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subsequent photoresi st appli- cations are:phosphoric acid or hydrofluoric
aci d based etchants which have little effect on 30 the refractory metal
barrier or on the silicon nitride. This rework capability is particularly
30 useful in conplex integrated circuit applications and in particular in
|ntegrated circuits which makes us of nmultiple |evel netal

i nt erconnections. The process sequence of Figures 1-9 described above
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| ed tol erances. The process allows fabrication of |oad resistors with
resistivities as high as several thousand ohns per square and tol erances as
small as [err] In nenory integrated 40 circuits, high value resistors w'th
closely controlled tol erances allow t he design of menory 40 cells
requiring a nuch smaller |ayout area on the chip. The inherent yield (z;
advant ages resulting fromthe present invention process conbined with its
hi gh val ue resgstor capability thus all ow;sbg4gsanuf acture of | arger 5
menories pequlfTIMg TE€ss total Cciip area ang Wit are thus ctheaper to

manuf acture. 45 In addition to the particul ar enbodi nent of the present
invention illustrated above for 45 hi ghTABLEd resistors, alternative
enbodi nents for | ow val ue resi st %ro?upiﬁﬁoﬁlo%%ﬁ ﬁﬁtﬁf@rﬂkn one enbodi nent,
useful for resistor structures Peﬁﬁ+++ﬂg—+es+s§+v+%+es—+ﬁ t he range 300
ohns per square to 700 ohns per square, the process sequence above is
nmodi fi ed-by opening resi sSEGNVENIIONAL during t he "baseSHEsHBIHNEDhorti on of

the process. Diffused resistor regiogsg L’tlfﬁE off the required resi sAiip/oRr €
then formed sinultaneously with the §| NMENTR Oof t he deeper SOALIDGISMENT:

regions. <«In a further AMSIMENENt, a SQMTIC)AWer base AAKGNMENTnent dICRITICAIsM
overl ays the deeper base diffusion tﬁ ltl r | ower resistivi ty.NoﬁC re
g ct thah since the reskt

of this enbodi nent of the [ nventl on
junctions are forned : s :
constant which tésmsﬂﬂ@l-rm capaC| tarﬁ:e 55STMA$1‘ERdMﬁKéFQ ent c

surmari zati on of LA¥ERadvant ages of the presenPUNWelrﬁYEBn whi ch derive 55 .

fromthe use of qSéMﬁéNmﬁiaﬂtwask (1sineMM)  atilamicheowiidizmst er mark (2nd
MM is provided hsotsde | which conpares theTodaSkMMI i gnment steps of a

conventi onal process tQ those required b the sent :
i nvention. As shSWETRRHST e the total n ?égs %g %D‘I l'i gnment s
requi red has been reduced by 50% and one ali gmmant een elim nat ed

t hrough the use of the "base washout" process stejlq
5 RESISTOR TO BASE 1, 536, 493 RESISTOR TO 1ST MM

5 TABLE | COVPARWT&AQ\INENT STEPS @O\'\/E%bMOISTM

SELF- ALI GNED NAT NATURE OF ALI GNI\/ENT

ALl GNVENT: AL GNMAREDHMIC TOBASE CRI TI CAL= € - EMITTER/ QYY®SKE TO NC
CRI TI CAL= ( Q) 2NPMM NONCRI TI CAL

NONCRI TI CAL - =( nC)gvERSsIZE PRECHMIC NC _ PREOAMIN@VERSREAD ON- BURCED

C 1ST MASTH® MESRMIO C LAYER2ND MM

BURI ED LAYER | SOLATI ON OVERS| ZE TO | ON OVERSI ZE

NC | SOLATI ON METAL TO PREOHMIC C 10 %?F%W&ﬁgé’ﬂo | SOLATI c§|

C BASE WASHOUTTEL | M NATES BASE OVERSI ZE TO 1 ST MM RESI STOR TO BASE
C RES| STOR TRYAL 6SRIKIPAL ALIGNMENTSC EM TTHRTADA ERIHCAL ALIGNMENTS

2ND MM TO 1 ST MWAND 2 NONCRITICALAIFENMENISC TO pAQP 3 NONCRITICAL ALIGNMENTS

EM TTER OVERS| ZE TO NC 2ND MM OVERSI ZE PRECHM C NC
PREOHM C OVERS| ZE TO NC TO PRECHM C 2ND
MM METAL TO PRECHM C C METAL TO 2ND MM C
EM TTER TOTAL 6 CR%E{ GWENTS TOTAL 4 CRI TI CAL AL| GNVENTS
AND 2 NONCRI TI CAL d method for mﬁh@c@rtmﬂ@awd%lemﬁl—lh s%f\xf

CLAIMIS. - 1. A Sﬁiofndmglagémcbnmdn@dbsﬁmre havingl& acfacy ofndirst norelyctdvite cype,i forming 6

i ncluding the ste 3‘@ 13 AYer a'§éﬂ1f€,“6nf!’ﬂe @, SEARS1mATKias MegRsRych S id firshc ce '
o o 11 cone R S S R e
ne it

surface, forning AeskCaBKIngTosHInGY i firs© WREkirzain sonfEBtsis In6 Q) allBf iid

sai d second maski ﬂynmeamsaléxmm na gam@hso\fwrmingh firsitser qf doped reglwmamsekfcgvely

sai d 5 first g %F"rﬁj’ﬁg{c e (P PR g&'ﬁith’r‘rW s
ald opemﬁgs In sa masKing means. etc INg openings 1n sax ﬁrs mas in 10

ol

in said secondl%l% A Qhrough the remainder of said openings in said second masking means, forming a
- second set of doped regions by applying impurities of said second conductivity type through
all of said openings, removing said first and said second masking means from said surface,
forming a third masking means over said surface and said dofped regions, said third masking
15 means having a second predetermined pattern of openings formed therein, forming a third 15

set of doped regions by selectively applying impurities of said first conductmty type through

some but not all of said openings of said second predetermined pattern of openings and

applying contact means to said doped regios through said second predetermined pattern of

openings.

20 2. A self-aligned method as claimed in Claim 1 wherein said semiconductor substrate 20



means, etching openings in said first masking neans through sone but not

all of said openings in said second maski ng neans, formng a first set of
doped regions by selectively applying inpurities of a second conductivity

t ype OpposSITe sard 111t _conductvity type 10 tnrough said openings in
said first masking means. etching openings insaid first—masking 10 ne
through the remainder of said openings in said ans,

form ng a second set of doped. regions by appl y“Wﬂ@& "‘m said se (‘ d
conductivity type t hrough al | * of sai d openings, +te sal rst and
sai d secord_maski ng neans: from sai d $93%4%e, forning a thlrd nasklngfheans
over ,said surface and said doped regions, said third masking 15 neans
havishg~a second predet er m ned patterq f enings forned therein, formng a
third 15 set of doped regions by se#é&ﬁﬁﬁ@ly'applying i mpurities of said
first conductivity type thr CnmbAmdeLmNMmMTmﬁ sai d openings of said
second predeternlned patterm o g contact -neans to said

doped. Fegi os through openi ngs. 20
2. A §grf al i 1 'd&dN%D- em-conduct or

subsfTate 20 5 NATUREOF 1, 535, NABIRE OF

5 TABLE | COVPARI SON_OF AL| GNVEMLIGNMENT: CONVENTI ONAL . ALIGNMENT: -

SELF* ALI GNED NATURHIGHMENT . CRITICAL= LIGNMENT e OF € NT:

ALI GNVENT: ALI GNVENT CROFEA L ALl GNVENT NONCRATICAL -
CRITICAL= (O . =NC) (O NONCRI TI CAE(NC) |
NONCRI Tl CAL =8—N€_2——I—SG:A$F9’%BHRI—EB———'—HS¥-N&%§R'MASK TO
C LAYER ISOLATION-BURIED c % TSoLATI o0N*OVERSI ZE TO
NC | soLNEN ovERS! ZE | - o -

TO | ST MVi BASBLATIONSOIERSIZENO - 'NC.  ISDLATION GMSSIABASHOUT ENCM NATES
BASE OVERS| ZASOTATIONT MV RES| STOR TO BASETOISTMM C RESI STOR TO

| ST MV TIER TO BAS : ND MM TO 1 ST MM
¢ PrECHM ¢ TREAGUSOERON=R TO BT paseyastonp fyquany NC
2ND MM OVERSI ZE PREOHM C . NC. MM PREOHM.C OVERSI ZE TO

NC TO PRECHM C | TO PRECHV| C

C VETALREB G QRASE | ¢ c ﬁ%&g Mg CRITI ALI GNVENTS
TOTAL 4 CRI ThgArERTb@ENTS AND 2 NENCRI BhNEMM Ao IGWMENTS ¢ AND 3

NONCRI Tl CAL ALI GNMENTS WHAT WE CLAIM IS - ‘1. A self al i gned net hod for
manufact ur i nBREGIMIGTABAZE circuits i fcl udlﬁg’é@‘kﬂ FETX provi fng a
fi

sem ¢onduct or ‘substrate having a surface rst conduct|V|ty type,

form ng a fi petrePSHREWIMIEANS over MAI d PREOAME, OVERSIEETY a secdAd nmaski ng
means over SEOGREQHMKIS maski ng nmeans, - SAPMMecond maski ng neans

exhi biting aMi& ke in an ebchan ﬂ?ﬂtﬁﬁ?ﬁBMM S first masking

means, form gy ﬁre etermned pattérn o openings 1 n said second nasklng’
means, etching openln S in said first maskin ﬁgneans through some but not
adalal

0 o ety SR

I conductivity.

t ype opposite said first conduct|V|ty type 10 through said openings in
sai-d first masking means, etching openings in said first masking. 10 nmeans
t hrough the remai nder of said openings in said second masking neans, ‘

form ng a secogfi SeWwediL ARPEE. I egi ons. by applylng inpurities of sai d second
conductivity type séihalizneghmathbd @dr Baiuthcrpisginfgsated @iunivs inQudiy the fstepsbf and

sai d second Elfssda smu@uctpwsar@asg%ﬁ surtace ¢fdrﬁﬁtn§ldacttvﬁv fyte, rfer?w% means
over sard sl AR ey TR s
cand Sdn@lnhskih NT NG a

e
%Lh.bﬁﬂi 15
having-a s QRTESHR graaéré Fefmintd 941@
third 15 means, etching openings in said first masking means through some but not all of said
openings in said second masking means, forming a first set of doped regions by selectively -
applying impurities of a second conductivity type opposite said first conductivity type
10 through said openings in said first masking means, etching openings in said first masking 10
o means through the remamder of said openings in ‘said second masking means, forming a -
«: . second set of doped regions by applying impurities of said second conductivity type through
: all of said openings, removing said first and said second masking means from said surface,
forming a third masking means over said surface and said doped regions, said third masking
15 means having a second predetermined pattern of openings formed therein, forming a third 15
set of doped regions by selectively applying impurities of said first conductivity type through
some but not all of said openings of said second predetermined pattern of openings and
applying contact means to saxd doped regios through said second predetermined pattern of
openings:
2 . 2 A self—allgned method as claimed in Claim 1 wherein said semlconductor substrate 20




set of doped regions by selectively applying inpurities of said first
conductivity type through sonme but not all of said openings of said second
predeterm ned pattern of openlngs and applylng contact nmeans to sald doped

regi os through said second predetermned patterm of openi ngs; 20 A
self-ali gned met hod as cl a| med in Claim1 wherein said seni conductor
substrate 6 1, 535, 493

r| ses a body of sai-d second conductivity type, a buried |ayer of sai d
;I r’ uctivity type and an eplt 3§ﬁ8%ayer having a surface of. said

irs con uctivity type. 3. A self- method as clained in Gaim1l
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openi ngs cofi§PT it aH0 Siafhneli G Edathn 8%AMinWia AOE B! Blsing LRY #Fbipy @ third
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openi ngs i ncawd ﬁ)\gt i mwrrﬁgnqslaye leyersusing spif denrthetrRim etionsaingsetsrAiof
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said third scleld i e \whterdih Bl ibir @ B3 BGSmBSnddl. et chi ng
mask. 5. A S&ldEvu’:H He gioCh opbosite whaictidg wpe. Cl ai m 4 wherei n sai d stﬁ]o of.
formng s8id§ -aii’gn@omtmas drrﬁﬁj rﬂt‘ah,etf n ge ?frfgltmm es,eoml
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as clai med ifisik er el 1 rs ? sem conduct or

devi ce regi ors mgeef-a)@m:tdhmetmﬂrm mnufehnurtngwtegratbq/pemts7subsﬁarmellyfasdnbnegshed t hod
as cl ai fore dpsaiibed @udphoraiimt v % of sem.conduc- tor deVice
regions is of the opposite goi H%%E}%?% v 8. A self-aligned nethod
as claimed in Caim4 wherein S @hattesddemtaat Al arts“n ng a second 30 group of
sem conduct or devi ce regions i ndlinede’y Ittméharnd@pem ng of said first, ar gyp of -
openi ngs i nul t aneous with the e %, V@rydﬁ |ngs usi ng said second group .
of openings as an etchi ng mask I'gned net hod of manufacturing
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