1 STRUCTURE AND METHOD TO FORM SOURCE AND DRAIN. REG ONS 2 OVER DOPED
DEPLETI ON REG ONS 3 4 Background of Invention 5 6 1) Field of the

Invention 7 This invention relates generally to a sem conductor device and
a method 8 of fabrication of the same, nore specifically this invention
relates to a sem conductor 9 device and nethod of the sane to reduce
source/drain to substrate junction capacitance. 10 11 2) Description of the
Rel ated Art - 12 13 The evolution of MOSFET technol ogy has been governed by
device 14 scaling for high performance of the transistor.
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5
6 1) Field of the Invention
7 This invention relates generally to a semiconductor device and a method
8  of fabrication of the same, more specificaily this invention relates to a semiconductor
9  device and method of the same to reduce source/drain to substrate junction capacitance.
10

11 2) Description of the Related Art

g The evolution of MOSEET technology has been governed by device

14 scaling for high performance of the transistor. Partialty-depleted SOI (PDSOI) has become
15  one of the promising solutions for high performance sub- 100 nm gaie fength CMOS due to
16  the inherent advantages of a higher drain saturation current and reduced junction

17  capacitance. However there are problems aséociated with PDSOI CMOS devices. These
18 include wafer cost, history effect and self heating effect.

19

20 The following patents and literature are relevant technical art.

21 US 6.383,883B1 (Chen et al.) that shows a graded S/D region.



| US 6,348,372B1 (Burr) shows a nethod to reduce SID junction 2

capaci tance. 3 US 200310132452 Al (Boriuchi) shows a reconbi nati on region
below 4 and adjoining the SID. 5 US 5,795, 803(Takanmura et al.) shows a
multi-Ilevel/concentration well 6 process. US 6,528,826 B2(Yoshida et al.)
shows a depletion type device. 7 8 US 2002-0093 64Al (lnaba) shows a
nmethod to forma SODEL device. 9 US 5,712,204(Horiuchi) shows a nethod to
reduce SID junction 10 capacitance. | 1 US Patent No: 5712204 shows a
met hod of maki ng a sem conductor 12 device having reduced junction
capaci tance bet weenyjches&oMea @) dhaise metiodie rashee P S ybst rat e.
| naBa et al., Articlé énti'tled: Method of forming an artificial depletion

14 15 | ayer. bel ow source/drain and Channel of the MOSFET to reduce junction
capacit : , Toshi ba. wever, there is a
pdci t @RBEIANYE ( SODEL FET), |EDM 2002, Toshiba. 17 Ho . th i

need3 for Tmproved d%/‘.:“l. (2:(?0%'/01%23[5£A1(B0riuchi) shows a recombination region below

4  and adjoining the S/D.

5 US 5,795,803(Takamura et al.) shows a multi-level/concentration well
6  process.

7 US 6,528,826 B2(Yoshida et al.) shows a depletion type device.

8 US 2002-009364A1(Inaba) shows a method to form a SODEL device.
9 US 5.712,204(Horiuchi) shows a method to reduce S/D junction

10  capacitance.
11 US Patent No: 5712204 shows a method of making a semiconductor
i i d the
12 device having reduced junction capacitance between the source and drain regions an
13 substrate.
14 Inaba et al., Article entitled: Method of forming an artificial depletion
15 layer below source/drain and Channel of the MOSFET to reduce junction capacitance
16 (SODEL FET), [EDM 2002, Toshiba.

17 However, there is a need for improved devices.



3 Summary of the Invention 4 It is an object of an enbodi nent of the
present invention to provide a 5 sem conductor device and nethod for
fabricating the sem conductor device that reduced 6 sourcefdrain to
substrate capacitance. 7 It is an object of an enbodi ment of the present
invention to provide a 8 sem conductor device and nethod for fabricating
the sem conductor device wwth a doped 9 depletion region under the
source/drain regions of a transistor. 10 An enbodi ment of the present

i nvention provides a nethod of 11 manufacturing a sem conductor device
which is characterized by: 12 a) formng a gate structure over on substrate
being doped with a first conductivity 13 type inpurity; 14 b) performng a
dopgd depl etion region inplantation by inplanting ions being the 15 second

conductive type to the substrate to form doped depl etion regions 16 beneath
and separated fromthe sourc

/d Bl AReatidy’ ¢) performing a SID inplant
by i3npl anting ions having a S‘é%(%f\d ggnducti vity type 18 into the substrate
to form SID regions adjacent to th ate: oRgdindenloatib provide® r egi ons
havet an inpurity codt@@ﬁhl@b?fa&rﬁﬁnﬁi%%ilﬁgggﬁes% that the doped 20 depl etion
regions are depleted due to a built-in, potential liecicOelayrdacddhe 21
dopeg d@&hi%ﬁ@mwragﬁoammthqdefosﬁﬂbsl@?tgf .°§e“_’c“’°’i‘ﬁ{°€°§ C

n anot her aspect of the
enbodi ment, the doped depletion region are not
6 source/drain to substrate capacitance.

7 1t js an object of an embodiment of the present invention to provide a
8  semiconductor device and method for fabricating the semiconductor device with a doped
9  depletion region under the source/drain regions of a trfmsistor.

10 An embodiment of the present invention provides a method of

11  manufacturing a semiconductor device which is characterized by:

12 a) forming a gate structure over on substrate being doped with a first conductivity

13 type impurity; |

14 b) performing a doped depletion region implantation by implanting ions being the

15 second conductive type to the substrate to form doped depletion regions

16 beneath and separated from the source/drain regions;

17 ¢) performing a S/D implant by implanting jons having a second conductivity type

18 into the substrate t0 form S/D regions adjacent to the gate; the doped depletion
19 regions have an impurity concentration and thickness so that the doped

20 depletion regions are depleted due fo 2 buili-in potential created between the

21 doped depletion regions and the substrate.

3



3 fornmed under the gate structure. 4 An enbodi nent of the present
provi des a sem conductor 5 device which is characterized by: 6 a
sem conductor substrate having a surface; the sem conductor substrate 7

bei ng doped with a first conductivity type inpurity; the top portion of the

sem conductor 8 substrate is conprised of a first doped | ayer of a first
conductivity type;

9 a gate structure over the surface of the sem conductor
substrate; the gate 10 structure conprising a gate dielectric |ayer and a
gate electrode; 1.1 source/drain regions in the sem conductor substrate to
oppose each 12 other with a channel region laterally residing therebetween
St I | ocati on imnedic ately 13 beneath the gate strﬁéé{%,ﬂ%égggggg% .
epl etion regions of a secon ibYdiiment, Yike db ORj ope
layer of a first co%%@%%@“ﬁ&&g&lgf#gg?%ﬁe sourncjzbe/dr ai n regions; doped
depletion regions are determned in inpurity concentration and 16 17
t hi gknegpsmeduedes thegatihsitutiPs |ayer is fully depleted due to a built-in
potential creatable 18 between the substrate and ph&icte@n regi ons.
19 whereby the dopedqldapb@iiin@ntOféb*?m%emg&’&ﬂtéoqggv%g%ggeir?%nce bet ween 20
the source/drain regions and the substrate. 21 4 |

: The above and bel ow
advagt a gxﬁc%ﬂicﬁ?@&%&ﬁeﬂe@ b9f representative

i nvention

i te
6 a semijconductor substrate having a surface; the semiconductor substra
i i iconductor
7 being doped with a first conductivity type impurity; the top portion of the semicon
8 substrate is comprised of a first doped layer of a first conductivity type;
9 a gate structure OVer the surface of the semiconductor substrate; the gate
10  structure comprising a gate dielectric layer and a gai¢ electrode;
11 source/drain regions in the semiconductor substrate 10 Oppose each
i ion 1 diatel
12 other with a channel region laterally residing therebetween at a location immediately
13 beneath the gate structure,
- . "
14 doped depletion regions of a second conductivity type 111 the a firs
15  doped layer of a first conductivity type under the source/drain regions;
. g . o0 and
16 doped depletion regions are determined in impurity concentration
jt-i i atable
17  thickness to ensure that this layer is fully depleted due to 2 built-in potential cre
18  between the substrate and doped depletion regions.
i 1 n
19 whereby the doped depletion regions reduce the capacitance betwee
70  the source/drain regions and the subsirate.

21



2 enbodi nents only, and are not exhaustive and/or exclusive. They are
presented only to 3 assist in understanding the invention. It should be
understood that they are not 4 representative of all the inventions defined
by the clains, to be considered limtations on 5 the invention as defined
by the clains, or limtations on equivalents to the clains. For 6 instance,
sone of these advantages nmay be nutually contradictory, in that they cannot
be 7 simultaneously present in a single enbodinent. Sinmlarly, sone

advant ages are applicable 8 to one aspect of the invention, and

i napplicable to others. Furtherpore i3 feshes e offreprésentadive| ai med
i nvanti on have not H@éﬁbﬂ‘iesaé’ggﬁggv?ﬁdé’ragﬁ%%mver, no i nference shoul d be

10 drawn regardi ng those discussed hergin relati 1R pkdresed Baly tdi scussed
herei n @hﬁ&ﬁm&ﬂﬁaonlyoandmnpb@@é%%’é’eéfld@bg’&%us ﬂedﬁg%ucip%g repetition. Thus,
this summary of features and advantages 12 shoal dtﬁgzt Pengonsi der ed

di sppsi fse; 'ﬂmd@%ieﬁ‘ﬁ{ﬂgrthamveqlﬁbwﬁlSbn@]é.beAHQPIﬁOB Wt PeY AT eS and 13
advant ages of the invention will becone apparen:b in t-&éeé%%tgu%ng%n
description, fr. 14 edfiond RRGsed By thefalams: e EPREIHE: rief
Descti pf?PB?'?eBtF{l?%zéf%rﬁg\?vi nges "2 The features and advant agtﬁ\sﬂo,f aF?ru

sem conduct or devi ce.ac Lng: t RhitaBoiy @sequivalemsctotthoH A% d rther
det afl sthﬁmﬁefﬁllo&@éggﬂ%‘?dc&;l %P%g{lgr?g s&ch a sem conductor 4 device in

accordance with the present inventian wl &%ugm:@rﬁlhe&mtmeunmt)@od from
the 65 findtimon sogrecfdbese 3yantpaes gy oF con}yuncti on Wi th the acconpanying

drawi ngs in which like 6 reference, nunegal.s desi L Entgéd¥i dredpphicable
cor r gspadiRgheohgyrpressnt in agingleemhodipett 18%’3‘%% ; in V\%Ii ch:

i i ects of
2  to one aspect of the invention, and inapplicable to others. Furthermore, certain asp

i i i e should be
9  the claimed invention have not been discussed heremn. However, no inferenc

i i 1 for
10  drawn regarding those discussed herein relative to those not discussed herein other than

i antages
11 purposes of space and reducing repetition. Thus, this summary of features and advantag

. . o and
12 should not be considered dispositive in determining equivalence. Additional features

. . - the
13  advantages of the invention will become apparent in the following description, from

14  drawings, and from the claims.

15



8 Figures 1 A, | B, I C 3A and 3B are cross-sectional views for 9

illustrating a nmethod for manufacturing a sem conductor device according to
an 10 enbodi nent of the invention. 11 Figures 2A, 2B, 2C, 3A and 3B are
cross-sectional views for 12 illustrating a nethod for manufacturing a
sem conduct or device according to an 13 enbodi nent of the invention. 14
Figures 3A, 3B and 3C, are cross-sectional views for illustrating a 15
structure and a nethod for nmanufacturing a sem conductor device accordi ng
to an 16 enbodi nent of the invention. 17 Figure 3G | shows a cross
sectional view of a depletgd . . ffhednawioges'g to the prior art. 19
Figdre 4A is a graph of aﬁ?eréféjt]jlk\ggﬁ%@&r}%:gntrati on profile taken al or&%f axi s

20 6/6' in figure 3A for a N devi ce accardinguter dvicrdeoatidinegrio t he
invention 6 | Figur érhﬁée?}t%reégg%ﬁﬁ’ﬁn%\gesa&ﬁae &gopi ﬁg profile taken al ong axis
6/6' in 2 figure 3A for a NMOS device acgcordin ShbadiueRAt of the

i nvent i gresent ivegtiow adifurbendealssh agHo%ss %ﬁfgf”{}‘éatggtﬁg%ﬁ? ation profile taken
along axis 4 6/6' in figure 3A for a PMOS device gﬁcoréjé &goc{ﬁoﬁr}he

embogli mypt: .of, Brdhioeanith the presBiigavent®dR il bs raers SIFADY YASEY  dopi ng profil e
taken along axis 6/6' in 6 figure 3A for a PMOS Qeviérce,acsclgav i'c@@fléeo an
embodli of o L&l L th cohjmicAbr eith thhawempanyBE STASEHES 8w of an
enbogi g&m"v\‘fbﬁ%fig&flhggﬁ%ﬁ(dopi ngJI evel s the doped depl etion region, substrate

| 1 1 and
and %I P rtref%?éngg ngr?m\c/reatlsc e%f’lgglgt% sfhnilar or corresponding elements, reglons and portions

7  inwhich: | |
8 Figures 1A, 1B, 1C, 3A and 3B are cross-sectional views for
0 illustrating a method for manufacturing a semiconductor device according to an

10  embodiment of the invention.

11 Figures 24, 2B, 2C, 3A and 3B are cross-sectional views for
12 illustrating a method for manufacturing a semiconductor device according to an

13 embodiment of the invention.

14 Figures 3A, 3B and 3C, are cross-sectional views for illustrating a
15  structure and a method for manufacturing a semiconductor device according to an

16 embodiment of the invention.

17 Figure 3C-1 shows a cross sectional view of a depleted junction

18  according to the prior art.

19 Figure 4A is a graph of an active concentration proﬁle taken along axis

20  6/6 in figure 3A for a NMOS device according to an embodiment of the invention.



9 depletion region (600 - grey region) the extends fromthe SID region to
the doped 10 depletion region. Il Figure 7 shows a cross sectional view of
an enbodi mrent where the 12 doping |levels the doped depletion region,
substrate and SID regi on have created a 13 depletion region (700 - grey
region) that do not fully cover all the region 702 between the 14 SID
regi on and the doped depletion region. 15 Figures 8Ato 8E show a third
enbodi ment of the invention. 16 Figure 9A to 9E show a fourth enbodi nent
of the invention. 7 1 2 Detailed Description of the Prefengg%,Enbodinents
h

3 4 Several enbodi it RigSarhibe aiet @oping piofikotakesealerg 2! Mn detail 5
witht reference to t eélgg%%&%aﬁ%ﬂrl}g drawi ngs bel ow. Note that although the

enbodi ments 6 bel ow al |l _dr QnaaRnet: ofetedhventiond at or

seni Zonfigetec fﬁi)fe?}]ﬂl\/g% g‘&‘flc‘? ?’%ﬂ%%’rs 7 (M SFETs), this invention may al so
be applicable wthout any material alternati Iinroflettianniing MK SFETS

wi th3respective portFigws Sd’e}Sr?&rPéb‘Péa@e%{lgg% ogté ofnquposi te 9 conductivity

types. 10 Exanpl e enbodi nents of the present inventi iihdenBBndescri bed in
11 dgt aig/s*wh Flgurecs e rfons EM@S dwmmwiaﬁgnmpéw‘%négﬁh\gl odi ments of t he

present 12 invention provide a device and a nmethod o ped

f form
depl gtion regions (13Qhrd 5@fs a gidpls efand dOernfﬁgleG@ﬁéﬂﬁq%%%égqcount er
doped regions - See E.g., Figure 3B) below the

6 figure3A for a PMOS device according to an embodiment of the invention.

7 Figure 6 shows a cross sectional view of an embodiment where the
8  doping levels the doped depletion region, substrate and S/D region have created 2

9  depletion region (600 —grey region) the extends from the S/D region to the doped

10  depletion region.

i1 Figuze 7 shows a cross sectional view of an embodiment where the
12 doping levels the doped depletion region, subsirate and S/D region have created 2

i the
13 depletion region (700 — grey region) that do not fully cover all the region 702 between

14  S/D region and the doped depletion region.

15 Figures 8A to 8E show a third embodiment of the invention.

16 Figure 9A to 9E show a fourth embodiment of the invention.



14 Source/Drain regions (150), but not under the channel (122) that reduce
the junction 15 capacitance between the source/drain regions 150 and the
substrate 100. The doped 16 depletion regions 130 are "counter doped" wth
an inpurity opposite the channel type 17 inpurity so that the doped
depletion regions 13 0 are depleted (of carriers because of the p 18 n
junction) at zero bias. 19 In an aspect shown in figure 3.B, the doped

depl etion regions (second 20 inpurity doped regions) 130 create "second
depletion regions”" | 30D in substrate (e.g., 21 the first inpurity doped
region 13 1) adjacent to the doped depletion regions 130. The 8 1 second
depl®tion regions 130D are "depleted" of carriers (el ectrons and hol es) due

to the 2 n-p junction. Preferahl e fRipdiaentsegi ons 130 are
doped | oW y enough %‘?‘H‘é‘tﬁ%“f‘ﬁgoﬁ(?gg%f lgep%g%(?ons regions 130 are fully
depleted at zero bias. The doping concentration 4 of the doped depletion

regign. 130 is selected so that the second depletion regions 130D 5 are
"depl eted" of carriers (electrons and holes). The secon di@n regions
130Dgand 6 the dopeSevieslleafiodimentyifchis 111‘@9%1?%8’5&0‘?&?8 S%uf’?l@ﬂrg% capaci t ance
(G ) between the 7 source/drain regions and the substr

S gc\(l)\gd Ao ROtk tE Pl cdB Bihyaitddratvings Bebop dtcdpt @Qhoggﬁ ﬁ’(—?’gffNIth gjg%%?%et e

viewed as one entire depletion region that reduces the 9 junction

capagcj t anﬁﬁﬁ é% r&ﬁg&%ﬁ&g&%& Qa6 61l BerhRphdmsorefivdl effiest samdstet e. 10

Several hi's Invention will now be set forth i.n detail 11
erbod meIBTERTS) e SHRIS BRRAN. LoD Rl St ™ oatl At or ser conduct or
field effect transistors 13 (M SEETS)  MLe LOYEPUADoBposhs0 be
9  conductivity types.
10 Example embodiments of the present invention will be described in
11 detail with reference to the accompanying drawings. Embodiments of the present
12 invention provide a device and a method of forming doped depletion regions (130) (or
13 second impurity doped layer or counter doped regions — See E.g., Figure 3B) below the
14  Source/Drain regions (150), but not under the channel (122) that reduce the junction
15  capacitance between the source/drain regions 150 and the substrate 100. The doped
16  depletion regions 130 are “counter doped” with an impurity opposite the channel type
17  impurity so that the doped depletion regibns 130 are depleted (of carriers because of the p-
18 n junction) at zero bias.
19 Tn an aspect shown in figure 33, the doped depletion regions (second

20  impurity doped regions) 130 create “second depletion regions” 130D in substrate (e.8.,

21  the first impurity doped region 131) adjacent to the doped depletion regions 130. The
8



14 channel M SFETs with respective portions being replaced by those of
opposite 15 conductivity types. 16 17 There are many options for the order
sequence of the steps for formng 18 the LDD, SID, Halo, threshold voltage
1/1 and doped depletion regions. Furthernore, the 19 process can include
steps to dope the upper portion of the substrate (e.g., first doped region
20 131), especially in the area between the SID 150 and doped depl et ed

regions 130. For 9 e. th ir | exanple, field inplants, Vt inplants, hallo
i npl ants can be perforned to doP e f st 2 doped region 13 1 - These order

ft St ep, iS.: | i ahBda Ry irDif dakiyers Belddtens aixd koled duetq thgt
ey pesen

ot her steps can be 4 perfornmed in any order, such

s o e phiiot Jeablyr b Ao ihohakdign 190 RO Usgeddbely dnolghiesik  exanpl &
3 the doped depletions regions 130 are fully depleted at zero bias. The doping concentration
4  of the doped depletion region 130 is selected so that the second depletion regions 130D
5 are “depleted” of carriers (electrons and holes). The second depletion regions 130D and
6 the doped depletion regions 130 reduce the junction capacitance (Cj) between the
7 source/drain regions and the substrate. Note that the second depletion region 130D and the
8  doped depletion region can be viewed as one entire depletion region that reduces the
9 junction capacitance (Cj) between the source/drain regions and the substrate.

10 Several embodiments of this invention will now be set forth in detail
11  with reference to the accompanying drawings below. Note that although the'embodiments
12 below are drawn to n-channel metal insulator semiconductor field effect transistors

13 (MISFETs), this invention may also be applicable without any material alternations to p-
14  channel MISFETS with respective portions being replaced by those of opposite

15  conductivity types.

16

17 There are many options for the order sequence of the steps for forming
18 the LDD, S/D, Halo, threshold voltage I/l and doped depletion regions. Furthermore, the

19  process can include steps to dope the upper portion of the substrate (e.g., first doped region

20  131), especially in the area between the S/D 150 and doped depleted regions 130. For



at~ion r Gate formationGate formationGate f a me te LDD LDDdoped
depl eti onLDD region p ac doped depl etionLDDer s Spacers S regij

spacers on
gat espacers on gatei SID doped depletion region letion d de '

1 example, field implants, Vt implants, halio implants can be performed to dope the first
2 doped region 131. These order of these step is only limited by feasibility.
3 The table below list example process orders. Other steps can be
4  performed in any order, such as field implants, Vt implants, and hallo implants, etc.
5 Table A: example proc;ess step orders
J;LSPCC’L 2 3 ' 4 _
Gate formation Gate formation Gate formation Gate formation
LDD doped depletion L.DD LDD
doped depletion ;,e]%l]gn Spacers Spacers
rs?)gaicoelis on gate spacers on gate fg;zcril depletion S/D |
S/D S/D S/D fgé)izc; depletion
6
7 For example, there are twWo embodiments for the order of steps in the
8  method of forming the doped depletion region and the LDD regions. In a first embodiment
9 shown in figures 1A, 1B, 1C and 3A, the LDD regions (or extension regions) 120 are
10 formed before the doped depletion regions 130. In the second embodiment shown in
11 figures 2A,2B, 2C and 3A, the doped depletion regions are formed before the LDD drain
12 regions.
13 In a third embodiment shown in figures 8A to 8E, the doped depletion
14  regions are formed before the S/D regions. In a fourth embodiment shown in figure 9A to
15 9E, S/D regions are formed before the doped depletion regions. In addition, multiple

10



d S/DS/ DS/ Dp ope reglO-n- 6 7 For exanple, there are two enbodi ments for
the order of steps in the 8 nethod of form ng the doped depletion region
and the LDD regions. In a first enmbodinent 9 shown in figures | A | B, |
C and 3A, the LDD regions (or extension regions) 120 are 10 formed before

t he doped depl etion regions 1330. In the second enbodi mrent Shown in 11
figures 2A, 2B, 2C and 3A, the doped depletion regions are forned before
t4e LDD drain 12 regions. 13 In a third enbodi mrent shown in figures 8A to
8E, the doped depletion 14 regions are forned before the S/D re?i ons. In a
fourth enbodi nent ' | QLR i E theSldBe depletmsregions {sse med
before tsﬁﬁceﬁo%§e&§€$%3ﬂn%gl ong%la%ﬁ%géi@{ei%on, r?t?l tig:ee 10 1 spacers can

be used in gbtain the corr paci ng between the dope depl etion regions
(see2 2 @B ¢figurgs “rlegDM%ﬁ% and 8D-3.) 3 4 First exanple enbodi nent 5
A. forma gate structure (109) over on a first conductive type substrate

(1008 6 As shown in figure A, we provide a substrate 100. The substrate

(or 7 well around the device) is doped with a dopant of a first
conductivity type. The

4  First example embodiment

5 A.form a gate structure (109) over on a first conductive type substrate (100)

6 As shown in figure 1A, we provide a substrate 100. The substrate (or

7  well around the device) is doped with a dopant of a first conductivity type. The

8  source/drain regions, LDD’s and doped depletion regions are doped with the opposite

9  type (or second type) impurity as the channel region and substrate. The channel region is
10  preferably part of the first impurity doped layer (131) and may include the substrate. The
11  substrate can include n and/or p doped wells in the substrate around the S/D and doped
12  depletion regions.
13 To form a NMOS device, the channel region and substrate 100 are
14  doped with a p-type impurity. For example the substrate can have a boron concentration
15 between 1E17 to 1E19 atom/cc. Note the substrate 100 can be a p-well in a substrate
16  structure. Also, the top section of the substrate 100 can be an epitaxy layer.
17 To form PMOS devices, the substrate has n-type doping. For example
18  the substrate can be doped with As or P with a concentration between 1E17 to 1E19

19  atom/cc. Note the substrate 100 can be a n-well in a substrate structure.

11



8 source/drain regions, LDD s and doped depl etion regions are doped with
the opposite 9 type (or second type) inpurity as the channel region and
substrate. The channel region is 10 preferably part of the first inpurity
doped layer (131) and may include the substrate. The 11 substrate can
include n and/or p doped wells in the substrate around the SID and doped
12 depletion regions. 13 To forma NMOS device, the channel region and
substrate 100 are 14 doped with a p-type inpurity. For exanple the
substrate can have a boron concentration 15 between 1E17 to 1E19 atom cc.

No h b 10 5 | . A8+ q . Al 'so,
e top seotion of i na anereuftetyiibieald ol tRUBILRE o QUEM O T G o

the top section of the su To form

PMOS devi 1 h bst,rate has n-type.dopi ng. For gx le, 18 1he

cubst far B bAGRY R Froalle foaddl vl Sdnesinin SOTebteiBal'S € 17 1o
| E 19,19 atonmcc. Note the substrate 100 can be a n-well in a substrate

st r uctur ecmiconductorigyersersubshialaanawtiadubst rat e can be corprised of : silicon
(Si), 2 germanium (Ge), galliumarsenide (GaAs), silicon-germanium (Site),
and efitaxial 3 seni toldiwetregiohsalidr anshosulis tfipatee] , wan be fated adadygmiiat | on
regions 102, as shown in figure 1, can be fornmed at any point 5 in the

process. ihsid mbisen selgii@neeilde 182 are r&%ﬁbgbslhﬁum@ehémsbraﬁaﬁ TI§ Rg@drisOn
(STI) regions. 6 B. gate structure 109 and channel 122 7 Referring to

figure 1A, we forma gate structure (109) over on a first 8 conductive
type gubs! igdté stQfeture 109 and channel 122

7 Referring to figure 1A, we form a gate structure (109) over on a first

8  conductive type substrate 100.

9 We form a gate dielectric layer 104 on a first conducﬁve type substrate
10 100. The gate dielectric layer is preferably comprised of silicon oxide or a high k material
11 and preferably had a thickness between 10 and 400 A.

12 Next, we form a conductive layer 108 on the gate dielectric layer 104.
13 The conductive layer 108 is comprised of polysilicon or metal and preferably has thickness
14 between 500 and 2000 A.

15 The conductive layer 108 and the gate dielectric layer 104 are patterned
16 to form a gate structure 109. The gate structure is preferably comprised of the gate

17  dielectric 104 and the gate electrode 108.

18 The gate structure 109 and Channel (length ) preferably have a width

19 between 40 nm and 0.5 pm.
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9 W forma gate dielectric layer 104 on a first conductive type substrate
10 100. The gate dielectric layer is preferably conprised of silicon oxide
or a high k material 11 and preferably had a thickness between 10 and 400
A. 12 Next, we forma conductive |layer 108 on the gate dielectric |ayer
104. 13 The conductive |ayer 108 is conprised of polysilicon or nmetal and
preferably has thickness 14 between 500 and 2000 A. 15 The conducti ve

| ayer 108 and the gate dielectric |layer 104 are patterned 16 to forma
gate structure 109. The gate structure is preferably conprised of the gate

17 diglectric 104 and, t 85t 109 and
Channbl (1 :aln;th ) Spéﬁ‘ ﬂ"‘é‘é‘?‘aﬁ iofa 254 ey 1R ol O T e ¢ 3

ave a between 40 nmand 0.5 m 12 1
A channel region 122 is er th ate stru I re 10 regi on
122 pf ef Eeins |22 preferably E%ﬁr%g GHEPIEAgR o i CQH"%%%E Q%%F?‘%ﬁgtg%{ he
substrate or 3 well 100. Pr ef erably the channel re refer IsyaBgas a
conceht r aelldf0bBtaferably 1kl sShamnel region preferablyrhes & coneey émﬂp‘ger‘ &

inplantation 7 Still referring to figure 1A, we performa LDD inplantation
(or 84extign$m@m/tegi on inplant) by inplanting ions being a second
conductive type (opposite the 9 conductivity type of the substrate) into
the sgbstrate using the gate structure 109 as a mask 10 to form LDD

regi ons 120.

6 C. perform a LDD implantation

7 _ Still referring to figure 1A, we perform a LDD implantation (or

8  extension region implant) by implanting ions being a second conductive type (opposite the

9  conductivity type of the substrate) into the substrate using the gate structure 109 as a mask
10  toform LDD regions 120.
| For a NMOS device, the LDD implantation is preferably performed by
12  implanting As ions at a dose between SE12 and 1E1S5 atoms /em?, at an energy between 1
13 keVand 10 keV. 7
14 - For a PMOS device, the LDD implantation is preferably performed by
15  implanting Boron ions at a dose between 1E13 and SE15 atoms /sg-cm, at an energy
16  between 0.1 keV and 10 keV. The LDD regions can be anneal after the LDD implant or

17  after the S/D ion implant (I/T) or doped depletion region I/1.
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11 For a NMOS device, the LDD inplantation is preferably performed by 12
inplanting As ions at a dose between 5E12 and 1E15 atonms /cnR, at an energy
between 1 13 keV and 10 keV. 14 For a PMOS device, the LDD inplantation is
preferably performed by 15 inplanting Boron ions at a dose between 1E13
and 5E15 atons /sg-cm at an energy 16 between 0.1 keV and 10 keV. The LDD
regi ons can be anneal after the LDD inplant or 17 after the S/Dion
inmplant (11i) or doped depletion region 1/1. 13 | D. forma doped depl etion
region 130 beneath and separated fromthe 2 source/drain regions 3 As

- shown yi npf4 t4 [ d feemQiet he 4
sourcé/ g%aﬁ%”iéé{bggga@\@%%?Fb?o%?ggﬁﬁgﬁ'téh’g‘g?gggf]%@conducti ve type to

the substrate_ 5. using. te structure 109 as a mask, to form a doped
depl et’i on reg?%f#éfé‘ggb'ﬁg% Sand 6 separated fromthe source/drain

regions. Preferably the inplant is about vertical inplant 7 such as at an
angl e3between 0 and 7Adehowe i Binat il Bewe domederiletion, doped fagicns| 190 balowdhed 8
depletion region 130 not formed is under the gate el ectrode 108 or the

channel r@gicerdir fegiolt. Rvetapiabl ¥nd bangdpeccddpbadidive tyggitothelsabstate second
type inpurity 10 concentration slightly higher than the total first

condus! | s B, SORGIHCS1 00N LG RURSH AR Ropckladyiiumensibia sdeadudanl ot | on

regi ons 130 and S?D regions 150 or irst inpurity doped 12 region 131).

Preferably the doped deplefion reqgi ops.1 V. b LN ation
T hi g CRBERATERG s o B e e oD et MRty WL s G RapR |
substrate so that a _ 14 portion of the lightly doaqe[gi Pezﬁal etign r.egion 130
has efff eciuelas §t aa angle hehwesn ¢ gnd 7 degree telative to vertical. Preferably, a doped

8  depletion region 130 not formed is under the gate electrode 108 or the chmel region 122.
9 Preferably the doped depletion region has an second type impurity
10 concentration slightly higher than the total first conductivity type dopants in the substrate
11  between the doped depletion regions 130 and S/D regions 150 or (first impurity doped
12 region 131). Preferably the doped depletion regions 130 have an impurity concentration
13 high enough to counter act the opposite impurity concentration in the substrate so that a
14 | portion of the lightly doped depletion region 130 has effectively a net impurity
15  concentration between 1E16 and SE 18 atoms/cc. This portion of the doped depletion
16  regionis electrically effectively an insulator (like a dielectric layer).
17
18 The doped depletion region can be annealed after the S/D implant
19 preferably a RTA at a temperature about 1000°C for less than 10 seconds.
20 For NMOS devices, the S/D and doped depletion region are doped

21  with a n-type second conductivity dopant. The doped depletion region implantation is
14



15 concentration between 1E16 and 5E 18 atons/cc. This portion of the doped
depletion 16 region is electrically effectively an insulator (like a
dielectric layer). 17 18 The doped depl eti on region can be anneal ed after
the S/IDinplant 19 preferably a RTA at a tenperature about 1000C for |ess
than 10 seconds. 20 For NMOS devices, the S/D and doped depl etion region
are doped 21 with a n-type second conductivity dopant. The doped depl etion
region inplantation is 14 | preferably performed by inplanting As or P ions
at a dose between 5E12 and 5E13 2 atons/cnR, at an energy between 100 keV

‘32??39? B?‘?%fg I RafigEd ?ﬁ@%ﬁ%%%éﬁg%f?f‘a@%%%ﬁos%ﬁ)%ﬁ%e%ﬁ?%%lf@jn%%%e i h| H
0.24 0. 55 Fqr. P [ : [

Feqi o i ARG b PEtEbOTEFR DIV SR OP HEY. DY FoRSTdRDIeHg: BBIBH 0ons at

a does between 5E11 and 5E13 7 atons/cn2, at an energy between 50 keV and

200 kéV. prierablyped adepthdi3tdelaveticonbstae sugfzbabeteee.0f piBedBT g arde
substrate surface between 0.09 pmand 0.7 pmand nore preferably between

0. 24 and rfbre prefefabl} Befveet RAELARI 01-§§H13f1-1 As shown in figure 1C, we forma
spacer 140 on a sidewall of the gate 12 structure 109. The spacer 140

preferably has a thi cgn et ween abaut 400 .and 1200. A.. 13 .F.. SID regi ons
550 19 As. shown i n 11 OTATGR SR o Agbe R FARATHOR PR Sns 1501 1
t he

6  preferably performed by implanting Boron ions at a does between SE11 and 5E13

7  atoms/cm?2, at an energy between 50 keV and 200 keV. The doped depletion region 130

8  has adepth 136 below the substrate surface between 0.09 pm and 0.7 um and more

9  preferably between 0.24 and 0.55 pum.

10 E. spacers 140

11 As shown in figure 1C, we form a spacer 140 on a sidewall of the gate

12 structure 109. The épacer 140 preferably has a thickness between about 400 and 1200 A .

13 F. 8/D regions 150

14 As shown in figure 3A, we form source /drain (S/D) regions 150 in the
15 substrate. The S/D regions are preferably formed using a S/D implant process by

16  implanting jons having a second conductivity type into the substrate using the gate

17 structure and the spacers as a mask. The S/D regions preferably have an impurity

18  concentration between about SE 18 and SE20 atoms/ce.

15



15 substrate. The S/D regions are preferably fornmed using a S/ D inpl ant
process by 16 inplanting ions having a second conductivity type into the
substrate using the gate 17 structure and the spacers as a nask. The S/D
regions preferably have an inpurity 18 concentration between about 5E 18
and 5E20 atons/cc. 15 1 The SID regi ons can be anneal ed by a RTA or a spike
anneal. A 2 preferred spike anneal is (1) T fromabout 600 C to about 1100C
inl to 2 seconds; and 3 (2) nmaintain at 1100C for about 0.5 sec.; and (3)

| ower tenperature form 1100C to about 4 600C 'in about 4 seconds. 5 For

NMOS devi ces, the Sl DrhgRisRlaib dah 86 Shilaled tyel ROAMRY spike afindalIh ant i ng
Arseni c (As) or Phosphorus (|§) ions at a dosé between 5E14 to 1E16 7

at ons/cn® t an _.ener b n _50keV OkeV, ., The~S i r.eferably
nas a2 & MR e ATIALBI b0 e SRt ol R LI Th g b 2btebAms "
0.5 PM9 For PMOS devices, the S/IDinplant is pref erabl% performed by 10

i npl art i n@) beindainiab hED0SE far ahowb0 Setoeand BEwer temmergurs fors/14AP°C oabay
energy between 11 50keV and 80keV. The S/ D region preferably has a maxi num

dept h 4152due] anvabdif 4kecaridhst rate surface of between 0.04 pmto 0.5 m 13 14
G doped depl etion region 130 and depletion region 130D 15 As shown in

doped Sepl et on regi ohCLINORAEHER, & P tieRt FHkEERRh RS PL L acon
rl Zg} 8 ggﬁglg]xézgﬁgni%%géj orTBﬁos%%gJug%f’)()igng aetqal é%)ge %gt%[e)eg gglf loDl %pl etion
7  atoms/cm®, at an energy between 50keV and 80keV. The S/D region preferably has a
8 maximum depth below the substrate surface of between 0.04 um to 0.5 pm.
9 For PMOS devices, the S/D implant is preferably performed by
10  implanting boron ions at a dose between 5E14 to 1E16 atoms/cm?2, at an energy between
11 50keV and 80keV. The S/D region preferably has a maximum depth 152 below the
12 substrate surface of between 0.04 pm to 0.5 pum.

13

14 G. doped depletion region 130 and depletion region 130D

15 As shown in figures 3B and 3C, a depletion region 130D is adjacent

16  and around the doped depletion region 130. Also, a S/D depletion region 150D is adjacent
17  to the S/D region 150. The depletion region 130D and S/D depletion region 150D are

18  depleted of carriers. Doped depletion region 130 is also depleted of carrier and can be

19  visualized as one whole depleted region which reduce junction capacitance.

16



18 depleted of carriers. Doped depletion region 130 is al so depleted of
carrier and can be 19 visualized as one whol e depl eted regi on which reduce
junction capacitance. 16 1 H depletion regions 2 As illustrated in figure
3C-1, depletion regions are regions where the 3 carriers (e.g., electrons
and hol es) are depleted. For exanple, a depletion regionis forned 4 at a
N-type and a P-type junction between a n and a p region. For a

n-type/ p-type junction, 5 due to the built in potential, a depletion
region will be fornmed at equilibriumeven without 6 biasing. 7 8 could be
wi der . 19 Hhdeplétior regionspe or p-type dopi ng concentration, the depletion
regi on For the enbodi nent show in figure 3B, there are two P/N junctions: a

10 first junction 200 be 50 : j | ayer
131) and a second 11 ‘?ﬁ%@?‘?@%& Q’S@%&?é@é n&e@ﬁ?ﬂ@ﬁ%ﬁs&géiéﬁ%g@%&i@%d | ayer
131) d the second, doped r.egio 12 13Q. .13 Due.to the | ower. dopin
content r abRERSGR B SRR dEIPL e SRPIEd: St wrnlag dadirioRateion RINER b
regions 150, the depletion region 130D is wider than that of the 15 SID
depl et # onat&itype P-tyRe jiactionhiesveenrs mind hip regipya For ¢ BrivRMP-HECIWISeR. S| D,
first 16 doped region 131 and the doped depletion region 130, the doped
depl et $ ondnety thabdiB(n parntidl/a Beplétivn iy gide phit the dermkdent dqutibricte gvedt withoutegi on
130 is fully depleted due to the nergi ng of
6  biasing.
7 ' With lower n-type or p-type doping concentration, the depletion region
8  could be wider.
9 For the embodiment show in figure 3B, there are two P/N junctions: a
10 first junction 200 between the S/D 150 to substrate (first doped layer 131) and a second
11 junction 202 between the substrate (first doped layer 131) and the second doped region
12 130.
13 Due to the lower doping concentration of the doped depletion region
14 130 compared to the S/D regions 150, the depletion region 130D is wider than that of the
15 S8/D depletion region 150D. By manipulation of the dopant concentration of S/D, first
16  doped region 131 and the doped depletion regioh 130, the doped depletion region 130 can
17 be fully depleted. The doped depletion region 130 is fully depleted due to the merging of
18 the depletion at junctions 202 204.
19 To the lower the C; (junction capacitance), the S/D depletion region

20 150D and depletion region 130D can be adjusted to meet or not meet. As shown in figure

17



18 the depletion at junctions 202 204. 19 To the lower the CJ (junction
capaci tance), the S/ D depletion region 20 150D and depl etion regi on 130D
can be adjusted to neet or not nmeet. As shown in figure 17 1 3B, the SID
depl etion region 150D may not join with depletion region 130D. As shown in
2 figure 3C, the S/D depletion region 150D may join wth depletion region
130D. 3 Biasing will also result in widening or narrow ng a depl etion
region. 4 under normal device operation bias, the depletion regions 150D
and 130D woul d becone 5 even wider. 6 As shown in figures 3B and 3C, the
substrate bet ween the doped 7 depleti on regi on 130 and the SID regions 150

(e.g. tthggﬂ?gest{ &wrﬂ'@glt])l?i 3130]9% in he@l d&BE on Ii’tﬁj ad ol iyol tage

on the S/ and su rate. depen I ng oncentration of the

S/b 1 doi oigu1db FEYRR é%ﬁgra?%ioﬁt dm?‘é ATRCR T e depl et on-

regi ons 130D, the net concentration of 13 carriers/inp is |ow and

t herefbre the depl et i Shasigidhasareeut ynyidgpineer aww&#ep% HOR B %hs 130
isolate the S/ID regions fromthe substrate. The depletion region 130D has a
15 net4 i mpder ngmebdednt oreritom Wés, tthe depeisi regiogo hiflk end/ 1 30D aguidthecgn® and
doped depletion 16 region. 17 18 0.2 gm (mcrons).

5 evenwider.
6 As shown in figures 3B and 3C, the substrate between the doped
7  depletion region 130 and the S/D regions 150 (e.g., first doped region 131) can be
8  “depleted” when there is no voltage on the S/D and substrate. It depends on the doping
9 concelttration of the doped depletion region 130, substrate doping 131 and distance from
10 the S/D regions 150 to the doped depleted region 130.
11
12 In the depletion regions 130D, the net concentration of
13 cammers/impurity is low and therefore the depletion regions 130D and doped depletion
14 regions 130 isolate the S/D regions from the substrate. The depletion region 130D has a
15 ° net impurity concentration of the opposite conductivity as the S/D and doped depletion
16  region.
17 The first doped region 131 can have a height 134 between 0.05 pm and
18 0.2 pm (microns).
19 The doped depletion region 130 preferably has a height 132 between

20 0.05 and 0.3 microns and has a depth 136 between 0.09 and 0.7 microns below the

18



The first doped region 131 can have a height 134 between 0.05 gm and 19 The
doped depletion region 130 preferably has a height 132 between 20 0.05 and
0.3 microns and has a depth 136 between 0.09 and 0.7 microns below the 18 1
substrate surface. The di nensi on and dopi ng of the doped depletion region
130 depend on 2 factors such as the technol ogy node and substrate doping.
-3 The concentration of the substrate between the S/D 150 and lightly 4
doped depletion regions 130 (e.g., region 131) is preferably between 1E16
and 1E18 5 atoni CC. Inplants, such as Hal o, threshold voltage inplant,
punchthru inplant, etc. can 6 be used to change the concentration of the

substrat e .bhetwee h I 206 dd J orReERINsH 130
(e. g.i,’ r &t |S§%t\é\%§l%c%‘ gh%gggér?goat t deOb ?gdg?{h %C/j\ll&g?[%ﬁ dggleﬁﬁgie%iedgf?ti og regi on
130D is controlled by .9 at |east ctors., First, the width is
contﬁ%lIéﬁ“ﬁ@“FhésyﬁﬁﬁgﬁPﬁEWi ﬁeaﬁigﬁﬁﬁ%Pdpﬁ%%p-type 10 and n-type

regi ons, (Concentration of the SID_ 150, the SUbStrégt gﬂ%ﬁ)g ang .t doped 11
depl €¥i on regi on 130)Thesepesirationef fie gubstiate betweendys Canbiee vol t age
potential, V4, 12 which is caused by the electric field in the depletion
regi of. Tbpel debeibn regidrisal36 (6.g., megien 131 isprefmetdy botwean Ak 1eged iR  vol t age
source is used to reverse bias the junction. 14 As shown in figure 3A, in

embodi e pi 3,/cEoPRShiISeR! etk STIABYIheRhdR G dltage ikplant punchthweiriplant, geuehl .
Al so, the doped depl etion region are not designed to create nore 16 abrupt

o P8 B0l 6 RSP a9 S0l ot
devi g jdgpletion regions 130 (e.g., region 131).
8 Note that the total width of the depletion region 130D is controlled by
9  at least two factors. First, the width is controlled by the concentration doping of the p-type
10 and n-type regions, (Concentration of the S/D 150, the substrate 100 and the doped
11  depletion region 130). Second, the width is also controlled by the voltage potential, Vy,
12 which is caused by the electric field in the depletion region. This electric field is made
13 stronger when an external voltage source is used to reverse bias the junction.
14 As shown in figure 3A, in embodiments, doped depletion region 130 is
15 not an-well or p-well. Also, the doped depletion region are not designed to create more

16  abrupt or shallower S/D regions. Also, in embodiments, no isolation/dielectric layer (e.g.,

17  oxide) is below the doped depletion region as in a SOI device.
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1 Second enbodi ment 2 As shown in figures 2A, 2B, 2C and 3A, the doped
depletion region 130 3 can be forned before the LLD regions 152. Unl ess
ot herwi se stated the process steps can 4 be performed as descri bed above
in the first enbodinment. 5 Figure 2A shows the formation of the gate

structure 109 preferably 6 conprising a gate dielectric 104 and a gate

el ectrode 108. 7 8 described above. 9 Next, the doped depletion region
130 is formed by an inplant process as Referring to figure 2B, LDD regions
152 are forned by in inplant 10 process as descri bed above. 11 As shown in
figure 2C, spacers 140 are fornmed on the sidewalls of the 12 gate
structure 109 as_described above. .13 As shown in figure 3A, source/drain
(Sl D)1 reg?eﬁﬂ%dﬁ'i"éo ety by an 14 inplant process as descri bed above. The

anneal for the inplanted regions is preferably 15 perforned after the SID
inplapt. 16 17 Third Aondindininiiguis 24, 28, 2Giand 3sathsdiopechdeplefiantegian k3¢ ur es
8A to 8E and described in 19 table A, colum 3, the doped depletion regions

o2 | 4 TE Bk DU gt (T7C0nB8: ottt ot soptat e

4  be performed as described above in the first embodiment.
5 Figure 2A shows the formation of the gate structure 109 preferably
6 comprising a gate dielectric 104 and a gate electrode 108.
7 Next, the doped depletion region 130 is formed by an implant process as
8  described above.
9 Referring to figure 2B, LDD regions 152 are formed by in implant

10 process as described above.

il As shown in figure 2C, spacers 140 are formed on the sidewalls of the
12 gate structure 109 as described above.

13 As shown in figure 3A, source/drain (S/D) regions are formed by an

.14 implant process as described above. The anneal for the implanted regions is preferably

15  performed after the S/D implant.

16

17  Third Embodiment
18 In a third embodiment shown in Figures 8A to 8E and described in
19 table A, column 3, the doped depletidn regions are formed before the S/D regions. The

20  processes are similar to that described above in the first and second embodiments.
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20 1 Figure 8A shows a gate structure (e.g., gate and gate dielectric)
formed 2 over substrate. 5 6 7 Figure 8B shows a LDD region inplanted into
the substrate. Figure 8C shows spacers forned on the gate sidewall. Figure
8D shows dope depletion regions fornmed by an inplant process. Figure 8E
‘'shows SID regions fornmed by an inplant process. 8 Miltiple spacers aspect 9
Figures 8D, 8D 1 and 8D 2 shows aspects of the invention where two or 10
nore spacers can be fornmed on the gate structure to increase the spacing
between the 11 doped depletion regions. 12 Figure 8D 1 shows a second
spacer forned on a first spacer. ‘Then the 13 dope depletion regions are
forneq using the gat epiglid §A sifi SE8056uHRBLEES gAE ali®§kts dieldttric) Bmegdaci ng
X2 between the doped depletion regions is |larger than the spacing X1
. (figure 8D 5 _where one spacer is used. 16 Figure 8D 2 shows a third

2% bt

space *'he second spacer. Then the 17 dope depletion regions are
formed using the gate

Cfirst and second spacers ags inplant 18 masks. The
spaci g X3 bet ween thglgﬂﬁp%%smﬁ%@ppﬁeg’é@i%ﬁgme W@%%ﬂbﬁﬁéﬁ- t he spacing
X1 19 (figure 8D) or X2 (figure 8D 2). ]

4 : Figure 8C shows spacers formed on the gate sidewall.

5 Figure 8D shows dope depletion regions formed by an implant'process.
6 Figure 8E shows S/D regions formed by an implant process.

7

8  Multiple spacers aspect

9 Figures 8D, 8D-1 and 8D-2 shows aspects of the invention where two or

10  more spacers can be formed on the gate structure to increase the spacing between the

11 doped depletion regions.

12 Figure 8D-1 shows a second spacer formed on a first spacer. Then the
13 dope depletion regions are formed using the gate, first and second spacers as masks. The
14  ‘spacing X2 between the doped depletion regions is larger than the spacing X1 (figure 8D)
15  where one spacer is used.

16 Figure 8D-2 shows a third spacer formed on the second spacer. Then the
17  dope depletion regions are formed using the gate, first and second spacers as implant

18  masks. The spacing X3 between the doped depletion regions is larger than the spacing X1

19  (figure 8D) or X2 (figure 8D-2).

21



21 1 The spacers can increase or change the spaci ng between the doped 2
depl etion regions. As the channel length shortens, the two doped depletion
regions get 3 closer together. This nmakes the short channel effect (SCE)
which is undesirable, nore 4 serious. Therefore, one advantage of using
mul ti ple spacers to increase the spacing 5 between the doped depl etion

regi ons, hence -reduci ng short channel effects. 6 In additien, the SID

i npl ant can be performed with one or nore spacers 7 at any step in a

mul tiple spacer process. This allows tailoring of the spacing between the 8
SID regions and between the doped depletion regions. 9 10 11 Fourth
Embodjment 12 In a f opkd dpaesibesdi ierhseshrahtingathé bigicing Htwean tBEdoSIAD r egi ons

are

1

3 forned before the doped depletion regions. 14 15 over substrate.

16 17,18 gl3eqdh %ngbgl?.ﬁ%%ﬂl%icﬁ%ﬁl ROt RYRemR, BR R0 AopstFddpldionGedons Gt € and

gate

3

4

10

11

12

13

14

15

16

17

18

19

20

i el tric

closer together. This makes the short channel effect (SCE), which is undesirable, more
serious. Therefore, one advantage of using multiple spacers to increase the spacing.
between the doped depletion regions, hence reduciné short channel effects.

In addition, the S/D implant can be performed with one or more spacers
ét any step.in a multiple spacer process. This allows tailoring of the spacing between the

S/D regions and between the doped depletion regions.

Fourth Embodiment

Tn a fourth embodiment shown in figure 9A to 9E, S/D regions are
formed before the doped depletion regions.

Figure 9A shows a gate structure (e.g., gate and gate dielectric) formed
over substrate.

Figure 9B shows a LDD region implanted into the substrate.

Figure 9C shows spacers formed on the gate sidewall.

Figure 9D shows $/D regions formed by an implant process.

Figure 9E shows the dope depletion regions formed by an implant

PIrocess.
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Figure 9B shows a LDD region inplanted into the substrate. Figure 9C shows
spacers forned on the gate sidewall. Figure 9D shows SID regions fornmed by
an inplant process. Figure 9E shows the dope depletion regions fornmed by
an inplant 22 1 Gaphs 2 Figure 4A is a graph of an active concentration
profile taken along axis 3 6/6" in figure 3A for a NMOS devi ce according
to an enbodi nent of the invention. 4 The profiles taken in figures 4A and
4B used a P inplant with a dose of 8.5E12 atonisq- 5 cmand an energy of
150 Kev to formthe doped depletion region 130. Note that the 6
concentration of the Phosphorous (P) (2nd conductivity type for NMOXS) is
chose sui? tFat 7 it is above the substrate background doping (1St

condu iV|r§’p @pe) (e.qg., the first doped 8 | ayer 131 concentration). The
NMOS has a 90nrn channel |ength nMOSFET. 9 10 Figure 4B is a graph of a net
dopi n@ profile taken XigmgdAis s gmibb'of amactive conepmirati@rprofie takenabengians ce
according to an enbodi nent of the invention. 12 13 Figure 5A is a graph of

an_act3y ves/6OnGRié ahifera NMOS Hevit@krbranOnGnaxidindt 6f fie inventiogur e 3A for
a PMOS device according to an enbodi nent of the invention. The 15 pMOS has

0.1 - f i . Lt _used
a 0.1 m%ﬁlesé@é&%ﬁ%?g&%%lﬂ%ﬂﬁ% Usk®3 PURtERIt Witk dbd 8?8.@31@%::5%(“56 a

f
B i npl ant a . ~1.1E12 atom sg-cmand an energy of 120Kev to
form t? © c(:jrg%xei‘g ar(lj & e!rgytr oP[5d € %rfo%n?f%ie doped depletion region 130. Note that the

6 concentration of the Phosphorous (P) (2™ conductivity type for NMOS) is chosen such that
7 it is above the substrate background doping (1% conductivity type) (e.g., the first doped

8 layer 131 concentration). The NMOS has a 90nm channel length nMOSFET.

10 Figure 4B is a graph of a net doping profile taken along axis 6/6” in

11 figure 3A for a NMOS device according to an embodiment of the invention.

12

13 . Figure 5A is a graph of an active concentration profile taken along axis
14 6/6’ in figure 3A for a PMOS device according to an embodiment of the invention. The

15 pMOS has a 0.18 um channel length.

16 The profiles taken in figures SA and 5B used a B implant with a dose of

17 | 1.1E12 atom/sq-cm and an energy of 120Kev to form the doped depletion region 130.

18 Figure 5B is a graph of a net doping profile taken along axis 6/6’ in

19  figure 3A for a PMOS device according to an embodiment of the invention.

20 They scale is the distance from the substrate surface. The vertical axis gives the net

21  doping. The negative sign implies p-type while the positive sign implies n-type. The S/D
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18 Figure 5B is a graph of a net doping profile taken along axis 6/6" in

19 figure 3A for a PMOS device according to an enbodi nent of the invention.
20 The y scale is the distance fromthe substrate surface. The vertical
axis gives the net 21 doping. The negative sign inplies p-type while the
positive sign inplies n-type. The SID 23 1 region in figure 5B is actually
p -type with a concentration of about 1E 20/CC (off the 2 graph). 3 Figure
6 shows a cross sectional view of an enbodi ment where the 4 doping |levels
t he doped depletion region, substrate and SID region have created a 5
depletion region (600 - grey region) the extends fromthe SID region to the

doped, 6 depletion ' g[ 1y 4L .{ S : iapet g of an
enbodilma ?gl%ﬁg} rﬁéﬁqgg oplﬁ'r}g tlg’ﬁ{;/g?té %gw%g%ggﬂgg%%’???n regi(on, substrate
and SID region have created a 9 depletion region (600 -- grey region) that
do no# ftﬂ’-’?%h)-cover all the region between the S/D 10 region to the doped
depl etion region. The NMOS device is figure 7 was forned using a 11 dose of
1El 3 3tom cc, 155 KeVFigutenfpshems agossoeehanabvigy s an ¢mprdimasih wheithh beneat h
the 12 S/D.. 13 14 Exanples 15 The tabl e bel ow conpares a conventional NMOS
t ransist Qoplogdeddp et dobed depleidn egionegibemte wnd B/Tardghddthave aresiegitzor  f or med
using a 1E£3 atonfsg-cm 155KeV P 17 inplant to forma n-type doped
depl eki oL RALA Region (600 — grey region) the extends from the S/D region to the doped

6 depletion region.

7 Figure 7 shows a cross sectional view of an embodiment where the

8  doping levels the doped depletion region, substrate and S/D region have created a

9  depletion region (600 - grey region) that do not fully cover all the region between the S/D

10 region to the doped depletion region. The NMOS device is figure 7 was formed using a

11 dose of 1E13 atom/cc, 155 KeV P implant to form the doped depletion region beneath the
12 S/D.

13

14  Examples

15 The table below compares a conventional NMOS transistor (no doped
16  depletion region) with a NMOS transistor formed using a 1E13 atom/sq-cm, 155KeV P
17  implant to form a n-type doped depletion region.

18
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18 24 1 Table: Enbodinent's MOS Tx with doped depl etion region conpared to
conventional TX Paranet er Enbodi nent Conventional T™x § @OV (F/sg-cm 8. 00
E- 081. 93E- 07 cap. between SID and substrate G @1.2

((F/sg-cm 3. 43E-081. 3E-07 cap. between SID and substrate 2 3 G is the
junction capacitance between source/drain and substrate- 4 25 1 The table
above shows the @OV and the § @1.2 Vis reduced for 2 the enbodi nent.
The enbodi nent's doped depl etion region 130 reduces the ¢ because the 3
of the overall increase in depletion width (e.g., 150D 130D) introduced by
t he doped depl eti on region 130. This is an advantage because the w dth of

on ol ne EftF s MOt St MR CGEERIFCoRRRRRIEE O

thereby increasi ng fhn total—d plnflnnl wi-gt-h—Not-e- re—-7—the
K3

i nt r odudtRASAMERert he depl etion doEdoREREH, 1360{‘““@‘0“31 ¥mal MOSFET), |he
depletiqn 8 region is only givel by the SID depletiaon.region 150D The |

enbodi merGj @ 0Al@/¢G-onpl doped |B.6REHE i on rpbPIE-0T30 and depl etion repion
130D f ur|tdagrbetwednesybeanidnabafatectt i ve depl et i on
Cj @ 1.2 (F/sq-cm) 3.43E-08 1.3E-07
cap. between S/D and substrate

3 Cj is the junction capacitance between source/drain and substrate.
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10 regions and reduce . 11 The equation for G is shown below 12
(cA/t 13 14 15 where: 16t is the depletion region thickness. 17

Ai sthearea 18 ¢ is the junction capacitance between source/drain and
substrate. 19 26 1 A Advantages of enbodi ment's doped depl etion regions
130 only under SID 2 regions and not under channel region 3 In a preferred
enbodi nent of the invention, as shown in figure 3A, the 4 doped depletion
regi ons 130 only under S/ D regions and not under channel region 122. 5 In
an alternate design, the doped depletion layer is formed as a 6 conti nuous
| ayer under below the S/D and under the channel. However, this continuous 7

i gh bl 261 ng. at o Theubk ovsnes AR ST BY RIS GEla AN Bt TE

_ ternate n woul ¢ have reduced
g o Resosuhabinshot eloghs TR HEELAECLedg ==
therefore the doped depletion regions are spaced apart, and the Bvsd is
hi ghey . oflthe Bedrallviricsease iradepietion veiltm (e gt d§0PdSGDY sm@@ﬁﬁ?ﬁ‘ll gﬁ g‘e( ) (1) (as

47 depletion region 130. This is an advantage because the width of the depleted region 130D
5  and the width of depleted doped region 130 adds on to the S/D depletion region 150D
6 beneath the source/drain junction thereby increasing the total depletion width. Note, before
7 the introduction of the depletion doped region 130 (i.., normal MOSFET), the depletion
8  region is only give by the S/D depletion region 150D. The embodiment’s additional doped
9  depletion region 130 and depletion region 130D further increase the effective depletion
10  regions and reduce Cj.
11 The equation for Cj is shown below:
12 Cj= (sA)/t

13
14

15  where:

16 t is the depletion region thickness.

17 A isthe area .

18 Cj is the junction capacitance between source/drain and substrate.

19
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12 shown in figure 3) the doped depletion regions 130 only under S/D

regi ons and not under 13 channel region 122 and (2) an alternate device
with the doped depletion regions under SID 14 regions and the channel

regi on that shows the enbodi nent's Breakdown vol tages are 15 hi gher which
I s an advantage. 16 Table: enbodi nent' salternate structure structure -
dopedwi t h doped depl eti on depl etion regi onregi on under both under SID
not S/ D and channel channel BVsd (nMOS)3.02.6 (volts) BVsd (pMXS)-4.44.15
(volts) 27 1 2 Breakdown voltage (BVsd) is the voltage applied at the
drain that results 3 in a specific amount of current flow fromthe source

to the dfaij il e keepina. a : oflv éhdér Skb bi as) -
Thi s ﬁs 41@&%‘[’%@ %ﬁ%’@g B%?ﬁt’g hfélSﬁégﬁ:egﬁ%tg@@?%@md tyo have broken
down due to unacceptabl e | eakage current .formthe source to the 6 drain.
The e@bodi nerfiegions grenafuRAeNEHIETRGION he device is able to operate or
survive 7 a higher biasing applied to the drain, giving the rise to higher
and better reliabilityapreferred embodiment of the invention, as shown in figure 3A, the
4  doped depletion regions 130 only under S/D regions and not under channel region 122.
5 In an alternate design, the doped depletion layer is formed as a
6  continuous layer under below the S/D and under the channel. However, this continuous
7  doped depletion layer might provide an alterative for current flow under high biasing at the
8  drain. Thus this alternate design would have reduced breakdown voltage. In contrast, in
9 the preferred embodiment’s devices, the doped depletion region 130 not formed under the
10  channel and therefore the doped depletion regions are spaced apart, and the BVsaq is higher.
11 Below is a table in simulated results comparing (NMOS) (1) (as
12 shown in figure 3,) the doped depletion regions 130 only under S/D regions and not under
13 channel region 122 and (2) an alternate device with the doped depletion regions under S/D

14  regions and the channel region that shows the embodiment’s Breakdown voltages are

15  higher which is an advantage.

16  Table:

embodiment’s alternate structure
structure — doped with doped depletion
depletion region region under both
under S/D not S/D and channel
channel

BV, (nMOS) | 3.0 2.6

(volts)

BV (pMOS) | -4.4 4,15

{volts)
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8 9 In addition the enbodi nent's doped depl etion regions 130 do not have
10 self heating conpared to SO device. 11 The above exanpl es shows a
process of form ng a FET device having a 12 doped depl etion region bel ow
"the SID regions. Any process can be used to formthe FET, 13 including the
gate structure and the enbodinments are not |limted to the illustrated

nmet hods. 14 For exanpl e, many processes can al so be used including inverse
gate processes, raised 15 SID process, etc. 16 In the above description
nunmer ous specific details are set forth in order 17 to provide a nore

t hor ough under standi ng of the present invention. It will be obvious, 18
however, to one skilled in the art that the present invention may be
practiced without these 19 details. In other instances, well known process

have pot been descri beEakﬂbﬁ%ﬁicdgei(BVQ(ﬂ diahe valtage Appld trivedremsthatirbsulisbscur e

the present invention. 28 1 While the 1nvention has been particularly shown

dd .1 bed with [ f, i
R o e R S S N e iy S A

ose S e

formand details may pe made w ut .departing.fromi i.pit and scope
of thé i FFPii%Elfoupgecf%r gt ﬁgg(nlaé‘éhﬁf}s Oﬁgk’oﬁéﬁﬂg‘gﬁ‘é@ %&F&l ec%%v?%r%é and simlar
5 arrangenents and procedures, and the scope of the appended cl ai ns

t her efor @ossidered thkave backsprdgaa dusdo Brasaemialle ﬂ%k@&ep%&ea&%&ﬁ GsoyEce g the
enconpass all such nodifications and simlar 7 arrangenents and

pr oce@ur efain8 The embodiment’s higher BV implies that the device is able to operate or survive

7  ahigher biasing applied to the drain, giving the rise to higher and better reliability. '

8

9 In addition the embodiment’s doped depletion regions 130 do not have
10  self heating compared to SOI device.
11 The above examples shows a process of forming a FET device having a
12 doped depletion region below the S/D regions. Any process can be used to form the FET,
13 including the gate structure and the embodiments are not limited to the illustrated methods.
14  For example, many processes can also be used including inverse gate processes, raised
15  S/D process, etc.
16 In the above description numerous specific details aré set forth in order
17  to provide a more thorough understanding of the present invention. It will be obvious,
18  however, to one skilled in the art that the present invention may be practiced without these
19  details. In other instances, well known process have not been described in detail in order

20  to not unnecessarily obscure the present invention.
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29 1 2 3 What is claimed is: 4 5 1. A nethod of form ng a sem conductor
~device conprising: 6 a) formng a gate structure over a substrate being
doped with a first conductivity type 7 inpurity; 8 b) perform ng a doped
depletion region inplantation by inplanting ions being the 9 second
conductive type to the substrate to form doped depletion regions 10 beneath
and separated fromsaid source/drain regions; 11 c) performng a SID
i npl ant by inplanting ions having a second conductivity type 12 into the
substrate to form SID regions adjacent to said gate; 13 (1) said doped
depletion regions have an inpurity concentration and thickness 14 so that

sai d doped depletion regions, are depleted due.t bui | t-in. - tenti al
creat &d between said @edé‘pi‘?@topg‘ﬁs g%%ﬁéc%g’ 5381”8 anigesé:ﬁlgéc?‘r&a} e. 17 18
2. The method of claim1 wherein doped depletion rﬁgion are nﬁh f.qQrmed
under 2 s airgegateto th petfertact amtmdiraéntgtherbod impithorusiersseash b thosgaktlediR ¢ her
i ncl udes sai d doped depletion regions have a 21 inpurity concentration so
that ghe guiir fhmi Paricud chir@Bs BofoaAEhabethitd g be aeidd vdthpetidepertingtffoonthe

4  spirit and scope of the invention. It is intended to cover various modifications and similar

5 arrangements and procedures, and the scope of the appended claims therefore should be

6 accorded the broadest interpretation so as to encompass all such modifications and similar

7  arrangements and procedures.
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22 . regions and said substrate forns depletion regions in the substrate
bet ween the 23 source/drain regions and the doped depletion region; 30 1
sai d depl etion regions have a net inpurity concentration of the first 2
conductivity type. 3 4 4. The nmethod of claim1 which further includes said
doped depletion regions have a 5 inpurity concentration so that the
built-in junction potential between said doped depletion 6 regions and
said substrate forns depletion regions in the substrate between the 7
source/drain regions and the doped depletion region; said depletion regions
have a 8 net inpurity concentration of the first conductivity type; 9 said
depleijon regi ons have a net inpurity concentration between 1E16 10 to 5E1
S atonficc. 11 12 5. The method of claim 1l which further includes inplanting
ions &f a first inmpurity type 13 into said substrate between said
source/drain regions and said doped depletion regions. 14 6. The nethod of
cl ai nB1 Wibashs ¢laimedds: i ncl udes perform ng an inplant type selected from 15
t he gdoup consisting of Halo inplant, threshold voltage inplant, and a

fiel dsi Ml aninettddaif forkfing Aptmaitondwns defica compgsingnpurity type into said
substrate at |east between said source/drain 17 regions and said doped

depletion regions. 18 7. The met hod f cl nther on of said
subst fate b »ﬁs@@ﬁngalgateﬁu%@wa@rﬁu fit@t‘? %ngv%n A it 4o 1I%g?i on

regions has a concentration of a first type i mpurity

7 impurity;
8 b) performing a doped depletion region implantation by implanting ions being the
9 second conductive type to the substrate to form doped depletion regions
10 beneath and separated from said source/drain regions;
11 ¢) performing a S/D implant by implanting ions having a second conductivity type
12 into the substrate to form S/D regions adjacent to said gate;

13 (1) said doped depletion regions have an impurity concentration and thickness
14 so that said doped depletion regions are depleted due to a built-in
15 | potential created between said doped depletion regions and said
16 substrate.

17

18 2. The method of claim 1 wherein doped depletion region are not formed under said gate

19  structure.

20 3. The method of claim 1 which further includes said doped depletion regions have a
21  impurity concentration so that the built-in junction potential between said doped depletion
22 . regions and said substrate forms depletion regions in the substrate between the

23  source/drain regions and the doped depletion region;
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20 between 1 E 16 to 1 E 18 atonfcc; 21 a channel region in said substrate
under said gate structure; said channel region has a 22 concentration of a
second type inpurity between 1E16 to 1E18 atonficc. 23 31 1 8. The nethod of
claiml wherein said depletion regions are fully depleted. 2 9. The nethod
of claiml which further includes performng LDD inplantation by 3

i npl anting ions being a second type into the substrate using the gate
structure as a mask to 4 formLDD regions. 5 10. The nethod of claim1

whi ch further includes performng LDD inplantation by 6 inplanting ions
being a second type into the substrate using the gate structure as a mask

to 7 form LDD regions, he LDD reqions are f. . oped

depl etion regions. §a’ffi%p£FH8n ﬁ%gtl%g’%g? ag?tdpr%upwgﬁgfa&?ﬁ%g%ﬁ-ﬁ% udes
per f oy m pohdubRiywpant ation by 10 inplanting ions being a second type into
the substrate usihg the gate structure as a mask to 11 form LDD regi ons;
12 wherein the doped depletion regions are fornmed after the LDD regions. 13
12. The nmethod of claim 1l wherein said first conductive type is p-type and
said substrate 14 has a boron concentration between 1 E 17 to | E19

at on gc. 41PhdRethdh of oRih @aviaéh filrtbnindludixe it dopad depldtiomtregionchayeiave type is

n-type and said substrate 16 100 has a As or P ggcentraéiﬂ{)n Cfit\[vef*en | E 17
to | ES 19impwity cencenyration sqthat thetmiirometion RAIGIUAHRFIRPHR ¥t JOPFG Sievon

cond ugt i \r/eegi(gﬁép%dss!‘épdsg‘lfb%ﬁe E‘cﬁn&%&ﬁﬁgeg?gns% the substrate between the

7  source/drain regions and the doped depletion region; said depletion regions have a

8 et impurity concentration of the first conductivity type;

9 said depletion regions have a net impurity concentration between 1E16
10 to 5EI8 atom/cc.

11

12 5. The method of claim 1 which further includes implanting ions of a first impurity type

13 into said substrate between said source/drain regions and said doped depletion regions.

14 6. The method of claim 1 which further includes performing an implant type selected from
15 the group consisting of Halo implant, threshold voltage implant, and a field implant, that
16  implant ions of a first impurity type into said substrate at least between said source/drain

17  regions and said doped depletion regions.

18 7. The method of claim 1 wherein the region of said substrate between said source/drain
19  regions and said doped depletion regions has a concentration of a first type mmpurity

20  between 1E16 to 1E18 atom/cc;

21 achannel region in said substrate under said gate structure; said channel region has a

22 concentration of a second type impurity between 1E16 to 1E18 atom/cc.

23
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18 or SiGe or strained Si, or relaxed SiGe or strained Ge. 19 15. The

met hod of claim 1 wherein said gate structure has a channel w dth between
0.04 20 and 0.5 m 32 1 16. The nmethod of claim| wherein the LDD
inplantation is performed by inplanting As 2 ions at a dose between 5E14
and 1E16 atons lcnR2, at an energy between | keV and 10 3 keV. 4 17. The

nmet hod of claim 1 wherein the LDD inplantation is perfornmed by inplanting
5 Boron ions at a dose between 1E14 and 5E15 atons /cnR, at an energy
between 1 keV 6 and 10 keV. 7 18. The nethod of claim 1l wherein the doped
depletion region inplantation is perfornmed 8 by inplanting As or P ions at
a does bgtween S5E12.and / . SRek, tween 100 keV and
500 kgv; %'s)gﬁ%ma é&%@ﬁ@ﬁ%ﬁ%ggﬁgﬁﬁ%%%é%gﬁl&ﬁi numggedgﬁlﬁggél ow 10 the
substrate surface between 0.09 and 0.7 m 11 19. The nethod of claim1l
wher epn  Bhehelppedd & Rlaghilophitl Girtier inghidaspatoraing EDPeindpdarmibn W2 by

i npl anting boron ions at a does between 5E11 and HE13 at ons/cn®, g%%‘an
ener gy 13mplntiegions beikg v sasnndotype ke thesubgraipae thegaks STORUeE O a

m ni nym gept low 14 the substrate surface between 0.09 and 0.7 m 15
20. The g%’?‘hi"&ﬁgfegé?nasrm 1 wherein the SID inplant is perforned by

i nplanting arsenic 16 (As) or phosphorus (P) ions at a dose between 5E14
to 1E36 gOomkd method af cRiin @ nefiigly furthér eludeeperfiimiep/l Bidnglaritaidn tyai d
Source/ drain regions have a depth bel ow the substrate 18 surface cg

bet webn Omplantipg|ioms @eﬁngmsecond ype into the substrate using the gate structure as a mask to

7  form LDD regions;

8 the LDD regions are formed before the doped depletion regions.

9  11. The method of claim 1 which further includes performing LDD implantation by
10  implanting ions being a second type into the substrate using the gate structure as a mask to

11 form LDD regions; -

12 wherein the doped depletion regions are formed after the LDD regions.

13 12. The method of claim 1 wherein said first conductive type is p-type and said substrate
14  has a boron concentration between 1E17 to 1E19 atom/cc.

15  13. The method of claim 1 wherein said first conductive type is n-type and said substrate

16 100 has a As or P concentration between 1E 17 to 1E 19 atom/cc.

17  14. The method of claim 1 wherein said first conductive type substrate is comprised of Si

18  or SiGe or strained Si, or relaxed SiGe or strained Ge.

19  15. The method of claim 1 wherein said gate structure has a channel width between 0.04
20 and 0.5 um.
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19 21. The nethod of claim1 wherein said second conductivity type is
p-type; and said S/ID 20 inplant is performed by inplanting boron ions at a
dose between 5E14 to 1E16 21 atons/cnR, at an energy between 50keV and
80keV; said source/drain regions have a depth 22 below the substrate
surface of between 0.04 and 0.5 m 23 22. The nethod of claim21 which
further includes form ng one or nore spacers on the 24 sidewalls of said
gate structure. 33 1 2 23. A nethod of form ng a sem conductor device
conprising 3 a) forning a gate structure over on substrate being doped with
a first conductivity 4 type inpurity; 5 b) performng a doped depl etion

| b h 6 d.
Lo thb sdbstieamelodor Uil hotriadn EOPIMREISa: PIRTEacy SRR LEb A et et -
from sai ¢, ROYT GREALALRA ﬁ%lfﬁ]ﬁicllﬁlda]t%mﬁéhg sopededoMefidean] kedUA@ND have an

I mpurTty concentration a kness so that sard doped depl etion
regi ops &e¥. depleted due to a built-in 10 potential created between said
doped depl etion regions and said 11 substrate; 12 (2) sai d doped depl etion

botent: all Tbhamembesala ey tbaei oe Lo FadpaHioms peamed by TtEL e 1o
pot en |a e 1orns
depl et Oﬁogepioﬂg%t hﬁoééﬁﬁ%ﬁfﬂﬂt&d%@lwﬁm A2 418n SAMES BEEFeBR N KeADi ons and

t he dope ion region; said
6 and 10 keV.

7 18. The method of claim 1 wherein the doped depletion region implantation is performed
by implanting As or P ions at a does between SE12 and 5E13 atoms/cm2, at an energy
between 100 keV and 500 keV; said doped depletion region has a minimum depth below

10  the substrate surface between 0.09 and 0.7 pm.

11 19. The method of claim 1 wherein the doped depletion region implantation is performed
12 by implanting boron ions at a does between 5E11 and 5E13 atoms/cm2, at an energy

13 between 50 keV and 200 keV; said doped depletion region has a minimum depth below
14 the substrate surface between 0.09 and 0.7 pm.

15  20. The method of claim 1 wherein the S/D implant is performed by implanting arsenic
16  (As)or phosphorus (P) ions at a dose between SE14 to 1E16 atoms/cm?2, at an energy
17  between 50 keV and 80 keV; said Source/drain regions have a depth below the substrate
18  surface of between 0.04 and 0.5 pm.

19  21. The method of claim 1 wherein said second conductivity type is p-type; and said 8/D
20  implant is performed by implanting boron ions at a dose between 5SE14 to 1E16

21  atoms/cm?, at an energy between 50keV and 80keV; said source/drain regions have a depth
22 below the substrate surface of between 0.04 and 0.5 pm.

23 22. The method of claim 1 which further includes forming one or more spacers on the

24  sidewalls of said gate structure.
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16 depl etion regions have a net inpurity concentration of the first 17
conductivity type; said depletion regions have a net inpurity 18
concentration between 1E16 to 1E18 atonfcc; 19 c) performng a SID inplant
. by inmplanting ions having a second conductivity type 20 into the substrate
to form SID regi ons adjacent to said gate; 21 (1) said substrate between
sai d source/drain regions and said doped depletion 22 regions has a
concentration of a first type inpurity between 1E16 to 23 1 E18 atonl cc.
24 34 1 24. The nethod of claim23 wherein doped depletion region are not
formed under said 2 gate structure. 3 25. The nmethod of claim23 wherein
the region of said substrate between said source/drain 4 regions and said
doped depl eti on regi ons has a concentration of a first type inpurity 5

bet ween 1E16 to %f%? atoni cc; . channel region in said substrate under
sai d dat @3stith fbggp@feﬁgﬁ UEtEL YA FQEPESINE: concent rati on of a second
type inpurity between 1E16 to 1E18 atonicc. 8 26. The nethod of claim 23
whi chsfurt hey SRA& t csh@eganal | s of
sai d gate st r?ﬁ}l%ggé% %ﬁéﬂ#ﬁjﬁfr;gfﬁgg%?@%l al m@%e%‘%l}%ﬂgfurther }Nﬁcl udes

formﬁg two or e. spacers on the 11 sidewalls of said gate structure
prior “to the dogg'i‘f‘&g%f—l ’fon region inplantation. 12

5 b) performing a doped depletion region implantation by implanting ions being the
6 second conductive type to the substrate to form doped depletion regions
7 beneath and separated from said source/drain regions;

(1) said doped depletion regions have an impurity concentration and thickness

9 ' so that said doped depletion regions are depleted due to a built-in
10 potential created between said doped depletion regions and said
11 substrate;

12 (2) said doped depletion regions have a impurity concentration so that the

13 built-in junction potential between said doped depletion regions

14 and said substrate forms depletion regions in the substrate between
15 the source/drain regions and the doped depletion region; said

16 depletion regions have a net impurity concentration of the first

17 conductivity type; said depletion regions have a net impurity

18 concentration between 1E16 to 1E18 atom/cc;

19 ¢) performing a S/D implant by implanting ions having a second conductivity type
20 into the substrate to form S/D regions adjacent to said gate;

21 " (1) said substrate between said source/drain regions and said doped depletion
22 regions has a concentration of a first type impurity between 1E16 to
23 1E18 atom/cc.

24

34



13 28. A semi conductor device conprising: 14 a sem conductor substrate
havi ng a surface; said sem conductor 15 substrate being doped with a first
conductivity type inpurity; the top portion of said 16 sem conductor
substrate is conprised of a first doped layer of a first conductivity type;
17 a gate structure over the surface of said sem conductor substrate; said
18 gate structure conprising a gate dielectric |ayer and a gate el ectrode;
19 source/drain regions in said sem conductor substrate to oppose each 20
other with a channel region laterally residing therebetween at a | ocation
innediately 21 beneath said gate structure, 35 I doped depl etion regi ons

Condubt o PergpEouni ey §helsth SBpdh Rplidolgoaicn ARG AR a1 1

regi oms gtgsgﬁ@t@[rem ned in inmpurity concentration and 4 thi ckness to ensure
t hat thls layer is fully depleted due to a built-in potential creatable 5
bet ween sai d substrate and doped depletion regions; 6 wherehy sai g{doped

depl e3i 05 Bayi meibod eficleian Zh wherimieregior ohwidabsiraty b?‘ﬁ@eg &% @8‘1“8?

regio and t he a 29. h m 28 whi ch
fu?lt h ; F?%?Iﬁ@@g%%a %‘%}g‘?&e élﬁf:%lf’ ] %ﬁ eﬁg"?‘gﬂﬁ%ﬁégéﬁ%@@t 3&3%?%/ dr ai nI
regi 0513 bbikeeRA L 16/ ROFE 1 8s@bs/szhannel region. 10 30. The seni conductor device

of claim 28 which further includes LDD regions that extend 1]h8§|rom sai d
sour cé/ deshannebrsigismsn saidarbstts enden sid epte SERFIBN SA FRAPPECRIRRBNE bei ng

!nga(rzgl é‘rzgr'lc%n{t%) r&ffayseg&ﬂft?f}é ERbLAD vaRies 1R1 6 RVBE 16 fofliet h than said

26. The method of claim 23 which further includes forming one or more spacers on the

9 sidewalls of said gate structure.

10 27. The method of claim 23 which further includes forming two or more spacers on the
11 sidewalls of said gate structure prior to the doped depletion region implantation.

12

13  28. A semiconductor device comprising:

14 a semiconductor substrate having a surface; said semiconductor

15  substrate being doped with a first conductivity type impurity; the top portion of said

16 semiconductor substrate is comprised of a first doped layer of a first conductivity type;
17 a gate structure over the surface of said semiconductor substrate; said
18  gate structure comprising a gate dielectric layer and a gate electrode;

19 source/drain regions in said semiconductor éubstrate to oppose each
20  other with a channel region laterally residing therebetween at a location immediately

21  beneath said gate structure,
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13 31. The sem conductor device of claim 28 which further includes
depletion regions and 14 S/ D depletion regions adjacent said doped

depl etion regions and between said 15 source/drain regions: and 16 said
doped depl etion regions and; said depletion regions have a net 17 inpurity
concentration of the first conductivity type. 18 32. The sem conduct or
device of claim28 which further includes depletion regions 19 between said
source/drain regions and sai d doped depl etion regions; said depletion
regions 20 have a net inmpurity concentration of the first conductivity

type; said depletion regions has 21 a net inpurity concentration between
1E16 to I E18 atom cc.
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concentration so that the built-in junctign potential between said 3 doped
depl eZi odopesyprraiof apusteanducdiyse tyns: undesp Sa‘gﬁ?/g{%ﬁ—gf@@i ons in the
substrate 4 between the source/drain regions and the doped depl etion
regi oB; 5 said depl etdaped depjictorsregine ate detrminedun impurityconernpiatioomndof t he
first 6 conductivity type. 7 34. The sem conductor device of claim28 which

furthgr imekieden sndird 16t pide 19episdtilpdepl@ed @ wrsblie patehtigl wrdataple
concentration so that the built-in junction potential between said 9 doped

depl etio i %gql | ne..depl etion regions in the
subst?at @effgeggg%laéen a%“?o%%@%%@%@#@%gﬁ%ns and the doped depl etion
region; said depletion, region 1 %I% a_net inpuri n tnhatj of the
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concentration between | E 16
7  the source/drain regions and the substrate.

29. The semiconductor device of claim 28 which further includes said doped depletion

regions under said source/drain regions, but not under said channel region.

10 30. The semiconductor device of claim 28 which further includes LDD regions that extend
11  from said source/drain regions toward said channel region; said LDD regions being lower

12 in impurity concentration and shallower in depth than said source/drain region.

13 31. The semiconductor device of claim 28 which further includes depletion regions and
14  S/D depletion regions adjacent said doped depletion regions and between said

15  source/drain regions: and

16 | said doped depletion regions and; said depletion regions have a net
17  impurity concentration of the first conductivity type.

18  32. The semiconductor device of claim 28 which further includes depletion regions
19 between said source/drain regions and said doped depletion regions; said depletion regions
20  have a net impurity concentration of the first conductivity type; said depletion regions has

21  anet impurity concentration between 1E16 to 1E18 atom/cc..
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13 to 1E18 atom cc. 14 35. The semnm conductor device of claim28 which

further

I ncl udes one or nore spacers on 15 the sidewalls of said gate

structure. 37
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33. The semiconductor device of claim 28 which further includes said doped depletion
regions have a impurity concentration so that the built-in junction potential between said
doped depletion regions and said substrate forms depletion regions in the substrate

between the source/drain regions and the doped depletion region;

said depletion regions have a net impurity concentration of the first
conductivity type.

34. The semiconductor device of claim 28 which further includes said doped depletion
regions have a impurity concentration so that the built-in junction potential between said
doped depletion regions and said substrate forms depletion regions in the substrate
between the source/drain regions and the doped depletion region; said depletion regions
have a net impurity concentration of the first conductivity type;

said depletion regions have a net impurity concentration between 1E16
to 1E18 atom/cc.

35. The semiconductor device of ¢laim 28 which further includes one or more spacers on

the sidewalls of said gate structure.
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