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THE INVENTION (1) Field of the Invention The invention rel ates to"the™/
fabrication of integrated circuit devices, and nore particularly, to a
nmet hod of form'ng a resistive |oad el ement in the fabrication of integrated
circuits. (2) Description of the Prior Artl Im i ntegrated circuit
fabrication, sone integrated circuits, such as a static random access

SRAM , ' | Sti | oad. A resistive | oad el enent can be
(abri vat o us nggéﬂ«{§ﬁ$r%%§%§séﬁﬁep§§x@%§;mhrws;mnagouoamsed ‘o

other circuitry through a contact. The : ircuitry could b? Fetal or

pol ysilicon interconnect or | on i erjstic o ow

resi st ance. The lightly égg ﬁﬁﬂJhé g@ﬁ:%§ﬁ#ﬁﬁhﬁat aes!stance serves
as a resistor; : eg}. st ts.determ ned by its doping
concentration(%% aé%ﬁaagEiﬁgad?ﬂgﬁgFgég In a typical SRAM cell, the

resistor |load needs to ggke $hyahifogouSSICAEACk S ot e g Bgﬁgég% odgiand

to the drain {Ategphtble AWduidOVEet 888! Skl ao®! baffibR1LPeT | ne

to pass gate qe8R6AStBF. foAmiGy SEOI Heall SMAKINT 1004 aGdT IMd:t 2° Gat e%ﬁ‘&d a

drain regi on febdscavibhcbenindegaatedt cibeuipterface to ensure an ohmec

contact. However, when a contact opening is etched-to the drain region in

the sem condu¢ebrDesbsipaien -afl ahgepabounaref dopant at the surface of the

drain region is renoved. The majority of the dopant is at the surface

because the etch is perfornednbegurtethe ddpantithas fedenchtiien in syma

hi gh tenperatimeegraped ¢hrausbsvesutbnasd procestc rdedomsictess isetoght |y

doped to defi RBRAME; s¥equine 1R resigtive load. A resistive load element
can be fabricated using a lightly doped polysilicon with
both ends connected to other circuitry through a contact.
The other circuitry could be metal or polysilicon
interconnect or N+ diffusion line characteristic of low
resistance. The 1lightly doped polysilicon with high
resistance serves as a resistor. Its resistance 1is
determined by its doping concentration as well as its
dimension. In a typical SRAM cell, the resistor load needs
to make simultaneous contact to the gate electrode and to
the drain (N+) of the pull-down transistor as well as to
the metal line to pass gate transistor. A resistor tab
making contact with a gate and a drain region needs
sufficient dopant at the interface to ensure an ohmic
contact. However, when a contact opening is etched to the
drain region in the semiconductor substrate, a large amount
of dopant at the surface of the drain region is removed.
The majority of the dopant is at the surface because the
etch is performed before the dopant has been driven in by

{ a high temperature step. In a conventional process, the
' resistor is lightly doped to define resistor value, then

tabs on either side of the resistor are opened up in a mask
for a high dose implant. The mask defines the resistor
length. '

U.S. Patents 5,348,901 to Chen et al and
5,196,233 to Chan et al describe methods of forming
resistive load elements.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
forming a resistive load element in the fabrication of an
integrated circuit.



tabs orr either side of the resistor are opened up in a mask for a high dose
i mplant. The mask defines the resistor length. U S Patents 5,348,901 to
Chen et al and 5,196,233 to Chan et al describe nmethods of form ng
resistive |oad el enents. SUVWWARY OF THE | NVENTI ON A princi pal object of the
present invention is to provide an effectide and very manuf acturabl e met hod
of formng a resistive |oad_elenent in the fabrication of an integrated
circuit. -2- An(c)it her A9BRE @Abiert Q?Es&h@ PRI on1nyepsipfovistieta

met hod of ensBEPHECS R/ ngE| gpen &Pgﬂia?+ﬁ%rﬂ8 éngs leviedsiak j the| oad
el ement with &ngﬁ &aghd r%%.e? ?f#ﬁ?i%? d& %ﬂﬁ?Q: i aogake apdedratid
circuit. Yet ARSEREr 18088 TEPTEHETERTREI BR FEEPITRFEF §eTUEthod of

formng a resistive Ioaq %ISHSQB L.n é p St Iz ARt 's.goE r ggb EQ- A
further object, g, hgap 9%9&& B @5&5@?&{2&5 %@J@an%ﬁ“ qi.egsg.ﬁrcéx A
oping I evel ghp Gt! BEeLLRCE e i?eaqs!s I've load element w a gate and
drain region in"the fabricationm of an integrated circuit. In accordance

with the objects of thig irRyeRnerORLA W iR hividd M NednddChr dbiEwsed
resistive | oadielfaeBbh t& agbiie¥es hidh fddingaredipakyshkli ¢ANeBYBE b5
provi ded over hyiregigtdaiee Iddd Coalementtiewi ey ea. gatkayeld HrdingséSioni thci de
i s deposited ener fubidchliton bFt adopadepehyed cdéeauligyer. A second undoped
| ayer of polysilicon
In accordance with the objects of this invention
a new method of forming a back diffused resistive load
element is achieved. A first doped polysilicon layer is
provided overlying a gate silicon oxide layer. A layer of
tungsten silicide is deposited overlying the first doped
polysilicon layer. A second undoped layer of polysilicon
is deposited overlying the tungsten silicide layer. The
second polysilicon, tungsten silicide, first polysilicon
and gate silicon oxide layers are etched away where they
are not covered by a mask to form gate electrodes and
interconnection lines. Source and drain regions are formed
within the semiconductor substrate. An interpoly oxide
layer 1is deposited overlying the top surfaces of the
semiconductor substrate. The interpoly oxide is etched
away where it 1is not covered by a mask to provide an
opening to (1) a polysilicon interconnect line and (2) a
drain region within the semiconductor substrate and
exposing a portion of the gate electrode wherein a spacer
comprising interpoly oxide is left on the sidewall of the
exposed gate electrode within the opening. In other to
remove the interpoly oxide spacer, the interpoly oxide
layer is overetched whereby the top portion of the drain
region in the semiconductor substrate is etched away along
with a portion of the dopant. First ions are implanted
into the drain region and the exposed portion of the gate
electrode. A third layer of undoped polysilicon is
deposited over the surface of the interpoly oxide and
within the openings and patterned. During subsequent
processing, the first ions implanted into the drain region
and the exposed portion of the gate electrode diffuse into
the third layer of polysilicon and into the substrate
increasing the drain junction depth. The third polysilicon
layer forms the resistive load element. Second ions are
implanted into the third polysilicon layer to define a
resistor value. An insulating layer is deposited overlying
the interpoly oxide and the third polysilicon layers. An
opening is etched through the insulating layer and the
interpoly oxide to the gate polysilicon layer. A
conducting layer is deposited overlying the insulating
layer and within the opening and patterned to complete the
formation of the resistive load element in the fabrication
of an integrated circuit. :



i s deposited overlying the tungsten silicide |ayer. The second _
polysilicon, tungsten silicide, first polysilicon and gate silicon oxide

|l ayers are etched away where they are not covered by a mask to formgate

el ectrodes and interconnection lines. Source and drain regions are forned
Wi thin the sem conductor substrate. An-i$hterpoly oxide | ayer i s deposited
overlying the top surfaces_of the sem conductor substrate. The interpoly

oxide is etched away wher PRIET PEREREBGTAIR LhHyTHE REMVENSH ovi de an
opening to (1) a ponsib}c I nt er connect Ii$e and (2) a drain region
b 3
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the surface oprebentntierpaltionxi de and within the openings and patterned.
Buring subsequent processing, the first ions inplanted into the drain .
region and the exposed portion of the gate electrode diffuse into the third
| ayer of polysilicon aRBSCRERTION ORhTHEaPREFERREBSEMBODHNMERNTSI n j unction
depth. The third polysilicon |ayer forms the resistive Ioad_elenent. :
Second ions are inplantB@fEWﬁQHGhBOWhmpueppa¥5hbu¢eHIYayerFLg:dmf|nheae
résistor val uésS ARWBURaRRFiayepfi & depbtiadly ovenpliewed hintegeapetly
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yer. semiconductor substrate, typically to a thickness of

between about 60 to 150 Angstroms.

The polysilicon layer 16 is blanket deposited by
low pressure chemical vapor deposition (LPCVD) at a
temperature of between about 500 to 700°C to a thickness of
between about 1000 to 3000 Angstroms, and preferably 1500
to 2500 Angstroms. The polysilicon layer is doped with
phosphorus ions at a dosage of between about 3E15 to 1E16
atoms/cm* or is doped with a POCI, source at between about
800 to 900°C.

Next, a layer of tungsten silicide 20 is
deposited overlying the polysilicon layer 16 to a thickness
B of between about 1500 to 3000 Angstroms. The tungsten
(- silicide has a lower resistivity than the polysilicon. It
is used to reduce interconnection resistance. Next, an
undoped polysilicon layer 22 is deposited overlying the
tungsten silicide layer 20 to a thickness of between about
400 to 800 Angstroms. This top polysilicon layer is used
to supply silicon to the tungsten silicide layer during
later oxidation to avoid depletion of silicon. Depletion
of silicon causes a metal-rich film which tends to have
stress and peeling.

The layers 14, 16, 20, and 22 are etched away
where not covered by a mask to leave polysilicon gate
electrodes and interconnection lines, as shown in Fig. 1.
Source/drain N+ regions 18 are formed by arsenic ion
implant with a dosage of between about 1E15 to G5E15
atoms/cm* and energy of between about 30 to 80 KeV. P+
regions, not shown, are used for periphery transistors and
are formed similarly by implanting BF, ions at a dosage of
between about 1E15 to 3E15 atoms/cm* and energy of between
about 30 to 60 KeV.




conductiing layer is deposited overlying the insulating layer and within
opening and patterned to conplete the formation of the resistive |oad

elenent in the fabrication of an integrated circuit. -3- BRIEF :
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings form ng a nateri al
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Angst rons.
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part of this description, there is showr 4igs. 1 through 6 schematically
illustrate in cross-sectignal ;representation a referred enbodlnent of the
process of the present ?ﬁ#@ﬁ?ﬂ&ﬁ navy.ty ?Fgus 'at%sléYEFI ti F%ﬁ? QY of a
conpl et ed SRA S6ri ¢4t esgsac ?PGFﬁ §e ‘Pﬁﬁr ‘éssg?)’f'eth EE%% and
invention. Fﬁ? ﬁ fPEEE 8%? horES
partlcularly nFﬁ&r@ oate OFO 8%§pLﬁ%ed
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substrate 10 b@ égg ? N i)r B PHIR LT gg 9 s oﬁ\ §XI de
layer 14 is ggen Qe oF Terial 1y
to a thicknesgooky e? i i%éngﬁﬂé%téf 1%9 aﬂiéCP ﬁyer
16 is bl anket xdep9si t@deya | QWf es:%lhe shendeah Gy deposhbi 09: { LEGY

dosage of bet peeniahoubf£3Edihet a¥i Ebfedqiais/18n] dsr | removeddogadingt hthi #OCL
source at bet weemesibbitg. Since a high temperature drive-in step has

not been performed, most of the dopant in the N+ region is
in the top portion that is removed during the overetch.
This will cause high resistance from the gate electrode to
the N+ region. A third polysilicon f£ilm is to be formed
within the opening 28 to connect the gate electrode and N+
drain region 18. 1In order to ensure sufficient dopant at
the interface, a high dosage implant into the drain region
18 is now performed.

Referring now to Fig. 4, a high dosage implant 34
of phosphorus or arsenic ions is performed with a dosage of
between about 5 E 15 to 1 E 16 atoms/cm*> at a energy of
between about 50 to 80 KeV. The photoresist layer 26 is
removed.

Referring now to Fig. 5, a third polysilicon
layer 36 is deposited by LPCVD over the surfaces of the
semiconductor substrate to a thickness of between about 400
to 1000 Angstroms. This polysilicon layer 36 is lightly
doped with a very light dose of boron or phosphorus to
stabilize its resistivity to the desirable range. The
polysilicon resistor 36 is patterned and etched as shown in
Fig. 5.

To define the resistor value, phosphorus or boron
ions are implanted into the polysilicon layer 36 at a
dosage of between about 1 E 13 to 3 E 14 atoms/cm* and an
energy of between about 30 to 60 KeV. The resistor wvalue
is between about 1 to 500 gigaohm, depending upon the
product.

Next, an .insulating layer 42, such as
borophosphosilicate glass (BPSG) and tetraethoxysilane
(TEOS) or the like, is deposited over the surface of the
substrate to a thickness of between about 5000 to 10,000
Angstroms, as illustrated in Fig. 6.



800 to"900[err]C. Next, a layer of tungsten silicide 20 is deposited
overlying the polysilicon layer 16 to a thickness of between about 1500 to
3000 Angstrons. The tungsten silicide has a |lower resistivity than the
polysilicon. It is used to reduce interconnection resistance. Next, an
undoped polysilicon layer 22 is depositedverlying the tungsten silicide
| ayer 20 to a thickness of between about 400 to 800 Angstrons. This top
polysilicon layer is us@Hrﬂﬁgsu%@b§GQH¢¢%oﬁﬂP@eﬁﬁénﬂu 5t @n §¢WP@¥§Euréyer
during later GYPHat BRA d UepPPTEN ofUSH | @6n %Sloﬁpﬁﬁ TEPEcon
causes a net af F&ﬁlFPF%i’Wlehet APRRNE Pl Jsftﬁ”@@:? efFFéP E@Fl

14, 16, 20, ajdlyst &Eé By 5@
pol ysilicon g §65I§ dggﬁt?n? P ﬁﬂg tid V§55§t Qs rpg

g g 5 ?% 8P Eage
bk Sy rﬂ r%g; ?Jaipa%%?eg % fi 30

Source/drain
of between abgg{ E

10 t@)t %E% ?Eg °£§06”d
are forned SI Qﬁbﬁ %g%%ﬁgtlng err] 1on osage o etween

to 80 KeV.
about 1E15 to 3EL5 ato err] and energy of betmeen about 30 to 60 KeV.

-4- Referring now to Fig da adéyligoisi BtenRal ¥ h‘?@u%x %d sideRPat LAY

over the gatelaleet aodghtaRgho1Mt FGHEW it dHd élii@oﬁulaﬁéﬁ of

the substrate(bg,azohiaeknasy ehdiel wWataaltouls k) éQna?&é) MMEE41 ONByed

| ayer of phot QEQSIsﬁchZEH$ stangbednowdr dNeminu acesoebldgited over the
surface of the insulating layer 42 and within the via
opening and then patterned to complete the connection.

Fig. 7 is a circuit diagram of the completed
integrated circuit illustrated in Fig. 6. The resistor 36
is shown connecting to the metal line 44. A 1is the
critical connection of the present invention between the
gate electrode 22, the N+ region 18, of the pass gate
transistor C, and the load resistor 36.

The process of the invention results in an
integrated circuit having a resistive load element having
a butting contact between the resistor, the gate electrode
and the drain region. Sufficient dopant concentration at
the interface ensures an ohmic contact. This sufficient
dopant concentration can be obtained without the tab
implant and additional tab implant mask of the traditional
process. The possibility of lateral diffusion of the
dopant is reduced in the process of the invention.

While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that wvarious changes in form and details wmay be made
without departing from the spirit and scope of the
invention.



substrate and patterned to forma nask | eaving an openi ng 28 where cont act
will be made to the N+ drain region 18 and the ot her opening 99 which wll
connect the load resistor to the poly interconnect Ii

oxide layer 24 is etched away with an etch stop at th mllmi%mﬁMF " e at
the N+ region 18. This |eaves an interpolé -oxide spa emall
of the gate. An overetch is perforned to dotted line 32 to renove the
spacer 30. A portion of WhaE s FéQFGﬁdlssls renoved during this

over et chi ng. Since a hlgh tengeratukﬁ drive-in step, has not g en .

per f or med, nna; of the dopAniefhRoghet aPEbF%FIPg R %%Ee$5%t% r¢+batthat
i's removed du PﬂdcﬁheCGWQ efdRg: Th|s mAII cause hlgh resi stance fromthe
gate electrode to.the N+ on fi s to_be fo
wthin the opBRPiZER Y %aﬁﬁ Bt Gaf o stic Bl B BBy SAEPEg) OF 16,
In order to eﬁsﬁF gﬁt 54 6 lake:t4 the |nterface a high dosage

i npl ant into bggvﬁ QHE}Sdgg-&OﬁbE§EE?E€BH ?@?”64@% sgig
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a hi gh dosage EES arsenic ions’is per
dosage of bet en a out 16 atons/cnjerr] at a energy of

bet ween about dégo%et%gKea/ 1alRe Pbet @ieistlenl ay£Tidbaéds d@ﬂ\poe@l Rehearing
now to Fig. 5figsthidophelOppilisiteronayaked6 i s deposited by LPCVD over the
surfaces of the sem conductor substrate to a thickness of between about 400
to 1000 Angst dep®sitifigs apekysnlli aalobaydelagéri 6£| pghikylieprdovetyanygery
| i ght dose of shddorudkrsizlens pidhidddeo latali;| i ze its resistivity to the
desi rabl e range. The polysilicon resistor 36 is patterned and etched as
shown in Fi g. eSchiogdefaway t lemirdesissamd al pel ygphilospdror ussaid botongsten
gilicide, said first polysilicon and said gate silicon
oxide layers where they are not covered by a mask to form
gate electrodes;

implanting first ions into said semiconductor substrate to
form source and drain regions;

depositing an interpoly oxide layer overlying the top
surfaces of said semiconductor substrate;

etching away said interpoly oxide where it is not covered
by a mask to provide an opening to said drain region within
said semiconductor substrate and exposing a portion of said
gate electrode wherein a spacer comprising interpoly oxide
is left on the sidewall of said exposed gate electrode
within said opening;

overetching said interpoly oxide layer to remove said
interpoly oxide spacer whereby the top portion of said
drain region within said semiconductor substrate and a
portion of said first ions are etched away;

implanting second ions into said drain region and said
exposed portion of said gate electrode;

depositing a third layer of undoped polysilicon over the
surface of said interpoly oxide and within said opening and
patterning said third polysilicon layer wherein said third
polysilicon layer forms a resistive load element and
wherein during subsequent processing said second ions
implanted into said drain region and said exposed portion
of said gate electrode diffuse into said third layer of
polysilicon and diffuse into said semiconductor substrate
underlying said drain region to increase the junction depth
of said drain region;



i ons are inplantedinto the potysiticon |ayer 36 at a dosage of between
about 1 E 13 to 3 and an energy of between about 30 to
60 KeV. The resi stgﬂmlﬂmmmm@ﬂ*n about 1 to 500 gi gaohm dependi ng
upon the product. e ey e ating | ayer 42, such as

bor ophosphosil i cate gl ass (BPSG and tetrdethoxysilane (TEOCS) or the Ilike,
I s deposited over the surface of the substrate to a tgickness of bet ween
about 5000 t 099PLIY0SAAEs tthdmks %@-Xs’fl}]dsq%ttﬂy?ﬁ Epgdefine a cregstoy

subsequent pr¥Rt¥4€ing at a tenperature over about 850 - 900[err]C such

as during B ?Séa’%'gtog gensi f ig%té'igg thﬁ do angY%afkjoﬁ?é/f ];S%.Sl L{\tgm té\g}ém
ion, ill f h ' f
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36. Also, so he_d t. Wi thi . hegl : [ ' . khe
substrate, il gﬁ%ﬁ%ga;g%%%&lﬁ% a?ﬁ%%ﬁg%%ﬁ? e? %g?%%rgré%lgon aé/}é‘i? hde&d%%}é\
region 18 with a junction depth o Bétmeen about 1500 to 2500 Angstrons. A
via opening i gesbsNedngNr0Ugbnhiee 1AgUaLeRd bRYEly g ! BEEWPOl Y@ atEngs L0
the gate pol ypi{b£0Nahdyehwiltddin 26 16peMhgge aoEdt agdattedfiRe NBEed
Metal |ayer 4don&uebing t UAYSEEN cOmpakdAngUMLHeS dRIASIdLd verot hessuaf ace
of the insul aihbggtayed d42raasdtwideéhiset he via opening and then patterned to
conplete the connection. Fig. 7 is a circuit diagramof the conpleted
integrated circuit illustrZhedmenhBdgaceorfiagr ¢ MN@EinB@ wherein said
first polysilicon layer has a thickness of between about
1500 to 2500 Angstroms.

3. The method according to Claim 1 wherein said
first polysilicon layer is doped by diffusion of POCL;.

4., The method according to Claim 1 wherein said
first polysilicon layer is doped by ion implant of
phosphorus ions with a dosage of between about 3 E 15 to 1
E 16 atoms/cm™.

5. The method according to Claim 1 wherein said
tungsten silicide layer is deposited to a thickness of
between about 1000 to 3000 Angstroms.

6. The method according to Claim 1 wherein said
tungsten silicide layer is deposited to a thickness of
between about 1500 to 2500 Angstroms.

7. The method according to Claim 1 wherein said
second undoped polysilicon layer is deposited to a
thickness of between about 400 to 800 Angstroms.

8. The method according to Claim 1 wherein said
first ions are arsenic ions implanted at a dosage of
between about 1 E 15 to 5 E 15 atoms/cm* and an energy of
between about 30 to 80 KeV.

9. The method according to Claim 1 wherein said
first ions are BF, ions implanted at a dosage of between
about 1 E to 15 to 5 E 15 atoms/cm* and an energy of
between about 30 to 60 KeV.

10. The method according to Claim 1 wherein said
interpoly oxide layer is deposited to a thickness of
between about 1200 to 2500 Angstroms.



i s-shown connecting to the netal |ine 44. A is the critieal—eonneetion—of
the present invention between the gate el ectrode 22, the Nt reqgion

the pass gate transistor C, and the | oad resistor 36. The IMH@&I“U'@EW
invention results in an integrated circuit having a resis

having a butting contact between the resi&tor, the gate el ectrode and 't he
drain region. Sufficient dopant concentration at the interface ensures an
ohmic contact. This suﬂﬂlcﬂbﬁtméébéﬁta@@ﬁ@@hﬂgatpoﬁléaﬁ bevbprainegaid
without the t&Birfp REAYShHLGRRI LA¥AAl isabdeRpFARedmisk af HHEKNeAS t PEnal
process.  ThBepyesHAPPLY 400 5PerIPCJARPESFBRSof the dopant is reduced in

the process of the invention nv ntlon h been rticularl
shown and descrlbe wntﬂzreF@FeWEEgPé ?ﬁ€°ﬁ§ i %n@ﬁ EetHePROE, it

wi |l be under ¥ éﬁ? vé? ﬂfform
and details ggeﬁa& %? |wﬁﬁ?W? <hi r3 aﬂ% S85heY 0Pt he
I nventi on. s clal I's: 1. A nethod of fabrlcatlng an

i ntegrat ed circuit deV'E C%ﬁgrhéhﬂ EQX%&% éo'éiﬁimoi 9akeesh! 5598
oxi de over th%e%%hﬁ?&%n% a%e EBH OioﬁH ‘fféﬁtear 'diés E£SLf
doped pol ysi | L,eeekdy @botels W 1 %3 At & n@/bn?"" é‘r).(eéne Oéft' ng
a |ayer of tupgsienSiabotirdeoover byl ravsai d first doped polysilicon | ayer;
14. The method according to Claim 1 wherein said
junction depth of said drain region is between about 1500
to 2500 Angstroms.

15. The method according to Claim 1 wherein said
third polysilicon layer is doped with phosphorus ions
implanted with a dosage of between about 1 E 13 to 3 E 14
atoms/cm* and an energy of between about 30 to 60 KeV.

16. The method according to Claim 1 wherein said
third polysilicon layer is doped with boron ions implanted
with a dosage of between about 1 E 13 to 3 E 14 atoms/cm™
and an energy of between about 30 to 60 KeV.

17. The method according to Claim 1 wherein said
conducting layer is aluminum.

18. The method according to Claim 1 wherein said
conducting layer is tungsten.

19. A method of forming a resistive load element
in the fabrication of an integrated circuit comprising:

providing a layer of gate silicon oxide over the surface of
a semiconductor substrate;

providing a first doped polysilicon layer overlying said
gate silicon oxide layer;

depositing a layer of tungsten silicide overlying said
first doped polysilicon layer;

depositing a second undoped layer of polysilicon overlying
said tungsten silicide layer;

etching away said second polysilicorn, said tungsten
silicide, said first polysilicon and said gate silicon

oxide layers where they are not covered by a mask to form
gate electrodes;



depositing a §€Eﬁ“ﬂ”‘hdbped-+aye+ of polysilicon overlying said tungsten
silicide Iayer d second polysilicon, said tungsten
silicide, said gg"@gﬁﬂg and said gate silicon oxide |ayers where
they are not cover o formgate electrodes; inplanting first
lons into said sem conduct or substrateiﬂ)ﬁ(wrnsource and drain regions;
depositing an,interpoly oxide |ayer overlying the top surfaces of said
seni conduct or 18nb3nEang; fareki hgNEWAHLeaFILneRREPYIBRTEE SREPETRES| Bonot
covered by a FBER FG“ﬁFSv?H@ QﬁaéﬁeﬁﬁﬁéoPﬁrsald drain region within said
sem conduct or substrate and ex 05|n of sai d ectrode
wherein a spafg Frgpﬁ ?1‘% § E FEFY (ﬂ?’et%ﬁlé”ﬁ%e | BPPsai d
exposed gate gPEE?FS 34 Fﬁ §5M4<8 gHF ar 898? Féﬁ?ng said interpoly

oxi de | ayer t QL LRIRYE |dshqt %@é& rqpy é ot ORo gr%
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said first |og arge gggg
region and sagdegxpos Bét /0,8 nsal 9%9 ig ﬁg 99§,;; 1g i rd
| ayer of undog;g tVSb G2 O¥LlieddEl 3§a9:'.c9 efBbdeBNRIRO! ¥1 84t P8gand
wi thin said opephng aRdaprapkaifyRg said third pon5|I|con | ayer wherein
said third polysilicon | ayer forms a resistive |oad el enent and wherein
during subsequearepthifgsi §4idaiithts2ewld, | eRidenpl apéed Hot efidivé dsaia
regi on and saidtexpoigd quaide oBpatesaiwhegail®y ethet nage gottiusr ioff osasad
third | ayer ofirpdhysregicon smdhdnf fesesbd i senisandustorc osulbist patsulasid ate
underlyi ng sapdrtiennofegadd farstcieoasearheetahetli ewagrepth of said drain
regi on;

implanting second ions into said drain region and said
exposed portion of said gate electrode;

depositing a third layer of undoped polysilicon over the
surface of said interpoly oxide and within said opening and
patterning said third polysilicon layer wherein said third
polysilicon layer forms said resistive load element and
wherein during subsequent processing said second ions
implanted into said drain region and said exposed portion
of said gate electrode diffuse into said third layer of
polysilicon and diffuse into said semiconductor substrate
underlying said drain region to increase the junction depth
of said drain region; and

doping said third polysilicon layer to define a resistor
value completing said formation of said resistive 1load
element in the fabrication of an integrated circuit.

20. The method according to Claim 19 wherein said
first polysilicon layer has a thickness of between about
1500 to 2500 Angstroms.

21. The method according to Claim 19 wherein said
first polysilicon layer is doped by diffusion of POCLj;.

22. The method according to Claim 19 wherein said
first polys111con layer 1is doped by ion implant of
phosphorus ions with a dosage of between about 3 E 15 to 1
E 16 atoms/cm?.

23. The method according to Claim 19 wherein said
tungsten silicide layer is deposited to a thickness of
between about 1000 to 3000 Angstroms.

24. The method according to Claim 19 wherein said
tungsten silicide layer is deposited to a thickness of
between about 1500 to 2500 Angstroms.



dopi ng “sai d_third-petysiticon |ayer to define a resistor val ue; depositing
an insulating layer overlying said interpoly oxide and said third

ol ysi | i ng an opening through said insulating |ayer to
Eal é fi mﬂmmwn‘ﬁ““tmm‘aygr and depositing a conducting layer overlying
said instlafing I"yér and within sai d operihg and patterning said
conducting | ayer conpleting the fabrication of said integrated circuit
devi ce. 2. The nethod actdr dihg) meghodaprcordingeta €haiinfl9 sthepmdirsidaichn

| ayer has a t HIRFRSs wrdopedecpolyditigono iayes00isngdeposited. Eowe a
%/hod accor di YR FEesRi of o %f'é?%ﬁ Akt 49¢ sto P Angstoretsyer i s doped

by diffusion of POCL3. 4 Th h d accordlng to Caim1l wherein said
f?rst polysill on Ia &- HCF FaRg BP Gk fﬂﬁlﬁhﬁﬂﬁﬁﬁ\ﬂ&ﬂ%éﬁ
dosage of bet S3 E’? 6°5‘§gn%‘m}%% afrd FhAPRA%Rd ©
according to v%@ % %3%:0 & pEEMELCMAy 8Rdj @NHeHeTIe Pt 0 a
t hi ckness of between a ‘Angstroms. 6. The nmet hod accordi ng

to daim1l wherein said ng§{ L C Sit to a thIQ ess
of between ab%g@opoﬁﬁégéé* “‘e’?&f‘ P gg b
wherein said ssqapd U O HO yﬁl £CQp "l}ng\ zla &wee
of between abcaﬁOLfl;O(gd Q;&QQ) A&gﬁtroms % net o accor ng to M 1
wherein said

28. The method accordlng to Claim 19 wherein said

interpoly oxide layer is deposited to a thickness of
between about 1200 to 2500 Angstroms.

29. The method accordlng to Claim 19 wherein said
third polysilicon layer is deposited to a thickness of
between about 400 to 1000 Angstroms.

30. The method accordlng to Claim 19 wherein said
second ions are arsenic ions implanted with a dosage of
between about 5 E 15 to 1 E 16 atoms/cm* and an energy of
between about 50 to 80 KeV.

31. The method accordlng to Claim 19 wherein said
second ions are phosphorus ions implanted with a dosage of
between about 5 E 15 to 1 E 16 atoms/cm* and an energy of
between about 50 to 80 KeV.

32. The method accordlng to Claim 19 wherein said
junction depth of said drain region is between about 1500
to 2500 Angstroms.

33. The method accordlng to Claim 19 wherein said
third polysilicon layer is doped with phosphorus ions
1mp1anted with a dosage of between about 1 E 13 to 3 E 14
atoms/cm* and an energy of between about 30 to 60 KeV.

34. The method accordlng to Claim 19 wherein said
third polysilicon layer is doped with boron ions implanted
with a dosage of between about 1 E 13 to 3 E 14 atoms/cm*
and an energy of between about 30 to 60 KeV.

35. A method of forming a resistive load element
in the fabrication of an integrated circuit comprising:

providing a pattern of gate electrodes and interconnection
lines over a semiconductor substrate;

implanting first ions into said semiconductor substrate to
form source and drain regions;



first ions are arsenic ions inplanted at a dosage of betweenr—about—1-E15 —
to 5 E 15 atons/cnferr] and an energy of between about 30 to 80 KeV. 9. The
met hod according to Claim 1 wherein said first ions are Biﬂm mu"l (ﬂll””"l
i npl anted at a dosage of between about 1 Eto 15to 5 E 1

and an energy of between about 30 to 60-K&V.-10. The nethod accord

Caiml mhereln sai d,i nterpoly OXIde | ayer is dep05|ted to a thlckness of
bet ween about ?Eg51F6n§§0®£ Y Ooxgde; layer nawesd vidihr §heg tep
args: REr §apd §¥“F—F88f5ruF59€r SPE’SH€BB§Vted to a thickness of
bet ween about 4 1000 An troms od accordl n to CI aim.1
wher ei n said g % h %%‘ ¥gred

. jo: Yihod lﬁﬁt *'elalab t
rohcen Shou o8 2k Egga"gmé“ﬁ Qﬁa bt

ar e phosphorU§nte9§owp eft gLuet g dl E
16 atoms/cni egateaeﬂeaersaerwtﬁin samﬁea & QHIg to 8

met hod according to Claim1 wherein said Junctlon dept h of sald draln
region i s betweefeB8BRIHglOEWid 0 2@ pNIgSt 6Q18e haydie tipt baflodecosgdigy to
Claim1 wher eiﬂtéﬁpdl?hldﬂd@| ¥phtéfOMHeIEDy | ShEORRE WhdHr PHRSRIFOr 481§ 0NS

i npl anted wi t@raidosagricd hethean sahiolt sémEcdiddtietdrE shibbateiid calerrd and
an energy of petrween aboshid0fipst60i&RY. are etched away;

Cl ai m 1 wher efH¥

implanting second ions into said drain region and said
exposed portion of said gate electrode;

depositing a third layer of undoped polysilicon over the
surface of said interpoly oxide and within said opening and
patterning said third polysilicon layer wherein said third
polysilicon layer forms said resistive load element and
wherein during subsequent process1ng said second ions
implanted into said drain region and said exposed portion
of said gate electrode diffuse into said third layer of
polysilicon and diffuse into said semiconductor substrate
underlying said drain region to increase the junction depth
of said drain region; and

doping said third polysilicon layer to define a resistor
value completing said formation of said resistive load
element in the fabrication of an integrated circuit.

36. The method accordlng to Claim 35 wherein said
first ions are arsenic ions implanted at a dosage of
between about 1 E 15 to 5 E 15 atoms/cm* and an energy of
between about 30 to 80 KeV.

37. The method according to Claim 35 wherein said
first ions are BF, ions 1mplanted at a dosage of between
about 1 E 15 to 5 E 15 atoms/cm* and an energy of between
about 30 to 60 KeV.

38. The method accordlng to Claim 35 wherein said
interpoly oxide layer is deposited to a thickness of
between about 1200 to 2500 Angstroms.

39. The method according to Claim 35 wherein said
third polysilicon layer is deposited to a thickness of
between about 400 to 1000 Angstroms.

40. The method accordlng to Claim 35 wherein said
second ions are arsenic ions implanted with a dosage of
between about 5 E 15 to 1 E 16 atoms/cm®* and an enerqgy of
between about 50 to 80 KeV.



16. The method according to Jaim1 wherein said third polysilicon layer is
doped with boron | th a dosage of between about 1 E 13 to 3
E 14 atoms/cnierr I'mjyllmmﬂgﬂ M[‘l)f bet ween about 30 to 60 KeV. 17. The

met hod according to ( aim n said conductl ng | ayer is alum num 18.

The method according to Caim1 whereirm d& o conductl ng layer is tungsten.
19. A nethod of form ng a r Si

stiye | oad el errent the fabrl cat| on of . an
integrated ci rcwt co e '%g’ﬂdd?ﬁ ox FLE%F%‘F over
the surface %zg
pol ysi | i con %’:{f’e%eﬁ‘ Ay ‘f, ' ? F‘ oﬁ BRF Ia?@‘?i a& glyné’f’a
e overd

| ayer of tungs eneesrlll I'C y g sal d first doped polysilicon |ayer;

depositing a second undﬁ)e%ﬂe% h%fd geL¥sty h§ Eooaféiww il try%sitcﬁn

silicide 'ayejr} gmyo 1a639g bh! §8Npeted J s 00

silicide, sal 3364 dhgon and sal e Si |con oxl de Tayers ere

they are not covered by a nask to formgate eI ect r odes; -9- inplanting

first ions into said sem cMﬁe%oauaét:b@agng%éocmisf@tw@v@%ﬂ{ &did

regi ons; depasiiiddplyigildiceel Y1gyede 1Ry dopeder Wythg glsmsgsl@@r@sﬂ fizaps of
0

sai d sem condimdlntsetdsiith ca @bsdgdgonvibytween abbetpel g 03i de shaa4qt is
not covered BtamgpwEsk® tandrayiatenyy aperbetovden sshalitdra0 ed eg dewi t hin

44 . The method according to Claim 35 wherein said
third polysilicon layer is doped with boron ions implanted
with a dosage of between about 1 E 13 to 3 E 14 atoms/cm*

( and an energy of between about 30 to 60 KeV.
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saird semi conductor substrate and exposing a portion of said gate el ectrode
wherein a spacer conprising interpoly oxide is left on the sidewall of said
exposed gate el ectrode within said opening; overetching said interpoly

oxi de layer to renove said interpoly oxide spacer whereby the top portion
of said drain region wthin sai d sem c8BEUBAGK substrate and a portion of
said first ions are etched awa I npl anting second ions into said drain
regi on and safBAMxpREEISEER: | BAB oDORINE gB¥e RLUG! rBERLANR p FROM n§URIERI r d
| ayer of undoped polysilicon over the &5%?% of said interpoly oxide and
wthin said o enln and g tte n|n said t rd poI |I|con | ayer wherein
said third po ftp § m%%gdar H&& I’é‘-h%#ﬂtla‘fﬁl wRadei n
during subseq c%}é’ Afte i %%%ﬁ%%raPﬁ
regi on and sat E %&%@o f%’cfégd?f E‘éCPEBHCE Fd
¥k

third layer of.p Leqld a gfffj? at ?cgﬂﬁﬂ oFLE0p8: F Fe
underlying saaa 8

% P f@

CikB B0t i Cigf Rl csand gLd
region; and dgapg-aebdahl o yé»beéﬁ(%%ie N DA %I'“ %@”3 BEEal ue
conpl eting sate greRiaan 2 Qg‘i %& % bPEEti on
of an 'ntegfabéﬂlébhauonrZQMb _ B&£95 6Eesa'd
first polysilé&teatkader whasedrd cgpséérOEo%M@Qﬂgati&tte
Angstroms. 2llefbeonethed sdcwadiln®f aHd aipdd: t€d Ne B& éaéShthm
pol ysilicon | ajger dpentoped byIdi fdrdddntefl Pekbde 4he THart@RiJaaq askoadi ng
to Oaim1l9 wapaeen,sthd intstppbyystidedayeryds bvettopetiedywheebiptrat of
phosphorus i ohspwipdraicnsage dhebefiveitn abmgior HEnlSthe lsémifonfastédent.

substrate is etched away along with a portion of the
dopant. First ions are implanted into the drain region and
the exposed portion of the gate electrode. A third layer
undoped polysilicon is deposited over the surface of the
interpoly oxide and within the openlng and patterned.

During subsequent processing, the first ions implanted into
the drain region and the exposed portion of the gate
electrode diffuse into the third layer of polysilicon and
into the substrate increasing the drain junction depth.

The third polys111con layer forms the resistive load
element. Seconds ions are implanted into the third
polysilicon layer to define a resistor value.

(
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23" The nethod according to Claim19 wherein said tungsten silicide |ayer
is deposited to a thickness of between about 1000 to 3000 Angstrons. 24.
The net hod according to daim 19 wherein said tungsten silicide layer is
deposited to a thickness of between about 1500 to 2500 Angstrons. 25.
The met hod according to Claim 19 wherein said second undoped pol ysilicon
| ayer is deposited to a thickness of be xgen about 400 to 800 Angstronmns.
26. The nmethod according to Claim19 wh in said first ions are arsenic
ions inplanted at a dosage of between about 1 E 15 to 5 E 15 atons/cn and
an energy of between about 30 to 80 Kev. 27. The nmethod according to Caim
19 wherein said first ions are BF[err] ions inplanted at a dosage of
between about 1 E 15 to 5 E 15 atons/cnierr] and an energy of between about
30 to 60 KeV. 28. The nethod according to Caim 19 wherein said interpoly
oxi de layer is deposited to a thickness of between about 1200 to 2500
Angst roms. 29.2Zme~net+totascordi ng to d aij WREr ei n salafrﬁ?r
pol ysilicon | aygr— e ¢
Angstrons. '30. ghe
e

, . 23 t 0 1000
ling to O aiw ' ecdr® i ons
are arsenic io " t5 1t 1 E 16
atons/cnferr] aAd ap yout 50 to 80 KeV. 3. The method
according to Chalm19 wherein said second ions are phosphoruirFemi)

)
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between about 5 E 15 to 1 E 16 atons/cnferr] and an energy of between about
50 to 80 KeV. 32. The nmethod according to Caim19 wherein said junction
depth of said drain region is between about 1500 to 2500 Angstroms. 33. The
met hod according to Caim19 wherein said third polysilicon layer is doped
wi th phosphorus ions inplanted with a dosage of between about 1 E 13 to 3 E
14 atons/cnferr] and an energy of betme?&iabout 30 to 60 KeV. 34. The

met hod according to Caim19 wherein safd"third polysilicon layer is doped
with boron ions inplanted with a dosage of between about 1 E 13 to 3 E 14
atons/cnferr] and an energy of between ut 30 to 60 KeV. 35. A nethod of
formng a resistive |oad element in th abrication of an integrated
circuit conprising: - a patte{% of el ect r pdes

i nterconnection |ing er/a keni cond ubgtrate;

into sai d seni é8ndu t or bsfrate to forrmp’souf ce and dpé ¢gi ons; - 11
- depositing ag i nt ifde | ayer ovar Al t he t op—gurfaces._of said
sem conduct or $dbstrate; etch ng away saird intefpoly oxide wye 4% i's not
covered by a mask tq provide an opempng tjo saidjdrain fegion{w thn said
sem conduct or 2@bsir XPOsi pg a par T

e 0 ai} gat e
el ectrodes whep gl Ny sing interpoly oxidée 1S Tent O Qhe
si dewal | of sal ex e a ettrode Wi tThi i ing: ried chi ng
sai d |nterpoly FOK -e—Sa FCX 12
1 4 )
12
1C

18 (N+)
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i nterpobly oxide spacer whereby the top portion of said drain region within
sai d sem conductor substrate and a portion of said first ions are etched
away; inplanting second ions into said drain region and said exposed
portion of said gate el ectrode; depositing a third |ayer of undoped

pol ysilicon over the surface of said interpoly oxide and within said
opening and patterning said third pol ysf4 i con | ayer wherein said third
polysilicon layer forms said resistive |oad el enent and wherein during .
subsequent processing said second ions inplanted into said drain region and
sai d exposed portion of said gate electrode diffuse into said third |ayer
of polysilicon and diffuse into said sem conductor substrate underlying
said drain region to increase the junction depth of said drain region; and
doping said third polysilicon layer to define a resistor value conpleting
said formation of said resistive |load elenent in the fabrication of an
integrated circuit. 36. The nethod according to Caim35 wherein said first
ions are arsenic ions inplanted at a dosage of between about 1 E 15 to 5 E
15 atons/cnferr] and an energy of between about 30 to 80 KeV. 37. The

met hod according to G aim35 wherein said first ions are BF[ferr] ions

i npl anted at a dosage of between about 1 E 15 to 5 E 15 atons/cnjerr] and
an energy of between about 30 to 60 KeV. 38. The nethod according to Claim
35 wherein said interpoly oxide |ayer is deposited to a thickness of

bet ween about 1200 to 2500 Angstrons. 39. The method according to C aim35
wherein said third polysilicon layer is deposited to a thickness of between
about 400 to 1000 Angstroms. ///—-36
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40: Thé nethod according to Claim 35 wherein said second ions are arsenic
ions inplanted with a dosage of between about 5 E 15 to 1 E 16
atons/cnferr] and an energy of between about 50 to 80 KeV. - 12 - 41,
The net hod according to Caim35 wherein said second ions are phosphorus
ions inplanted wth a dosage of between Epout 5 E15to 1 E 16
atons/cnferr] sand an energy of between about 50 to 80 KeV. 42. The net hod
according to Claim35 wherein said junction depth of said drain region is
bet ween about 1500 @ 25Q0 cfngstog ai's. 43. The method according to C aim 35
wherein said third pol ysiN i®¢ofN Fayer is-doped with phosphorus ions

i npl anted wi t h¢a dosjage o en about 1 E 13 to 3 E 14 atons/cm and an
energy of bet KaV. - e method according to Cl aim 35
wherein said t hyer 1s doped with boron ions inplanted

w th a dosage E|13 to 3 [E 14 atons/cnferr] and an energy
of between abo
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