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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 region 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 

15 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. 

20 6. The method as described in Claim 5 wherein said memory semiconductor cell (30) comprises a 

25 

30 

35 

40 

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) comprising 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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I, Michael Fletcher, dedare: 

1, I am well versed in both the Japanese and English languages and have over 15 years of experience 
translating Japanese technical documents into English, 
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to the best of my knmvledge, 

I declare under penalty of perjury under the laws of the United States of Arnerica that the foregoing is 
true and accurate, 

Executed this 4th day of September 2019, at Parowan, UT 
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(54) TITLE OF THE INVENTION: 

Semiconductor Device Manufacturing Method and Semiconductor Device 

(57) ABSTRACT (Revised} 
[!ssue]Achieve increase in drive current through substrate floating, achieve reduction in Junction capacitance, 
and resolve thermal insulation and crystal defects that are shortcomings of SOI substrates. 

MEANS FOR SOLVING THE PROBLEM 

Providing of an n (p) well NWL (PML) between the p (n) type semiconductor area PA {PN) and semiconductor 
substrate 15 arranged using n (p) chancel type M!SFETQn {Qp) to electrically isolate the p (n) type 
semiconductor area PA {PN) and the semiconductor substrate 15. 
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CLAIMS 
[Claim 1] 

o ( o ( ( 8 
0 \ 0 ' · 

~-,:S/-~t,--~ 
I ,,,,/// ~'r"~' ,, ol ~ 

~ --lf~~-ITT~~ i [~~:?~' 1 n+ "b;::-·-, ... , i '{' ,. · n-f ' "' · 

~- ··- ~ lt· ... ~ \ ~··-... ~, \ \: ·: ~ 

~-' )---:-~~/;J~~L\\\·······~1 
2 \ 3h 3a PA CHn ' 3a 3b 2 \. _____ 'I" ______ ) ~--: 

lS 3 NWL 3 

15: Semiconductor substrate 

NWL: n-Wel! 
Qn: n-channel type MISFET 

PA: p type semiconductor area 

A semiconductor device manufacturing method comprising the following steps: 
{a) a step of through introduction of a first impurity onto a first condllctivity type semiconductor substrate, 
forming a second conductivity type semiconductor area with the opposite conductivity type than the first 
conductivity type, (b) a step of throllgh 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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~~r~~a prov~dt~d on a !;en·1icondurtor substratt: h~ving .a Si:cond conductivttv tvpf~ channr:·~ art:a \~1ith the oppos~te 
conduct!v~tv tvpe than the first cnnducthiity- t~lPt~_ .. ~vhf~ri!in .a Si!cond conducthfrt\,.. typ~~ sernjconductor art:a h; 

sa~d f~rst conduct~v~t\l t'•lPt~ St!rniconductor ar{!i~ on \.Vh}ch th{: s{:cond condt.~ct~v~tv t\..-p~~ channel area of ~~aid flt~~d 
t:ffect tr.ansistor ~s forrnE~d fron: ~;a~d SE~rniconductor ~iub~;trat~!. 

[C!~:drn 3_] 
/1.. st!rn~conductor d~~\..,~ce \.-1dth a fk:id t:f'ft:·ct transistor pro-...dd~d vv!th!n ~ first conductivity typi~ ~:f~rniconductor 

arl~~~ pro\dd~~d on a st~rn~conductor sub~tr<.~te ha\.•·jng i~ ~:;E.~cond conduct~v~ty tvpt: chann-t~~ an~a t•vlth tht: oppos~te 

conducth.dtv tvp~~ than thE! first ronducthdty t\··pe., t~nd a configuration \Vht~fl~ -.:~ st~cond conducthdtv typE! 
S(~rn~conductor an:~~~ !s provkJ::.~d bt=:-t\.-vt:en ~:;i~!d st~rn~condut:tor substrat£~ ;~nd sa~d first conducth.dty typt=:-

i:'iP{: z:hannt=:-i an.=:-a of saki fif:~d t~fft~ct tri:H1sistor h~ forfr:ed frorn !iaid s€n-1k:onductor substr~te: \VfH~rein th-t~ 

th~ckness of sa!d f§rst conductht~tv· ty·p~~ s~~rn~cr::nductor i~n_:i~ under tht~ sernlcnnductor art~ij for said fieid effect 
tran~;~stor sourct: and dn~in ~s gn~ats.:!r than thE: stJn': of thi~ -iAddth of th€ d~~p!i~Uon h;JVE:r of the juncUon bet\.veen 
tht~ Si~n~~k:onduc:tor art~as for sourt{: .and dra~n for ~vht:-n supp~v \,•·oitagf:~ ;s appHE~d ;:~nd ~iaid first tonducthdty tvpl: 

[(]i~~rn 4] 
l\ st~rnh::onductor dt!\dc~~ \•Vh~h a f~eid t=:-fh=:_-.ct trans~~~tor provkJE~d vv!th~n a f~r:st conduct~v~tv t\lp£~ S£~rniconductor 

ar{::a provki{!d on a st~:nh:onductor substrate hav~ng ;~ st:cond conducth...-it\l tvpe channt:i an:.~a \.-vH:h tht! oppos~tl~ 
conducth..-itv typ~~ thiln the first conducth..-nv typ£~ ;1nd a conflgurat~on \fdht~fl! ~ Si~cond conduct!v~ty type 
sen1h::onductor area as pro\l~ded bet .... .:veen s<.lh:i Sl:n~~conductor substratt: and said first conducthdty tvr.H.~ 
s~~rnk.:onductor {ire;~ to ~so~att:- said first condut:th1!ty typi~ ~;i~~lak:onductor an~a on '.t-lhk.:h tht:- si~cond conducth:·itv 
type channel <.~rea of sa~d nl:ld t:fft~ct transistor ~s fon-rH:!d fron-1 s;:~id SE~rn~ronductor substrati2\ \:Vhert:~n tht~ 

th~cknt:~ss of th~ s~~cond conduct!v~tv typi~ s~~rnicnnductor art:a }s great.::.~r than tht~ surn of the \.-Vidth of tht~ 
dt~p~t:t~on iav~:~r of tht:- junction t::etv~.:f~i~n the first conduct!v~tv tvpt~ st:-n1h:onciuctor ;~rt!;~ and tht~ s.ec:ond 
conducthdt'-l tvp~? st~rnk:ondtH.:tor area and th.::.~ v~;-ldth of tht:- dt:p~t:tion !ayi~r of th~~ Junction bt:t\:\H~t:n th£~ t:econd 
conductivity- tvpt~ seir]!c:onductor art~a ~$nd tht~ st~rniconductor substri~te, 

[(Ja!rn Sj 

/'.% st:<n)icorH:h.H:.tnr dE!V~Ci~ \:V~th a first fle~d i~ffect tri~ns}stor and a st~cond fieki ef-h=:-ct trans~stor on tfH~ rnain 
~;urfact~ of a s{:rn~conductor substrat~~ .. \:vht~n~in sa~d first ·fle~d ~~ffect trans~stor !s provided \bi~th ~$ fir~:t conduttiii~tv 
t}"T}~~ sen1h::onductor an~a pn:n.dded on said sen1k:ondtsctor- substratt~ .. th!s first conductiv~tv type ~~en-1!conductor 
.ar~~a ~5 e~ectrk:aHv ~so!ated frorn said serniconductor substrati~ by a s~~cond conducthdtv tVtH2~, s0n1!conduc:tor ;~rt~a 

~\•·jth oppos~tf~ conducthdty tvpt: than tht~ flrst conducthdtv ty-~H~ pro\.:id~!d betvv't!en th~~ flrst conduct~v~tv t/pt:­
st~rrdconductor i~n:~a and 5a~d !;i~n~~k.:onductor svbsi:ratE~ ~~nd the Sl:cond fk~!d t~fft:ct transistor~.-; pn_::\.•·}dt:-d v,dth~n 

DET/qLED DESCR~PT~()N C}F THE ~N\lENT~()N 
[0001.j 
TECHN()L(){.1~Cl~.L FiELD !N\lENT~()N BEtCJN(;S T() 
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The present invention is related to a semiconductor device manufacturing method and a semiconductor device 
and in particular related to effective 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 device structure providing a field effect 
transistor on a, for example, partially depleted SOI {Silicon On Insulator) substrate. An srn substrate has a 
structure of a thin semiconductor layer provided on a substrate insulator layer with an element such as a field 
effect transistor or the like formed on the primary surface of the semiconductor layer. When voltage is applied 
to 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 threshold 
voltage lowers and this results in achieving high drive current. In addition, semiconductor area for source and 
drain and depletion layer for joining with a channel layer extends as far as the substrate insulator layer 
dramatically reducing junction capacitance. 

[0003] 
A partially depleted SOI substrate is described in Scalability of SOI Technology into 0.13 µm 1.2V CMOS 
Generntlon, E, Leobandung, et al, Tech Digest of IEDM98, PP403-406,1998 IBM. 

[0004] 
THE ISSUE(S) THAT THIS INVENTION INTENDS TO RESOLVE 
However, with the semiconductor device technology that uses an SOI substrate described above, the substrate 
price is high price, 5 times that of a normal substrate. The structure is an element area covered with an insulator 
body so thermal resistance is high and this readily leads to increase in bonding temperature. Currently, crystal 
defects are high compared to normal substrate structures. In addition, the element area is completely isolated 
by the insulator leading to the problem that substrate floating control ls difficult. Here, achieving the advantages 
of a SOI structure on a normal substrate structure in some manner ls an important Issue. 

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

[0006] 
Furthermore, an objective of the present invention is to provide technology reducing the cost of semiconductor 
devfces. 

[0007] 
This and other objects of the present invention will become clear through the description in this specification as 
well as the attached drawings. 

[0008] 
MEANS FOR SOLVING THE VARIOUS ISSUES 
A simple description of a summary representing the invention disclosed in this application is provided below. 

[0009] 
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ln 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 thereof using a pn junction. 

[0010] 
In addition, the present invention is, with a semiconductor substrate and semiconductor area having a field 
effect transistor formed on the main surface thereof, a semiconductor area with a conductivity type opposite 
that of the semiconductor area is provided therebetween to isolate the semiconductor substrate and 
semiconductor area. 

[0011] 
EMBODIMENTS OF THE INVENTION 
In the following embodiments, the description is separated into a plurality of sections or embodiments as 
needed for convenience. However, except for when stated explicitly, these are not mutually unrelated where 
one is a partial or full modified exam pie of another and are related in terms of detail and supplemental 
description and the like. 

[0012] 
In addition, in the embodiments below, when number of elements are referred to {Including pieces, number 
amount, range and the like), it is not limited to 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, it goes without saying that the structural elements (including 
element steps and the like) are not necessarily essential unless stated explicitly or can be considered to be 
deady essential based on principle. 

[0014] 
In a similar manner, when structural element shape and positional relationships are referenced in the 
embodiments below, this includes items that are approximate or similar or the like essentially that shape or the 
like except when stated explicitly or can be considered that this is dearly not the case based on principle. The 
same goes for numerical values and range described above. 

[0015] 
In addition,. items with the same function are given the same code in all drawings for describing the 
embodiments and repeated description is omitted, 

[0016] 
In addition, in the present embodiments, MISFET (Metal Insulator Semiconductor Field Effect Transistor) that is 
representative of field effect transistors is abbreviated as MIS, p channel type MISFIT is abbreviated as pM!S, 
and n channel type MISFET is abbreviated as nMIS. 

[0017] 
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 drcuit on the semiconductor chip 1C 
that makes up the semiconductor device that is embodiment 1 of the present invention, In addition, FIG. 2 
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shows the impurity concentration distribution of the semiconductor substrate {hereafter, simply substrate) 15 
that makes up the semiconductor chip 1C. 

[0019] 
The substrate 1S is made up of a single crystal of., for example, p type silicon (Si}, A groove type partitioning part 
{SGI; 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 1S., by depositing an insulating membrane such as a silicon oxide membrane (S!02) and the like on the 
main surface of the substrate 15 embedded within the groove, and further by polishing using CMP (Chemical 
Mechanical Polishing} and the like such that the insulating membrane is left only within the groove. The depth of 
the groove type partitioning part 2 (distance from main surface of substrate 1S to bottom :surface of partition 
part 2} is, for example, roughly 0,2 to 0.3 ~tm, The area surrounded by this groove type partitioning part 2 is an 
active area {device forming area). With regards to this substrate 1S, a p type semiconductor area PA {first 
conductivity type semiconductor area) is formed in this active area, Boron {Bl or Boron difluoride (BF2), for 
example, is induded in this p type semiconductor area PA, Here, nMISQn for a logic circuit formed inside this p 
type semiconductor area PA is shown as an example. 

[0020] 
The nMISQn comprises semiconductor areas 3, 3 for source and drain., a channel area CHn, a gate insulating mm 
4, and a gate electrode 5. The semlconductor areas 3, 3 for source and drain are arranged ln a pair on both sides 
with the channel areas CHn formed in the p type semiconductor area PA interposed, each comprising an n type 
semiconductor area 3a arranged in the vicinity of each of the channel areas CHn and an n+ type semiconductor 
area 3b arranged in a position at a distance from the channel area CHn with then type semiconductor 3a 
interposed. The n type semiconductor 3a and n+ type semiconductor area 3b both contain., for example, 
phosphorus (P) or arsenic {As}. However., then type semiconductor 3a ls also called an extension area, of which 
impurity concentration is set to be lower than that of then+ type semiconductor area 3b, In other words, it is a 
lDD (lightly Doped Drain) structure. 

[0021] 
In addition,, with the structure of the present embodiment 1 as described below, as the p type semiconductor 
area PA is in a state of floating electrically, reducing the threshold voltage, the threshold voltage is set such that 
it is 50 mV to 100 mV higher than normal by having a comparatively high impurity concentration of the channel 
area CHn to prevent 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 ion implantation energy of around 10 keV into the channel 
area CHn, as a way to adjust the threshold voltage, 

[0022] 
The gate insulating film 4 ls made up of, for example, silicon oxide (Si02). The thickness thereof ls the silicon 
dioxide exchange film thickness, for example .. 25 nm or less, or roughly 1.5 nm as an example. However, 
materials for the gate insulating film are not limited to thls, and can be changed, for example, the gate insulating 
fllm 4 can be a srncon oxynitride film {SiON). In other words, there can be a structure segregating nitrogen at the 
interface layer between the gate insulating film 4 and the substrate lS. A slllcon oxynltride film can suppress 
interface level generation in the film and has high effectiveness in decreasing electron trap compared to a silicon 
oxide film., such that it can improve hot carrier tolerance in the gate lnsu!atlng film 4 and improve dielectric 
strength. In addition, it is more difficult for impurities to penetrate a silicon oxynitride membrane compared to a 
silicon oxide membrane; therefore, use of a silicon oxynitride membrane enables control of fluctuations in 
threshold voltage that can cause scattering of impurities in the gate electrode material on the substrate 1S side. 
In order to form a silicon oxynitride membrane, for example, the substrate 15 ls subjected to heat treatment in a 
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nitrogen--containing gas atmosphere such as NO_, N02, or NH3. In addition, the effects as stated above can also be 
obtained by heat treating the substrate 15 in the nitrogen-containing gas atmosphere after forming a gate 
insulating film 4 made up of sillcon oxide on the surface of the substrate 15, and segregating the nitrogen in the 
interface layer between the gate insulating mm 4 and the substrate lS. In addition, the gate insulating film 4 can 
have a structure where a sHicon nitride film is laminated on the sHicon oxide film. Furthermore, the gate 
insulating film 4 can be formed from an insulating film made up of high dielectric films, for example, Hf02 
(dielectric constant IT!r" 20.6), Zr02 {filr = 24.7}, AbO3 (lllr = 8.4), Y203 (rnr = 14), HfSi04, ZrSi04 (lllr = 19.4), and the 

like. 

[0023] 
The gate electrode 5, for example, is made up of a !ow-resistance polycrystalline silicon. However., it is not 
limited to this, and various modifications are feasible, for example .. it can be a so-called polymetal gate electrode 
structure providing a metal membrane such as tungsten and the like on a so-called polydde gate electrode 
structure or low-resistance polycrystalline silicon membrane through a barrier metal layer such as a tungsten 
nitrlde (WN) and the !ike, which provides a silicide layer such as a cobalt silicide (CoSix) on the low-resistance 
polycrystalline silicon 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 µm for a gate 
insulating film 4 thickness of 2.5 nm, and around 0.08 µm for a gate insulating fiim 4 thickness of 1.5 nm. In 
addition, the source voltage on the high--voltage side ofthe logic circuit area formed on the nM!SQn is, for 
example, around 1.5 V to 0.7 V, and ls comparative1y lower than the source voltage on the high-voltage side of 
the surrounding circuit areas, Furthermore., regarding the semiconductor chip lC, the source voltage on the 
hlgh-voltage side of the surrounding circuit areas (for example, the input circuit, output circuit, and input/output 
bidirectional circuit} is around 3.0 V or 33 V. 

[0024] 
This type of nMISQn is covered by an interlayer insulating membrane 8 deposited on the main surface of the 
substrate 15. The interlayer insulating membrane 8 is made up of, for example, a siilcon oxide membrane, and a 
first layer wiring 9 ls formed on the surface thereof. The first layer wiring 9, is made up of, for example, 
aluminum or aluminum ailoy, and is electrically connected to a semiconductor area 3 for source and drain 
through contact holes 10 that are bored in the interlayer insulating membrane 8, 

[0025] 
Incidentally, the present inventors found while deve1oping a semiconductor device using a partially depleted SOI 
substrate, that many of the merits of using a partially depleted SO! substrate compared to use of a normal 
substrate 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 a normal substrate. 

[0026] 
!n other words,. regarding the present embodiment 1, an n-we!I NWL (second conductive type semiconductor 
area) is provided between the p type semiconductor area PA where the nMISQn ls formed and the lower layer 
substrate 1S. Regarding the depth from the main swface of the substrate 15 so that the substrate 1S and p type 
semiconductor area PA as well as the channel area CHn and substrate 15 are not electrically connected, the 
impurity distribution of the n-wel! NWL ls formed at a position slightly more shallow than the bottom of the 
groove type partitioning part 2, and distributed from a position deeper than the peak position of the p type 
semiconductor area PA to a position slightly more shallow than the bottom of the groove type partitioning part 
2. In other words, regarding the present embodiment 1, the channel areas CHn of the nMISQn, and the p type 
semiconductor area PA and the Sllbstrnte 15, are electrically isolated by a pn Junction between then-well NWL 
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and the substrate 15. Here, with a power supply voltage applied to the semiconductor area 3 for the nM!SQn 
source and drain, connecting of then+ type semiconductor area 3b and n-wel! NWl needs to be prevented by a 
depleted !ayer with the Junction of the channel area CHn (p type semiconductor area PA) and depleted !ayer 
spreading between the channel area CHn (p type semlconductor area PA) and n-weH NWL. !n other words .. the 
distance x 1 in F!G,1 needs to be larger than the sum ofthe widths of the depletion layers described above. In 
addition, the width x2 of the n-weli 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 15. In other words, 
the width x2 needs to be larger than the sum of the depletion layer widths. This type of n-we!i NWL can be 
formed using ion implantation of phosphorus, for example, onto the main surface of the substrate 15 with an 
ion implantation energy of around 450 keV of phosphorus, for exam pie, after the groove type partitioning part 2 
is formed. Furthermore, the impurity concentration of then-well NWl at its peak position is, for example, 
around 1018/cm3 or somewhat lower, as shown in FIG. 2. 

[0027] 
By providing this type of n-we!I NWL, similar effects to those of using an SOI 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 to an increase in potential ofthe channel area CHn 
(p type semiconductor area PA) from a capacitive coup!lng of the gate electrode 5 and the channel area CHn (p 
type semiconductor area PA), and an increase in potential of the channel area CHn (p type semiconductor area 
PA} due to the generation of impact ionization holes from drain current flow. FIG. 3 shows the gate voltage 
dependence of the drain current between the nMISQn of the present embodiment land the nMIS formed on a 
normal substrate that does not contain an n-weli 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 
current can be increased when gate voltage is applied. in addition, the junction capacitance between the 
semiconductor area 3 for source and drain and the substrate lS can be decreased to 1/3 of a case where then­
wel! NWL is not provided, as the junction capacitance of then+ type semiconductor area 3b and the channel 
area CHn (p type semiconductor area PA). the junction capacitance of the channel area CHn (p type 
semiconductor area PA) and the n-wel! NWl, and the junction capacitance of the n-weli NWl and the substrate 
1S are put in a state of serial connection. Therefore, operation speeds of a circuit comprising this transistor can 
be increased, 

[0028] 
in addition, as the channel area CHn (p type semiconductor area PA) and the substrate 15 are not completely 
isolated by an insulator, and have a structure such that they are isolated by the n-wel! NWL that more readily 
releases heat in comparison to an SO! substrate., increase in heat resistance can be substantlally reduced, 
suppressing an increase in _iunction temperature. Therefore, operation reliability of the semiconductor device 
can be improved. !n addition, a cooling structure of the package itself., or a cooling device or cooling mechanism 
for cooling the semiconductor device can be simplified. 

[0029] 
In addition, crystal defects can be reduced !n comparison to an SO! substrate. Therefore .. the yield and reliability 
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 channel area CHn, In other words, the controllability of substrate 
floating can be improved, Therefore, this can simpilfy circuit design. 
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[0031] 
In addition, providing of an n-we!I NWL is basica!!y a normal substrate structure and so this enables reducing 
costs of the semiconductor device compared to the case of using a high cost SOI substrate, 

[0032] 
{Embodiment 2} Embodiment 2 is a description of applying the present invention to a semiconductor device that 
has a CMIS {Complementary MIS), 

[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 lC that forms the semiconductor device of another embodiment of the present invention. 

[0034] 
As the vertical structure of the area the nM!SQn is formed on is the same as that in embodiment 1, the 
explanation thereof is omitted. Here, a description of the vertical structure of the area pMISQp is formed on ls 
provided, Regarding the area the pMiSQp is formed on, an n type semiconductor area NA (second conductive 
type semiconductor area) ls formed on the active area of the substrate 1S, and the pMISQp is formed within this 
n type semiconductor area NA. The n type semiconductor area NA .. for example, contains phosphorus {P) or 
arsenic (As). 

[0035] 
The pMISQp comprises semiconductor 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 palr with a 
channel area CHp interposed can comprise p type semiconductor areas 11a arranged respectively dose to the 
channel area CHp and p<-type semiconductor area 11b arranged at a distance from the channel area CHp with 
the p type semiconductor areas 11a interposed. The p type semiconductor area lla and p+ type semiconductor 
area 11b both contain, for example, boron (B) or boron difluoride (BFJ. However, the p type semiconductor 
area 11a can be called an extension area, of which impurity concentration is set to be lower than that of the p+ 
type semiconductor area llb. !n other words, it ls a LDD structure. 

[0036] 
In addition, regarding the present embodiment 2., a p-well PWL (first conductivity type semiconductor area) ls 
provided between then type semiconductor area NA where the pMISQp ls formed and the substrate 1S. In 
other words, regarding the present embodiment 2, the channel areas CHp {n type semiconductor area NA} of 
the pMISQp and the substrate lS are electrically isolated by the pn junction between the p-we!I PWl and then 
type semiconductor area NA. As the impurity distribution forming conditions for the p-well PWl are the same as 
then-well NWL, the explanation thereof is omitted. This type of p-we!i PWl can be formed by ion implantation 
on the main surface of the substrate lS with an ion implantation energy of around 160 keV of boron, for 
example, after the groove type partitioning part 2 is formed. Futthermore, the impurity concentration at the 
peak position of the p-weli PWL ls around the same as the n-we!I NWL The channel area CHp of the pl'v11SQp is 
formed by ion implantation of phosphorus onto the main surface of the substrate 1S surface with using roughly 
20 keV, for example, to reach the prescribed desired threshold (enhancement of roughly 50 mV to 100 mV 
compared to a conventlonal structlire}. Other items are the same as embodiment 1, and the description ls 
omitted. 

[0037] 
in this manner, with embodiment 2, the following effects, other than the effects obtained in embodiment 1, can 
be obtained, In other words, the pMISQp achieves the same effects as the nMISQn. Therefore, the operating 
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[0038] 
{trnbod~nH::nt 3} Rt~garding thE~ vt:rtk:a~ structurf~ of the fiiHS ~n t:rnbod~rnents 1 and 2,. opt:ration spt~:t!d can b~: 
;rnprov~:d a~~ st;~teti atHJvei hovvl~\lt~f'.. t-lHS threshold vo~tagt~ fh.H::tu~:=tt:s \•V~thin the acth.:;.:! i~rea ~:~nd bt:corn;.:~s 
unstablt~. H£~rt~ .. n:~gan:Hng the fHl!~~ent enibodirnent 3., fv1~S that ust~ a vt~rth:i~~ structure i~nd those tht~t do notl 
i?\l~!n for NHS th.at an~ fornit~d on tht~ san-1-::.~ substn~tt: 1S ... ~•\terf.! prodt~Ci2!d separatt~~V- ~n otht::r \.'Vords? tht::re ~n:: 
d~ffert:nt purpost~s .. a fv·l~S vertk:ai ~;tructurt! as t!Xp~aint~d in en-1bod!rnt:nts 1 cind 2 accord~ng to tht: t:~ectrk~.a~ 
charac:t~!r~stk.:s n~qu~red by th£~ c~rcu!t .. ;~nd a nor~r~a~ ~.:HS vt:rtk:a~ structure .. f\llOfl! sp:::.:cffk:aUt/i tht~ !\/HS vertk:a~ 

thn~sho~d \toH:agt~ to a c~:-:rta~n t:xtt:nt .. ~~nd a genera~ !\..-Hs \lt~rth::~i~ structurt! ~s USi~d ant not thi? rvHS v~~:rUc~:~ 
structurt~ i~bo\t:£~ for a ~\/HS ronfigur{~d \:V~th i~ cJrcu~t ~n \:vhk:h opr:~r.ations th~!reof are obstructt~d bv a fluctuating 
thn.:-sho!d vo~t~:~gt: .. For {:xarnph::: for .a ~-1~S thi~t rn;;:k:::.!s up a d~gital c~rcu~tl the f\l];S \:'i~rtk:a~ structure as t=:-xp!a~ned 
ijn t~n1bod~rn~~nts l ;:1nd 2 ~s used, !n ~~ddHJon .. for ~~xarf1p~t~ ... th~! !\lBS Vi~rtica! structurt:: dt~st:rH:.H::d above \,Ven~ not 
us.t:d for fv1!5 that rn~~ke up analog c~rcujt!; ~\:hf:n~ .. for i~Xi:Hllp~{~ .. h~gh op{~raUon prt:cij~;h:H1 js. rt:qu~r--t~d .. input/output 
c;rcu~t~~ .. or rnf~n-1orv cells or sensi:> .arnp cin::u!"ts of rnernorv c~rcu~ts {ht~reaft{~r sinipi\/ ca!~~~d an~alog circu~ts i~nd tht: 
~~k~!}. Herei norn1i~~ !VHS vi~rtk:al strtH.:tur{=::; \.'V{=:re ut;ed. Vv'hde a rn~!rnorv CE:~! h; a d~g!ta! circu!t .. they rl!ad and 
\Ndte rn~croscoph: signats {chargt:s}... !;o threshold vo~tage fluct:u{ltk.1ns of' tht=:.- i\lHSFFT th;~t rnakt~s up thE.~ n1t~rnorv 
c~!n c~:ln hjndt::r d.at;;] proci~S~~ing .. such th~at use of a cornn~~on !'VHS ·1·./t:rtk:a! structurl! ~s pn.:""ferab!t~. ~n add~th1n: 

{so,~rce vo[tagE~ on tht=:.- hSgh~vo~tagt~ ~;;de}.. if the opt~rat~ng ~ioH:agt:" ~~; 1,S \/ or ~t~~:s .. for f~xarnp~el s..~~i~ of tht: ~VHS 
v~~rtk:a! structure .as t~xp!a~ned ~n en-ibod~rn~nts 1 and 2 ~s pr-tJt:rab~~!. ()n tfH~ otht~r hand .. lf the Opi~rating vo~tag~: 
of the ~v! !S is high~~r than 1 .. S V., us~! of tht:" cornrnon t~ll~S vt~rt~c;,~~ structure ~) prt:-ferab!t: .. 

[0039] 

[0040] 
()n thi:: otht~r h~:nd .. an i:H·t~-:.1 i-\2 shov;ts {~n arrangernent art~a r~f a ntv1;sctnl .. CJ.pl {2nd fie~d efff:ct trans~stor) that 
~riakt~s up;:~ c~n:u~t gi~n~:rat~ng an obstruction \·vh(~n thre-shoid \lO~tagt: such i~S the an;~~og c~n::uH".,, ~nput/output 
c~rctdt .. rrH~n-i<H-~l censor sens{: c!n::uit of a rnt~rnorv c!rcu~t ... or tht~ nke fluctuates. ~n the .area /.-\.:t i~ cornrr~on {\l! !S 
vertk:a! structun~ is used .. ~n other \-vords .. th{:~ nt•./HSCtnl ~s f\.)rTned ~n~Jd~ of tht~ p~\:vt~n P\.tVL ... and a p~VHSClp1 is 

t;tructun:':s of tht: p~\f\.-'£~H P\:VL and th-t~ n~-\.-vt:H N\:\/L of the area l\1. Ch:anrH~! ~on h11p~antat~on ~s pt!rforn)t~d f<H .. 
chann~~ f~n~as C:Hnl .. CH pl of th(~ nfvi~S{).nl ;~nd thi: ptvl!S(lp1 in ~n~a i-\2 as vve;~; perforrn!ng .adjllstrn~!nt~i to 

[0041] 
~n th~s rn;~nnt~r ... rt~garding th~~ pn~~;f~nt ~:rnbod~n"H~nt 3: efft:(ts .as fo~iO\:VS otht:r th;~n thost: th;~t ~An:n:.~ obt.a~nt:d ~n 
thi:: i~n"'~bod!rnt!nt~; 'l ;;ind 2 can KH:': obt~llnt~d. 

[00421 
~n otht~r \\:on:k; .. b\l us~ng a ~VHS vt:tt~ca~ structure ilS descdtH::d ln t:rnbodhnt~nt5 1 and 2 for {1 logic circuit ~\/HS .. and 

using a norrnal tv'HS vert~c~! struc:tur0 for an ani:dog c~rcu~t and th~~ ~~kt~ .. an ~n~~prov~!rr1~!nt !n Gpi~rating ~pf?€~d of 
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the logic circuit and an improvement in operating reliability of the analog circult and the like can both be 

achieved. 

[0043] 
(Embodiment 4) In the CMIS circuit 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 in FIG. 6, a crystal defect 12 is 
formed in the vicinity of the junction of the p type semiconductor area PA and then-well NWL by lon 
implantation of impurity ions 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 potentlal of the p type 
semiconductor area PA. Therefore, as this improves controllability of nMISQn threshold voltage settings, 
operating reliability of the semiconductor device can be improved. Furthermore, electrons that were generated 
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 pl'v1ISQp side, a floating suppression effect for 
substrate potential ls not produced even if a re~combination nudeus is formed so a crystal defect is not provided 
on the pMISQp side. 

[0044] 
{Embodiment S) The present embodiment 5 is an explanation of a modified example to achieve the same 
objective as explained in embodiment 4, in other words, w·ith 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 semiconductor area PA (between the p type semiconductor area PA and the n-we!I 
NWL), as shown in FIG. 7. The p+ type semiconductor area 13P comes in contact with both the p type 
semiconductor area PA and the n-we!I NWL By providing this type of p+ type semiconductor area 13P, the 
impurity concentrations in the area corresponding to the parasitlc bipolar transistor base area formed by the 
source and drain semiconductor area 3 of the nMISQn and the p type semiconductor area PA can be increased., 
such that the current amplification factor of the parasitic bl polar transistor can be reduced, As a result, increase 
in substrate potential can be controlled. Therefore, as this improves contro!iabmty of nMiSQn threshold voltage 
settings, operating reliability of the semiconductor device can be improved. 

[0045] 
in addition, regarding the present embodiment S, with an objective of suppressing rise in substrate potential, an 
ri+ type semiconductor area 13N with a high impurity concentration Is provided on the lower part of the n type 
semiconductor area NA {between the n type semiconductor area NA and the p-weil PWL). The n+ type 
semiconductor area 13N comes in contact 1,•vith both the n type semiconductor area NA and the p-we!I PWL. 
Providing this type of n' type semiconductor area 13N, improves setting controllability of the pMiSQp threshold 
value for the same reasons as with the nM!SQn, enabling improving operating reliability of the semiconductor 

device. 

[0046] 
(Embodiment 6) The present embodiment 6 is a descrlptlon of a modified example to achieve the same 
objective 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 p• type semiconductor area 13 is provided in a state of 
contact with the lower part of the p type semiconductor area PA, and an n+ type semkonductor area 14 is 
provided in a state of contact with the lower part thereof, and then-well NWL is provided in a 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 causlng a re-combination, such that the increase in substrate 
potential of the p type semiconductor area PA can be further suppressed. Therefore, as this improves 
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controllabWty of nMiSQn threshold voltage settings, operating reliability of the semiconductor device can be 
improved. Fmthermore, on the pMISQp side, an n+ semiconductor area and a p+semicondllctor 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 been specifically described using an embodiment; however, 
the present invention is not restricted to 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 CM!S circuits, a use field of their background. However, use is not limited 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 Memory), or flash memory {EEPROM; Electric 
Erasable Programmable Read Onlv Memory), and the like, semiconductor devices that have logic circuits such as 
a microprocessor, or consolidated type semiconductor devices that provide a memory circuit and a logic circuit 
on the same semiconductor sl!bstrate. 

[0049] 
EFFECT OF THE INVENTION 
A simple description of the effects that can be obtained representing the invention disdosed in this application 
is provided below. 
(1) The performance of a semiconductor device can be improved by using a pn junction to isolate a 
semiconductor substrate and a semiconductor area formed by a field effect transistor channel formed on the 

main surface thereof. 
(2} A semlconductor device can be configured using a normal substrate structure without using an SOI structure 
that has a relatively high number of defects and is highly prlced, by isolating a semiconductor substrate and a 
semiconductor area formed by a field effect transistor channel formed on the maln sutface thereof using a pn 
junction, enabling cost reduction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is 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 impllrity concentration distribution of the semiconductor substrate of the 
semiconductor device ln FIG. 1. 
FIG. 3 ls a graph diagram showing the drain current gate voltage dependence of the field effect transistor of the 
semiconductor device in FIG. 1 and the field 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 
another 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 
another embodiment of the present invention, 
FIG. 6 is a cross-section view of the main part of the semiconductor chlp that makes up the semiconductor device of 
another embodiment of the present invention. 
FIG, 7 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of 
another embodiment ofthe present invention. 
FIG. 8 is a cross--sec:tion view of the main part of the semiconductor chip that makes up the semiconductor device of a 
further additional embodiment of the present invention. 
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EXPLANATION OF CODES 
lC. semiconductor chip 
1S. semiconductor substrate 
2. Partitioning part 
3. Semiconductor area 
3a. n type semiconductor area 
3b. ri' semiconductor area 
4. Gate insulating film 
5. Gate electrode 
7. Sidewall 
8. Interlayer insulating membrane 
9. First layer wiring 
10. Contact hole 
1L Semiconductor area 
11a. p type semiconductor area 
11b. p• type semiconductor area 

12. Crystal defect 
BP. p.,. type semiconductor area 

13N. n+ semiconductor area 
14. n+ semiconductor area 
PA. p type semiconductor area (first conductivity type semiconductor area) 
NWL n-well (second conductivlty type semiconductor area) 
NA. n type semiconductor area (second conductivity type semiconductor) 
PWL p-well (first conductivity type semiconductor area) 
Qp. p-channel type MISFET (flrst field effect transistor) 
Qn. n-channel type MISFET (first field effect transistor) 
Qp1. p-channel type MISFET (second field effect transistor) 
Qnl. n-channel type MISFET (second field effect translstor) 

CHn, CHnl channel areas 
CHp, CH pl channel areas 
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[FIG. 1] 
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[FIG, 2] 
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[FIG. 3] 
FIG. 3 
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[FIG. 4] 
FIG. 4 
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[FIG. 5] 
FIG. 5 
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F-Terms (reference) 
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BK13 CB04 CB08 CB10 CD02 
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12f6 

Warnings:  
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 
Image File Wrapper and may affect subsequent processing 

Information: 

3310886 

2 Non Patent Literature 
NPL_Exhibit_ 1003SmithDec. 

no 91 
pdf 

d79f4 3c 4979b6c7 d 03 96af022701 e3 5 3792 
7d535 

Warnings: 

Information: 

16415825 

3 Non Patent Literature 
NPL_Exhibitl 01 0SzeSemicond 

no 59 
uctorDev.pdf 

eb4da46bbd24e36d5cc0c96f080886890f2 
8962b 

Warnings: 

Information: 

24641627 

4 Non Patent Literature NPL_Exhibitl 011 Razavi.pdf no 12 
e891 dcec1fa4f31 a032b44e1 70ef4a0bb9f9 

52b2 

Warnings: 

Information: 

1181576 

5 Non Patent Literature NPL_Exhibitl 012Streetman.pd1 no 4 
d351810617bd291298e3a7ae0523944d96 

27d89c 

Warnings: 

Information: 

5132483 

6 Non Patent Literature NPL_Exhibitl 013Tango.pdf no 18 
e9 3978c23 3 8c3 7 ee90f65 7 d4 7f609cff6bd 2 

7844 

Warnings: 

Information: 

20831381 

7 Non Patent Literature 
NPL_Ex2001_1NVCAppendixC1 

no 42 
Payne.pdf 

4 5 bbc87ff481 b3f0a 714 be0d40 b0bf04 26a2 
a48e 

Warnings: 

Information: 

20831389 

8 Non Patent Literature 
NPL_Ex2001_1NVContAppendi 

no 42 
xCl Payne.pdf 

9fff943fd7d 1 ef5e85ae6b3744caaa8582d38 
09d 

Warnings: 
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Information: 

12677622 

9 Non Patent Literature 
NPL_Ex2001_Morris_Appendix 

no 40 
Al.pdf 

6219e094cdd323c69138f7e2e2dc9f22a 12 
128e 

Warnings: 

Information: 

16424786 

10 Non Patent Literature 
NPL_Ex2002_AppendixC3Wiec 

no 61 
zorek.pdf 

e6b4918a1 e11 bf280643e1 dc44a141 a5086 
6c60d 

Warnings: 

Information: 

11562334 

11 Non Patent Literature 
NPL_Ex2002_Miyamoto_Appe 

no 33 
ndixA_2.pdf 

563bd83c823e6649909b809a572e5324c6( 
3e38c 

Warnings: 

Information: 

115841 
NPL_Ex2007_NPL_0028820200 

12 Non Patent Literature 402Dkt61 MinutesforMarkman no 1 -

Hearing.pdf 2efca8b9 513 c7 638f5 f83e62 46b963d4 b23 6 
2ba6 

Warnings: 

Information: 

1405459 
NPL_Ex2009_Dktl _Complaint 

13 Non Patent Literature GreenthreadSamsung_Final. no 57 

pdf 68fa50063cc9534d693d32ca03587c99365 
Sb032 

Warnings: 

Information: 

235800 
NPL_Ex2011 Dkt60_1_ ExAtoRe -

14 Non Patent Literature visedJointClaimConstructionCh no 20 

art.pdf b 1 0bb3ba6c806c49a91 fe048e2987355406 
6ee59 

Warnings: 

Information: 

1306404 

15 Non Patent Literature 
NPL_Ex2012_Dkt50_SamsungR 

no 38 
espClaimConstructionBrief.pdf 

b59a4c39dc3f424891 Sd97c938a458a917b 
97a01 

Warnings: 

Information: 
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148700 

NPL Ex2012ExcerptfromJointCI 
no 6 16 Non Patent Literature 

aimConstructionChart.pdf 
fg 129d4e3cfac5831 a5f6f580587a338c81 cd 

f4b 

Warnings: 

Information: 

3253090 

NPL Exhibit_ 1003_292SmithD 
no 82 Non Patent Literature -

ec.pdf 
17 

fSSSSc31 c06f0d0ea 1Od74b7e1 5171 a7664 
e132 

Warnings: 

Information: 

545697 

NPL Exhibitl 029ClaimConstruc 
no 32 18 Non Patent Literature 

tion-MemorandumOpinion.pdf 
gdgge3201 b54976a7b21 Sc7998ca6bf7e5c 

35bc1 

Warnings: 

Information: 

2174024 

NPL IPR2020_00289_Petitionf< 
no 91 19 Non Patent Literature 

~lnterPartesReview.pdf 
32130504 7be 7491 QSf6cec4cd60edd3f8d3 

00b77 

Warnings: 

Information: 

188385 

NPL_IPR2020_00290_502Sur_R 
no 13 20 Non Patent Literature 

eply.pdf 
Ofaafsfg b3s 3 26d 2 9bc7 b 7f04 723 ee6a398 7 

3228 

Warnings: 

Information: 

157638 

NPL_IPR2020_00290_Petitione1 
no 13 21 Non Patent Literature 

s_Reply.pdf 
bcago3d347b4638b8f51 b5e56b622119e7 

b1e497 

Warnings: 

Information: 

3082465 

NPL_IPR2020_00290POPR_502. 
no 93 22 Non Patent Literature 

pdf 
blb3b633f1 58e943c6e814ffbce9476c77b 1 

ea98 

Warnings: 

Information: 
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173642 

23 Non Patent Literature 
NPL_IPR2020_00291 - 070Sur_R 

no 10 
eply.pdf 

2637 3 92a69d3 c69a5 f14 bf9f9b469e 52e 766 
3eef 

Warnings: 

Information: 

150617 

24 Non Patent Literature 
NPI_IPR2020_00291 - Petitioner 

11 
s_Reply.pdf 

no 
3eb4 75c1 d9fe37af9823f4a 11 e2b8dc47aef 

b8c4 

Warnings: 

Information: 

1744858 

25 Non Patent Literature 
NPL_IPR2020_00291 POPR_070. 

no 56 
pdf 

61 a9c0d5e31 d 1fa4d8c58840e313f7b4952 
26a77 

Warnings: 

Information: 

164126 

26 Non Patent Literature 
NPL_IPR2020-00288Petitioners 

no 14 
Reply.pdf 

dc5d9c7e92f7c6d30a5bac2b5e8239f2fc8f( 
as, 

Warnings: 

Information: 

2292379 

27 Non Patent Literature 
NPL_IPR202000288481 POPR. 

no 84 
pdf 

68c78c9e814ba319e9ae0453f6fbef9741 fO 
fdS 

Warnings: 

Information: 

Total Files Size (in bytes) 158548757 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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Doc Code: PA.. 
Document Description Power of .£\ttorney PTO//\!A/8~'.fo. (07~13) 

ApproverJ far use through 0313--:;2021. 0MB 0654 .QQ35 
U.S. Patent and T1·ademarh Office; U.S. DEPARTMENT OF COMf,1ERCE 

Under tt,e Paper",vork Re,juct!on Act cf ·1995. r.o persons are required tc respond to a collection cf 1nfr)rnration unfess it dispby$ a valid OfV\8 control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/828) to identify the application to which the 
Power of A,ttorney is directed, in accordance with 37 CFR 1.5, unless the application number and fiiing date are identified in the Power o-f 
Attorney by Applicant form. !f neither form PTO/AIA/82A nor form PTO/AIA.82B identifies the application to which the Power of Attorney is 
directed, the Power of .4ttorney will not be recognized in the application. 

Application Number 16/947,294 
Filing Date 2020-07-27 

R Mohan Rao G 
First Named Inventor 

Title SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Art Unit 

Examiner Name 

Attorney Docket Number 0-35294 
SIGNATURE of Applicant or Patent Practitioner 

---·--········· 

Signature JG regoryM H owison#30646/ Date (Optional) 2021-07-15 
-------··············---·-------------------

Name Gregory M. Howison Registration 30646 
Number 

Title ("If Applicant :s a 
juristic entity) 

........ 

Applicant Name (if Applicant is a juristic entity) 

I ........ ----------------
NOTE: This form must be signed in accordance with 37 Ci- R 1.33. See 37 CFR 1.4(d) for signature ;·equirements and certifications. If 
more than one applicant, use multiple forms. 

• 'Tota! of forms are submitted. 

This col!ectlon of information is required by 3"7 CFR 1.131. 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by tr1e USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1. i 1 and 1, 14. This collection is e5timated to take 3 mmutes to complete, including gathering, preparing, and submitting tl1e completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on lhe arnount of lime 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, PO Box 1450. Alexandria. VA 22.313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

if you need assistance in completing the form. call 1-800-PTO-9199 and select option 2 

. 
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Doc Code: PA.. 
Oocurnent Description: Power of Attorney PTOiAIA/828 (07-13) 

Approved for use through 03/:5112021. 0MB 0651--UUJ5 
U.S. Patent and Tradernark Office. U.S. DEPARTMENT OF COMMERCE 

Under the PaoerNork Reck:ction. Act of l 995. no persor:s are required to respond to a coHectton of !nforrnation unless :t fJrspiays a valid 0MB contro1 nu1·(1ber 

[ POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

---------
Application Number Filing Date 

16/947,294 2020-07-27 
----------------------

(Note The boxes above may be left biank if information is provided on form PTO/AiA/82/\.) 

[Kl I hereby appoint the Patent F'ractitioner(s) associated with the foilowing Customer t\Jurnber as my/our attorney(s) or agent(s), and 
to transact ail business in the United States Patent and Trademark Office connected therewith for the appiication referenced in 
the attached transmittal letter (form PTOiAIA/82.!.\) or identified above: 

!25883 I OR i 

• I hereby appoint Practitiorier(s) named in the attached list (forrn PTO/Ai/V82C) as my/our attorney(s) or agent(s), and io transact 
a!i business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO!AIA/82A) or identified above. (i'-Jote: Complete form PTO/AiA/82C,) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with ihe above-mentioned Customer Number 

OR 

[Zl The address associated with Customer Number: 25883 I 
OR 

• Firm or 
lnd·1vidual i'-Jame 

Address 

City I State I I Zip I 
Country 

Telephone I Email l 
! am the Applicant (if the !-1pplicant is a juristic entity, list the Applicant name in the box): 

I Greenthread, LLC 
----·-··-··-················································ 

• Inventor or Joint Inventor (title not required below) 

• Legal Representative of a Deceased or Legally Incapacitated Inventor (tit!e not required below) 

[K] Assignee or Person to Whom tr1e Inventor is Under an Obligation to Assign (provide signer"s tit!e if applicant is a juristic entity) 

• Person \Nho Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR ·1 .46(b)(2) was granted in the 
app!icaiion or is concurrently beinQ filed wiih this document) /provide sim1er's tit!e if app!icant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose _title i~ supplied belq'/'I is authon;rd to act on behalf of tr,e applicant {e g .. where the applicant is a juristic entity). 

Signature ~f·:~~t.i._~}~~;~-··~ {,-t,·> ,,':,·t~,~-'::f .... ,, ... ~ .. / ........ , .. I Date (Optional) I 2021-07-15 

Name Pt1i! .John l"'~J..f ~ l ~, r"l [. .. ~) ..... ,). :) l~~J Jtl.~. 
Title President 

NOTE: Signature - This form rnusl be signed by the applicant in accordance with 37 CFR 1.33 See 37 CFR 1.4 for signature requirements 
and certifications. If !TlQ:e than one applicant. use multiple fom;s, 

0Tot31 of forms are submitted. 
.. 

This coliect:on o~ :nrorrnat1on 1s required t:iy 2,7 CFR 1.13i, 1.3:.?, and 1 3(L The 1nformat1on :s reqwred to obtain or retain a benef;t l:;y the pubtic Wl1!cn is to r:le (anc by the 
USPTO to process_) an appllcatiori. Cc,nfidentiality is goverr:ecJ by 36 U. S.C. 122 and 37 CFR 1. 11 and 1.14. This coHectlon is estrrnsterJ to take 3 minutes t0 :;ornp!ete. 
;nr.iuding g;;,thering, prep;;;rin(, . .:ind submitting the completed application farm to the USPTO. Time wili vary depending upon the individual c;ase. Any comments on the amount 
of t,me you reqwe to complete this form and/or suqqestions to,· reducing this burden. should be sent to the Ctw,f Information O!f1ce;. U.S. Patent and Trademark Office, U.S. 
Department of Commerce. P.O. Box ·1450. Alexandria_ VA 22312,-1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SENP TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the iorm. ca!/ 1-800-PTO--9199 anci seleci option 2. 

J 
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[ 

PTOiA!Ai82C (07-1:3) 
Approved for1.:se thff.1ugh 03!3'1/2021 0MB 065·1-0035 

U.S Patent and Tra,Jen1ark Office: US. DEPARTMENT OF COMMERCE 
Under the Papervvork Reduction /\d of 1995. n:..1 persons are r€qu:red to r·espond lo a coliection ot intormot!on unless it displays a vailcJ 0MB control nurnbe1 

POWER OF ATTORNEY BY APPLICANT 

No mme than ten (10) patent pmctitioners total rnay be appointed as set forth below by name and registration number. 
This page need not be submitted if appointing thE• Patent Practitioner(s) associated with a Customer Number (see form 
PTO/AIA/82B): 

Name Registration 
Number 

) 
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Electronic Acknowledgement Receipt 

EFSID: 43300849 

Application Number: 16947294 

International Application Number: 

Confirmation Number: 6907 

Title of Invention: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

First Named Inventor/Applicant Name: G.R. Mohan Rao 

Customer Number: 40672 

Filer: Gregory Michael Howison 

Filer Authorized By: 

Attorney Docket Number: GRTD.01 .01 .DV7 

Receipt Date: 20-JUL-2021 

Filing Date: 27-JUL-2020 

Time Stamp: 17:44:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

2993357 

1 Power of Attorney GRTDREVPOA.pdf no 3 
a0530366f1 da6b2c29b 1 cbd912dbdaae5dC 

555a9 

Warnings:  
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Information: 

Total Files Size (in bytes)~ 2993357 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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APPLICATION NUMBER 

16/947,294 

40672 
BILL R. NAIFEH 
PO BOX 803423 
DALLAS, TX 75380 

FILING OR 3 71 (C) DATE 

07/27/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

G.R. Mohan Rao GRTD.01.0l .DV7 
CONFIRMATION NO. 6907 

POWER OF ATTORNEY NOTICE 

111111111111111111111111]~!1]!~1!~1! ~j,~ li!~ll 1111111111111111111111111111 

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). 

/sibrahirn/ 

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. 

page 1 of 1 
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APPLICATION NUMBER 

16/947,294 

25883 

FILING OR 3 71 (C) DATE 

07/27/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

G.R. Mohan Rao GRTD60-35294 
CONFIRMATION NO. 6907 

POA ACCEPTANCE LETTER 
MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 111111111111111111111111]~!1]!~1!~1! ~i,~ ll!~Hll 11111111111111111111111 
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. 

/sibrahirn/ 

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. 

page 1 of 1 
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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 

25883 7590 08/11/2021 

MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 
DALLAS, TX 75380 

APPLICATION NO. FILING DATE 

16/947,294 07/27/2020 

FIRST NAMED INVENTOR 

G.R. Mohan Rao 

TITLE OF INVENTION: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

EXAMINER 

ARORA.AJAY 

ART UNIT PAPER NUMBER 

2892 

DA TE MAILED: 08/11/2021 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

GRTD60-35294 6907 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. 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 

PTOL-85 (Rev. 02/11) 
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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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

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

25883 7590 08/11/2021 

MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 
DALLAS, TX 75380 

APPLICATION NO. 

16/947,294 

FILING DATE 

07/27/2020 

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. 

Certificate of Mailing or Transmission 
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Notice of Allowability 

Application No. 
16/947,294 
Examiner 
AJAY ARORA 

Applicant(s) 
Rao, G. R. Mohan 

Art Unit I AIA (FITF) Status 
2892 No 

-- The MAILING DA TE 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. 

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

2.0 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. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) • All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. 

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

D 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). 

6.0 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) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 9/29/2020 & 6/30/2021. 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. • 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 

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 
Art Unit: 2892 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Reasons for Allowance 

Page 2 

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; 
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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 
Art Unit: 2892 

Page 4 

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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Application/Control Number: 16/947,294 
Art Unit: 2892 

Page 5 

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 5712721708. 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. 

For more information about the PAIR system, see https://ppair-
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Application/Control Number: 16/947,294 
Art Unit: 2892 

Page 6 

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private 

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

If you would like assistance from a USPTO Customer Service Representative or access 

to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000. 

/AJAY ARORA/ 
Primary Examiner, Art Unit 2892 
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16/947,294 Reexamination 
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