouaucuve leads eax:h 1ayer of

said | ayer of maoadd, \a#hmtguurseldtvafdgen p,@electqg| i of og@ucp@y@p(g ‘efingc sspateted
| eads, each lg FCh Wthh not only rem Sﬁf

Tl bl "%Wf 5 7
f la
of CondUCt Ive | 0 sald %Qﬁl{u?gt cfoﬁtﬂﬂhve ductive leads lbaén % w|hly

renoves the unmpattes to abu pmeﬁded | feope rssid Omethle adkglyiby substtaear b;em ifirsg) d(éleetm? ﬂtyer

20 portions of davex 50 &y ast 2Ry thfallls'o Sa@l opductive Ip lectivel 011
o om | yer s P e L PR e el U

ductive | eads berﬂﬂctﬁ/@-l@ﬂf @eé ﬁ Laard bottom layer of conau&hwe eﬂistsél eely
produced from smaiil myet &b pravéie| eacn éubsiatdatfemb ing r&mmtofdptedeexxtpasswe lcary er

| ayer, s0 as notlay XW@)“"EY"CIH*“‘& ’@g Eg?s g‘& gf"‘f;l oy B é&'& gubstraté
ded edges and removin; Fou, i ws m inte dlelec 80
sel ectively cpnt said Etched metal la er xﬁ)g sa Ee?iielg‘g
al so adj acent cw,nd |1l uluByséd nie cmghaeéaol ash nead n75ach conductive lﬂﬁr etxaepet ch
t he netal expos@dm lb’lrfmvnﬁg said  the jnter ;: Pfe'etlawr Séopethn

at

said L R f "T‘iia‘if?ygr |
of conducti vessl e ST-E@ Maimed in claim 7 maRL Y@k ﬂoﬁs W/&Vé 19REN
lead in said cone=intsaidgthediioaheadd xaxxtunra/ef olea;’gasm ve cir- |ayer of

conducti ve | eadsl’hgﬁpblﬂ"csﬁ f’ﬁgaﬁ (?lds c f“ﬁﬂ‘f’ﬁﬁf \ﬁmg
d
substrate wherein sai it\fr B g gnd:?{ng%cﬂemlea (siﬁa}%ét c ub(s)t

W ndows i n saiod befe&l S0eatdNJ0 diegrbes C \amnbatemertgmm& tetsshed
met al | ayer f rom Hhj ahe tefbod Iaaybmedsalctﬁmlévl @feth%

GTch af {57 the QRN SR S AU e e FEARR LI m@fﬁbﬁw@;

except im 10 accompanymg drawmgs
conductive Ia4}5e|whe nssidgsigtaresdf apidgdcomprises be- . The net hod as cl ai ned

inclaim 6 si d‘é %ﬂ %PR!I\?P‘WI etq%ﬁe@by t@@%? MERCER & TENCH, pher ej n

IVE

l"h

said netal | aye e bemg whi ch red ﬁ}ﬁ? EI yi ng
| eads 85 dmdeﬁ belv¥ae@n Nidid daai‘cetﬁz:l aimed in dloadsm EL.1. make gr adual
transitions oi?’eramslab@h |congertrated. wher ei n da¢nts for theahnplisagtsa heat ed

m xture of | eadsl? The method of claim 1, WBerei. njtric and acetic acids.

15. The nethod of progidaRe & MaR¥AIstaBdnery Office by Burgess & Son (ABhgdoR))Btd.1BI7H)0d  as
claimed’in claim 8 condiehedst Ve Proeh@ice 2piputhunston Buildipgdongoms WC34 Hy

wherein said mixture of acids is heatad %’“m’ﬁ underlying dielectric |ayer
substantially 90 40 between 60 and 110 degrees C.

as described with reference to Figs. 3 10. The

nmethod as clainmed in claim8 of the accgo nylng )

wherein said mxture of acids is heat edm w’! m conduct or devi ce
Hiﬁo degrees C. as

substantial ly tenperature

described with reference to Fig. 4b of the © 11. The net hod
as clainmed in claim 10 acconpanyi ng draw ngs. 95

45 wherein said m xture of acids conprises be- _ tween 60 and
80 percent by vol ume concen- POLLAK, MERCER & TENCH, trated
phosphoric acid, with the remaining Chartered Patent Agents,

per cent age by vol une bei ng approxi mately Audr ey House, Ely Pl ace,

equal |y divided between nitric and acetic London, E.C. 1

50 aC|d bot h concentrat ed. Agents for the

o ~ —— T N 1 Y I L . e



