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SEMICONDUCTOR DEVICE HAVING SUB REGIONS TO DEFINE THRESHOLD
VOLTAGES

Field
Embodiments of the prasent disclosure generally relate to the figld of integrated
circuits and, maore particularly, 16 a semiconductor device having sub regions to define

threshold voltages.

Background

A threshold voltage (V) may impact leakage and switching speed of a
samiconductor devica, Emearging circuits may utilize devices with multiple threshold
voltages to optimize power dissipation and clock frequency. In some instances,
subcircuitry that constrains circult performance may uss lower Vy, devices 1o increase
switching spesd and subcircuitry that does not constrain circult performance may use
higher Vi, transistors o reduce power consumption. Traditional methods of modulating
the threshold voltage of a device may be based on doping a channal region with
different amounts of impurities. An exemplary n-type device may have a higherVg if a
greater number of p-type dopants are implantad into the channal. When the channels
of different transisiors are implanted with different dopant levels, different threshold
voltages may be realized. Doping the channel, howeaver, may adversaly affect tha
switching speed of a transistor for a given leakage level. Dopant atoms may scatler
mobile charge carriers raeducing carrier charge maobility.  Additionally, device
performance variation may increase with increasing dopant levels. Unacceptable
variation in Vy, may increase with increased dopant levels due o random dopant
fluctuations. And as the scale of devices shrinks with newer manufacturing
iechnologies, channel doping becomes less effective to control Vy, particularly where it
is desirable (o have an integrated circuit with devices operating at multiple vollage

threshold targsts.
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Brief Description of the Drawings

Embodimeants will be readily understood by the following detailled description in
conjunction with the accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements. Embodiments are illustrated by
way of example and not by way of limitation in the figures of the accompanying
drawings.

FiG. 1A schematically illustrates a top view of an example die in waler form and
in singuilated form, in accordance with some embodiments.

FIG. 18 schematically illustrates a cross-section side view of an integratad circuit
(1C) assembly, in accordance with some embodiments,

FIG. 2 schematically ilustrates a cross section of an exemplary semiconductor
device, it accordance with some embaodiments.

FIG. 3A schematically illustrates a cross section of an exemplary semiconductor
device, in accordance with some embodimeants.

FIG. 3B schematically illustrates a cross section of an exemplary semiconductor
device, in accordance with some embadiments.

FIG. 44 schematically illustrates a cross section of an exemplary semiconductor
device, in accordance with some embodimenis.

FIG. 4B schematically illustrates a cross section of an exemplary semiconductor
device, in accordance with some embadiments.

FiGs. 84 schematically illustrates a cross section of an exemplary semiconductor
integrated circul, in accordance with some embodiments.

FIG. 5B schematically llustrates a cross section of an exemplary semiconductor
integrated circuit, in accordance with some embodiments.

FIGS. 8A-88 schematically fllustrate a flow diagram for a method of fabricating
semiconductor devices with various threshold voitages, in accordance with some
embodiments.

FIG. 7 schematically dllustrates an example system that may include transisior
devices with vanous threshold voltages as described hersin, in accordance with some

embodiments.
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Detailed Description

Embodimants of the present disclosure describe a semiconductor device having
sub regions o define threshold voltages and associated techniques and configurations.
in the following detailed description, referance is made o the accompanying drawings
which form a part hereof, wherein ke numerals designate like parts throughout, and in
which is shown by way of llustration embodiments in which the subject matter of the
presant disclosure may be practiced. H is {0 be understood that other embodiments
may be utilized and structural or logical changes may be made without departing from
the scope of the present disclosure. Theareforg, the following detailed description is not
{0 be gken in a imiting sense, and the scope of embodiments is defined by the
appended claims and their squivaients.

For the purposes of the present disclosure, the phrase "A and/or B” means (A),
(8}, or {A and B). Forthe purposes of the present disclosure, the phrase "A ) B, andfor
C" means (A), (B), (C), {AandB), (Aand C), (Band C), or (A, Band C).

The description may use perspective-based descriptions such as top/botiom,
side, overfunder, and the like. Such descriptions are merely used to facilitate the
discussion and are not intended o restrict the application of embodiments described
harein o any particular orientation,

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may sach refer 10 one or more of the same or different embodiments.
Furthermore, the terms “comprising,” “including,” "having,” and the like, as used with
raespect o embodiments of the present disclosure, are synonymaous.

The term “coupled with,” along with its derivatives, may be used herain.
“Coupled” may mean one or more of the following. *Coupled” may mean that two or
more slements are in direct physical or slectrical contact. However, "couplad” may also
mean that two or more elements indirectly contact each other, but vet still cooperate or
intaract with each other, and may mean that one or more other elements are coupled or
connected belween the slements that are said o be coupled with each other. The term
“diractly coupled” may mean that two or more elements are in direct contact.

In various embodiments, the phrase “a first feature formed, deposited, or
otherwise disposed on a second feature,” may mean that the first feature is formed,

3
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deposited, or disposed over the second feature, and at least a part of the first feature
may ba in direct contact {e.q., direct physical and/or electrical contact) or indiract
contact (e.g., having one or more other features between the first feature and the
second feature) with at least a part of the second feature.

As used herein, the term “circuitry” may refer to, be part of, or include an
Application Specific integrated Circuit {ASIC), an slectronic circuit, a processor {(shared,
dedicated, or group) and/or memary (shared, dedicated, or group) that execute one or
more software or firmware programs, a combinational logic circuit, andfor other suitable
components that provide the described funclionality.

FIG. 1A schematically illustrates & lop view of an example die 102 in a wafer
form 10 and in a singuiated form 100, in accordance with some embodiments. In some
gmbodiments, die 102 may be one of a plurality of dies, e.g., dies 102, 10Za, 102b, of a
wafer 11 comprising semiconductor matenal, &.g., silicon or other suitable material. The
plurality of dies, e.g., dies 102, 1023, 102b, may be formead on a surface of wafer 11,
Each of the diegs 102, 102a, 1020, may be a repeating unit of a semiconductor product
that includes devices as described hersin. For example, die 102 may include circuilry
having iransistor elements such as, for example, one or more channel bodies 104 {(e.q.,
fin structures, nanowires, and the like) that provide a channel pathway for mobile charge
carriers in transistor devices. Although ong or more channel bodies 104 are depicled in
rows that traverse a substantial portion of die 102, it is 1o be understoond that one or
more charnnel bodies 104 may be configured in any of a wide variety of other suitable
arrangements on die 102 in other embodiments.

After a fabrication process of the device embodied in the dies is complete, wafer
1 may undergo a singuiation process in which each of dies, e.g., die 102, is separated
from one ancthar to provide discrete “chips” of the semiconductor product. Wafer 11
may be any of a variety of sizes. In some embodiments, wafer 11 has a diameter
ranging from about 25 4 mm o about 450 mm. Wafer 11 may include other sizes
and/or other shapes in other embodimenis. According o various embodiments, the oneg
or more channel bodies 104 may be disposed on a semiconductor substrate in wafer
form 10 or singulated form 100, One or more channel bodies 104 described hersin may
be incorporated in die 102 for logic, memory, or combinations thereof. in some

4
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embodiments, one or more channel bodies 104 may be part of a system-on-chip (So()
assembly.

FIG. 18 schematically illusirates a cross-section side view of an integrated circuit
{1C) assembly 150, in accordance with some embodiments. In some embodiments, IC
assembly 150 may include one or more digs, e.¢., die 102, electrically or physically
coupled with a package substrate 121, Die 102 may include one or maore channel
bodies 104 that serve as channel bodies of multi-threshold voltage transistor devices as
described herein. In some embodimenis, package subsirate 121 may be elecirically
coupled with a circuit board 122 as s well known to a person of ardinary skill in the art.

Die 102 may represent a discrete product made from a semiconductor material
{(a.q., silicon) using semiconductor fabrication techniques such as thin film deposition,
Hthography, stching, and the like used in connection with forming Complementary Metal
Oxide Semiconductor (CMOS) devices. In some embadiments, die 102 may bs,
nclude, or be g part of a processor, memory, SoC or ASIC in some embodiments. In
some ambodiments, an electrically insulative material such as, for example, molding
compound or underfill material (not shown) may encapsulate at least a portion of dis
102 andfor die-level interconnect struciures 106,

Die 102 can be attachead 10 package substrate 121 according 10 a wide varisty of
suitable configurations including, for example, being directly coupled with package
substrate 121 in a flip-chip configuration, as depictad. In the flip-chip configuration, an
active side 51 of die 102 including circuitry is atiached to a surface of packags
substrate 121 using die-level interconnect structures 106 such as bumps, pillars, or
othear suitable structures that may aiso slectricaily couple die 102 with package
substrate 121, Active side 51 of die 102 may include multithrashold voltage transistor
devices as described herain. An inactive side 52 of dis 102 may be disposad opposile
o gctive side 51,

Iy some embodiments, disg-level interconnect structures 108 may be configured
t0 route electrical signals between die 102 and other electrical devices. The electrical
signals may include, for example, input/output (70) signals and/or power/ground signals

that are used in connection with operation of die 102,
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in some embodiments, package substraie 121 is an epoxy-based laminais
substrate having a core and/or build-up layers such as, for example, an Ajinomoto
Build-up Film (ABF) substrate. Package substrate 121 may include other suitable types
of substrates in other embodiments including, for example, substrates formed from
giass, ceramic, or semiconductor maternals.

Package substrate 121 may include electrical routing features configured to route
glectrical signals to or from dig 102, The electrical routing features may include pads or
iraces {not shown) disposed on one or more surfaces of package subsirate 121 and/or
intarmal routing features (not shown) such as trencheas, vias, or other interconnect
structures to route elecirical signais through package substrate 121, In some
ambodiments, package substrate 121 may include slectrical routing features such as
pads (not shown) configured 1o receive the respective dig-level inferconnect structures
106 of die 102,

Circuit board 122 may be a printed circuit board (PCB) comprising an electrically
insulative material such as an epoxy laminate. Circuit board 122 may includs
glectrically insulating layears composed of materials such as, for exampls,
polytetrafluoroethylene, phenoclic cotion paper materials such as Flame Retardant 4
(FR-4), FR-1, cotton paper and epoxy materials such as CEM-1 or CEM-3, or woven
giass materials that are laminated together using an epoxy resin prepreq material.
interconnect structures such as traces, trenches, vias may be formed through the
glectrically insulating layers to route the slectrical signais of die 102 through circutt
board 122, Circuit board 122 may comprise other suitable materials in other
embodimeanis. In soms embodiments, circult board 122 is a motherboard as is wall
known 1o a person of ordinary skill in the art.

Package-level interconnects such as, for example, soider balls 112 may be
coupled to one or more pads 110 on package substrate 121 andfor on circuit board 122
to form corresponding solder joints that are configured to further route the slectrical
signals between package substrate 121 and circuit board 122, Pads 110 may comprise
any suitable electrically conductive material such as metal including, for example, nickel

(N1}, palladium (Pd), gold (Au), silver (Ag), copper {Cu), and combinations thereof.
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Other suitable technigues o physically and/or electrically couple package subsirate 121
with circuit board 122 may be used in other embodiments.

IC assembly 150 may include a wide variety of other suilable configurations in
other embodiments including, for exampie, suitable combinations of flip-chip andfor
wire-bonding configurations, interposers, muiti-chip package configurations including
system-in-package (SiP), and/or package-on-package (PoP) configurations. QOther
sutiable techniques o route electrical signals between die 102 and other components of
IC assembly 150 may be used in some embodiments.

The following describe fabrication processes for semiconductor devices,
particularly Field Effect Transistor (FET) devices fabricated using Complementary Metal
Cxide Semiconductar (CMOS) processes. A person of ordinary skill in the art shouid
recognize that any known semiconductor device fabricated using any known
semiconductor process that may benefit from the principles described hereain.

FIG. 2 schematically lliusiratas a cross section of an exemplary semiconductor
device 200, in accordance with some embodiments. Referring to Fig. 2, a source region
210 and a drain region 212 are disposed on a semiconductor substrate 214 that
ncludes any semiconductior material known to a person of ordinary skill inthe art, 6.g.,
silicon. Semiconductar substrate 214 may have any conductivity type, e.q., n-type or p-
type and have any bulk resistivity, e.g., 2 chm-cm io 100 ohim-cm. Semiconductor
substrate 214 may be an epitaxial material over a mora heavily doped substrate as is
known {0 a person of ordinary skill in the art. A doping density of semiconductor
substrate 214, source region 210, or drain region 212, as well as a thickness of oxide
206 and cther parameters may affect a threshold voltage Vy, of device 200.

Source region 210 may be disposead on semiconductor substrate 214 and extend
{0 side edge 205A of gate 202, Similarly, drain region 212 may be disposad on
semiconductor substrate 214 and extend to side edge 2058 of gate 202, Source region
210 and drain region 212 may have any conductivity type known 1o a person of ordinary
skill in the art. In the embodiment shown in Fig. 2, semiconductor substrale 214 may
have a first conductivity type, &.q., p-type, and source and drain regions 210 and 212,
respactively, may have a second conductivity type different or opposite that of substrate

214, &.g., n-type, to form a n-type metal oxide semiconductor devices (NMOS). inan

-
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embodiment in which device 200 is a p-type device (PMOS), substrate 214 may include
a well {(not shown) on which source region 210 and drain region 212 are formed through
impurity implaniation, as is well known to a person of ordinary skill in the art.

A gate oxide 206 may be disposed between substrate 214 and gate 202, Gate
oxide 200 may be a dielectric, &.¢., silicon dioxide, oxynitride, or g high-K material,
which serves {0 separate gate 202 from the underlying semiconductor substrate 214, A
spacer 204A may be disposed along edge 205A of gate 202 {0 separate gate 202 from
metal contact 208A. Similarly, a spacer 2048 may be disposed along edge 2058 of
gate 202 o separate gate 202 from matal contact 2088, Spacers 204A and 2048 may
mclude one or more layers of silicon dioxide and/or silicon nitride although any material
known {0 a persan of ordinary skill in the art may also be used. Spacers 204A and 204B
may have any dimensions appropriate for their application.

A voltage difference between source region 210 and the gate stack 202 in
exceass of the threshold voltage Vth may create a channel region 218 and then a
positive voltage difference between source region 210 and drain region 212 will attract
carriars from source region 210 {o drain region 212 to ganerate current flow as is wall
known to a person of ordinary skili in the art.

Iy an embodiment, device 200 may be fabricated by providing a substrate 214,
growing a field oxide over subsirate 214, efching the oxide, and implanting dopants to
create source region 210 and drain region 212, Metal may be deposited over an oxide
laver to create gate 202, Where the device is a p-lype device, a well (not shown) may
first be created that has a conductivity type different from or opposite 1o the conductivity
type of the substrate. In some embodiments, substrate 214 may have a p-type
conductivity type while source region 210 and drain region 212 may be an n-type
conductivity type. Methods for fabricating device 200 are well known o those of
ordinary skill in the arl.

FIG. 3A schematically illustrates a cross section of an exemplary semiconductor device
300, in accordance with some embodiments. FiG. 3B schematicaily illusirates a cross
saection of an exemplary semiconductor device 350, in accordance with some
gmbodiments. Referring to FIGS. 3A and 3B, a source region 310 and a drain region
312 are disposed on a semiconductor substrate 314 that includes any semiconductor

8
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material known 1o a person of ordinary skill in the art, e.g., silicon. Semiconductor
substrate 314 may have any conductivity type, .4, n-type or p-typs and have any bulk
resistivity, @.¢., 2 chm-cm to 100 ohm-cm. In the embodiment shown in FIGS. 3A and
3B, semiconductor substrate 314 may have a first conductivity type, e.¢., p-lype. A
person of ordinary skill in the art should recognize that semiconductor substrate 314
may have any conductivity typs inciuding n-lype and p-type depending on application.
A doping density of semiconductor substrate 314, source region 318, or drain region
312 as well as a thickness of oxide 306 and/or other parameters may affect a threshold
voltage Vi, of devices 300 and 35C.

Source region 310 and drain region 312 may be disposed on semiconducior
substrate 314 by maans known (o those of ordinary skill in the art, .¢., by implanting
dopants or epitaxial growth of doped materials in the unmasked areas of the
semiconductor substrate 314,

Source region 310 and drain region 312 may have dopants of any conductivity
type, e.g., n-type or p-type, in any density, &.g., 119 ions/fom®, known to a person of
ardinary skill in the art. In the embodiment shown in FIGS. 3A and 3B, semiconductor
substrate 314 may have a first conductivity type, .¢., p-type, and source and drain
regions 310 and 312, respeclively, may have a second conductivity type different or
opposite that of substrate 314, e g, n-type, o form a n-type metal oxide semiconductor
device (NMOS). In an embodiment in which devices 300 or 350 are p-lype davicas,
&.¢g., PMOGS devices, substrate 314 may include a well (not shown) on which sowrce
region 310 and drain region 312 are formed, as is well known {0 a person of ordinary
skill iy the art.

A gate oxide 306 may be disposed between substrate 314 and gale 302. Gale
oxide 3086 may be a dislactric, &.¢., polysiicon, which serves to separate or insulate
gate 302 from the underlying semiconductor substrate 314, A spacer 304A may be
disposed along edge 3054 of gate 302 to separate gate 302 from metal contact 308A
coupled, in turn, to source region 310, Similarly, a spacer 3048 may be disposed along
adge 3058 of gate 302 to separate or insulate gate 302 from metal contact 3088
coupled, in turn, to drain region 312, Spacers 304A and 3048 may include one or more
layers of silicon dioxide andfor silicon nitride although any material known 1o a person of

9
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ordinary skill in the art may also be used. Spacers 3044 and 3048 may have any
dimensions appropriate for their application.

in an embodiment, source region 310 of device 300 may be disposed on
semiconductor substrate 314 extending short of side edge 305A {0 create an underlap
sub region 3204, In some embodiments, underlap sub-region 3Z20A may be defined as
a distance between edge 305A and an edge of source region 310. Source region 310
may only extend partway {0 side edge 305A to create underiap sub region 3204,
Similarly, drain region 312 of device 300 may be disposed on semiconductor subsirate
314 extending short of side edge 3058 to create underlap sub region 3208, in some
embodiments, underiap sub-region 3208 may be defined as a distance belween edge
2058 and an edge of drain region 312, Pul differently, drain region 312 may only
extend partway o side edge 3058 o create underlap sub region 3208, Source region
310 and drain region 312, thus, may underlap gate 302, In an embodiment, source
region 310 and drain region 312 may underiap gate 302 by an underiap defined by a
width of sub regions 320A and 3208, Underlap sub regions 3204 and 3208 may
ncraassa the lateral distance batweean source region 310 and drain region 312.

in an embodiment, channel region 3184 may extend into sub regions 3204 and
3208 to lengthen channel region 3184 1o a lateral dimension L3A. Channel ragion
3164, therefore, is longer relative {o channel 216 having a lateral dimension L2 shown
in Fig. 2. The increasad lateral dimension L3A of channel region 316A may
advantageously increase the threshold voltage Vi necessary 1o operate device 300, In
an embodiment, source region 310 of device 350 may be disposed on semiconductor
substrate 314 extending long of side edge 305A to create an overlap sub region 330A.
Similarly, drain region 312 of device 350 may be disposed on semiconductor substrate
314 extending long of side edge 3058 o create an overiap sub region 330B. Source
region 310 and drain region 312, thus, may overlap gale 302 by overlap sub regions
330A and 3308, Overlap sub regions 330A and 3308 may decrease the lateral
distance between source region 310 and drain region 312

in an embodiment, channel region 2188 may decrease by overlap regions 330A
and 3308 to laterally shorten channel {o lateral dimension L3B. Channel region 3168,
therafore, is shorter relative to channel 216 or 316A having a lateral dimension L2

10
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shown in Fig. 2 or a lateral dimension L3A shown in Fig. 34, respectively. The
shoriened lateral dimension L3B of channel 31688 may advantageously decrease the
threshold voltage Vy, necessary to operate device 350

i an embodiment, devices 300 and 350 may be fabricated by providing a
substrate 314, growing a field oxide over substrate 314, stching the oxide, and
implanting dopants using known masks 1o create source region 310 and drain region
312 as is well known (o a person of ordinary skill in the art. Metal may be deposited
over a polysilicon iaver (o create gaie 302, Where the device I8 a p-type device, a well
may first be created that has a conductivity type different from or opposite o the
conductivity type of the subsirate. Methods for fabricating devices 300 and 350 are well
known o those of ordinary skili in the art.

FIG. 44 schematically iHlustrates a cross section of an exemplary semiconductor device,
in accordance with some embodiments. FIG. 4B schematically illustrates a cross
section of an exemplary semiconductor device, in accordance with some embodiments.
Referring to FIGS. 4A and 4B, a source region 410 and a drain region 412 are disposed
on a semiconductor substrate 414 that, like semiconductor substrates 214 and 314,
may include any semiconductor material known 10 a person of ordinary skill in the art,
e.q., silicon. Semiconductar substrate 414 may have any conductivity type, &.q., n-typs
or p-type and have any bulk resistivity, e.¢., 2 chm-cm o 100 ohm-em. Inthe
ambadiment shown in FIGS. 44 and 4B, semiconductor substrate 414 may have a first
conductivity type, e.9., p-lvpe. A person of ordinary skill in the art should recognize that
semiconductor substrate 414 may have any conductivity type including n-ype and p-
type depending on application. A doping density of semiconductor subsirate 414 as
well as a thickness of oxide 406 and/or other parameters may affect a threshold voliage
Vi Of devices 400 and 450,

Source region 410 and drain region 412 may be disposed on semiconductor
substrate 414 by any means Known 1o those of ordinary skilt in the art, .., by
implanting dopanis or epitaxial growth of doped material in the unmasked areas of the
samiconductor substrate 414,

Source region 410 and drain region 412 may have dopants of any conductivity
type in any density, e.g., 1819 to 5219 ions/em® known to a person of ordinary skill in

11
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the art. In the embodiments shown in FIGS. 4A and 4B, source region 410 and drain
ragion 412 may have a second conductivity type, .4, n-lype, opposite (o the first
conductivity type, &.¢., p-ltype, of semiconductor subsirate 414,

A gate oxide 406 may be disposed between substrate 414 and gate 402, Gate
oxide 400 may be a dielectric, .¢., polysilicon, which serves to separate or insulate
gate 402 from the underlying semiconductor substrate 414, A spacer 404A may be
disposed along edge 405A of gate 402 {0 separate gate 402 from metal contact 408A
coupled, in turn, to source region 410, Similarly, a spacer 4048 may be disposed along
edge 4058 of gate 402 to separate or nsulale gate 402 from metal contact 4088
coupled, in turn, to drain region 412, Spacers 4044 and 4048 may include one or more
fayers of silicon dioxide and/or silicon nitride although any material known {0 a person of
ordinary skill in the art may also be used. Spacers 404A and 4048 may have any
dimensions appropriate for their application.
in an embodiment, source region 410 of device 400 may be disposead on semiconductor
substrate 414 extending to side edge 405A. Similarly, drain region 412 of device 400
may ba disposed on semiconductor substrate 414 extending to side edge 4058,

Source region 410 and drain region 412 may include a doping density between 1e18 1o
1820 ionsiom® to increase the threshold volfage Vi, necessary o operate device 400
relative 1o 8.q., device 200 shown in Fig. 2. Lowering a doping density of the source
ragion 410 and the drain region 412 relative {o, e.q., device 200 shown in Fig. 2, may
result in increasing a threshold voltage Vi, decreasing a drain saturation current lgsa,
and improving a subthreshold swing (S8} and drain-induced barrier lowering (DIBL)
parameters. Lightly doping source region 410 and drain region 412 may
advantageously improve power consumption of device 400,

Deavice 450 may include a source region 410 that, in turn, may include a source
sub region 4304 and drain region 412 that, in turn, may include a drain sub region
43208, Inan ambodiment, source sub region 430A may substantially surround souwrce
region 410 such that together, source region 410 and source sub region 430A extend to
side adge 4054 of device 450, In an embodiment, source region 410 and source sub

region 430A may have a first conductivity type, &.¢g., n-type. Source region 410,
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however, may have a doping density, e.q., 5619 to 1e21 ionsfcm®, highsr than a doping
density, e.g., 1€19 to 5618 ions/em®, of source sub region 4304,

Similarly, drain sub region 4308 may substantially surround drain region 412
such that together, drain region 412 and drain sub region 4308 extend 1o side edge
4058 of device 450, In an embodiment, drain region 412 and drain sub region may
have a first conductivity type, &.g., n-type. Drain region 412, however, may have a
doping density, e.g., 519 to 1821 ions/cm®, higher than a doping density, e.g., 1e19to
5e19 ionsiom®, of drain sub region 430B. Creating such a doping density profile with a
higher doping density at source and drain regions 410 and 412 relative 1o the lower
doping density at source and drain sub regions 430A and 4308, may result in device
400 having a higher threshold voltage Vi, and a lower external resistance, e.q., 200
chm-um, compared {0 a device without such a doping density prafile.

A person of ordinary skill in the art should recognize that the technigues
described herein may apply to devices other than bulk CMOS, e.g., FInFETs, nanowire
FETs, or any other CMOS structures that have doped source/drain regions.

Table 1 below indicates the effectivensss of various approaches {0 increasing the

threshold voltage Vy, of a semiconducior device according to various embodiments,
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TABLE 1
Approach DIBL, 88, 8CE Process Yariation Usefulness fora
development scaled device
cost
High channel Effective Standard implant Large variation Thin-body lowers
doping and epitaxial effectiveness
DIOGEess
Work function No change Needs work Variation is Effective for a
using different function to metal difficult to avoid scaled device
metal process or targeting process particuiarly for
thickness development devices having
maore than a
singie threshold
voltage target
Varying Effective Standard implant Srnall variation FParticularly
source/drain and epitaxial effeciive for
design io include process scaled devices
sub regions
Whaere:

DIBL refers o drain-induced barrier lowering;

5§ refers o subthreshold swing, and

SCE refers to short channe! effect.

FIG. 5A schematically lllustrates a cross section of an exemplary semiconductor
integrated circuit 500, in accordance with some embodiments. FIG. 5B schematically
Hlustrates a cross section of an exemplary semiconductor integrated circuit 550
Referring to FIGS. 5A and 5B, integrated circuit 500 includes a first device 560 and a
sacond device 570. First device 580 and second device 570 may be metal oxide
semiconductor devices. Although both first device 560 and second device 570 are
shown as NMOS devices, it is possible for first device 560 to be an NMOS device and
for second device 570 to be & PMOS dsvice.

First device 580 may include a first gate stack 502A disposed on a
samiconductor substrate 514 and having a first edge 505A opposing a second edge

5058, A first source region 510A and a first drain region 5124 are disposed on
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semiconductor substirate 514, A first sub region 520A may exiend from Tirst edge 5054
of first gate stack B0ZA to first source region 510A. A second sub region 5208 may
extend from a second edge 5058 of first gate stack B0ZA to first drain region 5124, In
some embodiments, first sub-region 520A may be defined as a first distance beatween
edge H05A and an edge of source region 510A and second sub-region 5208 may be
defined as a second distance different from the first distance and belwesen adge 5058
and an edge of drain region S12A

Second device 570 may include a second gate stack 5028 disposed on a
semiconductor substrate 514 and having a third edge 505C opposing a fourth edge
5050, A second source region 5108 and a second drain region 5128 are disposed on
samiconductor substrate 514, A third sub region 520C may extend from third edge
505C of second gate stack 5028 o second source region 510B. A fouwrth sub region
5200 may extend from a fourth edge 5050 of second gate stack 5028 o second drain
region 5128, In some embodiments, third sub-region 520C may be defined as g third
distance betweaen edge 505C and an edge of sgurce region 5108 and fourth sub-region
5200 may be defined as a fourth distance different from the third distance and batwesan
edge 505D and an edge of drain region 5128.

First source region 5104, first drain region $12A4, second source ragion 5108,
and second drain region 5128 may have any conductivity type known {0 a person of
ardinary skill in the art, including an n-type or p-type conductivity type.  Likewise,
semiconductor substrate 514 may have any conductivity type known to a parson of
ordinary skill in the art, including an n-type or p-type conductivity type. As shown in Fig.
SA, semiconductor subsirate 514 may have a p-type conductivity type while first source
region 5104, first drain region 5124, second sowrce region 5108, and second drain
ragion 5128 may have an n-type conductivily type whare first davice 580 and second
device 570 are NMOS devices. A person of ordinary skill in the art should recognize
that first davice 580 and second davice 570 may be NMOS or PMOS devices, ora
combination of NMOS and PMOS devices.

While integrated circuit device 500 s shown with only first device 560 and

sacond device 570, a person of ordinary skill in the art should recognize that integrated
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circuit device 500 may inciude any number of devices 560 and 570 with each device
having any conductivity type Known 1o a person of ordinary skill in the art.

First device 580 and second device 570 may be manufactured using
substantially similar processes using a known set of design rules, e.g., 45nm, 22nm,
Tdnm, 10nm, 7nm, and the ke, for substantially simiar applications, e.q., logic,
mputfoutput and the like. By doing so, both first device 560 and second device 570 may
have a similar gate length, size, pitch, or other characteristics with the exception of the
sub-regions or distances 520A, 5208, 520C, and/or 520D as described herein.

For example, both first device 560 and second device 570 may be logic devices
manufactured using a same 10nm node semiconductor process, but first device 560
may have a distance 520A that is different, e.g., longer, from a distance 520C in second
device 570, Sub region or distance 5204 may be different from sub region or distance
520C by more than mere process variation. Put differently, sub region or distance 5204
of first device 560 may have a dimension that is intentionally longer than or intentionally
shorter than a similar dimension of sub region or distance 520C of second device 570,
A person of ordinary skill in the art should recognize that the difference between sub
region or distance 5204 and sub region or distance 5200 is mors than mers process
variation and designed intentionally in such a way as to rasult in deviceas that operate
with predetermined threshold voltages as explained in more detall sbove. Inan
ambaodiment, sub region or distance 5204 of first device 560 may be graater than sub
region or distance 5200 of second device 570 by a distance that is greater than any
distance introduced due 10 process variations. For example, sub region or distance
520A of first device 580 may be greater than sub region or distance 520C of second
device 570 by at least 3nm for both 10nm and 7nm node semiconducior processes.

First davice 580 may be manufactured {0 be spatially close {0 second device
570. In an embodiment, first device 560 may be formed immediately next {0 second
davice 570 or first device 580 may be formed on a same logic or functional unit of an
integrated circuit,

in an embodiment, all low threshold voltage Vi (both NMOS and PMOS)

fransistors or devices may be on a same gate for improved performancs,
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in an embodiment, all high threshold Vi, (both NMOS and PMOS) transistors or
devices may be on a same gate for low leakage.

In an embodiment, for a given gale, some or all of the NMOS transistors or
devices can be low threshold voltage Vy, transistors for improved performance of the
output transition from hi to low.

in an smbodiment, for a given gate, some or all of the PMOS fransistors or
devices can be low threshold voltage Vg, transistors for improved perfarmance of the
output transition from low {0 high.

I an embodiment, for a given gate, some or all of the NMOS transistors or
devices can be high threshold voltage Vi, transistors for low leakage control in the
output high condition.

In an embodiment, for a given gate, some or all of the PMOS transistors or
devices can be high threshold voltage Vy, transistors for low leakage control in the
output low condition.

For these transistors or devices, the source (o drain distance may be the same
but the gate (o source {or gate to drain) distances may vary o creats low and high
threshold voltage Vy, transisiors.

Iy an embodiment shown in Fig. 5A, first channel region 516A may extend over
first sub region 5204 and second sub region 5208 such that first sub region 520A and
sacond sub region 5208 define, al least in part, a first threshold voltage Vg of first
device 560.

Similarly, a second channel region 5168 may extend over third sub region 520C
and fourth sub region 5200 such that third sub region 5200 and fourth sub region 520D
define, at least in part, a second threshold voltags Ve of second device 570, First
threshold voltage Vi may be different from the second threshold vollage Vo dus to a
tength of first and second channel regions 5164 and 5188, In an embodiment, channel
region S16A may have a longer iateral dimension LA relative to lateral dimension LHB
of channel region 5168, which may result in threshold voltage Wy, being different from
or higher than second threshold voliage Vg,

In an embodiment shown in Fig. 58, device 580 includes a source region 510C
that extends long of side adge 505k to create an overlap sub region 530E. Similarly,
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drain region 512C extends long of side edge 505F {o create an overlap sub region
530F. Source region 5100 and drain region 512C, thus, may averlap gate 5028 by
overlap sub regions 530E and 530F. Overlap sub regions 530E and 530F may
decrease the lateral distance between source region 5100 and drain region 512C {o
thus advantageously decrease Vg of davice 580,

in an embodiment, channel region 5180 may decrsase by overlap regions 530k
and H30F o laterally shorten channe! by lateral dimension L5C. Channel region 516C,
therefore, is shorter relative fo channel 5164, The shortened lateral dimension L5C of
channel 5180 decreasas the threshold voltage Vi necassary to operate device 580,
First threshold voltage Vi may be different from third threshold voltage Vys dus to a
tength of first and third channel regions S16A and 518C of devices 560 and 580,
respactively. I an embodiment, channel region 316A may have a longer lateral
dimension L5A relative to lateral dimension L5C of channel region 516C, which may
result i threshold voltage Vg being different, e.g., higher, from second threshold
voltage Vipa.

FIGS. 6A-6B schematically llustrate a flow diagram for a meathod 600 of
fabricating semiconductor devices with various threshold voliages, in accordance with
some embodiments. The method 600 may comport with various technigues and
configurations described in connection with FIGS. 2-5B and vice versa, according to
various embodiments.

AL 602, method 800 may include forming a source region on the sermiconducior
substrate (e.q., die 102). The source region may have a first conductivity type, e.g., n-
type. Forming the source region may involve patterning, etching, and/or masking the
substrate and implanting impurities into the substrate as is well known o a person of
ardinary skill in the art,

At 604, method 800 may further include forming a drain region on the substrate.
The drain region may have a first conductivity type, &.¢., n-typse. Forming the drain
region may invoive patiemning, eiching, and/or masking the substrate and implanting
impurities into the substrate as is well known to a person of ordinary skill in the art.

AL 606, method 800 may further include forming a gate stack having a first edge
opposing a second edge on the semiconductor substrate. Forming the gate stack may
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volve forming an oxide laver 308 with g diglectric material andfor forming openings in
the oxide layer to creats gate electrodes as is wall known {0 a person of ordinary skill in
the arl. Openings may be formed using any suitable technique including patterning such
as lithography and/or etch.

AL 608, method 600 may define a first sub region extending from a first edge of
the gate stack ¢ the source region.

AL 610, method 800 may define a second sub region exiending from the sscond
edge of the gate stack to the drain region.

At 812, method 600 may determine whether a high threshold vollage is targetad.

in an embodiment in which a device is desired {o have a high threshold voliags,
at 8144 method 800 may extend a chamnal region into the first sub region and the
sacond sub region such that the drain region and the source region underiap the gate
stack. Put differently, method 600 may form the source region and the drain region to
underiap the gate stack and lengthen the channel region into the first and second sub
ragions to thereby increase the threshold voltage during operation.

in an alternative embodiment in which a davice is desired 1o have a high
threshold voltage, at 6148, method 600 may form a source sub region extending over
the first sub region.

At 6168, method 800 may form a drain sub region extending over the second sub
ragion.

AL 6188, method 600 may implant the source region and the drain region with g
first doping density of a conductivity type, €.¢., n-type.

At 6208, method may implant the source sub region and the drain sub region
with a second doping density of a conductivity type, .., n-type. The second doping
density may be lower than the first doping density of the source and drain regions.

in an embodiment in which a device s desired to have a low threshold voltage, at
814C, meathod 800 may form the source region to extend substantially over the first sub
region beyvond the first edge of the gale stack to overlap the gate stack.

At 818C, method 800 may form the drain region to extend substantially over the

sacond sub region beyond the second edge of the gate stack to overiap the gate stack.
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Method 800 may be used to form semiconducior devices on an integrated circuit
that have various threshold voltages. For example, the actions deascribad in method 600
at 800-610 and 614A may be used {o create a first device on an integrated circuit while
the actions described in method 600 at 600-610 and 614B-6208 and/or 814C-816C
may be used to create second or third devices within the same integrated circuit
depending on various design parameters including desired speed, power profiles, and
the like.

Various operations are described as multiple discrete opergtions inftumn, in a
marnear that s most helpful in understanding the claimed subject matter. However, the
order of description should not be construed as to imply that these operations are
necassarily order dependent. Embodiments of the prasent disclosure may be
inplemeanted into a system using any suitable hardware andfor software to configure as
desired.

FiG. 7 schematically dlustrates an example sysiem {(e.q., computing system 700)
that may include integrated circuits having transistor devices with various threshold
voltages as described hersin, in accordance with some embodimeants.

A motherboard 702 may inciude a number of components, including but not
mited (o a processor 704 and at least one communication chip 708, Processor 704
may be physically and slectrically coupled to motherboard 702, In some
mplemantations, the at least one communication ¢hip 706 may also be physically and
glectrically coupled to motherboard 702, In further implementations, communication
chip 706 may be part of processor 74,

Depending on its applications, computing device 700 may include other
componeants that may or may not be physically and slectrically coupled to motherboard
702, These other components may include, but are not imited {o, volatile memory (8.,
DRAM), non-volatile memory (e.g., ROM), flash memory, a graphics processor, a digital
signal processor, a orypto processor, a chipset, an antenna, a display, a touchscresn
display, a touchscresn controller, a battery, an audio codec, a video codec, a power
amplifier, a global positioning system (GPS) device, a compass, a Geiger counter, an
accelerometer, a Qyroscope, a speaker, a camera, and a mass storage device (such as
hard disk drive, compact disk {CD), digital versatile disk (DVD), and so forth}.

20



10

20

25

30

WO 2017/171881 PCT/US2016/025756

Communication chip 706 may enable wireless communications for the transfer of
data o and from the computing device 700, The term “wireless” and its derivalives may
be used o describe circuits, devices, systems, methods, techniques, communications
channels, eic., that may communicate data through the use of modulated
electromagnetic radiation through a non-solid medium. The term does not imply that
the associated devices do noi contain any wires, although in some embodiments they
might not. Communication chip 706 may implemeant any of a number of wireless
standards or protocols, including but not limited to Institute for Electrical and Electronic
Enginesars (IEEE) standards including Wi-Fi (IEEE 802 11 family), IEEE 80216
standards {e.g., IEEE 802.16-2005 Amendment), Long-Term Evolution (LTE) project
aiong with any amendments, updates, and/or revisions {(8.q., advancad LTE project,
ultra-mobile broadband (UMB) project (also referred to as "SGPPY), etc.). IEEE 802.16
compatible BWA networks are generally referred to as WIMAX networks, an acronym
that stands for Worldwide Interoperability for Microwave Access, which is a certification
mark for products that pass conformity and interoperability tests for the lEEE 80216
standards. Communication chip 706 may operate in accordance with a Global System
for Mobile Communication (GSM), General Packet Radio Service (GPRS), Universal
Mobile Telecommunications Systemn (UMTS), High Speed Packst Access (HSFA),
Evolved HSPA (E-HSPA), or LTE network. Communication chip 7086 may operate in
accordance with Enhanced Data for GEM Evolution (EDGE), GSM EDGE Radio Access
Network {GERAN), Universal Terrestrial Radio Access Network (UTRAN), or Evolved
UTRAN (E-UTRAN). Communication chip 706 may operate in accordance with Code
Division Multiple Access (CDMA), Time Division Multiple Access (TDMA), Digital
Enhanced Cordiess Telecommunications (DECT), Evolution-Data Optimized (EV-DO),
derivatives thereof, as well as any other wireless protocols that are designated as 3G,
4G, 50, and beyond. Communication chip 708 may operate in accordance with other
wireless protocols in other embodimeants.

Computing device 700 may include a plurality of communication chips 708, For
mnstance, a first communication chip 706 may be dedicated {0 shorter range wireless

communications such as Wi-Fi and Bluetooth and a second communication chip 708
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may be dedicated {0 longer range wireless communications such as GRS, EDGE,
GPRE, COMA, WIMAX, LTE, Ev-BO, and others.

Processor 704 of computing device 700 may include a die {e.¢., die 102 of FIGS.
1A-1B) having transistors structures with modulated threshold voltage using
workfunction modifying layers as described herein. For example, dig 102 of FIGS. 1A~
1B may be mountad in a package assembly that is mounted on the motherboard 702,
The term "processor’ may refer 1o any device or portion of a device that processes
glectronic data from regisiers and/or memory o transform that electronic data into other
glectronic data that may be stored in registers andfor memary.

Communication chip 706 may also include a die (a.q., die 102 of FIGS. 1A-1B)
having transistors structures with varying threshold voltages using drain or source
region improvemernts as described herein. In further implementations, another
component (e.g., memaory device or othear integrated circuil device) housed within the
computing device 700 may contain a die (e.q., die 102 of FIGS. 1A-1B) having
fransistors structures with varying threshold voltages using drain or source region
improvements as described herain

In various implementations, the computing device 700 may be a mobile
computing device, laptop, a natbook, a notebook, an ullrabook, a smartphong, a tablet,
a personal digital assistant (PDA), an ultra-mobile PC, a mobile phone, a deskiop
computer, a server, a printer, a scannar, a monitor, a set-iop box, an entertainment
control unit, a digital camera, a portable music plaver, or g digital video recorder. In
further implementations, the computing device 700 may be any other glectronic devics

that processes data.

EXAMPLES

According to various embodiments, the present disclosure describes a
semiconductor device.

Example 1 of the integrated circuit may include a first semiconducior device and
a sgcond semiconductor device disposed on the semiconductor substrate and having
the same pitch. The first semiconductor device includes a first gate stack comprising a
first gate dislectric and a first gate electrode and a first source region. The second
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semiconductor device includes a second gate stack comprising a second gate dielectric
and a second gate slactrode and a second source region. The first source region and
the first gale stack are separated by a first distance. The second source region and the
second gate stack are separated by a second distance and the first distance is different
than the second distance.

Example 2 may include the inlegrated circuit of Example 1 wherein the first
semiconductor device further comprises a first drain region, wherein the second
semiconductor device further comprises a second drain region, wherein the first drain
region and the first gate stack are separated by a third distance, wherain the second
drain region and the second gate stack are separated by a fourth distance, and wherein
the third distance is different than the fourth distance.

Example 3 may inciude the integrated circuit of Examples 1 or 2 wherein the first
semiconductor device further comyprises a first channel region disposed undemeath the
first gate stack.

Example 4 may inciude the infegrated circuit of Examples 3 wherein the first
charneal region extends betwesn the first source region and the first drain region such
that the first source region underiaps the first gate stack by the first distance and the
first drain region underiaps the first gate stack by the third distance.

Example & may include the integrated circuit of Examples 1 or 2 wherein the
sacond semiconductor device further comprises a second channel region disposed
underneath the second gate stack.

Example 6 may include the integrated circuit of Example 5 wherein the second
channel region extends betweaen the second source region and the second drain region
such that the second source region underlaps the second gate stack by the second
distance and the second drain region underiaps the sacond gate stack by the fourth
distance.

Example 7 may include the integrated circuit of Example 5 wherein the second
source region at least in part overlaps the second gate stack and wherein the second
drain region at least in part overlaps the second gale stack.

Example 8 may include the integrated circuit of Example 2 wherein the first
source region at least in part overlaps the first gate stack by extending bevond the first
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edge and wherein the first drain region at least in part overlaps the first gate stack by
axtending beyond the third edge.

Example 9 may include the integrated circuit of Example 2 wherein the first
source region has a first source sub region extending over the first distance and
wherain the first drain region has a first drain sub region exiending over the third
distance.

Example 10 may include the integrated circuit of Example 9 wherein the first
source region and the first drain region have a first doping density of a first conductivity
type and wherein the first source sub region and the first drain sub region have a
second doping density of the first conductivity type lower than the first doping density of
the first conductivity type of the first source ragion and the first drain region.

Example 11 of a circuit may include a first device and a second device disposed
on a semiconductor substrate. The first device may include a first gate stack having &
gate length and a first source region. The second device may include a second gate
stack having the same gate length and a second source region. The first gate stack
and the first source ragion are separated by a first distance and the second gale stack
and the second source region are separated by a second distance different from the
first distance.

Example 12 may include the circuit of Example 11 wherein the first device further
ncludes a first channel region disposed on the semiconductor substrate substantially
underneath the first gate stack and wherein the second device further includes a second
channel region disposed on the semiconducior substrate substantially underneath the
second gate stack

Example 13 may include the circult of Example 12 wherain the first device further
ncludes a first drain region, whearein the first channal region is wider than first gate
stack, and wherein the first drain region and first source region underiap the first gate

stack.
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Example 14 may include the circuit of Example 13 wherein the first source region
at lsast in part overlaps the first gate stack and wharein the first drain region at lsast in
part overiaps the first gale stack.

Example 15 may include the circuit of Exampile 13 a first source sub region
extending betwesen the first gate stack and the first source region and a first drain sub
region extending betweaen the first gate stack and the first drain region.

Example 16 may include the circuit of Example 15 wherein the first source region
and the first drain region have a first doping density of a first conductivity type and
wherain the first source sub region and the first drain sub region have a second doping
density of the first conductivity type lower than the first doping density of the first
conductivity type of the first source region and tha first drain region.

Example 17 may include the circuit of Example 18 wherein the first conductivity
type is an n-type.

Example 18 may include a computing device comprising a circuit board and a die
coupled with the circuit board, the die including a first device and a second device
disposad on a semiconductor substrate and having a same pitch. The first device may
include a first gate stack comprising a first dislectric and a first gate electrode and & first
source region. The second device may include a second gate stack comprising a
second dielectric and a second gate electrode and a second source region. The first
source region and the first gate stack are separated by a first distance. The second
source region and the second gate stack are separated by a second distance. And the
first distance is different than the second distance.

Example 19 may include the computing device of Example 18 wherein the first
device further includes a first drain region and wherein the second device further
ncludes a sacond drain region.

Example 20 may include the computing device of Example 18 wherein the first
drain region and the first source region underiap corresponding sides of the first gate
stack by a first underiap distance and wherein the second drain region and the second
source region underlap corresponding sides of the second gate stack by a second

underiap distance different from the first underlap distance.
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Example 21 may include the compuling device of Examples 18 to 20, wherein
the same pitch includes a same gate length.

Example 22 may include a method comprising forming a first device and a
second device on a semiconductor subsirate having a same pitch. Forming the first
davice further may include forming a first gate stack having a first gate diglectric and a
first gate electrode and forming a first source region such a first distance separaies the
first source region from the first gate stack. Forming the sscond device further may
include forming a second gate stack having a second gate dislectric and a second gate
glectrode and forming a sacond source region such a second distance separates the
second source region from the second gate stack. The first distance is different from
the second distance,

Example 23 may include the method of Example 22 wherein forming the first
device further includes forming a first channel region on the semiconductor substrate
extending between the first source region and the first drain region and wherein forming
the second device further includes forming a second channel region axtending between
the second source region and the second drain region.

Example 24 may include the method of Example 23 wherein the first source
region and the second source region have a first conductivity type and wherein the first

channel region has a second conductivity type opposite a first conductivily type.
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Example 25 may include the method of Examples 22 or 23 wherein forming the
first device further includes forming a first source sub region over the first distance.

Example 26 may include the method of Examples 25 further comprising
implanting the first source region with a first doping density of a first conductivity type
and implanting the first source sub region with a second doping density of the first
conductivity type lower than the first doping density of the first conductivity type of the
first source region and first drain region.

Example 27 may include a method comprising forming a first device and a
second device having a first gate length on a semiconductor substrate. Farming the
first device may include forming a first gate stack having a first gaie dielectric and a first
gate slectrode and forming a first source region separated from the first gate stack by a
first distance. Forming the second device may include forming a second gate stack
having a second gate dielectric and a second gate elecirode and forming the second
source region separated from the second gate stack by a second distance. The first
distance may be different from the second distance.

Yarious embodiments may include any suitable combination of the above-
described embodiments inciuding alternative {or) embodiments of embodiments that are
dascribed in conjunctive form {(and) above {e.g., the “and” may be “and/or).
Furthermore, some embodiments may include one or more articles of manufacture
(a.qg., non-transifory computer-readable media) having instructions, stored therson, that
when executed result in actions of any of the above-described embodiments.

Moreover, some embodiments may include apparatuses or systems having any suitable
means for carrying out the various operations of the above-described embodiments.

The above description of lustrated implementations, including what is described
in the Abstract, is not intended to be exhaustive or to limit the embodiments of the
present disclosure to the precise forms disclosed. While specific implementations and
examples are described harein for ustrative purposes, various equivalant modifications
are possible within the scope of the present disclosure, as those skilled in the relevant
art will recognize.

These modifications may be made to embodiments of the present disclosure in
light of the above detailed description. The taerms used in the following claims should
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not be construed {o limil various embodiments of the present disclosure to the specific
mpiemantations disclosed in the specification and the claims. Rather, the scope is to
be determined entirely by the following claims, which are 1o be consirued in accordance

with established doctrings of claim interpretation.
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Claims

1. An integrated circuil, comprising:
a semiconductor substrate;
a first semiconductor device and a second semiconductor device disposead on the
semiconductor subsirate and having the same pitch;
the first semiconductor device including:
a first gate stack comprising a first gate disleciric and a first gate
glectrode; and
a first source region;
the second semiconductor device including:
a second gate stack comprising a second gate dielectric and a second
gate electrode; and
a second source region;
whaerain the first source region and the first gate stack are separated by a first
distance;
wherein the second scurce region and the second gate stack are separaied by a
second distancs,; and

wherein the first distance is different than the second distance.

2. The integrated circuit of claim 2,

whaerein the first semiconductor device further comprises a first drain region;

wherein the second semiconductor davice further comprisas a second drain
ragion;

wherein the first drain region and the first gate stack are separated by a third
distance:

whaerein the second drain region and the second gate stack are separated by a
fourth distance; and

wherein the third distance is different than the fourth distanca.
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3. The integrated circuit of claim 2, wherein the first semiconductor device

further comprises a first channel region disposad undermeath the first gate stack.

4, The integrated circuit of claim 3, wherein the first channel region extends
betwean the first source region and the first drain region such that the first source region
underiaps the first gate stack by the first distance and the first drain region underlaps

the first gate stack by the third distance.

5. The integrated circuit of claim 2, wherain the second semiconductor
device further comprises a second channel region disposed undermeath the second

gate stack.

8. The integrated circult of claim 5, wherein the second channel region
extends between the second source region and the second drain region such that the
sacond source region underiaps the second gate stack by the second distance and the

sacond drain region undariaps the second gate stack by the fourth distance.

7. The integrated circuit of claim §,
whearein the second source region at least in part overlaps the second gate stack;
and

wherein the second drain region at least in part overiaps the second gate stack.
8. The integrated circuit of claim 2,

whaerain the first source region at least in part overlaps the first gate stack; and

wherein the first drain region at least in part overiaps the first gate stack.
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9. The integrated circuit of claim 2,

wherein the first source region has a first source sub region extending over the
first distance; and

whaerein the first drain region has a first drain sub region extending over the third

distance.

13, The integrated circuit of claim ©,

wherein the first source region and the first drain region have a first doping
density of a first conductivity type,; and

whearein the first source sub region and the first drain sub region have a second
doping density of the first conductivity type lower than the first doping density of the first

conductivity type of the first source region and the first drain region.

1. Acircuit, comprising:
a first device and a second device disposad on a semiconductor substrate;
the first device including:
a first gate stack having a gate length; and
a first source region;
the second device including:
a second gate stack having the same gate length; and
a second source region;
whaerein the first gate stack and the first source region are separated by a first
distance: and
whaerain the second gate stack and the second source region are separated by a

sacond distance different from the first distance.
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12.  The circuit of claim 11,

wherein the first device further includes a first channe! region disposed on the
semiconductor substrate substantially undemeath the first gate stack; and

whaerein the second device further includes a second channel region disposead on

the semiconductor substrate substantially undermeath the second gate stack

13.  The circuit of claim 12,
wherein the first device further includes a first drain region;
whaerein the first channel region is wider than first gate stack; and

whearein the first drain region and first source region underiap the first gate stack.

14.  The circuit of claim 13,
whaerein the first source region at least in part overiaps the first gate stack; and

wherein the first drain region at least in part overlaps the first gate stack

15, The circuit of claim 13, whersin the first device further includes:

a first source sub region extending between the first gate stack and the first
source region; and

a first drain sub region extending between the first gate stack and the first drain

ragion.

16.  The circuit of claim 15,

wherein the first source region and the first drain region have a first doping
density of a first conductivity type; and

wherein the first source sub ragion and the first drain sub region have a second
doping density of the first conductivity type lower than the first doping density of the first

conductivity type of the first source region and the first drain region.
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17, A computing device comprising:
a circuit board; and
a die coupled with the circuit board, the die including a first device and a second
device disposed on a semiconductor substrate and having a same pitch;
wherein the first device includes:
a first gate stack comprising a first dielectric and a first gate slecirods;
and
a first source region; and
wherein the second device includes:
a second gate stack comprising a second dielectric and a second gals
glactrode: and
a second source region;
whaerein the first source region and the first gate stack are separated by a first
distance;
wherain the second sowrce region and the second gate stack are separated by a
second distance; and

wherein the first distance is different than the second distance.

18, The computing device of claim 17,
wherein the first device further includes a first drain region; and

wherein the second device further includes a second drain region.

19, The computing device of claim 18,

wherain the first drain region and the first source region underlap corresponding
sidas of the first gate stack by a first underiap distance; and

wherein the second drain region and the second source region undseriap
corresponding sides of the second gate stack by a second underiap distance diferent

from the first underiap distance.
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20, A method, comprising:
forming a first device and a second device on a semiconductor substrate having
a same piichy;
wherein forming the first device further includes:
forming a first gate stack having a first gate dielectric and a first gate
alectrode: and
forming a first source region such a first distance separates the first
source region from the first gaie stack; and
whaerein forming the second device further includes:
forming a second gate stack having a second gale diglectric and a second
gate slectrode; and
forming a second source region such g second distance separates the
second source region from the second gate stack;

whearein the first distance is different from the second distance.

21, The msthod of claim 20,

wherein forming the first device further includes forming a first channel region on
the semiconductor substrate exdiending batweean the first source region and the first
drain region; and

wherein forming the second device further includas forming a second channel

region extending betweaen the second source region and the second drain region.

22, The method of claim 21,

whaerain the first source region and the second source region have a first
conductivity type,; and

wherein the first channel region has a second conductivity type opposite a first

conductivity typs.
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23, The method of claim 20 or 21, wherein forming the first device further

ncludes forming a first source sub region over the first distance.

24, The method of claim 23, further comprising:

implanting the first source region with a first doping density of a first conductivity
type; and

implanting the first source sub region with a second doping density of the first
conductivity type lower than the first doping density of the first conductivity type of the

first source region and first drain region.
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