STRUCTURE AND METHOD TO FORM SOURCE AND DRAI N REA ONS OVER DOPED DEPLETI ON
REG ONS Background of Invention 1) Field of the Invention Thi s
invention relates generally to a sem conductor device and a net hod of
fabrication of the sane, nore specifically this invention relates to a.

sem conduct or device and nethod of the sane to reduce source/drain to
substrate junction capacitance. 2) Description of the Related Art
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Background of Invention

1) Field of the Invention

This invention relates generally to a semiconductor device and a method

of fabrication of the same, more specifically this invention relates to a semiconductor

device and method of the same to reduce source/drain to substrate junction capacitance.

2) Description of the Related Art

The evolution of MOSFET technology has been governed by device
scaling for high performance of the transistor. Partially-depleted SOI (PDSOI) has become
one of the promising solutions for high performance sub- 100 nm gate length CMOS due to
the inherent advantages of a higher drain saturation current and reduced junction

capacitance. However there are problems associated with PDSOI CMOS devices. These

include wafer cost, history effect and self heating effect.

The following patents and literature are relevant technical art.

US 6,383,883B1 (Chen et al.) that shows a graded S/D region.



capaci tance. US 2003/0132452 Al (Borinuchi) shows a reconbi nation region
bel ow and adjoining the S/D. US 5,795, 803( TAkanura et al) shows a

mul ti-Ievel/conncentration well process. US 6,528,826 B2(Yoshida et al.)
shows a depl etion type device. US 2002-009364A1(1 naba) shows a nethod to
forma SODEL. device. US 5,712, 204(Horinchi) shows a nethod to reduce SID
junction capacitance. US Patent No: 5712204 shows a nethod of making a

sem conduct or devi ce having reduced junction capacitance between the source
and drain regions and the

US 6,348,372B1 (Burr) shows a method to reduce S/D junction

capacitance.

US 2003/0132452 Al(Boriuchi) shows a recombination region below
and adjoining the S/D.

US 5.795,803(Takamura et al.) shows a multi-level/concentration well
process.

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

US 2002-009364A1(Inaba) shows a method to form a SODEL device.

US 5.712,204(Horiuchi) shows a method to reduce S/D junction
capacitance.

US Patent No: 5712204 shows a method of making a semiconductor
i i d the
device having reduced junction capacitance between the source and drain regions an
substrate.
Inaba et al., Article entitled: Method of forming an artificial depletion

layer below source/drain and Channel of the MOSFET to reduce junction capacitance

(SODEL FET), [IEDM 2002, Toshiba.

However, there is a need for improved devices.



substrate. Inaba et al., Article entitled: Method of for

mng an artificial
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Summary of the Invention

It is an object of an embodiment of the present inve
semiconductor device and method for fabricating the

source/drain to substrate capacitance.

It is an object of an embodiment of the present inv

semiconductor device and method for fabricating the s

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

An embodiment of the present invention provides a m

manufacturing a semiconductor device which is characterized by:

a) forming a gate structure over on substrate being doped with a fir

type impurity;
b) performing a doped depletion region implantation by implanting

second conductive type to the substrate to form doped depleti

beneath and separated from the source/drain regions;
¢) performing a S/D implant by implanting ions having a sec
into the substrate to form S/D regions adjac
regions have an impurity con
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An enbodi nent of the present invention provides a nethod of manufacturing a
sem conduct or device which is characterized by: a) formng a gate structure
over on substrate being doped whit a first conductivity type inpurity; b)
perform ng a doped depletion region inplantation by inplanting ions being

t he second conductive type to the substrate to form doped depl etion regions
beneath and separated fromthe source/drain regions; c) pertbhing a SID

i npl ant by inplanting ions having a second conductivitY type into the
substrate to form SID regi ons adj acent to the gate; the doped depl etion
regions have n inpurity concentration and thickness so that the doped
depletion regions ale depleted due to a built-in potential created between
t he doped depl etion regions and the substrate.

In another aspect of the embodiment, the doped depletion region are not

formed under the gate structure.

An embodiment of the present invention provides a semiconductor

device which is characterized by:

a semiconductor substrate having a surface; the semiconductor substrate

i i i iconduct
being doped with a first conductivity type impurity; the top portion of the semiconductor

substrate is comprised of a first doped layer of a first conductivity type;

a gate structure Over the surface of the semiconductor substrate; the gate

structure comprising a gate dielectric layer and a gate electrode;
source/drain regions in the semiconductor substrate to oppose each

3 .. el
other with a channel region laterally residing therebetween at a location immediately

beneath the gate structure,

doped depletion regions of a second conductivity type in the a first

doped layer of a first conductivity type under the source/drain reglons;
doped depletion regions are determined in impurity concentration and

thickness to ensure that this layer is fully depleted due to a built-in potential creatable

between the substrate and doped depletion regions.

whereby the doped depletion regions reduce the capacitance between

. the source/drain regions and the substrate.



I n anot her aspect of the enbodinent, the doped depletion region are not
formed under the gate structure. An enbodi nent of the present invention
provi des a sem conductor device which is characterized by: a sem conductor
substrate having a surface; the sem conductor substrate being doped with a
first conductivity t3pe inpurity; the top portion of the sem conductor
substrate is conprised of a first doped layer of a first conductivity type;
a gate sizucture over the surface of the sem conductor substrate; the ate
structure conprising a gate dielectric layer and a gate el ectrode;
source/drain regions in the sem conductor six-ha-rate to oppose each other

wi th a channel region_]| aterall L i@ o tshan eheatrveenofaeprasehBEEt i on
i mredi at el y beneath tﬂﬁeﬂﬁ?%agy?%ﬁfure. :
yto

embodiments only, and are not exhaustive and/or exclusive. They are presented onl

assist in understanding the invention. It should be understood that they are not

i i imitations on
representative of all the inventions defined by the claims, to be considered limital

the invention as defined by the claims, or limitations on equivalents to the claims. For

i i ot be
instance, some of these advantages may be mutually contradictory, 1 that they canm

e bl
simultaneously present in a single embodiment. Similarly, some advantages are applicable

] . of
to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects

i i i should be
the claimed invention have not been discussed herein. However, no inference

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

i S
purposes of space and reducing repetition. Thus, this summary of features and advantage

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

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

drawings, and from the claims.



doped depl etion regions of a second conductiity type in the a first doped

| ayer of a first conductivity type under the source/drain regions;

doped depletion regions are determned in inpurity concentration and

t hickness to ensure that this layer i.s fully depleted due to a built-in
potential creatable between the substrate and doped depl etion. regions.

wher eby the doped depl etion regions reduce the capacitance between ,the
source/drain regions and the substrate. The above and bel ow
advant ages and features are of representative enbodi nents only, and are not
exhaustive and/or exclusive. They are presented only to assist in

under st andi ng the inventiong, l}{.S :6h bEmb Deewilgood that they are not
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are applicable to one aspect of the inventi angednanpékteabirentie ot hers.
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equi val ence. Additional features and advantars of the invention wll becone
apparent ijgwihé:follow ng description fromthe draw ngs, and fromthe
cl ai nms. ) owus

Figures 1A, 1B, 1C, 3A and 3B are cross-sectional views 1ot

illustrating a method for manufacturing a semiconductor device according to an

embodiment of the invention.
Figures 2A, 2B, 2C, 3A and 3B are cross-sectional views for

illustrating a method for manufacturing a semiconductor device according to an

embodiment of the invention.

Figures 3A, 3B and 3C, are cross-sectional views for illustrating a

structure and a method for manufacturing 2 semiconductor device according to an
embodiment of the invention.

Figure 3C-1 shows a cross sectional view of a depleted junction
according to the prior art.

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

6/6° in figure 3A for aNMOS device according to an embodiment of the invention.



Brief Description of the Draw ngs The features and

advant ages of a sem conductor device according to the present invention and
further details of a process of fabricating such a sem conductor device in
accordance with the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals designate simlar or

correspondi ng el ements, regions and portions and in which: Figures 1A 18,
I C, 3A and 313 arc cross-sectional views for illustrating a method for
manuf acturing a. sem conductor device according to an enbodi nent of the

i nvention. Figures 2A,F%]§ s 4B fea g?}@%m&&@i@moﬁlemeebp%ﬁ&ﬁ Bws for
illustrating a method f manufacturi ng a sem conduct or devi ce accordi ng 10

an enbodi rrent 30 1{ f{)r aeNMﬁﬁe&R/lcQ According to an embodiment of the invention.

Figure SA is a graph of an active concentration profile taken along axis

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

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

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

Figure 6 shows a cross sectional view of an embodiment where the

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

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

depletion region.

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

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

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

S/D region and the doped depletion region.

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

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



Figures 3A, 3B and 3(1, an cross-s.ectional views for illustrating a
structure and a nethod for manufacturing a sem conductor device according
to an enbodi nent of the invention Figure 3ClL shows a cross sectional view
of a depleted |une:non according to the prior art. Figure 4A is a graph of
an active concentration profile taken along axis 6/6' in figure 3A for a
NMOS devi ce according to an enbodi nent of the invention.

Figure 4B is a graph of a net doping profile taken along axis 616" in
figure 3A for a NMOS device according to an enbodi nent of the invention.
Figure 5A is a graph of an active concentration profile taken al ong Ends

6/6' in figure 3A for a PMOS device according to an enbodi nent of the
i nvention.

Detailed Description of the Preferred Embodiments

Several embodiments of this invention will now be set forth in detail
with reference to the accompanying drawings below. Note that although the embodiments
below are all drawn to n-channel metal insulator semiconductor field effect transistors
(MISFETS), this invention may also be applicable without any material alternations to p-
channel MISFETs with respective portions being replaced by those of opposite

conductivity types.

Example embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Embodiments of the present
invention provide a device and a method of forming doped depletion regions (130) (or
second impurity doped layer or counter doped regions — See E.g., Figure 3B) below the
Source/Drain regions (150), but not under the channel (122) that reduce the junction
capacitance between the source/drain regions 150 and the substrate 100. The doped
depletion regions 130 are “counter doped” with an impurity opposite the channel type
impurity so that the doped depletion regions 130 are depleted (of carriers because of the p-
n junction) at zero bias.

In an aspect shown in figure 3B, the doped depletion regions (second

' impurity doped regions) 130 create “second depletion regions™ 130D in substrate (e.g.,

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



Figure 5B is a graph of a. net doping profile taken along axis 616" ia
figure 3A for a PMOS device according to an enbodi nent of the invention.
Figure 6 shows a cross sectional view of an enbodi nent where the doping

| evel s the doped depletion region, substrate and SD regi on have created a
depletion region (600 --- grey region) the extends fromthe S/D region to
t he doped depletion region. Figure 7 shows a cross sectional view of an
enbodi ment where the doping | evels the doped depletion region, substrate
and Sin region have created a depletion. region (700 --- grey region) that
do not fully cover all the region 702 between the SI Da;g%iﬂo{gfian%éltwhe doped
depl eti on ' ' O QreSEeslbeir ¢ cahtiersd clentomdi e Fug

i nventi on.Sre(ll?—‘(l%gd(ljdr%81e lglgl'té%i%gsEﬁ?how a fip;lurt h enbodi nent of the invention.

Det ai | ed DS_%%&ACBEﬁ_%ef&fablwﬁ% el espieidn EgihiedB 0 BetdopS lowly enough so that

the doped depletions regions 130 are fully depleted at zero bias. The doping concentration
of the doped depletion region 130 is selected so that the second depletion regions 130D

are “depleted” of carriers (electrons and holes). The second depletion regions 130D and
the doped depletion regions 130 reduce the junction capacitance (Cj) between the
source/drain regions and the substrate. Note that the second depletion region 130D and the
doped depletion region can be viewed as one entire depletion region that reduces the
junction capacitance (Cj) between the source/drain regions and the substrate.

Several embodiments of this invention will now be set forth in detail
with reference to the accompanying drawings below. Note that although the embodiments
below are drawn to n-channel metal insulator semiconductor field effect transistors
(MISFETs), this invention may also be applicable without any material alternations to p-

channel MISFETs with respective portions being replaced by those of opposite

conductivity types.

There are many options for the order sequence of the steps for forming
the LDD, S/D, Halo, threshold voltage /1 and doped depletion regions. Furthermore, the
process can include steps to dope the upper portion of the substrate (e.g., first doped region

131), especially in the area between the $/D 150 and doped depleted regions 130. For
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There are many options for the order sequence of the steps for formng the
LDD, & f.), Halo, -threshold voltage IIl and doped depl etion regions.
Furthernore, the process can include steps to dope the upper portion of the
substrate (e.g., first doped region. 131), especially in the area between
the SIT) 150 and doped depl eted regions 130. For exanple, field inplants
It inplants, hallo inplants can he perfornmed to dope the first doped region
131. These order of these step is only limted by feasibility.

The tabl e below list exanple process orders. O her steps can be perforned
in any order, such as field inplants, Vt. inplants, and hallo inplants Ac.

Table A ex3pk8ai-AGe5S chiLRIRIBRES spacihgbemieen the HoBadw@ldtion pgidnefset DD doped
depl etion don spacers on gate

e.g., figures §D-1, 8D-2 and 8D-3.)

First example embodiment

A. form a gate structure (109) over on a first conductive type substrate (100)
As shown in figure 1A, we provide a substrate 100. The substrate (or

well around the device) is doped with a dopant of a first conductivity type. The
source/drain regions, LDD’s and doped depletion regions are doped with the opposite
type (or second type) impurity as the channel region and substrate. The channel region is
preferably part of the first impurity doped layer (131) and may include the substrate. The
substrate can include n and/or p doped wells in the substrate around the S/D and doped
depletion regions.

To form a NMOS device, the channel region and substrate 100 are
doped with a p-type impurity. For example the substrate can have a boron concentration
between 1E17 to 1E19 atom/cc. Note the substrate 100 can be a p-well in a substrate
structure. Also, the top section of the substrate 100 can be an epitaxy layer.

To form PMOS devices, the substrate has n-type doping. For example
the substrate can be doped with As or P with a concentration between 1E17 to 1E19

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

11



Gate formati on doped depletion region EDD spacers on gate Gate formation
LOD Spacers doped depl etion region

The semiconductor substrate can be comprised of : silicon (Si),
germanium (Ge), gallium arsenide (GaAs), silicon-germanium (SiGe), and epitaxial
semiconductor layer-on-substrate materials.

Isolation regions 102, as shown in figure 1, can be formed at any point

in the process. Isolation regions 102 are preferably shallow trench isolation (STI) regions.

B. gate structure 109 and channel 122
Referring to figure 1A, we form a gate structure (109) over on a first

conductive type substrate 100.

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

Next, we form a conductive layer 108 on the gate dielectric layer 104.
The conductive layer 108 is comprised of polysilicon or metal and preferably has thickness

between 500 and 2000 A.

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

dielectric 104 and the gate electrode 108.

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

between 40 nm and 0.5 pm.

12



SID Gate ionnation LDD Spacers 5/0 doped depletion redon
For exanple, there are two enbodinents for the order of steps in the nethod
of form ng the doped depletion, region and the LDD regions. In a first
enbodi ment shown in figures IA 113,, 1C and 3A, the LDD regions (or
extension regions) 120 are fornmed before the doped depletion regions 130.
In the second enbodi nent shown in figures 2A 28, 2C and 3A, the doped.
depletion regions are forned before the |I,DD drain regions. in a third
enbodi nent shown in figures SA to RE, the doped depletion
A channel region 122 is under the gate structure 109. The channel
region 122 preferably has the same concentration or high concentration as the substrate or
well 100. Preferably the channel region preferably has a concentration between 1E15 and

1E18 atomy/cc.

C. perform a LDD implantation
Still referring to figure 1A, we perform a LDD implantation (or
extension region implant) by implanting ions being a second conductive type (opposite b
conductivity type of the substrate) into the substrate using the gate structure 109 as a mast
to form LDD regions 120.
For a NMOS device, the LDD implantation is preferably performed by
implanting As ions at a dose between 5E12 and 1E1S5 atoms /em?, at an energy between i

keV and 10 keV.

For a PMOS device, the LDD implantation is preferably performed by
implanting Boron ions at a dose between 1E13 and 5E15 atoms /sq-cm, at an energy
between 0.1 keV and 10 keV. The LDD regions can be anneal after the LDD implant or

after the S/D ion implant (I/I) or doped depletion region I/I.

13



regions are fornmed before the SiDregions. In a fourth enbodi nent shown in
figure 9A to 9E, SiD regions are fornmed before the doped. depletion
regions. In addition, nmultiple spacers can be used in obtain the correct
spaci ng between the dope depletion regions (see figures 8D-1, 8D 2 and

8D 3.) First exanple enbodinent A. forma gate structure (109) over on a
first conductive type substrate (100 As shown in figure |A,
we provide a substrate 100 The substrate (or well around the device) is
doped with a depant of a first conductivity type. The source/drain regions.
EDD s and doped depletion regions are doped with the opposite type (or
second type) fémpulddptdadedlbfos Pégioal 13CEpemeaththdssdysiratedefromitbechannel
region is preferably pact of the first inpurity doped |ayer (131) and may
i ncl ude the subgybliraith lgw,mtrate can include n and/or p doped wells in
the substrate around the S/'D and doped depletion regions. To
forma NMOS device, the, channel ds [ th a
p-type inpurity. For ex%ﬁ% ggg%ﬁ@twg?e c‘%é %Eﬂ %’eﬁg%u?r{g?ggﬂggrﬁl}tﬂr ation
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substrate s¥MREdRIR eSS, etlﬁ’é’ }9“§€ ﬁseé’f’n ﬁoél 8b ﬁpgsgm%ﬁgﬁs\({:}lg!ﬁ be an
epi taxy | ayer. To form Pl VI the as
n-type dopi WiRe beeate Eimpire 19hes ampy odpe & ‘?Peg Btbdé'cfe%ortl ‘3‘@2;& %{hlﬁnvvlth
concentration between 1E17 to 1E19 atonicc. Note the sbﬂL}Steggﬁ??EHﬁo can be
a. n-wel | | separatedBeony the soused/draingipgons. Preferably the implant is a { Bdftict or
substrate can he conprised of: silicon (Si), germanium (GO, gallium
arseni de ( Gath s atsamlangiohe@@m&ﬁndﬂrﬂiwe@lﬁtwﬁﬁd’eéﬁﬁk Brefeatbl %eﬁg%ﬂduct or

| ayer-on-substrate Ertaterials.
depletion region 130 not formed is under the gate electrode 108 or the channel region 122.

Preferably the doped depletion region has an second type impurity
concentration slightly higher than the total first conductivity type dopants in the substrate
between the doped depletion regions 130 and S/D regions 150 or (first impurity doped
region 131). Preferably the  doped depletion regions 130 have an impurity concentration
high enough to counter act the opposite impurity concentration in the substrate so that a
portion of the lightly doped depletion region 130 has effectively a net impurity
concentration between 1E16 and SE 18 atoms/cc. This portion of the doped depletion

region is electrically effectively an insulator (like a dielectric layer).

The doped depletion region can be annealed after the S/D implant
preferably a RTA at a temperature about 1000°C for less than 10 seconds.
For NMOS devices, the S/D and doped depletion region are doped

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



| sol ati on regions 102, as shown in figure 1, can be fornmed at any point in
the process. Isolation regions 102 are preferably shallow tench isolation
(SD.) regions. B. gate structure 109 and channel 122

Referring to figure A, we farma gate structure (109) over on a first
conductive type substrate 100. W forma gate dielectric

| ayer 104 on. a first conductive type substrate 100. The gate dieleettie

| ayer is preferably conprised of silicon oxide or a. high k material and
preferably had a thickness between 10 and 400 A. Next, we
forma L,onduetive |ayer 108 on the gate dielectric layer 1.04. The

conducti ve prafeblyeohfe CONRE Jﬂl q&s BOr 8 hil LJ3e G¥twomt 3E120d sEISf er ably
bas thi ckness bet ween 500 an 200 The conductive | ayer

108 and theat&ﬁy&n@hae!n?eﬂe&%fbét@y&r 1&%%@ spakternediop& depleibiregdhea 30
structure 109. The gate structure is preferably conprised of the gate

dielectric h t o tructure
109 and Ch faﬁl(g'chea%lgtia ﬁ&ﬁlg? g%lgg'g%i u;a\geewﬁfa%ﬁ ?f“ﬁe%‘eot%”ﬁ% ﬁlﬁ]ﬁlﬁ‘m U S um
A channel 8|on 12 % i S und r thi gate structure 109. The channel region
122 preferdB a?ﬁgdyﬁﬁg Z8/8eALr 4% on or hi gh concentration as the
substralLe or veil 100. Preferably the channel region preferably has a
concentration between IEISMAYdapes, ke dapadclepletion region implantation is

preferably performed by implanting Boron ions at a does between 5E11 and SE13
atoms/cm?2, at an energy between 50 keV and 200 keV. The doped depletion region 130
has a depth 136 below the substrate surface between 0.09 um and 0.7 pm and more

preferably between 0.24 and 0.55 um.

E. spacers 140

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

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

F. S/D regions 150

As shown in figure 3A, we form source /drain (S/D) regions 150 in the
substrate. The S/D regions are preferably formed using a S/D implant process by
implanting ions having a second conductivity type into the substrate using the gate
structure and the spacers as a mask. The S/D regions preferably have an impurity

concentration between about 5E 18 and 5E20 atoms/cc.
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C. performa LOD inplantation Still irefeffing to figure i A
we performa. IDD inplantation (or extension region inplant) by inplanting
i ons being a second conductive type (opposite conductivity type of the
substrate) into the substrate using the gate sfructure 109 as a nmast to
form LED regi ons 120. For a NMOS device, the IDE inplantation
is preferably perfornmed by inplamtig As ions at a dose between 5E12 and
1E15 atons ion32, at an energy between i ker./ and 10 key.

For a PMOS device, the EDE inplantation is preferably perfornmed by

i npl anting Boron ions at a dose between 1E13 and 5E1.5 atons isg-cm at an
energy between 0.1 key' Tand/TlfgkRy canlbteanhbded B0 RNA o€ aBpike amraeal after the
LED inplant mafter the SiE ion inplant (111) or doped depletion region D.

form a dopedgéeRlddireAnd<a0is N 1 &8mkepaald -endlaaparoat€eh 1 tomdebials; and
source/drai n regions As shoymin figure ID, we form

depletion d [ eqi 1 bel o ) i | od t ions
bei ng t he sggﬁ%ﬁ“@%ﬁggc Oi égori a%ﬁ%tvﬁ'%get%ﬁzdgggﬁz({%?é gqbfgaﬁ%a(}%n\gﬁgt%{%%b?ﬂct ure
109 as a naz% to forma doped depletion region 130 beneath and separat ed
fromthe 'so 9@fﬂ¥$@ﬁ4ﬁ@§P€%s. Preferably the inplant is about vertical

impl ant such as at an angle between O and 7 degree relative to vertical.
Preferablly, a doped depFetN¥9S éayiass tha®/Dhigwlanbispeaferably paefernedy gat e

el ectrode 108 or the channel region 122. Preferably the
doped depl etimphntirggAoanihé4s)an Respimdust (FPpens mpudost hetgearcerivriat Ebh slightly

hi gher than the total first conductivity type dopants in the substrate

bet ween t'he athméoh’ce ph efdrgnbetegirnitike ¥ 30d a6ick VSITR: §&yicgios ptcferably haf i r st
impurity doped region 131). Preferably the doped depletion regions 130 have

an i npuri:t y ngeaeen teak B&@w'ﬂiegﬁbﬁfh%lﬁlﬁ‘fa&@om%ﬁb.oaf%n iws ppposite inpurity
concentration in the substrate so that a portion of the li1ghtly doped

depl etion region 130 hag,effie&tdevely ud gzg:iﬁ'g%ggﬁ%égg?ﬁ%rﬁéawn bet ween

1E16 and 5E 18 atons/cc. This portion o ete region is

ol ectri cal | B! LYl Yoot J ASULALRL, 16 12 AhEREERD! G hBAEE) beween

The doped depfetion region can be anneal e after the

T N o R L

For N vi OS devi ces, are doped with a

n-type second conduc¢tivity dopant. The doped depletion region inplantation
is yp substrate sur%ace o% be¥weenp0.04} pm to 8.5 an) P g P ;

G. doped depletion region 130 and depletion region 130D
As shown in figures 3B and 3C, a depletion region 130D is adjacent
and around the doped depletion region 130. Also, a S/D depletion region 150D is adjacent
to the S/D region 150. The depletion region 130D and S/D depletion region 150D are
depleted of carriers. Doped depletion region 130 is also depleted of carrier and can be

visualized as one whole depleted region which reduce junction capacitance.
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preferably perfornmed by inplanting As or P ions at a dose between 5E12 and
5E13 al onsl en2, at an energy between 100 keV and 500 keV. The doped

depl etion region 130 preferably has a depth 136 bel ow the substrate surface
between 0.09 Lni and 0.7 pm and nore preferably between 0.24 and (155 m
For EMOS devices, the doped depletion region inplantation is preferably
performed by inplanting. Boron iollS at a does between 5E11 and 5E13

atonsi cnR2, at an energy between 50 keV and 200 keV. The doped depl etion
region 130 has a depth 136 bel ow the substrate surface between. 0.09 um and
0.7 p.manﬂ_’rg)rei &;ef erably between 0.24. and 0.55 SATI. E spacers 140

As shown ‘i n*-fASRiFECN €FIQBSf or m a spacer 140 on a side,,vail of the gate
structure 109. The spacer 140 preferably has a thickness between about 400
and 1200'A. F. 3/0 regi @nslisbfted in figure 3C-1, depléonahgivms ardrrepiogtiwierdfe we form
source /drain (SID) regions 150 in the substrate. The SID regions are
preferablly tiufiegde pstBgrons ShdhdleghR@eplploCEsSexiiyiplePdaphttioh gegiodris fdraed Ng a
second conductivity type into the substrate using the gate structure and

t he spacer saesNaypd gk P-t/Pejulbidn 1IR8ILAS nhe h@rahby. HaRY 8-t@R/J- P& unb o
concentration be%’pween ab-cggtJ 5E 18 and 5E20 a?o@n%/cc, Rt nzl'he SiD
[ egi ons candieianniah ftbduhil, KifhiAlonesifl tl) AYREAL ar Ayihie £RE vifolie

anneal is (1) T fromabout 600 "C to about 1100C. int to 2 seconds; and
(2) maintai gjzat,1100C for about 0.5 sec.; and (3) |ower tenperatu.ce
fornl100C to ab%ut 600C 'in about 4 seconds. For :1\3, 40S

devi ces, the Si D ;npl anty;] ef er abl erforped by .. ant i Arsenic
(As) or Phosphorus (P) it‘l&girl]l:log’%rné. P %?)rsae/' eefi S%E%c%ﬁi%a%lg%%p !’fﬁ glrlﬁe§f<°rrr12, at

an energy bgt \f@@en 50keV and 80keV. The SiD region preferably has a nmaxi num
dept h bel ow Th s‘ﬁ’ﬁigf‘rate surface of between 0.04 umto 0.5 nin.

For the embodiment show in figure 3B, there are two P/N junctions: a
first junction 200 between the S/D 150 to substrate (first doped layer 131) and a second
Jjunction 202 between the substrate (first doped layer 131) and the second doped region
130.

Due to the lower doping concentration of the doped depletion region
130 compared to the S/D regions 150, the depletion region 130D is wider than that of the
S/D depletion region 150D. By manipulation of the dopant concentration of S/D, first
doped region 131 and the doped depletion region 130, the doped depletion region 130 can
be fully depleted. The doped depletion region 130 is fully depleted due to the merging of
the depletion at junctions 202 204.

To the lower the C; (junction capacitance), the S/D depletion region

150D and depletion region 130D can be adjusted to meet or not meet. As shown in figure
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For Plvi OS devices, the SIDinplant is preferably perfornmed by inplanting
boron ions at a dose between 5E14 to 1E16 atons/d 132, at an energy between
50keV and 80keV. The S/ D region preferably has a nmaxi rum depth 152 bel ow
the substrate surface of between 0.04 p.mto 0.5 pm G doped depl etion
region 130 and depl etion region 1300 As shown in figures 311
and 3C, a depletion region 1301) ;s adjacent and around the doped depl etion
region 130. Also, a SID depletion region. 150D is adjacent to the S/D
region | 50 _ The depletion region 130D and SI D depl etion region 1501) are
depleted of carriers. Doped. depletion region 130 is al so depleted of
carrier and eau be visualized as one whol e depl eted regi on which reduce
juncti on (capa; itedN0 depletidn relgiph €50Ibmay agfijansvith depletion region 1301AsA§ shbwstir at ed
in figure 3C-1, depletion regions are regions where the carriers (e.g.,

el ectrons anmuhole e SDRlcplepdElegdn 150D nry jotpheh daplditpl regibom3tizgi on i s
formed at a. N-type and a P-type junction between art and a p region. For a
n-type/ p-type junction, piuignstwiiitalte rithid widenipgbendrioating adetdioatégion. r egi on
will be fornmed at equilibriumeven w thout biasing Wth | ower n-type or
p-type dqpi RPJIGOREENUEAL %r@t%ﬁ%iag,eﬁle%E%@tﬁbnrrﬁgbm 500und 1B6D WiodBIbecome

For the enbodi nent showin figure 3B, there are two PIN junctions: a first
junction;20%vgg&§g n the S/D 150 to substrate (first doped | ayer 131) and a
second junction bet ween the substrate (first doped |ayer 1.31) and Me
second doped region 130

: . Dy [

concentrdtion of the doﬁgéh%vé%}nefé%eﬁ 3rBegl o?’ %éﬁ%grfar%g)\ré? e?%&taﬁgedy D regi ons
150, the dep] etjon regqi 30D.is_w der_than t of t.he.Si\D._depletion
regi on 1501.‘1!)"1.’ P rﬁ%fﬂgb)gq] %P[]q tg%S)(])f regias !ﬁ?a@lg"é%%gg%%rg PBh 3fca§?) B first
doped region 131 and the doped depletjon regi on 130 hgﬁgo d depl etion
regi on 130 céﬂﬁﬁ@?ﬁﬂppynﬁﬁﬁF@P@gﬁngéhﬂggﬁﬁgdgﬁngi8H£? BE%fﬁgpﬁg fatly
depl eted due to the nmerging of the depletion, at |unctjons 502 204.

) concentration of the doped depletion region 130, substrate doping 131 and distance from

) the S/D regions 150 to the doped depleted region 130.

d In the depletion regions 130D, the net concentration of
i carriers/impurity is low and therefore the depletion regions 130D and doped depletion
t regions 130 isolate the S/D regions from the substrate. The depletion region 130D has a
' net impurity concentration of the opposite conductivity as the S/D and doped depletion
1 region.
The first doped region 131 can have a height 134 between 0.05 pm and
0.2 pm (microns).
The doped depletion region 130 preferably has a height 132 between

0.05 and 0.3 microns and has a depth 136 between 0.09 and 0.7 microns below the
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To the lower the C3 (junction capacitance). the Sit) depletion region 1501)
and depl etion region 1.30D can be adjusted to nmeet or not neet. As shown in
figure 1313 he SID depletion region 150D may not join, with depletion
region 130D. As sho in figure 3C, the S/ D depletion region 150D may join

with depletion region 130D Biasing wll also result in

wi dening or narrowing a depletion region. under normal device operation

bi as, the depletion regions 1501) and 1301) woal d becone even wi der.

As shown in figures 38 and 3C, the substrate between. the doped depletion
region 130 and the SD regions 150 (e.g., first doped region 131) can be
"depl eted” when there is no voltage on the SID and substrate. it depends on
t he dopi ngsemaeesttfati The dimchiien dopbgingepitstdoped deplstionrez80, 138 gbpandabe
dopi ng 131 and distance fromthe S/ D regions 150 to the doped depl et ed.

regi on 1304factdis §UkR adl@pliehhdbgy ege andsub36dd dofisg.net concentration of
carriers/inpis low and therefore the depletion regions 130D and doped

depl etion regions 130 iTs@taHcentakien S \Be EaGiran Sefwcamht BO sibatdlghdy The

depl etion region 1301) has a net inpurity concentration of the opposite

conducti vi iy éa%ebl'aﬁo ?nd17ineed réenl £ Wpréieﬂtb@rbet\%hﬁ 1E16 &id dryged regi on
131 can have a hei ght %34 bet ween 0. 05 pm and
atom/CC. Implants, such as Halo, threshold voltage implant, punchthru implant, etc. can
be used to change the concentration of the substrate between the S/D 150 and lightly doped
depletion regions 130 (e.g., region 131).

Note that the total width of the depletion region 130D is controlled by
at least two factors. First, the width is controlled by the concentration doping of the p-type
and n-type regions, (Concentration of the S/D 150, the substrate 100 and the doped
depletion region 130). Second, the width is also controlled by the voltage potential, Vo,
which is caused by the electric field in the depletion region. This electric field is made
stronger when an external voltage source is used to reverse bias the junction.

As shown in figure 34, in embodiments, doped depletion region 130 is
not a n-well or p-well. Also, the doped depletion region are not designed to create more

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

oxide) is below the doped depletion region as in a SOI device.
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01 pm (m crons). The doped depletion region 130 preferably
has a hei ght 132 'between 0.05 and 03 m crons and has a depth 136 between
0.09 and 0.7 mcrons below the substrate surface. The di mensi on and dopi ng
of the doped depletion region 130 depend on factors such as the technol ogy
node and substrate doping. The concentration of the substrate
between the S/D 150 and |lightly doped depletion regions 130 (e.g., region
131) is preferably between 1E16 and | EI 8 atornl CC. Inplants, such as Hal o,
threshold voltage inplant, purichilarti inplant, etc. can be used to change
the concentration of the substrate between the 810 150 and |ightly doped
depletion regions 130 (e.g., region 131) Note that the tota
width of th Leti gion HOD is controlled by at |east two factors.
First, the sfgﬁﬁeﬁ%b@@ﬁ%?olled by the concentration doping of the p-type

and n-type regions, (Concentratjion qf e, Sl 0, the and
the doped depl etion redh O%H‘lﬁg‘g‘g‘g&ég %‘ﬁgn%/\#‘g’ttﬁ?d?%“?#@%%%%@?%?&ed by

the voltage potential, Vo, which_ is caused by the electric fiehd in the
depl et i on regpefermyhpefors|tachkl gegions g2 egws(%ﬁ&ge?“ RS ER 8T nal

vol tage source is used to reverse bias the junction. As shown
in figure 3 peifomediedésvsbrdsborinder eiAngodBreiégi on 130 is not a n-wel | or
p-well. Also, the doped depletion region are not designed to create nore

abrupt or shal |l over S/ Digeg?énkowsthstyrmaipregfiserigatestusiurg 9 preferably

isolation/dielectric layer (e.g., oxide) is below the doped depletion

regi on as idan@riSicl a dete idiptectricSéé andla extb elditmeiatl 08. As shown in

figures 2A, 2B, 2C and 3A, the doped depletion region 130 can be fanned

before thei LD regions it thédopss dgldien wgien El0as &dmiethby pr ouBay perceg3ss can
described above.

Referring to figure 2B, LDD regions 152 are formed by in implant

process as described above.

As shown in figure 2C, spacers 140 are formed on the sidewalls of the

gate structure 109 as described above.

As shown in figure 3A, source/drain (S/D) regions are formed by an
implant process as described above. The anneal for the implanted regions is preferably

performed after the S/D implant.

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

processes are similar to that described above in the first and second embodiments.
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be perfimed as descri bed, above in the first enbodi nent.
Figure 2A shows Ilie formation of the gate structure 109 preferably
conprising a gate dielectric 1.04 and a gate el ectrode 108. Next, the doped
depletion region 130 is thmed by an inplant process as descri bed above.
Referring to figure 2B, UMregions 152 are foned by in inplant process as
descri bed above. As shown in figure 2C, spacers 140 are
formed on the sidewalls of the gate structure 109 as descri bed above.
As shown in figure BA, source/drain (S/D) regions are fornmed by an inpl ant
process as described above. The anneal for the inplanted regions is
preferably perfornmed after the SID inplant. Third Enbodi nent
In a third enmbodi nent sFigwme 8iArshoWi ggate str@Aurt ¢e.8asrmhd gewclkidléntul)iforntedbl e A,
colum 3, the doped depletion regions are forned before the S/ D regions.
The processe&raii®trsteni | ar to that descri bed above in the first and second
enbodi nent s.

Figure 8B shows a LDD region implanted into the substrate.

Figure 8C shows spacers formed on the gate sidewall.
Figure 8D shows dope depletion regions formed by an implant process.

Figure 8E shows S/D regions formed by an implant process.

Multiple spacers aspect
Figures 8D, 8D-1 and 8D-2 shows aspects of the invention where two or
more spacers can be formed on the gate structure to increase the spacing between the

doped depletion regions.

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

where one spacer is used.

Figure 8D-2 shows a third spacer formed on the second spacer. Then the
dope depletion regions are formed using the gate, first and second spacers as implant
masks. The spacing X3 between the doped depletion regions is larger than the spacing X1

(figure 8D) or X2 (figure 8D-2).
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Figure 8A shows a gate structure (e.g., gate and gate dielectric) forned
over substrate. Figure 8B shows a |I,DD region inplanted into the substrate.
Fi gure 8C shows spacers formed on the gate sidewall. Figure 8D shows dope
depletion regions forned by an inplant process. Figure 8E shows str)
regions formed by an inplant process. Miltiple spacers aspect

Figures 8D, SD-I and SD-2 shows aspects of the invention where two CT nore
spacers can be fornmed on the gate structure to increase the spacing between
t he doped depl etion regions. Figure 8D-1 shows a second
spacer fornmed on a first spacer. Then the dope depletion regions are forned
using the gate, first a. d second spacers as nmasks. The spaci ng X2 bet ween
t he doped depl eti on regilernpadcss dafigedast bravhatdechs gacinpg hetkieer( the dered SD) wher e
one spacer is used. Figure 8D 2 shows a third spacer forned

on the secomgletipasgions TAeMe thenaaggidaptteis 0 twedomdsiepletor ogiomteusi ng t he
gate, first and second spacers as inplant masks. The spaci ng X3 between the

doped depl efjh QP8O N%id Baled E#Ghort BRAndI R SRBCEN Ghith if fddtiFBlBRbreor X2
(figure 8D 2).
serious. Therefore, one advantage of using multiple spacers to increase the spacing
between the doped depletion regions, hence reducing short channel effects.
In addition, the S/D implant can be performed with one or more spacers

at 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

In 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 S/D regions formed by an implant process.

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

process.
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The spacers can increase or change the spacing between the doped depletion
regions. As the channel length shortens, the two doped depl etion regions
get closer together. This makes the short channel effect (SCE), which is
undesirabl e, nore serious. Therefore, one advantage of using nultiple
spacers to increase the spacing between the doped depletion regions, hence
reduci ng short channel effects. In addition, the SAD i npl ant
can be perfornmed with one or nore spacers at any step in a nmultiple spacer
process. This allows tailoring of the spacing between the SID regi ons and
bet ween the doped depl etion regions. Fourth Enbodi nent In a
fourth enbodi nent shown in figure 9A to 9E, SID regions at forned before

t he doped degyﬁﬁkon regions. Figure 9A shows a gate structure (e.g., gate
and gate dielectric) formed over substrata Figure 98 shows a LADD region

inplanted into the substrate, Figure 9C shows spacers fo on the gate
si dewai | q Figure 91) shoWBrSHbisegrehd SFRESoB .ngﬁ“‘?"rﬁpé[‘gtet‘gﬁlél?égé’,‘ls Fi gure

9E shows the dope depletion regions fornmed by a inplant . )
iy 6/6’ in figure 3A for a NMOS device according to an embodiment of the invention.

t  The profiles taken in figures 4A and 4B used a P implant with a dose of 8.5E12 atom/sq-

v cm and an energy of 150 Kev to form the doped depletion region 130. Note that the

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

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

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

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

Figure 5A is a graph of an active concentration profile taken along axis
6/6 in figure 3A for a PMOS device according to an embodiment of the invention. The
pMOS has a 0.18 pum channel length.

The profiles taken in figures 5A and 5B used a B implant with a dose of
1.1E12 atom/sq-cm and an energy of 120Kev to form the doped depletion region 130.

Figure 5B is a graph of a net doping profile taken along axis 6/6’ in
figure 3A for a PMOS device according to an embodiment of the invention.
The y scale is the distance from the substrate surface. The vertical axis gives the net

doping. The negative sign implies p-type while the positive sign implies n-type. The S/D
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process. G aphs Figure 4A is a graph of an ac 7e.
concentration profile taken along axis 6/6' in figure 3. A for a NMOS devi ce
according to an. enbodi nent of the invention. The profiles taken in figures
4A and 48 used a P inplant with a dose of 8.5E12 atonilsocm and an energy
of 150 Key to fom the doped depletion region 130. Note that the
concentration of the Phosphorous (P) (2'd conductivity type for NMOS) is
chosen such that it is above the substrate background doping (i st
conductivity type) (e.g., the first doped | ayer 131 concentration). The
NMOS has a 90nm channel | ength nMOSFET. Figure 48 is a graph
of a net doping profile taken alorig axis 6/6 in figure 3A for a NMOS
devi ce accqrdi e, ' | ' ut 1E 20/CC (offthe Fi gure
5A is a gr g%%b}g&%%“gg?%\%&g%ﬂ%en ?grtltih%%ogér%f&i&lidgqﬁgk%n al ong (:(IXi s 6/6" in
figure 3A fg&g 1§ PMOS devi ce according to an enbodi nent of the invention.
The phl. 08 #7a. 01% pm channel | ength. The profiles taken
in figures SA and 513 ed B i nplant wt . so-cm and
an energy of 120Kev tolﬁ%}‘r?ngf}hoé"s ope Sglce%)lngtvi%eo‘g\&rs%gﬁ obﬁalf%%%h%%y
Figure 58 is a graph _ of a net doping profile t n_al ong axi /6" in
figure 3A fdtsﬁ’PmﬁWQ%SthﬂétWeééi%ﬁleﬁ(Bfr&glﬁﬁ’ TGS %'tha)%@irﬁ%%lf %F C{eﬁﬁ:}edi@lnventi on.
The y seale is the distance fromthe substrate surface. TFe vertical axis
gi ves t he rispletiepieayn (e ﬁé@%}%éﬂ@ieﬁﬁna P e #btr%%“\% TeRfe positive
sign inplies n-type. The SiD

depletion region.

Figure 7 shows a cross sectional view of an embodiment where the
doping levels the doped depletion region, substrate and S/D region have created a
depletion region (600 — grey region) that do not fully cover all the region between the 5:
region to the doped depletion region. The NMOS device is figure 7 was formed using 4
dose of 1E13 atom/cc, 155 KeV P implant to form the doped depletion region beneath the

S/D.

Examples
The table below compares a conventional NMOS transistor (no doped
depletion region) with a NMOS transistor formed using a 1E13 atom/sg-cm, 155KeV P

implant to form a n-type doped depletion region.
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region in figure .511 is actually p -type with a concentrati on of about 1E
20/ CC. (off the graph). Figure 6 shows a cross sectional view
of an enbodi nent where doping | evels the doped depletion region, substrate
and SI D region have created a depletion region (600 grey region) the
extends fromthe SID region to the doped depletion region,

Figure 7 shows a cross sectional view of an enbodi nent where the doping

| evel s the doped depletion region, substrate and Sff) regi on have created a
depletion region (600 grey region) that do not fully covet all the region
between the S; region to the doped depletion region.. The NMOS device is
figure 7 was formed using a dose of 1E13 atomi ce, 155 KeV P inplant to form

t he doped etion.. regj d ed to conventional TXN€
tabl e beloaﬁg%%%§%8$“§%g%ﬁ@%n ?gﬂ%ﬁmﬁﬁﬁgﬁgggﬁg?gﬁgé éno éﬁﬁggmdgbletion
region) w AS-t+anststor—+

VIOS f 3"n~‘d ysing—a LEL3 -so-cnm 155KeV] P

i mpl ant t o YBPME a- t ype doped daBF@?FW%mFegig%pvg#gb%g?iEnbodinent's MOS
Tx wi th doped _depletion-regi-oncopppar-ed-to—conventional—TFXthe—juno—<¢it
ul ce bet weeh @dUF Gétdim™m and subbs-00 E-08 2

cap. between S/D and substrate
Cj @ 1.2 ((F/sq-cm) 3.43E-08 1.3E-07

cap. between S/D and substrate

Cj is the junction capacitance between source/drain and substrate.
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The tabl e above shows the ci (z-.P OV and the § @1.2 V is reduced for the
enbodi nent. The enbodi nent's doped depl etion region 130 reduces the G
because the of the overall increase in depletion width (e.g., 150D 130D)

i ntroduced by the doped depletion region 130. This is an advantage because
the width of the depleted region 1301) and the width of depl eted doped
region 130 adds on to the SID depletion region 150D beneath the
source/drain junction thereby increasing the total depiction w dth. Note,
before the introduction of the depletion doped region 130 (Le., nornal
MOSFET), the depletion region is only give by the SID depletion region
1501). The enbodi nent's additional doped depletion region 130 and depl etion
region 1301) thither -TJgase the efif et @oRl HlinQT/I@i00ss RBcted educe G .
The equation for G is-ligi own erow0 g ez% ) t wherej;@t is the depletion
region thi gkness, . Ak Sork D8n84 1dpel Sef1Btfonl HAG] | DeGRBAGL (B BEGuREkCEN
sour ce/ dr aicdﬁ(ﬁee d’dlsrflj%%‘tsrrhgte%lpg&%%nﬁsde?ﬁ?aees ofruggnbodi ?rents dg:ged depl etion
regions 130 _only under Sin regi.ons.and n el 8ed

In a pref erorfgllf %ﬁrﬁﬁé‘fcﬁ%ﬁetmcgf’&?h%n%@é&t%”gtr??ﬂgg&g%gﬁmﬁaﬁ%dfk{ygur&eH}:e%A, t he

? 28?2 n d i Fz) |2 %tellnlg{i]orI r%giloxcl) r1]§ 0. lﬁgs grallln%dxllja% a%re bgcl,all:l)ser tﬁg {NIOJ&IS oﬁﬁg dé})%ted'%gﬁﬁ 1 %ﬁm nel

and the width of depleted doped region 130 adds on to the S/D depletion region 150D
beneath the source/drain junction thereby increasing the total depletion width. Note, before
the introduction of the depletion doped region 130 (i.e., normal MOSFET), the depletion
region is only give by the S/D depletion region 150D. The embodiment’s additional doped
depletion region 130 and depletion region 130D further increase the effective depletion
regions and reduce Cj.

The equation for Cj is shown below:

Cj= (eA)/t

where:
t is the depletion region thickness.

A is the area
Cj is the junction capacitance between source/drain and substrate.
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In an alternate design, the doped depletion layer is formed as a conti nuous
| ayer under below the SLID and under the channel. However, this continuous
doped depletion | ayer m ght provide an alterative for current flow under
hi gh biasing at the drain. Thus this alternate design would have reduced
breakdown voltage. In contrast, in the preferred enbodi nent's devices, the
doped depl etion region 130 not fornmed wi der the channel and therefore the
doped depl etion regions are spaced apart:, and the Bl11l,6 is higher.
Below is a table in sinmulated results conparing (NMOS) (1) (as shown in
figure 3,) the doped depletion regions 130 only under 5Th regions and not
under channel region 122 and (2) an alternate device with the doped

depl eti on ae@iyQBstdydelr enBodiREnPRS d8ped depletivanegioncti®anlhandeat®ibs t he
enbodi nent’' s Breakdown vol tages are higher which is an advaringe. Tabl e:

Br eakdown vol ta%giéﬁya?&nbfuh%r?‘ﬁéﬁﬁél%ém ied at the drain that results

in a specific anmount of current flow fromthe source to the drain (while

keepi ng the gate el ectrode grounded or at._ a.CV bias This-1 S e.vol t age
above whi ch the device &P ?E‘?dcfé‘?eb@&mf%‘t REYE VB R sggv\nnmdﬁﬁ“ t %)R the
unaccept abl e | eakage current formthe source tg t he drgin.lThe q?gdinent's
hi gher Bl brdprréenlgionregienst Ae opfawpde 3 regipns apd e Bfer eyl ©&1°0il¢e a hi gher
bi asing applied. to the drain, giving the rise to higher_and better
reliability. In an ajtenatel designe et frped ABRITHOREHET | TOIBIFEES epi ct i on
regions 130 do riot have self heating conpared to SOT device.

The above exatiphes lahowslesbeprvothe SED afd fusteniha ghanpEowevar.chissaRfimgus doped
depl etion region below the SiD regions. Any procss can be used to formthe
FET, i ncl udiopgd Hégetipatieyesinight proviele amdltérhievedfbodientsfivvs ugeehigb biasingiat el t o
the illustrated nmethods. For exanple, many processes can al so be used

i ncl udi ng i divar Seugdiselpmee dssaswouldihsedeSice) bpakiesisioltege, In contrast, in I n
t he above description nunmerous specific details are set forth in order to
provi de a nRE grefdiRURUBbdiHRERY &vanditngdoptd tdptetiphestst 130moefirinedundet thei | | be
obvi ous, however, to one skilled in the art that the present inve.ntion my

be practi ceghaid hatthelhBste dRbAI depletion rélidiRlard Heicanpas anivHel B KNG MigHF.0CESS
have not been described in detail in order to not unnecessarily obscure the
present invention. Below is a table in simulated results comparing (NMOS) (1) (as

shown in figure 3,) the d'oped depletion regions 130 only under S/D regions and not under

channel region 122 and (2) an alternate device with the doped depletion regions under S/D

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

higher which is an advantage.

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, aMOS) | 3.0 2.6

(volts)

BV (pMOS) | -44 4.15

(volts)
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Whil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by
those skilled in the art that various changes in formand details may be
made wit hout departing fromthe spirit and scope of the invention. It is
intended to cover various nodifications and simlar arrangenents arid
procedures, and the scope of the appended cl ains therefore should be
accorded the broadest interpret4tion so as to enconpass all such

nodi fications and sim |l ar arrangenents and procedures. Wlat is clainmed is:
| . A sem conductor device conprising: a sem conductor substrate
havi ng a surface; said sem conductor substrate being doped with a first
conductivity type inpurity; the top portion of said sem conductor substrate
is conprised of a first doped |layer of a first conduc vi type; a gate
structure over the surfmeg&dedn sdidde BV LofkURlae Siphiat atalicairais diatregaltse
structure conprising a gate dielectric layer and a gate el ectrode;

sour ce/ dr aiyn, LegifNSndufl §RuHeRIMCRNA Ulstircs LSS BAIE(h: kppasehegth ot her
with a channel  region laterally residing therebetween at a | ocation

i mredi at el y, 1&?—?@%@1}.{?@% dr gate ﬁgg).;ﬁ%iyfs%e vold@Pashve aplatiicanrvicedg ons of a

second conduc e I n sal irst doped of a first conductivity type
under said source/drain reqi ; daeplbet i

) : Oty 1 ELUrRA: HoRHRABWAE & the
deternlned(?ﬂm?%%ﬁ?ﬁ?vpggﬁggﬁiraufg%wgﬁ%itggﬁknegs to ensure that this

Layer 1[5 Tully depleted due 10, DULLLG T POLERLSl: .55 Abhe LRRD sai

substrate

a higher biasing applied to the drain, giving the rise to higher and better reliability.

In addition the embodiment’s doped depletion regions 130 do not have

self heating compared to SOI device.

The above examples shows a process of forming a FET device baving a
doped depletion region below the S/D regions. Any process can be used to form the FET,
including the gate structure and the embodiments are not limited to the illustrated methods.
For example, many processes can also be used including inverse gate processes, raised
S/D process, etc.

In the above description numerous specific details are set forth in order
to provide a more thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art that the present invention may be practiced without these
details. In other instances, well known process have not been described in detail in order

to not unnecessarily obscure the present invention.
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wher eby sai d doped depl etion regi ons reduce the capacitance between the
source/drain regions arid the substrate. 2. The sem conductor device of
claim1 which further includes said doped depl euo regi ons under said
source/drain regions, but not under said channel region. 3. The

sem conductor device of claim1 which further includes LDD regions that
extend from said source/drain regions toward said charnel region; said LDD
regions being lower in inpurity concentration and shallower in depth than
said source/drain region. 4. The sem conductor device of claim1l which
further includes depletion regions and SID depletion regions adj acent said
doped depl eti on regi ons and--between said source/drain regions; and

sai d doped depl etion rQg#ﬂgﬁgﬁﬁ%ﬁk&ﬂhgbgﬁ@ﬁﬁ&mﬁﬂyQﬁﬁﬁﬂﬁﬁi@@%@ﬁﬁWﬂ@t

i mpurity concentration Irst conductivity type. 5. The

sem conductoy device of .claim1 . which furth [ [ gi ons
bet ween sairﬂ{eéfﬁ‘ﬁ‘? @é?%?rﬁfeﬁe‘?élg‘}’%%@elgﬁgwgegf’cljt ‘ﬁgé’égﬁ %%%?‘Z‘% Fggﬁbge;%?%%? sai d

depl etion regions have a net .ippurity concentratiaon.o 7

conduct i vi tthe e fet vasigpgchaRgs @é&?‘ﬁﬁ%‘“ﬂg‘%‘”g eevflt}foﬁrlf)%‘lrhgp{}&gg%‘c%%t ration
between 1E16 to 1E18 atomicc.., 6. The %fniconductor qséigfngém%lahgl 1
whi ch f ur t Heiritiané sogpeef haingeripedt HERTEET BIFOY EJFonE ARG Thpurity
concentration so that the built-injunction potenti?L bq% en ﬁajg doped
depl etion reegngmeenssradd peospdires, st tha sewpe ot he JRRSPIS SIS FEETEHSITHI b
substrate between the source/drain regions and the doped depl etion_region,;
sai d depl etdcosrdedtyi braddsamerpretaton sanste propmpati el seshappficaont #d sppfag
conductivity type. 7. The sem conductor device of claim1 which further

i ncl udes sairgingopsc Heptetdwes. regi ons have a inpurity concentration so that
the built-in junction potential between said doped depletion regions and
said substrate forns depletion regions in the substrate between the
source/drain, regions and the doped depl etion region; '
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sai d depl etion regions have a net inpurity concentration of the first
conductivity type; sai d depletion regions have a act inpurity
concentration between 1E16 to 1E18 atonicc. 8. The sem conductor device of
claiml which further includes one or nore spacers on the sidewalls of said
gat e str Whaisclaimed is:

1. A semiconductor device comprising:

a semiconductor substrate having a surface; said semiconductor substrate
being doped with a first conductivity type impurity; the top portion of said
semiconductor substrate is comprised of a first doped layer of a first conductivity
type;

a gate structure over the surface of said semiconductor substrate; said gate
structure comprising a gate dielectric layer and a gate electrode;

source/drain regions in said semiconductor substrate to oppose each other with
a channel region laterally residing therebetween at a location immediately beneath
said gate structure,

doped depletion regions of a second conductivity type in said a first doped
layer of a first conductivity type under said source/drain regions;

doped depletion regions are determined in impurity concentration and
thickness to ensure that this layer is fully depleted due to a built-in potential creatable
between said substrate and doped depletion regions;

whereby said doped depletion regions reduce the capacitance between the

source/drain regions and the substrate.

2. The semiconductor device of claim 1 which further includes said doped depletion

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

3. The semiconductor device of claim 1 which further includes LDD regions that
extend from said source/drain regions toward said channel region; said LDD regions
being lower in impurity concentration and shallower in depth than said source/drain

region.

4. The semiconductor device of claim 1 which further includes depletion regions and
S/D depletion regions adjacent said doped depletion regions ard-between said
source/drain regions: and

said doped depletion regions and; said depletion regions have a net

impurity concentration of the first conductivity type.
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5. The semiconductor device of claim 1 which further includes depletion regions
between said source/drain regions and said doped depletion regions; said depletion
regions have a net impurity concentration of the first conductivity type; said depletion

regions has a net impurity concentration between 1E16 to 1E18 atom/cc..

6. The semiconductor device of claim 1 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.

7. The semiconductor device of claim 1 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.

8. The semiconductor device of claim 1 which further includes one or more spacers

on the sidewalls of said gate structure.
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