HIGH VOLTAGE DEVICE BACKGROUND [0001] Lateral Double-Diffused

(LD) transistors have been widely employed in high voltage applications. For
high performance LD transistors, low drain-to-source on-resistance (Rdso") is
desired to minimize its power dissipation when it is turned on, as well as high

breakdown voltage to max¥HG&iNQbkaAgFBENE. To achieve low Rdso1,

the channel of the high LD transistor _should be as short as possible. [0002]
As technology evolves into era o ﬁ’égi)%%ﬂeron (e.g., beyond 0.35 pm)
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complementary metal-oxide-semiconductor (CMOS) processes, are used to
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incompatible for forming HV transistors. For example, process overlay issues
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channel length. Process variations in process overlay requires large process

shwindibwas shlis anpé@storming short channel lengths to achieve low RDso"
difficult if not impossible. Furthermore, the thin gate electrodes used prevent
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the channel well. [OO%’?A From the foregoing discussion, it is desirable to
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Rdso,,. SUMMARY [0004] A method of forming a device is presented. The
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forming HV transistors. For example, process overlay issues make it difficult for alignment of

the HV channel well, which defines the channel length. Process variations in process overlay
requires large process windows. This makes forming short channel lengths to achieve low RDs,,
difficult if not impossible. Furthermore, the thin gate electrodes used prevent them serving as a
hard mask, further exacerbating process control in forming the channel well.

[0003] From the foregoing discussion, it is desirable to provide reliable HV devices formed

with short channel lengths to have low Rdsy,.

SUMMARY
[0004] A method of forming a device is presented. The method includes providing a
substrate prepared with an active device region. The active device region includes gate stack
layers of a gate stack comprising at least a gate electrode layer over a gate dielectric layer. An

implant mask is formed on the substrate with an opening exposing a portion of a top gate stack



1 layers. lons are implanted through the opening and gate stack layers into
the substrate to form a channel well. The substrate is patterned to at least
remove portion of a top gate stack layer unprotected by the implant mask.
[0005] In another embodiment, a device is disclosed. The device includes a
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stack with a gate electrode layer over a gate dielectric layer. A first edge of a
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channel edge define an effective length of the device. A doped drift well 1s
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along with advantages and features of the present invention herein
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description and the accompanying drawings. Furthermore, it is to be
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are not mutually exclusive and can exist in various combinations and
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scale, emphasis instead generally being placed upon illustrating the
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accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0008] Fig. 1 shows an embodiment of a device;
[0009] Figs. 2a-g show an embodiment of a process for forming a device; and

[0010] Figs. 3a-g show an alternative embodiment of a process for forming a device.



[0010] Figs. 3a-g show an alternative embodiment of a process for forming a
device. 2 DETAILED DESCRIPTION [0011] Embodiments generally relate to
semiconductor devices or integrated circuits. More particularly, some
embodiments relate to high power devices. For example, high power devices
include lateral double-diffusg@@@}%%@?é?ﬂ@ﬁ as metal oxide
transistors (MOS). The high power devices can be employed as switching
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computers and personal digital assistants (PDAs). [0012] Fig. 1 shows a
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substrate 101. The substrate, for example, comprises a silicon substrate. The
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substrates, such as silicon germanium or silicon-on-insulator (SOI), are also
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110 and 160. In one embodiment, the first region comprises a low voltage
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device region. The regions may be other types of device regions or

(PI¢¥ttional device regions may be provided. For example, a dual gate oxide

O) region may be provided for DGO devices, The DGO devices may he
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the complementary type device comprises a
silicon germanium or silicon-on-insulator (SOI), are also useful.

[0013] The substrate may be prepared with first and second regions 110 and 160. In one
embodiment, the first region comprises a low voltage (LV) device region while the second
region comprises a high voltage (HV) device region. The regions may be other types of device
regions or additional device regions may be provided. For example, a dual gate oxide (DGO)
region may be provided for DGO devices. The DGO devices may be used for I/O circuitries.
Alternatively, the device may include only a HV region.

[0014] The first region, in one embodiment, comprises first and second type active sub-
regions 112 and 116. The first and second types are complementary types, forming a
complementary type device. For example, the complementary type device comprises a
complementary metal oxide semiconductor (CMOS) device. Forming non-complementary or

other types of devices is also useful.



complementary metal oxide semiconductor (CMOS) device. Forming

non-complementary or other types of devices is also useful. 3 [0015] The

first type active sub-region, for example, comprises a n-type active

sub-region and the second type active sub-region comprises a p-type active
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122; the second type active sub-region comprises a first type doped well .
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adopants can include phosphorus (P), arsenic (As), antimony (Sb
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type active sub-region and a second type transistor 150 is provided in the
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in the n-type active sub-region with a p-type doped well while a p-type
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The transistors, in one embodiment, are MOS field effect transistors
(AMOSEENS) (it p pekiwiivatisiors may also be useful. [0017] A

transistor, for example, comprises a gate having a gate electrode 144 over a
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Other types gélgate electrode materials, such as polysilicide or metal silicide,
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Doping the gate electrode may depend on the technology. The gate
inflgetpdsdiiar RxanpIOsSTaN bEQPR®kistors (MOSFETS). Other types of transistors may
also be useful.
[0017] A transistor, for example, comprises a gate having a gate electrode 144 over a gate
dielectric 142. The gate electrode, for example, comprises polysilicon. Other types of gate
electrode materials, such as polysilicide or metal silicide, are also useful. Polysilicide or metal
silicide gates can be formed by reacting the desired metal with polysilicon. Various types of
metal, such as cobalt, titanium or nickel, can be used. Other types of gate electrode materials
may also be useful. Furthermore, the gate electrode may be doped with dopants. Doping the
gate electrode may depend on the technology. The gate electrode, for example, may be doped
with the same dopant type of the transistor type. Doping the gate electrode with other dapant
types is also useful. The gate dielectric can be silicon oxide. Other types of gate electrode or

gate dielectric materials can also be useful. The material of the gate electrode and gate dielectric

may depend on the technology. For example, cobalt silicide gate electrodes may be used for



with the same dopant type of the transistor type. Doping the gate electrode

with other dapant types is also useful. The gate dielectric can be silicon

oxide. Other types of gate electrode or gate dielectric materials can also be

useful. The material of the gate electrode and gate dielectric may depend on
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4 0.18 pm and 0.13 pm technologies while nickel silicide ma%/ be used for
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combination thereof. Other types of materials can be used for the sidewall
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regions serve as, for example, source and drain of the transistor. Extension
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transistor are doped with the first type dopants and the diffusion regions of
Theexensorl difpisianangictss fare dopbel withhti setiting aypeeopamish Esiend under
example p-type diffusion regions are provided for p-type transistors and
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useful. Furthiermore, it is understood that the HV region is depicted with only
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include numerous HV active regions or sub-regions.
application, such as voltage requirements.
[0020] The HV region includes a HV active region 165. In one embodiment, the HV active
region comprises a first type active region. For example, the HV active region comprises a n-
type active region. Providing a p-type HV active region is also useful. Furthermore, it is
understood that the HV region is depicted with only one active region for purpose of
simplification and that the HV region can include numerous HV active regions or sub-regions.
For example, the HV active sub-regions can be complementary types of HV sub-regions for
complementary types of HV devices.
[0021] Isolation regions 180, such as shallow trench isolation (STI) regions are provided to

isolate the LV and HV regions as well as active sub-regions within the regions. Other types of

isolation regions are also useful.



For example, the HV active sub-regions can be complementary types of HV

sub-regions for complementary types of HV devices. [0021] Isolation regions

180, such as shallow trench isolation (STI) regions are provided to isolate

the LV and HV regions as well as active sub-regions within the regions. Other
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first type HV active region comprises at least first and second portions. The
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one embodiment, a third or middle ‘portion separates the channel and drift
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portions. For example, the HV channel and HV drift wells contact each other.
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encompassing the HV channel and drift wells. Generally, the deep well
paoomprises dapahtstod thé frstnyipmdoH3addt asltheohid davicettype. The deep
well may be used to isolate the drift well from the substrate. For example, a
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substrate, a p-type deep well may be used to isolate the channel well from
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deep well. The different types of deep well selected may depend on the type of substrate.

Generally, p-type doped substrates are used for fabricating devices. When p-type substrates are

used, the n-type deep well may be optional. This is because the n-type drift well is already

different from the p-type substrate. For a n-type substrate, a p-type deep well may be used to

isolate the channel well from the substrate. Other configurations of deep wells may also be

useful.

[0024] As shown, a first type HV device is provided in the first type HV active region. The

first type HV device, in one embodiment, comprises a LD device, such as a LDMOS device.

The HV device comprises a gate with first and second edges 179a-b or sidewalls.

[0025] The gate includes a HV gate electrode 174 over a HV gate dielectric 172. The HV

gate electrode, for example, comprises polysilicon. Other types of HV gate electrode materials,

such as polysilicide or metal silicide, are also useful. Various types of metal, such as cobalt,



useful. [0024] As shown, a first type HV device is provided in the first type HV
active region. The first type HV device, in one embodiment, comprises a LD
device, such as a LDMOS device. The HV device comprises a gate with first
and second edges 179a-b or sidewalls. [0025] The gate includes a HV gate
tigriped @it 698 Pa 18 g QbediviseAt VZ?tFlféeHWdﬁﬁt@%ié]ét%ﬁ’ef}lmi’e useful.
example, comprises polysilicon. Other types of HV gate electrode materjals,
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CeleBtrode materials ay a1s0 be usetul’ PEArhermiore, the Gate ehetirode may
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with the same dopant type of the transistor type. Doping the HV gate
oﬁl&qugseowﬁhz QthendRpant HiResis @lsauseiukefile HV gate dielectric can

be silicon oxide. Other types of HV gate dielectric materials can also be
[00g6ful. [0036] émbramsmhadimeratidher Matevialef dheddVecgaterblegtiodrlanflc may
HV gate dielectric may depend on the CMOS process and/or technology. In
dgreedembodiiVeD$, theanatadiat Gtthelbly. jateetedinddecandhkbivagaiel of the HV
dielectric may depend on the CMOS process for LV devices and/or
gacHerdtods arb ¥xenta e cctiirahayddpend atetld FOSax aeray foe lu¥ald ise0ang/or
pm and 0.13 pm technologies while nickel silicide may be used for 0.09 pm
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materials are also useful, [0027] Sidewalls of the gate can be provided with
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oislectia matcrinl, fushas,slicon, pxide, silicon.pijride or a_ combination
ereof. Ot erlfy;%es of materials can be used for the sidewall spacers. [0028]
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electrode, gate dielectric and spacers are of the same type of material as the
sﬂaVeQ?Yéggﬁamﬂﬁ,edeMﬁﬁgﬂ‘&rﬂielectric material, such as silicon oxide, silicon nitride or a
combination thereof. Other types of materials can be used for the sidewall spacers.
[0028] In one embodiment, the various gate elements of the HV gate, such as gate electrode,
gate dielectric and spacers are of the same type of material as the LV devices in the LV region.
This facilitates process compatibility for forming HV and LV devices.
[0029] The HV gate overlaps the channel and drift wells in the first and second portions of
the HV active region. A drift isolation region 180a may be provided within the drift well 136 on
the high voltage side of the HV device. The drift isolation region 180a can improve breakdown
voltage of the HV device due to high voltage. For example, the drift isolation region is
particularly useful to sustain high voltages for applications beyond about 10V. As shown, the

drift isolation region 180a is disposed in the drift well 136 under the gate. Disposing the drift

well at other positions, such as partially underlying the gate may also useful.



This facilitates process compatibility for forming HV and LV devices. [0029]

The HV gate overlaps the channel and drift wells in the first and second

portions of the HV active region. A drift isolation region 180a may be

provided within the drift well 136 on the high voltage side of the HV device.
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device due to high voltage. For examgg: the drift isolation region is
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region 176b is provided between the drift isolation region 180a and isolation
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in the HV region. A first type source diffusion region 176a is provided in the
reghanRNRINeelnbis cofifiadinst-type dif¥iach vex1egios:. L Iops ce\exiensiogi¢éegion
177 can be provided which extends under the spacer on the channel side of
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comprise a p-type diffusion regions for a p-type HV active region. Providing
depily peddphesisrationionbd it picty preidns axtiviee retfiond derielinsafu|thT application.
dopant depth and concentration of the diffusion re_cf,)ions may be selected
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concentration of diffusion regions may be the same as those of LV devices.
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type body contact region comprises second type dopants. In one

diembadivent. depant deribians rRanGENtRToR: QELHRINGEY AR asiegiRdmay

be the same as the diffusion regions of the LV devices. Other dopant depths
comprises second type dopants. In one embodiment, dopant depth and concentration of the body
contact region may be the same as the diffusion regions of the LV devices. Other dopant depths
and concentrations are also useful. The body contact region 171 provides electrical coupling to
the channel well 135.
[0032] An edge 133 of the channel well 135 extends below the gate on the source side of the
gate. The edge 133, for example, can be referred to as the channel edge of the channel well. The
channel edge of the channel well 135 and the first edge 179a of the gate on the source side define
a channel of the HV transistor having an effective channel length L.
[0033] The effective channel length, in one embodiment, is controlled by ion implantation
which is self-aligned to the gate edge. For example, dopant ions are implanted using an implant

mask through the gate electrode or a hard mask and the gate electrode. The implant mask is also

used to pattern the channel edge of the HV gate. The effective channel length may be controlled



and concentrations are also useful. The body contact region 171 provides
electrical coupling to the channel well 135. [0032] An edge 133 of the
channel well 135 extends below the gate on the source side of the gate. The
edge 133, for example, can be referred to as the channel edge of the channel
byireleor dodn ifepkapecatifipntrreried DanticBsthisehtié it Edyd breakdgn
the gate on the source side define a channel of the HV transistor having an
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embodiment, is con olled béigndgnglantadtion which is self-aligned to the
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gate edge. EoN ble” dopant ionsare impfanted using an implant mask
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implant mask is also used to pattern the channeledge of the HV gate. The
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conditions selected to satisfy threshold voltage and breakdown voltage
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by decreasing tilt angle, implant energy or dosage and vice-versa. [0034]
teviiithlohe chgond 0B8] Lbeing Isedf-Bigradie. theé gate 8dgeunfaneltiplant,

process overlay issues are avoided. Very short effective channel lengths
teglitiolpgisslow Rdso" can be achieved, enabling high current to pass through

a small area. This is particularly useful for technologies beyond 0.35 pm,
[0%43¢h as SRS IS ABIESBIHHS, f@?I@‘ﬁ‘?ﬁ BARFETSHAPPISEHABIOYTES cfegbpower

Smaller area requirﬁments foglgfcf)wer man%gement applications with reduced

S A A SO PP TR TR HEE SO RS NSRES While reducing costs. [0036] In one
odiment, the effective channel length L. is less than 0.4 pm. In other
[0% .rPn one etrﬁléoe e%l{[, tl(d:e ﬁi?ec%ve glr%gl}?]e}felne%%s{'hlas.a# s éhef?erA Lm. IH% otﬂ% "

embodiments, Ive channel | pm.’In"yet ano

erﬁ%ﬁﬂ%ﬁl?%e@ﬁee%@@%ﬂ&ﬁa%ﬁ%ﬂé@' iéeel'é&“fhh% 1655 IHam Q@R MeQMBEdiment, the

effective channel lengths may a
effective channel length is less than 0.25 um. Other effective channel lengths may also be

useful, for example, depending on the application.

[0037] Figs. 2a-g show cross-sectional views of an embodiment of a process for forming a
device or IC 100. Referring to Fig. 2a, a substrate 101 is provided. The substrate can comprise a
silicon substrate, such as a lightly p-type doped substrate. Other types of substrates, including n-
type doped substrates, silicon germanium or silicon-on-insulator (SOI), are also useful.

[0038] As shown, first and second device regions 110 and 160 are defined on the substrate.
The first region, for example, comprises a LV device region while the second region comprises a
HYV device region. Other types of device regions or additional device regions may be provided.
Alternatively, the device may include only a HV region.

[0039] The LV device region 110 can be defined with first and second type active sub-

regions 112 and 116. In one embodiment, the first and second type active sub-regions are



useful, for example, depending on the application. [0037] Figs. 2a-g show
cross-sectional views of an embodiment of a process for forming a device or
IC 100. Referring to Fig. 2a, a substrate 101 is provided. The substrate can
comprise a silicon substrate, such as a lightly p-type doped substrate. Other
cRasR SPStRE R EHRdiIF S fpferBopeinlisattes deTlitongetiahMeSor
silicon-on-insulator (SOI), are also useful. [0038] As shown, first and second

IGificd PEgIBR LM IR TR A HEMER BT MESltsStails ¥5%rst region, for

[RAFPIeACOMBNISES LY. dRvice L&&'E?{WQ&! e, %%%%%Q 1 qefned keI In‘one
evice region. Other ype% CI)lf evice regions or additiona dewce regions

e RYRR R ovided. Allerrativalys ie fey ﬁ%mﬁé’e&ﬁl}‘%ﬁe"ﬁv Y 198N Although
[0039] The LV device region 110 can be defined with Tfirst and second type

0GR Bl d@aiens kL2 @it ddSi o aRe aRadimaRtihglrst AthsecaNdciude

type active sub-regions are 9 complementary type active sub-regions to form
adiicRMP EManiasy demestibhrascnC MRSV evice .sHpmepIdgs can be complementary
non-complementary or other types of devices is also useful. [0040] As for the
HMMaieviaenegioms 160, a HV active region 165 is defined therein. In one
embodiment, the HV active region 165 can be a first or second type HV
[094#Ve rebionuiatsugalsomisersmed MttaistNAsioR gigIPRs dédieteapainie the device
understood that the HV device region may include additional HV active
regdefions Welkahorhe; BFEY eTdriFAs UhetRAdO8h Ireii® REReHpRI pighisEgions 180
HV active sup-regions. [0041] The substrate is also prepared with jsolatjon
C%‘besﬁssfé‘o t‘éa§18b%1?8l“é;f‘tﬁté°8@\ﬁ{:%°eﬁé%ﬁS?f%eba?sem’l?vg%de&r%%\gtﬁléﬁé%@s' For
oHREIE G, o0, cmPqdiment, e IRalation igdlons 199, compriss ST
Narous conventional processes Can be emplﬂoye to form the regions.

rEifheSXHTMRISre R SHRSH ith ARG SRR A HSBCRYRIONAh S e anflpask
techniques to form trenches which are then filled with dielectric materials
mebEdhRE PHEARRXIARIES BRMHEB rformed to remove the excess dielectric materials and
provide a planar substrate top surface. Other processes or materials can also be used to form the
STIs.
[0042] In Fig. 2b, the doped wells for the active regions of the device regions are formed. In
one embodiment, a first type doped well 124 is formed in the second type LV active sub-region
116 and a second type doped well 122 is formed in the first type LV active sub-region 112. For
example, a n-type doped well is formed in the p-type active sub-region and a p-type doped well
is formed in the n-type active sub-region.
[0043] In the HV active region 165, it includes at least first and second portions. For
example, the first portion corresponds to a drain portion and the second portion corresponds to a
source portion. In some embodiments, a third or middle portion is provided to separate the first

and second portions. Alternatively, the first and second portions are contiguous portions without

a middle portion.
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mechanical polishing (CMP) can be performed to remove the excess

dielectric materials and provide a planar substrate top surface. Other

processes or materials can also be used to form the STIs. [0042] In Fig. 2b,

the doped wells for the active regions of the device regions are formed. In '
[094d] e midB @A SHL A RSP bypaoaehEa Ve 1D@iE%e it iR EeaY Bl Y yetive

active sub-region 116 and a second type doped well 122 is formed in the first

regipe: (PadoRe! S gioHTRY: Bérdulkaripiel Gty Hope i s Yol ruanmses

the p-type actjv b-region .and a p-type doped well isformed in the p-typ:
S s STV I TR L B M e RS S P v
cARSLSECP AL AOPHLOHS: oL BXAMRIE NGty FRQLRE RS PORGF O AL

portion and the second portion corresponds to a  source portion. In some
1re%[’g}godiments, a third or middle portion is provided to separate the first and

second portions. Alternatively, the first and second portions are contiguous
[OpaB)oNs AVHRAET BrégioallEsporioNbelOHIN4HY [ine e M badimeRiid Idopathe drift

well 136 is formed in the drain portion of the HV active region. The doped
StWetgior sxisppled is tddififvwatllab tineptd\e ddidbaityl behiiftvelelpedevpriseothe

same type as the HV active region. In the case of a first type HV active
exan e, hsaldfi® WeHgcompprosss ftedidgierdtiobidixanh phe FVrdeyine diifewelitiSTI

provided for a n-type HV active region. [0045] A drift STI region 180a may be
regisorrAIRe HPEVRIEY thetiang gl e athhalditeig region is disposed in

fﬁa drift well to im rot/;e rgtl)iability of high vol aggzIf evices. For example, the
L8R s 1 Pedfitimpraldd brasict oy KA ﬁh‘/‘ tr‘i‘ét‘lyﬁ/r%@’é%le?a( s e
Rl Pﬁ%gé‘r‘?n%@t&'ﬁ% Whafe dﬁ'{?e %é@%’&?%?ﬂd@ '%%%a}{soe%‘t]ﬁi frst and

ep HV we may be provided in the ctive region 165. As shown,

set&ﬁ‘ld portions of the HV active region 165. The deep HV well comprises an opposite type as
the drift well and the HV active region. In the case of a first type HV active region, the deep
well comprises a second type. For example, a p-type deep well is provided for a n-type HV
active region.
[0047] The depth and concentration of dopants of the various wells may depend on, for
example, application. For example, higher voltage applications may require lower doping
concentration of dopants and greater depth of the wells. In one embodiment, the depth of the
deep well 132 is about 3 um with a dopant concentration of about 5E16cm™. For the drift well
136, it may have a depth of about 1.5 um with a dopant concentration of about 5E17cm™. Other
depths and dopant concentrations are also useful for the wells.
[0048] As described, the STI regions are formed prior to forming the various doped wells.

Other process schemes, such as forming the STI regions after the various doped wells are formed

may also be useful.

11



deep HV well 132 is formed in the whole HV active region 165 and

encompasses the first and second portions of the HV active region 165. The

deep HV well comprises an opposite type as the drift well and the HV active

region. In the case of a first type HV active region, the deep well comprises a
[@égebnd tiRredmse sediiie ba ioripktadep Welriagrsvifeame Aepntypenipglude

active region. [0047] The depth and caoncentration of dopants of the various
b%‘é‘?lé%a\%: PSRRI B S AP P RIEATHBY Sk AFPIR HpRGEIAgele n-

applications may require lower doping .concentration of dopants and greater
e B e B P .

G%gégh‘ﬁﬁ RTER R gg&ﬁﬁtt)?}?&g)‘%%rea{k%eo Labaut RELeEM gel&ﬁ%i}?ﬂﬁ@#ﬂﬁ&

, Itmay have a depth of about 1.5 pm with a dopant concentration o

prPaUESELI e Zp Rt dgRths ARG &9%%@%@@@%@#%}?@@0@% yaafulfor

the wells. [0048] As described, the STI regions are formed prior to forming

inpenvangns aaped weliss Diheppreeassoashemes, such as forming the STI
regions after the various doped wells are formed may also be useful. 11

(@4 9] Theodepatiodmliesncahebe:fsrof dd: biVioeginmplantaticon, ptypel ddpantse LV
can include boron (B), BF2 (boron compounded with fluorine), indium (In) or

regiepm bioratiompieiboLWhilelln capde HupadtresiolingledeyghosPhorlls. (Pyrming the
arsenic (As), antimony (Sb) or a combination thereof. Generally, the first and

HyeusHunypes drethy ataibdsalgiorsiyte TorAltrsatdunsen) InVsephysta be formed in
processes. For example, the n-type regjons can be implanted with n-type

SRBBEHRE éﬂé fﬁ?p‘ffﬁ?%‘i‘é@[?&%@ﬁg{swaﬁbﬁ?a ‘1’H’§ E%R}BS Pé&‘?B?f%B.{g[)@H%ises'
In one embodiment, the wells qf the HV, regi e formed separately fro

R e T e U R S B RSO

ing;%‘ﬁ’ Bl SRR HYe WEHTRIR/IQ H16 L) WEHS 1HASA MPE Motk in

ifferent types of LV wells can be formed in
separate implant processes.

[0051] A doped well can be formed by a single implant process or multiple implant
processes. In multiple implant processes, dopants can be implanted at different energy levels to
achieve the desired doping profiles. In the case of a single implant process, a high temperature
drive-in process is performed to achieve the desired doping profile.

[0052] A single implant process may be employed to, for example, form deep wells. For a n-
type deep well, phosphorus may be implanted with a dopant concentration of about 6E12 cm” at
an energy level of about 2000 KeV followed by a two-hour drive-in at a temperature of about
1100 °C. Single implant processes may also be used to form other types of wells. Forming
wells using multiple implant processes may also be useful. For example, LV wells may be
formed by multiple implant processes.

[0053] In Fig. 2c, various layers of the gate are formed on the substrate. In one embodiment,

a gate dielectric layer 242 is formed over the substrate. The gate dielectric layer, for example,
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separate processes and the different types of HV wells can also be formed in
separate processes. For example, the first type and second type wells in the
LV region are formed in separate implant processes. Similarly, the different
types of wells in the HV region are formed in separate implant processes.

cTODS 1SR iHepEeridel @ﬁﬁ‘ﬁéﬁ%ﬁfé’éewté%%@%iﬂgp‘i% Hrejdiees oytidpianay also
implant éﬂrocesses. In multiple implant processes, dopants can be implanted

beyfir s el ool ki RO BROdiS ST sttt TS Y fisezsdselhe
SRR placess.a bigh isperas dier pregess s periomed

0 achieve esire ng profi A'single implant process may be

ORBAIRYES 10 Rl XATBLESHM FRERMEIR: FoF &ﬁh{ifé’,‘?n% ARoWElon the gate

phosphorus may be implanted with a dopant concentration of about 6E12 cm

voRa@t APRAGHEY leveLofabeuti2RQQKeVolalowed ¥ Adwasheur divednatia

temperature of about 1100 C. Single implant processes may also be used to
1a@i) aihae Besiohaelise baediBRciteisyusingorad pletidpanixMecassesher
may also be useful. For example, LV wells may be formed by multiple

terhyplaues prodessesnjRAb3por BégoAGoralivly, leyensobtheglatefane fhermed on
the substrate. In one embodiment, a gate dielectric layer 242 is formed over

ditecishisticite. The gate dielectric layer, for example, 12 comprises silicon
oxide. Other types of dielectric materials, such as silicon oxynitride, may also

[M9adlseful Miterstiodr/ apigRK: TbAsROGIES PssiestigraEicty ¢h %‘i@riérléerﬁ%fﬁ

be used. The thickness of the gate dielectric layer 242 may be apout 30 A for
S ST RAE O AR LSEh ALY LB SRR et 244

thickpess, for example, may depend an the gate_voltage applications, For
ca & Ryl Tt of nobaoniouns Tyl Forundimmilh depopii favh

s&@gqﬁéﬂpﬁ%mmg UAﬁ g@ﬁ%rﬁd%%“f@é@)@ﬁﬂ%ef @r ”&ﬁﬁep}&(%é‘é GPQAtQ )élg@(p&ﬁ materials
Other techniques, such as chemical vapor deposition’(CVD), can also be
ard 8@ IRSRIMHGE LB le, the polysilicon can be subsequently processed to form polysilicide
or metal gates. The thickness of the gate electrode layer may be about 2000 A or less. In another
embodiment, the thickness of the gate electrode layer is about 2500 A orless. In yet another
embodiment, the thickness of the gate electrode layer can be about 4000 A or less. For example,
in the case of polysilicide gates, the polysilicon may be about 2000 A while the tungsten is about
2000 A. Other thicknesses are also useful. Various techniques can be used to form the gate
electrode layer. For example, polysilicon can be deposited by CVD while metal can be
deposited by sputtering. Other techniques, depending on the material, may also be useful.
[0055] Referring to Fig. 2d, a mask layer 288 is formed on the substrate, covering the gate
electrode layer. In one embodiment, the mask layer comprises photoresist. The mask is
patterned as desired. To pattern the mask layer, photolithography can be employed. For

example, the mask can be selectively exposed to an exposure source through a lithographic

mask. Depending on whether a positive or negative resist is used, the exposed or unexposed
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dielectric layer. [0054] A gate electrode layer 244 is deposited on the gate
dielectric layer 242. The gate electrode layer comprises, in one embodiment,
polysilicon (poly). The gate electrode layer 244 can be formed as an
amorphous or non-amorphous layer. For amorphous deposited layer,

PYin8R s RIS Sy IaYElRmBR péprerhiaeethitepystainic éero it ity RS dixgateot
electrode materials are also useful. For example, the polysilicon can be

ShQyEebe PRI PrEtaSEas B WrMisbIRicide or metal gates. The thickness of
[00 mﬁfa;ﬁnﬁellgg%%g? '%¥§§§T}?é?%er%§%tt%%§§£%8eé 235,40 t%tr)ég(g{])e%s%goit\i%? of the

0] f?mckness € gate e ayeris a

ARSSUYRIANABer emBodiment g %@@&ﬁﬁﬁ%@%&%@s CASRL BHGAY B the

can be about 4000 A or less. For example, in the case of polysilicide gates,

cilepabilicpmmay he abgit 200R.Avvhile the dungsiebnimh AlQH 208 R mask.

Other thicknesses are also useful. Various techniques can be used to form
THiezg@earlectrpde Jayanetovigxasplek palysiliincgambae siepasiiethbARY Diyer
while metal can be deposited by sputtering. Other techniques, depending on
nithyealwabenatfwhay also be useful. [0055] Referring to Fig. 2d, a mask layer
288 is formed on the substrate, covering the gate electrode layer. In one
(098 odiniiehig the haskoiie isomplrided witbdsreasisttorieennaceiikigelpueibdiéd In one
as desired. To pattern the mask layer, photolithography can be employed.
cppRdisieiin SRR R TAS RRRAT S ESI At tRiePe ph duel Yoelive xpaen Ascdatpigated. For
through a lithographic mask. Depending on whether a positive or negative .
HIBRES 1 ,%%“é%ﬁ%%?i"‘d%‘ﬁ&%?ptgg RS dethoied até Pé%f‘v?éé( gyve reston.

Indc?n"eee'é%f%%‘cﬁr%% Tglﬁgdéggﬁ%% t“rtehﬁﬁéf;‘a‘% g 595’%‘&%%’]&%&%3%%?%{%[ ﬁ%%%t | ghcg’é’%’e”%dge

may be provide em ayer. e mask layer

t&ﬁétgﬁgé’gft&lé%ﬂ& RRANE IBBIIRGXBRSE AP N 1%@(-'8 & 950 QIR ther

layer 244. In one embodiment, the opening corresponds to the opening for
PRt hansehmel inplantrioraxammnie: thadnask layek senvasgrtamebannel

well implant mask.
application requirements. For example, the angle, dose and energy can be selected to achieve the
desired effective channel length.
[0058] In one embodiment, the channel well is formed by multiple implants. For example,
the channel well can be formed by at least two tilt and rotate implants. In one embodiment, the
implant comprises a quad implant. A quad implant comprises 4 tilted angled implants, each
rotated by a rotation angle. For example, a p-type channel well can be formed with a quad
implant at a tilt angle of 30° with rotation angle of 45° with a boron dose of about 2E13cm™ at an
energy level of about 130 KeV. Other tilt angles, rotation angles, doses and energy levels are
also useful. For example, a quad implant can comprise a tilt angle of 7° with rotation angle of
45° with a boron dose of about 2E13cm™ at an energy level of about 150 KeV.

[0059] After forming the channel doped well 135, exposed portions of the gate electrode

layer 244 are removed, as shown in Fig. 2f. In one embodiment, an anisotropic etch, such as a
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The ARC layer may be patterned with the mask layer. Subsequently

patterning the ARC layer may also be useful. [0057] In Fig. 2e, the substrate

is implanted with dopants to form a channel well 135. In one embodiment,

dopants of the opposite type as the type of the ITV active region are
regaYante ¢l dRIBAnISIEOTHIRY IR 19BAR R BrEsthRpTEARE @fitie 2RI plagipedeikapr- The

well of a n-type HV actjve region. In one embodiment, the dopants are

re A RE ISR SA QF S TOPEHRE A HRIPORI AN (ARG EBOTEHY: Sy first
he el well The implant angle Q can be in a range of about 1 to 45.
e Tl L g e e ST TR TREREAL CoR R ERA ot e HY

oM@riad %‘%R&Dﬂl@%a%‘df%%%E?é%%r@&%é‘?v@?%ﬁnﬁ%%@%’ﬂ%mﬁﬁﬁg&}ﬂg' 908€irode

and energy can be selected toachieve the desired effective channel Tength.

1aiRO5BLAR; %ﬁ%ﬂbﬂﬂm@m@ i channel welkisdarmad by mwliple inRlamiSant
ple

For exam e channel well can be formed by at least two tilt and rotate

misfplantabisqaea embegimaenbithepioiiant covspiisernm gupddniplante A quad
implant comprises 4 tilted angled implants, each rotated by a rotation angle.
AFRemexariyplbs axpygoepchimmnd]tivethcahidie tariagd withba iguadednBlandab@the
tilt angle of 30 with rotation angle of 45 with a boron dose of about 2E13cm 2
gaie divlestieq dgy tevEP ¢ akiense 1B ks atompr aifodsglesfukotsfioreghigie iekises
and energy levels are also useful. For example, a quad implant can
clegfprisy & tieanie 'oye withivétasadangle of 45 with a boron dose of about

3cm 2 at an_energy.level of about 150 KeV. [0059] After forming the .
[Ogﬁﬁhnel fa%%%sarmﬂ» i%%lf‘&?)‘lﬁé’é%flﬁdﬁ%ﬁse%%ﬂﬁl a{eisnswa&ech%@&r ¥4} implant
are remaved, as wn in Fig. 2f. ln one embodiment, an.anisotrapic etc )
BRATET S R R B R R R AR By v

UG Rk GG aEHRdS Ay Gha DG LemOYRbRS he eXPasRARR g&?—%ﬁgned to
the gate electrode layer, in one embodiment, forms a first edge of a HV gate.
thEREfiEsl8daRisiBAPR AMRIMIRE Mn SO ER SROATSHA tha S ButRG SR 6fidheopMduce
very short effective channel lengths to reduce Rds,, performance. In one embodiment, the
effective channel length L is less than 0.4 um. In other embodiments, the effective channel
length is less than 0.3 pm. In yet another embodiment, the effective channel length is less than
0.25 pm.
[0061] Referring to Fig. 2g, another mask layer 288b is formed on the substrate and
patterned. The mask layer is patterned to expose portions of the gate electrode layer 244 to be
removed, protecting portions corresponding to gates of the LV devices. For example, the mask
serves as a gate mask. Additionally, the mask layer 288b protects the source portion of the HV
region and the gate of the HV device. The exposed portions of the gate electrode layer 244 are
removed to form gates of both the LV and HV devices.

[0062] After the gates are formed, the process continues to form the device, as illustrated in

Fig. 1. The process, for example, includes forming extension regions 147 by ion implantation,
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gate. As shown, the gate dielectric layer 242 serves as an etch stop for
etching the gate electrode layer. Leaving the gate dielectric layer can be
advantageous since it can serve as an implant mask for subsequent ion
implantation to protect the substrate from implant damage. Alternatively, the
foblomisdey fsritn sragsesdateanrbldétrdidifBrstarasaonsnhiivaed Rémidvidygient types
ate dielectric layer 242 to expose the supstrate may also be useful. After
O G A RIS IRR50R AF U RTALR 1AV B DI IE oV RLSTRBBLS) ASYPe
affescribed, he implantmask, in.qne smbodiment, seryes as,a hannelwel.
|mp1an{ mask'as welt as & mask for aﬁernlng RreHirs eége (e‘(.;g., source

ansdgl%} Blfoté}:?sHifugcﬁE%n@% L{%ncgfﬁﬂ?oﬁagheeg&aﬁlﬁ)horé fgﬂstg? tﬁp éﬂfé‘?éﬁ’%’ ﬂgv‘?&qe gions

source side of the gate, the channel Is self-alignedto the gate edge. This

chnabisstheghanes! 1eNataOfHRe Y davas iR WelGPIERHRI FPrRedYeS ons

very short effective channel lengths to reduce Rdso" performance. In one
are Tpediment cthenéfaative Ghanaetipagtid dipisasdbame <kttt 0thei reacted
embodiments, the effective channel length is less than 0.3 pm. In yet another
todiorbodlimdat; dineceftectiveeshdihneblengihang fpss tharbeG@mghn [BO&ihe or
Referring to Fig. 2g, another mask layer 288b is formed on the substrate and
diggrentriseccTive. nviskakigemighatte nsar Yede xp osepoaliond wf itierdetel dielectric
electrode layer 244 to be removed, protecting portions corresponding to

layefeandretmes ipvikish crprer dRdJRicTFRIMReis RrsEpR o S ddifigpahinigrconnect
i A ditionaléy, the ma%!ﬂ(rlt%éer 88%)% tects the s&rce ortiorll of the HV dici
SYEGISA A tHECg e oSS R HE DK SESBH P BribRe SPHRE gty dicing.
el%%[ode I er 244 are removed to form gates, of both the LV and HV
asae an %}é g rﬂeéy %ﬁ ge ormed to com e(%% e 1C. .
evices. f]O ﬁ After gates are formed, the process continues to form the
[098¥iCe: A IHSHAIEE dhilmtnd 16 BFOGRSSf IRHAXRMRIS 1 DGHARS AOWRIAGies. 3a-
extension regions 147 by ion implantation, 15 followed by forming spacers
g 1#8rant dirand diffpsien yegiesddeeand i (Ro v N1l BERBNIY PRR essed device is
similar to that shown in Fig. 2c. A hard mask 388 is formed on the gate electrode layer 244.
The hard mask, for example, comprises silicon oxide. In one embodiment, the hard mask 388 is
formed by CVD. The thickness of the hard mask, for example, is about 40nm. Other materials,
techniques or thicknesses may also be useful. For example, the hard mask may be formed from
silicon nitride or other types of materials.
[0064] Referring to Fig. 3b, a soft mask 287, such as photoresist, is formed on the hard mask
388. The soft mask can be patterned by photolithographic techniques to form an opening 289
which can serve as a channel implant mask. An ARC layer can be provided between the soft
mask 287 and the hard mask 388. The pattern of the soft mask is transfered to the hard mask by,
for example, RIE.

[0065] In one embodiment, the soft mask layer is removed after patterning of the hard mask,

as shown in Fig. 3c. The substrate is implanted with dopants to form a channel doped well 135.
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of extension and diffusion regions can be formed in different processes. For

example, n-type diffusion regions are formed in one implant process and

p-type diffusion regions are formed in another process. Furthermore, the

diffusion and extension regions of the different device regions can be formed
InQiisARRAJ ISP ttey gﬁd’ﬂéﬁﬂ&“c’t@ééﬁ the ot dhakby A8 GifRsMRe
_regions are formed. For example, metals, such as cobalt are depgsited on
lf?ﬁg‘étﬁ%sﬁa‘iéwlﬁnﬁ%’ﬁéiw% 16T Rl RS d s i n-type HV
. %ontacts and gates can be formed in the same or different processes.

Ve 1egion, . . .
nreacted metals are removed. A pre-metal and an inter-level dielectric

[dgg@r can, b JmEdi R Wi &%Q%B?e%%ﬂ}}%ﬁc&%%@@(&f@?&%ﬁ&anml from the

itional interconnect levels can be formed by, for example, dua

cHAMRSEE AR RERNAHE ShiHAAl PAPSVRLIGR, ¢ Xl ASSEBPIY arthieIINGINEY o
be performed to complete the IC. [0063] An alternative embodiment of a

4prooass pifREMIRGI& deyiasd BdusehowReimhpight GardBiorefefinrg ieddige@ading
a partially processed device is shown. The partially processed device is

osupplieatoothatjshowmin Fig.c2emplhiahd mglsk B88 dsdenargyl n basdated to achieve
electrode layer 244. The hard mask, for example, comprises silicon oxide. In

theesemtbdtiigienchivadi deazthask 388 is formed by CVD. The thickness of the
hard mask, for example, is about 40nm. Other materials, techniques or

(4962 knesEEQREds - (e rlirnee) wshin MEned hard tHRlsR AR Sh 96 fvreeple.
from siljcon nitride or other types of materials. [0064] Referring to Fig. 3b, a
the sramsdRsg 72 %ﬁoage@@atay&%}wﬁm% SHERAPS mA eé’é‘%‘g {gent, the
. sgft mask can be patterned by photolithographic.technigues to form an
e X e PO S MU R ISP Bl o

rdRR IRy @%‘i’aﬁﬁﬁ"&ﬁ?@. t@%r%‘%@m‘ﬁl@;%%%e@ﬁﬁﬁﬁ& RRfmaskafRa e 838%%%”

of the soft mask is transfered to the hard mask by, for example, RIE. [0

inhBI9ne eNMosiment sthe, s fomask layRlissremavechaftar Patternig & m2 at an
hard mask, as shown in Fig. 3c. The substrate is implanted with dopants to
efdergn Rwehanmehdopedyvell Qb tilt angles, rotation angles, doses and energy levels are
also useful. For example, a quad implant can comprise a tilt angle of 7° with rotation angle of
45° with a boron dose of about 2E13cm™ at an energy level of about 150 KeV.
[0068] As shown in Fig. 3d, another soft mask layer 287 is deposited on the substrate,
covering the hard mask layer and exposed gate electrode layer. The soft mask is patterned by
lithography. The soft mask protects portions of the hard mask layer 388 corresponding to the
transistor gates. A new ARC layer can be provided between the soft mask 287 and the hard
mask 388. In Fig. 3e, exposed portions of the hard mask are removed, exposing portions of the
gate electrode layer. Patterning of the hard mask layer can be achieved by, for example, RIE.

The patterned hard mask serves as a gate mask. The soft mask, as shown in Fig. 3f, is removed

after patterning the hard mask.

17



16 In one embodiment, dopants of the opposite type as the type of the ITV

active region are implanted. For example, p-type dopants are implanted into
the p-type deep well of a n-type HV active region. [0066] In one embodiment,
the dopants are ngc%anted at an angle to form a channel from the gate edge

[0¢pHe edtfdesitgdochignte DfeIriT RieSHogRIY eingle 1o RaiisHed FPefOrf&hQ@f‘éfm the LV

about 1 to 45. Other implant angles may also be useful. The imp
E BRI e D o"é‘ﬂbrfcﬂﬁii“&% 85}51?%651?%%}?&%&@11 Bpchicved

exa Ie the arl?ll q.ﬁ? dener ected to chlev ed red
et L Sl e e

%%?M&%HEPJG TSR r3§§%%p[4§ refRS ENBPNGH WEILEAN «P@iefﬁ{ NS BY

at least two tilt and rotate implants. In one embodirnent, the implant

Re2@ AHAFhHN R.J?é}t Thél ?%iégg RlaheemPHRssAsiltacanalgd IaRlpRIS the
eac rotated by a rotation angle. For example, a p-type channel well can be
ddoigaed with a quad implant at a tilt angle of 30 with rotation angle of 45 with
a boron dose of about 2E13cm 2 at an energy level of about 130 KeV. Other
[007 @ngleEhedtatinmangle be dodesdian therernppdeifel soane witowskefultigifrom the
example, a quad implant can comprise a tilt angle of 7 with rotation angle of
spstwitessei o ategerisfieiberceE 1Benoreaeian ankedynknis|tbfrafsoetasm be
KeV. [0068] As shown in Fig. 3d, another soft mask layer 287 is deposited on
CRdstfiskip re%@&iﬂ@%%%ﬁﬁé@k“lQ%Fl%@%kﬁﬁ%ﬂld’éﬁé@%ﬁﬁﬁ@ Scope

er. The soft mask js patterned by i raphy. The oftm sk protects
‘lngthPﬁ?Bf"EHé SR 8%?%@%"&5%%@%8 8|ﬁagﬁhf“6 i Bl gﬁ%&%s A

an be provided b tw n the soft ask 287 and the
L 2 e B R R TS B MG e
cl@?fﬂsoﬁ'é‘&QR&EQ@@&fetB‘Br&Q&ec&IEWOde layer. Patternlng of the hard mask

layer can be achieved by, for example, RIE. The patterned hard mask serves
as a gate mask. The soft mask, as shown in Fig. 3f, is removed
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after patterning the hard mask. 17 [0069] Referring to Fig. 3g, the gate
electrode layer 244 is patterned to form gates in the LV and HV region by,
for example etch. Patterning of the gate electrode layer can be achieved
using, for example, RIE. The patterning of the gate electrode layer also
WdrdeslteeAard mask, reducing its thickness. The hard mask 388 can be
removed by, for example, a clean step after etching the gate electrode layer.
The process continues as previousl| {edMibed to complete the device.
1[0070 'Ir;lké%i%vo ion.may be embodied in other specific forms without

departing rom h(én%lf)lﬁi 8?Vé%%%%rf}gfl§:lﬁ§:racteristics thereof. The foregoing

embodimans., NBEIALG, 85618 Dfn GRNRIARTE 10 AAERPERIFIURL Y. device

rather than limiting the invention described herein. Scope of the invention is

rdbs indicRies By ihe ApRSRAed flaims, E@#ftﬁ'fsmgﬁt 4 the SAEIQIRYde layer over a
escription, and all changes that come within the meaning and range of

g6 divrRiancyagéthe claims are intended to be embraced therein. 18 What is
claimed is: CLAIMS 1. A method of forming a device comprising: providing a
substiateimgepangdant thaak @ctive dsuige vegion opdndreirx posigciiperdevicéa top
region includes gate stack layers of a gate stack comprising at least a gate

gatettabdaykiyer over a gate dielectric layer; forming an implant mask on the
substrate with an opening exposing a portion of a top gate stack layers;

implaftEP RS AR RIGHEh Do BRsIG ARbcgtalatia ki tay BHe e theralrstfare 2

to form
channel Wealll; and

patterning the substrate to at least remove portion of a top gate stack layer unprotected by

the implant mask.

2. The method of claim 1 wherein the top gate stack layer comprises the gate electrode layer

of the gate stack.

3. The method of claim 2 wherein the gate electrode layer comprises silicon, including

amorphous or polysilicon.

4. The method of claim 2 wherein:
patterning the substrate forms a first edge of the gate; and

further comprises pattern the substrate to form a second edge of the gate.

5. The method of claim 4 wherein the first edge corresponds to a channel edge of the gate of

the device and the second edge corresponds to the drain edge of the gate of the device.
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channel well; and patterning the substrate to at least remove portion of a top
gate stack layer unprotected by the implant mask. 2. The method of claim 1
wherein the top gate stack layer comprises the gate electrode layer of the
gate stack. 3. The method of claim 2 wherein the gate electrode layer
comprises silicon, including amorphous or polysilicon. 4. The method of
claim 2 wherein: atterningﬂthe substrate forms a first edge of the gate; and

6 furthdPESRAPIGEY AR A& lbstrate to form a second edge of the gate. 5.
The method of claim 4 rein the first edge correspgnds to a channel edge
of thé %ée{él% ttlhees'fgpes\t/rl%%}%agﬁﬁmtﬁe% gséggﬁ%jo%eeggéjrrae%sgponds to the drain edge

of the, gAe: OGS YifiRerd T s JIG MG LS ClalRsL WAGIGIY palterning the

substrate forms a first edge of the gate; and further comprises pattern the
substrate to form a second edge of the gate. 7. The method of claim 6
wherein the first edge corresponds to a channel edge of the gate of the

7 devicehamckthel Econe 6dgrenr Bspendadodhe:ciaidsadgaRinie grteodtibgate of
device. 8. The method of claim 1 wherein patterning the substrate leaves the

thgalke dicdeditie kayerd relgeainingrondhe sibdtrated: dihberpathadief daicm. 1
wherein the gate stack layers comprises a hard mask layer over the gate
electrode layer and patterning the gate stack removes the hard mask layer to
expose the gate electrode layer. 10. The method of claim 9 wherein

8 pattelMingeohalq sk B Afienadhcorhsifasigaies the gate dielectric layer

remaining on the substrate.

9. The method of claim 1 wherein the gate stack layers comprises a hard mask layer over
the gate electrode layer and patterning the gate stack removes the hard mask layer to expose the

gate electrode layer.
10. The method of claim 9 wherein patterning the hard mask forms a first edge of hard mask
corresponding to a first edge of the gate stack and further comprises patterning the hard mask to

form a second edge of the hard mask corresponding to a second edge of the gate stack.

11. The method of claim 10 comprises patterning the gate stack layers with the patterned

hard mask to form a gate with first and second edges.

12. The method of claim 11 wherein patterning the gate stack layers leaves the gate dielectric

layer remaining on the substrate.
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corresponding to a first edge of the gate stack and further comprises
patterning the hard mask to form a second edge of the hard mask
corresponding to a second edge of the gate stack. 11. The method of claim
10 comprises patterning the gate stack layers with the patterned hard mask
3o forthampbedwfic gt hAndsetompeagesion crmaritrsthl Sreeamppat
wherein patterning the gate stack layers leaves the gate dielectric |ayer
HemaiMhgehame %Qﬂa@?@‘i@ﬂgﬁgg}ﬁé’ﬁ%ﬁ 18RI W ereifrimplanting
ions comprises a tilt angle implant. 14. The method of claim 1 wherein a tilt
angle of the implant is about 1 - 45. 15. The method of claim 1 wherein

13mplagiing I6R% GPENRKISES RHIARIG Hikan 'BJE”CRJI%ELF%e‘é"ﬁﬁiﬁﬂ;ﬁé‘%if%ﬁ‘é?ediﬁgﬁﬂk

a plane of the substrate. 16. The method of claim 15 wherein a tilt angle o

wiignimplankda AL brde ot helda6smgthod of claim 1 wherein implanting ions
comprises a quad tilt angle implant which is rotated about a plane of the

substrate. 18. A device comprising: a substrate prepared with an active
device region, wherein the active device region includes a gate stack with a
lgate €lectiatied ayelkovds avbaterdielbctriddaydre windseinsatirst bdgé’.of a
gate and a second edge of the gate are patterned separately; a doped
channel well disposed in the substrate adjacent to the first edge of the gate,
wherein the first edge of the gate overlaps the channel well with a channel
lédge%’letﬁl?tbﬂ%ﬁﬁ%&w&l I%ﬁ%éﬂ@ﬂ%@@%é?@ﬁé%?&%ﬁg%%ﬁ%étéé@éeé’ﬁ‘@lam
hannel edge defines an effective channel length of the device; and a doped
Wﬁ}" SR et i‘d)fﬂbe E&?nsdﬂég&ﬁ?of the gate. 19. The device of claim 18

wherein the effective channel length is less than about 0.4 pm.

18. A device comprising:

a substrate prepared with an active device region, wherein the active device region
includes a gate stack with a gate electrode layer over a gate dielectric layer, wherein a first edge
of a gate and a second edge of the gate are patterned separately;

a doped channel well disposed in the substrate adjacent to the first edge of the gate,
wherein the first edge of the gate overlaps the channel well with a channel edge of the channel
well beneath the gate, the first edge of the gate and channel edge defines an effective channel
length of the device; and

a doped drift well adjacent to the second edge of the gate.

19. The device of claim 18 wherein the effective channel length is less than about 0.4 um.
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21 20. A method of forming a device comprising: providing a substrate
prepared with an active device region which includes a doped drift well in a
first portion of the active device region and gate stack layers of a gate stack
comprising at least a gate electrode layer over a gate dielectric layer on the
surface of the substrate; forming an implant mask on the substrate with an
opening exposinﬁg a portion of a top gate stack layers; implanting ions

20hrougHMHEog LA ARd Rt S9RIPTRYETS into the substrate to form a

channel well; anl(ljbg)t%t&ernln%rt e s%bstra%e to at.Ieast.rem%\I/C porltlllag of Otr%g drift

gate BIRER Ty &P IMBIOI SR By Ihe S A Thask S0 rie ethBEBre

wel? WRIRIN MG RUP A& CORRARE R wi Sl ISolation 18N 16 40RR I lising
well; and a doped deep well in the substrate of the active devicCe region
A QPERNPASSIRA R AoResh &t WellieR2 ric layer on the surface of the substrate;
forming an implant mask on the substrate with an opening exposing a portion of a top
gate stack layers;
implanting ions through the opening and gate stack layers into the substrate to form a
channel well; and

patterning the substrate to at least remove portion of a top gate stack layer unprotected by

the implant mask.

21. The method of claim 20 wherein the substrate comprises:
a drift isolation region in the doped drift well; and
a doped deep well in the substrate of the active device region encompassing the doped

drift well.
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