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SEMICONDUCTOR EMBEDDED RESISTOR GENERATION
BACKGROUND OF THE INVENTION The present disclosure generally
relates to semiconductor integrated 5 circuits. More particularly, the present
disclosure relates to the generation of embedded resistors in semiconductor
integrated circuits. Semiconductor integrated circuits may include various
types of embedded resistors. An OP type of resistor is formed by adding
implantsY6MI GOV GTRE WEPA@E%BE@&T@R)%ENEB& ahkd
circuit. Embedded 10 resistors may include well types (e.g., N-Well), OP RX
types (e.g., OP N+ Diffusion), and/or OP PC types (e.g., OP P+ PolySilicon).
OP resistors are_relatively inexpensive to generate because they use
Dk (A B Sledd 1B Pakteher il eady in use for other components, such
as transistors, in the semiconductor integrated circuits. 15 SUMMARY OF
THE INVEENERORN Fifciesyir oaner dlyuelades fgrmuicandysisiitagried
generating embedded resistors in semiconductor devices. Exemplary
CERMSaiMeREsRadionaliudhe R oseRLEIRPIRSY EpIiRm A hsasag ation of
generating an embedded resistor in a semiconductor device includes
efBRARPY EPRIRISIBREMARET IR TG iR WD strate; forming a pad

oxide on the STI region and substrate; 1 , )
Semiconductor integrated circuits may include various types of

embedded resistors. An OP type of resistor is formed by adding implants to a
polyconductor (PC) or active region (RX) of an integrated circuit. Embedded
resistors may include well types (e.g., N-Well), OP RX types (e.g., OP N+
Diffusion), and/or OP PC types (e.g., OP P+ PolySilicon). OP resistors are
relatively inexpensive to generate because they use implants and process
parameters already in use for other components, such as transistors, in the

semiconductor integrated circuits.

SUMMARY OF THE INVENTION

These and other issues are addressed by methods for generating
embedded resistors in semiconductor devices. Exemplary embodiments are
provided.

An exemplary embodiment method for generating an embedded resistor
in a semiconductor device includes forming a shallow trench isolation (STI)

region in a substrate; forming a pad oxide on the STI region and substrate;
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depositing a silicon layer on the pad oxide; forming a photo-resist mask on a
portion of the silicon layer disposed substantially above the STI region;
etching the silicon layer to yield a polyconductor (PC) disposed substantially
above the STI region; oxidizing the PC; depositing at least one of an oxide
material or a 5 metal gate material on the oxidized surface; depositing a
silicon layer on the at least one oxide material or metal gate material;
dé@BégiﬂHgaaﬂW@(BHﬁb’ﬁﬁ@&wt% p&%&%l@ﬁﬁ?fﬁ@@ié(ﬁh&ﬁﬁ@ﬁ&@%“ ona
substantially above the STI region; patterning a transistor gate with a _
BHRE. R4 HUSRHBPRE IS BRSRRL DR RBHAON B edn RS e RIsBing
substantially away from the STI region; and 10 etching the silicon layer to

ectiligpreladtesie wisibrIPYEaRaIEia5Yskdi siksiantialaReveshe

STl region and at least one resistor structure disposed substantially above
StheregiPrs fsidlizing prerBfredemassiimanteast QiR aBApidsdaterial or a
polycrystalline silicon (Poly-Si), the oxide material comprises Hafnium Oxide

meiR gk aieraken ts guidisadieHdpesniiRRRI NG AISHICRAKeTHN)G at
an eFUSE embodiment, the method further includes forming a silicide
lesstipReopidenateral of metrh g draieriali-aarasiingradoifionastiigen on
forming a photo-resist mask on a portion of the silicon layer disposed
apptieh i sliromayerdisgried sHESHN AN XS BARY 16918 ing a
resistor structure. In a High-K Metal Gate 20 (HKMG) embodiment, the step
PBHEEYREITANSISIt RIS oY JRBRIt RSP IBRSK HieRAseOmaRNRehN the

oxidized surface comprises depositin% a High-K material and a metal gate

PRI4RSAT WRSHIFN ke KekEiFRATES BY y|8u&y from the STl region; and

etching the silicon layer to yield at least one transistor structure disposed
substantially away from the STI region and at least one resistor structure
disposed substantially above the STI region.

In a preferred embodiment, the silicon comprises polycrystalline silicon
(Poly-Si), the oxide material comprises Hafnium Oxide (HfO2), and the metal
gate material comprises Titanium Nitride (TiN). In an eFUSE embodiment, the
method further includes forming a silicide portion on at least one of the
transistor or resistor structures. The step of forming a photo-resist mask on a
portion of the silicon layer disposed substantially above the STl region is the
only photo step added for forming a resistor structure. In a High-K Metal Gate
(HKMG) embodiment, the step of depositing at least one of an oxide material or
a metal gate material on the oxidized surface comprises depositing a High-K

material and a metal gate material. The High-K material may comprise at least
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2 one of Hf02, AIO, ZrO2, TiO2, or like materials; and the metal gate material
may comprise TiN, or like materials. In a computer-readable storage medium
embodiment, the program steps for generating an embedded resistor in a
semiconductor device include forming 5 an STI region in a substrate; forming
a pad oxide on the STI region and substrate; depositing a silicon layer on the
pad oxide; formi'r;l%%hoto-resist mask on a portion of the silicon layer

OpRFOSHPuhtS ab&¥R PlliseMmalsiiriseimHgeraeiftoatryerieriakid

a PC disposed substantially above the STI region; oxidizing the PC;
MAHERMRY A BRStYHEBMBAIBNRIE material or a 10 metal gate material on the
oxidized surface; depositing a silicon layer on the at least one oxide material
or metBIZefEMpdiRriE?: RIS AL BIRBRANMEPbr M RIPHERIRIGRS
layer disposed substantially above the STI region: patterning a transistor
fyRenRtating Bt erRReddR srl@%l'%ﬁ%é@@&?MHQH%@FWWH&CQH’&WTWQB
disposed substantially away from the STI region; and 15 etching the silicon
R tEGIon 1B A3 SRl rdRETEIDe SrbRELRX IR oS RUbLRARAIR S vay
from the STI region and at least one resistor structure disposed substantially

syBBlaitheSRosHIeR FHe R efsHISRAE RAiidse FAFABILAREREEHTm

the following descriFtion of exemplary embodiments, which is to kg[e read in

M@HtheBRHRWHANSS the slicompasidtarssmgyPstantially above the STI

region; etching the silicon layer to yield a PC disposed substantially above the
STl region; oxidizing the PC; depositing at least one of an oxide material or a
metal gate material on the oxidized surface; depositing a silicon layer on the at
least one oxide material or metal gate material; depositing additional silicon on
a portion of the silicon layer disposed substantially above the STl region;
patterning a transistor gate with a photo-resist mask disposed on another
portion of the silicon layer disposed substantially away from the STl region; and
etching the silicon layer to yield at least one transistor structure disposed
substantially away from the STI region and at least one resistor structure
disposed substantially above the STl region.

The present disclosure will be further understood from the following
description of exemplary embodiments, which is to be read in connection with

the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS The present disclosure provides
methods for generating semiconductor embedded resistors in accordance
with the following exemplary figures, in which: 5 Figure 1 shows a schematic
vertical side view of an OP polyconductor (PC) resistor structure; Figure 2
shows a schematic vertical side view of an OP Polycrystalline Silicon

view of an OP resistor structure after shallow trench isolation (STI) formation
in acchbRaPIES QA ist OReieoRiRY idesBEitheds dPge PREaEAY GeeRrQRduUctor
Figure 5 shows a schematic vertical side view of an OP resistor structure 15

eﬁf?&%’ﬁﬁdﬁﬂﬁwﬁ HhacreIdBRceiEhtagdR AW G axeBIRRRE AW g SN
exemplary embodiment of the present disclosure; Figure 6 shows a

W&ikBmatic vertical side view of an OP resistor structure after Poly-Si
deposition in accordance with an exemplary embodiment of the present
discloSlgHered shgre ¢ sRbamalisrifeal SHG HaMRIQUIAR Ralrcepductor
resistor structure after OP PC resistor patterning in accordance with an

(RGe FSIePHMSEH RNt of the present disclosure;

Figure 2 shows a schematic vertical side view of an OP Polycrystalline
Silicon (Poly-Si) resistor structure;

Figure 3 shows a schematic vertical side view of a High-K Metal Gate
(HK/MG);

Figure 4 shows a schematic vertical side view of an OP resistor structure
after shallow trench isolation (STI) formation in accordance with an exemplary
embodiment of the present disclosure;

Figure 5 shows a schematic vertical side view of an OP resistor structure
after pad oxidation and well ion-implantation (IIP) in accordance with an
exemplary embodiment of the present disclosure;

Figure 6 shows a schematic vertical side view of an OP resistor structure
after Poly-Si deposition in accordance with an exemplary embodiment of the
present disclosure;

Figure 7 shows a schematic vertical side view of an OP resistor structure
after OP PC resistor patterning in accordance with an exemplary embodiment

of the present disclosure;
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4 Figure 8 shows a schematic vertical side view of an OP resistor structure
after OP PC etch in accordance with an exemplary embodiment of the

present disclosure; Figure 9 shows a schematic vertical side view of an OP
resistor structure 5 after double-gate (DG) and extended-gate (EG) oxidation
in accordance with an exemplary embodiment of the present disclosure;
Figure 10 shows a schematic vertical side view of an OP resistor structure
after HigHIES W(ﬁlﬁ%%ﬂé“ﬁfﬁﬁiﬁﬁ'l\?ﬂ@@'?ﬁ@f @é‘p@ﬁtﬁ%'ﬁ{or structure
accordance with an exemplary embodiment of the present disclosure; 10

afigf P 1R Il R 3eneidancs s A Rremalrbr amensiasataf tiruetgrent

after gate Poly-Si deposition in accordance with an exemplary embodiment
disidReiRssent disclosure; Figure 12 shows a schematic vertical side view of
an OP _resistor structure after gate patternin‘g%in accordance with an

exemplGH/ @ RSHANRASINaBHE ¥reieat RSO Mg A TeRtRuStucture

schematic vertical side view of an OP resistor structure after gate PC etching
aften douRlsea!Rith ah A FHRRgheRin HeH GrRlIBRKEREERSERERaVIth an

Figure 14 shows a schematic vertical side view of an OP resistor 20 structure
exREMIANCBMBRAR i dkeRtRaf diRg!aURemplary embodiment of the

present disclosure; , , , _ .
Figure 10 shows a schematic vertical side view of an OP resistor

structure after Hafnium Oxide (HfO2) and Titanium Nitride (TiN) deposition in
accordance with an exemplary embodiment of the present disclosure;

Figure 11 shows a schematic vertical side view of an OP resistor
structure after gate Poly-Si deposition in accordance with an exemplary
embodiment of the present disclosure;

Figure 12 shows a schematic vertical side view of an OP resistor
structure after gate patterning in accordance with an exemplary embodiment of
the present disclosure;

Figure 13 shows a schematic vertical side view of an OP resistor
structure after gate PC etching in accordance with an exemplary embodiment of
the present disclosure;

Figure 14 shows a schematic vertical side view of an OP resistor
structure after spacer formation in accordance with an exemplary embodiment

of the present disclosure;
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5 Figure 15 shows a schematic vertical side view of an OP resistor final
structure in accordance with an exemplary embodiment of the present
disclosure; Figure 16 shows a schematic vertical side view of an eFUSE
structure 5 after STI formation in accordance with an exemplary embodiment
of the present disclosure; Figure 17 shows a schematic vertical side view of

an eFUSE structure after pad oxidation and well [IP in accordance with an
exemplgH/@rhdspNEn %?*ﬂ%ﬁt&éﬂftm%ﬁjgﬁr}é'%qfiéﬂr@ﬁg egisies final

schematic vertical side view of an eFUSE structure after Poly-Si deposition
STHHGHEG HAREEAUFANGS IMENRIA RRTBaNIREHR AitRENpRESBRtRIRERYure;

Figure 19 shows a schematic vertical side view of an eFUSE structure after
diSEI9SEIBC patterning in accordance with an exemplary embodiment of the
15 present disclosure; Figure 20 shows a schematic vertical side view of an
eFUSEQWECIGrehas 2 peamaticatering|inide cdpyanta iR dr e vpidrg
embodiment of the present disclosure; Figure 21 shows a schematic vertical

alRfeS/ 1 PENSHAF D SERFdaRRe WAt PERERIRNEBTGGTGHQf the present

accordance with an exemplary embodiment of the present disclosure;
disclosure;

Figure 17 shows a schematic vertical side view of an eFUSE structure
after pad oxidation and well IIP in accordance with an exemplary embodiment
of the present disclosure;

Figure 18 shows a schematic vertical side view of an eFUSE structure
after Poly-Si deposition in accordance with an exemplary embodiment of the
present disclosure;

Figure 19 shows a schematic vertical side view of an eFUSE structure
after eFUSE PC patterning in accordance with an exemplary embodiment of the
present disclosure;

Figure 20 shows a schematic vertical side view of an eFUSE structure
after eFUSE PC etching in accordance with an exemplary embodiment of the
present disclosure;

Figure 21 shows a schematic vertical side view of an eFUSE structure
after DG and EG oxidation in accordance with an exemplary embodiment of the

present disclosure;
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6 Figure 22 shows a schematic vertical side view of an eFUSE structure
after Hf02 and TiN deposition in accordance with an exemplary embodiment
of the present disclosure; Figure 23 shows a schematic vertical side view of
an eFUSE structure 5 after Gate Poly-Si deposition in accordance with an
exemplary embodiment of the present disclosure; Figure 24 shows a
schematic vertical side view of an eFUSE structure after Gate patterning in
accorfiHEe RIS RAE nsshainatifverticahsitande yratant ofr gy (i%' re
Figure 25 shows a schematic vertical side view of an eFUSE structure after

atigli1ie2 abd NN dRaaREN WItAGEO CaNAB MY AR RMEIR Y ROpRigEI! Of

disclosure; Figure 26 shows a schematic vertical side view of an eFUSE
therpeesrNAHer!afitiBe and spacer formation in accordance with an

exemplary 15 embodiment of the present disclosure; and Figure 27 shows a

schem#i G IR A/ RN IMAT e rerieatinide stitwialam flctstaaT Bectits
an exemplaréembodim_e_nt of the present disclosure. 7 DETAILED

aftgr PRSHIOORREES A URNED WIENERRR B SRR

provided for generating semiconductor
the present disclosure;

Figure 24 shows a schematic vertical side view of an eFUSE structure
after Gate patterning in accordance with an exemplary embodiment of the
present disclosure;

Figure 25 shows a schematic vertical side view of an eFUSE structure
after Gate PC etch in accordance with an exemplary embodiment of the present
disclosure;

Figure 26 shows a schematic vertical side view of an eFUSE structure
after Silicide and spacer formation in accordance with an exemplary
embodiment of the present disclosure; and

Figure 27 shows a schematic vertical side view of an eFUSE final
structure in accordance with an exemplary embodiment of the present

disclosure.
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embedded resistors. An OP type of resistor is formed by adding implants to a
polyconductor (PC) or active region (RX) of an integrated circuit. Exemplary
5 embodiment methods yield OP PC resistors, such as OP P+ Polycrystalline
Silicon (PolySilicon or Poly-Si) types, that are particularly useful in bandgap
reference circuits due to their negative temperature coefficient
characteristics. Method embodiments use fewer photolithography steps for
selalaERhliasi RASEIN QRCAHREEIRG F thage versus prior
methods. 10 Shallow trench isolation (STI) is a feature of integrated circuits
that aBXETRREVEMIBRATRE BrPMderkialaRNsEA RS Semmigeasuctor
semiconductor device components. STI may be used with CMOS process
efBPRABRIGyIRRIESth AP IBSeRARERIIAE B5I9 ARSI RAIRS IBNATIR G|
is created early during the semiconductor device fabrication process, before
pmm@%tewc(%@r%ia%tﬂxearegﬂeﬁdﬁﬁ%&f@wt%rg*ﬁdp%@é@s iRreRiary
etching a pattern of trenches in the silicon, depositing one or more dielectric
emRRMiEIeN RAtaedsvsII dRIxiBE (@%QF%%H%@%réﬁ:ﬁésf’&M%ﬁﬁﬂ}%
the excess dielectric, such as by planarization. In exemplary OP PC
Sﬁ‘&%‘i”ﬁd@?'ﬂ‘%"@%&@{n%@')ﬂ'é%)eté{@%’Mﬁtiﬁ&d%%ri%u'QHXéiﬁS@‘a'fﬂJ@”dgap
Therefore, for PolySilicon resistor types, double-gate (DG) structures use a
rRfRERBFB Gy 'é&l‘g‘\%é@-t&ﬁé NEGAIVEUETIRG ALK GRRIHRCH iCRAERG RIRYES-

and single-gate (SG) structures use a thinner oxide. For 8 example, SG may

MsIRR G TRQHEMESES sk dewatiRNeE Hhagser ivasies i generating such

resistors, and generally reduce oxide damage versus prior methods.

e ratd o-SHENW ' peis |gnh aNna dEenexa iy --_..4 .l“ 'g.’a!;ﬂfg.; aal=)

Shallow trench isolation (STI) is a feature of integrated circuits that acts
to prevent electrical current leakage between adjacent semiconductor device
components. STl may be used with CMOS process technology nodes that are
less than about 250 nanometers, for example. STl is created early during the
semiconductor device fabrication process, before the resistors or transistors are
formed. A typical STI process involves etching a pattern of trenches in the
silicon, depositing one or more dielectric materials, such as silicon dioxide
(Si02), to fill the trenches, and removing the excess dielectric, such as by
planarization.

In exemplary OP PC resistors, the resistance decreases with increasing
temperature. Therefore, for PolySilicon resistor types, double-gate (DG)
structures use a thicker oxide, extended-gate (EG) structures use a middle-

thickness oxide, and single-gate (SG) structures use a thinner oxide. For
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for interfaces. OP P+ resistors are preferred for use in bandgap reference
circuits due to their negative temperature coefficient characteristics. As
shown in Figure 1, an OP polyconductor (PC) resistor is indicated 5 generally
by the reference numeral 100. The resistor 100 includes a substrate 110, a
shallow trench isolation (STI) portion 112 disposed on the substrate, a
polyconductor (PC) portion 120 disposed on the STI, a side insulator 121

eYRPRLRASH YDA usedrarHacreera dpuss ke dRG i BG thastre used

around the side insulator, and a top insulator 140 disposed over the
fogipieriaeesTO o sh sReisteigAiRs RISIS! e dop BSSORORE doam IRERS Bfure
2, a PolySilicon OP PC resistor is indicated generally by the reference

Chigrisrdlede. K RegaibretRIMReiade LoREiiFEifarmgiatstiogo, a

shallow trench isolation (STI) portion 212 disposed on the substrate, a
Poly-SiSpeiidiIad s de @ bR YEoRdifdanétiatdPiSionisibstcpthe

15 STl around the Poly-Si, a spacer 238 disposed on the STI around the side
opRefatyPYiber/ip SRR LG sEavRsigier iU nglagesers ugsiale
side insulator, and Poly-Si portions. Turning now to Figure 3, a High-K Metal
1608 ghriON frRAghiG0katiRgitatd Rl ByPiRRAese 8RO S SHRS MRS R
The resistor 300 includes a 20 silicon (Si) substrate 310, an STI portion 312
Pal¥pBREH IR GLBRtHR, 12 G- H5PPSEHiBA %%Tépas%éeoww 112TiN)
portion disposed on the Hf02, a Poly-Si portion 330 disposed on the TiN, a
dispespd padhe S H%rﬁb’é’@dteﬂ F{e- @ spacer 136 disposed on the STl around

the side insulator, and a top insulator 140 disposed over the substrate, ST,
spacer, side insulator, and PC portions.

Turning to Figure 2, a PolySilicon OP PC resistor is indicated generally
by the reference numeral 200. The resistor 200 includes a silicon (Si) substrate
210, a shallow trench isolation (STI) portion 212 disposed on the substrate, a
Poly-Si portion 230 disposed on the STI, a side insulator 231 disposed on the
STl around the Poly-Si, a spacer 238 disposed on the STI around the side
insulator, and a top insulator 240 disposed over the Si substrate, STI, spacer,
side insulator, and Poly-Si portions.

Turning now to Figure 3, a High-K Metal Gate (HK/MG) resistor is
indicated generally by the reference numeral 300. The resistor 300 includes a
silicon (Si) substrate 310, an STl portion 312 disposed on the substrate, a
(HfO2) portion 326 disposed on the ST, a (TiN) portion disposed on the HfO2,

a Poly-Si portion 330 disposed on the TiN, a side insulator 331 disposed on the
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STl around the Poly-Si, a spacer 338 disposed on the STI around the side
insulator, and a top insulator 340 disposed over the Si substrate, STI, spacer,
side insulator, and Poly-Si portions. Unfortunately, high resistance may prove
hard to implement in the HK/MG resistor 300 due to the low and non-linear 5
resistance characteristics of the inserted metal layer 328. As shown in Figure
4, an exemplary embodiment OP resistor structure after STI formation is
Sﬁhﬁ:@ﬂé@dg&%%ﬂy‘@b fhSPaRatRes AlsPeratson theer! | doundhesideo
includes an elongated substrate 410, and an STI portion 412 diSé)osed on

inflelaiassaatbaitinatialp it ArdiseneseRVSS the sSbhgardaies Substraser,

leaving another end of the substrate without STI disposed thereon. The STI
sidenidatproaBssRRlin PRI atldR AElIBAtE Y pBIEB e IHtARERI O RGeS

an exemplary embodiment OP resistor structure after pad oxidation and well
hydL e pmremsAiirie Rt tesiieraRlnuado tbe lencansRATAINSSs.

The structure 500 is similar to the structure 400 of 15 Figure 4, so duplicate
reRistaNaR ANARCH st thfeiesertesinainiaugers84 is disposed over

the substrate 510 and STI 512. The pad oxide is formedgbf}/ an_oxidation

e

proce8S, RVehihhigYIe 4ih e rIapiGTRag Be abbietesiaivi Ry Hek ®

Figure 6, an exemplary embodiment OP resistor structure after Poly-Si
aH@b(%ﬂiéW TBataR RdHeRNEMRBG Y YRS EF HGREP WDE 20+PRe Here,

structure 600 is similar to the structure 500 of Figure 5, so duplicate

thsiisHe HAY Bclyrfse AoRIAFSLRHRFIRIEB1E ANdigibedd Bodioné 12

oxidation Ia¥er 614. The Poly-Si is deposited in order to form an OP resistor
disposed on the substrate substantially towards one end of the elongated

substrate, leaving another end of the substrate without STI disposed thereon.
The STI formation process defines the isolation region or portion.

Turning to Figure 5, an exemplary embodiment OP resistor structure
after pad oxidation and well ion-implantation (IIP) is indicated generally by the
reference numeral 500. The structure 500 is similar to the structure 400 of
Figure 4, so duplicate description may be omitted. Here, an oxidation layer 514
is disposed over the substrate 510 and STI 512. The pad oxide is formed by an
oxidation process, and channel IIP, such as Vt Taylor, may be applied.

Turning now to Figure 6, an exemplary embodiment OP resistor structure
after Poly-Si deposition is indicated generally by the reference numeral 600.
The structure 600 is similar to the structure 500 of Figure 5, so duplicate
description may be omitted. Here, a Poly-Si layer 616 is disposed over the

oxidation layer 614. The Poly-Si is deposited in order to form an OP resistor

10
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10 and/or eFUSE. The Poly-Si thickness can be between about 0 Angstroms
and about 2000 Angstroms, for example. As shown in Figure 7, an
exemplary embodiment OP resistor structure after OP PC resistor patterning
is indicated generally by the reference numeral 5 700. The structure 700 is
similar to the structure 600 of Figure 6, so duplicate description may be
omitted. Here, a photo-resist (PR) pattern 718 is disposed on the Poly-Si

apger eI ShmidietE PigSidcknesserapI RS ReteamRRR WP ARgsspms and

structure after OP PC etch is indicated generally by the reference numeral
apgeyt 2AR0L Hr@’IERMS 960 $X3TRISr to the structure 700 of Figure 7, so
duplicate description may be omitted. After etching, a polyconductor (PC)

820 pbORiISAYE foHE? P&)-SXeAYRIAY REHRATMEALRIIPRIIY siaciire

residual layer 822 is disposed over the remainder of the STI 812 and
alighSHRB @ 18SIBIRHRRIIRHNING Bifificates-aenaraiiuRydhpsrigiensepumeral

resistor structure 15 after double-gate (DG) and extended-gate (EG)
78QidfvnstistiraréaQisnirailpr iy R SEIETRHESNAREFPOHR ETRE Stpttate

900 is similar to the structure 800 of Figzure 8, so dus)licate description may

dgsGintipaimasree AN Gxidersz A Rhalepssist GUEY tRlSIHoSER IS HipR Bd

the STI 912 and the substrate 910, and a DG oxide 924 is disposed over the
opgIPWIHARIKAR embodiments, the oxidation process at this step can

include single gate (SG) oxide, dual gate (DG) oxide, triple gate (TG) oxide,
quadr-llj\df@,'”g to Figure 8, an exemplary embodiment OP resistor structure

after OP PC etch is indicated generally by the reference numeral 800. The
structure 800 is similar to the structure 700 of Figure 7, so duplicate description
may be omitted. After etching, a polyconductor (PC) 820 portion of the former
Poly-Si layer is disposed on the STI 812, and a residual layer 822 is disposed
over the remainder of the STI 812 and substrate 810.

Turning now to Figure 9, an exemplary embodiment OP resistor structure
after double-gate (DG) and extended-gate (EG) oxidation is indicated generally
by the reference numeral 900. The structure 900 is similar to the structure 800
of Figure 8, so duplicate description may be omitted. Here, an EG oxide 922 is
disposed over the exposed portion of the STI 912 and the substrate 910, and a
DG oxide 924 is disposed over the PC 920.

In alternate embodiments, the oxidation process at this step can include
single gate (SG) oxide, dual gate (DG) oxide, triple gate (TG) oxide, quadruple,

and higher number of oxide processes. Thus, various oxidation processes may

11
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and higher number of oxide processes. Thus, various oxidation processes
may 11 follow after poly patterning, and the present disclosure is not limited
to DG, EG and SG, for example. As shown in Figure 10, an exemplary
embodiment OP resistor structure after Hafnium Oxide (Hf02) and Titanium
Nitride (TiN) deposition is indicated 5 generally by the reference numeral
1000. The structure 1000 is similar to the structure 900 of Figure 9, so
followiaiter Rl MARRIIRG: BOdMRadIesRIEDISCIOSHiB S OISV IPDI9 RiBIEG
1026 is disposed over the exposed portion of the STI 1012 and the substrate
angdBCafR SVEMREDG oxide 1024 on the PC 1020. In addition, a Titanium
Nitride (TiN) layer 1028 is disposed over the Hf02 layer. 10 The thickness of
the TiRS193RY s FAHERy! QoalSRIMRaN0O T RALIDEN 62 rasisi estrietiere
than the thickness of the TiN elsewhere. For example, the thickness of the
afif] gy WnHREARIN QB AN thEiiBaYmAtHRR (hbrsaRsiton adsted
1024 above the PC 1020, may approximate the thickness of the TiN
9eRRHLRY | FRIREREREMBEiHEREs, IS REHAURRAt0R iamHanigehe
Hf02, AIO, ZrO2, TiO2, and the like. In addition, oxide materials such as
SSBIre B0 @IBTOLRie SRIENRISRIS, dpRCiiRifkeeaN kB BiiEEed iRy &te
oxide. Thus, the gate oxide is not limited to High-K. The metal gate material

Hatnyuse GidenHECRNRYeTKO AR e AiR0s6 NGR e $BaRed Postion of the

exemﬁ)lary embodiment OP resistor structure ,
STI 1012 and the substrate 1010, and over the DG oxide 1024 on the PC 1020.

In addition, a Titanium Nitride (TiN) layer 1028 is disposed over the HfO2 layer.
The thickness of the TiN 1028 substantially above the PC 1020 and DG 1024
may be thinner than the thickness of the TiN elsewhere. For example, the
thickness of the TiN 1028 substantially above the PC 1020, plus the thickness
of the DG 1024 above the PC 1020, may approximate the thickness of the TiN
elsewhere.

In alternate embodiments, the high-K material may include HfO2, AlO,
ZrO2, TiO2, and the like. In addition, oxide materials such as SiO2, SiON, DPN
oxide, RPN oxide, and the like can also be used for gate oxide. Thus, the gate
oxide is not limited to High-K. The metal gate material may be or include TiN or
like materials.

Turning to Figure 11, an exemplary embodiment OP resistor structure
after gate Poly-Si deposition is indicated generally by the reference numeral

1100. The structure 1100 is similar to the structure 1000 of Figure 10, so

12
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after gate Poly-Si deposition is indicated generally by the reference numeral
1100. The structure 1100 is similar to the structure 1000 of Figure 10, so 12
duplicate description may be omitted. Here, a level Poly-Si layer 1130 is
disposed over the TiN layer 1128, and a gate Poly-Si layer 1132 is disposed
on the Poly-Si 1130 substantially over the STI 1112. The thickness of the
level Poly-Si 1130 substantially above the PC 1120 may be thinner than the
dyplicats 'M@%V@PB@@T‘ lﬂgéwllﬂef?ée.’F%@%R%ﬁléﬁh@?ﬂ%ﬂﬂ@@s'%f the
level Poly-Si 1130 that is substantially above the PC 1120, plus the thickness
disrasegaepiip-SiN 1averdded rrnde g3l piuPafekiak ithdigreraden
of the level Poly-Si 1130 elsewhere. Thus, the additional gate Poly-Si 1132
thadyoeiddBbubniantizderuptbenid i e Ifﬁdmﬁh@eﬁ&ftﬁaﬁéﬂyel
Ppreve_ntin 10 oxide damage thereon. Thus, additional Poly-Si may be
@@ﬁ&aﬂéﬁ%%ﬁﬁ%%@h%ﬁ&%ﬁ@dé\%eéwm@wwtwrgm@ 12, an
exemplary embodiment OP resistor structure after Pate patterning is
thirkegasad dnerave Ly eSErisenteRinfeta e 12BR S HE & thietneSsAidhe
similar to the structure 1100 of Figure 11, so 15 duplicate description may be
leyhiberly 1pbrk! 30phatdS SsiRe (@RHy_ROVSS IR P&be%%d%‘ﬁﬁéeﬁwkﬁﬁss of
layer 1230 substantially towards the end of the elongated substrate without
thergate feal-2is!d RVRItRS 1] ARG BAHRRD X BRHfTBR P RRSSIOF

structure_ after. glate PC etching is_indicated generally by the reference
the, lauel Pedysi 1130 elsewhere. Thus, the additional gate Poly-Si 1132 may

be used to control the etch down to the PC 1120 while substantially preventing
oxide damage thereon. Thus, additional Poly-Si may be deposited to form a
High-K metal gate device.

Turning now to Figure 12, an exemplary embodiment OP resistor
structure after gate patterning is indicated generally by the reference numeral
1200. The structure 1200 is similar to the structure 1100 of Figure 11, so
duplicate description may be omitted. Here, a photo-resist (PR) mask 1234 is
disposed on the Poly-Si layer 1230 substantially towards the end of the
elongated substrate without STI thereon.

As shown in Figure 13, an exemplary embodiment OP resistor structure
after gate PC etching is indicated generally by the reference numeral 1300.
The structure 1300 is similar to the structure 1200 of Figure 12, so duplicate

description may be omitted. After etching, the PC 1320 remains on the STI
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20 The structure 1300 is similar to the structure 1200 of Figure 12, so
duplicate description may be omitted. After etching, the PC 1320 remains on
the STI 13 1312, while a columnar stack of the Hf02 1326, TiN 1328 and
Poly-Si 1330 remains on the substrate 1310. Turning to Figure 14, an
exemplary embodiment OP resistor structure after spacer formation is
indicated generally by the reference numeral 1400. 5 The structure 1400 is

13iiruVhdarecaiyrtngs 3teek of thguiiQ3 1388upit 4 dapd el b Ino

omitted. Here, a first spacer 1436 is disposed on the STI 1412 around the
respain®on dhe ausisig d548er 1438 is disposed on the substrate 1410
around the columnar stack of the Hf02 1426, TiN 1428 and Poly-Si 1430. 10
Thus, PHRENIR) HaHRfafBrese Bl ABkadaeddifas inkleiere
formation of lightly doped drains (LDD), spacers and deep source/drain
aliReRACS! [OHRAKUN  Hdica BSEaSIP UL &YstRfaleiRI 8RR NaENRE) 4400.
middle- of-line (MOL) process, including silicide formation. MOL strip and
Toe A Ysiyee & WH@EHMQ&%&‘%%@ FebRA0 S drigHranssrCatpdrate
implantation, 15 before metallization Iga%/ers are added. This includes selective

JRSHRUPBITRAY R eBHtRbtTIR fIAd IEHRARSO! f3f &% dPRasedighdbe fditle
on the source, drain and Poly-Silicon gate regions, as well as nitride spacer
1RGrRuRY Betnf-AteR & aa%&ewﬂ&%&&m&&%@e

cleaning. BEOL strip and clean processes involve cleaning after dielectric

sg@gﬁr%e@%%mgr&%#&%columnar stack of the HfO2 1426, TiN 1428 and
Poly-Si 1430.

Thus, patterning and formation of High-K metal gate devices may include
formation of lightly doped drains (LDD), spacers and deep source/drain
structures. A back-end-of-line (BEOL) process may be used, as may a middle-
of-line (MOL) process, including silicide formation. MOL strip and clean
processes form the contacts to the resistors and transistors after implantation,
before metallization layers are added. This includes selective removal of un-
reacted metallic films after the formation of self-aligned silicide on the source,
drain and Poly-Silicon gate regions, as well as nitride spacer removal for
optimization of strain enhancement and post contact-etch cleaning. BEOL strip
and clean processes involve cleaning after dielectric etching to form the canals
and vias that are later filled with diffusion barrier layers and metals. The
cleaning step removes all etching and ash residue, including organic residues,

oxidized metallic residues and particulate contamination, without attacking the
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20 and vias that are later filled with diffusion barrier layers and metals. The
cleaning step removes all etching and ash residue, including organic
residues, oxidized metallic residues and particulate contamination, without
attacking the 14 patterned metal lines or dielectric, or causing physical
damage to structures on the wafer surface. Turning now to Figure 15, an
exemplary embodiment OP resistor final structure is indicated generally by

Paiterarddnetahlings:ar figJectfice QEtRUFBIPNBHIGI AAMRIAIAURIHEIHRRFON
1400 of Figure 14, so duplicate description may be omitted. Here, a leveling
thepvatRNS§FaSR0 is disposed over the substrate 1510, second spacer 1538,
Poly-Si 1530, first spacer 1536 and PC 1520. Thus, the insulated PC 1520
with fif$trREBPYLISETTSIMAS AR BP psEtBlaNsRMIRCHIEMI. thEssisitaiing
columnar stack of Poly-Si 1530 disposed on TiN 10 1528, which is disposed
SBHAHE2 i85D8icRIBOROPIR Yy RYdheS s RnaR UmgFRIdEPOas oI RIUre
Figure 16, an exemplary embodiment eFUSE structure after STI formation is
1ridficistsiniendrifp il et aRBORifAEFa 1B0R AldPlcaie dGRGERTAN BIRY
includes an elongated substrate 1610, and an STI portion 1612 15 disposed
bg PrREtedhsTiate suisalrioRINIRIYNEPERI D IPRASRA QN RIENG Bbsliate

leaving another end of the substrate without STI disposed thereon. Turnin
1R Rigriieon? ShASRErhpRity ePhbsdifmstth JiER) SRAGRIaRE 404 Pht 'B3alatibRus:

and well 1IP is indicated %enerally by the reference numeral 1700.
the insulated PC 1520 with first spacer 1536 forms an OP resistor.

Simultaneously, the insulated columnar stack of Poly-Si 1530 disposed on TiN
1528, which is disposed on HfO2 1526, with second spacer 1538, forms a
transistor.

As shown in Figure 16, an exemplary embodiment eFUSE structure after
STl formation is indicated generally by the reference numeral 1600. Here, the
structure 1600 includes an elongated substrate 1610, and an STI portion 1612
disposed on the substrate substantially towards one end of the elongated
substrate, leaving another end of the substrate without STI disposed thereon.

Turning to Figure 17, an exemplary embodiment eFUSE structure after
pad oxidation and well IIP is indicated generally by the reference numeral 1700.
The structure 1700 is similar to the structure 1600 of Figure 16, so duplicate
description may be omitted. Here, an oxidation layer 1714 is disposed over the

substrate 1710 and STI 1712.
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The structure 1700 is similar to the structure 1600 of Figure 16, so duplicate
20 description may be omitted. Here, an oxidation layer 1714 is disposed
over the substrate 1710 and STI 1712. 15 Turning now to Figure 18, an
exemplary embodiment eFUSE structure after Poly-Si deposition is indicated
generally by the reference numeral 1800. The structure 1800 is similar to the
structure 1700 of Figure 17, so duplicate description may be omitted. Here, a

Poly-SiUEyBe 1916 1Q EigHé%é(@o%@ﬁW'@de%WFHV@@ﬁyﬁg SHOWYIR
Figure 19, an exemplary embodiment eFUSE structure after eFUSE PC

afgtiEelriSIpRASHR Helneiafesapea@ibydnchaurieranesdy meral 1800.
structure 1900 is similar to the structure 1800 of Figure 18, so duplicate

TheRiaiHaRPBdSORHRIRS. 10dhe Birbibierd4R0 @rRyPaketd 130 gyplicate
disposed 10 on the Poly-Si layer 1916. Turning to Figure 20, an exemplary

deRtb it mMayrResEitiee u fesRe? %¢M§E'@@%ﬂ&é@jﬁ@iﬁﬂ%ﬁ@&@f@ﬁ&ﬁlIy

by the reference numeral 2000. The structure 2000 is similar to the structure
OXiSIhioR tay8Fe! 83450 duplicate description may be omitted. After etching, a
polycaonductor (PC) 2020 portion of 15 the former Poly-Si layer is disposed on
the STYSRDVANR BigseRitd: RY&*eODaly &%ME‘%OEPHQSE@HH@@F%?“GV
the STI 2012 and substrate 2010. Turning now to Figure 21, an exem Iara/
B b ReRREPUAE Sl oaraR 1963 S RHRA R HEReERLd 900

enerally by the reference numeral ) ,
e structuré 1900 is similar to the structure 1800 of Figure 18, so duplicate

description may be omitted. Here, a photo-resist (PR) pattern 1918 is disposed
on the Poly-Si layer 1916.

Turning to Figure 20, an exemplary embodiment eFUSE structure after
eFUSE PC etching is indicated generally by the reference numeral 2000. The
structure 2000 is similar to the structure 1900 of Figure 19, so duplicate
description may be omitted. After etching, a polyconductor (PC) 2020 portion of
the former Poly-Si layer is disposed on the STl 2012, and a residual layer 2022
is disposed over the remainder of the ST1 2012 and substrate 2010.

Turning now to Figure 21, an exemplary embodiment eFUSE structure
after DG and EG oxidation is indicated generally by the reference numeral
2100. The structure 2100 is similar to the structure 2000 of Figure 20, so
duplicate description may be omitted. Here, an EG oxide 2122 is disposed over
the exposed portion of the STl 2112 and the substrate 2110, and a DG oxide

2124 is disposed over the PC 2120.
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2100. The structure 2100 is similar to the structure 2000 of Figure 20, so 20
duplicate description may be omitted. Here, an EG oxide 2122 is disposed
over the exposed portion of the STI 2112 and the substrate 2110, and a DG
oxide 2124 is disposed over the PC 2120. 16 As shown in Figure 22, an
exemplary embodiment eFUSE structure after Hf02 and TiN deposition is
indicated generally by the reference numeral 2200, The structure 2200 is
similaAﬁﬁ?P@V‘gﬂrﬁbﬁjﬂyfﬁl@@’cﬁrFfQiﬁ‘@Q'f,%@@lﬁ’&ﬁ!ﬁi@nblégéﬂ@ﬁoﬂrh'ﬁyr@eafter
omitted. Here, a Hafnium Oxide (Hf02) layer 2226 is 5 disposed over the
HiCsoaed piNiReresiienssiipgicaighopresabsuihoseterangeduenaralzg00.
oxide 2224 on the PC 2220. In addition, a Titanium Nitride (TiN) layer 2228
TREMPELEERRIAE RifoBARIR NG IR HAKEAL A ohd BN 238 S fiypiRaily
above the PC 2220 and DG 2224 may be thinner than the thickness of the
deRqriptionery. ko PBYHASI 88 tRitlaBl e i 52813 e dsdtrifially
above the PC 2220, plus the thickness of the DG 2224 above the PC 2220,

disRgseshrysntBraKRAsRkRLLOS 9h iR BletiRerBdthmavy &Y aig #1893 and
an exemplary embodiment eFUSE structure after Gate Poly-Si deposition is

OXRIitBRH GeherRI94RARE IBR @R Am & Adiben, enEitariem isisteo(EN)
similar to the structure 2200 of Figure 22, so duplicate 15 description mag be

lay@trar 3Hsrdispased Wﬁ&-@ﬁéﬁ&%@é@ﬁ’s diepdBirRRes AhiheiNiNge
2328, and a gate Poly-Si layer 2332 is disposed on the Poly-Si 2330

syRpaaHANABOXP HE S 2329 ant [ickredsRYHReIdvENSsah 30

thickness of the TiN elsewhere. For example, the thickness of the TiN 2228
substantially above the PC 2220, plus the thickness of the DG 2224 above the
PC 2220, may approximate the thickness of the TiN elsewhere.

Turning to Figure 23, an exemplary embodiment eFUSE structure after
Gate Poly-Si deposition is indicated generally by the reference numeral 2300.
The structure 2300 is similar to the structure 2200 of Figure 22, so duplicate
description may be omitted. Here, a level Poly-Si layer 2330 is disposed over
the TiN layer 2328, and a gate Poly-Si layer 2332 is disposed on the Poly-Si
2330 substantially over the STI1 2312. The thickness of the level Poly-Si 2330
substantially above the PC 2320 may be thinner than the thickness of the level
Poly-Si elsewhere. For example, the thickness of the level Poly-Si 2330 that is
substantially above the PC 2320, plus the thickness of the gate Poly-Si 2332

above the PC 2320, may approximate the thickness of the level Poly-Si 2330
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substantially above the PC 2320 may be thinner than the thickness of the
level Poly-Si elsewhere. For example, the thickness of the level Poly-Si 2330
that is 20 substantially above the PC 2320, plus the thickness of the gate
Poly-Si 2332 above the PC 2320, may approximate the thickness of the level
Poly-Si 2330 17 elsewhere. Thus, the additional gate Poly-Si 2332 may be
used to control the etch down to the PC 2320 while substantially preventing
e@@&@@@néﬁ@ﬂaéh@oﬁd¢ﬂﬁﬂﬁb%ﬁ/ '?&W'rg?u R334 %bW@pQ@@ the
structure after Gate patterning is indicated generally by the reference
elaihdawnteoherne sPattirbile subriantiath ey enEngroxidedaaadss giren.
23, so duplicate description may be omitted. Here, a photo-resist PReé;r;ésk
2434 KUEEPERWOIR FIOWE\R4i AR \ReraRIe Y Btan Fadly UsINERR Pl of
the elongated substrate without STI thereon. As shown in Figure 25, an
Pakerminersdnticrirctae RRBBE NG iRicARBFe DR P4 Bkt h TE thaficate
enerally by the reference numeral 2500. The structure 2500 is similar to the
2800 da im0 IERirdUr &P A dHI Ui iR AYRAGAIE BRtadRliAHERY
etching, the PC 2520 remains on the STI 2512, while a columnar stack of the
bei 596, HaE2 508N issiISPIbInaine4ne Shdisesrd eathed1ely1Si
Turning to Figure 26, an exemplary embodiment eFUSE structure after

layfie Bsipaialyiruars Raieakaldbrs ARosleH sBRIrIR WAL BT

th2600. The structure 2600 is similar to the structure 2500 of Figure 25, so
ereon.

As shown in Figure 25, an exemplary embodiment eFUSE structure after
Gate PC etch is indicated generally by the reference numeral 2500. The
structure 2500 is similar to the structure 2400 of Figure 24, so duplicate
description may be omitted. After etching, the PC 2520 remains on the STI
2512, while a columnar stack of the HfO2 2526, TiN 2528 and Poly-Si 2530
remains on the substrate 2510.

Turning to Figure 26, an exemplary embodiment eFUSE structure after
Silicide and spacer formation is indicated generally by the reference numeral
2600. The structure 2600 is similar to the structure 2500 of Figure 25, so
duplicate description may be omitted. Here, a first silicide 2637 is disposed on
the PC 2620, and a second silicide 2639 is disposed on the Poly-Si 2630. A
first spacer 2636 is disposed on the STl 2612 around a columnar stack of the

PC 2620 and the first silicide 2637, and a second spacer 2638 is disposed on
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duplicate description may be omitted. Here, a first silicide 2637 is disposed
on the PC 2620, and a second silicide 2639 is disposed on the Poly-Si 2630.
A 20 first spacer 2636 is disposed on the STI 2612 around a columnar stack
of the PC 2620 and the first silicide 2637, and a second spacer 2638 is
disposed on 18 the substrate 2610 around the columnar stack of the Hf02
2626, TiN 2628, Poly-Si 2630 and second silicide 2639. Turnin%now to

thevesiate 2618 AMHRAh® salkBREE SISk afihe SR RE26 i 2628,

generally by the reference numeral 2700. The structure 5 2700 is similar to
P@Jé‘sgtf@éﬁﬁiamwpfbﬁﬂ@@@, 363RUplicate description may be omitted.

Here, a leveling top insulator 2740 is disposed over the substrate 2710,

seconbEpEKENOW, igttR 2 Silire R0 s aiRRMmen e BRPRdnajiicide

2737. Thus, the insulated first silicide 2737 on the PC 2720 with first spacer
syushIsrindnairaRIensialiandBa IS aIRN R DRRI R Rar e dlryciye
second silicide 2739, Poly-Si 2730, TiN 2728, and Hf02 2726, with second

2£09dsrsymiar forthe st ONR Pl %r%%o%%’é’rﬁ’c@céﬁr%eﬁ%ﬁlﬂn may
disclosure, High-K and metal (e.g., TiN) materials are removed naturally at

bg,QraiitRE 1iflEres 118 \RIRO fORARHIAIE S / P8 FiRROSAt AYSIetRG @lts
are contemplated. For_15 example, the resistance R of the resulting =

2& b SRR AIRAERE AT3Precci siigidaed 8y diahgRir e bt the

Poly-Silicon layers. Moreover, the Poly-Si itself may be replaced with
Ky 75 P

SUSIHB 481> B dle dnswated firsiosliciig 2737 on the FC 2720 with first

spacer 2736 forms an eFUSE. Simultaneously, the insulated columnar stack of
second silicide 2739, Poly-Si 2730, TiN 2728, and HfO2 2726, with second
spacer 2738, forms a transistor.

In method embodiments of the present disclosure, High-K and metal
(e.g., TiN) materials are removed naturally at the same time as the gate
formation step. In addition, alternate embodiments are contemplated. For
example, the resistance R of the resulting embedded resistors may be easily
adjusted by changing the thickness of the Poly-Silicon layers. Moreover, the
Poly-Si itself may be replaced with comparable materials, such as single crystal
silicon, or amorphous silicon (a-Si) with or without local crystallization.

Thus, method embodiments of the present disclosure may form an
embedded resistor using just one more photo step in addition to the steps

already performed to form a transistor. In contrast, prior methods used at least
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silicon, or amorphous silicon (a-Si) with or without local crystallization. Thus,
method embodiments of the present disclosure may form an 20 embedded
resistor using just one more photo step in addition to the steps already
performed to form a transistor. In contrast, prior methods used at least 19 two
additional steps; one for OP resistor patterning, and another to strip away
metal. The use of eFUSEs permits dynamic real-time reprogramming of logic
t"&ﬁiﬁgdﬁ&r@kéﬁﬁﬁfé, Wﬁﬂt@rﬂd@ﬁﬁé@@ﬁ@@rﬂm’ @eﬁia,na HEnetamaway
cannot 5 be changed after the chip has been manufactured. By utilizing
MHYSES, the circuits on a chip may be changed while the chip is in operation.
Thus, eFUSEs may provide in-chip performance tuning. For example, if
certaim REILS & J?aﬁ?@ﬁ@ﬂﬁ% NI SFEHA R F JIRUATBTBhAIATIC
ower, the chip logic behavior can be instantly changed by intentionally

c iB%ing%r?é‘%WﬁlSré"i@EW@S‘ESF%@W@%%‘%@§ B s RaNgradgegnot

the eFUSE, so it is reversible and repeatable, such as by using Joint Test

bﬁ&ﬂ%‘@%ﬂ?ﬁﬁ%@&d@%ﬁﬁ%éﬂQﬁfWé?tHFEFéE@S%EP\'yaH}Q STUSESithe
standard that specifies how to control and manitor the pins of compliant

Chigyitsena ShiRmay SrahapeariWiEeinsotliR IfuSLRRREEAbodIHENR NRES
been described herein with reference to the accom ar,éying drawings, it is to

MY RBKISERaHR RAE PrEgEIce SR Ui SRRl (SHRIASHPtYstems

embodiments, and that various other ) )
fail, take too long to respond, or consume too much power, the chip logic

behavior can be instantly changed by intentionally blowing one or more
eFUSEs. This process does not physically destroy the eFUSE, so it is
reversible and repeatable, such as by using Joint Test Action Group (JTAG)
programming. JTAG, or IEEE Standard 1149.1, is a standard that specifies
how to control and monitor the pins of compliant devices on a printed circuit
board.

Although illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
disclosure is not limited to those precise embodiments, and that various other
changes and modifications may be effected therein by those of ordinary skill in
the pertinent art without departing from the scope or spirit of the present
disclosure. such changes and modifications are intended to be included within

the scope of the present disclosure as set forth in the appended claims.
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changes and modifications may be effected therein by those of ordinary skill
in the pertinent art without departing from the scope or spirit of the present
20 disclosure. such changes and modifications are intended to be included
within the scope of the present disclosure as set forth in the appended
claims. 20 CLAIMS What is claimed is: 1. A method for generating an
embedded resistor in a semiconductor 5 device, the method comprising:

¥ng a shallow trench isolation (STI) region in a substrate; forming a pad
oxide on the STI region and substrate; depositing a silicon layer on the pad
oxide Yo1ahiSCRPRBELISesist mask on a portion of the silicon layer disposed
10 substantially above the STI region; etching the silicon layer to yield a
polyconductor (PC) disposed substantially above the STI region; oxidizing
the PC; depositing at least one of an oxide material or a metal gate material
on 15 the oXidRetedriacacasmiinhahamesrdagdiesistpinasssnigraductor

oxide material or metal gate material; depositing additional silicon on a

dp¥igRnies e tinerPRPEISHghosed

forming a shallow trench isolation (STI) region in a substrate;

forming a pad oxide on the STl region and substrate;

depositing a silicon layer on the pad oxide;

forming a photo-resist mask on a portion of the silicon layer disposed
substantially above the STI region;

etching the silicon layer to yield a polyconductor (PC) disposed
substantially above the STI region;

oxidizing the PC;

depositing at least one of an oxide material or a metal gate material on
the oxidized surface;

depositing a silicon layer on the at least one oxide material or metal gate
material;

depositing additional silicon on a portion of the silicon layer disposed
substantially above the STI region;

patterning a transistor gate with a photo-resist mask disposed on another

portion of the silicon layer disposed substantially away from the STl region; and
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substantially above the STI region; 20 patterning a transistor gate with a
photo-resist mask disposed on another portion of the silicon layer disposed
substantially away from the STI region; and 21 etching the silicon layer to
yield at least one transistor structure disposed substantially away from the
STl region and at least one resistor structure disposed substantially above
the STl region. 5 2. The method of Claim 1, further comprising forming a
siIicid@t%ﬂ%ﬁ‘%ﬁ;'ﬁ?%@ﬂ@rﬁé%ymg ghieasiong adisisiostricighdce dispesed
method of Claim 2 wherein the at least one of the transistor or resistor
sehatantad vt ayit R fG9m Hikeesend allepabanetrRiste ket ¢urther
comprising forming at least one spacer around each of the transistor and
digRpssd sHosiariial abrvediRod Idredan: 4 wherein the at least one spacer
is 15 disposed directly on the substrate. 6. The method of Claim 4 wherein
the at least one spacer comprises an insulating material. 20 7. The method

of Claim 1, further comprising forming an insulating layer above the
transigtor anEh@é@@yﬂ%Q&&%@ d2 %‘.”h% RERRSE BECMINOR-eilisiHene

step of forming a photo-resist . ,
portion on at least one of the transistor or resistor structures.

3. The method of Claim 2 wherein the at least one of the transistor or

resistor structures with silicide forms an eFUSE.

4, The method of Claim 1, further comprising forming at least one

spacer around each of the transistor and resistor structures.

5. The method of Claim 4 wherein the at least one spacer is

disposed directly on the substrate.

6. The method of Claim 4 wherein the at least one spacer comprises

an insulating material.

7. The method of Claim 1, further comprising forming an insulating

layer above the transistor and resistor structures.
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mask on a portion of the silicon layer disposed substantially above the STI
region is the only photo step added for forming a resistor structure. 5 9. The
method of Claim 1 wherein the final resistance of the resistor structure is
adjusted by changing thickness of a silicon layer. 10. The method of Claim 1
wherein an isolation area is defined by using the STI formation process. 10
11. The method of Claim 1, further comprising performing well ion- _
implaﬁtation-fhfF‘B‘ﬁmﬁ@ Qgﬁ%@'ﬁi‘eb Wheiein %&EPQ)@&@Q@R%@@WH‘reS'St
oxidation. 15 12. The method of Claim 11 wherein the IIP is applied to a

MahABIARIACE 0f 1y Riligralaxer dispasedkstrptiall4irPeveHER M the
silicon layer thickness is between about 0 Angstroms and about 2000

r%@@t%ﬁﬁg 20y B IR SteRRSBH CQRilamiRg R EPLSIAPAYIHG WiBnarizing the
STI region and substrate prior to forming the pad oxide. 23 15. The method
of Claim 1 wherein oxidizing the PC comprises at least one of processing

with single-gate (SG) oxide, extended-gate (EG) oxide, dual-gate &[})}g) )
oxide?triple(‘-qa wkrfCimatupRe s initirfinalresistanse ahthe resistor

structure is adjusted by changing thickness of a silicon layer.

10.  The method of Claim 1 wherein an isolation area is defined by

using the STI formation process.

11.  The method of Claim 1, further comprising performing well ion-
implantation (lIP) in the same step where the pad oxide is formed with

oxidation.

12.  The method of Claim 11 wherein the IIP is applied to a channel

using a Vt Taylor process.

13.  The method of Claim 1 wherein the silicon layer thickness is

between about 0 Angstroms and about 2000 Angstroms.

14.  The method of Claim 1, further comprising planarizing the STI

region and substrate prior to forming the pad oxide.
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16. The method of Claim 1 wherein depositing at least one of an oxide
material or a metal gate material on the oxidized surface comprises
depositing a High-K material and a metal gate material. 10 17. The method
of Claim 16 wherein the High-K material comprises at least one of Hf02, AlO,
ZrO2, TiO2, or like materials. 18. The method of Claim 1 wherein depositing
at least one of an oxide 15 material or a metal gate material on the oxidized
surface comprises depositing an oxide material and a metal gate material.
19. The method of Claim 18 wherein the oxide material comprises at least
one of 8i02, IS Nethod SkfdimPNVbRIRIN MR IRAIBRAS soPerisas at
method of Claim 1 wherein the metal gate material comprises TiN or like

leagtanaLfRrocesHiRIMARSINSICRRIR ISHaRan<prdpreaaipisia) oxide,
Polycrystalline Silicon (Poly-Si). 5 22. A computer-readable storage medium,

dhaaale (B} e iRt -BRfferhENtBridgrHHAMER foPTJaIsERINaReT Of
embedded resistor in a semiconductor device, the program steps

O¥isdBBrising: forming a shallow trench isolation (STI) region in a substrate:
forming a pad oxide on the STI region and substrate;

16.  The method of Claim 1 wherein depositing at least one of an oxide
material or a metal gate material on the oxidized surface comprises depositing

a High-K material and a metal gate material.

17.  The method of Claim 16 wherein the High-K material comprises at

least one of HfO2, AlO, ZrO2, TiO2, or like materials.

18.  The method of Claim 1 wherein depositing at least one of an oxide
material or a metal gate material on the oxidized surface comprises depositing

an oxide material and a metal gate material.

19.  The method of Claim 18 wherein the oxide material comprises at

least one of SiO2, SiON, DPN oxide, RPN oxide, or like materials.

20. The method of Claim 1 wherein the metal gate material comprises

TiN or like materials.
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10 depositing a silicon layer on the pad oxide; forming a photo-resist mask on
a portion of the silicon layer disposed substantially above the STI region;
etching the silicon layer to yield a polyconductor (PC) disposed substantially
above the STI region; 15 oxidizing the PC; depositing at least one of an oxide
material or a metal gate material on the oxidized surface; depositing a silicon
layer on the at least one oxide material or metal gate material; 20 depositing
additional silicon on a portion of the silicon layer disposed substantially
above the STI region; 25 patterning a transistor gate with a photo-resist mask
dispogdd on HiRMetNesr b Hithd WRIRIAYRS SiipeR&PNEBAtally away
from the STI reqion; and etching the silicon layer to yield at least one
Pelyssisinllipe alironidpeledsubstantially away from the STI region and at

least one resistor structure 5 disposed substantially above the STI region. 26

22. A computer-readable storage medium, readable by a machine to
implement program steps for generating an embedded resistor in a
semiconductor device, the program steps comprising:

forming a shallow trench isolation (STI) region in a substrate;

forming a pad oxide on the STl region and substrate;

depositing a silicon layer on the pad oxide;

forming a photo-resist mask on a portion of the silicon layer disposed
substantially above the STI region;

etching the silicon layer to yield a polyconductor (PC) disposed
substantially above the STI region;

oxidizing the PC;

depositing at least one of an oxide material or a metal gate material on
the oxidized surface;

depositing a silicon layer on the at least one oxide material or metal gate
material;

depositing additional silicon on a portion of the silicon layer disposed

substantially above the STI region;

25



patterning a transistor gate with a photo-resist mask disposed on another
portion of the silicon layer disposed substantially away from the STl region; and

etching the silicon layer to yield at least one transistor structure disposed
substantially away from the STI region and at least one resistor structure

5 disposed substantially above the STI region.
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