w0 2022/015927 A1 |0 00000 KO0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 U0 O 000 O A0

International Bureau % (10) International Publication Number

WO 2022/015927 Al

(43) International Publication Date
20 January 2022 (20.01.2022) WIRPOIPCT

(51) International Patent Classification: (72) Inventors: LIN, Xi-Wei; 39847 San Moreno Court, Fre-
HOIL 21/822 (2006.01) HO1L 21/768 (2006.01) mont, California 94539 (US). MOROZ, Victor; 17035
HOIL 21/8238 (2006.01) Bohlman Road, Saratoga, California 95070 (US).

(21) International Application Number: (74) Agent: DUNLAP, Andrew L. et al.; Haynes Beffel &

PCT/US2021/041746 Wolfeld LLP, P.O. Box 366, 637 Main Street, Half Moon

(22) International Filing Date: Bay, California 94019 (US).

15 July 2021 (15.07.2021)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

(25) Filing Language: English

(30) Priority Data:

ﬁg;z;gi ég J“}Y ;g;‘; %g'g;'ggi?) Ug KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,
: July 2021 (09.07.2021) U ME, MG, MK, MN, MW, MX, MY, MZ. NA. NG, NI NO,
(71) Applicant: SYNOPSYS, INC. [US/US]; 690 E. Middle- NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

field Rd., Mountain View, California 94043 (US).

(54) Title: SELF-LIMITING MANUFACTURING TECHNIQUES TO PREVENT ELECTRICAL SHORTS IN A COMPLEMEN-
TARY FIELD EFFECT TRANSISTOR (CFET)

3
=
i=]
N
4
=1
|N-
]

242

222+

224447

FIG. 2A

(57) Abstract: A method of forming a complementary field effect transistor (CFET) is provided. The method includes adding a blocking
material (204) to a vertical channel (207) of the CFET having an epitaxial growth (202), the blocking material being located below and
in contact with a lower portion of the growth, adding an insulating material (224) to an open area within the vertical channel to surround
a portion of the epitaxial growth, performing an etch to (i) remove a portion of the insulating material, (ii) expose a contact surface of
the epitaxial growth and (iii) provide a vertical opening (226) within the vertical channel, the etch leaving a portion of the blocking
material, and filling in the vertical opening with a conductive material, the conductive material reaching the exposed contact sutface of
the epitaxial growth, the blocking material remaining below the conductive material to prevent contact between the conductive material
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SELF-LIMITING MANUFACTURING TECHNIQUES TO PREVENT ELECTRICAL
SHORTS IN A COMPLEMENTARY FIELD EFFECT TRANSISTOR(CFET)
RELATED APPLICATION
{6601} This application claims priority to U.S. Non-Provisional Application No. 17/372,234,

entitled “SELF-LIMITING MANUFACTURING TECHNIQUES TO PREVENT
ELECTRICAL SHORTS IN A COMPLEMENTARY FIELD EFFECT TRANSISTOR
(CFET)”, filed 9 July 2021 {(Attomey Docket No. SYNP 3625-2), which claims priority to UL.S.
Provisional Application No. 63/033,303, entitled “SELF-LIMITING TECHNIQUES TO
IMPROVE ROBUSTNESS OF THE MANUFACTURING PROCESS OF A
COMPLEMENTARY FIELD EFFECT TRANSISTOR (CFET)", filed on 17 July 2020

{Attomey Docket No. SYNP 3625-1).

TECHMICAL VIELD

3302] The present disclosure relates to mimimizing a potential of shorting contacts when

manufacturing a complementary field effect transistor {CFET).

BACKGROUND
[6003] Transistor stacking, such as the stacking implemented in a complementary field effect

transistor {CFET), is a candidate for transistor density scaling and sustainment of Moore's Law in
the next 3-10 vears. The concept behind CFET is o scale in 3D, by stacking one transistor on
another vertically, resulting m density doubling with the same feature size. This CFET architecture
requires innovative methods of masufacturing that have not been implemented when

manufacturing a single transistor stack.

SUMMARY
[6604] The technology disclosed maplements an cteh-stop at a bottom of a source and/or drain

cpitaxy on a fower fevel of a complementary ficld effect transistor (CFET) and implements an
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cich-stop over a buried power rail {BPR) of the CFET in order to prevent the foumation of
unintentional electrical connections and/or electrical shorts.

[LLEDSY, {n an wnplementation, a method of forming a complementary field effect transistor
(CFET) 15 provided. The method can include adding a blocking material to a vertical channel of
an pafinished CFET strocture having a lower level silicon epitaxial growth in a lower level thereof,
the blocking material being located below and in contact with a lower portion of the lower level
silicon epitaxial growth, adding an nsulating maternial to an open area within the vertical channel
to surround a portion of at [cast the lower level silicon epitaxaal growth, performing a first etch to
{1} remove a portion of the added msulating matenal, (it} expose a contact surface of the lower
level silicon epitaxial growth and (101) provide a vertical opening within the vertical channel, the
first etch leaving at least a portion of the blocking materntal, and filling in the vertical opening with
a conductive material, the conductive matenial reaching the exposed contact surface of the lower
level stlicon epitaxial growth, the blocking matenial remaining below the conductive matenal to
prevent contact between the conductive material and a silicon substrate located below the lower
level silicon epitaxial growth.

{6006} In a further implementation, the vertical channel can be formed by a vertical divider.
[8067] in another implementation, wherein the open area, to which the insulating matenal is
added, can be adjacent to the vertical divider.

j3308] In an implementation, the insulating matenial can be added to the open area {0 surround
a portion of an upper level silicon epitaxial growth in an upper level of the unfinished CFET
structure.

{6009} In a further implementation, the first etch can further remove a portion of the added
msulating material o expose a contact surface of the upper level silicon epitaxial growth.

[6014] in another mmplementation, wherein the conductive material can reach the exposed

contact surface of the upper level silicon epitaxial growth.
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(6611} In an implementation, the first etch can be reactive ion gtching (RIE} to achigve an
anisotropic eich.

16612} n a further vnplementation, the method can further mclude, puor to the filling of the
vertical opening with the conductive material, performing a second ¢tch to enlarge a size of the
exposed contact surface of the lower level sibicon epitaxial growth.

631 3] In another implementation, the second etch can be an isotropic eich.

001 4] In an wvuplementation, the conductive matenial can be a metal including one of
Ruthentum, Tungsten, Cobalt and Molybdenum.

[6615] In a further implementation, the lower level of the unfimshed CFET structure can form
a positive~channel metal oxide senuconductor.

[0016] In ancther implementation, the lower level silicon epitaxial growth can be lower level
1s 5iQ0e epitaxial growth.

31 7] In an moplementation, the lower level silicon epitaxaal growth can be p+ source and
drain epitaxy to form p+ 5iGe.

{6618} In a further implementation, the first etch can leave all of the blocking matenal in the
vertical channel.

16619} {n another voplementation, the method can further include polishing a portion of the
unfinished CFET structure using a polishing technique such as chemical mechanical polishing
(CMP} to remove an apper portion of the anfinished CFET structure.

[6026] In an implementation, a system s provided. The system can include a memory storing
instructions for forming a complementary field effect transistor {CFET), and a processor, coupled
with the memory and to execuie the instructions. The instructions, when exccuted, can ¢cause the
processor to add a blocking matenal to a vertical chanmel of an unfinished CFET structure having
a lower level silicon epitaxial growth n a lower level thereof, the blocking matenal being located
below and in contact with a lower portion of the lower level sificon epitaxial growth, add an

nsulating material to an open area within the vertical channel to surround a portion of at least the
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lower level silicon epitaxial growth, perform a first etch to (1) remove a portion of the added
msulating matenal, (11) expose a contact surface of the lower level silicon epitaxial growth and
(i) provide a vertical opening within the vertical channel, the first eich leaving at least a portion
of the blocking material, and £ill in the vertical opening with a conductive matenial, the conductive
material reaching the exposed contact sarface of the lower level silicon epitaxial growth, the
blocking matenial remaming below the conductive matenial to prevent contact between the
conductive material and a sihicon substrate located below the lower level silicon epitaxial growth.
{6621} In a further implementation, a non-transitory compuier-readable recording medium
having computer instructions recorded thereon is provided. The compuicr instructions, when
executed on One or MOTE Processors, can cause the one or more processors to perform the various
operations of the method and/or system described above.

[6622] In another implementation, a method of forrng a complementary ficld effect transistor
{CFET) 13 provided. The method can include addmg a blocking matenal to a vertical channel of
an unfinished CFET structure, the blocking matenial being located above aburied power rad (BPR)
that resides below a lower level sibicon epitaxial growth on a lower level of the unfinished CFET
structure, adding mitnde {(e.g., sihicon nitnde {$iN) or oxynitride (S10N))} to the vertical channel
above the added blocking matenal, performing an eich to remove the nitride to form a space for
vertical strapping between a negative-channel metal oxide semiconductor gate and a positive-
channel metal oxade semiconductor gate of the unfinished CFET structure, the ctch leaving at least
a portion of the blocking material in the vertical charnel to insulate the BPR, and filling in a space
created by the cteh with a conductive material, such that an etch stop layer formed of the blocking
material remains between the conductive material and the BPR to provide electrical insulation.
{6623} In an mplementation, the etching can be reactive ion ectching (RIE) fo achieve an
anisotropic ctch.

6024] In another moplementation, the conductive material can be a metal including one of

Ruthenium, Tungsten, Cobalt and Molybdenum,
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[6625] In a further implementation, the lower level of the unfimished CFET structare can form
a positive~channel metal oxide senuconductor.

16626} {n an implementation, a von-transiiory computer-readable recording medium having
computer instructions recorded thergon 1s provided. The computer wnstructions, when executed on
ONE Of MOTe Processors, can cause the one or more processors to perform the varouas operations of
the method.

{3027 In another implementation, a system is provided. The system can include a menory
storing instructions for forming a complementary field effect transistor (CFET), and a proceassor,
coupled with the memory and to execute the instructions. The mstructions, when executed, can

cause the processor to perform the various operations of the method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

(28] The disclosure will be understood more fully from the detailed description given below
and from the accompanying figures of embodiments of the disclosure. The figures are used fo
provide knowledge and understanding of erubodiments of the disclosure and do not limit the scope
of the disclosure to these specific embodiments. Furthermore, the figures are not necessanly drawn
1o scale.

[6629] FIGS. 1A and 1B iliustrate an unfinished complementary field effoct trapsistor (CFET)
structure, in which over-ciching has occurred, which results in the formation of too narrow of a
gap between a metal contact and a silicon substrate that increases a risk of an electncal short.
{8036} FIGS. 2A and 2B illustrate an unfinished CFET structure in which blocking material s
applied to alower level of the CFET structure by implementing an stch-stop at a bottom of a soarce
and draim epitaxial growth of the lower level of the CFET structure.

16631} FIG. 3 illustrates an unfinished CFET structure in which vertical strapping of an n-

channel metal oxide semiconductor (NMOS}) and a p-channel metal oxide semiconductor (FMOS)
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can potentially short to an underlying bunied power rail (BPR) as a result of using a timed cich,
leaving too thin a niiride layer between a vertical strap and BPR.

16632} FIG. 4 illustrates a CFET structure i which an etch-stop layer on top of the BPR is
retaimed as a result of a self-hmiting etch.

j3333] FIGS. 5A and 5B dlustrate Howcharts describing operations for forming a CFET
j334] FIG. 6 depicts a flowchart of various processes used durng the design and manufacture
of an micgrated curcuit in accordance with some embodiments of the present disclosure.

[6835] FIG. 7 depicts an abstract diagram of an cxample computer system m which

embodiments of the present disclosure may operate.

BETAILED DESCRIPTION

336} Agpects of the present disclosure relate to seif-hmiting manufacturing techniques to
prevent electrical shorts in a complementary field effect transistor (CFET). Une unique aspect of
a CFET, in comparison o a single transistor stack, is the manufacturing sequence of forming a
lower fovel stack and an upper level stack and interconnections between the two levels. The
technology disclosed provides a process of manufactuning a CFET including interconnections
hetween the two levels of the CFET,

18637 Specifically, the technology disclosed corresponds to process mtegration schemes to
ensure a robust vertical stch process to provide ligh-aspect ratio contact hole opening for creating
vertical connections between upper and level stacks within the CFET structure. High-aspect ratio
refers to the watio of contact hole depth to diameter in the range of 5 ~ 10 in CFET manufacturing
processes. The technology disclosed uses etch-stop material, with high-etch selectivity relative to
other exposed matenials. In other words, the ctch-stop material has a very low or almost zero eich
rate, as comparcd with other exposed maternials. The techuology disclosed also vields wider

process margin and greater vield for when manufactuning CFETs. A wider process margin means
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that the cich process is tolerant to fluctuation of process conditions and able to vield required
results from run fo run.

16638} The vertical strappings between lower level and upper fevel transistors i the CFET
structure {¢.g., connecting upper level and lower level gates of vertical transistors of the CFET
architecture} is a unigae featore of CFET technology and manufacturing a reliable CFET with
vertical strappings 1s challenging. The technology disclosed implements seif-limiting technigues
to improve robusitness of the process of manufactunng a CFET including vertical strappings.
Further, the technology disclosed improves the robustness by using etch-stop matenial to minimize
& potential to short contacts to materials of the CFET, such as underiving lower and upper level
cpitaxics, conductors, substrates, cic.

[06039] The self-limiting etch concept can be applied during various phases of the CFET
manufactunng process. The techoology disclosed provides two examples describing the use of an
etch stop layer for self-limit etching to prevent an undesirable contact opening, leading to a more
robust manufacturing process. The first exampie includes providing an ctch-stop at a bottom of a
lower level source and/or drain epitaxial growth at the lower level of the CFET structure {sge FIGS.
2A and 2B) and the second example inchudes providing an etch-stop over a burned power rail
{BPR) of the CFET structure (sge FIG. 4}

(30340] FIGS. 1A and 1B iliustrate an unfinished complementary field effoct trapsistor (CFET)
structure, in which over-ciching has occurred, which results in the formation of too narrow of a
gap between a metal contact and a sihicon substraie that increases a risk of an electrical short,
(60841} Specifically, FIGS. 1A and 1B dlustrate a process i which unwanted over-ciching has
oceurred. The process inchudes operation 100, m which one or more contact holes 114 are ctched
mto the CFET. Before going mto further detail regarding operation 100, the structure of the
unfinished CFET illustrated in FIGS. 1A and 1B will be desceribed.

[0042] Asmentioned above, the CFET structure includes one or more contact holes 114, which

are vertical channels. The CFET structure includes source and draim epitaxy at two levels {e.g., an
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upper level and a lower level), both levels being above a buried power rail (BPR) 108 of the CFET

structure (se¢ dotted line illustrated m operation 100 distingwishing the upper level from the lower

levely. A BPR can include metal wires located below an active part of the CFET that are for routing
power and ground lines to other components. The upper level can be a negative-channel metal
oxide semiconductor (NMOS} and the lower level of the CFET structure can be a positive-channel
metal oxide semiconductor (PMOS). Altematively, the upper level can be PMOS and the lower
level can be an NMOS.

[60843] While the distinction botween the upper level and the lower level is not explicitly
tHustrated o each of FIGS. 1A through 4, cach of the CFET structures lustrated therein mclude
the upper level and the lower level. The upper level can melade an upper level sdicon epitazaal
growth 104 that can be an o+ source and drain epitaxy {¢.g., o+ doped silicon}. The lower level
can include the lower level silicon epitaxaal growth 102 that can be a pt source and dramn epitaxy
{c.g., pt+ SiGe).

{3044} The CFET structure can also include the blocking material 113 that msulates the lower
level silicon epitaxial growth 102 from the upper level silicon epitaxial growth 104, as well as
other layers and/or materials of the CFET structure. The blocking material 113 can include at least
one of a carbon-based matenial, an oxide {¢.g., alununum oxide}, silicon nitride-base matenials,
and carbon-doped silicon oxide (Si1COH). The CFET structure can also include a hard mask 112
above the upper level and can also include a silicon substrate 110 below the lower level. The hard
mask 112 can be used as opposed to photoresist {soft mask) as part of ithography process, which
typically starts with pattemed photoresist, followed by eich to transfer pattorn onto 3 material
(hardmask}, which in turn, after photoresist removal, serves as a patierned layver for further transtfer
of pattern to lower level structure by eich.

10045] Silicon substrate is the bady of silicon wafer on which evervthing builds. The CFET
structure further includes silicon nitride (SiN} or oxynitride {(S1ON) 116 that is used to form, for

example, a vertical divider 117 between the sources and the drans of the upper and lower levels.
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The CFET can alse melude vertical dividers 11% located to the left and right of the vertical divider
117, These vertical dividers 117, 118 can form a vertical channel into which the blocking material
113 15 added. The CFET structure can also include a silicon oxide shallow trench isolation (STI)
119 located below the lower level silicon epitaxial growth 102 and can also include tungsten 115
formed to connect a CFET gaie to the BPR 108,

[(346] Ag illustrated in operation 100, the contact holes 114 are etched through the hard mask
112 and the blocking matenal 113 to expose portions of the upper lovel silicon epitaxial growth
104 and portions of the lower level silicon epitaxial growth 102 to the contact bole 114

{6047} In operation 120 the eiching of the contact holes 114 continues, such that a width 122
of the contact boles 114 increases and additional portions of the lower level silicon epttaxial growth
102 arc exposed to the contact holes 114, as well as other components of the CFET, sach as the
sificon oxide (ST 119, A problem can arise when the etching of one or more of the contact holes
114 (1) creates a width 122 that 15 too wide, which can expose unwanted portions of the CFET
structure and/or (it) creates an cich that is too deep 124 that goes into the silicon oxide (8T1) 119,
Ag dlustrated, a portion of the ST1 119 s removed by this over etching, thus created a gap that
places the contact hole 114 closer to the silicon substrate 110, Such a narrow gap should be avoided
to prevent electrical shorts.

(048] In operation 140, 3 contact material 142, such as Ti or TiSy, can be added to at least a
portion of the exposed portion of the lower level silicon epitaxial growth 102 and/or the upper
level silicon epitaxial growth 104, Operation 140 also includes adding a conductive material 144
to the contact holes 114, such that the conductive material 144 15 i contact with the contact
material 142 as well as the blocking material 113, the mitnide 116 and the sibicon oxade (§T1} 119,
This contact material 142 and the conductive material 144 can form a wrap-around contact with
the lower level silicon epitaxial growth 102 and the upper level stlicon cpitaxial growth 104, The
operation of adding the contact material 142 can be omitied and the conductive material 144 can

be added without the use of the contact matenial 142, The conductive matenal 144 can be
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comprised of, af least one of, Rutheruam, Tungsten, Cobalt, Molybdemum, etc. This operation 140
can inclade completely filling the contact holes 114 with the conductive matenal 144 or partially
filling 1 at least a portion of the contact holes 114 with the conductive material 144 so that the
cxposed portions of the lower level silicon epitaxial growth 102 and the upper fevel silicon
epitaxial growth 104 are covered by the conductive material 144,

(03491 Reference clement 160 of FIG. 1B illustrates that too narrow of a gap 162 15 formed
between the conductive material 144 and the silicon substrate 110, This narrow gap 162 1s formed
in aperations 100 and 120 1n which. after the ciching of the contact holes 114, the blocking material
113 or nitride 116 15 etched Gsotropically or other forms) to expose more portions of the lower
fevel silicon epitaxial growth 102 and the upper level stlicon epitaxial growth 104 m order to
mnprove an clectrical contact formation using the conductive material 144 to be added. As
tHustrated, this relatively high aspect ratio contact etch may pass below the lower level sihicon
epitaxial growth 102 by distance 164, approaching the adjacent silicon substrate 110 and
potentially resulting in an electrical short, Reference clement 169 illustrates the over etching of
the distance 164 that has oecurred, resulting in the narrow gap 162

18654} FIGS. 7A and 2B Hustrate an unfinished CFET structure in which blocking material 1s
applied to alower level of the CFET structure by muplementing an ctch-stop at a bottom of a source
and drain epitaxial growth of the lower level of the UFET structure.

6651} Thus process of implementing the eich-siop includes operation 200 of adding a blocking
material 204 1o an unfioished CFET stracture. The unfinished CFET structure of FIG. 24 ts simular
to the unfinished CFET structures of FIGS. 1A and 1B and redundant descriptions thercof are
omitted. Specifically, the unfinished CFET structure of FIG. 2ZA includes a lower level silicon
epitaxial growth 202 and a blocking matenial 204, The lower level silicon epitaxial growth 202 can
be a pt source and drain epitaxy {e.g., pT 5i1Ge) that forms a positive-channel metal oxide

semiconductor (PMOS),
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6632} This blocking material 204 {¢.g.. the eteh stop laver) can come from remaining blocking
material used 10 a previous epitaxy process tor growmg the lower level silicon epitaxial growth
202. Further, the blacking matenal 204 can be fommed by filling up vertical channels 207 and
etching back to a level below silicon g¢pitaxy growth 202, while covering silicon substrate 216 and
sificon oxide STI 217, Example matenials for the blocking material 204 can mclude Carbon, AlQ,
SN, ete. The blocking material 204 can further be compnised of Si02. Further, the CFET structure
can include a nitride 206 that 15 used to form, for example, one or more vertical dividers 208, Une
of the vertical dividers 208 {e¢.g., a center divider) can be locaied between the sources and the
drains of the spper and lower levels of the CFET. Vertical dividers 208 can also be located to the
fett and the right of the vertical divider 208 in the center. These vertical dividers 208 can form one
or morge vertical channpels 207,

[3653] Furthermore, the unfinished CFET can include a buried power rail (BPR) 215 located
below the upper and lower levels. The BPR 215 can be comprised of Ruthenium, Molybdenum,
Tungsien, ctc. The untinished CFET can also include (1) a silicon substrate 216 located below the
lower level and below the blocking material 204, (i1} a silicon oxide ST1 217 located below the
blocking material 204 and (in) a BPR ecich-stop material {e.g., Al() 218 locaied above the BPR
215,

HEEREY The unfimished CFET can further mchude a nitride layer 212, a silicon oxide 210 layer
and an mner spacer (1.e., low dielectric constant matenial, e.g., SiICOH)214 layer, where layers
210, 214 and 214 are exposed in the vertical channel 207,

HEERRY Operation 200 includes adding the blocking material 204 to one or more of the vertical
channels 267 formed by the vertical dividers 208. The blocking matenial 204 can be added to be
located below and in contact with a lower portion of the lower level sihicon epitaxial growth 202,
The blocking matenal 204 can be added before or after the formation of the lower level silicon

opitaxial growth 202



WO 2022/015927 PCT/US2021/041746
12

6036} Operation 220 can include performing an upper level silicon epitaxial growth 222 that
can be an nt source and drain epitaxy (¢.g., n+ doped silicon} that forms a negative~channel metal
oxide seniconductor (NMOS). Operation 220 can further include adding an msulating material
224 1o an open arca within one or more of the vertical channels 207 to surround at least a portion
of the tower level silicon epitaxial growth 202 and/or at Icast a portion of the upper level sibicon
epitaxial growth 222, The insulating material 224, as illustrated, can be added to be adjacent to the
vertical dividers 208, Specitically, the insulating matenal 224 can be adjacent to the center vertical
divider 208 and/or it can be adjacent to the vertical dividers 203 to the left and/or right of the center
vertical divider. The insulating material 224 can be comprised of silicon oxide.

16057] Moreover, operation 220 includes perforavng a first etch to (i) reroove a portion of the
added wsulating material 224, (11} expose one or more contact surfaces of the lower level sibicon
epitaxial growth 202 and/or one or more contact surfaces of the upper level silicon epitaxial growth
222, and (1) provide a vertical opening 226 within one or more of the vertical channels 207, The
first etch can leave some or all of the blocking material 204, such that the stlicon oxade ST 217 1s
not exposed to the vertical opening 226. The first ctch can be reactive ion etching (REIQ) to achieve
an anisotropic gtch.

{6058] Operation 240 can include performing a second etch to enlarge a size of the exposed
contact surfaces of the lower level silicon epitaxial growth 202 and/or the upper level silicon
epitaxial growth 222, As illustrated, the sccond etch results i 8 wider vertical channel 242, as
corapared to the first etch. The second etch can leave some or all of the blocking matenial 204,
such that the silicon oxide ST1 217 is not exposed to the wider vertical channel 242, The second
ctch can be an isotropic etch, by plasma or wet chemical etch.

{86089} Operation 260 can include adding a contact material 262, such as Ti or 1181, to at least
a portion of the exposed contact surfaces of the lower tevel silicon epitaxial growth 202 and/or the
upper lovel silicon epitaxial growth 222 Operation 260 also includes adding {(filling in} a

conductive matenial 264 1n the vertical channel 242 (eg., a vertical opening), such that the
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conductive material 264 s in contact with the contact material 262, the insulating material 224,
the nitnde 206, as well as the blocking material 204, Specifically, the conductive material 264 can
be added, such that it reaches some or all of the exposed contact surfaces of the lower level silicon
epitaxial growth 202 and/or the upper level sificon epitaxaal growth 222 {or the contact material
262 that 15 in contact with these exposed contact surfaces). This contact material 262 and the
conductive material 264 can form a wrap-around contact with the lower level siheon epitaxual
growth 202 and the upper level silicon epitaxial growth 222, The operation of adding the contact
material 262 can be omitted and the conductive material 264 can be added without the use of the
contact material 262, The conduciive matertal 264 can be comprised of at least one of, Ruthemam,
Tungsten, Cobalt, Molybdenum, ete. This operation 260 can mclude completely filling the vertical
channel 242 with the conductive material 264 or partially filling in at least a portion of the vertical
channel 242 with the conductive material 264 so that the exposed portions of the lower level silicon
epitaxial growth 202 and the upper level silicon epitaxial growth 222 are covered by the conductive
material 264, During this operation, some or all of the blocking matenal 204 remains below the
conductive material 264 to prevent contact between the conductive material 264 and the silicon
substrate 216 below the lower level silicon epitaxaal growth 202.

6064} Reference element 280 sllustrates the distance 282 between the conductive material 264
and the silicon subsirate 216, as a result of the blocking matenial 204, This distance 282 ensures
that there will not be an electrical connection or short between the conductive material 264 and the
silicon substrate 216. As tlustrated, the distance 282 1s much larger than the gap {distance) 162
between the conductive material 144 and the silicon substrate 110 of FIG. 1B.

[8061] This process described with reference to FIGS. ZA and 2B can further mclude
polishing, such as chemucal mechanical polishing (CMP), to remove upper portion of CFET
structure vntil U stops at niride 206,

[0062] FIG. 3 idhustrates an unfinished CFET structure in which vertical strapping of an n-

channel metal oxide semiconductor (NMOS) and a p~channel metal oxide semiconductor (PMOS)
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can potentially short to an underlying bunied power rail (BPR) as a result of using a timed cich,
leaving too thin a niiride layer between a vertical strap and BPR.

16663} The unfinished CFET structure of FIG. 3 1s similar to the unfinished CFET structures
of FIGS. 1A, 18, ZA and 2B and redundant descriptions thereof are omitted. fn particular, FIG 3
tHustrates, a minde 302, a vertical channel 304, a mitride laver 306 and a buried power rail (BPR)
308,

{0064 Specifically, FIG. 3 illustrates a problem associated with a condact etch to vertically
strap NMOS and PMOS gates. Operation 300 includes performing an ctch to form the vertical
channel 304, leaving a thin nitride layer 306 between the vertical chanpel 304 and the BPR 308.
In other words, if the etch s overdone (1.¢., extends further than intended), then there 15 a nisk of
an unwanted electrical short to the underlying BPR 308,

{B3065] Operation 320 includes adding a conductive matenal 322 to the vertical channe] 304 to
form the vertical strap. Reference element 340 ilustrates the small distance 342 between the
conductive material 322 (vertical strap) and the BPR 308, When forming a CFET structure, this
vertical strapping, which adds a vertical channel of the conductive material 322, is necessary.
However, as iHustrated in FIGL 3, 1t s difficult to form the vertical strapping such that the vertical
strapping doces not contact the BPR 308, because o is difficult to precisely control the depth of the
vertical ctch.

HEESY FIG. 4 dlustrates an unfinished CFET structure in which a thin etch-stop laver 1s formed
{or retained) on top of the BPR as a result of a self-limiting etch.

{6667} The unfinished CFET structure of FIG. 4 is similar to the unfinished CFET structures
of FIGS. 1A 18, 2A) 2B and 3, and redundant descriptions thereof are omtted. In particular, FIG.
4 lustrates, a mitrnde 402, a buried power rail (BPR) 404, a vertical channel 406, and blocking
material 408,

[3068] FIG. 4 illustrates the solution to the problem illustrated 10 FIG. 3 with respect to

vertically strapping, for example, NMOS and PMOS gates of the unfimshed CFET structure. In
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FiGG. 4, operation 400 mncludes adding the blocking material 408 (e.g.. an etch stop layer) to the
veriical channel 406 of the unfinished CFET structure. The blocking maternial 408 15 located above
the BPR 404 that resides below a lower level silicon epitaxial growth on a lower level of the
unfinished CFET structure. The blocking material 408 can be composed of AlG, AION, 510N,
ete. In operation 400 a mitnde {g.g., silicon nitride (SiN) or oxvnitride (S10N}) can be added to the
vertical channel 406 above the blocking material 408, and then an eich (e g., an RIE etch} can be
performed to remove the nitride to form a space for vertically strapping between an NMOUS gate
and a PMOS gate of the unfinished CFET structure. The cich can leave at least a portion of the
blocking material 408 i the vertical channel 406, Because of the presence of the blocking material
408, u does not matter 1f the ctching removes all of the added nitnide.

[06069] Operation 420 mehudes flling in the space {e.g., the vertical channel 406) created by
the etching with a conductive matenal 422, kaving an ctch stop laver formed of the blocking
material 408 between the conductive material 422 and the BPR 404, Reference element 440
iHustrates the distance 442 between the conductive matenial 422 and the BPR 404, in contrast to
the short distance 342 between the conductive matenial 322 and the BPR 308, as ilosirated 1n FIG.
3.

16674} FIGS. 5A and 5B illustrate flowcharts describing operations for forming a CFET. In
FIG. SA the operations can include an operation 500 of adding a biocking material to a vertical
channel of an unfinished CFET structure having a lower level silicon epitaxial growth in a lower
level thercof, the blocking material being located below and in cordact with a lower portion of the
lower level silicon epitaxial growth. The operations can mclude an operation 502 of adding an
msulating material to an open arca within the vertical channel to surround a portion of at least the
lower level silicon epitaxial growth. The operations can further include an operation 504 of
performing a first etech to () remove a portion of the added nsulating matenal, (11} expose a contact
surface of the lower level stlicon epitaxial growth and (163) provide a vertical opening within the

vertical channel, the first cich leaving at least a portion of the blocking material. The operations
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can also inchude an operation 506 of filling in the vertical opening with a conductive material, the
conductive material reaching the exposed contact surface of the lower level sihicon epitaxial
growth, the blocking material remaining below the conductive material to prevent contact between
the conductive material and a silicon substrate located below the lower level silicon epitaxial
growth.

6071} In FIG. 5B the operations can include an operation 510 of adding a blocking matenal
to a vertical channe! of an vofuushed CFET structure, the blocking material being located above a
buried power rail {BPR} that resides below a lower level silicon epitaxial growth on a lower level
of the unfinished CFET strocture. The operations can further include an operation 512 adding
silicon nitride {SiN} or oxvmitnde (SiON) to the vertical channel above the added blocking
material. The operations can also include an operation 514 of performing an etch o remove the
silicon nitride (SN} or oxyoitride (S1ON} o form a space for vertical strapping between a negative-
channel metal oxide semiconductor gate and a positive~channel metal oxide semuconductor gate
of the unfinished CFET structure, the etch leaving at least a portion of the blocking matenial in the
vertical channel to msulate the BPR. The operations may also include an operation 516 of filhng
i 3 space crealed by the ctch with a conductive matenial, such that an etch stop laver formed of
the blocking material remains between the conductive material and the BPR 1o provide electrical
msulation.

[6672] FIG. 6 lustrates an example st of processes 600 used dunng the design, verification,
and fabrication of an article of manufacture such as an integrated circuit to transform and venfy
design data and mstructions that represent the ntegrated circuit. Each of these processes can be
struchured and enabled as multiple modules or operations. The term "EDA’ signifies the torm
‘Electronic Design Automation.” These processes start with the creation of a product idea 610 with
rformation supplied by a designer, information which is transforred to create an article of
manufacture that uses a set of EDA processes 612, When the design is finalized, the design i

taped-out 634, which 1s when artwork {¢.g., geometric patterns) for the mtegrated circuit is sent o
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a fabrication facility to manufacture the mask set, which is then used to manufacture the infegrated
circunt. After fape-out, a semiconductor die is fabricated 636 and packaging and assembly
processes 638 are performed to produce the finished integrated civemit 640, The processes
described above with respect to the unfinished CFET structure can be carried out during this
fabrication stage 636,

73] Specifications for a circuit or electronic structure may range tfrom low-lovel transistor
material lavouts to high-tevel description languages. A high-level of abstraction may be used to
design circuits and systems, using a hardware deseription language ("HDL™) such as VHDL,
Venlog, SystemVerilog, SystemC, MyHDL or OpenVera. The HDL description can be
transformed 1o a logic-level register transfer lovel (PRTL) description, a gate-lovel description, a
lavout-level description, or a mask-level description. Each lower abstraction level that is a less
abstract description adds more usefud detail into the design description, for example, more details
for the modules that include the description. The lower levels of abstraction that are less abstract
descriptions can be generated by a computer, derived from a desigo Hbrary, or created by another
design automation process. An example of a specification langoage at a lower level of abstraction
language for specifying mwore detailed descriptions 18 SPICE, which s used for detailed
descriptions of circutts with many analog components. Descriptions at each level of abstraction
are enabled for use by the corresponding tools of that layer {¢.g., a formal vernfication tool}, A
design process may use a sequence depicted m Fig. 6. The processes descnibed by be enabled by
EDA products (or tools).

{6674} Durning system design 614, functionality of an integrated circuit to be manufactured is
specified. The design may be optimized for desired charactenistics sach as power consumption,
performance, area (physical and/or hines of code), and reduction of costs, cte. Partitioning of the
design o different types of madules or components can occur at this stage.

10675] During logic design and functional verification 616, modules or components in the

circuit are specified m one or more description languages and the specification 13 checked for
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functional accuracy. For example, the components of the curcait may be verfied to gencrate
outputs that match the requiremenis of the specification of the circuit or sysiem being designe
Functional verification may use stmulators and other programs such as testbench generators, static
HDE checkers, and formal verifiers. In some embodiments, special systems of components
referred to as ‘emulators” or “prototyping systems” are used to speed up the functional verification,
8876} During synthesis and design for test 618, HDL code is transtormed to a nethist. In some
crubodiments, a netlist may be a graph structure where edges of the graph structure represent
components of a circut and where the nodes of the graph structure reprosent how the components
are interconnected. Both the HDL code and the netlist are hierarchical articles of manufacture that
can be used by an EDA product to verify that the mtegrated circutt, when manufactured, performs
according to the specified design. The netlist can be optimized for a target semiconductor
manufactunng technology. Additionally, the finished integrated circuit may be tested to vernfy that
the integrated circwt satisfics the requirements of the specification.

{6677} Durmg nethist verification 620, the nethist 1s checked for compliance with timing
constramts and for correspondence with the HDL code. During design planning 622, an overall
floor plan for the integrated circuit is construcied and analyzed for timing and top-level routing.
16678} During lavout or physical implementation 624, physical placement {positioning of
circuit components such as {ransistors or capacitorsy and routing {(connection of the circuit
components by multiple conductors} occurs, and the selection of cells from a library to enable

specific logic functions can be performed. As used heremn, the torm ©

cell” may specify a set of
transistors, other components, and interconnections that provides a Boolean logic function {e g,
AND, OR, NOT, XOR) or a storage function (such as a flipflop or latch). As used hereim, a circuit
“block” may refer to two or more cells. Both a cell and a cireunt block can be referred to as amodule
or component and arc cnabled as both physical structures and in simulations. Parameters are
specified for selected cells (based on ‘standard cells’) such as size and made accessible in a

database for use by EDA produects.
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{6879} Dunng analysis and extraction 626, the circuit function is verified at the layout level,
which permits refinement of the layvout design. During physical verification 623, the lavont design
is checked to ensure that manufacturing constraints arc correct, such as DRC constraiots, clectnical
constraints, lithographic constrainds, and that circuitry function matches the HDL design
specification. During resolution enhancement 630, the geometry of the layout s transformed to
wprove how the circuit design is manufactured.

0084 Duning tape~-out, data is created to be used (after lithographic enhancements are applicd
if appropriate} for production of lithography masks. During mask data preparation 632, the “tape-
out’ data 18 used to produce hthography masks that are used to produce finished mtegrated circuits,
6081} A storage subsysicnt of a computer system {such as computer system 700 of FIG. 7)
may be used to store the programs and data structures that are used by some or all of the EDA
products described herein, and products ased for development of cells for the library and for
physical and logical design that use the library.

(0082} FIG. 7 illustrates an example machine of a computer system 700 within which a set of
mstructions, for causing the machine to perform any one or more of the methodologies discussed
herein, may be executed. In altemnative implementations, the machine may be comnected (e.g.,
networked) to other machines i a LAN, an indranet, an extranet, and/or the Internet. The machine
may operate in the capaciiy of a server or a client machine in client-server network environment,
as a peer machime m a peer-to-peer (or distributed) network environment, or as a server or a client
machine n a cloud computing infrastructure or environment.

[608R3] The machine may be a personal computer (PC), a tablet PC, a set-top box (8TB}, a
Personal Digital Assistant {(PDA), a cellular telephone, a web appliance, a server, anstwork rowuier,
a swiich or bridge, or any machine capable of executing a set of instructions {(sequential or
otherwise) that specify actions to be taken by that machine. Further, while a single machine is

itlustrated, the term "machine” shall also be taken to inclade any collection of machines that
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individually or jointly execute a set {or multiple sets} of instructions to perform any one or more
of the methodologies discussed herein,

16684} The example computer system 700 includes a processing device 702, a main memory
704 {e.g., read-only memory {ROM]}, flash memory, dynamic random access memory (BRAM)
such as synchronous DRAM (SDRAM), a static memory 706 (¢.g., flash memory, static random
access memory (SRAM), etc.), and a data storage device 718, which comnumicate with each other
via a bus 730,

{0085] Processing device 702 represents one or more processors such as a microprocessor, a
central processing unif, or the like. More particularly, the processing device may be complex
mstruction set compuiing {CISC) nucroprocessor, reduced justruction set computing (RISC)
mMicroprooessor, very long instruction word (VLIW) microprocessor, or a processor implementing
other instruction sets, or processors implementing a combination of instruction sets. Processing
device 702 may also be one or more special-purpose processing devices such as an application
specific mtegrated circuit (ASIC), a ficld progranumable gaie array (FPGA), a digital signal
processor (PSP, network processor, or the hike. The processing device 702 may be configured to
execuie mstructions 726 for performing the operations and steps described herein.

16086} The compuier svstere 700 may further melude a network interface deovice 708 1o
communicate over the network 720, The computer systeny 700 alsoe may include a video display
unit 710 (¢ .g., a liend crystal display (LUD) or a cathode ray tube (CRT)), an alphanumeric input
device 712 {¢.z., a keyboard), a cursor control device 714 (¢.g., a mouse), a graphics processing
amit 722, a signal generation device 716 (e.g.. a speaker), graphics processing umit 722, video
processing amt 728, and andio processing unit 732.

16687} ¢ data storage device 718 may include a machme-readable storage medium 724 {(also
known as a non-transitory computer-readable medium} on which 1s stored one or more sets of
instructions 726 or software embodying any one or more of the methodologics or functions

described herein. The instructions 726 may also reside, completely or at least partially, within the
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main memory 704 and/or within the processing device 702 during execution thercof by the
computer system 700, the mam memory 704 and the processing device 702 also constituting
machine-readable storage media.

|6088] In some umplementations, the imstructions 726 include instructions to umplement
functionality corresponding to the present disclosare. While the machine-readable storage medium
724 15 shown in an example implementation 1o be a smgle mediom, the term "machine-rcadable
storage medium” should be taken to include a single medium or multiple media {¢.g., a centralized
or distributed database, and/or associated caches and servers) that store the one or more sets of
mstractions. The term "machine-readable storage medinm” shall alse be taken to inclade any
medium that is capable of storing or encoding a set of instructions for cxecution by the machine
and that cause the machine and the processing device 702 to perform any one or more of the
methodologies of the present disclosure. The term "machine-readable storage medium” shall
accordingly be taken to include, but not be limited to, solid-state memones, optical media, and
magnetic media.

{6089} Some portions of the preceding detarled descriptions have been presented n terms of
algorithms and symbolic representations of operations on data bits within a computer memory.
These algorithmic descuphions and representations are the ways used by those skilled m the data
processing arts io most effectively convey the substance of their work o others skilled in the art.
Axn algorithm may be a sequence of operations leading to a desired result. The operations are those
requiting physical mamipulations of phvsical guantities. Such gquantitics may take the form of
clectrical or magnetic signals capable of being stored, combined, compared, and otherwise
manipuiated. Such signals may be referred to ag bits, values, clements, svmbols, characters, terms,
mumbers, or the hike.

HEBYH it should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quaniitics and are merely convenient labels applied to

these guantities. Unless specifically stated otherwise as apparent from the present disclosure, it s
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appreciated that throughout the deseription, certain terms refer to the action and processes of a
computer system, or sinular electronic computing device, that manipulates and transforms data
represented as physical {electromic) guantitics within the computer system's registers and
memories into other data similarly represented as physical quantities within the computer system
memories or registers or other such information storage devices.

01 The present disclosure also relates to an apparatus for performing the operations herein,
This apparatus may be specially constructed for the ntended purposes, or it may welude a
computer selectively activated or reconfigured by a computer program stored in the computer,
Such a computer program may be stored m a computer readable storage mediom, such as, but not
timited to, any type of disk including floppy disks, optical disks, CD-RUOMs, and magnetic-optical
disks, read-only memorigs (ROMs), random access memories (RAMs), EPROMs, FEPROM;,
magnetic or optical cards, or any type of media suitable for storing electronic mstructions, cach
coupled to a computer svsiem bus.

[3082] The algorithms and displays presented herein are not mherently related to any particular
computer or other apparatus. Various other systoms may be used with programs in accordance
with the teachings herein, or it may prove convenient to consinuct a more specialized apparatus to
perform the method. o addition, the present disclosure is not descrubed with reference to any
particular programuning fanguage. It will be appreciated that a vanety of programiming languages
may be used to implement the teachings of the disclosure as described herein.

[6083] The present disclosure may be provided as a computer program product, or sofiware,
that may mclude a machme-readable medium having stored thereon mmstructions, which may be
used to program a computer system {or other electronic devices) to perform a process according
to the present disclosure. A maching-readable medium mcludes any mechanism for stonng
rformation in a form readable by a machine {e.g., a computer). For example, a machime-readable

{e.g.. computer-readable) medium includes a maching (e.2.. a computer} readable storage medium
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such as a read only memory ("ROM"), random access memory ("RAM"), magnetic disk storage
media, optical storage media, flash memory devices, eic.

16694} {n the foregoing disclosure, implementations of the disclosure have been desceribed with
reference to specific cxample implementations thereof. It will be covident that various
modifications may be made thereto without departing from the broader spirit and scope of
mplementations of the disclosure as set forth in the following claims. Where the disclosure refers
to some elements in the singular tense, more than one element can be depicted o the figures and
like elements are labeled with ke numerals. The disclosure and drawings are, accordingly. to be

regarded in an ilustrative sense rather than a restrictive sense.
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CLAIMS
We claim as follows:
1. A method of forming a complementary ficld effect trapsistor (CFET), the method

comprising:

adding a blocking material to a vertical channel of an unfinished CFET structure having a
fower level silicon cpitaxial growth in a lower level thereof, the blocking material being located
below and in contact with a lower portion of the lower level silicon epitaxial growth;

adding an insulating material to an open area within the vertical channel to surround a
portion of at least the lower level silicon epitaxial growth;

performing a first etch to (1) remove a portion of the added insulating matenal, (1) expose
a contact surface of the lower level silicon epitaxial growth and (it1) provide a vertical opening
within the vertical channel, the first etch leaving at least a portion of the blocking materal; and

filling in the vertical opening with a conductive material, the conductive material
reaching the exposed contact surface of the lower level silicon epitaxial growth, the blocking
material remaining below the conductive material to prevent contact between the conductive

material and a stlicon substrate located below the lower level silicon epitaxial growth.

2. The method of claim 1. wherein the vertical channel 1s formed by a vertical divider.

3. The method of claim 2, wherein the open area, to which the nsulating material 15 added,

is adjacent to the vertical divider.

4. The method of claim 1, wherein the insulating matenal 1s added fo the open arca to
surround a portion of an upper level silicon epitaxaal growth m an upper level of the unfinmished

{FET structure.

5. The method of claim 4, wherein the first oteh further removes a portion of the added

msulating material to expose a contact surface of the upper level silicon epitaxial growth.

6. The method of claim 5, wheremn the conductive matenal reaches the exposed contact
surface of the upper level silicon epitaxial growth.
7. The method of claim 1, wherein the first etch is reactive ion etching (REE) to achieve an

anisotropic etch.
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8. The method of claim 1, further comprising, prior to the filling of the vertical opening
with the conductive matenal, performing a second eteh to enlarge a size of the exposed contact

surface of the lower lovel silicon epitaxual growth,

g, The method of claim §, wherein the second eich s an 1sotropic etch.

10, The method of claim 1, wherem the conductive material is a metal including one of

Ruthenmm, Tungsten, Cobalt and Molybdenum.

1t The method of claim 1, wherein the lower level of the unfinished CFET structure forms a

positive-channel metal oxade semiconductor.

12, The method of claim 1, wherein lower level the sihicon epitaxaal growth is SiGe epitaxial
growth.
13 The method of claim 12, wherein the lower level silicon epttaxial growth is pt source

and drain cpiaxy to form p+ SiGe.

14 The method of claim 1, wheremn the first etch leaves all of the blocking material in the

vertical channel.

15 The method of claim 1, farther comprising polishing a portion of the unfinished CFET
structure using a polishing technique such as chemical mechanical polishing {CMP) to remove

an upper portion of the unfinished CFET structure.

16. A system comprising:

a memory storing instructions for forming a complementary field effect transistor
{CFET), and

a processor, coupled with the memory and to execute the instructions, the instructions
when executed cause the processor o

add a blocking material to a vertical channel of an unfinished CFET structure
having a lower tevel silicon epttaxial growth in a lower level thereof, the blocking
material being located below and m contact with a lower portion of the lower level

stlicon epitaxial growth;
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add an insulating material to an open area within the vertical channel to surround
a portion of at least the lower level silicon epitaxial growth

perform a first etch to (1) remove a portion of the added maulating matenial, (i3
gxpose a contact surface of the lower level sithicon epitaxial growth and (i) provide a
vertical opening within the vertical channel, the first etch leaving at least a portion of the
blocking materal; and

fill in the vertical opening with a conductive matenial, the conductive matenal
reaching the exposed contact surface of the lower level silicon epitaxial growth, the
blocking matenal remaiming below the conductive maternial to prevent contact between
the conductive material and a silicon substrate located below the lower level silicon

epitaxial growth.

17. A method of forming a complementary ficld effect transistor (CFET), the method
coraprising’

adding a blocking maternial to a vertical channel of an unfinished CFET structure, the
blocking material being located above a baried power rail (BFR) that resides below a lower level
silicon epitaxial growth on a lower level of the unfinished CFET structure;

adding stlicon nitnide (SN} or oxvnitride {($10ON) to the vertical chanuel above the added
blocking maternial;

performing an etch to remove the silicon nitride {(SiN} or oxymitride {S10ON) to form a
space for vertical strapping between a negative-channe! metal oxide semiconductor gate and a
positive-channel metal oxide semiconductor gate of the unfimished CFET structure, the etch
leaving at least a portion of the blocking material in the vertical chansel to insulate the BPR; and

filling in a space created by the otch with a conductive material, such that an etch stop
layer formed of the blocking matenial remains between the conductive material and the BPR to

provide clectrical insulation.

18 The method of claim 17, wherein the stch is reactive 1on etching (RIE) to achieve an

anisotropie etch.

19, The method of claim 17, wherein the conductive material is a metal mcluding onc of

Ruthenium, Tungsten, Cobalt and Molybdenum.
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20. The method of claim 17, wherein the lower level of the unfinished CFET structure forms

a positive-channel metal oxide semiconductor.
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Adding a blocking material to a vertical channel
of an unfinished CFET structure having a lower
level silicon epitaxial growth in 3 lower level
thereof, the blocking material being located
below and in contact with 3 lower portion of the
iower level silicon epitaxial growth

l

Adding an insulating material to an open area
within the vertical channel to surround a portion
of at least the lower level silicon epitaxial [N-502
growth

Performing a ist etch to (i) remove a portion of
the added insulating material, (ii) expose a
contact surface of the lower level silicon

gpitaxial growth and (i) provide a verticatl N<504
opening within the vertical channel, the st elch
leaving at least a portion of the blocking
material

Filling in the vertical opening with a conductive
material, the conductive material reaching the
axposed contact surface of the lower lovel
siticon epitaxial growth, the blocking material N\<506
remaining below the conductive material to
prevent contact between the conductive
material and a silicon substrate located below
the lower level silicon epitaxial growth

FIG, 5A
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Adding a blocking material to a vertical channel
of an unfinished CFET structure, the blocking
material being located above a buried power

rail (BPR) that resides below a lower level \510
silicon epitaxial growth on a lower level of the
unfinished CFET structure

l

Adding silicon nitride (SiN} or oxynitride {(SION)
to the vertical chgnnei abwe the added 512
blocking material

Performing an etch to remove the silicon nitride
(SiN) or oxynitride (SION) to form a space for
vertical strapping between a negative-channel
metal oxide semiconductor gate and a positive- [ 514
channel metal oxide semiconductor gate of the
unfinished CFET structure, the etch leaving at
ieast a portion of the blocking material in the
vertical channel to insulate the BPR

l

Filling in a space crealed by the etch with a

conductive material, such that an etch stop

iayer formed of the blocking material remains (516

between the conductive material and the BPR to
provide elecirical insuiation

FIG. 5B
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