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8'of fabrication of the sane, 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 Related Art
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that shows a graded S/ D reggqfigrodnd obfnventiés, 372B1 (Burr) shows a nethod
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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 specifically this invention relates to a semniconductor
6 device and method of the same to re;iuce source/drain to substrate junction capacitance.
10

11 2) Description of the Related Art

12

S

13 The evolution of MOSFET technology has been governed by device

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

17  capacitance. However there are problems associated 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.




2 capacitance. 3 US 2003/0132452 Al (Boriuchi) shows a reconbination region
below 4 and adjoining the S/D. 5 US 5, 795, 803( Takamura et al.) shows a

mul ti-level/concentration well 6 process. 7 US 6,528,826 B2(Yoshi da et
al.) shows a depletion type device. 8 US 2002-009364A1(1 naba) shows a

met hod to forma SODEL device. 9 US 5,712,204(Horiuchi) shows a nmethod to
reduce S/D junction 10 capacitance. 11 US Patent No: 5712204 shows a net hod
of making a sem conductor 12 device having reduced junction capacitance
bet ween the source and dr.ain. reqi.o h&i tok3dwelEDiaaionl14 | naba et

al1, Article entiﬂﬂ%é§4%€?h%h(éﬁh}%ﬁﬁgﬁgmgn artificial depletion 15 |ayer
bel ow source/drai n and Channel of the MOSFET to reduce junction capacitance

162(8@);@(;1{55@, | EDM 2002, Toshi ba. 17 However, there is a need for
i nproved devices. 2 1 2 3 Sumary of

/ of the |Inventi.on:4 Ltich$e@y obj ect of
an,enbodi ment of tHg 20086&R42MVEReBFLL Oﬁpﬁﬁ?ﬁ%hggﬁgﬁgé%fconductor devi ce

and nethod for fabricating the sem conductor device that reduced

4 and adjoining the S/D.

5 US 5.795,803(Takamura et al.} shows a multi-level/concentratlon 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 $/D junction
10  capacitance.
11 US Patent No: 5712204 shows a method of making a semiconductor

i in regions and the
12 device having reduced junction capacitance between the source and drainreg

13 substrate.

14 Inaba et al., Article entitled: Method of forming an artificial depletion
i i it
{5 layer below source/ drain and Channel of the MOSFET to reduce junction capacitance

16 (SODEL FET), TEDM 2002, Toshiba.

17 However, there is a need for improved devices.



6 source/drain to substrate capacitance 7 It is an object of an enbodi nent
of the present invention to provide a 8 sem conductor device and nethod for
fabricating the sem conductor device with a doped 9 depletion region under
the source/drain regions of a transistor. 10 An enbodi nent of the present
invention provides a nethod of 11 manufacturing a sem conductor device
which is characterized by: 12 a) formng a gate structure over on substrate
bei ng doped with a first conductivity 13 type inpurity; 14 b) perform ng a
doped depletion region inplantation by inplanting ions being the 15 second
canductive type to the substrate to form doped depletion regions 16 beneath
and separated fromthe source/drain regions; 17 c) performng a S/ D inplant
by i npl anting ions having a second conductivity type 18 into the substrate

to form S/ D regions adjacent to the gaje; t.he doped depletion 19 regions
haye an inpurity concentraSilWﬁH'ﬁd’ftt,lh‘?aiﬂyﬁg llggso that the doped 20 depletion
regions are depleted due to a built-in patenti al

_ cr dobgdmeen the 21
dg{ged depl eti on rqgisqasobﬁ&dofmeemmﬁfﬁt‘ﬁ.th%prisenﬁl Vgﬁgoﬁlof%g? aspect of the
enbodi nent, the doped depletion region are not 3 fo

ned undes the gate
. N 1 uc
structure. 4 An e e h&d fok Mebrivadamthe seiseREISEH 95'Y \el’l%les a
sefi csAmGERGoTd glieg{g/)?iéle whi ch is characterized by:
6  source/drain to substrate capacitance.

. . dea
It is an object of an embodiment of the present invention to provid
7
icaty 1 ice with a doped
% semiconductor device and method for fabricating the semiconductor devic

¢ depletion region under the source/drain regions of a transistor.

An embodiment of the present invention provides a method of
10

11 manufacturing a semiconductor device which is characterized by:

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

. —— 1 i ing ions being the

14 b) performing a doped depletion region implantation by implanting 10

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

16 beneath and separated from the source/drain regions; B

17 ¢) performing a S/D implant by implanting ions having a second conductivity type |
18 into the substrate to form /D regions adjacent to the gate; the doped depletion
19 ;egions have an impurity concentration and thickness 50 that the doped

20

21 doped depletion regions and the substrate.

~
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6 a sem conductor substrate having a surface; the sem conductor substrate
7 being 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 layer and a gate el ectrode; source/drain regions in the
sem conductor substrate to oppose each 11 12 other with a channel

| aterally residing therebetween at a location inmmedi ately 13 beneath the

gate structure, 14 doped depletion regions of a second conductiv%éy type in
the a first 15 doped layer of a first. conducti ik ¥edivis repoerare
source/ drai n regi Qﬁs_notdmgecrﬂeﬁﬂ@tqf@‘?df”éa}tgtﬁg dé))ée deét ermined in inpurity
concentration and 16 17 thickness to ensure that this layer is fully
depl et ed due,t BUidrtctid. potential creatable 18 between the substrate

d gd’&g?rgP?%n régi ons 19 whereby the doped depletio

i ons reduce
t he capaci tance be \Aﬁg@od%gmg heths pruses/idveaiian PEGIGHS Sﬁﬂ%ﬁo?‘ﬁ{‘&g‘l

e substrate. 21
4 # The above and ow advant ages and features are of representative 2
enbodi nents only, and a&ﬁ

' not exhaustive and/or exclusive. They are
pr gsenteeite omigh it §haraclgdy i n under st andi ng the invention. It sh

regi on

1 i ode;
10 structure comprising a gate dielectric layer and a gate electr

1 ].

1di ion immediately
other with a channel region laterally residing therebetween at a location

13 beneath the gate structure,

i ! ductivity type in the a first
14 doped depletion Teglons of a second con

i ions;
15  doped layer of a first conductivity type under the source/drain regi

T . - and
doped depletion regions are determined in impurity concentration
16
jit-1 ial creatable
17  thickness to ensuie that this layer is fully depleted due to a built-in potentia

18 between the substraie and doped depletion regions.

i 1 between
whereby the doped depletion regions reduce the capacitance be
19
70  the source/drain regions and the substrate.

21




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 clainms. For 6 instance, sonme of these
advant ages may be nutually contradictory, in that they cannot be 7

simul taneously present in a single enbodinent. Simlarly, some advantages
are applicable 8 to one aspect of the invention, and inapplicable to
others. Furthernore, certain aspects of 9 the clainmed invention have not
been di scussed herein. However, no inference shou L&pgHiaen regardi ng
gose di scussed h%@anoxre@lrﬁtmwadyaﬂ%@“ea &eatﬁfeggﬁs%fggp herei n ot her than
f 11 purposes of space and reducing repetition. Thu§‘3 teﬁt&lﬁ,t@umrary of
features dﬁnd ad sp%@@ﬁ% notléhahaliedndot exButhd PeB PEP Epom tive in

det er FPRPGCRG I Val ence. Additional features and éé% advgtgt ages of the

i nvention wil| ome Ii Roliliechimbitowod ghad @ rdpt?'on, fromthe 14
driaw wg@tmdﬁﬁleﬁa&ﬁi 89 | t%]% 15 5 1 Brief Description of t he Drawi ngs 2
The features and advant ages o }giquggﬁtt@rbedsemzdeeébwﬁaapwf{o the 3
pr £serdprésantetitd @ﬁﬁlbtﬁllﬁvﬁgi‘%rgege?ésﬂ of a process of fabricating such a

sem conductor 4 device in accor da h Pligsenrtthe ovend. Fon wil |l be
nog e (‘E}leqﬁ{zéxmouraddaﬁm@dﬁ’T’ﬂ?@h‘ifﬂﬁé’r H‘aﬁnﬂgs OI{&g‘udescri ption taken in

conj unction with the acconpanying draw ngs in i Ghey@af@ft @eence
ge %M@%gﬁ{%&if@he%bﬁd%mtaggs H@(ﬁ%ﬁ B"‘r?&tré‘ih%rfihn T eegOI’lS and portions

which: 8 Figures IA 1B, IC 3A and 3B CI QS qpal views
for 9.1 Liust rsfrg); bilerRt iATBLRAGR dhgtiodivaenif SOty N T @é(ﬁ?tg%escf?jc?@?kgevi ce

e ﬁrﬁbha[n Ou rtain aspects of
8 to one aspect of the invention, and inapplicable to others. Furthermore, certain asp

] i erence should be
9 the claimed invention have not been discussed herein. However, 10 infi

i d advantages
11 purposes of space and reducing repetition. Thus, this summary of features an g

in i jti tures and
12 should not be considered dispositive in determining equivalence. Additional fea

i i iption, from the
13 advantages of the invention will become apparent in the following descriptiod,

{4  drawings, and from the claims.
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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 manufacturing a sem conductor device accordi ng
to an 16 enbodi nent 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 ‘congﬁ;t@atiﬁl $Pr ofil e taken al ong axis
20;6/6' in figure 3A forBeefRResripgionod et g to an enbodi nent of the

invention. 6 | Figure 4B is a graph of a net dopin rof Ll eahakemeal ong
axis 6/6' in 2 figusRaSkesad advmsaé%?%ma’&@@%%ﬁgi"?%&é’ﬁ le%bodi ment of
the invention. 3 Figure 5A is a graph of an active concentractt(i) on profile
taken al %ntqn?éﬂt%n afkd Ghher dBafls gfu proBé‘ssfoéifa@CW%E\?iSE@mgg%r ding to an
emBodiPRERY of the invention. 5 Fi gure 5B is a grap]g\/q(?]fél a@ggt do%ng profile
taken al ong axis, 6/6! . £ 4@ WHvenidd W bamPigad ersiped IR BS to an
enﬂodiq’?ﬁﬁf’%b?“f)ﬁ F%Vgh?tlleoﬁé 7 Figure 6 shows a cross secti o]%a}gﬁﬁi ew of ‘an
enbodi nent _where the 8 doping | 6 b acdenedyteplretingninn@yfbHX® subst rat e
and S/fDllﬁ‘égig&ﬁ’S%%@né?‘@&t“égogggcugﬁég’}qeti oncregi on (600 - grey region) the

extends fromthe S/D region to the doped. - v and
6  yeference numerals design%te sim&lar or corresp%ngmg]eﬁ)en%%, eldion dhd@oaivns an

7  in which:
8 Figures 1A, 1B, 1C, 3A and 3B are cross-sectional views for

) ) : . an
9  illustrating a method for manufacturing a semiconductor device according to

10 embodiment of the invention.

11 Figures 2A, 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 inveniion.

14 Figures 3A, 3B and 3C, are cross-sectional views for illustrating a
{5  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 proﬂle taken along axis

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




11 Figure 7 shows a cross sectional view of an enbodi nent where the 12
doping | evel s the doped depl etion region, substrate and S/ D regi on have
created a 13 depletion region (700 - grey region) that do not fully cover
all the region 702 between the 14 S/D region and the doped depl etion
region. 15 Figures 8A to 8E show a third enbodi nent of the invention. 16
Figure 9A to 9E show a fourth enbodi nent of the invention. 7 1 2 Detailed
Description of the Preferred Enbodi nents 4 Several enbodinents of this
invention will now be set forth in detai.l hd Rrsehiehende 660t he
acconpanyi ng dr avviFngcBBII@ng%t"éat“ﬁEl%O%?% rg\tfj\%i the enbodi ments 6 bel ow
are all drawn to n-channel netal insulator sem.co Q. field effect
tr nshg,]tug@?\ Fol MBS ggvicd diﬁcgrdirrg/‘@rﬂﬂie@wmerglog%leggy%%plli cabl e without any
alt

et er | ernations to p- 8 channel M SFETs with r [ pRid i ons
bei ng repl aced by }tigﬁ}%e_‘sppfs 0ppsisoftan @ti(@@ﬁfm?@{“i“\‘ﬂctnypr?g%gg&hfz&gxanpI e
enbodi nents of the

resent invention wll be described.in, 11 detail wth

reference to the Ccoﬁf&ﬁ‘ﬁ"&ﬂcedafc@wdn@toaErthﬂ:@ﬂW@fﬁlﬁlE’YFéﬁiB?'esent 12
i ndentioan BESIde 4 Yevi ceaand a nmethod of forming doped depletion regions

?

I
(130) (or 13 second i rit 0 it oftleusitenral hgpeth @glpons - See
E.§., Figure 3B) b@gé’}Wnﬁiésa%rﬁ gﬁ?%ﬁ?ﬁ‘lﬁrﬁ;lggﬁregi ons (150), but not under

t he channel (122) that reduce the junctio Sapagitanee between the
soyr ceidras A foegiPOMES ISBICARAROFHES ?)ré(fr?fé ({e?m%gto. The doped 16 depl etion

r e?il ons 10 are C%lijgrllitrf r6 (sjk?orzwesda cr\(,)\nsst s%ct?gna!l Ry LAY QRRARhER viHag: hBannel type

i d
§  doping levels the doped depletion region, substrate and S/D region have created a

i d
9  depletion region (600 — grey region) the extends from the S/D region to the dope

10 depletion region.

i i i e the
11 Figure 7 shows a cross sectional view of an embodiment wher:

i ted a
12 doping levels the doped depletion region, substrate and S/D region have create

1 en the
13 depletion region (700 — grey region) that do not fully cover all the region 702 betwe

14 S/D region and the doped depletion region.

i i f the invention.
15 Figures 8A to 8E show a third embodiment O

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




17 inpurity so that the doped depletion regions 130 are depleted (of
carriers because of the p- 18 n junction) at zero bias. 19 In an aspect
shown in figure 3B, the doped depletion regions (second 20 inpurity doped
regions) 130 create "second depletion regions" 130D in substrate (e.g., 21
the first inpurity doped region 131) adjacent to the doped depletion
regions 130. The 8 1 second depletion regions 130D are "depl eted" of
carriers (electrons and holes) due to the 2 n-p junction. Preferably the
doped depl etion regions 130 are doped | owy enough so that 3 the doped

depl etions regions 130 are fully depleted at zero bias. The doping

concentration 4 of the doped depletion regi%qjﬁomieémsel ected so that the
se;?ond depl eti on greiiRAD&BAPLiGn af the Rysfree "earriers (el ectrons and
ho

es). The second depletion regions 130D and 6 the doped depl etion
regi ons 130 reduce the junction capacitance () between the 7 source/drain
regi ons and the substrate. Note that the second depletion re 130D and

i.0
the 8 doped depl etionr.egigmcabihEs ewneon will e beret PEN tati on  egi on
that reduces the 97junction capacitance (G ) between tphe soht;)glpe/ cg%ai n
regions and the substrate, 10 b B0 O At sitoligh HietIMFERT on wi | |
now bevigetefdreracho the aﬁé?rﬁparnyirﬁg(\%g%ﬁ{g?e%rence to the acconpanyi ng draw ngs

bel ow. Note that although the epbodi nents: R&! v affect @aasisiotso n- channel
metgal Bensmh@tﬂrdrswnim@ﬁgwbmﬂﬁygﬁsg‘a@??%ci"o‘tj‘%“ansi stors 13 (M SFETs), this
invention may al so be applicable w thout gny materj t.86i0ad iogns to p- 14
channeh BB shividvenii@spey tisv &e pmltcia@ﬁé’”ﬁ@%h%nyr%%ﬁegéle%{eby ‘those of
opposite 15 conductivity types. 16 h £ opposite

8 channel MISFETs with respective portions being replaced by those 01 OPP

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 - Sce E.g., Figure 3B) below the
14 Source/Drain regions (1 50}, 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 regions 130 are depleted (of carriers because of the p-
18  njunction) at zero bias.

19 In an aspect shown in figure 3B, the doped depletion regions (second
20 impurity doped regions) 130 create “second depletion regions” 130D in substrate (e.2»

] i 1 0. The
91 the first impurity doped region 131) adjacent to the doped depletion regions 13
8




17 There are many options for the order sequence of the steps for formng
18 the LDD, SID, Halo, threshold voltage I/l and doped depl etion 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 S/D 150 and doped depleted regions 130. For 9 1 exanple, field

i nmplants, Vt inplants, hallo inplants can be perforned to dope the 2 first
doped region 131. The order of these steps is only limted by feasibility.

3 The table below |ist exanpl e process. ord Qe hnShSRS doam e 4
pen f orsaaddideptiyn oreds, | 3§Qcﬁfca§gﬂ’l?t8 % Cr?ﬁﬁ’%% FeaY

Vt inmplants, and hallo
I nplants, etc. 5 TABLE A :exanpl e praqcess, ste

! X or bodhat --- 2
- - 2- __n-Bjdhction. @aéferdoby e o pal BRSPS oY Bf%ﬁ%pefdgg& tﬁ%ﬁg%a? e formation
LDD doped depletion LDD LDD regi on doped depleti

o G s oiisbavens i denainonen. e BT BTSN S Do

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 cntire 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
{2 below are drawn to n-channel metal insulator semiconductor ficld effect transistors
13 (MISFETs), this invention may also be applicable without any material alternations to p-
14  channel MISFETSs 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 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
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there are two enbodi nents for the order of steps in the
nmet hod of form ng the doped depletion region and the LDD regions.
first 9 enbodi ment shown in figures 1A, 1B
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o s
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7 well a
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i1

12

13

14

15

16

For example, there are two embodiments for the order of steps in the

method of forming the doped depletion region and the LDD regions. In a first

embodiment shown in figures 14, 1B, 1C and 3A, the LDD regions (or extension

regions) 120 are formed before the doped depletion regions 130. In the second

embodiment shown in figures 2A, 2B, 2C and 3A, the doped depletion regions are

formed before the LIDID drain regions.

In a third embodiment shown in figures 8A to 8E, the doped depletion

regions are formed before the S/D regions. In a fourth embodiment shown in figure

9A to 9F, S/D regions are formed before the doped depletion regions. In addition,

multiple

10




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 atoni cc.
Not e the substrate 100 can be a p-well in a substrate 16 structure. Al so,
the top section of the substrate 100 can be an epitaxy layer. 17 To form
PMOS devi ces, the substrate has n-type doping. For exanple 18 the
substrate can be doped with As or P with a concentration between 1E17 to

1E19 19 atomcc. Note the substrate 100 can < Fod RoRnStHst rat e
St [ UCtspaicers caﬂlbellsathl@@é@iﬂ@@ﬁ@ﬁ@?@a‘gﬁ%g‘ft?vﬁ%%%é% pgg&@%érlr%dr?%eg g{‘é : silicon

(Si), 2 germanium (Ge), gallium arsenide (&GAs), silicon-germanium (Si Ge),
and e@i.gt_,éﬂgz s 873 Is@ixardizBor | ayer-on-substrate materials. 4 Isolation
regi ons 102, as shown in figure 3A, can be forned at any 5 point in the
prqcess. Isolation regions 102 are preferably shallow trench isolation 6
(STl) regions. 7 8 B. gate structure 109 and channel 122 9 10 Referring
to figure 1A, we forma gate structure (109) over on a first 11 conductive

type sybstrate 100, 12 Wa forma gate dielectric layer 104 on a first
coftduc fr\§ée’i legglt?gtﬁr ate 100. The gate dielectric layer is preferably
conprised of silicon oxide or a high k

5 A. form a gate structure (109) over ona first conductive type substrate (100)
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
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/m: 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 Asor P witha concentration between 1E17 to 1E19

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

1




14 material and preferably had a thickness between 10 and 400 A. 15 Next,
we forma conductive |ayer 108 on the gate dielectric |ayer 104. 16 The
conductive layer 108 is conprised of polysilicon or nmetal and preferably
has 17 thickness between 500 and 2000 A. 18 The conductive | ayer 108 and

the gate diel ectﬂ&qélﬁ;/c%hdagé)r%ss@%&g@r&d@é@r%@ {)ﬁgméanq%,e structure

109. The gate structure 1s prefera npris ate 20 dielectric

10% and. 06 gal W'y SRLAMS LR @ INSIBRLE SHEHGA 51 ERT AR GRARRE]

(I engt prefer ave a wdth ~ 22 'betweeffi 40 nmand 0.5 }m" 12 |

channel, i%SﬁH’ﬂct@a?%ﬂé—(ﬂpﬁﬁstﬁa@@rr%&ﬁa@! ructure 109. The channel 2 region
122 preferably has ‘the sanme concentration or high concentration as the

substrate or 3 MBldiichdQgidrisefoer abiibhen chanrneh, ragberomdief grably has a
concentration between 1EI5 and 4 1E18 atomfcc. 5 6 C perform'a LDD

| M anb@int Qthe Sidckds. IR idd RGi60s T0TAMe rifAabieshadbioleher isBltiompl ant at i on
(or 8 extension region inplant) by inplanting ions being a second
conducGiVerdeyqes. (opposite the 9 conductivity type of the substrate) into
the substrate using the gate structure 109 as a mask 10 to form LDD
regions 120. 11 For a NMOS device, the LDD inplantation is preferably
performed by 12 inplanting As ions at a dose between 5E12 and 1E15 atons

/ cre, Bt gate stracgyebrd\erd channel 122

9
10 Referring to figure 1A, we form a gate structure (109) over on a first
11 conductive type substrate 100.
12 We form a gate dielectric layer 104 on a first conductive type substrate
14 100. The gate dielectric layer is preferably comprised of silicon oxide or a high k
14 material and preferably had a thickness between 10 and 400 A.
15 : Next, we form a conductive layer 108 on the gate dielectric layer 104.
16 The conductive layer 108 is comprised of polysilicon or metal and preferably has
17 thickness between 500 and 2000 A.
18 The conductive layer 108 and the gate dielectric layer 104 are patterned
19 toforma gate structure 109. The gate structure is preferably comprised of the gate
20  dielectric 104 and the gate electrode 108.
21 The gate structure 109 and Channel (length) preferably have a width

22  between 40 nm and (.5 pn.

12




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 | E13 and 5E15
atons /sq-cm at an energy 16 between 0.1 keV and 10 keV. The LDD regions
can be anneal after the LDD inplant or 17 after the S/IDion inplant (1/1)
or doped depletion region I/1. 13 1 D. forma doped depl etion region 130
beneath and separated fromthe 2 source/drain regions 3 As shown in figure
1B, we form depl etion doped regions 130 bel ow the 4 source/drain regions.

W inplant ions being the second conductive type to,the.b rate using
thg gate structureﬁmﬂgnaﬁrégﬁﬁéﬂg1%%W¥b¢ﬁﬁ%m&%ﬁgﬂmﬂgﬁﬁ2¥F6%g$§%ion 130 6
beneath and separated fromthe source/drain regions. Pre er&%l X t he i npl ant
i s 2aboWhion 2y @Edftebly Hiaphanineswotentstian onhighsghenbat ps 7 Yegr ee
relative to vertical. 8 Preferably, a doped depletion region 130 not forned

s uindgr e BRYEaAY 96! ade Lfoprcf@aBlhtach anrehiratiyi totweep2l E19G0pr ef er abl y
t he doped depletion region has a second type inpurity 11 concentration

sli ht!ﬁ/@igh r than the total first conductivity type dopants in the 12
substr # en the doped depletion regions 130 and S/ D regi ons 150 or
(first 3 inpurity doped region 131). Preferably the doped depl etion

regi ons 130 have an 14 inpurity concentration high enough to counter act
the opposite inpurity concentration 15 in the substrate so that a portion

of the lightly doped depletion region 130 has 16 effectively a net inpurity
corﬁ:elﬁlrmﬁformwef—a&#ﬂnﬂgﬂéam 5E 18 atons/cc. This portion

7 Still referring to figure 1A, we perform a LDD implantation {or
8  cxtension region implant) by implanting jons being a second conductive type (opposite the
9  conductivity type of the substrate) inio the substrate using the gate structu;e 109 as a mask

10 to form LDD regions 120.

11 For a NMOS device, the LDD implantation is preferably performed by
12 implanting As ions at a dose between SE12 and 1E15 atoms /em’, at an energy between 1

13 keVand 10 keV.

14 For a PMOS device, the LDD implantation is preferably performed by
15  implanting Boron ions at a dose between 1E13 and SE15 atoms /sq-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 (UI) or doped depletion region I/1.




17 of the doped depletion region is electrically effectively an insul ator
(like a dielectric 18 layer). 19 The doped depl etion region can be anneal ed
after the S/IDinplant 20 preferably a RTA at a tenperature about 1000C.
for less than 10 seconds. 21 For NMOS devices, the S/ D and doped depl etion

r egi orp fopnfl@RRIbH dEpletidndretiby HQOWhW%ﬁéMtéd fAARapL. The doped
depletion region inplantation is 14 1 preferably perforned by inplanting As

200 kev ang UG RRGI BdIBES O et Con r a0t on 130 3 preforably has A
B or ably bt webn HOA Y B Gl WA BB AR DT B SRR s 0T o
L oodob BP0 B LR b R LR LIRS BREET, 075,

gggsfgg%)gﬁgﬁerlgsg@gwgﬁ&w& TeQHo0R da%gag% %h@ &g& ; %(g@gnaﬁ'bgg bh%o

ween 0 m an m an era et ween
0. 24 M%r ® A% a
e I L S

pr ef er@abi lyamfal%nﬁqmjcﬁ@a%ﬁnwgws@w@&w 2990 RBdecl DDA 1o de3tiFal. S/ D 1 egi ons
150 14 As sh in figure 3A, we formsource /drain (S/D) regions 150 in

the Ifesubskt atRpediRpRtid RGiIONIIAREt RIrA{RT @hindct @lﬁ@g@te@mﬂ)cﬁc I8
i npl ant proceéss by
9  the channel region 122.
10 Preferably the doped depletion region has a second type impurity
11 concentration slightly higher than the total first conductivity type dopants in the
12 substrate between the doped depletion regions 130 and S/D regions 150 or (first
2 impurity doped region 131). Preferably the doped depletion regions 130 have an
14 impurity concentration high enough to counter act the opposite impurity concentration
15 in the substrate so that a portion of the lightly doped depletion region 130 has
16 effectively a net impurity concentration between 1E16 and 5E 18 atoms/cc. This portion
17 of the doped depi'etion region is electrically effectively an insulator (like a dielectric
18 layer).
| 19 The doped depletion region can be annealed after the 5/D implant
20  preferably a RTA at a temperature about 1000°C. for less than 10 seconds.
21 For NMOS devices, the S/D and doped depletion region are doped with

22 an-type second conductivity dopant. The doped depletion region implantation is

14




16 inplanting ions 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 inpurity 18 concentration between about 5E 18 and 5E20
atons/cc. 15 |1 The S/ D regions can be anneal ed by a RTA or a spi ke anneal .
A 2 preferred spike anneal is (1) T fromabout 600 C to about 1100Cin I to
2 seconds; and 3 (2) maintain at 1100C for about 0.5 sec.; and (3) |ower
tenperature form 1100C to about 4 600C in about 4 seconds. 5 For NMOS
devices, the SIDinplant is preferahly perforned by i.mpl.apting Arsenic
(As) oprabprelyseiasmedhy jrapiantis ésd6§Em8§PVk§Wg%EW%ﬁPd%¥é%§d7 t%ns/cn?, at
an energy between 50keV and 80keV. The S/D region preferably has a 8

max® nu atoteyitr?, e ko wndre betwiost r1Q0 &e¥umfl 268 ko . D densd depledomiegipnol® m 9 For
PMOS devices, the SIDinplant is preferably performed by 10 inpl anting

bor 9n ixRSraBly 1As AR FIhPBEWRRIW BElsdbdi@teldntficabawsécods pat ari0.2ner gyl bet ween
11 50keV and 80keV. The S/ D region preferably has a nmaxi num depth 152 bel ow

the, 12 substr.at urfac f en 0.04 mto 0.5 W 13 14 G doped
depf et PHC PES ﬁyiﬁémﬁﬁgugﬁﬂﬁgi$%%mfegion 130D 15 As shown in figures 3B
and 3C, a depletion_region 130D is adjacent 16 and araqund.the doped
depfetion region 130er f%ﬂ@@,dealcs*»ﬁhQBP%N%FPUP@@?%?P HRRPUOnig) acent 17 to
the S/D region 150. The depletion region 130D and S/ D depl eti on region 150D
ar e618 po=plablygetriofmedby ireplsntidpo pecbrdend ta dews betyicom SE30 and SBl S0 depl et ed of
carrier and can be

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

8  has a depth 136 below the substrate surface between 0.09 pm and 0.7 pm and more

9  preferably between (.24 and 0.55 pm.

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 s.pacer 140 preferably has a thickness between about 400 and 1200 A .

13 F. $/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 ions 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 5E20 atoms/cc.




19 visualized as one whol e depl eted regi on which reduce junction
capacitance. 16 1 H depletion regions 2 As illustrated in figure 3C1,
depletion regions are regions where the 3 carriers (e.g., electrons and
hol es) are depleted. For exanple, a depletion regionis formed 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 forned at equilibriumeven without 6 biasing. 7 Wth | ower

n-type or p-type dopjng,concentration d tign I coul d be
widér. 9 For the en@hﬂgﬂ%ﬁﬁ“?ﬁﬁﬁP ﬁa@#ﬁﬁagyfg?fgﬁ%%épgggh%%%j%/N juncti ons:
a 10 first junction 200 between the S/D 150 to sgbstratg éfirst goped

| ayer IBdfpradepibe smwehid (111 fporabobsd QT trdowe BHO Gén 4 ip < 5r9rds@fr st doped
| ayer 131) and the second doped region 12 130. 13 Due to the |ower doping

congenthati,pmhiRht 1 R dapeshodepk std. Cmdr(@Pioomr tehdpetBOredonmdil @dfCito abhet S/ D
regi ons 150, the depletion region 130D is wider than that of the 15 S/D

depl et i regi.on 150D. .By mani pul ati on of the dopant concentration of S/D,
first fg%Gbﬂg@xWééﬁgﬁmf§l and the doped depl etion region 130, the doped

depletion region 130 can 17 be fully dep|eted. The doped depl etion region
1305is fully depl et &ar YEOR 6e‘f1FFé:W§r%Pﬁ@P@Pt 1s pgele 1Ydé"%§)é‘[“f’§ﬁyat junctions

202 204. 19 To the lower the G (junction capacit ance% the S/ D depl etion
r egison izlaHap Andnid€pkedn Biospboiue (IS0 ealeshbetadiys Mt Flbeet or not
meet. As shown in figure
7 atoms/cm®, at an energy between 5S0keV and 80keV. The S/D region preferably has a
8  maximum depth below the substrate surface of between 0.04 pm to 0.5 pm.
9 For PMOS devices, the $/D implant is preferably performed by
10 implanting boron ions at a dose between SE14 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 um to 0.5 pm.

I3

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




17 1 3B, the SID depletion region 150D may not join with depletion region
130D. As shown in 2 figure 3C, the S/D depletion region 150D may join with
depletion region 130D. 3 Biasing will also result in w dening or narrow ng
a depletion region. 4 under normal device operation bias, the depletion

regi ons 150D and 130D woul d becone 5 even wder. 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 "depl eted" when there

IS anffyﬁﬁgeﬁiogé]’%&ﬂ@" D and substrate. It depends on the doping 9

con oped depl etion region 130, substrate doping 131 and
di stance from 10 the S/D regions 150 to the doped depleted region 130. 11
12 I the depl eti on Asiffugrated® a0 3EHe depletion Freamnsakt 1eaIPns Ve the
carriers/inpurity is low and therefore the depletion regions 130D and doped
depl®et i @triert 4e.p e gicomenskdd hioks) ateepleed SFDr pegibas depltion hegiguisdormaade. The
depletion region 130D has a 15 net inpurity concentration of the opposite

conduct i\ W ¥yRSarddnep-5/ e jandiot aRested & Aid Ofregidh. Fegh ypelytypbgudativst doped

region 131 can have d height 134 between 0.05 tmand 18 0.2 m (i crons).
10 R AL B3 PSSR HER £oBgIONn 0 ataen 20
the 61 8 biasing.
7 With lower n-type or p-type doping concentration, the depletion region
&  could be wider.
9 For the embodiment show in figure SE, 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  S/D depletion region 150D. By manipulation of the dopant concentration of S/D, first
16 doped region 131 and the doped depletion region 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 Cy (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




1 substrate surface. The dinension 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 1816
and 1818 5 atom CC. Inplants, such as Halo, threshold vol tage inpl ant,
punchthru inplant, etc. can 6 be used to change the concentration of the
substrate between the S/D 150 and |ightly doped 7 depletion regions 130
(e.g., region 131). 8 Note that the total width of the depletion region
130D is controlled by 9 at |east tw factors. .First, l&%)%%ds:k}h IS

contir ol 3B theby/ Dt deplesion cegion AFGI) mayawt Ingn BthdsBlefior Jreon ¥Ppeé
regions, (Concentration of the S/D 150, the substrate 100 and the doped 11
depbet i fipfrs BQ) the SA3ApleBecepmdn 1HE mixdtom with depletienrreiat 1399 by the vol t age
potential, VO 12 which is caused by the electric field in the depletion
reghon. This el ectr Beasfrigakid dis wadein Widesihg ongarowingm dapleést gl vol t age
source is used to reverse bias the junction. 14 As shown in figure 3A in
enbqdi - i0Rids€ FhOMepl3RnirSeiodd1 0T aidl BOBEWOUldrbepernel | .
Al sg', {Iﬁ-@%ﬁ%@ﬁg@?ge6%2%%&%10?@;{36%%;é) not dgesi gned to create nore 16 abrupt
or shallower,S/D regions. Also, in enbodinents, no isolation/dielectric

| ayer (E'éf.e@."‘?deﬁ? oxi de) is bel ow the doped depletion region as in a SO
device. 19 1 Second enbodi ment 2 As shgvﬁm in éi ures 2A 2%, 2C and 3A, the
dopéd depl etion regiferhaspin Bewsh3 Bant of-nid sB Sft‘g?eebettﬁ%at@ﬁ PEY ons 152.

Unl ess otherw se stated the process steps can 4 be perfornmed as descri bed
abovie ideptdienkégist 1 ¥ivbubtheSAP 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  concentration 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 carriers/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 /D and doped depletion
16  region.

17 The first doped region 131 can have a height 134 between 0.05 um and

18 0.2 pun (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




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 Next, the
doped depletion region 130 is formed by an inplant process as 8 described
above. 9 Referring to figure 2B, LDD regions 152 are formed by in inplant
10 process as described above. 11 As shown in figure 2C, spacers 140 are
formed on the sidewalls of the 12 gate structure 109 as descri bed above.
13 As shown in figure 3A, source/drain (S/D) regions are formed by an 14

i npl ant process as descri bed above. The anneal for the inplanted regions is

preferably 15 perfornmed after the S/ D inplant. 16 17. Thi Egﬁp j ment 18
In la tsubsidate sydatiendhe d%%wni%ldrﬂn@@ﬁ*ﬁé’g “8323)0[?8‘1 SEPISHY r&%%‘)é‘%@gi& i'n &ng tabl e
A, colum 3, the doped depletion regions are forned before the S/ D regions.
The 2@cproaesaethedednslogynade tnl subaratgdeRipEbed above in the first and
second enbodi nents. 20 1 Figure 8A shows a gate structure (e.g., gate and

gate dielectric) fomgeencetaner ofsiibsilrsate.beBvdengbe 8/IBB GsMiehalyL DD r egi on
inmplanted into the substrate. 4 Figure 8C shows spacers forned on the gate

;ir g{2§§$ped%eﬁe9% B BRSNS ¢ IR IEND 8 proferattgbansed OEMRehdIEEN i npl ant
5 atom/CC. Implants, such as Halo, threshold voltage implant, punchthru implant, etc. can
6  be used to change the concentration of the substrate between the S/D 150 and lightly doped
7 depletion regions 130 (e.g., region 131).

8 Note that the tota] 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, Vo,
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  notan-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 ina SOI device.
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6 Figure 8E shows S/ D regions formed by an inplant process. 7 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

i ncrease 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 forned using the gate, first and second spacers as nasks. 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
reqjonSeanﬁlﬁnbnﬂthMing the gate, first and second spacers as inplant 18
masks. The spacing X3 between the doped depletion regions is |arger than

spaci ng X1 191&%fgu&§n$@&ﬁ§QAXZB(2Cgﬂ&BA@ERZ%p&quﬂdihﬁegpa é¥s can
ease or change the spacing between the doped 2 depletion regions. As

the chan H1edthk ®Bsstgetcan3 cl oser
th‘é"’i‘n eﬁﬁﬂ’é‘“ﬂ%‘?ﬁ@s&gﬁii feﬁltogglllanne{:‘@%?@elgﬁ%cg%é) tﬁﬁ?‘?zh |Ssqﬁnct§123| rabl e,

nnre 4 serious. Theref re, vanta f using multiple spacers to
i nct eabepetfumsgae dagribe %@%@éﬁqlﬁdgéﬁﬁé gpletlon regi ons, hence reducing

short channel effects. 6 In addition, @/Dl Iant (b@ bfe @ formed with
onesor nore spacer sFigfredA dwyvsgh@&rmﬁﬂ%zl £ 2F SruguEV gF o Ek Thi s

allows tailoring of the spacing between the
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.

11 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 (8/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 depletion regions are formed before the S/D regions. The

20  processes are similar to that described above in the first and second embodiments.

20




8 S/D regions and between the doped depletion regions. 9 10 11 Fourth
Enbodi nent 12 In a fourth enbodi nent shown in figure 9A to 9E, S/ D regions
are 13 formed before the doped depletion regions. 14 Figure 9A shows a
gate structure (e.g., gate and gate dielectric) formed 15 over substrate.
16 Figure 9B shows a LDD region inplanted into the substrate. 17 Figure 9C
shows spacers forned on the gate sidewall. 18 Figure 9D shows S/ D regions
formed by an inplant process. 19 Figure 9E shows the dope depl etion regions
formed by an inplant 20 process. 22 1 G aphs 2 Figure 4A is a graph of an
active concentratiopn. profjil LS ntel I GUT for a
NMOS devi ce accor di Elégfef)g‘%ﬁ Oér%%c()%a{e en%h%ﬂ%? @t('%'ég?t%\?gé]??%r(]im%t%ﬁeﬁ%%?fi | es
taken in fi %ures 4A and 4B used a P inplant with a dose of 8.5E12 atonisqg-
5 cé adchbeFde-gy of 150 Kev to formthe doped depletion region 130. Note
that the 6 concentration of the Phosphorous (P) (2"a conductivity type for
NMOS) is chosen suchigtteadB stovista Li8Dapgive implentsdpaiotht ®158%¥kgr ound dopi ng
(1St conductivity type) (e.g., the first doped 8 | ayer 131 concentration).
The4NMOS has a 90nn¥igaansekhdversphdernMOBEEDn 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 regiohs.
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).
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9 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 enbodi nent of the invention.
12 13 Figure 5A is a graph of an active concentration profile taken al ong
axis 14 6/6' in figure 3A for a PMOS device according to an enbodi nent of
the invention. The 15 pMOS has a 0.18 mchannel length.- 16 The profiles
taken in figures 5A and 5B used a B inplant with a dose of 17 1.1E12

atoni sg-cm and an energy of 120Kev to formthe doped depl etion regi on 130.
18 Figure 5B is a graph of a net doping profile taken along axis 6/6" in

19 figure 3A for a LLEBHASERrHichshdeGhaspeiBadiwantthodogeie i nventi on.
20 he y scale is the ?%?%ncen%r%omtﬁe sgﬁbstfbate surface. The vertical

axis gives the net 21 doping,, T egat i j ' ' Redi¥R&ehi | € the
oSt | eaiaeeipt ahh SEpel et R E 15 A TRploRpn BRI T2t Ul 1y
p -type with a concentration of abou E : of.f. the . r . 3 Figure
6 showslosercogrsieers bisi ok the W%ﬁ g#%gﬁ?{}ﬁ#%ﬁsgnﬁmf%b% %@%l) ng | evels
the doped depletion region, substrate and S/D region have created a 5 |
depd et kgbuk EDicafofed 0 adaniage pEysinminultipse epecers de CFEH PREPEATE 1 egi on to the

doped 6 depletion region. 7 Figure 7 shows a cross sectional view of an
embpdi MRS @ pbd Bepl SidiOREREs, IRMEd ®dtding dopechadegiceiton region, substrate

and S/D region have created a
6 In addition, the $/D implant can be performed with one or more spacers
7 ét any step in a multiple spacer process. This allows tailoring of the spacing between the
8  S/D regions and between the doped depletion regions.

9

10

11 Fourth Embodiment
12 In a fourth embodiment shown in figure 9A to 9E, S/D regions are

13 formed before the doped depletion regions.

14 Figure 9A shows a gate structure (¢.g., gate and gate dielectric) formed

15  over substrate.

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

17 Figure 9C shows spacers formed on the gate sidewall.

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

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

20 process.
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9 depletion region (600 - grey region) that do not fully cover all the
regi on between the S/D 10 region to the doped depletion region. The NMO3S
device is figure 7 was formed using a 11 dose of 1El3 atomcc, 155 KeV P
inplant to formthe doped depletion region beneath the 12 S/D. 13 14
Exanpl es 15 The tabl e bel ow conpares a conventional NMOS transistor (no
doped 16 depletion region) with a NMOS transistor formed using a | E13
atonisqg-cm 155KeV P 17 inplant to forma n-type doped depl etion region.
18 24 1 Table: Enbodiment’'s MOS Tx with doped depletion region conpared to
conventional TX Paraneter Enbodi nent Conventional T™x § @OV (F/sg-cm

8. 00E 0&rapB8E-07 ca . between S/D and substrate § @1.2 ((F/sg-cm
3.43E-08 1.3E-07 cap. between S/D and substrate __ 2 3 § is the junction
capaci tance between F?wé ¢8/16l5 aiaphafidn attbstdoatentratidn piofile fken tlabg exiabove

shows the § @OV and the § @1.2 V is reduced for
3 6/6° in figure 3A for a NMOS device according to an embodiment of the invention.
4 The profiles taken in figures 4A and 4B used a P implant with a dose of 8.5E12 atom/sq-
5 ¢m and an energy of 150 Kev to form the doped depletion region 130. Note that the
6  concentration of the Phosphorous (P) (2" conductivity type for NMOS) is chosen such that

7 itis 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 aiong 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 pm channel length.

16 The profiles taken in figures 5A 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
23




2 the enbodi nent. The enbodi nent's doped depletion region 130 reduces the
C because the 3 of the overall increase in depletion width (e.g., 150D
130D) introduced by the doped 4 depletion region 130. This is an advant age
because the width of the depleted region 130D 5 and the wi dth 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 w dth. Note,
before 7 the introduction of the depletion doped region 130 (i.e., nornal
MOSFET), the depletion 8 region is only give by the S/ D depletion region

150D. The enbodi t's additional .doped depl et.i 0 | nd
depl et FE°H B igé’ﬁeng]g éﬁ‘q‘ﬂﬂ?'tyt?e"rtyf’%‘g}tg 458"% gra%?rr%fgathio\l}g lg %Kg{ii(%f:f%eio regi ons
and reduce Q 11 The equation for G is shown below. 12 = (sA/t 13 14
15 hegwphl6 t is the depletion region thickness. 17 Ais the area 18 g
is the junction capacitance between source/drain and substrate. 19 26 1 A
Advant ages of enbodiipentt shodopetbsdepitionilonew efppavbadoicahvhergieler SID 2
regions and not under channel region 3 In a preferred enbodi ment of the
| nvent Yeping &SveBh@Wobed ddpdiion rddlon tsabBstrate and S/D region have created a
5 depletion region (600 — grey region) the extends from the 8/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 5/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/sg-cm, 155KeV P
17  implant to form a n-type doped depletion region.

18
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4 doped depletion regions 130 only under S/ D regions and not under channel
region 122. 5 In an alternate design, the doped depletion |ayer is forned
as a 6 continuous |ayer under below the S/ D and under the channel. However,
this continuous 7 doped depletion |ayer mght provide an alterative for
current flow under high biasing at the 8 drain. Thus this alternate design
woul d have reduced breakdown voltage. In contrast, in 9 the preferred
enbodi ment' s devi ces, the doped depletion region 130 not formed under the
10 channel and therefore the doped depletion regions are spaced apart, and
t he BVsd is_hi gher 11 Below s at e in simulated result ring
(NNEB) Tl EadodmeshoMOnT 1y Guiered. Foeet Bsar Hapret Pon g Ba 130 anl y
under S/ D reqgions_and _not under._._13 channel regi.on-122 and—{2—an-akH ernate
devi cd Parametere doped depl et i dbmbedinoms ungepnentionaliTx egi ons and t he
channel region that shows the enbodi nent's| Breakdown voltages are 15| hi gher
whi ch {i @ Ve@y@p@rﬁpe 16 Tabt.e) rergbodi nent. 93L&/t ernate structure

StrUCtg,ﬁtmﬁﬁ&&%QDMhHQu§9ﬁﬁﬂ depl etion depletion region region undel both

under . d—channetT 5 gh@pgel BYSH gpMFH) 3.0 2.6 (volts) Bvsd
(pvos)| D424 HTt o) vy - 1
cap between strate
2
3 Cj is the junction capacitance between source/drain and substrate.
4
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27 1 2 Breakdown voltage (BV5d) is the voltage applied at the drain that
results 3 in a specific anmount of current flow fromthe source to the
drain (while keeping the gate 4 el ectrode grounded or at a OV bias). This
is the voltage above which the device is 5 considered to have broken down
due to unacceptabl e | eakage current formthe source to the 6 drain. The
enbodi nent's higher BvV3d inplies that the device is able to operate or
survive 7 a higher biasing applied to the drain, giving the rise to higher
and better reliability. 8 9 In addition the enbodi ment's doped depl etion

regions 130 do not have 10 se|f heatd. : - deyi&s forlll The
abdve exanpl es shov‘%leéabé‘i"é&é@s’fh‘b‘ffs &%ﬁ%@igﬁ%&%%g‘?%gﬁéﬁ?ng a 12 doped
depl etion region below the S/1) regions, Any process ¢ form
t he» FEfe enbadinnok.(ichiermntodsnggaiseloged drplioa rsg‘agﬁﬁ@r@ﬁ%sglﬁﬁe%ﬁ%’g&grgee&got
limted to the illustrated nethods. 14 For exa Ié@ﬁgggﬁgﬁ%fc sses can

al sp bgr 45 8PeraNehcighisa ih deplaioneviddit(e.gpris8SSER) ipEp P5focess, etc.
16 I n the above description nunerous specific details are set forth in

or der Aviide FLIAGE & hdvan@uebedansieths vadiion gheodeplates gei0adApD
i nv nt?%%@ﬁﬁfg%gﬁﬁgge obvi ous, 18ghomever, to one skilled in the art that

et ot PR AR U D e e er
20 é ° gg&ea‘lnjhntgg ggtfrge (rh!aln}/ ] u?u?t%ocnuﬁqgre{)}b ThePlaShE Bhe dof 391515{?5}1 wefth. Note, before

7 the introduction of the depletion doped region 130 (i.e., 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 Q= (s A)/t

13
14

15 where: . _
16 t is the depletion region thickness.

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

19
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| While the invention has been particularly showm and described with 2
reference to the preferred enbodinents thereof, it wll be understood by
those skilled in 3 the art that various changes in formand details may be
made wi thout departing fromthe 4 spirit and scope of the invention. It is
intended to cover various nodifications and simlar 5 arrangenents and
procedures, and the scope of the appended clains therefore should be 6
accorded the broadest interpretation so as to enconpass all such

nodi fications and simlar 7 arrangenents and procedures. 8 29 What is

claimed is: 1. A netho f fopm ] hsOe 681 # SiDg: a)
forhi iy @W@g§§ﬂf&'ﬂgggwg?{§]‘2€ﬁ§?rﬁgﬂ Eel ﬁégﬁ%oged With a first
conductivity type inpurity; b erform ng a doped depletion region

i npRant at | argiyng andfat qrd?féa’%@’ﬁﬁg’é’" second conductivity type into the
substrate to form doped depletion regions; c) performing a S/D inplantation

by lfarml anting ions Bei pefdie cadoanne ofitbactioniioy, asshpen Imigie A8 Ybst rat e
to formsource and drain regions adjacent to said gate structure; at |east

a portion > L0 @AY Sddiot aeddr yhrewbationadd. separ at ed
fro sé@aﬁg%ﬁﬁ%%mgﬁ%g ?ggﬁhgggioﬁs; { sai d doped depl etion regions having

1
an inmpurity concentrati and,t hi ckne i d reoRadsdepl etion
regPons are depl et egj" ﬂh"gpef@t%d%sfﬁq’m ﬁ&ﬁgﬁgﬁ%lﬂg’lgi@gr eated between said

doped depl etion regions and said substrate, said.doped .. .
P 6 cogtinuous layer gnder below the S/D and under %16 channel.dHow ver, this contitiuous

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 t.he doped depletion regions are spaced apart, and the BV 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
stracture — doped with doped depletion
depletion region region under both
under S/D not S/D and channel
channel

BV (nMOS) | 3.0 12,6

(volts)

BV (pMOS) | -4.4 4.15

{volts)
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depletion regions having an inpurity concentration so that a built-in
junction potential between said doped depletion regions and said substrate
forms depletion regions in the substrate between said source and drain
regions and the doped depletion regions; said depletion regions have a net
inmpurity concentration of the first conductivity type, a channel region in
said substrate wunder said gate structure; wherein said doped depletion
regions are not directly beneath said channel region. 2. The nethod of
claim21 wherein doped depletion region are not fornmed directly wunder said
gate structure. 3. The nethod of claim21 which further includes said doped
depl etion regions having an inpurity concentration so that the built-in

junction potential between sai ) i i andhsabgisubst r at e
s SRR Rtk 0t Aeupy o apmonsy

for depletion re ate the source and drain

regions and the doped_depl efion reqgion; said deplet;i i ave a net
| o | e GsAeETR BHEBHent P hecBaat [ Ly ey o KEEMERE e O
regions have a net inpurity concentration between % 16, to 5E18 atonicc., 4.
Thes4 metleogodafgrolraierhot awhP ¥ pigshirEhets thaeolinge e0o YoV aisk AirfS i8S of a first
inpurity type into said substrate between said source and drain regions
ands saj.ghiRpaodept Bidken doweduensunad@:pEabld kekapstnognigbrma thi yAuIcaiith
further 1 ncludes performng an inplant type selected from the group

congi stin AR b hed BV € shethd talibageidaiphbleto aethtaofsuetide i npl ant ,
t ha éﬁ%@aﬁﬁeggkgho tﬁehf?}stsinghrity type into said substrate at | east

betyeen 3l d, SOME GSpio 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 Jimited to the illustrated methods.
14  For example, many processes can also be used including inverse gate processes, raised

15  §/D process, etc.

16 [n the above description numerous specific details are 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

720 to not unnecessarily obscure the present invention.

28




drain regions and said doped depletion regions. 6. The nmethod of claiml
wherein a region of said substrate between said source and drain regions
and sai d doped depletion regions has a concentration of the first
conductivity type inpurity between 1E16 to 1E18 atonicc; a channel region
in said substrate under said gate structure; said channel region has a
concentration of a second type inpurity between 1E16 to 1E18 atonmficc. 7.
The nethod of claim 1 wherein said doped depletion regions are fully

depl eted. 8. The nethod of claim1 which further includes performng a LDD
i npl antation by inplanting ions being the second conductiyi .type into
thejsubstrate using“&ﬂeﬂgﬁheﬂnbnma@b@ﬁéméﬁméﬂhﬁ@RWP@nggFﬁ?%ﬁ%x? gi ons. O.
The met hod of claim 1 which further includes performng a LDD inplantation
by 5| "9%@1%51:&1& thQ?éfé?ﬁaid%nﬁoﬁﬁn&Q§mﬁﬁkoﬁ,dﬂdi]bﬂad wideysteopiey thnseoskilieg I8ubst r at e
using the gate - structure as a mask to form LDD regions; the LDD regions

are_formed hefore th LNmEe 8k alide wWitouildwarteigfodn &fe cl aim 1
whi éh ﬁ%ﬁ?%@?fvﬂb“ﬁ %%gggggg?ﬂgﬁgaghﬁt%§?nplan?atigﬁ(g? i mpl anting ions

bei ng the second conductivity.t. N LEsUsibRYatd@mlat e
str&ctGP@Ha@i&xﬁﬁ§EHFdn$%Wﬂ?L B&%@g%g%&ﬁﬁéféﬁﬁ&Fﬁé éoped depl etion

regions are forned after the LDD regigns. 11 _The nmth lial.m 1
mheﬁeinw&m@mh@ﬁ&@ﬁﬂ@@%ﬂ&@ﬁﬁﬁ@t??ﬁ@pFgfgﬁﬁVB@%Eﬂﬁnggggmgh 5&%8®g%khas a

boron concentration between 1E17 to 1E19 atomicc. 12, The WEHQOd' f claiml
whegei mesgtigh friebsdadeanntangtrétuiort sops t snepmprsealhprhaapdificis FR4P B RHAs an As
or P concentration between 1E 17 to 1E 19 atom cc.

7  arrangements and procedures.

8
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13. The nmethod of claim 1l wherein said substrate is conprised of Si or SiGe
or strained Si, or relaxed SiGe or strained Ge. 14. The nethod of claiml
wherein said gate structure has a channel wi dth between 0.04 and 0.5 m 31
15. The method of claim 1 which further includes performng a LDD
inplantation by inplanting ions being the second conductivity type into
the substrate using the gate structure as a mask to form LDD regions; the
LDD inplantation js perforned by inplanting As ions at a dose between 5E14
an % ah ioHainp : at an energy between |keV and 10 keV. 16. The net hod
of clajm1 ich further includes performng a LDD inplantation b
iﬂpla§¥iﬁd“g%ﬁ ‘Eé?ﬁ@”%ﬁ%“%%%B%@“%@%%ﬂ%ﬁ?9?%9“?9§e igPo t he substyate usi ng
the gate structure as a mask to formLDD regions; the LDD inplantation is
per f or me@) BFMINgR ke FHECIBET BYFY TSRt %&%013 Hedya @@i&‘)‘é‘g@dﬁﬁ%tyé’ﬁorrs
/cn, at iRpuener gy between 1 keV and 10 keV. 17. The nethod of claim1l
wherein the doped depletion region inplantation is perfornmed by inplanting

As or P i ang 2Rk ﬂ%& Htindli 9y

bet ween ?@8é¥§@“§ﬁggggggﬁge§ﬁgaﬁ SPédeep%ggig rggigﬁglﬁggbgﬂ ﬁhinum
dept h beSewWnccogcHEEY SYP ity P e hatcd OB BETIoReE 554 185 18, The
nmet hod of claim 1 wherein the doped depletion region inplantation is

per f or ned) pyrfonpireget $Mg ibplanaiionby anpiardogdobebaegntsBedorahe BRI vty

at ons/ ¢ ”@W@h\té@m SHRLDYe RELWRERUPQ HENVAN rZA0h K& acRtdsAapae: depl etion
region having a mninum | , .

structure; at least a portion of the doped depletion regions is directly beneath and

separated from said source and drain regions;

(1) said doped depletion regions having an impurity concentration and thickness
so that said doped depletion regions are depleted due to a built-in potential
created between said doped depletion regions and said substrate; said doped
depletion regions having an impurity concentration so that a built-in junction
potential between said doped depletion regions and said substrate forms
depletion regions in the substrate between said source and drain regions and the
doped depletion regions; said depletion regions have a net impurity
concentration of the first conductivity type, a channel region in said substrate
under said gate structure; wherein said doped depletion regions are not directly

beneath said channel region.

2. The method of claim 1 wherein doped depletion region are not formed directly

under said gate structure.

3. The method of claim 1 which further includes said doped depletion regions having
an 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 and 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 5E18 atom/cc.

4. The method of claim 1 which further includes implanting ions of a first impurity type
into said substrate between said source and drain regions and said doped depletion

regions.
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depth bel ow a surface of the substrate between 0.09 and 0.7 m 19. The

nmet hod of claim1 wherein the S/D inplant is perfornmed by inplanting
arsenic (As) or phosphorus (P) ions at a dose between 5E14 to 1E16
atons/cnR, at an energy between 50 keV and 80 keV; said source and drain
regi ons having a depth below a surface of the substrate of between 0.04
and 0.5 nt 20. The method of claim1 wherein said second conductivity type

is p-t and said S/Dinplant is perfor d by inmplanting boron igns at a
dose tweﬁe%eﬂ@ftc@@éwhlcét%weéwué@s nﬁéﬁ@ﬂ@ﬁﬂﬁ@tﬂk@@ﬁ}%%«t@%

ket)/ t Sﬁﬁte 1‘@9 rc@ﬁs@tﬁl‘i’g ar Hh]@)l hﬂﬂ)$hrebl@(\da v@ltdg@'ﬁﬂﬁ beltowda ﬁeﬂﬁflﬁqﬂa@tf t}‘tehle
supstra

of. bet
S ol e S i e e kb SRR ARl WDy
nmor e sgaderszions dfessd diewatl depbfticsaiediogat e structure. 22. The nethod of
claiml which further includes said gate structure has sidewalls; formng

ijo gr 6 MR HPRCArcS cmnuh@hste@tewade forodf Sad sugadage sétwe@hlsaﬁ o€y arth t he
ope

depl et. t 32.23.
P ot iy ?H&féﬁ&%#&%m% 1635 Pa bR R RIS S pst rate
bei ng dﬁnhdxmmmhypeﬁhpsmgdmndmemﬂﬁﬂéya1E¥bﬁonnhux|ty, performng a doped
depl et | gﬂaltﬁq%gglot TpLanta tt%e%gey%la%g%eattwgt@ s%HrcH‘l%EHélereoi%ﬁ 1R i ol ant

mask a I ons bein condudétivity type“into the
subst r mrecentrafl@m of @Ié‘pﬂ@éilddﬁpﬁ emp@ﬁtty befivenes; IEddo pBES @tom 1§ a S/ D
i npl antation by inplanting ions of the second conductivity

7 . The method of claim 1 wherein said doped depletion regions are fully depleted.

8. The method of claim 1 which further includes performing a LDD implantation by
implanting ions being the second conductivity type into the substrate using the gate

structure as a mask to form LDD regions.

9. The method of claim 1 which further includes performing a LDD implantation by
implanting ions being the second conductivity type into the substrate using the gate
structure as a mask to form LDD regions; the LDD regions are formed before the doped

depletion regions.

10. The method of claim 1 which further includes performing a LDD implantation by
implanting ions being the second conductivity type into the substrate using the gate
structure as a mask to form LDD regions; wherein the doped depletion regions are
formed after the LDD regions.

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

12. The method of claim 1 wherein said first conductive type is n-type and said

substrate has an As or P concentration between 1E 17 to 1E 19 atom/cc.

13. The method of claim 1 wherein said substrate is comprised of Si or SiGe or strained

Si, or relaxed SiGe or strained Ge.

14. The method of claim 1 wherein said gate structure has a channel width between 0.04

and 0.5 pm.
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type into the substrate to form source and drain regions adjacent to said
gate structure; the doped depletion regions are beneath and separated from
said source and drain regions; said doped depletion regions have an
impurity concentration and thickness so that said doped depl etion regions
are depleted due to a built-in potential created between said doped

depl etion regions and said substrate. 24. The net hod of clain123 whi ch

further_includes said, dope tion r gi ons havin urity
concentd dtiegnetbedich glaig ]bYYf]F‘t Ii%ht egj et ?‘Eﬁt”i‘&ﬁ \J\%‘é’ ndaiief Bped

depl et irRplafh 8L MRS Bifg Sl bt sbhab&idigr plteé b@}ﬁbtfa&@ u@m@ tha ghfee
substrate bet ween Qe sou ﬁﬁ)and drﬁhqﬁéﬁq g d t he qpe depl etion
r egi on%ll“étﬁfeda%?eﬁ}aé %FPIPEE ns hdve F‘rﬁ@fﬁ FEY" foRde <dP%n of the
first nnpﬂnahgvhnynsyp@dogﬂﬂﬁm@heSEéﬁhnd1Bﬂéakmmm1@ﬁ whemenﬂgsémuwdaped

depl et %&gﬁgﬂgvare fully depleted. 26. A nethod of formng a
sem conductor device conpri sing: a) formng a gate structure over

substr b th fi t t

subet Lo, et SoRSp o R SRS M AERTR IR B
s econdlrﬁp}adtmglmymst beity pee sanbod ched sdbsty ype itto thesubdope dsiggphe giion

[ 01 ONGhu PRI AL RO el B FRAGTY B EBDQMMER%&BM QRS PR N9 the
second con |vfﬁ ype I'nto the Substrat ormsurce and drain

r egi ongnahpé@grﬂor@@icwwd a dyge betyearctidend HE Sabpaa /g8pl EEANAmeFBgi ons are

beneat poiandnsepar at@dokeom sai d source and drain regions; and 33 d)
performng a LDD inplantation by inplanting ions being the second

17. The method of claim 1 wherein the doped depletion region implantation is performed
by implanting As or P ions at a dose between 5E12 and 5E13 atoms/cm?, at an energy
between 100 keV and 500 keV; said doped depletion regions has a minimum depth below

a surface of said-substrate between 0.09 and 0.7 pm.

18. The method of claim 1 wherein the doped depletion region implantation is
performed by implanting boron ions at a dose between 5E11 and 5E13 atoms/cm?, at an

energy between 50 keV and 200 keV; said doped depletion region having a minimum
depth below a surface of the substrate between 0.09 and 0.7 pm.

19. The method of claim 1 wherein the 5/D implant is performed by implanting arsenic
{As) or phosphorus (P) ions at a dose between 5E14 to 1E16 atoms/ cm, at an energy
between 50 keV and 80 keV; said source and drain regions having a depth below a

surface of the substrate of between 0.04 and 0.5 pm.

20. The method of claim 1 wherein said second conductivity type is p-type; and said
S/D implant is performed by implanting boron jons at a dose between 5E14 to 1E16

atoms/cm?, at an energy between 50 keV and 80 keV; said source and drain regions

have a depth below a surface of the substrate of between 0.04 and 0.5 pm.

21. The method of claim 1 which further includes said gate structure having sidewalls;

and forming one or more spacers on the sidewalls of said gate structure.

22. The method of claim 1 which further includes said gate structure has sidewalls;
forming two or more spacers on the sidewalls of said gate structure prior to the doped

depletion region implantation.
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conductive type into the substrate using the gate structure as a mask to
formLDD regions; (1) said doped depletion regions having an inpurity
concentration and thickness so that said doped depletion regions are
depleted due to a built-in potential created between said doped depletion
regions and said substrate; said doped depletion regions having an
inpurity concentration so that a built-in junction potential between said
doped depl etion regions and said substrate forns depletion regions in the
subst rét & methekaf formingy sepicapdueioaidsvice gPBWsisingid t he doped depl etion
regi ons; said depletion regions have a net inpurity concentration of the
first conduotinig ¥ ghteperuct@de.ovar aetibsichtobefngrdipegl witbenfisbozhsbtativitdevi ce
conpri sjng. .formng a gate structure over a substrate being doped with a
first %%%gﬁ%ﬁ%gPTy type inpurity; b) perform ng a doped depletion region

i npl antati on i.mpl ant | ions being a .second.conductivity type into the
substrare (PO BGSP Ao PRt SRR NG HerRori R sy
i npl anisdr erplayt impk antliimglirairg; ek heinghe aseconticorsbndivityitype yntbylpe i nt o
t he su&ﬁ%&%Eettﬁhﬁfﬁé?éﬁQﬂ{%ﬁi ﬁﬁ@i degions adjacent to said gate
at porp of © é’%n

structure,; east I on oped depletion regions is directly
beneat h and epar at rom said source and drai eqgi ons, ai d doped
doph et i on RTORENRav o BRI Gt £ rEeRELRe ) ShE T inctihsi Bl hat
sai d dgpedntdeplesubsnateegians sarree degldetiadedions bdjeaetiuiolsaid gate potientré;al
created between said doped depletion regions and said substrate;

the doped depletion regions are beneath and separated from said source and
drain regions; said doped depletion regions have an impurity concentration and
thickness so that said doped depletion regions are depleted due to a built-in potential
created between said doped depletion regions and said substrate.

24. The method of claim 23 which further includes said doped depletion regions having
an impurity concentration so that a built-in junction potential between said doped
depletion regions and said substrate forms depletion regions in the substrate between
the source and drain regions and the doped depletion regions;

said depletion regions have a net impurity concentration of the first conductivity type.
25. The method of claim 23 wherein said doped depletion regions are fully depleted.

26. A method of forming a semiconductor device comprising:

a) forming a gate structure over a substrate being doped with a first conductivity
type impurity;
b) performing a doped depletion region implantation by implanting ions being a

second conductivity type into the substrate to form doped depletion regions;

¢) performing a S/D implantation by implanting ions being the second
conductivity type into the substrate to form source and drain regions adjacent to said
gate structure; the doped depletion regions are beneath and separated from said source

and drain regions; and
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sai d doped depletion regions having an inpurity concentration so that a
built-in junction potential between said doped depletion regions and said
substrate fornms depletion regions in the substrate between said source and
drain regions and the doped depl etion regions; said depletion regions have
a net inmpurity concentration of the first conductivity type; 34 said

depl etion regions have a net inpurity concentration between 1E16 to 5E18

atom cc. 35 . ) )
d) performing a LDD implantation by implanting ions being the second

conductive type into the substrate using the gate structure as a mask to form LDD

regions;

(1) said doped depletion regions having an impurity concentration and
thickness so that said doped depletion regions are depleted due to a built-in
potential created between said doped depletion regions and said substrate; said
doped depletion regions having an impurity concentration so that a built-in
junction potential between said doped depletion regions and said substrate
forms depletion regions in the substrate between the source and drain regions

and the doped depletion regions;

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

27. A method of forming a semiconductor device comprising:

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

type impurity;

b) performing a doped depletion region implantation by implanting ions being a
second conductivity type into the substrate to form doped depletion regions; and

¢} performing a S/D implantation by implanting ions being the second
conductivity type into the substrate to form source and drain regions adjacent to said
gate structure; at least a portion of the doped depletion regions is directly beneath and

separated from said source and drain regions;

(1) said doped depletion regions having an impurity concentration and
thickness so that said doped depletion regions are depleted due to a built-in

potential created between said doped depletion regions and said substrate;

said doped depletion regions having an impurity concentration so that a
built-in junction potential between said doped depletion regions and said
substrate forms depletion regions in the substrate between said source and drain

regions and the doped depletion regions;

said depletion regions have a net impurity concentration of the first

conductivity type;
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said depletion regions have a net impurity concentration between 1E16 to
5E18 atom/ cc.
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