SE11DONDUCTOR EMBEDDED RES1STOB GENERATI ON BACKGROUND OF THE | NVENTI ON
The present disclosure generally relates to sem conductor integrated
circuits. Mre particularly, the present disclosure relates to the
generation of enbedded resistors in sem conductor integrated circuits.
Sem conductor integrated circuits may include various types of enbedded
resistors. An OP type of resistor is forned by adding inplants to a

pol ycoriductor (PC) or active region (RX) of an integrated circuit.
Enbedded 10 resistors may include well types (e.g., NWll), OP RX types
(e.g., O°P N+ Diffusion), and/or OP PC types (e.g., OP P+ PolySilicon). OP
resistors are relatively inexpensive to generate because t hey use inplants
and process par aﬁEMQQ"ﬁWGJ&R EMBE@DE&RES}&TOB&EUEMHONSUCI’] as
transistors, in the sem conductor integrated circuits. 15 SUMVARY OF THE
| NVENTI ON These and ot her issues are addressed by nethods for
generating enbedded resistors in sem conductor devices. Exenplary

enbodi mentBAGKEROWNDABE THRINXENPIGN Y enbodi ment method for generating an
enbedded resistor in a sem conductor device includes formng a shallow

trench isolati qhe(ppddant!dRetiS¥uré GeAe@HPéibRsto sbHitBichrRdggPede on the

ST1 region and substrate;
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 implants to a

polyconductor (PC) or active region (RX) of an integrated 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 implants and process

parameters already in use for other components, such as transistors, in the

semiconductor integrated circuits.

15
SUMMARY OF THE INVENTION
These and other issues are addressed by methods for generating
embedded resistors in semiconductor devices. Exemplary embodiments are
provided. \
20 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 ST! region and substrate;



depositing a silicon | ayer on the pad oxide; form ng a photoresist nask on
a portion of the silicon |ayer disposed substantially above the STl region;
etching the silicon layer to yield a polyconductor (PC) disposed
substantially above the S11 region; oxidizing the PC, depositing at |east
one of an oxide material or a netal gate material on the oxidized surface;
depositing a silicon layer on the at | east one oxide material or netal gate
mat eri al ; depositing additional silicon on a portion of the silicon |ayer
di sposed substantially above the ST1 region; patterning a transistor gate
wi th a photo-resist mask di sposed on another portion of the silicon |ayer
di sposed substantially away fromthe 811 region; and etching the silicon

| ayer to yeebpsiting alsdzon layes onrtha siasit aridestfounting rephdite-pessdnsskost ant i al |y
away fromthe STl region and at | east one resistor structure disposed
subst ant i @bltjoradfdie stficen Ser dsgbead substantiallyatavpttied 8T ebhiemhociingnt , the
silicon conprises polycrystalline silicon (Poly-Si), the oxide materi al
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resistor structures otcl-resi st mask on a pOI’tIOﬂ

of the:si lre s the
onl y phot 8 ea eI %%ﬁdi? RV %PS‘EWQE& (Bt ERPER K neca
Gate (HK nbodl th st ep, of , deposi | east. one of an oxide
mat eri al NE’%ﬁ °H§t°§| edH?t(?”ﬁJ:?remP%lg 2 ’i"%ge &IC&%?(%@ piiogakgiienn Yes

deposi ti ng f? K material and a netal gate material, The H gh-K materi al
may conpr PROTHR Pfetzti‘?ts'“‘:@ﬁéaw %erdm@staﬂtl@w ahgvethedyTIregienimat eri ai s and
th metal gate rnateal may conprise TiN or |like mate.rials. In a
conput er - PaleEBIGa §Lopiats grtivilmaarinddirasiat maskdispeeryt amasotes f or
generating an enbedded resistor in a sem conductor device include form ng
an STI regpdioniaf tbe silibsn fyeedisposed pgbstaptallyawaleran théd S TSTegioeginen and
substrate; depositing a silicon |ayer on the pad oxide; formng a

phot 010 esethimpte siiicoa lpgrttd 9rel®ht aet shé treasisloayBicidisfiepessl subst antial Iy
above the STI region; etching the silicon layer to yield a PC di sposed

substant i thétaﬁmwﬁhvflé}ﬁfr&ﬁlhé &1l edioR shndi A i1dkkt bhe réGstoreRPASUId N9 at | east
one of an oxide material or a
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
15  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 STI region is the
only photo step added for forming a resistor structure. In a High-K Metal Gate
20  (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



10MEl oda; on the oxidized surface; depositing a silicon layer on the at t
one oxide material or nmetal gate material; depositing additional silicon on
a portion of the silicon |ayer disposed substantiaily above theregion;
patterning a transistor gate with a photo-resi st nask di sposed on anot her
portion of the silicon |ayer disposed substantiallyy fromthe STi region;
and 15 etching the sincon layer to yield at |east one transis structure
di sposed substantially away fromthe ST1 region and at | east one resistor
structure di sposed substantially above the 811 region. _
-Frie present disclosure will be further understood from) the follow ng
description of exenplary enbodi nents; which is to he read connection with
20 t he acer@-¢igdRd AlOBRIQZE TDESCRI IKEI rapieOBIsTaIR] DRANENGS akhmaperes ent
di scl osure provi des nmethods for generating sem conduct or
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; 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 PC disposed substantially above the
STI region; oxidizing the PC; depositing at least one of an oxide material or a
10  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
15 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.
The present disclosure will be further understood from the following

description of exemplary embodiments, which is to be read in connection with

20  the accompanying drawings.



enbedded resistors in accordance with the follow ng exenplary figures, in
whi ch; 5Figure 1 shows a schematic vertical side view of an OP

pol yconductor (PC) resistor structure; 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
H gh-K Metal Gate 10 (HK/ M3 ; Figure 4 shows a schenmatic vertical
side view of an OP resistor structure after shallow trench isolation (STI)
formation in accordance with an exenpl ary enbodi nent of the present

di scl osure; Figure 5 shows a schematic vertical side view of an OP
resistor structure after pad oxidation and well ion-inplantation (11P) in
accor danc8RIEFHDRACEKRMODMIOF ERBdIRABANGS t he present discl osure:

Figure 6 shows a schematic vertical side view of an OP resistor structure
after Poly-Si depgsesdrmniiddioacs praladeremetiidisdor gxemplidy yeraictbadiustent of the
present disclosure; 20Figure 7 shows a schematic vertical side view of OP

resistor shfipkddeti@ediblors ilheddrda e WhIPthePRISRINA @riglardse@Fsiance W th an

exenpl ary enbodi nent of the present disclosure;
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 (Poly-Si) resistor structure;

Figure 3 shows a schematic vertical side view of a High-K Metal Gate

10 (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

15  after pad oxidation and well ion-implantation (lIP) 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;

20 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;



Fi gureschematic vertical side view of an OP resistor structur after OP PC
etch in accordance with an exenpl ary enbodi nent of the present
Figure 9 shows a schematic vertical side view of n OF resistor struct
5after doubl e-gate (DS) and e. xt endedt gat eoxi dation in accordance with
exenpl ary enbodi nent of present disciosure; Figure 10 shows a schematic
vertical side view of ucture after Hafnium Oxic02) and Titanium Nitri de
(TiN) deposition in accordance with an exenpi ary enbodi ment of di scl osure;
Figure 11 shows a schematic vertical i view of an OP resistor structure
after gate Poly-Si deposition in accordance with an exenpl ary enbodi nent of
the present disclosure; Figure 12 shows a schematic vertical side
view of an OP rfdguretfehaws aschemats venticgkaide pigwt efran P reaistsstvdiiee wt h an
exenpl ary enbodi nent of the present disclosure; Figure 13 shows a
schemat i ¢ afeErtOR &C sticdén acewdbhcawitiDBnresngliany eabtbadinentgidhe pRSesttchi ng i n
accordance with an exenpl ary enbodi nent of
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 Hafnium Oxide (HfO2) and Titanium Nitride (TiN) deposition in
accordance with an exemplary embodiment of the present disclosure;
10 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
15 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

20  structure after spacer formation in accordance with an exemplary embodiment

of the present disclosure;



the present disclosure; Figure 14 shows a schematic verticalan OP resistor
structure after spacer formation in accordance with an exenpl ary enbodi nent

of the present disclosure; Figure 15 shows a schematic. verti cal
side view of an OP resistor final structure in accordance with an exenplary
enbodi nent of the present Figure 16 shows a schematic vertical side

vewof an eFUSE structure after Si] Formation in accordance wth an exenplary
enbodi ment of the present disclosure; Figure 17 shows a schenaticside view
of an eFUSE structure after pad oxidation and well IIP in accordance with
an exenpl ary enbodi ment of the present disclosure; Figure 18 shows a
schematic vertical side view of an FUSE structure after Poiy-Si deposition
accor dance wi t [Figame d % esimphary setmdoatiaresttical fsidehdeprad serfdP desigtboidle; Fi gure
19 shows a schematic vertical side view of an eFUSta stru
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 ST| 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 IIP in accordance with an exemplary embodiment
of the present disclosure;
10 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
15 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

20 after DG and EG oxidation in accordance with an exemplary embodiment of the

present disclosure;



alter eFUSE PC patterning in accordance wth an exenplary enbodi nent of the
present discl osure; Figure 20 shows a schematic vertical side view of
an eFUSF structure after eFIJSE PC etching in accordance with an exenplary
enbodi ment of the present disclosure; Figure 21 shows a schenmatic
vertical side view of an eFUSE structure 20 after DC and EG oxidation in
accordance with an exenplaryt of the present dis Figure 22 shows a
schematic vertical side view of an eFUSE structure after 11.102 and Ti N
deposition in accordance with n exenplary enbodi nent of the present

di scl osure; Figure 23 shows a schematic vertical side view of an

e. FUSE structure after Gate Poly-Si deposition in accordance with an

exenpl ary enboffigisa2ahownse pelegeatic \dirdedl siigrdewrif gored UGE shiosisrea

schemati cof an eFUSE structure after Gate patterning in accordance with an
exenpl ary aésbbidDPent ToN depesitive seatcaldsmdeositin en exemplarkiegubcelirdnisdfows a
schematic vertical side view of an eFUSE structure after Gate PC etch in
accor dancendbidseandiesiesmlear y enbodi nent 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 accordance with an exemplary embodiment of the
present disclosure;

10 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

15 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.



Fi gure 26 shows a schematic ye_ al side view of an FUSE structure cide and
spacer formation in accordance with an exenpl ary 15enbodi nent of the

present disclosure; and FK' M 27 shows a schematic vertical cccvievv
of an eFUSE final staccordaan mhothnent of th disclosi DETAI LED
DESCRI PTI ON OF PREFERRED ENMBODI MENTS Exenpl ary met hods are provided

for generating sem conductor enbedded resistors, An OP type of resistor is
formed by adding inplants to a poiyconductor (PC) or active region (RX) of
an integrated circuit. Exenplary enbodi ment nmethods yield OP PC resistors,
such as OP Pt- Polycrystalline Silicon (PolySilicon or Poly-Si) types, that
are particularly useful in bandgap reference circuits due to their negative
t enper at urBETABHD DESGRICAFONCDE HREF CBRENEE MED RIMIDHT Brent s use f ewer

phot ol i t hography steps for generating such resistors, and generally reduce
oxi de danmge Vebausplpry roethoet kedsrovidishial jenetatiagsbmicoidatioon (ST1) is a
feature of integrated circuits that acts to prevent electrical current

| eakage beimpBeficaicdceits. FENDOPAPSEIBE AsisiaVv ¢6 B&NhS imSianis tbry be used
wi th CMOS process technol ogy nodes that are | ess than about 250 nanoneters,

for ex ami};ﬁol%&%ubﬁr @%@?Bregctﬁ/%rljeﬁioﬂ”(g)gr ; Eﬂﬁnt,'[éﬁfﬂté@ REUGE Of xHSYLAL

fabricati rocess, before the resi's ansi stors are
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 generating such
resistors, and generally reduce oxide damage versus prior methods.

10 Shallow trench isolation (STI) is a feature of integrated circuits that acts
to prevent electrical current leakage between adjacent semiconductor device
components. STI 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

15 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

20 temperature. Therefore, for PolySilicon resistor types, double-gate (DG)
structures use a thicker oxide, extended-gate (EG) structures use a middie-

thickness oxide, and single-gate (SG) structures use a thinner oxide. For



formed. A typical STI process involves etching a pattern of trenches in the
silicon, depositing one or nore dielectric materials, such as silicon
dioxide (3i02), to fill the trenches, and renoving the excess dielectric,
such as by planarization. In exenplary OP PC resistors, the resistance
decreases with increasing 20tenperature. Therefore, for PolySilicon
resistor types, double-gate (DO structures use a thicker oxide,
extended-gate (EG structures use a mddle- thickness oxide, and
single-gate (SG structures use a thinner oxide, For exanplebe used for
the core device whUe EG and DO may be used for interfaces. OP P4- resistors
are preferred for_use in bandgap reference circuits due to their negative
t enper at uraXxaguee f$¢ineait be Haed&ardhe seiecgevice while RS arbie Mayriegifed 1,
an, ol yconductor (PC) resistor is indicated generaiFy by the reference
numer al 100r inTdr&aceesiGR B rédidtdraelaidetereedidvsiseat badd@ap ®faieate ow t rench
isolation (311) portion 112 disposed on the substrate, a
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
disposed on the STI around the PC, a spacer 136 disposed on the STI around
the side insulator, and a top insulator 140 disposed over the substrate, STI,
10  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
15 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
20  silicon (Si) substrate 310, an STI portion 312 disposed on the substrate, a
(HfO2) portion 326 disposed on the STI, a (TiN) portion disposed on the HfO2,

a Poly-Si portion 330 disposed on the TiN, a side insulator 331 disposed on the



poi yconductor (PC) portion 120 di sposed on the ST1l, a side insulator 121
di sposed on the STi around the PC, a spacer 136 disposed on the STl around
the side insulator, and a top insulator 14:0 di sposed over the substrate,
t ospacer, side insulator, and PC portions. Turning |Ixa PolySilicon OP PC
resistor is indicated generally by the reference. nuneral 200. The resistor
200 includes a silicon (Si) substrate 210, a shaliow trench isolation (Si])
portion 2.12 di sposed on the substrate, a Poiy-Si portion 230 di sposed on
the ST1, a side insulator 231 disposed on the ISSTi around the Poly-Si, a
spacer 238 disposed on the STi around the side insulator, and a top
i nsul ator 240 disposed over the Si substrate, S side insulator, and Poly-Si
portions. Sfuandury thewalySkiaapaced JEBghsposktoal thedtTd aHmEd thesiidt or i s
i ndi cated generally by the reference nuneral 300. The resistor 300 includes
a 3, Osubstinsati&toB kdd o pIitdulpor BionlisikRediospothedSicubstretes S9stspater, ( HL02)
portion 326 di sposed on the ST1, a (TiN) portion disposed on the H102,
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 STl formation is indicated generally by the reference numeral 400. Here,
the structure 400 includes an elongated substrate 410, and an STl portion 412
disposed on the substrate substantially towards one end of the elongated
10  substrate, leaving another end of the substrate without ST1 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 (II1P) is indicated generally by the
reference numeral 500. The structure 500 is similar to the structure 400 of
15  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 [IP, 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.
20  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



a Poly-Si portion 330 disposed on the TN, a side insulator 331 di sposed on
the STI around the Poly-Si, a spacer 338 disposed on the 811 around the
side insulator, and a top insulator 340 di sposed over the Si substrate,
ST1l, spacer, side insulator, and Poly-Si portions. Unfortunately, high
resi stance may prove hard to inplenent in the HK/ M5 resistor 300 due to the
| ow and non-linear resistance characteristics of the inserted netal |ayer
328. As shown in Figure 4, an exenplary enbodi nent OP resistor
structure after ST formation is indicated generally by the reference
numer al 400. Here, the structure 400 includes an el ongated substrate 410,
and an STl portion 412 disposed on the substrate substantially towards one
end of theared/ongfdti®d. Thsusy-Sathéckriesavdandeaaitvieen abodt @ Anpheoslzsdr at e

wi t hout ST1 di sposed thereon. The ST1formation process defines the

i sol ati on 4legit @000 ANESIrbineNfor example. Turning to Figure 5, an exenplary
enbodi nent OP resistor structure after pad oxidation and well

fon-irrip,laritgdbidwd In FiBlrd 3, dSk&apiad, saBeadnt AP rddifor &heitgiace nuner al
500. The structure 500 is simlar to the structure 400 of Figure 4, so

g:ngploggtieoé/jfger?Cc? he su 'ss{@y ﬁ@g@ﬁbg%@@écfﬁ%n&?w%ﬂ? %e)?%}gbee\!ﬁﬁ or med by an
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description may be omitted. Here, a photo-resist (PR) pattern 718 is disposed
on the Poly-Si layer 716.
Turning to Figure 8, an exemplary embodiment OP resistor structure
after OP PC etch is indicated generally by the reference numeral 800. The
10  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
15  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.
20 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



after Poly-Si deposition is indicated generally by the reference nuneral
600. The structure 600 is sin-iilar to the structure 500 of Figure 5, so
duplicate description may be omtted. Here, a Poly-Si |ayer 616 is disposed
over the oxidation |ayer 614. The Poly-Si is deposited in order to form an
OP resistor and/or eF-USE. The Pol y-Si thickness can be between about O
Angstrons and about 2000 Angstrons, for exanple. As shown in Figure
7, an exenplary enbodi nrent OP resistor structure after OP PC resistor
patterning is indicated generally by the reference nuneral 700. The
structure 700 is simlar to the structure 600 of Figure 6, so duplicate
description may be omtted. Here, a photo-resist (PR) pattern 718 is

di sposed dalldvheftBopyly Battérajrey, antiGhe Pussen distlostiegismet 8mitad te DSHGr v

enbodi ment OP resistor structure after OP PC etch is indicated generally by
t he refer epgesaumRicabm@R). The 10 structure 800 is simlar to the
structure 700 of Figure 7, so duplicate description may be omtted. After

etching, 2 pol yeondust AR 1320 SRAGR BinddishroreiosRlnautayer i s

di sposed on the s-ri 812, and a resid ayer 822 iIs disposed over the

Tt s SRR AR B S TR LT

an exenplary e ructure

ext ended- gat e xidation is indi e eneral | .the.re ence
e b oggnerdly Ay Pl BieGouimer i iBh ot ne SRER S Yo I MBS BE "R qur e &,
se duplicate description may be omtted. Here, an EG oxide 922 is disposed
over the Skp6tEs P8 FERred. pagupiisate tesgipfioniragisomidee '8 @and a DG
oxi de 924 is disposed over the PC 920. 20In alternate enbodi nents, the

oxi dat i on Hafoises Oxige (HIPE) kiyep164h iS @ispegrsl over the exposed portion of the

STl 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.

10  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.

15 In alternate embodiments, the high-K material may include HfO2, AIO,
Zr02, 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.

20 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



single gate (SG oxide, dual gate (DG oxide, triple gate (TO oxide,
quadrupl e, and hi gher nunber of oxide processes. Thus, various oxidation
processes may follow after poly patterning, and the present disclosure is
not limted to DC, EC and SG, for exanple. As shown in Figure 10, an
exenpl ary enbodi mrent OP resistor structure after Hafnium Oxi de (1f02) and
Titanium N tride (TIN) deposition is indicated generally by the reference
nuneral 1000. The structure 1000 is simlar to the structure 900 of Figure
9, so duplicate description my be omtted. Here, a Hafnium Oxide (Hf02)

| ayer 1026 is disposed over the exposed portion of the STI 1012 and the
substrate 1010, and over the DO oxide 1024 on the PC 1020. In addition, a
Ti t ani um Nupticate desciptidnayay b&a28itted. tHespos Edebvely-Sihaydrf1020lieyer. 10 The
t hi ckness of the Ti N 1028 substantially above the PC 1020 and DO 1024 nay

be thi nnerdi$gusedtdver tHa Tiknagsr pf28 hed B dbtelmpwBerger F082 pxasmised dnhe
t hi ckness of the Ti N 1028 substantially above the PC 1020, plus the

t hi ckness tpé PoesPO J2sbsahfiegy bher e S020,1 2Meph APRKASESTBE BetidRy t hi ckness
of the Ti N el sewhere. In"alternate enbodi nents, the high-K materi al

g%/eir Pg: gqgod\?%@ig&@%ggst;@%a%ég%tgéﬁlg {%Dwag%e(}bi’?mgﬁgie{r{q@@i [ ck))éi g:n al so
be, used9hcis, b ETs Ep S PG Lol e ikl of i oK The
L0, 0TS ik A SPII ft STRGTRIN S50t BB LS et P2 o,
The str UCttHerz Sat%allgglyissi 1S1 |321 alb%\r/e tﬂg)e y(]:e1 182tOr, l:r?gyugg)eprg)(()i?noatg ]:chelz’ihgllcukrrﬁezss:L gf 50
the level Poly-Si 1130 elsewhere. Thus, the additional gate Poly-Si 1132 may
be used to control the etch down to the PC 1120 while substantially preventing
10  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
15  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.

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
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duplicate description may be omtted. Here, a level Poly-Si layer 1130 is
di sposed over the TiN layer 1128, and a gate Poly-Si |ayer 1132 is di sposed
on the Poly-Si 1130 substantially over the STI 1112. The thickness of the

| evel Poly-Si 1130 substantially above the PC 1120 nay be thinner than the
t hi ckness of the |l evel Poly-Si el sewhere. For exanple, the thickness of the
|l evel Poly-Si 1130 that is substantially above the PC 1120, plus the

t hi ckness of the gate Poly-Si 1132 above the PC 1120, nay approxi nate the

t hi ckness of the level Poly-Si 1130 el sewhere. Thus, the additional gate
Poly-Si 1132 may be used to control the etch down to the PC 1120 while
substantially preventing 10 oxi de damage thereon. Thus, additional Poly-Si
may be dep@dt eidile @ dodurmmar dbcihefihredfal2 326 TieB2@ andlfohy-8§188W t o Fi gure
12, an exenplary enbodi nent OP resistor structure after gate patterning is
i ndi cat ed rgenarsadh thdubshatg €3 8.ence nuneral 1200. The structure 1200 is
simlar to the structure 1100 of Figure 11, so duplicate description may be

om tted. Here, TRrRRghOFIRSEL 4, AFBKemRfy bétbdinietioPosastopBirtidtard™ol y- Si
| ayer 1230 substantrally towards the end of the el ongated substrate w thout

ST oot o S oSS o3 e YR Rty R el oL of

et o L3 T R SR s 0 B S 80 1 T

remains 0Qjet:atr‘]leiptlso-lhI may be omitted. Here, a first spacer 1436 is disposed on the STI
1412 around the PC 1420, and a second spacer 1438 is disposed on the
substrate 1410 around the columnar stack of the HfO2 1426, TiN 1428 and
Poly-Si 1430.

10 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,

15  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

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



1312, while a columar stack of the Hf 02 1328, Ti N 1328 and Poly-Si 1330
remai ns on the substrate 1310. Turning to Figure 14, an exenplary

enbodi ment OP resistor structure after spacer formation is indicated
generally by the reference nuneral 1400. The structure 1400 is simlar to
the structure 1300 of Figure 13, so duplicate description may be om tted.
Here, a first spacer 1436 is disposed on the ST1 1412 around the PC 1420,
and a second spacer 1438 is disposed on the substrate 1410 around the
columar stack of the Hf 02 1426, Ti N 1428 and Pol y-Si 1430. 10Thus,
patterning and formation of Hi gh-K netal gate devices may include formation
of lightly doped drains (LDD), spacers and deep source/drain structures. A
back- end- datternrd peEOliNeppodieisstriepr beusise @hysisalaynagentoddiuetires pne ( (VI OL)
process, including silicide formation. MOL strip and cl ean processes form
t he cont adhs wadert efacesi stors and transistors after inplantation, before
nmetal lization |layers are added. This includes selective renoval of

unreact ed met alTlurging inbwsto&Hig@e thenfexemilagrembodekht @ rgaeebrginkl ci de on
the source, drain and Poly-Silicon gate regions, as well as nitride spacer

renmoval fafirueRirk™ FalcaRy ﬁnéélfﬁbﬁttﬁa’%@ﬁ@@ﬂhn@?& 1BOB! THRMREtrEt Ch

cleaning. BEQL strip and clean processes involve cleaning after dielectric

et ching tQSfOerg‘sFrﬁf‘ar‘f?ﬂﬁ &r% &% SELud’ &, lsato‘?fplléété:ol%gc%tf?rﬁ (fL{ f usi on

barrier Iayers an c eanlng Step’renoves et'c %nd ash
resi due, g dues ed netal lic residue

parti cul at 'ﬂﬂ eg l_ﬁeég ve nq c?ulps ﬁ@dsp}?@os%%py%r g&uﬁ@t?%t‘e i nes or
di eectric,

e R R

structure is_indicated gy)erally by the reference nuneral 1500. The
st ruct ur e thegviaded Pl 1240 with firsd SﬁﬂﬁﬁcﬁﬁGefolmé@n@PF?ﬂﬁtpé 14, so duplicate
description may be omtted. Here, a leveling top insulator 1540 Is disposed
over the Sibsitaaeeusiys iiog ir&akad‘.&djc@pm slBB®f Fedy-i $308iBposdd osiiNpacer
1536 and PC 1520. Thus, the insulated PC 1520 wth first spacer 1536 forns
an OP 10esi1$26y whisihns disposedish YHfORMS 267 svithadezdnd ahacerat538, &gksaf Pol y- Si
1530 di sposed on TN
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 STl portion 1612
15 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

20  description may be omitted. Here, an oxidation layer 1714 is disposed over the

substrate 1710 and STI 1712.
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10 1528, which is disposed on Hf 02 1526, wth second spacer 1538, forns a
transi stor. As shown in Figure 16, an exenplary enbodi nent eFt JSE
structure after ST. formation is indicated generally by the reference
numeral 1600. Here, the structure 1600 includes an el ongated substrate
1510, and an ST | portion 1612 disposed on the substrate substantially
towards one end of the elongated substrate, |eaving another end of the
substrate wi thout STl disposed thereon. Turning to Figure 17, an
exenpl ary enbodi nent eFUSE structure after pad oxidation and well IIF is
i ndi cated generally by the reference nuneral 1700. The structure 1700 is
simlar to the structure 1600 of Figure 16, so duplicate 20 description my
be om tted. Hefleyniag noxi iddtigue 18 perextiiplanyendicimsetelV8E difuetisabst r at e
1710 and STI 1712. Turning now to Figure 18, an exenplary

enbodi mentafteFPoSESpidpisitiongs aldicitePoklieSily d9pos rdfemmce humtacedtd general |y
by the reference nuneral 1800. The structure 13008 simlar to the structure

1700 of Flmérsftru?ei’uresrso@qelslrﬁlpér% SRS & ddliieO Y OtRYf Ftigur@nﬁt k8Guplieste. a Pol y-Si
| ayer 1816 is dlspose over the oxidation |ayer shown in Figure

19, an exeqm| Ak rfmgg%' ite§FHerE SPh éHE?ePL%%’ns?Es?%Eegg vBAlHerning is

i ndi cat ed gen e reference n rrera structure 1900 is
simlar to tc%? struct,lg;r1 1800 of Figure 18, so duplicate description nay be
omitted. 5&F esist (PR) pattern 1918 is disposed 10on the

Pol y-Si layer 191 6
y y As shown in Figure 19, an exemplary embodiment eFUSE structure after

eFUSE PC patterning is indicated generally by the reference numeral 1900.

The structure 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
10  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

15 the former Poly-Si layer is disposed on the STI 2012, and a residual layer 2022
is disposed over the remainder of the STI 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

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.
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Turning to Figure 20, an exenplary enbodi nent eFL1SE structure after eFUSE
PC etching is indicated generally by the reference nuneral 2000. The
structure 2000 is simlar to the structure 1900 of Figure 19, so duplicate
description nay be omtted. After etching, a polyconductor (PC) 2020
portion of the fornmer Poly-Si |ayer is disposed on the ST12012, and a
residuai |ayer 2022 is disposed over the renmainder of the ST 2012 and
substrate 2010. Turning now to Figure 21, an exenplary enbodi ment FUSE
structure after DG and EG oxidation is indicated generally by the reference
numeral 2100. The structure 2100 is simlar to the structure 2000 of Figure
20, so 20 duplicate description my be omtted. Here, an EG oxide 2122 is

di sposed over t#iseshoxpoisddgyerd?, en estmpharySmbaimenbefdhetsighse elee 2110,
and a DG oxide 2124 is disposed over the PC 2120. As shown in

Fi gure 22 Hfea axehipl deposéivndsimirated GEBErally bydherefesdicemunier0i2209d Ti N
deposition is indicated generally by the retere.nce nuneral 2200. The

struct ur e T2200rtsremdan it eintike t¢ theustuttereZQ0 «ffFigtirgu1e s tupbeateupl i cat e
description ma he omtted. Here a Hafnium Oxi de (Hf 021l ayer 2220 is

di sposed oerribiih %D BRaHReA ! Hafe Of HENMURCAEd f-r0M) Iafe Zosérate over the
DG oxi de 2224 on the PC 2220. In addition, a TitaniumNitride (T 1) |ayer

oo o, PP OB ARt SaA SRR e o

i i N, i . > T N..222

b AR B LT B 0B RN

Lhe PC 2200 e BYSRSKTRLE LA [ PLckncsr ol Ll TN plegere. Turning o

deposition is indicated genera the reference nuneral 2 The structure

b
2300 i s siswbr@ntiely eheveseG dP20 aP0®GR28A qurwbe tinge hap e at e

thickness of the TiN elsewhere. For example, the thickness of the TiN 2228

10  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

15 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 STI 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

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
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15description may be omtted. Here a | evel PoiySi |ayer 935 di sposed over
the Ti N | ayer 2328, and a gate Poly-Si |ayer 2332 is disposed on the
Poly-Si 23:30 substantially over the 611 2312. The thickness of the |evel
Pol y-Si 2330 substantially above the PC 2320 nmay be thinner than the

t hi ckness of the |levei Poly-Si el sewhere. For exanple, the thickness of the
| evel PolySi 2330 that is 20 substantially abe PC 23205 plus the thickness
of the gate Poly-Si 2332 above the PC 2320, may approxi mate the thickness
of the level Poly-Si 2%30 etch down to the PC 2320 while substantially
preventing oxi de damage thereon. Turning now to Figure 24, an

exeni pary eFi USE strucft weGate patterning is indicated generally by the

ref erence gnpviare. 400s, thaeadsitionel gate ARG S33 hidyl e usedl fohnsrdor thet ur e 2300
of Figure 23, so dupllcate description may be omtted. Here, a photo-resist

(PR) mask £d3dohs t&’tr@P@%Z@r\NEI@SMﬁmﬁ!IY 'p%nhﬁé%%d@%?ﬁﬁét’h@fédﬁ towar ds

the end of the el ongat ed substrate w thout STi thereon shown in
glegg: SI I235/ bsnt he re er ence g mer alaﬁz%gﬁﬁ) %h/ éf%% rg{:ﬂéﬁézgﬁ%'c@a ezl :ﬂ_nld;rca'; gd
et chi no. (USG50 oglel Wil ﬁ%ﬂwﬁ%@% yiera oo BifatBlisck of the
Fi 102 2526 240 I|~|<,\IS|2m5|Frto de sI,Dt(r)Llj ure 2 fFriSlTr%Ié]E’s, sgndutpncat eggrrlgi}oen r%g)}o'
be omitted. Here, a photo-resist (PR) mask 2434 is disposed on the Poly-Si
layer 2430 substantially towards the end of the elongated substrate without STI
thereon.
As shown in Figure 25, an exemplary embodiment eFUSE structure after
10  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.
15 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

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
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Turning to Figure 26, an exenplary enbodi mrent &FUSE structure after
Silicide arid spacer Formation is indicated generally by the reference
nuneral 2600. The structure 2600 is simlar to the structure 2500 of Figure
25, so dupiicate descrirlion may be omtted. Here, a first silicide 2637 is
di sposed on the PC 2620, and a second silicide 2539 is disposed on the
Poly-Si 2630. A first spacer 2636 is disposed on the STl 2612 around a

coi ummar stack of the PC 2620 and the first siiicide 2637, and a second
spacer 2638 is disposed on the substrate 2610 around the col umar stack of
the Hf 02 2626, Ti N 2628, Poly-Si 2630 and second suicide 2639.

Turning now to Figure 27, an exenplary enbodi mnent eFLISE final structure is
i ndi cat ed thyeaebsitaty 2690 vhaundethercoheenaraieskadt hzdtfO21226sTiNI62%.e 2700 i s
sin-iilar to the structure 2600 of Figure 26, so duplicate description may
be oni tt edPol\HBI BG3GRah@vetomysilicipe 2688 at or 2740 i s di sposed over the
substrate 2710, second spacer 2738, second silicide 2739, first spacer 2736
and first siliquéengh8w-to Hidisre A7henidxeippdg@rfihdcdinesi EFGEEEINaF37 on the PC
2720 with first spacer 2736 fornms an eFUSE. Sinultaneously, the insulated

col urmar %Erﬁﬁfﬁré’l(} ihQics éegéll){cw R réfe3EncdAlivierl 22680 Thi Hueiles. and Hf 02

2726, with second spacer orms a transistor. I n net ho
enbodi pen f. L i SGl re,c: Hi | g i N)
mat er i gF STZZIQ g '? %'E@I\‘/"‘ggoe %ZQP&JP%:“?'% at 't eF'@argrgétffSrare%ggg%tﬁg eégrtugroporﬁ%ti on
step. In addition, alterpate epbodi nent e contenpl ated. For. exanple, the
resi stanc eF@’B‘FteBhﬁeégtﬁ quﬁgn% e'&ﬁ‘élépqrzg?@t'ﬁﬁéspﬁﬁgg8¥e'§t§§is1u§5 %]eusted by
changi ng the thickness of the Poly-Siljicon |ayers. Mor %%er, t he Pol y- Si
itsel f may/B8. PRINGSERCHE L3S SREardslieidfet (&% HIS SPRERIY /28 APl cryst al
silicon, or anorphous silicon (a-Si) with or without |ocal crystallization.
Thus, met Kdigi . nEiss the inshiatest Bisk aticide 2706 iy e iy 27 89 mitAdirsto embedded
resistor using just one nore photo step in addition to the steps al ready
per f or med spacém? fiGaformamsi efWSE. Simobaeusty, thpe insulatet bausinas eidckof | east
10 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
15 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

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
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two additional steps; one for OP resistor patterning, and another to snip
away netal . The use of er-USEs permts dynamc real -tinme
reprogramm ng of |ogic chips. For exanple, conputer logic is etched onto a
chip, and generally cannot be changed after the chip has been manufactured.
By utilizing eFUSEs, the circuits on a chip may be changed while the chip
is in operation. Thus, eFUSEs may provide in-chip performance tuning. For
exanple, if certain sub-systens fail, take too |long to respond, or consune
too nuch power, the chip | ogic behavior can be instantly changed by
intentionally blow ng one or nore 10 eFUSES. This process does not
physically destroy the eFUSE, so a is reversible and repeatable, such as by
usi ng Joi ritvo Eekslitiofat steps;@reufor QP AG) stor magteanin ngnd anéiBer tir sttigBwagt andar d
11491, is a standard that specifies howto control and nonitor the pins of
conpl i ant rdesi.ces on a printed circuit board. Al t hough illustrative
enbodi nents have been descri bed herein with reference to the acconpanyi ng

draw ngs, it iSrﬁe%ééeoﬂﬁiﬂ%ﬁ&ﬁeﬂniw&\}natrﬂﬂ@ré‘él%ﬁé‘?e&béﬁénﬂﬁ%@%fil&gé@m limted

to those precise enbodi ments, and that various other changés an

modi fi cat 'c&%ﬁh%%ﬁé%ﬁﬁﬂjt%p@pﬁ' i8 eﬁ?eﬁehrmﬁg aq{hiﬁ’,ré?'idrq?érﬁg]{ﬁw ddnnbf the

perti nent €partin om t Scope or spiri the present

551 031 Sie oG IARTE, FOE IR FRAARARALE 7\ ARG P8, b viod
(rzlegg gfbr %Lféél%@ym\ha%ﬁ@gh?é cr:rr?gngiesd:wr%lepfhg%ﬁwppoi% iL%rpega%%%.r afthiuggel-aﬂsﬁgbedded
may provide in-chip performance tuning. For example, if certain sub-systems
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
10 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.
15 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

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



5 device, the nmethod conprising: formng a shallow trench isolation (STI)
region in a substrate; formng a pad oxide on the ST 1 region and
substrate; depositing a first silicon |ayer on the pad oxide;

form ng a photo-resist mask on a portion of the first silicon |ayer

di sposed 10substantially above the Sit region; etching the first
silicon layer to yield a pol yconductor (PC) disposed substantially above
the STI region; oxidizing the PC, depositing at | east one of an

oxide material or a metal gate material on 15the oxidized surface;
deposi ti r@_/ﬂgﬁcond silicon layer on the at |east one oxide material or

metal ga rial; depositing additional silicon on a portion of
t he second si Ivl/ﬁ&r}slcfaa)(r%gdgsi_sposed substantially above the STl region;
1. A method for generating an embedded resistor in a semiconductor

5 device, the method comprising:
forming a shallow trench isolation (STI) region in a substrate;
forming a pad oxide on the STI region and substrate;
depositing a first silicon layer on the pad oxide;
forming a photo-resist mask on a portion of the first silicon layer disposed
10  substantially above the STI region;
etching the first 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 oxidized surface;
depositing a second silicon layer on the at least one oxide material or
metal gate material;
depositing additional silicon on a portion of the second silicon layer
disposed substantially above the STI region;
20 patterning a transistor gate with a photo-resist mask disposed on another
portion of the second silicon layer disposed substantially away from the STI

region; and
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20patterning a transistor gate with a photo-resi st nmask di sposed on anot her
portion of the second silicon |ayer disposed substantially away fromthe
STl region; and etching the second silicon layer to yield at | east
one transistor structure disposed substantially away fromthe STl region
and at | east one resistor structure disposed substantially above the ST1
regi on. 2. The nethod of Caim1l, further conprising formng a
silic,ide portion on at |east one of the transistor or resistor structures.
3. The nmethod of Cairn 2 wherein the at |east one of the transistor or

t t | Th t hod
o am 1 aetife e bdbobl oA Tayat T affedSiond Ransistor stryctyre, 0o 2 10
the t i.st t met h f d 4
Lhor of aM &S e st ﬁﬁﬂ@é’&ﬁiguc Sl reginoand T eR PR SRORRE s b L1 ot o,

structure disposed substantially above the STl region.

5 2. The method of Claim 1, further comprising forming a silicide

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.
10
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

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 transistor and resistor structures.
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6. The nethod of Claim4 wherein the at | east one spacer conprises an
insulating material. 207.The nmethod of Caiml1, further conprising formng
an insulating | ayer above the transistor and resistor structures. 8. The
met hod of Caim1l wherein the step of form ng a photo-resist mask on a
portion of the first silicon |ayer disposed substantially above the STI
region is the only photo step added for formng a resistor structure.

59. The method of Claim 1l wherein the final resistance of the resistor
structure is adjusted by changing the thickness of the first silicon |ayer.

10, The et hod of  Sha'rRido BRI, Mirkigh Hd 98B el iEbolefel vsina the
perform gﬁﬁvl\fc:lﬁ 8!9%&9'['\”%]4% tﬁ"risttIsﬂlr(];ogl 'f'al:;)erldpsptoggd %&Wsﬁaﬁﬁa‘?@ avgé%?hé g‘-ﬁ pad oxide

is forne

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 the thickness of the first 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-
implantation (lIP) in the same step where the pad oxide is formed with
oxidation.
15 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 thickness of the first silicon
layer is between about 0 Angstroms and about 2000 Angstroms.
20

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

region and substrate prior to forming the pad oxide.

23



12. The method of Caim1l1l wherein the IIP is applied to a channel using a
Vt Taylor process. 13. The nethod of Claim1l wherein the thickness of the
first silicon |ayer is between about 0 Angstrons and about 2000 Angstrons.
14. The method of Caim1l, further conprising planarizing the STI region
and substrate prior to formng the pad oxide. The net hod of
Claim1l wherein oxidizing the PC conprises at | east one of processing with
single-gate vbh...1, extended-gate (EG oxide, dual-gate (DO ex(TO oxide,
guadrupl e or hi gher nunmber of oxides. 16. The method of Caiml
wherein depositing at | east one of an oxide material or a netal gate
material on the oxidized surface corrpri ses depositi ng a High-K material and
a netal gate

ter net hod. o i 3 wherein the
R o TR o Peirusthod of Gl T RS BRfito RSP CisphpritisaE "o "V ke
materi al s.
| least one of processing with single-gate (SG) oxide, extended-gate (EG) oxide,
dual-gate (DG) oxide, triple-gate (TG) oxide, quadruple or higher number of

5 oxides.

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 HfO2, 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 SiO2, SiON, DPN oxide, RPN oxide, or like materials.
20
20. The method of Claim 1 wherein the metal gate material comprises

TiN or like materials.
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18. The nmethod of Claim1l wherein depositing at | east one of an oxide
material or a nmetal gate material on the oxidized surface conprises

depositing an oxide material and a netal gate material. 19. The
met hod of Claim 18 wherein the oxide material conprises at |east one of
3i 02, Si ON, DPN oxide, RPN oxide, or like materials. 20. The net hod

of Claim1 wherein the netal gate material conprises TiN or like materials.
21, The nethod of Claim1l1 wherein the silicon conprises Polycrystalline
Silicon (Poly-Si).

21.  The method of Claim 1 wherein the silicon comprises

Polycrystalline Silicon (Poly-Si).
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