INTEGRATED CIRCUIT SYSTEM WITH BAND TO BAND TUNNELING AND
METHOD OF MANUFACTURE THEREOF TECHNICAL FIELD [0001] The
present invention relates generally to an integrated circuit system, and more
particularly to a system for low power integrated circuits that operate with
limited voltage and current. BACKGROUND ART [0002] A field-effect
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the conductivity of a "channel" in a semiconductor material. A FET, like all
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FETs may use a single-crystal semiconductor wafer as the channel, or active
region. A terminal in a FET may be one of a gate, a drain, or a source. The
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interface chip. As the number of the FETSs increases and the available energy
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aparatipn with significantly less voltage. [0004] Portable products, such as

cellular telephones, personal video players, cameras, camcorders, and

portable video games are battery powered. These products must be capable

of performing across a wide agloedreedNpligRe range. The physical
geometries of these FET devices have not deviated very much while their
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omedompariietidsychipintrdheeimbsalddecdifenincTersqgomKd the available energy is
diminished, new approaches must be developed that allow the standard operation with
significantly less voltage.

[0004] Portable products, such as cellular telephones, personal video players, cameras,
camcorders, and portable video games are battery powered. These products must be capable
of performing across a wide and reduced voltage range. The physical geometries of these
FET devices have not deviated very much while their size has greatly been reduced.

[0005] Some of the latest developments in FETs may include High-K/metal gate (HK/MG)
FETs may operate between 0.8 and 1.0 volts, Trigate FETs may operate between 0.6 and 0.9
volts, III-V/Ge QW FETs may operate between 0.5 and 0.6 volts, and Sub-threshold-slope
Transistors for Electronics with Extremely-low Power (STEEP) transistors may operate
between 0.25 and 0.4 volts. Transistors in the STEEP group may include ionization metal

oxide semiconductor (IMOS) transistors, Green Field Effect Transistors (gFET), or
Tunneling Field Effect Transistors (TFET).



of the newest generations of deep sub-micron technologies is to shorten gate
length technologies, decrease the threshold voltage (Vt) without having an
increase in the leakage current (loff) or short channel effect (SCE). The SCE
can not be controlled in today's technology due to junction sheet resistance
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DISCLOSURE OF THE INVENTION

[0010] The present invention provides a method of manufacture of an integrated circuit
system including: providing a semiconductor substrate; implanting a well region, having a
first conductivity, on the semiconductor substrate; patterning a gate oxide layer on the well
region; implanting a source, having a second conductivity, at an angle for implanting under
the gate oxide layer; selectively implanting a dopant pocket, having a third conductivity that
is opposite the second conductivity, at the angle for forming the dopant pocket under the gate
oxide layer; and implanting a drain, having the third conductivity, for forming a transistor
channel under the gate oxide layer.

[0011] The present invention provides an integrated circuit system including: a
semiconductor substrate; a well region, having a first conductivity, implanted on the

semiconductor substrate; a gate oxide layer patterned on the well region; a source, having a
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second conductivity, implanted at a first angle; a dopant pocket, having a

third conductivity that is opposite the second conductivity, selectively

implanted at the first angle; and a drain, having the third conductivity,

implanted at a second angle for forming a transistor channel asymmetrically
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mentioned above. The steps or element will become apparent to those skilled
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circuit system with band to band tunneling, in an alternative embodiment of
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integrated circuit system of FIG. 3. [0017] FIG. 5 is a cross-sectional view of

an integrated circuit system in a dopant pocket implant phase of
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system in a spacer forming phase of manufacturing. [0019] FIG, 7 is a
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described in sufficient detail to enable those skilled in, the art to make and
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[0018] FIG. 6, is a cross-sectional view of an integrated circuit system in a spacer forming
phase of manufacturing.
[0019] FIG. 7 is a cross-sectional view of an integrated circuit system in a drain forming
phase of manufacturing.
[0020] FIG. 8 is a plan view of an electronic device having the integrated circuit system in an
embodiment of the present invention.

[0021] FIG. 9 is a flow chart of a method of manufacture of an integrated circuit system in an

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may

be made without departing from the scope of the present invention.



[0023] In the following description, numerous specific details are given to

provide a thorough understanding of the invention. However, it will be

apparent that the invention may be practiced without these specific detalils.

In order to avoid obscuring the present invention, some well-known circuits,
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and not to scale and, particularly, some of the dimensions are for the clarity.
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%eherally, the invention can be operated in any orientation. [0025] Where
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horizontal plané, as shown in the figures. The term "on" means that there is
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on the buried oxjde layer 104. [0028] A gate axide layer 108 maybe .
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devices may be fabricate concurrentlg/ to form the integrated circuit system
[%@] Referring now to FIG. 1, therein is s

own a cross-sectional view of an integrated
circuit system 100 with band to band tunneling, in an embodiment of the present invention.
The cross-sectional view of the integrated circuit system 100 depicts a semiconductor
substrate 102, such as a semiconductor wafer, having a buried oxide layer 104. A well region
106, such as a P- oxide region, may be formed on the buried oxide layer 104.

[0028] A gate oxide layer 108 maybe patterned on the semiconductor substrate 102 for
forming a transistor channel 110. A gate electrode 112 may be formed over the gate oxide
layer 108. While only a single device is shown it is understood that multiple of the devices
may be fabricated concurrently to form the integrated circuit system 100.

[0029] A source 114, such as an N+ source region, may be formed on the buried oxide layer

104 adjacent to the well region 106. The source 114 may be formed by an N+ implant that



[0029] A source 114, such as an N+ source region, may be formed on the

buried oxide layer 104 adjacent to the well region 106. The source 114 may
be formed by an N+ implant that 4 may be applied at an angle that extends
the edge of the source 114 under the gate oxide layer 108. It is understood
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implant of C/Si, may be implanted near the edge of the source 114 and the

achra] pegidiesieR? AL HBBant pocket 116 may include mid-gap dopants that
[0 JassispiintipeckahBItc e neanis ainthrghanehidahaoctl@Binalinc BB e ther the
evice. The implantation of the do ket 116 ma e an.a metric
e e e T T R L P A R e
dppass |thahasnbessisidis dbverdinbaneppicdtiohaod tive opanepsdioiketBHBTad the

débﬁén@m&ﬁgm&tghgm@m%@M&qqu@ raps 4net shymhmAY FERARFS! the

the BTBT of the device {unction and lead to higher drive current from the

e grede ekels! SR pR Nt erdbe Vet it anac metric position of the gate
[m3itieliaye bdfiSdiedatisie domthepiansistor chanpehtliidoess nal ihereaspiheion

akage.cugrent (loff). This may yesult in a significant r, iopn |n power .with
o AP b A (U0 o T Pl B PRy
agibpent podigtet 1GiMrayubegoitrollde bietive .alighasohlthebivplditationd Ahat the

2JYRIGRLANGISIMBOP M hE £7a08.9L Peiweanit0 AeareaR ARl i LHRAEES0 does
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3. The dimiensions of the drawing are an example only and are not _
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implanted in a vertical direction, so that the drain 118 does not extend beneath the gate oxide
layer 108. The dimensions of the drawing are an example only and are not intended to imply
accurate dimensions.

[0034] Spacers 120 may be formed adjacent to the gate oxide layer 108 and the gate
electrode 112. The spacers 120 are present on the side adjacent to the source 114, and the side
adjacent to the drain 118.

[0035] In has been discovered that the higher density of gate oxide interface traps may
increase BTBT current by increasing the number of high energy carriers therefore increasing
the probability of tunneling. Gate oxide interface traps may produce localized areas of strong
electric field and create additional tunneling paths to further increase the tunneling

probability.



increase BTBT current by increasing the number of high energy carriers

therefore increasing the probability of tunneling. Gate oxide interface traps

may produce localized areas of strong electric field and create additional

tunneling paths to further increase the tunneling probability. 5 [0036] A bias
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T OrCtBEa B Gy WEE LB O 1 T A LA 48 (BT

thlewgb tistdtadhe effects of the present invention and is not implied as a

[dgii@ HOQ IR SEBEP WOLASBIRK R THABEYIOR IRARYSISEiRIF6 Having the
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e exchange region 204 and the ener 202.[0041] In FIG. 2, a
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[0040] As it is known, tunneling in reverse-biased diodes involves p-side valence band
electrons passing through a conduction barrier to empty states at the same energy level in the
conduction band on the n-side. This process is exemplified by the transition of electrons
through the exchange region 204 and the energy gap 202.
[0041] In FIG. 2, a tunneling electron 206, located among filled states 208 near a p-side
valence bond 210, tunnels through a conduction barrier 212 to an n-side conduction band
214. The energy gap 202 also contributes to tunneling in the integrated circuit system 100.
The greater the gap energy delta, the more reverse-biasing needed to turn on the device.
Conversely, a lesser energy gap delta requires less reverse-biasing needed to turn on the
device.

[0042] The presence of the dopant pocket 116, of FIG. 1, reduces the physical distance and

therefore the threshold of the conduction barrier 212. The presence of the mid-gap dopant and



valence bond 210, tunnels through a conduction barrier 212 to an n-side

conduction band 214. The energy gap 202 also contributes to tunneling in

the integrated circuit system 100. The greater the gap energy delta, the more

reverse-biasing needed to turn on the device. Conversely, a lesser energy
thgagiodaitanedaireddedsoraversiesorpisintpivessikic taaian saehel dévicke [0owgling
ISR BN R thaaRart RAgkat 1381 RtibNBarticredyces the physical

distance and therefore the threshold of the conduction barrier 212, The )
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(03] JuRdesdineegaté, oxideas an N+ source region, may be formed on the buried oxide
layer 104 adjacent to the well region 106. The source 114 may be formed by an N+ implant
that may be applied at an angle that extends the edge of the source 114 under the gate oxide
layer 108. It is understood that the position of the edge of the source is an example only and
the actual edge position may differ.

[0048] A dopant pocket 302, such as a P+ pocket with mid-gap dopants, may be implanted
near the edge of the source 114 and the well region 106. The dopant pocket 302 may include
mid-gap dopants that can assist in the enhancement of the band to band tunneling (BTBT) of
the device. The implantation of the dopant pocket 302 may cause an asymmetric position of
the gate oxide layer 108 relative too the transistor channel 110.

[0049] It has been discovered that application of the dopant pocket 302 and the manipulation
of gate oxide/Si interface traps (not shown) may enhance the BTBT of the device junction

and lead to higher drive current from the device. It has also been discovered that the



layer 108. It is understood that the position of the edge of the source is an

example only and the actual edge position may differ. [0048] A dopant

pocket 302, such as a P+ pocket with mid-gap dopants, may be implanted

near the edge of the source 114 and the well region 106. The dopant pocket
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pocket 302 may cause an asymmetric position of the gate oxide layer 10
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indpersitt ArF e WEE At thdlsoteev i divatim sRfkdoaifidant tETig on

tHdrairedrhd[0RbA] Refeiingonew fifcton 4f thake s Shbiking RN SkGYcbant the

diagram %888; the in e%rated circuit sgstem 00, of FIG. 3. The ener Zlggrrllgay
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infindtiohapphitly reverte biating andhovirgohing theitbrerdrgapn20@ stnren 114,
aRIMRAIMENk ERVGERR BIAFING. 18 IIGHA1gd Circuit system 100 may include

of aﬁ) lying a negative voltage on the drain 118, a positive voltage on the
[W5dicEng 1iategAlh Prssitiviy ieie \Wlthae B tragues eheendabl219f pdsdype of
sifibghinieDiRiesueteCLIt systeNd 1R hasithewrnsisiRechameabidith-6fage R diyime A
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RS L M A AN SRR DN e S Sl A o
tHeedwman thekttahi<istodechamivsbd TOnaslitcbns as indicated by the exchange region 204.
The exchange region 204 may increase the possibility of the band to band tunneling (BTBT)
through the device.

[0054] It is understood that the description of the integrated circuit system 100 having the
well region 106 of the P- type of silicon is an example only and other options may be evident
to one of ordinary skill in the art. It is further understood that the energy band diagram of
FIG. 2 is an example used to demonstrate the effects of the present invention and is not
implied as a limitation in any way.

[0055] As it is known, tunneling in reverse-biased diodes involves p-side valence band
electrons passing through a conduction barrier to empty states at the same energy level in the

conduction band on the n-side. This process is exemplified by the transition of electrons

through the exchange region 204 and the energy gap 202.



the dopant pocket 116 under unbiased conditions as indicated by the
exchange region 204. The exchange region 204 may increase the possibility
of the band to band tunneling (BTBT) through the device. [0054] It is
understood that the description of the integrated circuit system 100 having

[@po Ve FHegibribegBrotting Fledype Yitksiliwteisaamexdmpibedritandi§thesr the p-
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understood that the energy band diagram of FIG. 2 is an example used to
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[6087P1ehanae 1eoipnRAb A0 1DEENSHFY 902 r&iROSHI B \Rattdilifhce and

tunneling electron 206, located among the filled states 208 near the A- side
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istance and therefore the threshold of the conduction barrier 212. The
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ossing of the conduction barrier 212. [0058] Without tunneling, the .
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viewrgintly kneguatad ¢hreudrsystem 500 depicts the semiconductor substrate 102, such as a
semiconductor wafer, having the buried oxide layer 104. The well region 106, such as a P-
oxide region, may be formed on the buried oxide layer 104.

[0061] The gate oxide layer 108 maybe patterned on the semiconductor substrate 102. The
gate electrode 112 may be formed over the gate oxide layer 108. While only a single device is
shown it is understood that multiple of the devices may be fabricated concurrently to form the
integrated circuit system 100. A first mask layer 502, such as a nitride poly hard mask, may
be formed on the gate electrode 112 and the well region 106 to block ion implant in the
covered regions.

[0062] The source 114, such as an N+ source region, may be formed on the buried oxide
layer 104 adjacent to the well region 106 by an N+ ion implant 504 at an angle 506 of
between 30 and 60 degrees. The source 114 may be formed by the N+ ion implant 504 that

may be applied at the angle 504 in order to extend the edge of the source 114 under the gate



[0060] Referring now to FIG. 5, therein is shown a cross-sectional view of an
integrated circuit system 500 in a dopant pocket implant phase of
manufacturing. The cross-sectional view of the integrated circuit system 500
depicts the semiconductor substrate 102, such as a semiconductor wafer,
oxidilagethEOBultischipseerdoled that he PPk well regypdacldBhssricad seaPexsigée only

ah8UIRNMAY AL (ymed Aayiagdepried oxide layer 104. [0061] The gate oxide
er 108 maybe patterned on the semiconductor substrate 102. The gate
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spacers .

[0067] The spacers 120 can be formed adjacent outer vertical edges of the gate electrode 112
and outer vertical edges of the gate oxide layer 108. The transistor channel 110, formed in a
later step, can preferably be covered by the spacers 120. The spacers 120 can provide
isolation of the transistor channel 110 for further processing.

[0068] Referring now to FIG. 7, therein is shown a cross-sectional view of an integrated
circuit system 700 in a drain forming phase of manufacturing. The cross-sectional view of the
integrated circuit system 700 depicts a second mask layer 702, such as a nitride poly hard
mask, deposited over the source 114, the spacer 120 and the gate electrode 112.

[0069] The drain 118, such as an P+ drain region, may be formed on the buried oxide layer

104 adjacent to the well region 106 by an P+ ion implant 704 at an angle 706 of between 30

10



not increase the leakage current (loff). This may result in a significant
reduction in power with reduced threshold voltage (Vth). [0066] Referring
now to FIG. 6, therein is shown a cross-sectional view of an integrated circuit
system 600 in a spacer forming phase of manufacturing. The cross-sectional

andel) af 2tbrs infesgietiad! frouiy Spsiameddy thepictsothanpit gfkt 1R0 nsucheawrlisd
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electrode 112, the well region 106, and the source 114. The first mask layer
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second mask layer 702 may cover the gate electrode 112 in order to block
sepRnThipREtc oo P RUIEAM GBIt 151 ERCER R ARFFIE SO HOY (RBFFHaIN BFT 2

bARIeLFopisrdeIice: 80ardaving ﬁlaanm&g[atﬁalrdecwﬁgefsﬁemr;zqwhﬁ@ less heat
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[af&dinkedrated OWWUItOS)EItérﬁ 10@rem is shown a flow chart of a method 900 of
manufacture of an integrated circuit system in an embodiment of the present invention. The
method 900 includes: providing a semiconductor substrate in a block 902; implanting a well
region, having a first conductivity, on the semiconductor substrate in a block 904; patterning
a gate oxide layer on the well region in a block 906; implanting a source, having a second
conductivity, at an angle for implanting under the gate oxide layer in a block 908; selectively
implanting a dopant pocket, having a third conductivity that is opposite the second
conductivity, at the angle for forming the dopant pocket under the gate oxide layer in a block
910; and implanting a drain, having the third conductivity, for forming a transistor channel
under the gate oxide layer in a block 912.

[0075] The resulting method, process, apparatus, device, product, and/or system is
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be

surprisingly and unobviously implemented by adapting known technologies, and are thus

11



[0072] A conductive link 804, such as a flex circuit, a cable, printed circuit
board traces, or a combination thereof, may be coupled between the first
integrated circuit 802 and a second integrated circuit 806. The second
integrated circuit 806 may be a display controller, a camera chip, an audio
regdhtrolised dpractioriebihatishetsatsotJbomen et ungitath sidctiic ey stskpmoly
cMﬁEQlﬁléQﬁtﬂ SRS A SIIFNLB0R aachihe o§%§68%§’sé'§@ﬁf@é&ﬁ1&k§§w§ 8QB ther

may require less energy to operate and allow operation over a broader range
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hgenemiechbyitheivsiiodegrsiegdytigs Zlchanshthe sesondpategraied. circuit
74] Referring now.to FIG. 9 rein is shown a flow chart
R A P o e oy b AT e e
stafethEthy sebnplpge tigriehthemethlstded00 includes: providing a
[REFYGRRAUGIOT MR RIR D& PIRGK3RE HBIAING AWYEl ) SREIaR BRVIREAR, it is

first conductivity, on the semiconductor substrate in a block 904; patterning a
(G BteuadriE 9y %%ﬁ%‘éy ERTRBEGH i adHisRkaB62 h ﬁﬁéﬁfiﬁﬁsa“% e@pparent to
tﬂmayimglecseccmohrcaﬂdgnﬁwﬂmeaifafbgngged&bmmamm@md@yh& gaiigcadideto

offyeLin 2 blacl 208 selectively. implaning a dopantpocket favipd abitche

conductivity is oppos e second conduc Ivity, at the ang e or f mmg
intleddd pdaitpockél matiers thishgetdooxisks kaytdr lnnraublmckhmm Tanikiamglampanying
A HIAI0 RAYBY ithe St GRIA it oL foMDing A draNSIRior channel under
the gate oxide layer in a block 912. [0075] The resulting method, process,
apparatus, device, product, and/or system is straightforward, cost-effective,
uncomplicated, highly versatile and effective, can be surprisingly and

unobviously implemented by adapting known technologies, and are thus 11

readily suited for efficiently and economically manufacturing integrated circuit

systems fully compatible with conventional manufacturing methods or
processes and technologies. Another important aspect of the present
invention is that it valuably supports and services the historical trend of

reducing costs, simplifying systems, and increasing performance. [0076]

These and other valuable aspects of the present invention consequently

further the state of the technology to at least the next level. [0077] While the

invention has been described in conjunction with a specific best mode, itis to
be understood that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the aforegoing description.

Accordingly, it is intended to
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embrace all such alternatives, modifications, and variations that fall within the
scope of the included claims. All matters hithertofore set forth herein or
shown in the accompanying drawings are to be interpreted in an illustrative
and non-limiting sense. 12 What is claimed is: 1. A method of manufacture of
Wantimelvatedligircuit system comprising: providing a semiconductor
substrate; implanting a well region, having a first conductivity, on the
semidondu @Bégt?&a?ﬂsf FEmig & Garuchate iAye SR theRTsiMFegion;
implapiingliasousaaedanvingrauseeard conductivity, at a first angle; selectively
implanti dopant pocket, havin hird conductivity that is oppasite .
oo b o s W e R e CR R S
condmetivinynat gasecvrd arglerfohforeHirgiani0 transistor channel
asymfﬁ&dﬁ_famlgfﬂ%mn@ﬂﬂg %Eébﬁd%%@ﬂdﬁy‘?z){%rﬁ%t ngegnethod as
claimed in claim 1 further comprlsm% forming a'gate electrode over the gate

oxideS TR Y TRRIAHEAJH AR ifrXiaEd Dihereticsaiactinsly opposite the

implanting the depantvyeacket incleides ingdaatiig mid-gap dopants, P+

dopants, or, 8 combinatian thereol, 19 &, The method.as diamed n dlaim ., .

further gomprigslng I%lu’ncﬁlngga unneling e 6ctron Acfoss a’conduction barri

by reverse biasiistpticbamragisistomstiaemibl pssititee dnewrsdhagdlaimidd lryolaim

1 further comprising forming an intermediate energy state in the conduction

barrier. 6. Al Hf%‘éﬁﬂéi’:ﬁﬂr@%fﬂahfﬁffé@‘rﬁ?éa’ﬁﬁ‘&ﬁ if‘g%ﬂ'agtﬁ gate electrode
o GEHTHRI[SIRGxidE Iayeriding a semiconductor substrate having a buried oxide

layer; implanting a well region, having a first conductivity, on the

semiBonductoe suttsochte, cimmgdich chemveliMtegion sgdan tlg bupledtiogide dopant
plRXEN RANRMING M ERS-2I0S yRhRNEPa el region, Implantingasgurce,

having a second conductivity, at a first angle for implanting 25 under the gate
oxideslayer; melestiely inalanind R dapantiperketohpyin g ibHcheRNd uathding

that is O? osite tge second c%nductivit)é, at thehfirst angle for foriming the
el&ctron %Céjs a con }lﬁ on barrier Yy reverse 1asmgt e transistor channel.
opant pocketincluding

5. The method as claimed in claim 1 further comprising forming an intermediate

energy state in the conduction barrier.

6. A method of manufacture of an integrated circuit system comprising:

providing a semiconductor substrate having a buried oxide layer;

implanting a well region, having a first conductivity, on the semiconductor substrate,
in which the well region is on the buried oxide layer;

patterning a gate oxide layer on the well region;

implanting a source, having a second conductivity, at a first angle for implanting
under the gate oxide layer;

selectively implanting a dopant pocket, having a third conductivity that is opposite the
second conductivity, at the first angle for forming the dopant pocket including
mid-gap dopants under the gate oxide layer; and

implanting a drain, having the third conductivity, at a second angle for forming a

transistor channel asymmetrically positioned under the gate oxide layer.
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mid-gap dopants under the gate oxide layer; and implanting a drain, having
the third conductivity, at a second angle for forming a 30 transistor channel
asymmetrically positioned under the gate oxide layer. 13 7. The method as
claimed in claim 6 further comprising forming a gate electrode over the gate
oxide/layer Fiduakpdormsingnepgaestaior dwdkiceineriensfonaigatesele clrstede
o@é}Olﬂb%zﬁ!@‘@c@éi‘iia?yé@){&f}uﬁingh%ﬁﬁﬁ@%@ésclﬂ@%@di&;ﬁ'@ﬂ&%ﬂh@@i{é electrode
selectively implanting the dopant 5 pocket includes implanting mid-gap
anbihg e BYUdB¥ts, or a combination thereof including forming interface
stateg betwegn {6, agte. oxidelayer.and Ineuiellregion. & The Meod,as
claimed in claim b further comprismgallauncﬁlng a tunne md’ electronsacrossta
pedietinstiode banpbn by evérg vieming. the doapasistor elsambélanetubiimepf including
répRsingdian fled stalesgeladsRide NAeRRe RONL Igan,R-side conduction
band. 10 10. The method as claimed in claim 6 further comprising forming an
intermediatahengegivstaieliithe aooduat®fbatieobinehytingAafening @unneling

o2XE0aN %Egge{oé‘ddé‘ut%ﬁ‘i%n"%‘r%‘éﬁ %”Jé%‘é%é%%?&éi%%et lg0a 1s??p&}nts'e}]ihé?}?ding
Integrated cCircult system comprising: a semiconductor substrate, awe

cresgion {ieavifty & stirtss coaduptiviy yatpdated osnathe sdervicahitiotorasdbstrate;
a gate oxide layer patterned on the well region; a source, having a second
cond&@tivity?%ﬂ%‘ﬁf@oa%]&lfﬁ%‘f HheldmOd 8B SEREL R A0TAYRS ffiigtermediate
eg@agduativdtydhatisoppesise thasecantuanndustivityg, selecti@iyeinylintech athe

thg first angle; a})nd 20 a drain, having the third conductivity, implanted at a
conductiqn barrie rythe mi —%a;%dorg)an'?. . .-
second angle for'forming a ‘transistor channel asymmetrically positioned

undey the 9%‘?iﬂfggﬁt@yﬁfc&?sy-g@%%ﬁﬁﬁfﬁiﬂg: claimed in claim 11 further

comprising a gate electrode over the gate oxide layer. 13. The system as
claimEFIEPACOr SWhEFai# the dopant pocket selectively 25 implanted

includesemidegan KeRanigirkttsRpamay O ramd tiatieRdherarbiplamiete;
under the (O;atéa ?xide Iatyer.(}4. 'Elhe system as claimed in claim 11 wherein

a Igat X1 eh al){er afterned on the well region;
the trafAsistor channel’1s

a source, having a second conductivity, implanted at a first angle;

a dopant pocket, having a third conductivity that is opposite the second conductivity,

selectively implanted at the first angle; and
a drain, having the third conductivity, implanted at a second angle for forming a

transistor channel asymmetrically positioned under the gate oxide layer.

12. The system as claimed in claim 11 further comprising a gate electrode over the

gate oxide layer.

13. The system as claimed in claim 11 wherein the dopant pocket selectively
implanted includes mid-gap dopants, P+ dopants, or a combination thereof implanted under

the gate oxide layer.

14. The system as claimed in claim 11 wherein the transistor channel is
characterized by a tunneling electron launched across a conduction barrier by the transistor

channel reverse biased.

15. The system as claimed in claim 11 wherein the transistor channel is

characterized by an intermediate energy state in the conduction barrier.
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characterized by a tunneling electron launched across a conduction barrier
by the transistor channel reverse biased. 30 15. The system as claimed in
claim 11 wherein the transistor channel is characterized by an intermediate
energy state in the conduction barrier. 14 16. The system as claimed in claim
11 fulther cadhepiisiong:aa Yariesd oxidmaykfuheheosumisegiductor substrate
with the,well regiRniioemned dheeaRABWhaIRIRAS (il SAUreRliSInBlARGHed
under the gate oxide layer; and the dopant pocket and mid-gap dopants
under the gﬁt%“’c%b@?ayer. 17. The system as claimed in claim 16 further
compwsigigia: gate electrode over the gate oxide layer includes spacers on a
vertict%%esggreeqfstpe pate dq}lg?rcg%e a edoth((lae ate. _oxigle layer. 10 18. The
system as claimedin cfaim 16 whétein the daalpa’natnpocket selectively
implaitedpinoiurissatdadgais-dep dppsn® srdeptstgatooaidolysination thereof
implanted including interface states between the gate oxide layer and the
well rkgion OIS FEragSta 2R alHEE AR ABARRE BT tige over the
ghtansigtoraghainorids ghasacterweckiabetigandling glectiendalinclictagiassxade

conduction barrier by the transistor 15 channel reverse biased includes the

Cr. . . . .

nheling electron in filled states near a p-side valence bond launched to an

n-sidgLondylionpand.20,ifha SY SR ARCIAHREN Ith!alpato JPETERIRGvely

_transistor channel is characterized by an intermediate energy state in the
iRBABIG eI M AT TP iAERRICORM Ex a8 REgiSh fortABBINA I RSk ctiBpanted
ireardiap, inethevig-gapraeaamsga6 dhde layer and the well region formed.

19. The system as claimed in claim 16 wherein the transistor channel is
characterized by a tunneling electron launched across a conduction barrier by the transistor
channel reverse biased includes the tunneling electron in filled states near a p-side valence

bond launched to an n-side conduction band.

20. The system as claimed in claim 16 wherein the transistor channel is
characterized by an intermediate energy state in the conduction barrier includes an exchange

region formed, in the conduction barrier, by the mid-gap dopants.
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