HIGH VOLTAGE DEVICE CROSS-REFERENCE TO RELATED
APPLICATION [0001] This application is a continuation-in-part application
which claims benefit of co- pending U.S. patent application Sex. No.
12/390,5009, filed on February 23, 2009. All disclosures are incorporated
herewith by reference. BAGKGROUNT 46d0PEN{e¥al Double-Diffused (LD)
transistors have been widely employed in high voltage applications. For high
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As technology evolves into era of deep sub-micron (e.g., beyond 0.35 pm

arY §i¥orbar A& ReRIGIINIROratRNL/LSI), there is a desire for both high voltage
(HV) LD transistors and low voltage (LV) transistors to be fabricated on the

same substrate. Generally, the ppaoeRsEEJONI®rMing LV devices, such as
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
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difficult if not impossible, Furthermare, the thin gate electrodes used prevent,
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provide reliable WV devices formed with short channel lengths to have low

[03%0”' %§QMW evolves into era of deep sub-micron (e.g., beyond 0.35 pm) Very-
Large-Scale Integration (VLSI), there is a desire for both high voltage (HV) LD transistors and
low voltage (LV) transistors to be fabricated on the same substrate. Generally, the processes for
forming LV devices, such as complementary metal-oxide-semiconductor (CMOS) processes, are
used to form the HV devices. However, conventional CMOS processes are incompatible for
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.

[0004] From the foregoing discussion, it is desirable to provide reliable HV devices formed

with short channel lengths to have low Rdsgp.



[0005] 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 including at least a
gate electrode layer over a gate dielectric Ia%{er. A first mask is provided on
the substrate corresponding to the YéMMrHieYsubstrate is patterned to at least
remove portions of a top gate stack layer unprotected by the first mask. A
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is disclosed. The method includesS proving a substrate prepared with an
maGHUEPERNICA FRTIRNuBiR RCIYR JoXIGR, tsaieincludesddared slift wealliafleast
first portion of the active device region and gate stack layers of a gate stack.
rehe QpiRisIRCK laypIsinciudel dllaagiagaie wlentrofdedayrr aveeandatesk is also
dielectric layer on the surface of the substrate. A first mask is provided on the
piswiskitae theonwes pondiiy o dpenigatex pbhie su pstriatedStixattetmed kouat leastp gate
remove portions of a top gate stack layer unprotected by the first mask. A
staeclnarmaskasnglseeprovidey dbytveptuibos aeasviitieugh thp epinip e sy sitgystack
portion of the first mask and the top gate stack layer. A channel well is
laysiiaty BReiHptdAting ions through the opening and gate stack layers into the

trate. [0007] In yet another embodiment, a device js presented. Th
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Substrate adjacent to the first edge of the gate. The first edge of the gate

lQVerRRS:theschrnnel wall with a.channeliedorAf thachanashweldensatkate

the gate. The first edge of the gate and channel edge define an 2 effective
diehannshiengthief iheadevioge Audapad drifirvalasidjapentitedbe secandredge
of the gate
corresponding to the gate. The substrate is patterned to at least remove portions of a top gate

stack layer unprotected by the first mask. A second mask is also provided on the substrate with
an opening exposing a portion of the first mask and the top gate stack layer. A channel well is
formed by implanting ions through the opening and gate stack layers into the substrate.

[0007] In yet another embodiment, a device is presented. The device includes a substrate
prepared with an active device region. The active device region includes a gate stack with a gate
electrode layer over a gate dielectric layer. At least the gate electrode layer is patterned using a
hard mask. The device also includes a doped channel well disposed in the substrate adjacent to
the first edge of the gate. 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 define an



is also included. [0008] These and other objects, along with advantages and
features of the present invention herein disclosed, will become apparent
through reference to the following description and the accompanying
drawings. Furthermore, it is to be understood that the features of the various
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various combinations and permutations. BRIEF DESCRIPTION OF THE
IsBIRNAINES [0009] In the drawings, like reference characters generally refer
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embodiments of the present Invention are described with reférence to the
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device; [0011] Figs. 2a-g show an embodiment of a process for forming a
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forming a device; [0013] Figs. 4a-g show another embodiment of a process

afdpéommimgpasdevice; and [0014] Figs. 5a-g show another embodiment of a
process for forming a device. DETAILED DESCRIPTION [0015]

Embodiments genef@RYHERES tREERMIZY M0 EIDE dRA¥ NS pIntegrated
circuits. More partlcularly, some embodiments relate to high power devices.
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drawings, in which:

[0010] Fig. 1 shows an embodiment of a device;

[0011] Figs. 2a-g show an embodiment of a process for forming a device;

[0012] Figs. 3a-g show an alternative embodiment of a process for forming a device;
[0013] Figs. 4a-g show another embodiment of a process for forming a device; and

[0014] Figs. Sa-g show another embodiment of a process for forming a device.

DETAILED DESCRIPTION
[0015] 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-diffused (LD) transistors, such as metal oxide transistors (MOS). The
high power devices can be employed as switching voltage regulators for power management

applications. The LD transistors can be easily integrated into devices or ICs. The devices or ICs



portable consumer products, such as cell phones, laptop computers and
personal digital assistants (PDASs). [0016] Fig. 1 shows a portion 100 of an
embodiment of a device. As shown, the portion includes a substrate 101.
The substrate, for example, comprises a silicon substrate. The substrate can
CHEDRIPRRTRIGHEH HIRIPEY P S HB AR ES AP peOBIUGIRET 8y R o POgHS tatadicularly
such as silicon germanium or silicon-on-insulator (SOI), are also useful.
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.In one embodiment, the first region comprises a low voltage (LV) device
( reglgh while the second region comprises a high voltage (HV) device region.
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regions may be provided. For example, a dual gate oxide (DGO) region may
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circuitries. Alternatively, the device may include only a HV region. [0018] The
sifirstaie giorbdmi gy aopbedimenty po aupses Nrsfrng s@epnpdypesabiivacssbich as
regions 112 and 116. The first and second types are complementary types,
sifexmiggeargom prestieotany-byjdace viel) Foe ekanple].the complementary type
device comprises a complementary metal oxide semiconductor (CMOS)
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[0019] The first type active sub-re?ion, for example, comprises a n-type
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doped well.124. For.example, the first t ive sub-region comprise
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-type dopants can include boron (B), 4 indium (In) or’a combination thereof
AndigRdypadapantsaminchidsRhogRhesis:(P), arsenic
[0018] 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.
[0019] 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 region. The first type active
sub-region comprises a second type doped well 122; the second type active sub-region comprises
a first type doped well 124. For example, the first type active sub-region comprises a p-type

doped well and the second type active sub-region comprises a n-type doped well. Other

configurations of active sub-regions are also useful. P-type dopants can include boron (B),



(As), antimony (Sb) or a combination thereof. [0020] A first type transistor

140 is provided in the first type active sub-region and a second type

transistor 150 is provided in the second type active sub-region. For example,

a n-type transistor is provided in the n-type active sub-region with a p-type
indBre R en wrsmebiigiBeipaheiails misyperainBrids prthe Puapohetitigess (P), arsenic

sub-region with a n-type _dotzéed well. The transistors, in one embodiment, are
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polysilicide or metal silicide, are also useful. Polysilicide or metal silicide
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types of metal, such as cobalt, titanium or nickel, can be used. Other types

refsgade ielactiade imakepalpe may aks6-Reidaelith rhlyeraoped, wor. geiie transistors,
electrode may be doped with dopants. Doping the gate electrode may
indepentoditivettechMidSHicld bfegateelisctirodd¢ O ITEDsanplissrmyayshd dopetors may
with the same dopant type of the transistor type. Doping the gate electrode
alpgitbe atteérldapant types is also useful. The gate dielectric can be silicon
oxide. Other types of gate electrode or gate dielectric materials can also be
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the technology. For example, cobalt silicide gate electrodes may be used for
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materials are also useful. [8 idewalls of the gate can be provided with
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ielectric material, such as silicon oxide, silicon nitride or a combination
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[0023] Adjacent to the gate are diffusion regions 146. The diffusion regions
m3@RIsoas, fesful. 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
0.18 pm and 0.13 um technologies while nickel silicide may be used for 0.09 um technologies.
Other configurations of gate electrode and gate dielectric materials are also useful.
[0022] Sidewalls of the gate can be provided with sidewall spacers 148. The sidewall

spacers, for example, comprise a dielectric material, such as silicon oxide, silicon nitride or a

combination thereof. Other types of materials can be used for the sidewall spacers.



example, source and drain of the transistor. Extension diffusion regions 147
can be provided. The extension diffusion regions, for example, are shallow
diffusion regions which extend under the spacers. The diffusion regions
including the extension diffusion regions) of the first type transistor are
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active region 165. In one embodiment, the HV active region comprises a
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type active region. Providing a p-type HV active region Is also useful.
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active region for purpose of simplification and that the HV region can include
provitket buspH)pactingstegions orypablifagionsegions exagmpleethierHiMypetivansistors.
sub-regions can be complementary types of HV sub-regions for
Thodepibansidapygres atiporlel/ibe diffooBr¢ssiationydgisnd. 18Gxgupheasn the
shallow trench isolation (STI) regions are provided to isolate the LV and HV
appliaiiRN sl Y8l KefvelsiiBRe]ions within the regions. Other types of

[ tion_regions are also useful. [0026] In one embhodiment, the first HV |
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ave a n-type HV channel well and a p-type HV drift well. In one
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In other embodiments, the first and second portions are contiguous
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.
[0025] 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.
[0026] In one embodiment, the first type HV active region comprises at least first and second
portions. The first portion comprises a second type HV channel (or body) well 135 and the
second portion comprises a first type HV drift well 136. The HV drift well, for example, defines

the type of HV device. For example, a p-type HV active region would have a n-type HV channel

well and a p-type HV drift well. In one embodiment, a third or middle portion separates the



portions. For example, the HV channel and HV drift wells contact each other.
[0027] A deep well 132 may be provided in the HV active region,
encompassing the HV channel and drift wells. Generally, the deep well
comprises dopants of the first type or same as the HV device type. The deep
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p-type device will have a n-type deep well. In some cases, the deep well can
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oped substrates are used for fabricating devices. en p-type substrates
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drift well is already different from the p-type substrate. For a n-type
exsulsyale. @pe-typr deaphamel amaypaidpadln isalaie the:chanaapvallifcaibe
the substrate. Other configurations of deep wells may also be useful. [0028]
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The first type HV device, in one embodiment, comprises a LD device, such
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edges 179a-b or sidewalls.7£029] The gate includes a HV gate electrode 174
despeydlHhg st draidense afdserpeivicgisthratsclepen 8hedipsE substrate.

compyrises polysilicon. Other types of HVY gate electrode materials, such as
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same dopant type of the transistor type. Doping the gate electrode with
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Other types of HV gate dielectric materials can also be useful. 7
useful.

[0028] 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.

[0029] 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,
titanium or nickel, can be used. Other types of HV gate electrode materials may also be useful.
Furthermore, the gate electrode may be doped with dopants. The HV gate electrode, for
example, may be doped with the same dopant type of the transistor type. Doping the HV gate
electrode with other dopant types is also useful. The HV gate dielectric can be silicon oxide.

Other types of HV gate dielectric materials can also be useful.



[0030] In one embodiment, the material of the HV gate electrode and HV gate

dielectric may depend on the CMOS process and/or technology. In one

embodiment, the material of the HV gate electrode and HV gate dielectric

may depend on the CMOS process for LV devices and/or technology. For
[@Qghplé%ﬂ@mé“@é@ Bregtld sha BYY 1s8teiskegtredonnd B @ifadglegtric may

pm technologies while nickel silicide may be used for 0.09 m technologies.
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materials can be used for the sidewall spacers. [0032] In one embodiment,
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dielectric and spacers are of the same type of material as the LV devices in
oflaerd Mee@@nand Riscfarildatesnpresesscompaiibflity for forming HV and LV
devices. [0033] The HV gate overlaps the channel and drift wells in the first
[093d] secSintt paitiohthokathedd Yegotiveled giah slavifl igalatioh7é&dlba d8deall
may be provided within the drift well 136 on the high voltage side of the HV
spdesisdoThempit.isortity raligtnetligOznicanlirysioves iesakuddensiioftagirisitprea
HV device due to high voltage. For example, the drift isolation region is
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As shown, the drift isolation region 180a.is disposed in.the drift well 136
W&ﬁ&L thi? aa?e?"%’&‘al}?ﬂﬁgthﬁev %ﬁﬁt‘%%%tﬁ SIFB}?{EE%%%& sSUGCH AL Srtiafletrode.
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V region. A first type source diffusion region 176a is provided in the channel
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can be provided which extends under the spacer on the channel side of the
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comprise a p-type diffusion regions for a p-type HV active region.
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.
[0034] A first type drain diffusion region 176b is provided between the drift isolation region
180a and isolation region 180 which isolates the HV active region from other sub-active regions
in the HV region. A first type source diffusion region 176a is provided in the channel well 135
of the first type HV active region. A source extension region 177 can be provided which extends

under the spacer on the channel side of the HV gate. The first type source and drain diffusion

regions, for example, comprise a p-type diffusion regions for a p-type HV active region.



8 Providing n-type diffusion regions for a n-type HV active region is also
useful. The dopant depth and concentration of the diffusion regions may be
selected depending on the application. In one embodiment, the dopant depth
and concentration of diffusion regions may be the same as those of LV
Ppaifiasn omretitivpamtwepthoand-Sosddntrativhi airn Asdsegestil [dbssprant
second type body contact region 171 may be provided in the first portion of
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Sesn the surce, diffysion region L76a and the olation redlon 180, The .
second type body coritact région comprises second type dopants.1n one

thg»E'é%‘P‘i';i{ﬁ@é\?icggpéﬁk?ﬂBﬁ_'&n‘i‘HQpﬁ%%%%ﬁ%?ﬂr&f&ﬂﬁapeoﬂé’o‘%%ﬁé‘ft region may

e the same as the diffusion regions of the LV devices. Other dopant depths

[0A38] CONGERIFBIIPRDEFB BIeBHERE TekidN e ALY &R J&0iMl FsPHBMIGRS S the HV
electrical coupling to the channel well 135. [0036] An edge 133 of the

acthanagbwel d3hb extanrds helowibsgaierandhesonige siderwtdhehoaigcd he
edge 133, for example, can be referred to as the channel edge of the channel

diffetiont hezichdndrelrebide iod kthiechepine] Y0elThdScandl tiyecfivst e dgeat 7@giof
the gate on the source side define a channel of the HV transistor having an

cafieretpseasioas ald dapphts. . J00873 Thed siksdtidepetizlient] dadgtmcimtsrion of the body
embodiment, is controlled by ion implantation which is self-aligned to the

COpRE BN PAY B &implarcaspan it HE oy ecriopraetidly Ldidlg asrimprant dapgakdepths
through the gate electrode or a hard mask and the gate electrode. In one

A BAHaN frEe ﬁi?BI'ésrﬁ? af %E%%S%éaecd ‘t%?‘;ﬁ’gtﬂg#npfﬁ&%‘ffa ﬁcé’fl%adog?&}?ﬂmg o

h yn\ﬁegatg ng effective channel length may be controlled by channel or

t
t - .
hgg y implant conditions selected to satisfy threshold voltage and breakdown

[003679¢ %99%%’2@9(% (ROLEXABIRIE SHOUGERILGRIYE GhaARELIGRIWINAIRSf the

achieved by reasing tilt angle, implant energy or dosage and vice-versa.

2dRO3a1\With the gbrBnghyHelLheHRGsaH-alig Ae hiQ hhfnePi8 8 4@ Ot HARNel well. The
implant, process overlay issues are avoided. Very short effective channel
clemngihsiye bt veryhmneRasn " 8siandahe first edge 179a of the gate on the source side define
a channel of the HV transistor having an effective channel length L.
[0037] 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. In one embodiment, the
implant mask is also used to pattern the channel edge of the HV gate. The effective channel
length may be controlled by channel or body implant conditions selected to satisfy threshold
voltage and breakdown voltage requirements. For example, shorter effective channel length may
be achieved by decreasing tilt angle, implant energy or dosage and vice-versa.
[0038] With the channel well being self-aligned to the gate edge of the implant, process

overlay issues are avoided. Very short effective channel lengths with very low Rds,, can be

achieved, enabling high current to pass through a small area. This is particularly useful for



achieved, enabling high current to pass through a small area. This is
particularly useful for 9 technologies beyond 0.35 pm, such as, for example,
0.25 pm, 0.18 pm and 0.13 pm technologies. [0039] Smaller area
requirements foréiower management applications with reduced power

teghasiiogifoRsend dstsHibridthanter tiertedlding st Hooud]4d bre

embodiment, the effective channel length L is less than 0.4 pm. In other
teghRBlodiftents, the effective channel length is less than 0.3 pm. In yet another

Rfodingent ihe. ofioctive channel lonath is Jess than .22 B NS ced power
eriective gﬁanneﬁen&t‘hs may af)sé)%e use UE ]%lr exgﬁm e, epencflng on Pne

di@HBLi&S’ﬁiRﬁrig’s%rﬁlﬁé%aﬁégQ«ﬂl‘é’}@d%rc?&%a%“s‘&t.i0”a' views of an embodiment

of a process ftor forming a device or IC 100. Referring to Fig. 2a, a substrate

[0bQd]is PiadesmbhemuRstiala e cRMRNSAA & ICAISURSIAIS: SHCh PSR
lightly p-type doped substrate. Other types of substrates, including n- type

eilppechsulsHates slicamgRIMARINM 105sSING00- DN Iulpéon{(Sh) cAm @lsent, the
useful. [0042] As shown, first and second device regions 110 and 160 are

eftiefitve dlonttidepglisiy ddes thane fishneglothefeffextidm plapcdrigpgdssmy Mso be
device region while the second region comprises a HV device region. Other

usgib S efcdewiels. dagpridsngroadbiitioniF tevice regions may be provided.
Alternatively, the device may include only a HV region. [0043] The LV device

[0ibn 1TBeaA-Behgafitfasswithfiat YRy stcormBbnne st regionmise a
dand 116. In.one embodiment, the first and second %/E?e aﬁive&ub-re ions are.
B el BB P BHE o T BN o RS Al L Sl
.as a CII\)/I?§ device. Forming non-complementary. or other types of gevic S s
iR NP opad LR & JIBaates. 15 :
L8 TS 08B AE o7 the HUPAEUICE Fogian 160 PV sctve redlon' TEG e
tyBEHOEhUOBEIR ARG SRRARIME B HNERIVHAGUYR S AR L 6 GRD R first
or second type HV activé region. Although only one HV active region is
[odapictedait sownderstand shahthe iy deyise region MakiBasRd 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.
[0043] 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
complementary type active sub-regions to form a complementary device such as a CMOS
device. Forming non-complementary or other types of devices is also useful.
[0044] As for the HV device region 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 active region. Although
only one HV active region is depicted, it is understood that the HV device region may include

additional HV active regions or sub-regions. The HV active sub-regions can be complementary

HV active sub-regions.
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additional HV active regions or sub-regions. The HV active sub-regions can
be complementary HV active sub-regions. 10 [0045] The substrate is also
prepared with isolation regions 180 to separate the device regions as well as
other active device sub-regions. In one embodiment, the isolation regions

[004D] conprisePsiTis ivali s RBA Bhifiorelrpradesisns Bihpeeriitdledayce
form the STI regions. For example, the substrate can be etched using

regS TRt Y YR 48K 96 SIS o b Pie SRS vihEH sk ifgiggions 180
filled wij ielectric materials such as silicon oxide. Chemjcal meghanical
CO&HOIilII‘SlISqG gth(‘dtﬁfﬁl‘)l%l.gnc%Ileven?l?ni?fJ é’(éf?sses cannbe ﬁ]né[%(;yg% tO% T {ne.gjffire 10ns, For

Ing perio 0 remove excess dielectric materials

AP RAR & RIADA SHOSHAGIAR SHNAHEo DR RIMGESSER A MALE LIRS GAN
also be used to form the STIs. [0046] In Fig. 2b, the doped wells Tor the

RIS WeaianghdhemeMicenggions Ara frmedc M QN SR MEa first
type doped well 124 is formed in the second type LV active sub-region 116

maficha S ponchiypectoped gl ptddrisdotmnesh dvdiie Brskiy e leM@chierials and
sub-region 112. For example, a n-type doped well is formed in the p-type

paciileaqiintegibsirarda putyype. doped puekssssformedrial shramatypbeastidéo form the
sub-region. [0047] In the HV active region 165, it includes at least first and

SEkeond portions. For example, the first portion corresponds to a drain portion
and the second portion corresponds to a source portion. In some

(094 odinfehts, 2 tHiFcrepsshvelis 196 heAE srsgiartoi kelraistaasiantaie ypred. In

second portions, AlternO?ltiveI , the first and second %ortions are\;onti uous

ONSTHORE Witho i 5 RSSO RIEH. [I0A 8T TR B BRSGERHERE 5 \abped Werreeion
6 is_formed in the drain pargipn ef the HV active regiQn, The doped. well
16 anira secIJen’ : éyge d‘I’FI 5y vnegla#e)li_ﬁ(}r ed.in th.ef_ 1rs?tl>lxﬁegﬂgpacllve su%preg%ﬂré 112. For

or examp we t evice. The drift well comprises

eéﬂﬁ‘ﬂ?e,tm@t%% Wpdd\aeVR FeaIoR - 4R nglﬁéaac@if?g QibISLYRGH Y I@E;B/eedopec_l well
region, the'drift well comprises a first type. For example, a n-type drift well is
isroRvides fas A RPYReVsastivEon.

[0047] 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.

[0048] In one embodiment, a doped well 136 is formed in the drain portion of the HV active
region. The doped well, for example, is a drift well of the HV device. The drift well comprises
the same type as the HV active region. In the case of a first type HV active region, the drift well
comprises a first type. For example, a n-type drift well is provided for a n-type HV active
region.

[0049] A drift STI region 180a may be optionally provided in the drift well 136. The drift

STI region is disposed in the drift well to improve reliability of high voltage devices. For
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region. [0049] A drift STI region 180a may be optionally provided in the drift
well 136. The drift STI region is disposed in the drift well to improve reliability
of high voltage devices. For 11 example, the drift STI region improves
breakdown reliability of the HV device. The drift STI region can be formed at
exparare fifeSd the Briep YIRS WD OBEPA Y «E et vdaries2 Fhaytée STI
provided in the HV active region 165. As shown, the deep HV well 132 is
TR & iSRG RS Ay 1BR e 3hhEFEBpasses the first and

nd portions of th active region 165, The deep HV.well comprises
e PR Ol o A Y R P R 5 e S AR e

abpEY artye ié%iﬁlldtﬁeﬂ%e\?f?oﬂévﬁuf%%m%@%&%x?1%%%%%ﬁ¥81‘[ﬁ(}3§s‘315s%§e%m%d

a p-type deep well is provided for a n-type HV active region. [0051]
sddeRip & LUrerngtian af dopantssofihe Mapers weallsomaydeReash ot ®pe as

example, application. For example, higher voltage applications may require
thiowret tepingl \enteatiation Kbt opantscanrd psgaterygeMiv atike raals, i dsep

embodiment, the depth of the deep well 132 is about 3 pm with a dopant
webroemtiattonsed@idayps HbE eraiBpleox phigeriftapelicll BGyritvidey floave-ayde pt

of about 1.5 pm with a dopant concentration of about 5E17cm 3. Other
aqfiepttsgiand dopant concentrations are also useful for the wells. [0052] As

described, the STI regions are formed prior to forming the various doped
[0921k. Othe AprdcskcepsrakEionsefdP B AR HEO S TY etibhsdsreldR]. for

variqus doped wells are formed may also be useful. [0053] The doped wells
CYAPPI5e R HAUCBy TSR ?M&Bﬁtéﬂ%l?frg% KAE AR LTIgEe ﬂ)‘b‘?%hd(”é’j?g

BF2 (boron compaunded with flugrine), indium (In) or a combination thereof
“h e AR e BRI LRI P AR IR R e

adSPaf ?3‘2‘?5‘&%81@@%%&?Qfdo%‘ﬁf‘g&ﬁ‘é%tm‘?oﬁréf A Seaeerh YRS Bk WS wen

active regions are formed selectively in separate
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.

[0052] 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.

[0053] The doped wells can be formed by ion implantation. P-type dopants can include
boron (B), BF; (boron compounded with fluorine), indium (In) or a combination thereof while n-
type dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof.
Generally, the first and second types of the active regions are formed selectively in separate
processes. For example, the n-type regions can be implanted with n-type dopants while an
implant mask prevents doping of the p-type regions.

[0054] In one embodiment, the wells of the HV region are formed separately from the LV

regions. For example, the LV wells can be formed first followed by the HV wells. Forming the
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processes. For example, the n-type regions can be implanted with n-type

dopants while an implant mask prevents doping of the p-type regions. [0054]

In one embodiment, the wells of the HV region are formed separately from

the LV regions. For example, the LV wells can be formed first followed by the
HMwellsIiqréorin g Yhee Uit plsouesréubribhedififeanttypen o fid-¥ e e perfqemed in

different types of LV wells can be formed in separate processes and the

SRl RPTS B WRIRBANBIS S Vorrllsin Yephrramsd desepagatqgpeesses.
le, the first t d dt lls i LV reqi r 4
FOXATIRIG: e {i{f?’t tgé’eeaf'i‘é‘se&?@?&ﬂ% ﬁ%ﬁﬁ‘g‘{g é?l?:tﬂ\mr%ﬁlon i i

Separate " Implant processes. erenttypes o Sin

ir%%%ﬁ%%%%&%@(“ 8l RERR AR IR AR IRSESRES 1RAP0 A AARedyE]L G0

ormed by a single implant process or multiple implant processes. In

Séﬂ;ﬁ;ggpiglmg{%g&ggg&esses, dopants can be implanted at different energy
levels to achieve the desired doping profiles. In the case of a single implant

[aos3gEeSS Aaddigid teinpenale fermaiveyin MierasHisnppricesed i rphier e
desired doping profile. [0056] A single implant process may be employed to,

poreescamiplendopie degpnveiisesses, dopatypendde pwpkihtghaspfiorus enagplevels to
implanted with a dopant concentration of about 6E12 cm -2 at an energy

adbigat dficadrsued dow avofdiiowladhsyr zsewbatsorsl v aint arcgatsnaguehtigrapefature
about 1100 C. Single implant processes may also be used to form other

diiyselB Bffshs POFARRGY \ankienstls draitsldariperieBlocesses may also be
eful. For example, LV wells may be formed by multiple implant processes.
[%%tﬂ?] |r{*ﬁﬂg‘.g%d,‘%’jﬂ&?§%%7éﬂ§a8f‘%ﬁ ey e&@f&?ﬁ%&%ﬂf‘t@&h %etPaV‘YSﬁTh Foran-
one embodiment, a gate dielectric Jayer. 242 is formed over. the substr 2
o e Y A B R B AR SR B e

a@é@@?%%ﬁ Hﬁ%ﬁ%‘%@%‘&%@%ﬁﬂ@@d‘bzw%lﬂ&mﬁ%@ﬂ&Qt pﬁeﬂﬁgﬂhre of about

Alternatively, high-k, low-k or composite of dielectric materials may be used.

11doechiskngssfilhe saia dichesritdanenséd o e ahop3d A F8hing

gate voltage transistors.
wells using multiple implant processes may also be useful. For example, LV wells may be

formed by multiple implant processes.

[0057] 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,
comprises silicon oxide. Other types of dielectric materials, such as silicon oxynitride, may also
be useful. Alternatively, high-k, low-k or composite of dielectric materials may be used. The
thickness of the gate dielectric layer 242 may be about 30 A for 1.8V gate voltage transistors.
Other thicknesses may also be useful. The thickness, for example, may depend on the gate
voltage applications. For example, higher gate voltages may require thicker gate dielectric
layers. In one embodiment, the gate dielectric layer is formed by thermal oxidation. Other
techniques, such as chemical vapor deposition (CVD), can also be used to form the gate

dielectric layer.
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Other thicknesses may also be useful. The thickness, for example, may
depend on the gate voltage applications. For example, higher gate voltages
may require thicker gate dielectric layers. In one embodiment, the gate
dielectric layer is formed by thermal oxidation. Other techniques, such as
(0958 nicafvanor e presitronT (X 1) deratid o b 4@%3%@6@8@ The gate
dielectric layer. 13 [0058] A gate electrode layer 244 is deposited on the gate

ClRfHi Y PRy PAS TR B LB B H & PR WO Sks! 1 e ribethittes: 244

paysilicon (oly);, 1 he, gate electrode layen it ganbe Irmed a3 aly jayer,
amorphous or hon-amorphous Tayer. For amorphous deposited ayer,

PSR ERLRIGRE SRINGL GRANMAEIIUMEHIR ‘%{yﬂéﬁ&z&&s%@%{ewﬁ@ég%fe%F%rials

electrode materials are also useful. For example, the polysilicon can be

aSUWRRLONANT Y ArocessRATR SO RN e L MRlRh PaIeS sddia keSS Plicide

the gate electrode layer may be about 2000 A or less. In another

o NtHhaitkicknesshefdhe gatesdleiyadadayehinaiznot Z00IAs0Mn another
less. In yet another embodiment, the thickness of the gate electrode layer
erohndbeeab ot HOGOAs of tesgafeeicexarelysriis thew256bA polisiicidegatesher
the polysilicon may be about 2000 A while the tungsten is about 2000 A.
ergipdimdrickhedueaerecilds gaieflpcvedivascreenrtigabeit AM0Be\sdebto Forrprample,

the gate electrode layer. For example, polysilicon can be deposited by CVD

inihiienh ol UnH isideasos tsoPBly S BerteRiny Pothertddihyidde dsungitg bribout
he material, may also be useful. [0059] Referring to Fig, 2d, a mask layer
254%?8% ?Séﬂ?{éhl tHESUB Pgt%%eé‘bkyﬁ{éo\’ﬁéf’&laftl@g“ae%ﬂc?aélﬁ% éor??ﬁ’b gate
embodiment, the mask layer comprises photoresist. K is patterned
o R B RV R RAIRIETRY (VB TR RSt

d%%%%it@&f%%ﬂ&méﬁﬁgméﬁﬁ%lc%ﬂ?qﬁg?&éi)é%bé@‘&?ﬁ%%&ﬁl%&?%%@b%%@ﬁl.

rough a lithographic mask. Depending on whether a positive or negative
[0sYP IS HeRekiMBRENROSE M AlkinexRPS8Ei BHIRADARIRPAMEI ) ering the gate

development. To enhance lithographic resolution, an ARC layer (not shown)
elraydedyeovitachdbemndadinthie, thaskakkyl@yer 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
portions are removed by development. To enhance lithographic resolution, an ARC layer (not
shown) may be provided beneath the mask layer.
[0060] The mask layer 288 is patterned to form an opening 289 to expose a portion of the
gate electrode layer 244. In one embodiment, the opening corresponds to the opening for the
channel well implant. For example, the mask layer serves as the channel well implant mask.

The ARC layer may be patterned with the mask layer. Subsequently patterning the ARC layer

may also be useful.
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[0060] The mask layer 288 is patterned to form an opening 289 to expose a

portion of the gate electrode layer 244. In one embodiment, the opening

corresponds to the opening for the channel well implant. For example, the

mask layer serves as the channel well implant mask. The ARC layer may be
[094%E et Wigh Inehs sl Supbasedatihdpereritrigrne drmabyel gy n one

also be useful. 14 %0061] In Fig. 2e, the substrate is implanted with dopants to
i R e fRAr Rl RSEPRIHH R A B RRRE! GupH Nt &S fHELPhtS i Rpucd- For

as the type of the |TV active region are implanted. For example, p-type .
o R i T S A S eS8  paon
QRN SRR o D5 RRTIS AIRMPIANIEH AL 30, ANOIA N PD.A 03N ce

from the gate edge to the edge of the channel well. The implant angle

108 BRI BPER GhAROL diloHR iAPNEK IRIRIANLADYIRS.MAYAEANREUSEI Uk T ifher

implant conditions can be varied depending on application requirements. For

inglana pigldhmangle, ldaserandres argyacacvdteeleciadde apdaye:His dasired
effective channel length. [0062] In one embodiment, the channel well is
applimaedrog qudtnpetsmpdantantpdr, éxamgle dékeacianaglywell lwaelbedd rmedibye the
at least two tilt and rotate implants. In one embodiment, the implant
desoneshrfsessiee ghahériphetit. A quad implant comprises 4 tilted angled implants,
each rotated by a rotation angle. For example, a p-type channel well can be
[0Rf#Hhed WitARS aﬂ%ﬁlm‘?ma%é%%“ﬂﬁla\‘?&ég S yIDuiicrseats afigie grmple,
about 45 with a horon dose of about 2E13cm 2 at an energy level of about
SRS O B EHBIECOIHEN L HOLATR B ndy 05 BRCAH TR e

.U efltl|. For example, a agl i Iagt can com rise a filt %Ie Qf aboijt /. wit
1m85{a1% com rlies a cgugdl ﬁEm .. E] 5 ad im ént comprises II:%? nr% eéi 11%18 ants, eac
rotation angle of abou wit oror dose of abou 3C at an erergy
rd ¥Rl O Qp&hﬁoﬁﬁgg'fe‘?\ﬁo[%%ﬁlf)&ﬁ? Ligpniagiha chanaebdenst Wellil3guad
exposed portions of the gate electrode layer 244 are removed, as shown in
infp@neh NG @Ekodinent AMRIBALRRIERIENAIHER BN 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 about 7°
with rotation angle of about 45° with a boron dose of about 2E13cm™ at an energy level of about
150 KeV.
[0063] 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
reactive ion etch (RIE) is performed to remove exposed portions of the gate electrode layer. The
removal of the exposed portions of the gate electrode layer, in one embodiment, forms a first
edge of a HV gate. The first edge, in one embodiment, corresponds to the source side of the HV
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.
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reactive ion etch (RIE) is performed to remove exposed portions of the gate
electrode layer. The removal of the exposed portions of the gate electrode
layer, in one embodiment, forms a first edge of a ITV gate. The first edge, in
one embodiment, corresponds to the source side of the HV gate. As shown,
AlrangHrslidie cirrotad eppien sbfegissdificatin lavsp iy Racriiny the Rpaheving the
electrode layer. Leaving the gate dielectric layer can be advantageous since
SR SR B T TP FAR ST %R“l‘b?rét?d?é}ﬁ6’éﬂPFoFFﬁ%la’?ﬁ‘3ﬁ8ﬁf%6‘%%‘ie%é{e
th Syl stratc%hfrom 'mglani&al@r%%%v :eLg Alternatively, the exposed portion of

elﬁ(fé gateal Hielectric a)ll °Can be removed. Removing the gate dielectric layer

(0084110 SXROREHE FURSHARMANAISA BS ‘éﬁ?ofb‘&iiﬁ&‘?fs%@ 9 Juﬁaggé?kv]vell implant

electrode layer, the mask layer 288 is removed. [0064] As described, the

nHOPIRRENaSK HRRNESMRASIDERL FRENVES 38 & SHARPSIVRN IMPIANt RATK Aing

well as a mask for patterning the first edge (e.qg., source side) of the HV gate.
thB Yausiighsthe samehdasiiel foem dineschasRelcwethandisaneedsina Rfstealigned to
gate, the channel is self-aligned to the gate edge. This enables the channel
thie pgthe dgdh 8 e alblés elkochenne lleogritrglibel Y ploduce beewglshantreff@ttoveroduce
channel lengths to reduce Rdso" performance. In one embodiment, the
vesffebaveiterinaehramgtiengiby ée sethian Rddopparfinmothes: dmpotimberdunene the
effective channel length is less than 0.3 pm. In yet another embodiment, the
clisréivmvamshisasie hgtsesidea thhnmp dsodar sotedinmeatefingliscti, dgnnel
another mask layer 288b is formed on the substrate and patterned. The
IeRAR K e 8a¥t%’?ﬁeal SO POPRGHRCHE the ‘@fzf‘t%“é?e%}%‘&“é 18%1; BAlgstghan
Ogg‘- rrgmoved, protecting portions corresponding to gates of the LV devices.
' oPeXampIe, the mask serves as a gate mask. Additionally, the mask layer

[0§8SP ProteRiSifiS SRS RALIRG Al tRe.HEY KegIRTaRLANG aRG.8LHe Y

device. The exposed portions of the gate electrode layer 244 are removed to

plasmgates.ohhethibed pandh\ dayisesoi00aaIATter b Bateg-arg dormad be

the process continues to form the device, as illustrated in
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.

[0066] 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,
followed by forming spacers 148 and 178 and diffusion regions 146 and 176. The different types
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 separately. Silicide gates and contacts can be formed after the diffusion regions

are formed. For example, metals, such as cobalt are deposited on the substrate 101 and reacted
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Fig. 1. The process, for example, includes forming extension regions 147 by
ion implantation, followed by forming spacers 148 and 178 and diffusion
regions 146 and 176. The different types of extension and diffusion regions
can be formed in different processes. For example, n-type diffusion regions

tofrRaTRorideei AoB e rapaMssrob s soakg thaRh et s fhénghs FMACH in
another process. Furthermore, the diffusion and extension regions of the

digfefePLRECEVIER Fé‘br‘%?ﬁéedc‘ﬁﬁtﬂ% FrIRRa SEp A AR Silitnde b s vl dietectrc
contac s can bg for ﬂ aft (%1 S|on re ions are f rmgg For.exa mlg) st

6 10

layer ¢ orme con s an erc S ar m ional jnterc
etals, SUC as CO are eposite e SUb %ra{e i 1 ancljt reacC e§

1AL 'Eé%rﬁ%tﬂﬁ?t%o? 0o g3teSs L ﬁaﬁ%@@ﬁé%e%ﬂgl&@sesfﬁﬂq A d[l e

same or different processes. Unreacted metals are removed. A pre-meétal

1R INaEeve hiielRciig o lanarsRBnsdermertin which contacts and

interconnects are formed. Additional interconnect levels can be formed by,

[Oos7examplexlduakidamaseane iechnsuass bifahpagsivRiins, IdCiBghown in Figs. 3a-
assembly and testing may be performed to complete the IC. [0067] An

g.aRefeaingg ehfinp Gdimenttioflg procesd o fommnyoayodelicephO0lly phawssdd device is
Figs. 3a- g. Referring to Fig. 3a, a partially processed device is shown. The

sipakaidityhptobessat Hevise 18 hoithizaska3 fitas Sprowa on thigedie clrdtradd farssi44.

388 is formed on the gate electrode layer 244. The hard mask, for example,
Thohiptisrsksiifisadnntie SATBHE & SO AT, {ﬂ@mfa?wbﬂ%wesﬁlrshﬁméﬁi BgS is

f the hard mask, for exa out 40nm.

CVD. hickness e isa .
TG TY SRR SRl et e At erm@tenals,
te %‘d aSktl"lnCﬁX‘l be forme fr m SIP&O%{%‘I&[I?%%G)C% tﬁ'llqeeh mas f ma‘) orme from

eferrlng a SO mas asp OtOI’eSIS rme

siftboihe hasd, mask t%se% 0‘f%§9f}1§nask can be patterned by photollthographlc

techniques to form’an opening 289 which can serve as a channel implant

[00RIK. AR ARG 2T S besBrOvIAR B PR WEE s the RREL @S 28 A ard mask
hard mask 388. The pattern of the soft mask is transferred to the hard mask
38wy, Toe exAmpie o 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 transferred to the hard mask
by, for example, RIE.
[0069] 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.
In one embodiment, dopants of the opposite type as the type of the HV active region are
implanted. For example, p-type dopants are implanted into the p-type deep well of a n-type HV
active region.
[0070] In one embodiment, the dopants are implanted at an angle to form a channel from the

gate edge to the edge of the channel well. The implant angle 6 can be in a range of about 1 to

45°. Other implant angles may also be useful. The implant conditions can be varied depending
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[0069] 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. In one embodiment, dopants of the
opposite type as the type of the ITV active region are implanted. For '
O%Mhﬁé%rﬁﬂﬁ@?!%ﬁ%@%éxmiﬁn@é’&ﬁﬁ]@’t‘g@?)aﬂﬂﬁl‘%fééﬁ%é’ﬁ ecisdypachieve
V active region, [0070] In one embodiment, the dopants are implanted at

H
thﬁﬁ?ﬁﬁ%ef@?SVﬁCQWSHﬁ%tﬁom the gate edge to the edge of the channel
el T melananaled fon be na s ol bput o 45, et mplan 1.

€S may also be use e |mplan conaitions can var ing

i £ AP RIS LGOHIETG M S LSRRG S ANHEACSE L GBS ent, the

can be selected to achieve™ the desired effective channel length. [0071] In

in18ne BaRRRBENt e e ARnehWEHd S rmech Ry mel tinke dmplaRts: fints, each
example, the channel well can be formed by at least two tilt and rotate
rdfplEsILS. 006 AiRbodivnetnible, AppipBlcEANEriseas @tbainglanth A guad
implant comprises 4 tilted angled implants, each rotated by a rotation angle.
infdarexampleynalp 4f/ peochziivatiwethcan doeltosfrabdunvith svigiuadoimmplast aft dbout
tilt angle of about 30 with rotation angle of about 45 with a boron dose of
2RBbism " 2EaBererYy de wh dridryy 180d{0f abtier 18Guedey. O ENtingayldeses and
rotation angles, doses and energy levels are also useful. For example, a .
CRFERGIFYRO AR RlaR CSMprisy s amBlSglelBrhiberltn cHtrOrBREBA WhanelsraBbrHit 7
45 with a boron dose of gbout 2E13cm 2 at an energy level of about 150
W %V’%B‘?iﬁ‘%i% Ogrﬁ?ﬁ}ﬁ ﬁ-%lgiv PP ARB S gB?Pﬂ’r‘égﬁﬁ%‘r fé?“i&‘%?é@o&%‘f&h"& pbout
| %Bekgvbstrate, covering the hard mask layer and exposed gate electrode
ayer. The soft mask is patterned by lithography. The soft mask protects

[0895§0ons Qf th&RAPERAsK 1awsh 3 88 CRUGSRONRY G LANH R rsg@st%?te,A

new ARC layer can be provided between thé soft mask 287 and the har

cANask 388h 4R g1 3Ry 8XRRSSG Retions A dRsibardk mask e Kemaveditermed by

exposing portions of the
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.

[0073] 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 erodes the hard 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 previously described to complete the

device.
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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. [0073]
Referring to Fig. 3g, the gate electrode layer 244 is patterned to form gates in
[0 v Athevcrebpdimsyt fbr xegelEeternipatalvisg Kidieshene aiddgode-e:
layer can be achieved using, for example, RIE. The patterning of the gate
RefEPdR iy el e dH AP VSR SHRU ciHYY RETHIICK RS S FHEFATE 'S
Simﬁasrl% 3&18 tc%n be. r%moggd by, for example, a clean step after etching the

snown 11 1%_ . . . .
gate electrode layer. The process continues as previously described to

[66%]p'et%?e%_iﬂ&’&‘iﬁig.14§ol94(%3ﬁ]1€a§125'%§5r%@}?99éﬂ‘§§£ %&&é%@ﬁ?{é‘?ﬁs‘c%{ﬂi&gon

a dévice 100 is'shown in Figs. 4a-g. Referring to Fig. 4a, a partid

HR1REE$5Y 98YiceH A RO ThedeasiiatlprRerssethdeyicads shntariednalsk.
shown in Fig. 3a. [0075] Referring to Fig. 4b, a soft mask layer 387, such as

TReRbAtOEEEIRaYE hasefasmedt OFbsthhnrith BTaBK 388 mASk ARC Tivae®amide portion
provided between the soft mask and the hard mask. The soft mask layer is

ofphtteofistatl expogepibriichs BV thadiarthatigke38s: Moe Parranmnagpbetioft ofsk
the soft mask corresponds to the HV gate in the HV region 160. Patterning of

lapiee wofbarrabic vied /ey pheidhishagtiiehie depnfsiiotollthors aphitdieehhido @sttpmes eoft
embodiment, the patterned soft mask layer also exposes the hard mask in

miik laverabio rpetrsho e duaashowhsh Eit€rn 18 pattern of the soft mask is

transferred to the hard mask by, for example, RIE, The RIE removes
“’ﬁﬁbsed%&ﬁ?&ﬂ%% the fialflf H*?‘QSIZ&%%‘}&%’ EPB SR ts é%{%ejléré’tfﬁ%%‘ by,

la er314ﬁ#1 Vokegion which are 1o be remoyed. In one embodiment, the
o e T P R T B RS TR o

ARURBAHLAL PR HNG Qe Hardumask RSl inask 1ayEhdS ARmaVRE:, the
[0077] In Fig. 4d, another soft mask layer 487, such as a photoresist layer, is
rdQENE L AU hERE mask also exposes the gate electrode layer in the LV region. After
patterning of the hard mask, the soft mask layer is removed.
[0077] In Fig. 4d, another soft mask layer 487, such as a photoresist layer, is formed over the
substrate. An ARC layer may be provided beneath the soft mask layer. The soft mask layer can
be patterned by photolithographic techniques to expose portions of the gate electrode layer 344
in the LV region which are to be removed, protecting portions corresponding to gates of the LV
devices. For example, the patterned soft mask serves as a gate mask for the LV region. The soft
mask layer is removed from the HV region.
[0078] The gate electrode layer is patterned in Fig. 4e. In one embodiment, the gate
electrode layer in the LV region is patterned using the soft mask while the hard mask is used in

the HV region. The use of the soft mask advantageously facilitates forming gates of critical

dimensions in the LV region.
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substrate. An ARC layer may be provided beneath the soft mask layer. The
soft mask layer can be patterned by photolithographic techniques to expose
portions of the gate electrode layer 344 in the LV region which are to be
removed, protectin?ﬂgortions corresponding to gates of the LV devices. For

[09%8mpleR effarpratterfigd sortpisskdbmask by dath msBRYSPoFRESL rédigiied over
The soft mask Iaéer is remagved from the HV region. [0078] The ﬂtate

(g iSEE 4YE R plaer AR i PTG 8! et dinsdldifsh, The yli@ask layer can be

pRISSLRHS laveninhe by ERS 12 hatemed 8&”%“&5‘0%@ SR M hask
Ehar mask IS use(%n e rgglon. e useo % soft ma

1a?9r"_&?\'%@é3§soé’§ll§érfﬁ‘éiiM?ﬁﬁﬁtfﬁ{m.”g gates of critical dimensions in the LV
fegion. 19 [0079] Referring to Fig. 4f, another soft mask layer 487b, such as

[odBOforesigtsis farmes overnthq sURIIAE M ARGiIIRYSpRRYNSRIQEEHe] doped
beneath the soft mask. The soft mask layer can be patterned by

wphaB3litho grarhisdgiatunic uesaies fotr eap RRavINGAR I I Hppsttesned site region
mask layer serves as a channel implant mask. [0080] As shown in Fig. 4g,

atthenplibbstdatEasdrapipinied withidopants ioporned iohathn el Jopdeepvalll k8%, diype
one embodiment, dopants of the opposite type as the type of the HV active

Hpégioine aggigmplanted. For example, p-type dopants are implanted into the

Og-t e deep well of a n-type HV active region. [0081] In one embodiment, the
[ §gﬁnt51§r@1ﬁﬁﬁl9?ﬁéﬁeai’&?ﬁ’éﬂ@f@t%&%w&”&ﬁ A fRsis inEorghie kel fgom the

the edge of the channel well. The implant angle O can be in a range of about

gf’f’tSS .O(gtﬁ% Sfpl t%ﬁ&‘?&k“ﬁﬁﬁy E%d%%?%géﬂﬁe Hé&' ?)ﬁﬁt%g?o‘?ﬁéﬁ%%éﬁo
e varied depending on application requirements. For. example, the.angle, ..

T F LR, B R LR LA R o T T

0 %%H?:a[%%%lldﬁ%ﬁ”ﬁ%@ﬁ%}ﬂ% QHQQ,@SW@HJ%JQ %Qnti% Eg}él&glﬁo achieve
implants. For example, the channel well can be formed by at least two tilt
RsiRiaterinplaptan i1 eae@mbodiment, the
[0082] 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 about 30° with rotation angle of about 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 about 45°
with rotation angle of about 45° with a boron dose of about 2E13cm™ at an energy level of about
150 KeV.

[0083] In one embodiment, the implant mask and hard mask are removed after forming the

channel well. For example, the implant mask is first removed followed by the removal of the
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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 about 30 with
rotation angle of about 45 with a boron dose of about 2E13cm 2 at an energy
hagdsB1ask-aBowmesgnkedmotiethgbaddnesk ivtatisinethglds, Rieksss wrdnesietyy

levels are also useful. For example, a quad implant can comprise a tilt angle

PISY IO LR o tambHr KB e oY Sh B 4B AT 488 ISt about
cm 2 at an energy,leyvel of apout 150 KeV. [0083].In.one embodiment, .
ot S T D s R D Tt e
s50" REAMAIe,J1e BRIk maRk R Istipimaved laned By JIRIRMONAoldBeice
20 hard mask. In"'some embodiments, the hard mask is remained. The
isSRIRERSSHLIANINYES asrRreyiously described to complete the device after the
formation of the gates. [0084] An alternative embodiment of a process for
[Olegs)ing adaniea 0 ds FNawsTimisgfay&Ety., Refessaghrotbigidaayarpartathed over
processed device is shown. The partially processed device is similar to that
thshsobsrare Fign AR (0085 vy bhoveniileFign&hh ehegfttenatiniagiela 87, IBuclofamask
a photoresist layer, is formed over the substrate. An ARC layer may be
lageoviddy bettrsag hiekpiedibotrabiskdely@auThie sutpsasukH¥yegiearphuecting the
atterned by photolithographic techniques to expose the HV region, _
LN etstcanérenebaine deviessdrai MG Brduesee ac ARCiRISIFREEPES IRidedtY tegion
. gate electroge in the HV r%gion isaPatterned, by, fo exan;gle, RIE, to form the

IS PAEASHYY e AP MG oo Bl milisk AL TN P e - After
de.in the H ' k ' d. [0086] Referri
PfIEEHIRES e (ealen e SR esk IberSIEmRved. RRSLReferring

er soft mask ayer sucnasp resist, Is formed over

[%Fu bsﬁ@%‘?ﬂ@%é‘ﬁ g 5‘8?%(&%&%%%%1@&9@?&@%9%&@5 tdgmlfoﬁyfs‘ﬂ ig-ﬁﬁ"med over

soft mask layer can be patterned by photolithographic techniques to form an
HeRERINGSBRn HIeTRALErR LRI IMRSKIRYRS seRMYEK AR B-CNaMRRBII MR Myer can be

pzirzgr?lt;l by photolithographic techniques to form an opening 589. The patterned soft mask layer
serves as a channel implant mask.

[0087] As shown in Fig. Se, the substrate is implanted with dopants to form a channel doped
well 135. In one embodiment, dopants of the opposite type as the type of the HV active region
are implanted. For example, p-type dopants are implanted into the p-type deep well of a n-type
HYV active region.

[0088] In one embodiment, the dopants are implanted at an angle to form a channel from the
gate edge to the edge of the channel well. The implant angle 6 can be in a range of about 1 to
45°. Other implant angles may also be useful. The implant conditions can be varied depending

on application requirements. For example, the angle, dose and energy can be selected to achieve

the desired effective channel length.
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[0087] As shown in Fig. 5e, the substrate is implanted with dopants to form a

channel doped well 135. In one embodiment, dopants of the opposite type

as the type of the HV active region are implanted. For example, p-type

dopants are implanted into the p-type deep well of a n-type HV active region.
[0¢E-s] 1doeRe é%‘?%’d‘ﬁ*ﬁé‘mfbﬂf@%ﬁgﬁﬁél aré&ormpihit et Kipkni BRI o ok X ample.

channel from the gate ed%?f to the edge of the channel well, The implant

the GRS MR PG PARGE B dtierit P 8BY RS REARK dhgheshheyiateas the

. be useful. The implgnt conditions can be varied de ing on agpplication
T AR A XA e BAGIR e TR StV o W e g et

rRRRIENEs E‘B&tﬁ’&?&fgﬁ’a?@%?@&n?@é’}'ﬁt}ﬁ@gmn@ 982k B9 CMRRAIMEDS

the channel well Isformed by multiple implants. For example, the channel

inpelheam b E%'%EQQ Do et deask e dilfAngd JRIBEGHBMR @R dNA%on dose of about

embodiment, the implant comprises a quad implant. A quad implant
2EORpriseafiled angled inplarts keachomiaiechbyla, eiation agle.dodss and
example, a p-type channel well can be formed with a quad implant at a tilt
ermngtdenthhotig1SQuadthlrdiatiomantyio ofiad oupldht withcanpoismdisa gt atfabiwut 45°
2E13cm 2 at an energy level of about 130 KeV. Other tilt angles, rotation
with i dowedear dberightmibelsaire dose efsdfult Pok3srunpie, caggamtpvel of about
implant can comprise a tilt angle of about 45 with rotation angle of about 45
130ithed boron dose of about 2E13cm 2 at an energy level of about 150 KeV.
090] Referring to Fig. 5f, another layer of soft mask layer 587c, such as .
[Jﬂ?ﬂ ore&ﬁeﬁ“%aﬁ%fé%tg éPﬂ@E%%B%Er%ﬁ%‘? AW%H&W&?@%%%@%&S%‘G%%%“’ 15
fo?e[c? a.th rtt ee ‘E’q;tst?q?éSkAlfal%%CTlQ)gers %fetl rl])qeasr%\l/?(}/e%r Ig %%E%gesdfp 1¥1as layer. The soft
pho olit ographic ?echnlques toexpose pgrtlons of the gate electrode Xayer

m§§‘1€g£’9e¢1€ bt QPR 1B FRDAVS i ALHIHARAIN, Hi% SOfMBSK YR JRMALF ode

in the HV region to protect it from being processed. The exposed portions of

latRe PRt fIrAtVaS sy el RA4nRre demayeddaiome the aatkafkthentihdavicgeHv
as illustrated in Fig. 5g.

region to protect it from being processed. The exposed portions of the gate electrode layer 344
are removed to form the gates of the LV device, as illustrated in Fig. 5g.

[0091] Similar to the embodiment of Figs. 4a-g, the LV gates are patterned using a soft mask
while a hard mask is used to pattern the HV gate. After forming the LV gates, the soft mask is
removed followed by removal of the hard mask over the HV gate. In some embodiments, the
hard mask can remain. The process continues to complete the device as described previously.
[0092] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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[0091] Similar to the embodiment of Figs. 4a-g, the LV gates are patterned
using a soft mask while a hard mask is used to pattern the HV gate. After
forming the LV gates, the soft mask is removed followed by removal of the
hard mask over the HV gate. In some embodiments, the hard mask can
Wethisirlairsl frocess continues to complete the device as described
previously. [0092] The invention may be embodied in other specific forms
without departing from the spirit or M3 characteristics thereof. The
lforeggirr}%tgggtlb c}iments therefore, are to be considered in all respects

illustrative r hoer?ﬁlghnﬁr%l ?r%c hcé)rflr{)\?eshl%%n described herein. Scope of the

invenfign: s, s micRIGA DY IhG APRERYRG 84@19&%e%?&9,%ﬁ&%€h%¢t9&ive device

foregoing description, and all changes that come within the meaning and

rd@h9eahequivalensy af dheorclams ek %?Hﬁqggtl?@aﬁ@ bracad-thereify2dver a

What is claimed is: CLAIMS 1. A method of forming a device comprising:
ghealigiogialsydstrate prepared with an active device region, wherein the

active device region includes gate stack layers of a gate stack comprising at

least payadenglettrodadbyertioyvebargatusfectticdaydre paeviding a first mask

on the substrate corresponding to the gate; patterning the substrate to at

least reitpmNRE b tiobrafedaeplefatecstark payEmynprotacgett suekHayfirsmmaiskted

providing a second mask on the substrate with an opening exposing a portion
bythhErfr&2task and the top gate stack layer; and implanting ions through

the opening and gate stack layers jnto the substrate to form a channel well.
2. Th&?ﬁ%’fﬂé& 8?98%%‘%\%%ﬁ"t‘hgéri‘E?de%‘?téns?B%‘Fél?ﬁféP%%%par%%E‘tﬂQfdﬂ‘feﬁ“t

mg!&%tﬁgqge l%\f)egate stack layer; and

implanting ions through the opening and gate stack layers into the substrate to form a

channel well.

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 the first mask comprises a hard mask.

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

the device.
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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 the first mask comprises a hard mask. 5. The method of
claim 4 wherein a first edge of the gate corresponds to a channel edge of the
gate of the device and a second edge of the gate corresponds to the drain
edge of the gate of the device. 23 6, The method of claim 1 wherein the first

6.edge WrtME et toash SRuEB Bectishrlaceelghesr o gatRoria drirene! edee of
d th d edge of th d h in edge .of f
427 second edae of the gats corfesbonds fo the crain edge ofhe gRIEOL,, ¢

evice. 7. The me clai ein patterning the substrate leave
mthg.gate dielectric layer remaining on the substrate. 8. The method of claim 1
wherein patterning the gate stack layers leaves the gate dielectric layer
remaining on the substrate. 9. The method of claim 1 wherein implanting ions
comprises a tilt angle implant. 10. The method of claim 1 wherein a tilt angle

7.0f therimplambiofiloRiith 11 whdreld paieening the duefedainaal syiney gifcim@lantinByer
ions comprises multiple tilt angle implants which are rotated about a plane of
retheisupsirabe sibstihitee method of claim 11 wherein a tilt angle of the implant
is about 1 -45. 13. The method of claim 1 wherein implanting ions comprises
a quad tilt angle implant which is rotated about a plane of the substrate. 14.
The method of claim 1 wherein the second mask comprises photoresist. 24

8.15. ATWBPMfHd a/]ef‘égipé@aé@ﬁqg}gsq]ppggate stack layers leaves the gate dielectric

layer remaining on the substrate.
9. The method of claim 1 wherein implanting ions comprises a tilt angle implant.
10. The method of claim 1 wherein a tilt angle of the implant is about 1 —45°.

11. The method of claim 1 wherein implanting ions comprises multiple tilt angle implants

which are rotated about a plane of the substrate.
12. The method of claim 11 wherein a tilt angle of the implant is about 1 —45°.

13. The method of claim 1 wherein implanting ions comprises a quad tilt angle implant

which is rotated about a plane of the substrate.

14. The method of claim 1 wherein the second mask comprises photoresist.
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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; providing a first mask on the
substrate corresponding to the gate; patterning the substrate to at least
remove portions of a top gate stack layer unprotected by the first mask;
rovidine Rebebigmssk G ite YOBLtA% with an opening exposing a portion
of the first,.mask and the to te stack Jayer; and implanting ions through .
the oPR LA e SR T B e Wl i
wiltid RS YR dvR WJWJQQ%%E i&&iod‘é&{%?agﬁweﬂ?%?a A Rla3N ing
region in the doped drift well; and a doped deep well in the substrate of the
eIV Qﬁ‘éi%J@&iQﬁh?é}QRE}Q?{ﬁMéia@tﬁ@I&?Qr shiftngtald of i€ Mmeihad. of
claim 14 wherein the first mask comprises a hard mask. 18. The method of
claimpiotigre v a fitsk edgrealithiegatoreapaspandse gaehannel edge of
the gate of the device and a second edge of the gate corresponds to the
drainpedgaiof the ghteraé the tevicem2te PortAndeicecparprisiciglages wioptrateted
prepared with an active device region, wherein the active device region
byribRuiess raagisite stack with a gate electrode layer over a gate dielectric layer,
wherein at least the gate electrode layer is patterned using a hard mask; a
dopeBreHaMse retmndigpesen b tHE St a dRICEM ESRPENErRPetgS of thipfirst
te, wherein the first edge of the gate overlaps the channel well with a
i il

Aibihs g R D ANHe A

implanting ions through the opening and gate stack layers into the substrate to form a

channel well.

16. The method of claim 15 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.
17. The method of claim 14 wherein the first mask comprises a hard mask.
18. The method of claim 17 wherein a first edge of the gate corresponds to a channel edge of

the gate of the device and a second edge of the gate corresponds to the drain edge of the gate of

the device.

25



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. 20. The device of claim 16 wherein the effective
channel length is less than about 0.4 pm. 26

19. 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 at least the
gate electrode layer is patterned using a hard mask;

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.

20. The device of claim 16 wherein the effective channel length is less than about 0.4 pm.

26



