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VERTICAL TRANSPORT LOGIC CIRCUIT CELL WITH SHARED PITCH

BACKGROUND

[0001] The present invention relates to semiconductor devices comprising field effect transistors and, more

specifically, to semiconductor devices comprising vertical transport field effect transistors.

[0002] Digital logic circuits, also referred to as logic gates, are the building blocks of digital electronics and
integrated circuits. Some fundamental logic circuits include, among others, NAND and NOR circuits, wherein an
accompanying number, such as the “2” in NAND2, can indicate the humber of active gates in the logic circuit (e.g.,
two NAND gates in a NAND2 logic circuit). However, each active gate in a logic circuit can perform a different
logical operation. In a standard cell library, a number of transistors can be connected either in series and/or in

parallel to perform NAND, NOR and other complex Boolean functions.

SUMMARY

[0003] Embodiments of the invention provide improved layouts for logic circuit cells through shared pitch
areas.

[0004] In one embodiment of the invention, a semiconductor structure comprises a vertical transport logic

circuit cell. The vertical transport logic cell comprises a first logic gate and at least a second logic gate. The first
logic gate comprises at least one input terminal and at least one output terminal. The second logic gate comprises
at least one input terminal and at least one output terminal. One of the input terminal and the output terminal of the
first logic gate shares a pitch of the vertical transport logic circuit cell with one of the input terminal and the output

terminal of the second logic gate.

[0005] In another embodiment of the invention, an integrated circuit comprises one or more vertical transport
logic circuit cells. At least one of the one or more vertical transport logic circuit cells comprises a first logic gate and
at least a second logic gate. The first logic gate comprises at least one input terminal and at least one output
terminal. The second logic gate comprises at least one input terminal and at least one output terminal. One of the
input terminal and the output terminal of the first logic gate shares a pitch of the vertical transport logic circuit cell

with one of the input terminal and the output terminal of the second logic gate.

[0006] In a further embodiment of the invention, a method for fabricating a semiconductor structure
comprises, in a vertical transport logic circuit cell comprising a first logic gate and at least a second logic gate,
wherein the first logic gate comprises at least one input terminal and at least one output terminal, and the second

logic gate comprises at least one input terminal and at least one output terminal, sharing a pitch of the vertical
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transport logic circuit cell between one of the input terminal and the output terminal of the first logic gate and one of

the input terminal and the output terminal of the second logic gate.

[0007] In yet another embodiment of the invention, a semiconductor structure comprises a vertical transport
logic circuit cell. The vertical transport logic cell comprises a first logic gate and at least a second logic gate. The
first logic gate and the second logic gate share a pitch of the vertical transport logic circuit cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 depicts a block diagram of a vertical transport logic circuit cell with two logic gates sharing a

pitch area, according to an embodiment of the invention.

[0009] FIG. 2 depicts a circuit diagram of a NAND logic gate cell, according to an embodiment of the

invention.

[0010] FIG. 3A depicts a plan view of a layout of a NAND2 cell, according to an embodiment of the invention.

[0011] FIG. 3B depicts a cross-sectional view taken along the line H-H in the plan view of the NAND2 cell of

FIG. 3A, according to an embodiment of the invention.

[0012] FIG. 4A depicts a plan view of another layout of a NAND2 cell, according to an embodiment of the

invention.

[0013] FIG. 4B depicts a cross-sectional view taken along the line J-J in the plan view of the NAND2 cell of

FIG. 4A, according to an embodiment of the invention.

[0014] FIG. 5 depicts a plan view of a further layout of a NAND2 cell, according to an embodiment of the

invention.

[0015] FIG. 6 depicts a plan view of yet another layout of a NAND2 cell, according to an embodiment of the

invention.
DETAILED DESCRIPTION
[0016] lllustrative embodiments of the invention may be described herein in the context of illustrative

methods for forming vertical transport logic gates with improved layouts. |n particular, illustrative embodiments will

be described herein in the context of improved layouts for a NAND2 cell. However, it is to be understood that
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embodiments of the invention are not limited to the illustrative methods, apparatus, systems, structures and devices

but instead are more broadly applicable to other suitable methods, apparatus, systems, structures and devices.

[0017] Complementary metal oxide semiconductor (CMOS) technology is currently the dominant technology
for the manufacture of logic gates used in digital integrated circuits, including microprocessors, microcontrollers, or
static random access memory (SRAM). A field effect transistor (FET) is one example of a semiconductor device
using CMOS technology that can be used for amplifying or switching electronic signals. A FET has source, drain,
and gate electrodes. The gate electrode typically comprises a conductive gate that is electrically insulated from the
main semiconductor n-channel or p-channel by a thin layer of insulating material. A gate voltage controls whether

the path from drain to source is an open circuit (“off") or a resistive path (‘on”).

[0018] Vertical transport FETs (VTFETSs) are a promising alternative to standard lateral FET structures due to
potential benefits, among others, in terms of reduced circuit footprint. In this type of structure, the current flow is
perpendicular to a supporting wafer, unlike the lateral current flow in lateral FETs. A logic circuit comprising
VTFETs is referred to as a “vertical transport logic gate.” VTFETSs can potentially provide electronic devices
comprising logic circuits with improved circuit density. Such logic circuits can be characterized by a lower-number
CPP (contacted polysilicon (or poly) pitch) versus comparable logic circuits comprising lateral FET layouts.
Standard logic cells used in integrated circuits have a height that is related to MMP (minimum metal pitch) and a
width that is related to CPP. CPP, also known as transistor gate pitch, is a measure of the spacing between the
gates within the standard logic cell. The MMP and CPP of standard cells provides a density metric, offering for
example, an indication of the area size required for a given number of cells to be placed on an integrated circuit

chip.

[0019] Logic cells, such as for example, NAND gates and NOR gates, may be provided as pre-laid out library
cells as part of a cell library to be used for a specific integrated circuit manufacturing process. Each logic cell from
the cell library has a given cell area determined as a function of MMP and CPP, thereby providing the number of
such logic cells that can be placed on an integrated circuit chip of a particular size. There is a need, therefore, to
reduce the area required for each logic cell in order to increase the amount of logic that can be placed on the

integrated circuit chip.

[0020] Continued efforts are being made to design integrated circuit chips having the greatest possible
number of individual cells, in order to provide the integrated circuit chip with as much memory or other computing
resource as possible within the available area thereon. To achieve this goal, integrated circuit designers have been
developing layouts for the transistors making up the cells to reduce the area required for each. Embodiments
provide improved layouts for cells, while also reducing feature size and the number of CPPs resulting in improved

manufacturability and reduced cell size.
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[0021] FIG. 1 shows a block diagram of a vertical transport logic cell 100 having a reduced area, according to
an embodiment of the invention. More particularly, FIG. 1 shows vertical trangport logic cell 100 with a first logic
gate 102 and a second logic gate 104 that share a contacted poly pitch (CPP), referred to herein as a shared pitch
106. The first logic gate 102 and the second logic gate 104 each have an area requirement, which may be referred
to in terms of a particular number of CPPs. By having the first logic gate 102 and the second logic gate 104 include
a shared pitch 106 (e.g., where at least one CPP of the first logic gate 102 is shared with at least one CPP of the
second logic gate 104), significant savings in terms of area is achieved. Additional details regarding illustrative

implementations of shared pitch 106 will be described in further detail below.

[0022] The first logic gate 102 and the second logic gate 104 can be any type of logic gate. For example, in
some embodiments, the first logic gate 102 and the second logic gate 104 can independently be an inverter logic
gate, a NAND logic gate, an AND logic gate, a NOR logic gate, an OR logic gate, an AND-OR logic gate, an OR-
AND logic gate, a buffer logic gate, a flip-flop logic gate, a multiplexer logic gate, etc. |n other words, the first logic
gate 102 may be of a first type and the second logic gate 104 may be of a second type. The first and second types
may be the same (e.g., both the first logic gate 102 and the second logic gate 104 may be NAND logic gates as
illustrated in FIGS. 3A-6) or may be different (e.g., the first logic gate 102 may be a NAND logic gate while the
second logic gate 104 is an AND logic gate). Various embodiments of the invention are described below in the
context of arrangements where the first logic gate 102 and the second logic gate 104 are of a same type (e.g.,
where both the logic gate 102 and the logic gate 104 are NAND logic gates). It should be appreciated, however,
that embodiments of the invention are more generally applicable to sharing pitch between at least two logic gates of

a same or different type.

[0023] Further, while FIG. 1 shows an example of a vertical transport logic cell 100 that includes just two
logic gates (e.g., first logic gate 102 and second logic gate 104), embodiments of the invention are not so limited. In
some embodiments of the invention, a vertical transport logic cell 100 may include more than two logic gates, where

at least two of the logic gates include at least one shared pitch.

[0024] FIG. 2 shows a circuit diagram 200 of a typical NAND circuit. The NAND circuit 200 is a 2-input
NAND gate, including two p-channel FETs (PFETS) denoted Q1 and Q2 and connected in parallel, and two n-
channel FETs (NFETSs) denoted Q3 and Q4 and connected in series. The NAND circuit 200 thus includes first and
second PFET transistors Q1 and Q2 having their gate (G) inputs coupled to input terminals A and B, respectively.
The first PFET transistor Q1 and second PFET transistor Q2 further have their drains (D) connected to output
terminal (Y), and their sources (S) connected to positive supply voltage Vdd. The NAND circuit 200 also includes a
first NFET transistor Q3 and a second NFET transistor Q4 having their gate (G) inputs coupled to input terminals B
and A, respectively. The drain (D) of the first NFET transistor Q3 is connected to the output terminal (Y), and the
source (S) of the first NFET transistor Q3 is connected to the drain (D) of the second NFET transistor Q4. The

source (S) of the second NFET transistor G4 is coupled to negative supply voltage or ground Vss.
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[0025] As shown in FIG. 2, the NAND circuit 200 has a single output terminal (Y), together with two logic
inputs terminals (A and B). FIG. 2 also shows a truth table 210 for the NAND circuit 200 for the logic state of output
Y given the logic states of inputs A and B. As shown in the truth table 210, if either of inputs A or B is (or both of
inputs A and B are) at logic low (logic ‘0’ or Vss), the output Y is at logic high (logic ‘1" or Vdd). The only time the

output is a logic low is when both inputs A and B are at logic highs.

[0026] The circuit 200 and truth table 210 in FIG. 2 is shown for illustrative purposes only in order to
understand the main parts of the cell layout in FIGS. 3A through 6. Embodiments of the invention are therefore not

limited to any particular type of logic gate, cell or circuit.

[0027] Turing now to FIG. 3A, a plan view 300 of a NAND?2 circuit cell is shown, including a first NAND logic
gate circuit cell (labeled NAND A) and a second NAND logic gate circuit cell (labeled NAND B). Dashed lines
denote the boundaries of NAND A circuit cell and the NAND B circuit cell. The NAND A and NAND B circuit cells
shown in FIG. 3A are each assumed to be electrically laid out as shown in the NAND circuit diagram 200 of FIG. 2.
The first and second PFETs of the NAND A cell are labeled Q1 and Q2, and the first and second NFETs of the
NAND A cell are labeled Q3 and Q4. Similarly, the first and second PFETs of the NAND B cell are labeled Q1' and
Q2', and the first and second NFETs of the NAND B cell are labeled Q3' and Q4'.

[0028] Note also that the various patterned layers shown in FIG. 3A that comprise each of the transistors and
corresponding interconnects and cell straps are included for illustrative purposes only. Not all layers in the given
cell are shown in this plan layout for purposes of simplicity, and layers may not be shown in actual proportion to or
orientation with one another. The focus of various embodiments of the invention described herein is on the shared
pitch area between the two logic gates (e.g., NAND A and NAND B). Accordingly, these other patterned layers are
not described in detail since one of ordinary skill in cell layout library and semiconductor processing arts will fully
understand which layers shown in FIG. 3A (and layouts in subsequent FIGS. 4A through 6) comprise gate, drain,

source terminals, as well as other connections, for each transistor in each NAND gate.

[0029] As shown in FIG. 3A, the transistors Q1, Q2, Q3 and Q4 of the NAND A cell occupy an area of two
CPPs. The NAND A cell further includes output (Y) which occupies an area of one CPP. Thus, the total area of the
NAND A cell is three CPPs. Similarly, the transistors Q1', Q2', Q3" and Q4' of the NAND B cell occupy an area of
two CPPs. The NAND B cell further includes an output (Y') which occupies an area of one CPP. In a conventional
NAND2 cell layout, the NAND2 cell would thus require a total of six CPPs. According to an embodiment of the
invention, the improved layout illustrated in plan view 300 of FIG. 3A requires only five CPPs due to the use of a
shared pitch 304 for the output (Y) of the NAND A cell and the output (Y') of the NAND B cell. The improved layout
illustrated in plan view 300 of FIG. 3A thus provides an area savings of 1/6, or approximately 17% relative to a

conventional layout.
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[0030] FIG. 3B illustrates a cross-sectional view taken along the line H-H of the layout of the NAND2 circuit
cell shown in the plan view 300 of FIG. 3A. The output (Y) of the NAND A circuit cell is connected to the drains of
transistors Q1, Q2 and Q3, and extends into the shared pitch area 304 via metal lines in a first metal layer 310 as
shown in FIGS. 3A and 3B. Similarly, the output (Y') of the NAND B circuit cell is connected to the drains of
transistors Q1', Q2' and Q3', and extends into the shared pitch area via metal lines in the first metal layer 310 as
shown in FIGS. 3A and 3B. It is to be appreciated that first metal layer 310 corresponds to the “M1 layer” which is
typically the first metallization layer deposited as the integrated circuit is built up from the substrate (so M1 is

typically the lowest metallization layer).

[0031] In order to isolate the output (Y) of the NAND A circuit cell from the output (Y") of the NAND B circuit
cell in the shared pitch area 304, a set of cell straps 302-1 through 302-4 are used. Cell strap 302-1 connects the
drains of Q1 and Q2 in the NAND A cell to trench silicide (TS) layer 306 (interconnect layer). Cell strap 302-2
connects the drain of Q3 in the NAND A cell to TS layer 306. Thus, the output (Y) for NAND A cell connects the
drains of Q1, Q2 and Q3 via metal lines in the first metal layer 310, cell straps 302-1 and 302-2, and TS layer 306.
Cell strap 302-3 connects the drains of Q1" and Q2" in the NAND B cell to a metal line in a second metal layer 308.
Note that second metal layer 308 corresponds to the “M2 layer” which is typically the next metallization layer to be
deposited as the integrated circuit is built up from the substrate (so M2 layer is typically above M1 layer). Cell strap
302-4 connects the drain of Q3" in the NAND B cell to the metal line in the second metal layer 308. Thus, the
output (Y') for NAND B cell connects the drains of Q1', Q2" and Q3' via metal lines in the first metal layer 310, cell
straps 302-3 and 302-4, and a metal line in the second metal layer 308. In this way, the outputs of logic gates for
the NAND A and NAND B circuit cells overlap one another but remain electrically isolated from each other in the

shared pitch area 304.

[0032] FIG. 4A shows a plan view 400 of a NAND?2 circuit cell, illustrating another improved layout. The
NAND2 circuit cell of FIG. 4A, similar to the NAND2 circuit cell of FIG. 3A, includes a first NAND A logic gate circuit
cell and a second NAND B logic gate circuit cell, where the dashed outlines of the NAND A circuit cell and the
NAND B circuit cell indicate the boundary areas of the NAND A circuit cell and the NAND B circuit cell. The NAND
A and NAND B circuit cells shown in FIG. 4A, similar to the NAND A and NAND B circuit cells shown in FIG. 3A, are
each assumed to be structured as shown in the NAND circuit diagram 200 of FIG. 2. Again, the first and second
PFETs of the NAND A cell are labeled Q1 and Q2, the first and second NFETs of the NAND A cell are labeled Q3
and Q4, the first and second PFETs of the NAND B cell are labeled Q1' and Q2', and the first and second NFETSs of
the NAND B cell are labeled Q3' and Q4'.

[0033] Similar to FIG. 3A, the transistors Q1, Q2, Q3 and Q4 of the NAND A cell in FIG. 4A occupy a pitch
area of two CPPs, with the output (Y) occupying a pitch area of one CPP for a total of three CPPs. Also similar to
FIG. 3A, the transistors Q1', Q2', Q3 and Q4' of the NAND B cell in FIG. 4A occupy a pitch area of two CPPs, with

the output (Y") occupying a pitch area of one CPP for a total of three CPPs. As discussed above with respect to
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FIG. 3A, in a conventional layout such a NAND2 cell would thus require a total of six CPPs. The improved layout
illustrated in plan view 400 of FIG. 4A, however, requires only five CPPs due to the use of a shared pitch area 404
for the output () of the NAND A cell and the output (Y') of the NAND B cell. The improved layout illustrated in plan

view 400 of FIG. 4A thus provides an area savings of 1/6, or approximately 17% relative to a conventional layout.

[0034] The plan view 400 of FIG. 4A differs from the plan view 300 of FIG. 3A in the way in which the drains
of transistors Q1, Q2 and Q3 are connected to the shared pitch area. In the plan view 400, a conductive layer 412
connects the drains of transistors Q1 and Q2 to the shared pitch area 404 (as compared to the plan view 300,
where metal lines in the first metal layer 310 connect the drains of transistors Q1 and Q2 to the shared pitch area
304). Also, in the plan view 400, a conductive layer 414 connects the drain of transistor Q3 to the shared pitch area
(as compared to the plan view 300, where a metal line in the first metal layer 310 connects the drain of transistor
Q3 to the shared pitch area 304).

[0035] FIG. 4B shows a cross-sectional view taken along the line J-J of the layout of the NAND2 circuit cell
shown in the plan view 400 of FIG. 4A. The output (Y) of the NAND A circuit cell is connected to the drains of
transistors Q1, Q2 and Q3, and extends into the shared pitch area 404 via conductive layers 412 and 414 as shown
in FIGS. 4A and 4B. The output (Y") of the NAND B circuit cell is connected to the drains of transistors Q1', Q2" and

Q3', and extends into the shared pitch area via metal lines in the first metal layer 410 as shown in FIGS. 4A and 4B.

[0036] In order to electrically isolate the output (Y) of the NAND A circuit cell from the output (Y') of the NAND
B circuit cell in the shared pitch area 404, a set of cell straps 402-1 through 402-4 are used. Cell straps 402-1 and
402-2 connect metal ports in the first metal layer 410 to TS layer 406, which is connected to the conductive layers
412 and 414. It is to be appreciated that conductive layers 412 and 414 are part of a diffusion layer which is the
layer connecting to the bottom of the vertical transistor source/drain. Cell strap 402-3 connects the drains of Q1'
and Q2' in the NAND B cell to a metal line in a second metal layer 408. Cell strap 402-4 connects the drain of Q3'
in the NAND B cell to the metal line in the second metal layer 408. Thus, the output (Y') for NAND B cell connects
the drains of Q1', Q2' and Q3' via metal lines in the first metal layer 410, cell straps 402-3 and 402-4, and a metal
line in the second metal layer 408. In this way, the outputs of logic gates for the NAND A and NAND B circuit cells
overlap one another but remain isolated from each other in the shared pitch area 404. Note that the metal layer

4101in FIG. 4B is for connection external to the logic cell 400.

[0037] While embodiments of the invention described above in the context of FIGS. 3A/3B and FIGS. 4A/4B
depict output terminals of multiple logic gates sharing a common CPP, embodiments of the invention described

below in the context of FIGS. 5 and 6 depict input terminals of multiple logic gates sharing a common CPP.

[0038] More particularly, FIG. 5 shows a plan view 500 of another NAND2 circuit cell, illustrating another
improved layout. The NAND?2 circuit cell of FIG. 5, similar to the NAND2 circuit cells of FIGS. 3A and 4A, includes a
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first NAND A logic gate circuit cell and a second NAND B logic gate circuit cell, where the dashed outlines of the
NAND A circuit cell and the NAND B circuit cell indicate the boundary areas of the NAND A circuit cell and the
NAND B circuit cell. The NAND A and NAND B circuit cells shown in FIG. 5, similar to the NAND A and NAND B
circuit cells shown in FIGS. 3A and 4A, are each assumed to be structured as shown in the NAND circuit diagram
200 of FIG. 2. Again, the first and second PFETs of the NAND A cell are labeled Q1 and Q2, the first and second
NFETs of the NAND A cell are labeled Q3 and Q4, the first and second PFETs of the NAND B cell are labeled Q1"
and Q2', and the first and second NFETSs of the NAND B cell are labeled Q3' and Q4'.

[0039] Whereas the layouts show in plan views 300 and 400 of FIGS. 3A and 4A improved the layout by
having the outputs of NAND A and NAND B circuit cells sharing common pitch areas 304 and 404, respectively, the
layout shown in plan view 500 of FIG. 5 has complementary inputs of the NAND A and NAND B circuit cells sharing
a common pitch area 506. Thus, the layout of the NAND2 cell in plan view 500 of FIG. 5 requires only a total of five
CPPs due to the use of shared pitch area 506 for the input (B) of the NAND A cell and the input (B") of the NAND B
cell. The improved layout in plan view 500 of FIG. 5 thus provides an area savings of 1/6, or approximately 17%

relative to a conventional layout without the use of shared pitch area 506.

[0040] As shown in the plan view 500 of FIG. 5, the NAND A circuit cell uses one part of the shared CPP in
shared pitch area 506 for the input pin B, while the NAND B circuit cell uses another part of the shared CPP in
shared pitch area 506 for the input pin B'. Thus, in contrast to output terminals sharing a common pitch in FIGS.
3A/3B and 4A/4B by vertically overlapping the output terminals in upper and lower vertical portions of the common
pitch (as illustrated in the cross-section views of FIGS. 3B and 4B, respectively), there is no need to overlap the
input terminals in the shared pitch area 506 in the embodiment of FIG. 5. Input pins B and B' may be formed on a
first metal layer (M1) that connects to extended gate connections 504-1 and 504-2 from transistors Q2 and Q3|,
respectively. The extended gates 504-1 and 504-2 may be comprised of poly (PC) and connect to the input pins B

and B' via metal to poly contacts 502-1 and 502-2, respectively.

[0041] FIG. 6 shows a plan view 600 of a NAND?2 circuit cell, illustrating another improved layout. The
NAND2 circuit cell of FIG. 6, similar to the NAND2 circuit cells of FIGS. 3A, 4A and 5, includes a first NAND A logic
gate circuit cell and a second NAND B logic gate circuit cell, where the dashed outlines of the NAND A circuit cell
and the NAND B circuit cell indicate the boundary areas of the NAND A circuit cell and the NAND B circuit cell. The
NAND A and NAND B circuit cells shown in FIG. 6, similar to the NAND A and NAND B circuit cells shown in FIGS.
3A, 4A and 5, are each assumed to be structured as shown in the NAND circuit diagram 200 of FIG. 2. Again, the
first and second PFETSs of the NAND A cell are labeled Q1 and Q2, the first and second NFETSs of the NAND A cell
are labeled Q3 and Q4, the first and second PFETs of the NAND B cell are labeled Q1' and Q2', and the first and
second NFETs of the NAND B cell are labeled Q3" and Q4'.

[0042] The layout show in plan view 600 of FIG. 5, similar to the layout shown in plan view 500 of FIG. 5,
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illustrates an improved layout with complementary inputs of the NAND A and NAND B circuit cells sharing a
common pitch area 604. Thus, the layout of the NAND2 cell in plan view 600 of FIG. 6 requires only a total of five
CPPs due to the use of shared pitch area 604 for the input (B) of the NAND A cell and the input (B") of the NAND B
cell. The improved layout in plan view 600 of FIG. 5 thus provides an area savings of 1/6, or approximately 17%

relative to a conventional layout without the use of shared pitch area 604.

[0043] Compared with the plan view 500 of the FIG. 5, the plan view 600 of FIG. 6 shows a layout where the
input ping B and B' are swapped to accommodate a different router pin access direction. Thus, in the plan view 600
of FIG. 6, the NAND B circuit cell uses one portion of the CPP in shared pitch area 606 for the input pin B', while the
NAND A circuit cell uses another portion of the CPP in shared pitch area 606 for the input pin B. Input pins B' and
B may be formed on a first metal layer that connects to extended gate connections 604-1 and 604-2 from
transistors Q2' and Q3, respectively. The extended gates 604-1 and 604-2 may be comprised of poly (PC) and

connect to the input pins B' and B via metal to poly contacts 602-1 and 602-2, respectively.

[0044] Again, it is to be understood that the various embodiments in FIGS. 3A through 6 which comprise
various improved layouts NAND2 logic cells are intended to be exemplary implementations since alternative
embodiments may have different types of logic gates sharing a common pitch to form vertical transport FET circuit
structures. Also, it is to be understood that a given integrated circuit layout in accordance with one or more
embodiments of the invention have multiple sets of logic gates with a shared pitch (e.g., multiple vertical transport

logic circuit cells).

[0045] Furthermore, vertical trangport FET circuit structures may be fabricated using conventional methods,
but with the improved layouts described herein. For example, the substrate on which the VTFETSs are supported,
although not shown in the figures for simplicity, can comprise a semiconductor substrate, specifically a silicon-
based, single crystalline material doped either n-type or p-type. Arranged on the upper surface of the substrate can
be various isolation structures (not shown), including the circuits herein disclosed. Isolation structures can be
formed, for example, by a shallow trench process. In either event, isolation structures serve to isolate an active or

passive device in one portion of substrate from an active or passive device within another portion of substrate.

[0046] The width of the contact trenches can generally vary. For example, the width of the contact trenches
can be in arange from about 15 to about 100 nanometers (nm), specifically about 20 to about 50 nm. Contacts

within the trenches can include any material, or combination of materials, that provide a low contact resistance
(e.g., a contact resistance lower than 1x10°® ohm-cmz) when deposited. Such contacts can be formed by a

chemical vapor deposition process (CVD), atomic layer deposition (ALD), or other suitable process. The total
thickness of the contacts can vary and is not intended to be limited. For example, the total thickness of the contacts

can be in arange from about 1 to about 15 nm.
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[0047] Contacts for the source/drain regions can be formed with a contact metal. Non-limiting examples of
suitable contact metals include aluminum, platinum, gold, tungsten, titanium, or any combination thereof. Such
contact metal can be deposited by a known deposition process, for example, CVD, plasma-enhanced chemical
vapor deposition (PECVD), physical vapor deposition (PVD), plating, thermal or e-beam evaporation, and
sputtering. The contact metal of the NFET (first VTFET transistor) can be the same or different from the contact
element in the PFET (second VTFET).

[0048] Source regions and drain regions can be formed by, for example, an epitaxial growth process that
deposits a crystalline layer onto the crystalline substrate beneath. In some embodiments, epitaxial silicon, silicon
germanium, and/or carbon doped silicon (SiC) can be doped during deposition by adding a dopant or impurity to
form a silicide. The epitaxial source/drain can be doped with an n-type dopant or a p-type dopant, which depends
on the type of transistor. Alternatively, the source/drain regions can be formed by incorporating dopants into the

substrate.

[0049] In vertical FETs, the gate metal/poly deposition can be performed around a vertical pillar that forms
the source/channel/drain. The gate structure includes a high-k gate dielectric. High-k dielectric material(s) can be a
dielectric material having a dielectric constant greater than about 4.0, about 7.0, or about 10.0. Examples of
suitable materials for the high-k dielectric material include, but are not limited to, oxides, nitrides, oxynitrides,
silicates (e.g., metal silicates), aluminates, titanates, nitrides, or any combination thereof. Examples of high-k
materials include, but are not limited to, metal oxides such as hafnium oxide, hafnium silicon oxide, hafnium silicon
oxynitride, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium silicon oxide, zirconium silicon
oxynitride, tantalum oxide, titanium oxide, barium strontium titanium oxide, barium titanium oxide, strontium titanium
oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, lead zinc niobate, or any combination thereof.

The high-k material may further include dopants such as, for example, lanthanum and aluminum.

[0050] The high-k dielectric material layer can be formed by any known deposition process such as, for
example, CVD, PECVD, ALD, evaporation, PVD, chemical solution deposition, or other like processes. The
thickness of the high-k dielectric material may vary depending on the deposition process as well as the composition
and number of high-k dielectric materials used. The high-k dielectric material layer may have a thickness in a range

from about 0.5 to about 20 nm.

[0051] Work function metals, including polysilicon, for a gate can be disposed over the high-k dielectric
material layer. The type of work function metal can depend on the type of transistor and may differ between the
NFET and the PFET. Examples of suitable work function metals include, but are not limited to, p-type work function
metal materials and n-type work function metal materials. P-type work function materials can include compositions
such as ruthenium, palladium, platinum, cobalt, nickel, and conductive metal oxides, or any combination thereof. N-

type metal materials can include compositions such as hafnium, zirconium, titanium, tantalum, aluminum, metal



WO 2020/021408 PCT/IB2019/056154
11

carbides (e.g., hafnium carbide, zirconium carbide, titanium carbide, and aluminum carbide), aluminides, or any

combination thereof.

[0052] Conventional methods for forming the conductive elements, tracks thereto, and via elements in the
circuits are contemplated. One or more layers of inter-level dielectric materials can be deposited between circuit
levels. Openings or via elements can be formed through the inter-level dielectrics and filled with a conductive

material, as will be understood by the skilled artisan.

[0053] In the description above, various materials and dimensions for different elements are provided.
Unless otherwise noted, such materials are given by way of example only and embodiments are not limited solely to
the specific examples given. Similarly, unless otherwise noted, all dimensions are given by way of example and

embodiments are not limited solely to the specific dimensions or ranges given.

[0054] Semiconductor devices and methods for forming same in accordance with the above-described
techniques can be employed in various applications, hardware, and/or electronic systems. Suitable hardware and
systems for implementing embodiments of the invention may include, but are not limited to, personal computers,
communication networks, electronic commerce systems, portable communications devices (e.g., cell and smart
phones), solid-state media storage devices, functional circuitry, etc. Systems and hardware incorporating the
semiconductor devices are contemplated embodiments of the invention. Given the teachings provided herein, one
of ordinary skill in the art will be able to contemplate other implementations and applications of embodiments of the

invention.

[0055] In some embodiments of the invention, the above-described techniques are used in connection with
semiconductor devices that may require or otherwise utilize, for example, complementary metal-oxide-
semiconductors (CMOSs), metal-oxide-semiconductor field-effect transistors (MOSFETS), and/or fin field-effect
transistors (FinFETS). By way of non-limiting example, the semiconductor devices can include, but are not limited
to CMOS, MOSFET, and FinFET devices, and/or semiconductor devices that use CMOS, MOSFET, and/or FinFET

technology.

[0056] Various structures described above may be implemented in integrated circuits. The resulting
integrated circuit chips can be distributed by the fabricator in raw wafer form (that is, as a single wafer that has
multiple unpackaged chips), as a bare die, or in a packaged form. In the latter case the chip is mounted in a single
chip package (such as a plastic carrier, with leads that are affixed to a motherboard or other higher-level carrier) or
in a multichip package (such as a ceramic carrier that has either or both surface interconnections or buried
interconnections). In any case the chip is then integrated with other chips, discrete circuit elements, and/or other
signal processing devices as part of either (a) an intermediate product, such as a motherboard, or (b) an end

product. The end product can be any product that includes integrated circuit chips, ranging from toys and other
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low-end applications to advanced computer products having a display, a keyboard or other input device, and a

central processor.

[0057] The descriptions of the various embodiments of the invention have been presented for purposes of
illustration but are not intended to be exhaustive or limited to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the art without departing from the scope of the described
embodiments. The terminology used herein was chosen to best explain the principles of the embodiments, the
practical application or technical improvement over technologies found in the marketplace, or to enable others of

ordinary skill in the art to understand the embodiments disclosed herein.
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CLAIMS

1. A semiconductor structure, comprising:

a vertical transport logic circuit cell comprising a first logic gate and at least a second logic gate; the first
logic gate comprising at least one input terminal and at least one output terminal; the second logic gate comprising
at least one input terminal and at least one output terminal;

wherein one of the input terminal and the output terminal of the first logic gate shares a pitch of the vertical

transport logic circuit cell with one of the input terminal and the output terminal of the second logic gate.

2. The structure of claim 1, wherein the pitch is a contacted polysilicon pitch.

3. The structure of claim 1, wherein, when the input terminal of the first logic gate and the input terminal of
the second logic gate share a pitch of the vertical transport logic circuit cell, the first logic gate uses an upper

vertical portion of the shared pitch and the second logic gate uses a lower vertical portion of the shared pitch.

4, The structure of claim 1, wherein, when the input terminal of the first logic gate and the input terminal of
the second logic gate share a pitch of the vertical transport logic circuit cell, the first logic gate uses a lower vertical

portion of the shared pitch and the second logic gate uses an upper vertical portion of the shared pitch.

5. The structure of claim 1, wherein, when the output terminal of the first logic gate and the output terminal of
the second logic gate share the pitch of the vertical transport logic circuit cell, the first logic gate uses a conductive
layer below an interconnect layer for an output terminal with a cell strap and the second logic gate uses a

conductive layer above the interconnect layer with a cell strap for an output terminal.

6. The structure of claim 1, wherein, when the first logic gate comprises at least one p-type field effect
transistor and at least one n-type field effect transistor, the p-type field effect transistor is connected to the n-type

field effect transistor using a cell strap.

7. The structure of claim 6, wherein, when the second logic gate comprises at least one p-type field effect
transistor and at least one n-type field effect transistor, the p-type field effect transistor is connected to the n-type

field effect transistor using a given metallization layer.

8. The structure of claim 1, wherein the vertical transport logic circuit cell comprises two or more of the same

type of logic gate.

9. The structure of claim 1, wherein the vertical transport logic circuit cell comprises two or more different

types of logic gates.
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10. The structure of claim 1, wherein the vertical transport logic circuit cell comprises a NAND2 logic circuit

such that the first logic gate is a first NAND gate and the second logic gate is a second NAND gate.

1. An integrated circuit, comprising:

one or more semiconductor structures as claimed in and preceding claim.

12. A method for fabricating a semiconductor structure, comprising, in a vertical transport logic circuit cell
comprising a first logic gate and at least a second logic gate, wherein the first logic gate comprises at least one
input terminal and at least one output terminal, and the second logic gate comprises at least one input terminal and
at least one output terminal, sharing a pitch of the vertical transport logic circuit cell between one of the input
terminal and the output terminal of the first logic gate and one of the input terminal and the output terminal of the

second logic gate.
13. The method of claim 12, wherein the pitch is a contacted polysilicon pitch.
14, The method of ¢claim 12, wherein at least one of the first logic gate and the second logic gate comprise: an

inverter logic gate; a NAND logic gate; an AND logic gate; a NOR logic gate; an OR logic gate; an AND-OR logic
gate; an OR-AND logic gate; a buffer; a flip-flop; and a multiplexer.
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