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CLAIMS
What is claimed is:
1. A method of manufacturing a memory semiconductor cell (30) comprising:
forming a first channel portion (33) to produce a first concentration of doping material, said first
channel portion (33) disposed adjacent to an edge of a channel regjon closest to and substantially parallel
to a gate region (16) of said memory semiconductor cell;
forming a second channel portion (31) to produce a second concentration of doping material,
said second portion (31) disposed substantially parallel to said first channel portion (33); and
forming a third channel portion (32), disposed between said first channel portion (33) and said
second channel portion (31), comprising a third concentration of doping material, wherein said third
concentration is lower than said first concentration and lower than said second concentration.
2. The method as described in Claim 1 further comprising implanting a halo implant (20) disposed
adjacent to a source region or a drain region of said memory semiconductor cell (30).
3. The memory semiconductor cell (30) described in Claim 1 wherein a source region of said
memory semiconductor cell comprises a source extension region (11).
4, The method as described in Claim 1 further comprising forming said second channel portion
(31) prior to the formation of said first channel portion (33).
5. The method as described in Claim 1 wherein said memory semiconductor cell (30) is non-
volatile. ‘
6. The method as described in Claim 5 wherein said memory semiconductor cell (30) comprises a
nitride layer as a storage element (12B).
7. The method as described in Claim 5 wherein said memory semiconductor cell comprises a
floating gate (12B) as a storage element.
8. A memory semiconductor cell (30) comprising:
a gate region (16), a source region (14) and a drain region (14);
a channel region (17) between said source region (14) and said drain region (14);
wherein said channel region (17) comprises:
a first channel portion (33) cdmprisihg a first concentration of doping material, said first
channel portion (33) disposed adjacent to an edge of said channel region (17) closest to and substantially
parallel to said gate region (16);
a second channel portion (31) comprising a second concentration of doping material, said
second portion (31) disposed substantially parallel to said first channel portion (33); and
a third channel portion (32), disposed between said first channel portion (33) and said second
channel portion (31), comprising a third concentration of doping material, wherein said third
concentration is lower than said first concentration and lower than said second concentration.
9. The memory semiconductor cell described in Claim 8 wherein said channel region (17) further
comprises a halo implant (20) disposed adjacent to said source region (14) or said drain region (14).
10. The memory semiconductor cell described in Claim 8 wherein said source region (17)

comprises a source extension region (11).
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{54} TITLE OF THE INVENTION:

Serniconductor Device Manufacturing Method and Semiconductor Device

{57} ABSTRALT {Revisad)
{IssuelAchieve increase in drive current through substrate floating, achieve reduction in junction capacitance,
and resolve thermal insulation and crystal defects that are shortcomings of SO1 subsirates,

MEANS FOR SOLVING THE PROBLEM

Providing of an n {p) well NWL {(PML) between the p {n} type semiconductor area PA {PN} and semiconducior
substrate 15 arrangad using n {p} chancel type MISFETQr {Qp) to slectrically isolate the g {n) type
semiconductor area PA {PN) and the semiconductor substrate 15,
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N
. ‘ o8-
i3 3 NWL 3
15: Semiconductor substrate
NWL: n-Well
Qe n-channe! type MISFET
PA: p type semiconductor area
CLAIMS
{Cigim 1]

& semiconductor device manufacturing method comprising the following steps:

{a} a step of through introduction of g first impurity onto a first conductivity type semiconductor substrate,
forming a second conductivity type semiconductor area with the opposite conductivity type than the first
conductivity type, (b} a step of through introduction of a second impurity onto said semiconductor substrate,
forming a first conductivity semiconductor area formed with an impurity peak position arranged on the main
surface of said semiconductor substrate at a position more shallow than the impurity peak position of the
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The present invention is related to a semiconducior device manufacturing method and a semiconductor device
and in particular refated to effactive technology applied to a manufacturing method for a semiconductor device
with a field effect transistor as well as to semiconductor device technology.

{0002}

BACKGROUND TECHNOLOGY

The technology investigated by the inventors is a semiconductor davice struciure providing a fleld effect
transistor on a, for example, partiaily depleted SO1 {Silicon On Insulator] substrate, An SOi substrate has a
structure of a thin semiconductor layer provided on a substrate insulator layer with an element such as a field
affect transistor or the like formed on the primary surface of the semiconductor layer. When voltage is applied
1o the gate electrode of the field effect transistor of this structure, the depletion layer expands from the gate
insulation film but does not reach the substrate insulator layer even at maximum depletion layer width leaving
substrate area that is not depleted. This is the structure most widely used and the substrate {in other words,
semiconductor layer} is electrically insulated so when conducting, the substrate potential rises and threshoid
voltage lowers and this results in achieving high drive current. In addition, semiconductor area for source and
drain and depletion laver for joining with a channal layer extends as far as the substrate insulator layer
dramatically reducing junction capacitance.

{0003]
A partially depleted 501 substrate is described in Scalability of SO Technology into 813 pm 1.2V CMOS
Generation, £, Leobandung, el. al, Tech Digest of {IEDMSS, PPAG3-405,1398 IBM.

{0004}

THE ISSUE{S] THAT THIS INVENTION INTENDS TQO RESOLVE

However, with the semiconductor device technology that uses an SO! substrate described above, the substrate
price is high price, 5 times that of a normal subsirate. The structure is an element ares covered with an insulator
body so thermal resistance is high and this readily leads to increase in bonding temperaturs. Currantly, crystal
defects are high comparad 1o normal substrate structures. in addition, the slement area is completely isolated
by the insulator leading to the problem that substrate floating control is difficult. Here, achieving the advantages
of a SO structure on a normal substrate structure In some manner IS an important issue,

{0005]
An objective of the present invention is to provide technology that improves the performance of semiconductor
devices.

{00086]
Furthermore, an objective of the present invention is to provide technology reducing the cost of semiconductor
devices.

{G007]
This and other objects of the present invention will become clear through the description in this specification as
well as the attached drawings.

{0008}
RMEANS FOR SOLVING THE VARIOUS ISSUES
A simple description of a summary representing the invention disclosed in this application is provided below.

[0009]

o
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in other words, the present invention is separation of a semiconductor substrate and a semiconductor area
formed by a channel of a field effect transistor formed on the primary surface thersof using a pn junction.

{00101

in addition, the present invention s, with a semiconductor substrate and semiconductor area having a field
effect transistor formed on the main surface thereof, a semiconductor ares with a conductivity type cpposite
that of the semiconductor area is provided therebetween to isolate the semiconducior substrate and
semiconducior area.

GO,

EMBODIMENTS OF THE INVENTION

in the following embodiments, the description is separated into a plurality of sactions or embodiments as
needed for convenience, However, except for when stated explicitly, thess are not mutually unrelated where
one is a partial or full modified example of another and are related in terms of detall and supplemental
description and the like.

{0012}

in addition, in the ambodiments below, when number of slements are refarred to {including pleces, numbsr
amount, range and the like), it is not Emited o the indicated number and can be more or less than the indicated
number except where stated explicitly and when clearly limited to a specific number based on principle.

{0013]

Furthermore, in the following embodiments, i goes without saying that the structural elements {including
element steps and the like} are not necessarily essential uniess stated explicitly or can be considered to be
clearly essential based on principle.

[0014]

in 5 similar manner, when struciural element shape and positional refationships are referencad in the
embodiments below, this includes items that are approximate or similar or the like essentially that shape or the
fike except when stated explicitly or can be considered that this is clearly not the case based on principle. The
same goes for numerical values and range described above.

{0015}
in addition, iterns with the same function are given the same code in all drawings for describing the
embodiments and repeated description is omitled,

{0018]

in addition, in the present embodimants, MISFET {Metal Insulalor Semiconductor Fleld Effect Transistor) that is
representative of field effect transistors is abbreviated as MIS, p channel type MISFIT is abbreviated as pMIS,
and n channel type MISFET is abbreviated as nMIS,

{00171
An embodiment of the present invention will be described in detail below based on the drawings.

{0018]
{Embodiment 1} FiG. 1 shows a cross section of the main part of the logic circult on the semiconductor chip 1C
that makes up the semiconductor device that is embodiment 1 of the presant invention, in addition, FiG. 2
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shows the impurity concentration distribution of the semiconductor substrate {hersafter, simply substrate} 15
that makes up the semiconductor chip 1C.

{0019)

The substrate 18 Is made up of a single crystal of, for example, p type silicon {51}, A groove type partitioning part
{5GI; Shallow Groove Isolation) 2 is formed on the main surface {device forming surface}. The groove type
partitioning part 2 is formed, for example after forming a groove for partitioning on the main surface of the
substrate 15, by depositing an insulating membrane such as a silicon miide mambrane {$10;) and the like on the
main surface of the substrate 15 embedded within the groove, and further by polishing using CMP {Chemical
pMechanical Polishing) and the like such that the insulating mambrane Is left only within the groove. The depth of
the groove type partitioning part 2 {distance from main surface of substrate 18 to bottom surface of partition
part 2} is, for axample, roughly 0.2 to 8.3 um. The area surrounded by this groove type pantitioning part 2 is an
active area {device forming area). With regards to this substrate 1S, a p type semiconductor area PA {first
conductivity type semiconducior area} is formed in this active aresa. Boron {B) or Boron difluoride {BF;), for
sxample, is included in this p type semiconductor area PA. Here, nMISOn for a logic circuit formed inside this p
type semiconductor area PA is shown as an sxample.

{0020}

The nMiSOn comprises semiconductor areas 3, 3 for source and drain, a channel area CHn, a gate Insulating film
4, and a gate electrode 5. The semiconductor areas 3, 3 for source and drain are arranged In 8 pair on both sides
with the channel areas CHn formed in the p type semiconductor area PA interposad, sach comprising an n type
semiconductor area 3a arranged in the vicinity of each of the chanpel areas CHn and an n* type semiconductor
area 3b arranged in a position at a distance from the channel arsa CHn with the n type semiconducior 3a
interposed. The n type semiconductor 3a and n' type semiconductor area 3b both contain, for example,
phosphorus {P} or arsenic {As). However, the n type semiconducior 3a Is also called an extension area, of which
impurity concentration is sat to be lower than that of the n* type semiconductor area 3b, In other words, itis a
LBD {Lightly Doped Drain} structure.

{0021}

in addition, with the structure of the present embodiment 1 as describad below, as the p typs semiconductor
area PA iz in 3 state of floating slectrically, reducing the threshold voltage, the threshold voltage is set such that
it is 50 mV to 100 wV higher than normal by having a comparatively high impurity concentration of the channel
area CHn to pravent the threshold voltage from falling too much. Here, ions are implanted on the main surface
of the substrate 15, for example, with boron at an fon implantation energy of around 10 keV into the channel
area CHin, as a way to adjust the threshold voltage.

{0022}

The gats insulating fitm 4 is made up of, for example, sificon oxide (Si0,). The thickness thersof is the silicon
dioxide exchange film thickness, for example, 2.5 nm or less, or roughly 1.5 nm as an example. However,
materiak for the gate insulating film are not limited to this, and can be changed, for example, the gate insulating
film 4 can be a silicon oxynitride film {SION}. In other words, there can be a structurs segregating nitrogen at the
interface laver between the gate insulating film 4 and the substrate 15, A silicon moynitride film can suppress
intarface level generation in the film and has high effectiveness in decreasing electron {rap compared to a silicon
oxide film, such that it can improve hot carrier tolerance in the gate insulating film 4 and improve diglectric
strength. In addition, it is more difficult for impurities to penetrate a silicon oxynitride membrane comparedto a
silicon oxide membrane; therefore, use of a silicon sxynitride membrane enables control of Huctustions in
threshold voltage that can cause scattering of impurities in the gate electrode material on the substrats 18 side.
in arder to form a silicon oxynitride membrane, for exampls, the substrate 15 & subjected to heat treatment in a
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nitrogen-containing gas atmosphere such as NO, NO,, or NHs. In addition, the effects as stated above can also be
altained by heat treating the substrate 15 in the nitrogen-containing gas atmosphere after forming a gate
insulating film 4 made up of silicon oxide on the surface of the substrate 15, and segregating the nitrogen in the
interface layer between the gate insulating film 4 and the substrate 1S, in addition, the gate insulating film 4 can
have a structure where a silicon nitride film is laminatad on the silicon oxide film. Furthermore, the gats
insulating film 4 can be formed from an insulating film made up of high dielectric films, for example, HIO,
{dielectric constant Br = 20.6}, ZrD, (Br = 24.7}, ALQ; ir = 8.4}, Y201 {Br = 14), HISIO,, 2r5i0¢ {Ir = 19,4}, and the
like.

{0023]

The gate electrode 5, for example, is made up of a low-resistance polycrystalline silicon. However, it s not
fimited to this, and various modifications are feasible, for sxample, it can be 8 se-called polymetal gate slectrode
structure providing a metal membrane such as tungsten and the like on a so-called polycide gate electrode
structure or low-resistance polycrystaliine sificon mambrans through a barrier metal layer such as a tungsten
nitride (WN) and the like, which provides a silicide layer such as a cobalt silicide {CoSi} on the low-resistance
polycrystailine sificon membrane. A sidewall 7 made up of a silicon oxide membrane is formed to form a LDD
structure on the side surface of the gate electrode 5. in addition, the gate lengths are around 0.14 um for a gale
insulating film 4 thickness of 2.5 nm, and around 0.08 um for a gate insulating film 4 thickness of L5 nm. In
addition, the source voltage on the high-voltage side of the logic circuit area formed on the nMiSGn s, for
example, around L5 V1o 0.7V, and is comparatively lower than the source voltage on the high-voltage side of
the surrounding circult areas. Furthermore, regarding the semiconductor chip 1C, the source voltage on the
high-voitage side of the surrounding circuit areas {for example, the input circult, output circult, and input/output
hidivectional circuit) s sround 3.0V or3.3 V.

[0024]

This type of nhiSOn is covered by an interlayer insulating membrane B deposited on the main surface of the
substrate 15. The interlayer insulating membrana 8 i5 made up of, for mxample, a silicon oxide membrane, and a
first layer wiring 9 is formed on the surface thereof. The first layer wiring 9, Is made up of, for example,
aluminum or aluminum alloy, and s electrically connected 1o a semiconductor area 3 for source and drain
through contact holes 10 that ave bored in the interlayer insulating membrane 8,

{0G25]

incidentally, the present inventors found while developing a semiconductor device using a partially depleted SO
substrate, that many of the merits of using a partislly depleted SOI substrate compared to use of 3 normal
subistrate were an increase in drive current due to floating of the substrate and a decrease in junction
capacitance. Here, a structure such as the one that follows was used in order to achieve a structure that has
these kinds of merits with 8 normal substrate.

{0026]

in other words, regarding the present embodiment 1, an n-well NWL {second conductive type semiconductor
area)} is provided between the p type semiconductor area PA where the aMIS(n is formed and the lower layer
substrate 15. Regarding the depth from the main surface of the substrate 18 so that the substrate 15 and p type
semiconductor area PA as well as the channe! area CHn and substrate 15 are not electrically connected, the
impurity distribution of the n-well NWL is formed at a position slightly more shallow than the bottom of the
groove type partitioning part 2, and distribuied from a position deeper than the peak position of the p type
semiconductor area PA to a position slightly more shaliow than the bottom of the groove type partitioning part
2. In other words, regarding the present embodiment 1, the channel areas CHn of the nMISn, and the p type
semiconductor area PA and the substrate 15, are glectrically isolated by a pn junction beatween the n-well NWL
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and the substrate 1S. Here, with 3 power supply voliage applied to the semiconductor area 3 for the nMISQn
source and drain, connecting of the n* iype semiconductor area 3b and n-well NWL needs 10 be prevented by a
depleted layer with the junction of the channel arga CHn {p type semiconductor area PA) and depleted layer
spreading between the channa! area CHn {p type semiconductor area PA} and n-well NWL. in other words, the
distanca x 1 in FIG.1 needs to be larger than the sum of the widths of the depletion layers described abova. In
addition, the width x2 of the n-well NWL itself can not be allowed to be reduced by the depletion layer with the
channel area CHn {p type semiconductor area PA) or the depletion layer with the substrate 18. in other words,
the width x2 needs {o be larger than the sum of the depletion layer widths. This type of n-well NWL can he
formed using ion implantation of phosphorus, for example, onte the main surface of the substrate 1% with an
fon implantation energy of around 450 keV of phosphorus, for example, after the groove type partitioning part 2
is formed. Furthermore, the impurity concentration of the n-well NWL at its peak position is, for example,
around 10%/cm? or somewhat lowsr, as shown in FG. 2.

foo2 7

By providing this type of n-well NWL, similar effacts to those of using an 501 substrate can be obtained
depending on the performance of the semiconductor device. In other words, while conducting, the threshold
voltage of the nMISQn decreases and current increases, due 1o an increase in potential of the channel area CHn
{p type semiconductor avea PA} from a capacitive coupling of the gate elecirode 5 and the channel area CHn {p
type semiconductor area PA}, and an increase in potential of the channel area CHn {p type semiconductor ares
PA} due to the generation of impact ionization holes from drain current flow. FIG. 3 shows the gate voltage
dependence of the drain current betwesn the nMISOn of the present embodiment 1 and the nhMiS formed on a
normal subsirate that does not contain an n-well isolation structure. In the present embodiment 1, as the
channel area CHn {p type semiconductor area PA} is electrically insulated, threshold voltage is lowered and drain
currant can be increased when gate voltage is applied. In addition, the junction capacitance belwesn the
semiconductor area 3 for source and drain and the substrate 15 can be decreased to 1/3 of a case where the n-
well NWLU is not provided, as the junction capacitance of the n* type semiconductor area 3b and the channel
area CHn {p type semiconductor area PA}, the junction capacitance of the channel area CHn {p type
sericonductor area PA) and the n-well NWL, and the junction capacitance of the n-well NWL and the substrate
1% are put in a state of serial connection. Therefore, operation speeds of a circult comprising this transistor can
be increased.

f0028]

in addition, as the channal area CHn {p type semiconductor area PA} and the subsirate 1§ are not completely
isolated by an insulator, and have a structure such that they are isolated by the n-well NWL that more readily
releasss heat in comparison to an SO subsirate, increase in heat resistance can be substantially reduced,
supprassing an incraase in junction temperature. Therefore, operation reliability of the semiconductor device
can be improved. In addition, a cooling structure of the package itself, or a cooling device or cocling mechanism
for cooling the semiconductor device can be simplified.

{0029]
In addition, crystal defects can be reduced in comparison to an SO1 substrate. Therefors, the yield and reliabiiity
of the semiconductor device can be improved.

{0030]

in addition, an increase in substrate potential can be controlled with comparative ease by controlling the
leakage current of the pn junction under the channal area CHn. In other words, the controllability of substrate
floating can be improved, Therefore, this can simplify circult design.
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{0031]
in addition, providing of an n-well NWL is basically a normal substrate structure and 50 this enables reducing
costs of the semiconductor device compared to the case of using a high cost 501 substrate.

{00323
{Embodiment 2} Embodiment 2 is a description of applying the present invention to a semiconductor device that
has a CMIS {Complementary MIS)L

[0033]
FiG. 4 shows a cross section of the main part of a CMIS circuit that makes up a logic circuit on the semiconductor
chip 1C that forms the semiconductor device of another embodiment of the present invention.

f0034]

As thae vertical structure of the area the nMISQn is formed on is the same as that in embodiment &, the
explanation thereof is omitted. Here, a description of the vertical structure of the area pMISGp is formed on is
provided. Regarding the area the pMISQp ks formed on, an n type semiconductor area NA {second conductive
type semiconductor area) is formed on the active area of the substrate 15, and the pMISQp s formed within this
n type semiconductor area NA. The n type semiconductor area NA, for sxample, contains phosphorus {P} or
arsenic {As}.

{0035]

The pMISQp comprises serniconductor areas 11, 11 for a source and drain, a channel area CHp, a gate insulating
film 4, and a gate electrode 5. The semiconductor areas 11, 11 for source and drain are arranged as a pair with a
channel area CHp interposed can comprise p type semiconductor areas 11a arvanged respectively close to the
channel area CHp and p* type semiconductor area 11k arranged at a distance from the channel area CHp with
the p type semiconductor areas 11a interposed. The p type semiconductor area 11a and p* type semiconductor
area 11h both contain, for example, boron {B) or boron difluoride {BF.}. However, the p type semiconductor
area 113 can be called an extension area, of which impurity concentration is set 1o be lowsr than that of the p*
type semiconductor area 11b. in other words, it is a LDD structure,

0036}

in addition, regarding the present embaodiment 2, a p-wall PWL {first conductivity type semiconductor areal is
provided between the n type semiconductor area NA where the pMISQp is formed and the substrats 1S. In
other words, regarding the present embodiment 2, the channel areas CHp {n type semiconductor area NA} of
the pMISQp and the substrate 15 are electrically isolated by the pn junction between the p-well PWl and the n
type semiconductor area NA. As the impurity distribution forming conditions for the p-well PWL are the same as
the n-well NWL, the explanation thereof is omitted. This type of p-well PWL can be formed by fon implantation
on the main surface of the substrate 18 with an ion implantation energy of around 160 keV of boron, for
example, after the groove type partitioning part 2 is formed, Furthermors, the impurity concentration at the
peak position of the p-well PWL is around the same as the n-well NWL The channel area CHp of the pMISQp is
formed by fon implantation of phosphorus onto the main surface of the substrate 15 surface with using roughly
20 keV, for exampile, to reach the prescribed desived threshold {snhancement of roughly 50 mV to 100 mV
compared to a conventional structure). Other items are the same as embodiment 1, and the description s
omitied.

(6037}

in this manner, with embodiment 2, the following effects, other than the effects obtained in embodiment 1, can
be obisined. In other words, the pMISQp achievas the same effects as the nMISQn. Therefore, the operating

10
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the fogic circuit and an improvement in operating refiability of the analog circuit and the ke can both be
achieved,

[0043]

{Embodiment 4} In the CR4S circult structure of embodiment 2, there are cases where the increase in substrate
potential when voltage is applied to the gate is too large. In this case, as shown InFIG. &, a crystal defect 12 15
formed in the vicinity of the junction of the p type semiconductor area PA and the n-well NWL by ion
implantation of impurity fons such as argon {Ar), germanium {Ge), and the like, As this causes a moderate re-
combination in the depletion layer of the pn junction of the p type semiconductor area PA and the n-well NWL,
allowing a leakage current to flow, ability to control this enables suppressing rise in potential of the p type
semiconductor area PA. Therefore, as this improvas controllability of nMISOn threshold voltage settings,
operating refiabifity of the semiconductor device can be improved, Furthermore, electrons that were generaled
by the impact ionization of the pMISQp n type semiconductor area flow to the source p* type semiconductor
area 11b (power supply wiring on the high-potential side}. On the pMISQp side, a floating suppression effect for
substrate potential is not producaed even if a re-combination nucleus is formed so a crystal defect is not provided
on the pMISQp side.

{0044]

{Embodiment 5) The present embodiment 5 is an explanation of a modified example to achieve the same
abiective as explained in embodiment 4. In other words, with an objective of suppressing an increase in
substrate potential, a p* type semiconductor area 13P with a high impurity concentration is provided on the
lower part of the p type semiconducior area PA {hetwseen the p type semiconductor area PA and the n-well
NWL), as shown in FIG. 7. The p" type semiconductor area 13F comes in contact with both the p type
semiconductor area PA and the n-well NWL, By providing this type of p' type semiconductor area 13P, the
impurity concentrations in the area corresponding to the parasitic bipolar transistor base area formed by the
source and drain semiconductor area 3 of the nMISOn and the p type semiconductor area PA can be increasead,
such that the current amplification factor of the parasitic bipolar transistor can be reduced. As 3 result, increase
in substrate potential can be controlled. Therefore, as this improves controllability of nMISUn thrashald voltags
settings, operating reliability of the semiconductor device can be improved.

{0045]

in addition, regarding the present embodiment 5, with an objective of suppressing rise in substrate potential, an
n* type semiconductor area 13N with a high impurity concentration is provided on the lower part of the n type
samiconductor area NA {between the n type semiconductor area NA and the p-wall PWL)L Tha n" type
semiconductor area 13N comas in contact with both the n type semiconductor ares NA and the p-well PWL.
Providing this type of n’ type semiconductor area 13N, improves setting controliability of the phMiSQp threshold
value for the same reasons as with the adISQR, enabling improving operating reliability of the semiconductor
device,

{0046}

{Embodiment 8} The present embodiment & is a description of a madified example to achieve the same
cbjective as explained in embodiments 4 and 5. in other words, with an objective of suppressing rise in substrate
potential, regarding the forming area of the nMISQn, a ¢ type semiconductor area 13 s provided in a state of
contact with the lower part of the p type semiconductor area PA, and an n' type semiconductor area 14 is
provided in a state of contact with the lower part thereof, and the n-well NWL is provided in 2 state of contact
with the lower part thereof, as shown in FIG. 8. This enables forming p* and n* high Impurity concentration
junctions, increasing the diode tunnel current, and causing a re-combination, such that the increass in substrate
potential of the p type semiconductor area PA can be further suppressed. Therefore, as this improves
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controliability of aMISQn threshoid voltage settings, operating reliability of the semiconductor device can be
improved. Furthermore, on the pMISQp side, an n' semiconductor area and a p’ semiconductor area are not
provided on the lower part of the n type semiconductor area NA for the same reasons as explained in
embodiments 4 and 5.

{0047]

The present invention discovered by inventors has heen spacifically described using an embodiment; however,
the present invention is not restricted 1o the embodiment described above and it goes without saying that
various changes that do not deviate from the essentials of the invention can be made.

[0048]

in these explanations the invention made by the present inventors were mainly explained by application to
semiconductor devices that have CMIS circuits, a use field of their hadkground. However, use is not limiled as
such, and for example, can also be applied to semiconductor devices that have memory circuits such as DRAM
{Dynamic Random Access Memory}, SRAM {Static Random Access Mamory), or flash memaory (EEPROM; Electric
Erasable Programmable Read Only Memory), and the fike, semiconductior devices that have logic circuits such as
a microprocessor, or consolidated type semiconductor devices that provide a memaory cireult and a logie circuit
on the same semiconductor subsirate.

{0049]

EFFECT OF THE INVENTION

A simple description of the effects that can be obtained representing the invention disclosed in this application
is provided balow.

{1} The performance of a semiconductor device can be improved by using 8 pn junction to isolate a
semiconductor substrate and a semiconducior area formed by a field effect transistor channel formed on the
main surface thereof.

{2} A semiconductor device can be configured using 2 normal substrate structurs without using an SO structure
that has a refatively high number of defects and is highly priced, by isolating a semiconductor substrate and a
semiconductor area formed by a field effect transistor channe! formed on the main surface thereof using 3 pn
junction, enabling cost reduction.

RRIEF DESCRIPTION OF THE DRAWINGS

FIG, 1 s a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of
the first embodiment of the present invention.

FiG. 2 is a graph diagram showing the impurity concentration distribution of the semiconductar substrate of the
semiconductor device in FIG. 1.

FiG. 3 is 3 graph diagram showing the drain current gate voltage dependence of the field effect transistor of the
semiconductor device in FIG. 1 and the fiald effect transistor formed on a normal semiconductor substrate.

FIG. 4 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of
ancther embodiment of the present invention.

FIG. 5 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of
angther embodiment of the present invention.

FiG, 6 is a cross-section view of the main pari of the semiconductor chip that makes up the semiconductor device of
another ambodimant of the present invention.

FIG, 7 is 3 cross-section view of the main part of the semiconductor chip that makes up the semiconductor davice of
another embodiment of the present invention.

FIG. 8 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of 3
further additional embodiment of the present invention.
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EXPLANATION OF CODES

1C. semiconductor chip

18, semiconducior substrate

2. Partitioning part

3. Semiconductor area

3a. n type semiconductor area

3b. ' semiconductor area

4. Gate insulating fiim

5. Gate electrode

7. Sidewall

2. interfayer insulating membrane

8. First layer wiring

10, Contact hole

11. Semiconductor area

1ia. p type semiconductor area

1ib. p* type semiconductor area

12. Crysial defect

13P. p* type semiconductor area

13N, n* semiconducior area

14. n* semiconductor arga

PA. p type semiconductor area (first conductivity type semiconductor area)
NWL. n-well {second conductivity type semiconductor area)
NA. n type semiconductor area (second conductivity type semiconductor)
PWL. p-well {first conductivity type semiconductor area)
Gp. p-channel type MISFET {first fisld effect transistor)

Q. n-channel type MISFET {first field effect transistor}
(pl. p-channel type MISFET {second field effact transistor}
Oni. n-channel type MISFET {second figld effect transistor)
CHn, CHni channel areas

CHp, CHpl channel areas
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{Fi3. 1]

iC

e gy

rnsoesdh

15: Semiconductor substrate

NWL: n-Well

an: n-channel type MISFET
BA: p type semiconductor area
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1€ YOU require to complete this form andfor suggestions for reducing this burd natld e sent 1o the Chisfl Informat ation Officer, J S. Pﬁtent ana Trademark Cfiice, 1.8,
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

lesig‘?sd;(a),g\;ggmia 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/947,294 07/27/2020 G.R. Mohan Rao GRTD.01.01.DV7
CONFIRMATION NO. 6907
40672 POWER OF ATTORNEY NOTICE
BILL R. NAIFEH

PO BOX 803423

o s0Xe0uz T

Date Mailed: 07/23/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/20/2021.

+ The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sibrahim/

page 1 of 1
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

lesig‘?sd;(a),g\;ggmia 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/947,294 07/27/2020 G.R. Mohan Rao GRTD60-35294
CONFIRMATION NO. 6907
25883 POA ACCEPTANCE LETTER
MUNCK WILSON MANDALA L.L.P

P.O. Drawer 800889

W
DALLAS, TX 75380

Date Mailed: 07/23/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/20/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sibrahim/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
25883 7590 08/11/2021
MUNCK WILSON MANDALA L.L.P ARORA, AJAY
P.O. Drawer 800889
DALLAS, TX 75380 | ART UNIT PAPER NUMBER |
2892
DATE MAILED: 08/11/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/947,294 07/27/2020 G.R. Mohan Rao GRTD60-35294 6907

TITLE OF INVENTION: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 11/12/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

25883 7590 08/11/2021 Certificate of Mailing or Transmission
MUNCK WILSON MANDALA LL.P I hereby certify that this Fee(s) Transmittal is being deposited with the United
o States Postal Service with sufficient postage for first class mail in an envelope
P.O. Drawer 800889 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
P g
DALLAS. TX 75380 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)|
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/947,294 07/27/2020 G.R. Mohan Rao GRTD60-35294 6907
TITLE OF INVENTION: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS
| APPLN. TYPE I ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 11/12/2021

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ARORA, AJAY 2892 257-025000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

9%}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (] Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web (] Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMEN1 CE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/947,294 07/27/2020 G.R. Mohan Rao GRTDG60-35294 6907
| EXAMINER |
25883 7590 08/11/2021
MUNCK WILSON MANDALA L.L.P ARORA, AJAY
P.O. Drawer 800889
DALLAS, TX 75380 | ART UNIT PAPER NUMBER |

2892

DATE MAILED: 08/11/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued pe*~-*

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or loc.. ..
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 16/947,294 Rao, G.R. Mohan
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
AJAY ARORA 2892 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.) This communication is responsive to 7/27/2020.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.} The allowed claim(s) is/are 1-44 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl b) (J Some* ¢) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {(not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.L] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.V Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 9/29/2020 & 6/30/2021.

3.0J Examiner's Comment Regarding Requirement for Deposit 7. O Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/AJAY ARORA/
Primary Examiner, Art Unit 2892

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210731
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Application/Control Number: 16/947,294 Page 2
Art Unit: 2892

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Reasons for Allowance
2. Claims 1-44 are allowed. The following is an examiner’s statement of reasons for

allowance:

Claims 1-20 are allowed because the prior art of record does not teach or
suggest, singularly or in combination, at least the limitations of the base claim 1 that
requires “at least one well region adjacent to the first or second active region containing
at least one graded dopant region, the graded dopant region to aid carrier movement
from the surface towards the area of the substrate where there are no active regions”

(see last 5 lines).

The closest reference is Hong (US 2007/0045682), hereinafter Hong. More
specifically, regarding claim 17, Hong (refer to Figures 4A-4D and 5A-5C) teaches a
semiconductor device, comprising:

a substrate (312 — see para 29) of a first doping type (i.e. parts 312 and 21 of the

substrate have n-type doping, see para 29) at a first doping level having a surface;

Dell Ex. 1002
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Application/Control Number: 16/947,294 Page 3
Art Unit: 2892

a first region (311, which includes wells such as 21, 22, 5, 2) disposed adjacent

the first surface,

a second active region (such as source/drain region 2, see para 40; or 2 or 5 or
22 of pixel cell formed in an adjacent region separated by shallow trench isolation 37 —
see para 30) separate from the first region disposed adjacent to the first active region

and within which transistors (406, 407) may be formed;

at least a portion of at least one of the first and second regions having at least
one graded dopant concentration (350 — see para 24, last 3 sentences; also see Figure

5C and para 29) to aid carrier movement (para 26).

However, the first region is not an “active” region and the structure does not
show that the graded dopant region is to “aid carrier movement from the surface to the
area of the substrate where there are no active regions”. Further, it is not obvious to
modify Hong as changing first region and second region as above would change the

intended function of the device.

Similarly, claims 21-38 are allowed because the prior art of record does not teach
or suggest, singularly or in combination, at least the limitations of base claim 21 that
requires “at least one well region adjacent to the first or second active region containing
at least one graded dopant region, the graded dopant region to aid carrier movement
from the surface to the area of the substrate where there are no active regions” (see last

5 lines). Again, the closest reference is Hong.
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Application/Control Number: 16/947,294 Page 4
Art Unit: 2892

Similarly, claims 39-40 are allowed because the prior art of record does not teach
or suggest, singularly or in combination, at least the limitations of base claim 30 that
requires “at least a portion of at least one of the first and second active regions having
at least one graded dopant concentration to aid carrier movement from the first or
second active region to at least one substrate area where there is no active region” (see

last 3 lines). Again, the closest reference is Hong.

Similarly, claim 41 is allowed because the prior art of record does not teach or
suggest, singularly or in combination, at least the limitations of “at least one graded
dopant acceptor concentration to aid carrier movement from the first or second active
region to at least one substrate area where there is no active region” (see last 3 lines).

Again, the closest reference is Hong.

Similarly, claim 42 is allowed because the prior art of record does not teach or
suggest, singularly or in combination, at least the limitations of “at least one graded
donor dopant concentration to aid carrier movement from the first or second active
region to at least one substrate area where there is no active region” (see last 3 lines).

Again, the closest reference is Hong.

Similarly, claim 43 is allowed because the prior art of record does not teach or
suggest, singularly or in combination, at least the limitations of “at least one graded
acceptor dopant concentration and one graded donor dopant concentration to aid
carrier movement from the first or second active region to at least one substrate area

where there is no active region” (see last 3 lines). Again, the closest reference is Hong.

Similarly, claim 44 is allowed because the prior art of record does not teach or

suggest, singularly or in combination, at least the limitations of “a second static
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unidirectional electric drift field to aid the movement of carriers from the surface layer to
the area of the substrate where there are no active regions” (see last 3 lines). Again,

the closest reference is Hong.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to AJAY ARORA whose telephone number is (571)272-
8347. The examiner can normally be reached on 9 AM - 5 PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Thao X. Le can be reached on §712721708. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
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