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OF FORM NG Background of the Invention ##o/
The present invention relates, in general, to 5 sem conductor devices and,
nore particularly, to field effect transistors. A unil ateral
gr aded- channel insulated gate field ef fiect transistor (|<GKBD74pred a
channel region with a | ateral |y graded dopant profile. Typically, a
graded 10 channel region is fornmed under the gate el ectrode and

extends fromthe doped source region_a significant distanc er the
gate el ectrode int§E¥¥EPQQE§ﬂ9§ ¥§FEn$Tﬁ¢k?URE AHQVME@ﬁ?%‘ﬁ%é@W#ﬁQ&

"unil ateral" because the graded channel region is fornmed on only the
source side of the 15 device.g_ The araded c¢hanpel [« on uses a dopant of
t he sanme conductivity type —aslﬁﬁé—subsrT?ﬁT?TW—TéﬁqQ i n which t he
| GFET is forned, and&&h@reaentelnwznnxnnlngﬂaGQSprxn|QG£eral,vaoies gradual ly
froma mexi QUM LoRCRNRLLANGRY: e and, hBLETALE dillahecsopopy region to

a m ni mum coéncen atlon correspondi'ng to ground carrier
concentration (¢ﬁfeCt taensisti@¥es, the carrier concentration of the

substrate or A unilateral, graded-channel insulated gate field
effect transistor (IGFET) has a channel region with a
laterally graded dopant profile. Typically, a graded
10 channel region is formed under the gate electrode and
extends from the doped source region a significant distance
under the gate electrode into the channel region. The
device is described as "unilateral®" because the graded
channel region is formed on only the source side of the
15 device. The graded channel region uses a dopant of the
same conductivity type as the substrate or well in which
the IGFET is formed, and the carrier concentration profile
varies gradually from a maximum concentration at the
interface with the source region to a minimum concentration
20 corresponding to the background carrier concentration (in
other words, the carrier concentration of the substrate or
well). A graded channel provides several advantages
including higher carrier mobility, lower body effect,
higher punch-through resistance, and lower sensitivity to
25 gate length.
The device sensitivities of a unilateral, graded-
channel IGFET are significantly different from those of a
uniform channel IGFET and thus several problems associated
with their manufacture have not been addressed in the past.
30 VFirst, when forming a graded channel IGFET, it i1s sometimes
desirable to form the graded channel region using an angled
ion implantation, which is difficult because it requires a
masking technique having a low aspect ratio. Also, it is
often desirable to dope the gate electrode in the same step
35 as the source/drain regions, which is impractical when

using a photoresist mask for a sub-micron device due to ;Eeh9
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wel I'). A graded channel provides several advantages I ncl udi ng hi gher

Garrier mobility, lower body effect, hi gher punch-through resi stance,
and | ower sensitivity to 25 gate Iength The device sensitivities
of a unilateral, graded- channel | GFET are significantly different from
t hose of a uniforn1channe| | GFET and Rhus several problens associ ated
with their manufacture havé not been addressed in the past. 30 First, when
form ng a graded channel 1GFET, it is sonetines desirable to formthe
graded channel ion u an a |_ed n jnplantation, which is
difficult becéﬁ?%'eitPeéﬁvgeg 9 1¥ﬂ§§PFﬁgg

Fhnilgird ﬁ§§Fﬂ§1%PIQﬂN aspect
rati o. Al so, idnlys the d@&ﬁﬁnsﬂ@§ldﬁhm@ Hevilepe the gate el ectrode in the
sanme step 35 as t urce/ rai n regi ons ractical

using a photore3|sp§ﬁ%% fOFgSnSL&Pl %ﬁﬁhagg# %PQEﬁgﬁtamPﬁ 5SSl
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of channel region on the source side due to photoresist mask
misalignments. This problem is particularly acute when
several devices are coupled in series and minimally-spaced,

10 with a common source/drain region acting as the source
region of one device and the drain region of the second
device. When so minimally-spaced the common source/drain
region has a size corresponding to a design rule minimum
dimension, and the misalignment of the photoresist mask

15 used for doping the graded channel region on the source
side of the first device will permit some graded-channel
dopant to diffuse into the channel region on the drain side
of the second device.

Another problem encountered when using minimally-

20 spaced devices as discussed above is that a photoresist
mask misalignment can result in an insufficient surface
area of the substrate being exposed on the source side of a
device such that the graded channel region cannot be fully
formed. This source-limited diffusion occurs because there

25 is an inadequate initial supply of dopant due to the small
substrate area exposed on the source side of the device.
Accordingly, there is a need for an improved method.-of
forming graded-channel field effect transistors that
reduces the adverse effects of the several problems

30 described above.

Brief Description of the Drawings

FIGs. 1-9 are cross-sectional views illustrating
35 wvarious stages in the formation of a semiconductor device
structure in accordance with a first embodiment of the

pregent invention; Ty



t he Eate el ectrode by dopant intended for the graded channel region on
t he source side due to photoresist nmask m sal i gnnments. This problemis
particularly acute when several devices are coupled in series and

m ni mal | y-spaced, 10 wth a common source/drain region acting as the
source regi on of one device and the drain region of the second

devi ce. When so mninmally-spaced the common source/drain regi on has a
size corresponding to a design rule mninmum di mensi on, and the

m sal i gnment of _the photoresist mask 15 used for doping the graded channel
regi on on the E&FcellV~17 a%fe Frsergertitialuavrre Witsipating garaous
grgded-cha][melh stageﬁlozgﬁ(rjﬁhd Eotimbttss bﬂts?ézﬁiflﬁnahaﬂaﬁ:dé\ﬁig:iéyl ign thg SIVL ain
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phot or esi st inmeskion sarndgnnent can result in an insufficient surface
area of the:su ra i : e rc | of vi ce such
that the g?%deg§%ha%§éﬁ§ng?%ﬁﬂggngg gﬁégghﬁﬁﬁa Stg#%%%%dgg%ﬁfgrg?

sour ce- | i m t edgdpfedsshannslc seniberdusieox avd cesstrectird nadeggardannet i al
supply of dopagttHugn t@BdiBneiR! bf the SpRSIdrAt engkge; &xposed on the source
side of the device. Accordingly, there is a need for an inproved nethod
of form ng graded-channel field effect transistors that reduces the
adverse effects of the seRetailed didsend pBflondef cthdéxtagtioue.

Brief Descyiption of the Draw ngs FIGs. 1-9 are cross-sectional
views illustrating 35 various stages in the formation of a sem conduct or
devi ce st r uct ur €he reeesartddmyenti oh prdvidsts enbodprentd afettiod for

forming a unilateral, graded-channel field effect

transistor. According to this method, a gate electrode is
provided overlying a semiconductor substrate. A spacer is

15 formed adjacent to the gate electrode on the drain side of
the transistor, and a graded-channel doped region is formed
in the semiconductor substrate on the source side of the
transistor. The graded-channel doped region is aligned to
the gate electrode, and the spacer substantially reduces

20 the extent to which any graded-channel dopant diffuses
under the gate electrode on the drain side. After the
graded-channel dopant is introduced into the substrate, the
spacer can either be removed or used for forming a lightly-
doped drain extension region.

25 Another advantage of the present invention is the
ability to manufacture stacked, unilateral, graded-channel
semiconductor devices wherein the source of one transistor
is common with the drain of another transistor. Further,
the semiconductor devices of the transistor stack can be

30 asymmetric wherein the source end of the common source-
drain region is more heavily doped than the drain end of
the common source-drain region.

FIGs. 1-9 are cross-sectional views illustrating stages in
the formation of a stacked, unilateral, graded-channel

35 semiconductor device in accordance with a first embodiment
of the present invention. It should be understood that the

same reference numerals are used in the figures to denote
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F§Gs. 10-17 are cross-sectional views illustrating various stages in
the formation of sem conductor devices in accordance with a second
enbodi ment of the present invention; and 5 FIG 18 is a circuit _
schematic of a stacked, unilateral gr aged- channel sem conductor device
structure in accordance ‘with an enmbodi ment of the present invention.
Det ai | ed Description of the EXamAngs 10 The present invention
provi des an | oved met od for a unilateral, graded-channel

field effect et PENSi St ntﬁfccorggieﬁbf%ﬁa s BYe REdOT el e losdtr ode i s
provi ded overl pmny—ahamnbprﬂuﬁmrem&ubsmmé &ieﬁ@paeeaesérﬂl‘ia& MerRdn,

he t t d
adj acent Lo 1 hg.qapeleolioe 9 Lhe draln o deglyy o Lhe frangi gtér, an

a graded- chann dope bstrate
on the source ﬁubétéf:uth@ns of tdO@thstmpes:rh@t@radéd ghd ol cedered chagi on

is aligned §0 be made to the following described methods while remaining
within the scope of the present invention. For example, P-
channel devices can also be formed using the present
invention with appropriate changes in dopant conductivity
types.

10 In FIG. 1 a semiconductor substrate 10 is provided,
which is preferably silicon and lightly-doped to have a P-
type conductivity. An insulating layer 12 of, for example,
grown silicon oxide of about 100 angstroms thickness, is
formed on substrate 10 to provide a gate insulating layer

15 for the final devices. Gate electrodes 14 and 16, which
are preferably polysilicon, are formed on insulating layer
12. As is known, etching of polysilicon to form electrodes
14 and 16 typically thins insulating layer 12 in the
regions between electrodes 14 and 16. Gate electrodes 14

20 and 16 have a top surface 28 and sidewalls 30. If desired,
gate electrodes 14 and 16 can be minimally-spaced in order
to share a common source/drain region to be formed later.
Typically, no contact will be placed between gate
electrodes 14 and 16 when they are minimally-spaced.

25 In FIG. 2, a blanket, conformal dielectric layer 18 is
formed over insulating layer 12 and electrodes 14 and 16.
Dielectric layer 18 is, for example, a deposited silicon
oxide layer of about 100-200 angstroms thickness. Next, a
blanket spacer layer 20, which is preferably polysilicon

30 having a thickness of about 1,000-2,500 angstroms, is
formed over dielectric layer 18. Spacer layer 20 will be
etched next to form spacers.

Referring to FIG. 3, spacer layer 20 is
anisotropically etched to form spacers 22 and 23 adjacent

35 to sidewalls 30. Spacers 22 and 23 have bottom corners 26
distal from electrodes 14 and 16, and spacers 22 and 23

further have top corners 24 proximate to electrodes 14 and
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the gate el ectrode, and the spacer substantially reduces 20 the extent to

whi ch any graded-channel dopant diffuses under the gate el ectrode on
the drain side. After the gr aded- channel dopant is introduced into the
substrate, the spacer can either be renoved or used for formng a
l'ightly- doped drain extension regions 25 Anot her advant age of
the present invention is the ability to manufacture stacked,

uni | ateral, graded-channel sem conduct or devi ces wherein the source of
one transistor iIs conmmon with the drain of another transistor. Further,

the seni conductbr@®ed &8 BRrEaee (3andi dislectatk ‘Caethd 830 TRgate i c

wherein the sopidih &1 sphcbhe ZDrEAN 230UkCPreferaliiiifiabo:€g00N-9 S2 NOI e
heavi | y doped than the gr ai.n

d. of t.h -drai i on.
FlGs. 1-9 are TrOQRGecPREE Uritestoh (S PhPT Hy S LAYEE 1R 1o e Bs
formation of aasteitedtopni | Boertile pyedeeded heamne|wid3ires dietoatitioe or devi ce
in accordargce ﬂg%oggf 'i%sggﬁg@&g'éﬁ@e and anact:&? 1%[&,%§_,e% &Qvent ion. It

shoul d be under t hat sane ref erence nunerals are used in the
figures to derRplysilicon, the etch selectivity ratio is about 1Q0:1, t he

same el enent s.ySRACidd=Gakky i n Dyhdes6 @l t@¥ATRE il dbhe 22 an@N2N-£hapnal

enhancenent - node device i s gescrlbed,herelﬂ,
described. Following this etch, top surface 32 and a

bottom surface 34 of dielectric layer 18 are substantially

10 free of spacer layer 20.

FIG. 4 illustrates a processing stage in which spacers
22 (see FIG. 3) have been removed in preparation for the
formation of a unilaterally-doped device. Spacers 22
correspond to the source side of each device, and spacers

15 23 correspond to the drain side as will become more clear
below. A mask 35 of, for example, photoresist is formed
and patterned to protect spacers 23. Then, spacers 22 are
removed by, for example, conventional etching again using
dielectric layer 18 as an etch stop.

20 FIG. 5 illustrates the formation of graded-channel
doped regions 36 in substrate 10. Doped regions 36 have
the same conductivity type as substrate 10, which is P-type
in this example. Doped regions 36 are preferably formed
using an ion implantation of boron at a dose of 4.5x1013

25 atoms/cm? and an energy of 20 keV. This ion implantation
can be performed normal to the surface of substrate 10 or
at an angle thereto. Spacers 22 (see FIG. 3} were removed
so that doped regions 36 are substantially aligned to
sidewalls 30 on the source side of each'device. Spacers 23

30 are retained during doping so that diffusion of the graded-
channel dopant is substantially reduced into the drain side
of the channel region of each device. If too much graded-
channel dopant 1s introduced into the drain side of the
channel, the threshold voltage will increase, the body

35 effect will increase, and mobility will be reduced
resulting in a lower drive current. Further, the graded-

channel dopant can adversely counter-~dope the drain



but %hose skilled in the art wll readily recognize that substitutions
of dopant types, materials and processes can 5 be nade to the follow ng
déscri bed nethods while remaining wi thin the scope of the present

i nvention. For exanple, P- channel devices can al so be formed using

t he present I nvention wth appropriateg changes in dopant conductivity
types. 10 In FIG 1 a“sem conductor substrate 10 is provided,

which is preferably silicon and |ightly-doped to have a P- type
conductivity. An insulating |ayer 12 of, for_exanp rown silicon
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30. Spacers 22y r23:188VBaH04 OB GANBR §n2bicantly higher such that
15 steep angled implantation is not practical because of
photoresist shadowing. It should be appreciated that a low
profile for spacers 23 as in the present invention is more
important when electrodes 14 and 16 are minimally spaced
and no contact is to be formed to the source/drain region
20 therebetween.

Although the present invention can be used with
larger-geometry graded-channel devices, it is particularly
advantageous for devices having gate electrodes 14 and 16
separated by a distance, as measured from the inner

25 sidewall 30 of the first device to the closest inner
gsidewall 30 of the second device, of about 0.8 microns or
less. Also, the extent to which doped regions 36 extend
under electrodes 14 and 16 depends upon many factors, as
recognized by one of skill in the art, including implant

30 angle, energy, and dose as well as thermal drive time and
temperature. As one specific example of typical device
geometries for a sub-micron device, for a gate electrode
length of about 0.6 microns, doped regions 36 extend about
0.15-0.30 microns from sidewalls 30 into the channel region

35 on the source side. One of skill in the art will

recognize, however, that many other variations in geometry
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distal fromelectrodes 14 and 16, and spacers 22 and 23 further have
top corners 24 proximate to el ectrodes 14 and

5 16 and a top surface 32 of dielectric |layer 18. The base wi dt h
of spacers 22 and 23 is preferably about 0.1-0.2 m crons. During this
etch, dielectric layer 18 is used as ah etch stop. For the preferred
case where dielectric 5 layer 18 is silicon oxide and spacer layer 20 is
polysilicon, the etch selectivity ratio is about 100: 1, whi ch assi sts

in the formation of s ers 22 and 23.a i bed | owi ng thi
etch, top surf&te %?Sgﬂﬂl oL Og‘o Fbr%rjr fﬁjf]aé"é‘%‘&n Eg&%ﬁ:%et ﬂf Syer %8 alrz
substantial ly pbeséneeimferspager |ayer 20. FIG 4 illustrates a
processing stage in Whjcﬁ$ S@%;Ca{antaggf o£2§hé eraﬁ lﬁ),eggygn blesenchr %m)ved in

preparation for the y-dopéed devi cé.” Spacers
22 corr espepdcenst e orInseds bdehof o delpakdndc era@m@- paeerls depanp3

correspond o tfhasmdﬁﬁéncﬁéﬁelasre i bh QEC%@ dPHiS @&@érof thé)%ie%‘ﬂceAaH&Sk 35

of, for exanple, photoresist, or med and patterne rotect spacers
23. Then, spac&Ps QQt%Feformlqgé#@@eéxﬁ?ns¥Qﬁ egaRpretl ﬁfcbngl -et chi ng

again using Thus, an extra mask step is avoided by thlS common usage.

Further details regarding the manufacture of graded-
channel field effect transistors are described in both Ma

10 et al., U.S. Patent No. 5,371,394, entitled "Double
Implanted Laterally Diffused MOS Device and Method
Thereof," issued December 6, 1994, and Kaneshiro et al.,
U.S. Patent No. 5,427,964, entitled *"Insulated Gate Field
Effect Transistor and Method for Fabricating," issued June

15 27, 1995, which are both hereby incorporated by reference
in full.

In FIG. 6, source/drain doped regions 38 are formed,
preferably using a common single ion implantation step. 1In
preparation for the formation of source/drain doped regions

20 38, a previously-formed photoresist mask (not shown) has
been patterned to expose only the N-channel devices of the
circuit being manufactured. Doping of other devices of the
circuit, such as P-channel devices, is blocked during this
implant.

25 Although it is preferred that doped regions 38 be
formed in a single implantation step, the source and drain
regions can be formed separately, which variation still
falls within the scope of the present invention. On the
source side of gate electrodes 14 and 16, doped regions 38

30 are formed substantially aligned with sidewall 30. This
doping is done through dielectric layer 18, which has a
thickness sufficiently small so that this alignment is
substantially not affected. On the drain side of each
device, doped regions 38 are substantially aligned to

35 bottom corners 26 of spacers 23. Spacers 23 are retained
for an optional lightly-doped drain extension region to be

formed later in the process. If such an extension region
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dielectric |ayer 18 as an etch stop. 20 FIG 5 illustrates the
fornatlon of graded-channel doped regions 36 in substrate 10. Doped
r'egi ons 36 have t he sanme conductivity type as substrate 10, which is
P-type in this exanple. Doped regions 36 are preferably fornmed
using an ion inplantation of boron at a doge of 4.5x1013 25 atons/cn? and
an energy of 20 keV. This iron inplantation can be perfornmed normal to
the surface of substrate 10 or at an angle thereto. Spacers 22 (see
FIG 3) were renoved so that doped regions 36 are substantially aligned
to si dewal li$ 3QtoRecRssanr dd1e3i gPasPreath sy iRe reRpEe@IRTYF 3@ are

retai ned duri ngrdoRicRGasQoh NGt &Bﬂé‘d@b@h‘!oﬁé idhesgrddedthe dr&i}@rﬁlﬁdlo%%pant
S substantlall reduced |nto t he dr% of, t he gi on of

each devi ce. §okuehe gFEeRipntially g h@?e%dﬁhﬁﬁqe¥a}iﬁ g@d@%d:‘%to t he
drain side of tc'h:%ln sigbasfedach Rievtikees hBy dwanpl dBigexanblil, | Acpanse, the

0 4 Lover dri VERPPeqP. CRathar e gt atet “rehte aHeran o R

e grade opant™“can
adversely cournanom$dpm t Ak ﬂ@ak¢v, followed by an activation anneal, such

6 ext ensglon 20600510, B fYIWEENLALET ddhddle RIRFESE about 30
seconds at 1,025°C.

It should also be appreciated that gate electrodes 14

10 and 16 are preferably doped using the same ion implantation
used to form doped regions 38. This simultaneous doping of
gate electrodes 14 and 16 is an advantage of the present
invention due to the use of spacers 23 and the exposed top
surface 32 of dielectric layer 18.

15 FIG. 7 illustrates the formation of lightly-doped
drain extension regions 40. Spacers 23 (see FIG. 6) are
removed, for example, by etching. Preferably, the
photoresist mask {(not shown) used when forming source/drain
doped regions 38 and discussed above is not removed during

20 this etch and further remains in place when doping
extension regions 40. Next, extension regions 40 are
formed substantially aligned with sidewalls 30 of gate
electrodes 14 and 16 on the drain side of each device,
preferably using an ion implantation of, for example,

25 phosphorus at 120 keV and a dose of 4x1012 atoms/cm?2. As
is known, extension region 40 preferably has a dopant
concentration less than that of doped regions 38.

Extension region 40 is disposed adjoining doped region 38
on the drain side.

30 As just discussed, extension regions 40 are preferably
formed with the same photoresist mask {not shown) used to
form source/drain doped regions 38. This photoresist mask
restricts implant of LDD dopant to the N-channel device
layout of the circuit being manufactured.

35 It should be noted that, when using this preferred
approach, the same dopant used to form extension regions 40

will also be introduced into substrate 10 on the source



resuTting I n reduced effectiveness i.n field-shaping on the drain side

of the channel. Fol | ow ng i npl antation, doped regions 36 are
thermally 5 anneal ed to extend doped regions 36 substantially into the
channel region on the source side of each device. This t her mal anneal
al so activates doped region 36. By way of 9 exanple, a 10-100 m nute
anneal at a tenperature of about 875-1,000[err]Cin a non-oxidizing
anbi ent can be used. 10 An advant age of the present invention is that
spacers 23 have a low profile such that they do not full]y

partially bl ocléléespéeﬁhﬁn%?‘é’d:ei rrpIHQWFH?Fona%fw’dflaﬁ’@drecognﬁﬁf’nrlfé’l C#&pant .
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t he extent o whi | ons .36 _extend I CLY 14 and 16
depends upE) iflggt ngl gnan]se@g‘aﬁ? ed %@e%ﬁé"l%% % %?‘8 nthe art,

i ncl udi ng i npl mtﬂatlanghme@heirsqusednGOd%@wex/\/eﬂOIpeésregmml3&jran¢3e tinme
and tenper glgur e ué’ﬁ 9RCa %Pé%?l' fda‘h pranpLe é&ia:ﬁ@ic C%' rQﬁYaC@nermal

geonetries for a sub- cron device, for a gate e t'r ode l ength of
about 0.6 ni cr emmeadopdabeyt ot Eoadsenll ARl 1, 0255C15-0.30 m crons from

sidewal I's 30 into the gbanne! ik ete doped region 38 does not diffuse

15 further than extension dopant introduced on the source side
of each device, there will be increased source resistance
and increased threshold voltage variation due to the light
compensation of the graded-channel implant by the extension
dopant.

20 Next, as illustrated in FIG. 8, dielectric spacers 42
are formed, for example, by depositing a blanket layer ({(not
shown) of tetraethylorthosilicate (TEOS) on dielectric
layer 18 to a thickness of about 200 angstroms and then
densifying the deposited TEOS layer. This is represented

25 in FIG. 8 as a dielectric layer 44, which is the
combination of old dielectric layer 18 and the new TEOS
layer. Next, a silicon nitride layer (not shown) of about
2,000 angstroms thickness is deposited on the TEOS layer,
and the nitride layer is anisotropically etched back to

30 provide spacers 42 using conventional techniques.

In FIG. 9, the top surfaces of dielectric layer 44 are
etched back to substantially expose top surfaces 28 of gate
electrodes 14 and 16. Also, preferably in the same etch
step, the portions of dielectric layer 44 and insulating

35 layer 12 between spacers 42 are removed to expose the top
surfaces of source/drain doped regions 38. Next,

conventional silicide layers (not shown) are preferably
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35 on the source side. One of skill in the art wll recogni ze,
hé)vvever, that many ot her variations in geonetry

7 are possible, which still fall within the scope of the pr esent
i nventi on. Anot her advantage of the present invention is that
spacers 23 are used both for bl ocking gradgg-channel dopant 5 fromthe
channel region on the drain-side of the device and for later formng
LDD extension regions 40 (see FIG 7). Thus, an extra mask step is

avoi ded by this commpn usage. Further details regarding the

manuf act ure of kpEresover seppppedrainedgreff segiennss apdr 9abfe descri bed

in both Ma 10 &teroded P4 Badend. Narindi13y], S%verffilnbliegrobOsdigy is
| mpl ant ed Lat er al I% Di ffusegFN%)os%Dew ce and Thereof ," issued
r

t hod
Decenber 6, 199Feh® REAES acfis (not shpwn) B:q dopeRoreglany Mo,
entitled "I nsulaidddGaiorpEeebdthe ddsfifoest. Transi st or and Met hod for

Cobr oot Lngg 1 SSUed, Sk 2603395 SGNSBEEATD DAY oo porated,
are fornmed, 1llustrating various stages in the formation of a stacked,
unilateral, graded-channel IGFET 100 in accordance with
another embodiment of the present invention. FIG. 10
illustrates a semiconductor substrate 110 at an initial
10 stage of processing. By way of example, semiconductor
substrate 110 is silicon doped with an impurity material of
P-type conductivity having a resistiveity ranging from
approximately 6 ohm-centimeter (Q-cm) to approximately 8
Q-cm. A layer of dielectric material 112 having a
15 thickness of approximately 100 angstroms is formed on
semiconductor substrate 110. Layer of dielectric material
112 serves as a gage oxide layer of IGFET 100. Gate
electrodes 114 and 116 are formed on gate oxide layer 112.
By way of example, gate electrodes 114 and 116 are
20 polysilicon and have a top surface 128 and sidewalls 130.
After the formation of gate electrodes 114 and 116,
portions of gate oxide layer 112 that are not covered by
gate electrodes 114 and 116 remain. It should be noted
that gate electrodes 114 and 116 can be minimally-spaced in
25 order to share a common source/drain region, which is
described with reference to FIG. 15. It should be further
noted that a contact will not be formed between gate
electrodes 114 and 116 when they are minimally-spaced.
Now referring to FIG. 11, a layer of oxide 118 having
30 a thickness of between approximately 100 and approximately
200 angstroms is formed on gate electrodes 114 and 116 and
the portions of gate oxide layer 112 that are not covered
by gate electrodes 114 and 116. By way of example, oxide
layer 118 is formed by oxidizing gate electrodes 114 and
35 116 using thermal oxidation techniques. Although the
portions of oxide layer 118 that are formed on the

uncovered portions of gate oxide 112 are shown as a
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preferably using a comon single ion inplantation step. In preparation
for the formation of source/drain doped regions 20 38, a previously-fornmed
phot oresi st mask (not shown) has been patterned to expose only the
N- channel devices of the circuit being manufactured. Dopi ng of other
devi ces of the circuit, such as P-chammel devices, is blocked during
this I mpl ant. 25 Al though it is preferred that doped regions 38
be forneg i? a sgngle i npl antation step, the source and drain
regi ons can be forned separately, . whj variation stjll falls within
t he scope of tﬁ@pﬁﬁg%n]ta&%eﬁtt?/ﬁhfmg%%ém ers%Sﬁac{éh%ﬁ%éw&tl&ﬁ eg"f
el ectrodes 14 anddéd6lagaped & egironst38tB-kear gater oriids ubist amt ithbky al i gned

with sidewal |l 30, ' . i [ gg§1t di i+G ¢l ayer 18,
whi ch has a sufﬁ?c%%é%%&%ﬁj Lc?gﬁtﬁggsna Fgggugﬁgtifﬂsgkgﬁﬁﬁﬁnent S
substantial |y not aPfftétl ecefadrimgetdr BIA- slHe aoflaggehot ni%ﬁ§¢gté}9doped

regions 38 ar egé&}?ﬁga@té@iéxaéxe@si Q?ggpﬁpo%a&qv QBLCOb HehRyAG ol $Racers

23. Spacers 23 are retained an optional Ilghtlg- oped drain
extensi on regi 8APPeibed on Fgdtedararetlfn (HHEHrEceds ANF Qch an
extension regi @Bposited oxide 120 having a thickness ranging bedtween

approximately 1,000 angstroms and approximately 2,000
angstroms is deposited on nitride layer 119. By way of

10 example, oxide layer 120 is TEOS. Oxide layer 120 is used
to set the spacer width as described with reference to FIG.
12. It should be noted that the combination of dielectric
layers 118 and 119 serve a similar function as oxide layer
18 of the first embodiment, and oxide layer 120 serves as

15 similar function as polysilicon layer 20 of the first
embodiment.

Now referring to FIG. 12, oxide layer 120 is
anisotropically etched to form spacers 122 and 123 adjacent
to gidewalls 130. Spacers 122 and 123 have bottom corners

20 126 distal from electrodes 114 and 116, and spacers 122 and
123 further have top corners 124 proximate to electrodes
114 and 116 and a top surface 132 of nitride layer 119. By
way of example, the base width of spacers 122 and 123 is
about 0.1 to 0.2 microns. During the etching of oxide

25 layer 120, nitride layer 119 is used as an etch stop.
Following this etch, top surface 132 and bottom surface 134
of nitride layer 119 are substantially free of oxide layer
120.

Now referring to FIG. 13, a processing stage in which

30 spacers 122 {shown in FIG. 12) have been removed in
preparation for the formation of a unilaterally-doped
device is shown. Spacers 122 correspond to the source side
of each device, and spacers 123 correspond to the drain
side of ecach device. A mask 135 of, for example,

35 photoresist is formed and patterned to protect spacers 123.
Then, spacers 122 are removed using, for example,

conventional wet-etching techniques, wherein nitride layer
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i's not necessary, then spacers 23 can be renoved prior to the formation
of doped regions 38 so that the drain regions thereof are substantially
allgned to sidewalls 30 on the drain side of each device. By way of
exanpl e, doped 5 regions 38 can be fornmed using an arsenic inplant of
3x1015 atoms/cnferr] at 90 keV, followed by an activation anneal, such
as, for exanple, a rapid thermal anneal (RTA) of about 30 seconds at
i40§g[errLC A f Itbshould al so be appreciated that gate el ectrodes
and 16 are preferably doped using the sa n ntation used
to form doped reégl GREVES. afh?R LFTRISTReoust d%kb‘?r{ﬁdi S’F no egaF]%a%l ectrodes
14 and 16 is arpbadfdnisagt ehetlbregursdntrention rli;tﬁ:fihl«’@ﬂpddéetﬁlcbﬂneoﬂjsmeof

space 23 dth d_t

H a7 uet r e KBRS redPene o ekt Fptaodedd B Rkroe il dae
regi ons 40. Spad;mmgzah(eswetFé@h@peena@mn rermved for exanpl e, by
etching. Preferablypdhes, 119@%’&%&(?5 ?heﬁ%skmé{'ﬂ% n SPOWPhqusedruken f or ming

source/drain doped regi ons | scusse ove i's not renpved during
20 this etch apdduresdenpehdf nip isvhstzasenwhth ddisheg regiens chif Gire

regions 40. Nexds 8 @R&kOBcHEGLONSE A0 t3b8 as sﬁwﬂﬁiéumst ansy akdy o i gned
with sidewalls 30 of gate electr%ges 14 ‘%f on the drain side of

each devi ce, TW%#%rQBP?dUE?ﬁﬂngh &naFﬁp USRS 20 §Pexanpl e, 25
phosphor us at Jiﬁbﬂaﬁ%aaadnatdesﬁnqﬁe‘4mm@keﬁn]bem@nnﬂszﬁh@ﬂahtedAxnto i's

known, ext S|0n r%ggg, i €feﬂ¥b' Qai gxgggﬂ%komiécﬁ9qgﬁfg{ e@%@g&ess

t han t hat %ensi dh region | Spose
adj oi ni ng dopecbﬁélﬁ &eV38 ‘I‘he bon timplégmgatien deted@ay be pA§fPHI§¢d

i scussed, X! ahshal) ke0kANSaAPracs di elBkAbke 110 doGEdavkbinihe same

photore5|st ma not shown) used form source/ drai n doped regi ons
38. This phot or‘é'ﬁrsﬁttormsﬁpacersr%?s% r(lsé‘t%’nl Pl BHE - of2 L BISGopSRPVED The

N-channel devi Cghat doped regions 136 are substantially aligned to

15 sidewalls 130 on the source side of each device. Analogous
to the embodiment of FIGs. 1-9, spacers 123 were retained
during the doping step so that the diffusion of the graded-
channel dopant is substantially reduced on the drain side
of the channel region of each device.

20 Following implantation, doped regions 136 are
thermally annealed to extend doped regions 136
substantially into the channel region on the source side of
each device. This thermal anneal also activates doped
region 136. By way of example, the anneal is performed for

25 a period of time ranging between, approximately 10 minutes
and 100 minutes at a temperature ranging between,
approximately, 875°C and 1,000°C in a non-oxidizing
ambient.

Now referring to FIG. 15, a layer of photoresist (not

30 shown) is patterned on spacers 123 and portions of nitride
layer 119 to form a photoresist mask. In accordance with
one embodiment, only the N-channel devices of the circuit
being manufactured are exposed by the photoresist mask.
Doping of other devices of the circuit, such as P-channel

35 devices, is blocked during this implant. Source/drain
regions 138 are formed using, for example, a common single

ion implantation step. On the source side of gate



| ayout of the circuit being manufactured. 35 It should be noted that,

when using this preferred approach, the sane dopant used to form

ext ensi on regi ons 40 will also be introduced into substrate 10 on the
source 9 side of the

devi ce. However, as will be recogni zed byigne of skill in the art,
source doped regions 38 wlT diffuse further than the dopant used to
form extensi on regi ons 40. Sour ce doped region 38 is about 1,000 tines

nore highly 5 doped than extensigon region 40, and a result, the dopant
in source dope8leefrotesstif 1andi ﬁusggﬁ’%%ré’ﬂmﬂﬁ ﬁ%e%ﬁfe asllgé’ﬁ‘?, Willtlg‘
neg:essary],c be dadewaller3d or mhrg thouknesskaidt ddpedde layegidss add and
prior to form ng.extension i_0 but .t h Qv Eﬂptoresist mask
nmust be remve&géﬁﬁ ?ﬁ%%rsr elgl?(?n%aégfgi%’c:iefso‘ﬁfolvﬁl%f:i% }ﬁig Afheal Perlit
Preferably, a pengkteation aef idepengnthnoesth layveysedlfo bht8. \earde ld@ped

regi ons 38 and,,. . egh : , . a@i d er mal
anneal of a ouﬁlgsoégg%%g&a?{bag%%t g%}gZSiIg(?ro]éC.%Eu%:énPé&?x% %%eint b|Bn
source doped r &§eofiradndeide it egichf devias, Japech&egierm B3& &S on dopant

introduced on Lhegnedr€s wbleom cordbreachs davisgRcethes®. Wddadead noseased

source resistance . . . . s
are retained for an optional lightly-doped drain extension

region to be formed later in the process. It should be

10 understood that such a drain extension region is not
necessary and that spacers 123 can be removed prior to the
formation of doped regions 138 so that the portions of
doped regions 138 that serve as drain regions are aligned
to sidewalls 130 on the drain side of each device. By way

15 of example, doped regions 138 can be formed using an
arsenic implant of 3x1015 atoms/cm? at 90 keV, followed by
an activation anneal, such as, for example, a rapid thermal
anneal (RTA) of about 30 seconds at 1,025°C. In addition,
gate electrodes 114 and 116 are preferably doped using the

20 same ion implantation step used to form doped regions 138.

FIG. 16 illustrates the formation of lightly-doped

drain extension regions 140. Spacers 123 (shown in FIGs.
14 and 15) are removed by, for example, wet etching. In
accordance with one example, the photoresist mask (not

25 shown) that was used when forming source/drain doped
regions 138, and described with reference to FIG. 14,
remains in place when forming extension regions 140. Drain
extension regions 140 are formed substantially aligned with
sidewalls 130 of gate electrodes 114 and 116 on the drain

30 sgide of each device. By way of example, drain extension
regions 140 are formed by implanting phosphorus at a dose
of 4x1012 atoms/cm? and an implant energy of 120 kev.
Preferably, drain extension region 140 has a dopant
concentration less than that of doped regions 138. Drain

35 extension region 140 is disposed adjoining doped region 138

on the drain side.
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and increased threshold voltage variation due to the |ight conpensati on

of the graded-channel inplant by the extension dopant. 20 Next ,
as illustrated in FIG 8, dielectric spacers 42 are fornmed, for

exanpl e, by depositing a blanket |ayer (not shown) of
tetraethylorthosilicate (TEQS) on dielectria | ayer 18 to a thickness of
about 200 angstrons and then densifying the deposited TECS | ayer. This

is represented 25 in FIG 8 as a dielectric |ayer 44, vvhich is the
conbination of old dielectric layer 18 and the new TECS Y Next, a
silicon nitride |ayd&o¥ Fefesrtum)toFEhodt - dle}ze‘%m{?-caﬁg%%ﬁs {hiaeness is

dfpﬁsh t gd Ent”'t%ﬂiﬁasb!yaé%r exam;imﬂ‘ dapoBitingles |bﬂ)ﬁ@1keltsl@j?lé§0€z{dtpl cally
et ched back to e, spacers i ng_conventiona u

In FIG 9, the s}tf’bmg %a&égrg‘?e a‘?%l“e%ﬁ‘?& ?3%%? 13@ C}f EF%H Yack to
substantial | y etpmte 2t 0p0sangsticese28 Chegafieride lelyenn iedes 14 and 16.

Al so, pref egablax1 |s%t&%§ ggirf}(eég&efzbg% epy EdEn t'e2%518£ digl Ctl’l c

| ayer 44 and insulati ween spac are re
expose the top conve@@npa@éstmh@m/dﬁiau ﬁd@lbtpvem,r doroatios. Oi\lesaacers

ignventlonal sildcidgokayetsp (Aptrhawabgare pied rablk¥odes 114 and
116. Also, preferably in the same etch step, the portions

of nitride layer 119 and oxide layers 118 and 112 are

10 removed to expose the top surfaces of source/drain regions
138. Next, conventional silicide layers (not shown) are
preferably formed over source/drain doped regions 138 and
gate electrodes 114 and 116. Finally, conventional
processing is used to provide contacts (not shown) to doped

15 regions 138 and to complete the devices.

FIG. 18 is a schematic diagram of a stacked,
unilateral, graded-channel semiconductor device structure
200. This type of device is also referred to as a stacked
unilateral transistor. Stacked, unilateral, graded-channel

20 semiconductor device 200 comprises unilateral, graded-N-
channel IGFETs 200A and 200B, wherein each IGFET 200A and
200B is a unilateral device having a source, a drain, and a
gate. More particularly, the source of unilateral, graded-
N-chanmnel IGFET 200A is common or shared with the drain of

25 unilateral, graded N-channel IGFET 200B. Thus, the shared
source/drain connection is comprised of a doped region,
e.g., 138, wherein one side of the doped region serves as a
source electrode of IGFET 200A and an opposing side of the
doped reglion serves as a drain electrode of IGFET 200B.

30 Thus, the source and drain electrodes of stacked
unilateral, graded N-channel FETs 200A and 200B,
respectively, are common and asymmetric. In other words,
the same doped region forms the source and drains of FETs
200A and 200B; however, the source end of the common

35 source-drain region of FET 200A is more heavily doped than
the drain end of the common source-drain region of FET
200B.



forn%d over source/drain doped regions 38 and gate el ectrodes 14 and

16. Finally, conventional processing is used to provide contacts (not
shown) to doped regi ons 38 and to conplete the devices. 5

FI Gs. 10-17 are cross-secitonal views illustrating various stages in
the formation of a stacked, uni | at eraly,s graded-channel | GFET 100 in
accordance with anot her “enbodi nent of the present invention. FIG 10
illustrates a sem conductor substrate 110 at an initial 10 stage of
processing. By way of exanple, sem conductor substrate 110 is silicon

doped with an i npurﬁtl;thﬁﬁgbrﬁﬁtftﬁked sepieopduciard devilgiet gomani sipg two

maﬁwawr%m&%%%nsﬂw%%wm%wﬁmwcww%ua&%wﬁm)w
approxi mat el y ric materjial 112 having a

di t
15 thi ckness &Iha&pﬁg‘&?l h"ét’é‘?’i/ aié(#‘%ﬁ@%f‘? & é‘q SIFEFEbnRventgi codduct or

substrate 110. dtheer wokdd] edtetdkd crifcht ﬁbral than tlb2 teen¥estass acgnge oxi de
| ayer of | GEET_10 rodes 114 and 16 aremﬁ%med on gate

oxi de | ayer 1lf‘anufaGEVrﬁ% u%’fn%j-' foPE=Sgar e el ectrodes id "116 are 20
pol ysi | i con ancshovanid het opdexstfcce tha8 bahd mm ligveBOion is Afater the

formation of gate ¢l gc{._goggﬁnﬂggﬁ\ﬁ%a 81 gev cgéytlogs ob_gRlSoxi de | ayer

112 that are not covered ate e ectro es 114 'and 116 remain. It
shoul d be not ediev1cesha@1rg@1%%o é?%@@ﬁ@é%t‘i{ﬁda‘ﬁﬂamrééﬁc%emth the
m ni mal | y- spaced-dseneSin@és€iot 0 share a common source/drain region, which

described with reference to FIG 15. ould further not ed
that a congact will BHOPOWeIFo?W%MQHrGS{%teQ tlf’@i FBﬁe}téaﬁllﬂe%d 116
when they are mprividkeldyaspeeell. method of fdlawinefpradedgchankd G £ikdld a | ayer

of onisle 115 hag:30ce e ILETSS,0LoBS! SR AR LIRSl A0 |
and t he porlioworspettguteioxivid dhapermil® mirg steepAyt aegled edn

implantations and that allows doping of the gate electrode

15 in the same step as the source/drain regions. In addition,
this method is especially advantageous for minimally-spaced
devices because diffusion of graded-channel dopant into the
channel region on the drain side of the device is
substantially reduced. Further, the use of spacers 23 as

20 described above avoids the problem of source-limited
diffusion. This is in contrast to the use of a photoresist
mask in which a mask misalignment may expose too little of
the substrate surface on the source side of the device. A
further advantage is that the source region to graded-

25 channel region capacitance is more stable due to the
significantly lower misalignment tolerance associated with
the use of spacers 23 in contrast to that with a
photoresist mask.

It should be further appreciated that the present

30 inventidn permits the formation of stacked, unilateral,
graded-channel semiconductor devices that share a common
doped region, wherein the one side of the common doped
region serves as a source of a first of the stacked,
unilateral graded-channel semiconductor devices and the

35 other side of the common doped region serves as a drain of
a second of the stacked, unilateral, graded-channel

semiconductor devices. Thus, the stacked, unilateral,



by gate el ectrodes 114 and 116. By way of exanple, oxide | ayer 118 is
formed by oxidizing gate el ectrodes 114 and 35 116 using thernmal oxidation
t'echni ques. Al though the portions of oxide |ayer 118 that are forned
on the uncovered portions of gate oxide 112 are shown as a

separate layer, it should be understood thegse portions of oxi de | ayer
118 serve to thicken gate oxide 112 on those surfaces which are not
covered by gates 114 and 116. Still referring to FIG 11, a layer
of nitride 119 5 having a thickness of approximtely_ 100-400 angstrons is
deposi ted on oﬁFééefia9g@mlq38 semjiconéuctar | ¢geiicest include pdhared sexrge 120

having a thi ckragasawmglége@&td@%nwmchap@fm sbekia ], @90 angstr oms and
approxi mately 2,000 %gtirons S 05|t53§§n nlﬁrlde | a er 119. By way
of 10 exanpl e SB*LaBIMNGY qes ‘T’E Ved%(’l | B§E l&%od‘? and {
set the spacer mﬂdbbdaeapbnsﬁarm Wi Bbcaeserehahet pelhéed capa:ba,talntceshoul d
be noted that ti f dielectric 18 and 1 serve a
simlar fungti%% g%x %3- ejzéieral fgml?o?éyc |rrs¥$E§%& apa % OXIde

| ayer 120 ser V@peastiﬁg at miglreﬁ @wctpbnngassm%mhanonriwy@rrtzo of t he

first unilateral stacked semiconductor devices.

The foregoing discussion discloses and describes
merely exemplary methods and embodiments of the present
10 invention. As will be understood by those familiar with
the art, the invention may be embodied in other specific
forms without departing from the spirit or essential
characteristics thereof. Accordingly, the disclosure of
the present invention is intended to be illustrative, but
15 not limiting, of the scope of the invention, which is set

forth in the following claims.



enbodi nent . Now referring to FIG 12, oxide layer 120 is

ani sotropically etched to form spacers 122 and 123 adj acent to

sidewal | s 130. Spacers 122 and 123 have bottom cornerE—Ur A ASEEAN Tom
e

el ectrodes 114 and 116, and spacers 122 and 123 f RREPENGET Op
corners 124 proximate to el ectrodes 144 and 116 a top—surface 132
of nitride Tayer 119 By “—way of exanple, the base width of spacers 122
and 123 is 2 mcrons. During the etching of oxide 25

| ayer 120, n| “ﬂmumﬁlmﬂmi s used as an _etch stop. Following this
etch, top surface 182 ®nd bott om surf acELFFHS of nitride layer 119 are
substantially free of oxide layer 120. Now referring to FIG
13, a processing stage in which_ 3 acers 122 (sho in FLG . 12) have
been renoved in Ior epfr BEFRAA 1 §mf189rrﬁt? \M&CEHFI E¥ISR1 v- doped
gevi ceis Zhomomﬁaaexmg 2 s:tcuz:rses;ﬁend to the source 5| de of each

evi ce, and.spacers 123 corre ond to eg vi ce.
mask 135 of,5 for exanpl e% {53 %%toree&lts&?ngﬁg#orne %ft'ernedtd

prot ect spacers 123conductr'h@nty spaxepadl 229are elammdeungglyxrw S@aahpl e,

conventional wet - et ghi-3grheENNiKiRAn WARECHRe DI d1d AR iRV RAS o first

sidewall, a second sidewall, and a top surface;
forming a spacer adjacent to said second sidewall

10 of said gate electrode wherein said spacer has a
corner distal from said gate electrode;

after said step of forming said spacer, forming a
first doped region of said first conductivity type in
said semiconductor substrate substantially aligned to

15 said first sidewall of said gate electrode;

forming a doped source regilon of a second
conductivity type in said semiconductor substrate
substantially aligned to said first sidewall of said
gate electrode;

20 forming a doped drain region of said second
conductivity type in said semiconductbr substrate
substantially aligned to said corner of said spacer;

removing said spacer; and
forming a doped drain extension region in said
25 semiconductor substrate substantially aligned to said

second sidewall of said gate electrode.

2. The method of claim 1 wherein said doped drain
region has a first dopant concentration, and said doped
30 drain extension region has a second dopant concentration

less than said first dopant concentration.

3. The method of claim 1 further comprising the step
of doping said gate electrode through said top surface

35 during said step of forming said doped source region.

This Shegt Has Been Replaced
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119 serves as an etch stop. It should be noted that benefits of the

present invention include protection of the fiel ¢ ORIUE: and the
gate oxide by nitride |layer 119 during the wet-ef c’ﬁﬁ% ip gglétﬁrg‘

FIG 14 ill ﬂmﬂnt"ﬂﬂ)lmmllﬁmt i on of graded-channel doSaa r3dions-1136

I n substrat ns 136 are 18 of the sane conduct|V|ty type
as substrate "110. y of exanpl e, doped regions 136 are formed using
an ion i mpl ant at i on techni que, wherein boron is inplanted into 10
substrate 110 at a ose of 4.5x10[err]_atons/cnferr] and an energy of
20 keV. The ion irrp ant at o %tt*é’ﬁl[r?ﬁyc%%l% e} réraredn saifoshers taf t he

surface of subsbraimy 144 DrdopledaBoan@d ereglont heHeEermSRACRIIE Hég=GShown in

FIG 12) were e t hat _do ions 136._are substagntially
aligned to 15 é‘?%PX ]?‘?i Ofé(?rgnpf‘aﬁgoggﬁ‘g lgﬁgdél §FPEheh TR 1%Bnal ogous
to the enbodi némplaitdyin ste®. spacers 123 were ret ai ned during the
dopi ng stepyso that the diffusion of the graded- channel dopant is
substantially reduced on the drain side of the channel region of each
devi ce. 20 FoPt owi e ingsibe@st ofi ehaimobedtheredrons iBdukateing layer

thermal |y anne@bedléﬁbéﬁﬂ<8&ﬁsﬁQ&eQeﬁf&BﬂHH%t%§6subst§&@§téH§'éylhy ghfLo the
channel regi on_on t he. squrce si de_of ach device._ This thermal anneal

al so activat es® %‘b‘é’&c’de 15 g4PFBRS§d 600 Siﬁlxﬁaﬁ-néflléiké%ljeﬂyque anneal is

performed for 25 a period of tine ranging between, approximately 10 nm nutes

and 100 mqytes at tur between roxi mately,
875[err] Clxd 1, 000 err]r%%{; %‘hédﬁgn o>g<| g Sem’lgﬁﬁii‘éﬁ?gr deviee] Now
referring to Freypubsing Itéh,@estsbsmi)torem st (not 30 shown) is patterned on

spacers 123 and porti ons,yvitiitly d€semiconductor substrate of a first

conductivity type and a gate electrode overlying said
substrate, wherein said gate electrode has a first
15 sidewall, a second sidewall, and a top surface;
forming a spacer adjacent to said second sidewall
of said gate electrode wherein said spacer has a
corner distal from said gate electrode;
after said step of forming said spacer, forming a
20 first doped region of said first conductivity type in
said semiconductor substrate substantially aligned to
said first sidewall of said gate electrode;
removing said spacer;
forming a doped source region of a second
25 conductivity type in said semiconductor substrate
substantially aligned to said first sidewall of said
gate electrode; and
forming a doped drain region of said second
conductivity type in said semiconductor substrate
30 substantially aligned to said second sidewall of said
gate electrode.

7. The method of claim 6 further comprising the step
of doping said gate electrode through said top surface

35 during sald step of forming said doped source region.
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| ayer 119 to forma photoresist mask. In accordance with
enbodi nent, only the N-channel devices of the circuit

one
~ being

manuf actured are exposed hy the photoresi st nask. *nﬂ&@

H§’§ g@%@e

=

rii ng

devices of the circuit . 1 as P-channel 35 devicgs

this inplant. mmmﬁ m ' II !! regi ons 1389 are for ree—ust+rg—+ot
common si ngl &% ation step. On the source side of gate
13

el.ectrodes 114 and 116, doped regions 138 are aligned with

sidewal | 130. The t |ckn sses of rlde I 119 and
and 118 are suffici®ent | yr¥aiet %PE} r?ﬂr?lm% WE?&

xanpl e,

a

oxi de | ayers 112

RELR a3 h TreRFodnt t hr ough

| ayers 119, 1lﬁorraim:b lsﬂaad Gopedt @mﬁceafxfegebnngmﬁ hfomtirgneid abps@ur ce

regi ons 138. rain each device.. doped reglons 138 are
aligned to botTortdr éfé 726 B?rgﬁ% ufégg %p%}%gleﬁuf?mm 3PR retai ned
for an opti onalmplagittadtiogopedpdr ai n exten5|on region to be forned | ater
in the progess. It should be 10 understood that such a drain extension
region is not necessary and that acers 123 can be renoved prior to

t he formation of- dopef P@ﬁsoi?;%f%%“ thaherpan pa t insrislagfing lageped

regions 138 thpd éﬁﬁ@&%e@ﬁoﬁrQhﬂdrééﬁiﬂﬁhdﬁbeo§|éﬁ%&%kate and said gate

electrode is disposed on said insulating layer.

10 10. The method of claim 6 wherein said step of

forming a doped drain region includes forming a lightly

doped drain extension region.

11. 2 method for forming a semiconductor device,

15 comprising the steps of:

providing a semiconductor substrate of a first

conductivity type and a gate electrode overlying said

substrate, wherein said gate electrode has a first

gidewall, a second sidewall, and a top surface;

20 forming a first spacer adjacent to said first

sidewall of said gate electrode;

forming a second spacer adjacent to said second

sidewall of saild gate electrode wherein said second

spacer has a corner distal from said gate electrode;

25 removing said first spacer;

after said steps of forming said second spacer

and removing said first spacer, forming a first doped

region of said first conductivity type in said

semiconductor substrate substantially aligned to said

30 first sidewall of said gate electrode;

forming a doped source region of a second

conductivity type in said semiconductor substrate

substantially aligned to said first sidewall of said

gate electrode;

35 forming a doped drain region of said second

conductivity type in said semiconductor substrate
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to sidewalls 130 on the drain side of each device. By way 15 of exanpl e,
doped regions 138 can be forned using an arsenic inplant of 3x10[err¥
atons/cnferr]_at 90 keV, followed by an activati ph—aRneat—sucir or
exarmpl e, a rjaek ﬂm ’“m anneal (RTA) of about BDTﬁ&ﬁh‘%Fé‘;agé BEEN'
1,025[err]C. Vellel iR Ml gate electreges 114 anfl_116 REFEAS iy
doped using the 20 same”ich inplantation step used to form doped regions
138. FIG 16 illustrates the formation of |ightly-doped drain
extension regions 140, Spacers 123 (shown in FIGs. 14 and 15) are
rempved by, for exafipbetankialvmilagnednto saigk coraancef wiaidl siesoadanyl e,
the photoresi st maskpfset; 25 shown) that was used when formng

source/ drai n doped regi ons 138,  .and described with reference to FIG

14, remains in pl ace* SRR RS SRy SERPRASTRAT S égPBfs 140. Drain

ext ensi on regi ons 140 arfofmimedc Wﬂa&t&ﬂhl%t&ddsgbﬁdgégiﬁh in r;s%&@eww I's
130 of gate.electro . 114 a 116.0n_the drajin_30 i 0 evi,ce.

By way of gg'(anpl e, g%%%%&%%fce%ﬁosri (]?Hbsgra{fj%gsf%bnsstafi&ag% ?%Olr%egia%f isﬁﬁfianti ng
phosphorus at a doseecond ofidiswed[lepf] satdnestoniedectradd. an i npl ant ener gy
of 120 keV. Preferably, drain extension region 140 has a dopant
concentration |less than that of doped regions 138. Drain 35 extension
region 140 is di sposed aBp®iteHPdiefeqlaeyi bh Augher coppxiging dihe si de.

step of forming a conformal dielectric layer over said gate

D o

10 electrode prior to said steps of forming said first spacer

and forming said second spacer.

13. The method of claim 12 wherein said dielectric
layer is silicon oxide and said second spacer is

15 polysilicon.

14. The method of claim 11 further comprising the
step of annealing said first doped region to provide a
graded channel region under said gate electrode.
20
15. A method of forming a semiconductor device,
comprising the steps of:
providing a semiconductor substrate of a first
conductivity type;
25 forming an insulating layer on said semiconductor
substrate;
forming a gate electrode on said insulating
layer, wherein said gate electrode has a first
sidewall, a second sidewall, and a top surface;
30 forming a dielectric layer on said insulating
layer and said gate electrode;
forming a polysilicon layer on said dielectric
layer;
anisotropically etching said polysilicon layer,
35 using said dielectric layer as an etch stop, to
provide a first spacer adjacent to said first sidewall

of said gate electrode and a second spacer adjacent to
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14 Now referring to FIG 17, dielectric spacers 142 are
formed by, for exanple, depositing a bl anket |ayer (not shown) of
nitride on mtride |ayer 119 to a thickness of apot

corng " VAR Y

ns.
2

ni ques. I n addition, forngtian ,wﬁ
142 exposes*tdp durfacts 128 of gate el ectrodes 114 and 116. Also,
preferably in the sane etch step, the portions of nitride layer 119 and

oxi de layers 118 and 112 are 10 renpved to expose the top surfaces of
source/ drai n regi ongaid seaggd Rddewatbnobmidishgiatsi plesigecdsy sthereant

shown) are prefg @@Iyeéa{dr%ga%érhag%q&dayoa RoPRBRAII RAUI0FTH38 and
gate el ectrodes 114 and 116. Fi nal lé conventi onal processing is used
8D

to provide contact sS?h%tg%tfﬁJ\M-)ect%o ed 15 regions 138 and to conplete

t he devi ces. FI femdBircs salaclﬂeﬁatigpadiagr am of a stacked
uni l ateral,_graded- channe# sem G dggtor lce struc

S
type of device is also raf&Fr et PE 8t acWEy ™9 Saﬂlﬁ ?%‘f%l?dalsx"t caeﬁm st or .
St acked, unil at er al angraateg~icizamadd fﬁ)rs'swpmxducfbmnmmva clElx200 doprpr i ses

uni | ateral, graded- N .5 on (féaterg E%ETéolﬁ%%l%@yzg%e wherein each | GFET

200A and 200B i's uni evi ce ving a source, a drain, and a
gate. Mre particul aemicondictary substrate suhspatiadlydelioned tq epafnel

| GFET 200A i s commip; gt ShA W bl bheqdsadd Qfec?Boadhi | ateral, graded
N- channel | GFET 200B. Thus, the shared source/dral n congect on is

comprised B9 a doped reghbter said sgeP ¢Egfot% SR ETEF e he doped
regi on serves as a rng.(SIOUI':Klﬂ‘nﬁJI@Chr adpedf sd el r2a@dnanfl amsappdsi ng si de

of the doped reglon SEIVSY 3pd $h2LD:E! SGRHGWRE .+ FsaR
substantially aligned to said first sidewall of said
gate electrode;

15 forming a doped drain region of said second
conductivity type in said semiconductor substrate
substantially aligned to said bottom corner of said
second spacer;

removing said second spacer; and

20 forming a doped drain extension region in said

semiconductor substrate substantially aligned to said

second sidewall of said gate electrode.

16. The method of claim 15 wherein said step of
25 anisotropically etching further provides a top corner of
said second spacer proximate to said gate electrode and

substantially level with said dielectric layer.

17. The method of claim 16 further comprising the
30 step of doping said gate electrode through said top surface

during said step of forming said doped source region.

18. The method of claim 17 wherein said steps of
doping said gate electrode, forming said doped source
35 region, and forming said doped drain region are performed

using a single, common ion implantation step.
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30 Thus, the source and drain el ectrodes of stacked uni |l ateral, graded

N- channel FETs respectively, are common and asymetric.
I'n ot her wor ds doped region forns the source and drains of
FETs Hm‘ mﬂmn mawrzver t he source end gi-the.commn. 35
source-dra 200A i s nore heavil y dOPBEHEEARAS BEEMhE drain
end of the commn source-drain region of FET 200BREPLACED

15 Al t hough a stacked seni conductor device conprising two
transistors is illustrated in FIG 18, it should be noted that this is

not a linitation of 18he Bheseethodhwincilaan 18 wherejphepidosber % acks with

nore than two E5§ﬁ§h§tQéﬁdQﬁﬁxﬂﬁdogeaaﬁééﬁ&&u&e@eﬁibﬂﬂeah@sﬂ&£S§ﬂt
i nvention. Further, _I't . shoul d .be understood that the present invention

i s not | i mepgdetoleRr H at4iQAnel devices, i.e., P-channel
devi ces may aI so be manufactured in accordance with the pr esent

orovided a Rovel mePhed GRorBTReY Gt AdBAChArRar T Ly AEEfedB e

transi stors thdeyesessasihbbdomgxtidenhni que having a

21. The method of claim 1, wherein the step of
forming a spacer adjacent to said second side wall includes
10 forming an oxide adjacent the second side wall, forming
gsilicon nitride on the oxide adjacent the second side wall,
and forming an oxide on the silicon nitride, wherein the

oxide on the silicon nitride serves as the spacer.

15 22. The method of claim 1, wherein the step of
forming oxide on the silicon nitride includes depositing

TEOS on the silicon nitride.

23. The method of claim 12, wherein the step of
20 forming a conformal dielectric layer over said gate
electrode includes forming a nitride layer adjacent the
first and second sidewalls and forming an oxide layer on
the nitride layer, wherein a portion of the oxide layer on
the nitride layer serves as the first and second spacers.
25
24. The method of claim 23, wherein the step of
forming a conformal dielectric layer over said gate-
electrode includes forming an oxide layer between said gate
electrode and said layer of nitride.
30
25. The method of claim 24, further including forming
a layer of oxide between said gate electrode and said layer

of nitride.

35 26. The method of claim 15, wherein the step of

forming a dielectric layer on said insulating layer and
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| ow aspect ratio, which permts nore steeply angled ion | npl ant ati ons
and that allows doping of the gate electrode 15 in tHers@WReE} eRsas 14
source/drain regions. Inaddition, this nethod id espeﬁﬁﬁikﬁ o
advantageous for -spaced devi ces because drffusron—ot

gr aded- cha ﬂgmﬂn ﬂyt channebsregion on the drain side of the
device is reduced. Further, the use of spacers 23 as 20

descri bed above avoi ds the problen1of source-limted diffusion This is
in contrast to the use of phot or esj st mask in, which a

mi sal i gnnent nEpiéxgate %kﬁ?qﬁoﬁﬁlénﬁiudes QQﬁ@l§€b§?%§I%9%ﬁﬁq@£%§ SAYERe
source side of akhg gevi LRy strubttii8esomianhggnitsiddaind xisleur ce
region to graded- 25 channel region capacitance is nore stable due to the
significantly | ower m salignment tol erance associated with t he use of
spacers 23 in contrast tmhérméthudImfaclaimphmxoﬂEﬁkén.nhekstep of | t
shoul d be furt rec ated t pr.es | i gt s the
formation o ?8%@58 unéH eecrtta:IQ% 15{)8:: 5arge%" g%ﬁg;&yf‘% cl%}fqﬁt?? devi ces
that share a cesmgngate Qkﬁnﬂrqd@gnOQIUQh%rﬁQHmIPHeS@hé &} efledrithd ayeknon
doped reglgg a Mf@lfé&é&'%ﬂﬂ%ﬁﬁufé ébﬁ#ffgin%fatbfr§ﬁfﬁﬂ%ﬁé layer,

uni | ateral grade annel "sem conduct or devi ces and,the 35 other S|de of
t he comon dop@étFé@?o%@%Qﬁ\ﬁ%?ﬂ&§e§ fRafFibfiirst gxide olRYSH 3st acked,

uni l ateral, gradedngharn®d disposed eangald aiitdadieceayedhus, the stacked,

uni | at er al
10

D

28. A stacked, unilateral, graded-channel device
structure, comprising:
a first transistor having a common doped region, a
source doped region and a gate, wherein the source doped
15 region has a first graded-channel region, the source doped
region serving as a source of the first transistor, and a
graded-channel region is absent from a first portion the
common doped region, the portion of the common doped region
lacking the graded-channel region serving as a drain of the
20 first transistor; and
a second transistor having a drain doped region
serving as a drain of the second transistor, the common
doped region, and a gate, wherein a second portion of the
common doped region has a second graded-channel region, the
25 second portion of the drain common doped region serving as

a source of the second transistor.

29. A stacked, unilateral, graded-channel
semiconductor device structure, comprising:

30 a first unilateral transistor having a source, a
drain, and a gate, the source comprising a first doped
region of a first conductivity type surrounded by a first
graded-channel region of a second conductivity type and the
drain comprising a second doped region of the first

35 conductivity type partially surrounded by a second graded-

chammel region of the second conductivity type; and
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16 graded channel sem conduct.or devices include shared source
and drai metectrodes whi ch permt stacked, unil ateral sen_conduc

devices to ng densities and r edlicefis ¢ARRICHARBERN .
Because of Imﬂﬂ ﬂmmmmﬂml tances, 5 the stacked % | atgaraACED

sem conductor devitce$ ate *capabl e of ger ati ng at—tgher sw t chi ng
speeds than prior art uni | ateral stacked sem conductor devices.

The foregoing di scussion discloses and descri bes nerely exenplary

met hods and enbodi nents of the present 10 invention. As will be understood
by those famliar wét ﬁecondt‘H’élﬁﬁttteratlhérﬁﬁ%ﬁ??’bﬁmﬁﬁ-%gbé EABESF e i n ot her
specific f GrEs bﬁaua Q&ﬁ@)’tdﬂw sbuese t bamsiiding al’pﬁﬁﬁﬁdﬂi i the
characteristics there resent

. Accordin t he, di scl os t he
i nvention is i rﬁeé’ﬁ&@ngBe‘Ber‘?ﬂ%?’lyatt %l’fﬁﬁ' (iqgl%%lyﬁ-ﬁ’t‘f%%e &R"e(rﬁé Bscope
of the inventi ahe whirehohSosethe secoadt Hoped timyifam Lewkthg pdmtiivm
CLAI M5

-

5 surrounded by the second graded-channel region of the

second conductivity type.

30. The stacked, unilateral, graded-channel
semiconductor device structure of claim 29, wherein the
10 first conductivity type is N-type conductivity and the
second conductivity type is P-type conductivity.

31. The stacked, unilateral, graded-channel
semiconductor device structure of claim 29, wherein the
15 first conductivity type is P-type conductivity and the

second conductivity type is N-type conductivity.
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1. A nethod for form ng a sem conduct or devi ce, conprising the steps

of : 5 provi ding a sem conductor substrate of a first
conductivity type and a gate el ectrode overlying said substrate,
wherein said gate el ectrode has a first sidewall, a second
sidewal |, and a top surface; 1Q@s form ng a di sposabl e
spacer adjacent to said ; second sidewall of said gate el ectrode
wherein said di sposabl e spacer has a corner distal from said
gate el ectrode; after said step of form ng said disgosable
15 spacer , f SRFGRITRITIORS DEUETE S Tl R ANR BT AGI QF FORMIN

conductivity type in said sem conductor substrate adj acent to
said first sidewall of said 9aLe tract of tﬁ% %gggggsﬁre

5 A method for forming a unilateral, graded-channel
field effect transistor and a transistor stack 200 that
includes providing a substrate (10) with an overlying gate
electrode {14, 16). A spacer (23) is formed on only the
drain side of the electrode. A graded-channel region (36)

10 is formed aligned to the source side of the electrode while
the spacer protects the drain side of the channel region.
Source/drain regions (38) are formed, the spacer is
removed, and then a drain extension region (40) is formed
aligned to the drain side of the electrode.

15
Figure 6 accompanies this abstract.



f or mi ng a doped source region of a second 20

sai d sem conductor substrate

8. .

si dewal | of said gate el
doped drain region of said second

conductivity type in
substantially aligned to said first
ectrode; and formng a
conductivity type in said

sem conductor substrate 25 adj acent to said second sidewall of said
gate " el ectrode. 2. Emg met hod of claim1, further
i ncl udi ng the steps of 30 form ng the doped drain
region of said second
REPLACEMENT SHEET 18 conductivity type in said sem conduct or
substrate substantially aligned to said corner of said
14 28 28 16
\ 4 \ /
30 ' _/30 30 ' _,30
12
— {
4
10 !
FIG.
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di sposabl e spacer; renovi ng sai d di sposabl e spacer; and 5
formng a doped drain extension region in said sem conduct or
Substrate substantially aligned to sai d second sidewall of said
gate el ectrode. 3. The nethod of claim2 wherein said doped

drain 10 region has a first dopant concentration, and said
doped drai n extension region has a second pant concentration
| ess than said first dopant concentrati on. 15 4, The

met hod of claim 2 further conprising the
el ectrode through said top

step of doping said gate
surface during said step of formng

sai d doped source redbon. 20 5. The m&bhod of claim?2
wherein said steps of ! \ —
28 3%\ 23 30 3% /?3
30
14 1 3{4 j( 16
— 71
18 26 12 26
10 I
FIG. 4
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\ -\ gy 23 { [ \
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1
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FIG. 5
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36
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forn{ng sai d doped source region and formng said doped drain
reggion are performed using a single, common ion inplantation
st ep. 25 6. The nethod of claim2 wherein an insul ating
| ayer is disposed on said sem conductor substrate and said gate
el ectrode is disposed on said I nsul ating | ayer. 30 7.
The nmethod of claim2, wheréin the step of&@ 19 form ng
t he di sposabl e spacer adjacent to said second sidewal | includes
form ng an oxi de adj acent
28 32 18 30 18 32 28 30
{ \_/ /
J T ™\
f 14 ¥ \f 1 T
s 8 ) ] L j/ 38 |
40 ~ 40 |
36’ 10 36
FIG. 7
28 30 44 28 30
\ \
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FIG. 8
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38 A\ =2 ) 38
40 40 }
36 36~ 10 36
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t he 'second si dewal |, formng silicon nitride on the oxi de

adj acent the second sidewall, and formng an 5 oxide on the silicon
nitride, wherein the oxide on the silicon nitride serves as the
spacer. 8. The nethod of claim2, wherein the step of
form ng oxide on the silicon nitride includes 10 depositing TECS on
the silicon nitride. ; 9. The ngygod of claiml, further
i ncl udi ng the step of renoving the di sposabl e spacer after the
step of formng the first doped region and before 15 the step of
form ng the doped source region, and wherein the step of formng
t he doped drain region I ncl udes formng the doped drain region
substantially aligned tf]4sa|d sqegnd sidewal | of 128 BRy d gate
el ectrode. 20 / \ { 130
13Q\ . _/130 13Q\ >
' 112
{
4
110 )
. . P |
FIG. 10 190
130 128 119 130 13 118 128 130
\ } 120 \ {
! \
| 114 116
‘L |
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112
110
FIG. 11 199
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10.. The method of claim9 further conprising the steps of doping

said gate el ectrode through said top surface during said step of
orm ng sai d doped source region. 25 11. The met hod of
claim9 wherein said steps of form ng said doped source region
and form ng said doped drain region are perfornmed using a single,
common ion inplantation step. 30 2%/6 12. The net hod of
claim9 wherein an insul ating | ayer is disposed on said
sem conduct or substrate
135
\
|
128 132 123 130 %4 123
I
130 :
114 1 134ﬂ 116
—7 T
118 126 119 112 126
110
FIG. 13 160
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and said gate el ectrode i s di sposed on said insulating layer. 5
13. The nmethod of claim9 wherein said step of formng a doped
rain region includes formng a lightly doped drain extension

regi on. 10 14. The nethod of claim1, wherein the step of

form ng the di sposabl e spacer adjacent to said second si dewal |

I ncl udes formng a di sposabte sgarer adjacent to said first

sidewal | of said gate el ectrode and further including the steps

of : 15 renmovi ng the di sposabl e spacer that is adj acent

to the first sidewall after formng the di sposabl e spacer

adj acent to the secon | Il m ngga h rs oped
region substantially ﬂ&f qg?a %lgrléoto sé? f%@%t $|52W%ZH igald gate

20 electrogg f form ni(saLd 1 posabl e

140 140

FIG. 16 190
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°?nd renovi ng sai d di sposabl e spacer that is adj acent f@”?éid
I rst sidewall; formng the doped drain regi n |y
g P 0T PLACEMEAT SHEET )

'Tlgned to said corner of said disposable spacey $

adj acent_tcm‘mmﬂﬂlﬂ || of the gate? el gckrode, followed|
by renovi ng spacer that is adjafent2tbJUhel982cond

sidewal | of * % he gate el ectrode; and

REPLACEMENT SHEET f oCAAYSt he doped Hrain extension
region in sai d sem conductor substrate substanti.ally alighed

to said second sidewall of said gate el ectrode. 5 15. The net hod

of claim 14 further Gomprisingythiero, formingSi SherdtfcAHRRAINGAE 1 1St

doped region to
comprising the steps of:

5 providing a semiconductor substrate of a first
conductivity type and a gate electrode.overlying
said substrate, wherein said gate electrode has a
first sidewall, a second sidewall, and a top
surface;

10 forming a disposable spacer adjacent to said
second sidewall of said gate electrode wherein said
disposable spacer has a corner distal from said
gate electrode;

after said step of forming said disposable

15 spacer, forming a first doped region of said first
conductivity type in said semiconductor substrate
adjacent to said first sidewall of said gate
electrode;

forming a doped source region of a second

20 conductivity type in said semiconductor substrate
substantially aligned to said first sidewall of
said gate electrode; and

forming a doped drain region of said second

conductivity type in said semiconductor substrate

25 adjacent to said second sidewall of said gate
electrode.
2. The method of claim 1, further including the
steps of :

30 forming the doped drain region of said second

G61o44a-3
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provide a_gradedchannel—regi on under sai d gate REPLAGENIAE. SHEETO

16. The ne further conprising the step of formng
a conforna |“ﬂ over _ sai d gate el pcirodg g[h@pgtc

sai d steps sai d di spogpabl e spacers ad acent to 'saig

first and second sidewal I s of said gate el ectrpde—15

17. The nmethod of claim 16 wherein said dielectric | ayer is
silicon oxide and saish&eaondispassle iin said semicpabystorTombstrIbe

18. The nethod of claim 16, wherein the step of formng a
conformal diel ectri cstlayeantoials sildgpede to said coghestpbdeaidcl udes
formng a nitride |ayer adj acent the first and second sidewalls

and formng an oxi dedisposable §DAGETion the nitride | ayer wherein a portion

of the removing said disposable spacer; and

5 forming a doped drain extension region in said
semiconductor substrate substantially aligned to

said second sidewall of said gate electrode.

3. The method of claim 2 wherein said doped drain
10 region has a first dopant concentration, and said

doped drain extension region has a second dopant

concentration less than said first dopant

concentration.

15 4. The method of claim 2 further comprising the
step of doping said gate electrode through said top
surface during said step of forming said doped

source region.

20 5. The method of claim 2 wherein said steps of
forming said doped source region and forming said
doped drain region are performed using a single,

common ion implantation step.

25 6. The method of claim 2 wherein an insulating
layer is disposed on said semiconductor substrate
and said gate electrode is disposed on said

insulating layer.

30 7. The method of claim 2, wherein the step of



25 OoXi de tayer omthe nitride | ayer serves as the

o o= AR A ™2 conformal “di o ectric 1 aydr

el ectrode irfcl Gdes fHrm ng an oxi de | ayer hed ween
el ectrode and said |layer of nitride. 5 20.
19, further including

REPLACEMENT SHEET
erein the step

ovait dii 49%at e

daid gate

The ndt hod of ¢l ai m
formng a | ayer of oxide bdtween said gate

el ectrode and sai d | afrmioig il ideposable spaceZladJaeemettwdsaifd cl ai m 1,

wherein the step of

10

15

20

25

30

second sidewall includes forming an oxide adjacent
the second sidewall, forming silicon nitride on the
oxide adjacent the second sidewall, and forming an
oxide on the silicon nitride, wherein the oxide on

the silicon nitride serves as the spacer.

8. The method of claim 2, wherein the step of
forming oxide on the silicon nitride includes
depositing TEOS on the silicon nitride.

9. The method of claim 1, further including the
step of removing the disposable spacer after the
step of forming the first doped region and before
the step of forming the doped source region, and
wherein the step of forming the doped drain region
includes forming the doped drain region
substantially aligned to said second sidewall of

said gate electrode.

10. The method of claim 9 further comprising the
steps of doping said gate electrode through said
top surface during said step of forming said doped

source regiomn.

11. The method of claim 9 wherein said steps of
forming said doped source region and forming said
doped drain region are performed using a single,

common ion implantation step.



10 _providing the sem conductor substrate of the first REPLACEMENT SHEET
conduct hVi ty type and the gate el ectrode overlying E;ai2d1 JUL 1999
sem condu nprises the steps of :

form ng ajtmmmﬂﬁ"mﬂlwuﬂ on said 15 20 sem conductor {substrate;
formng thé gatetel®ecty¥ode on said insulating | ayer

formng a dielectric layer on said insulating | ay '

el ectrode; 20 12, Thﬁr&émhdﬂ[mﬂ ydialiimc Onwhayeinoansanguliheirgtri c

| ayer; ani sotropically etching said polysilic

gayer, using sai d dikreexrig disprasess om sadeh semggonductor Sug?Br%F%vide a
| sposabl e spacer adjacent,to said. 2 ewal said gate
el ectrode and the A 3 é %ﬁﬁxﬁ%ﬂé%gﬂgfcéF §&J§8§%§ %g %a?é secong

si dewal | insulating layer.

13. The method of claim 9 wherein said step of
forming a doped drain region includes forming a

lightly doped drain extension region.

10 14. The method of claim 1, wherein the step of
forming the disposable spacer adjacent to said
second sidewall includes forming a disposable
spacer adjacent to said first sidewall of said gate
electrode and further including the steps of:

15 removing the disposable spacer that is
adjacent to the first sidewall after forming the
disposable spacer adjacent to the second sidewall;

forming the first doped region substantially
aligned to said first sidewall of said gate

20 electrode after said steps of forming said
disposable spacer adjacent to said second sidewall
and removing said disposable spacer that is
adjacent to said first sidewall;

forming the doped drain region substantially

25 aligned to said corner of said disposable spacer
that is adjacent to the second sidewall of the gate
electrode, followed by removing the disposable
spacer that is adjacent to the second sidewall of

the gate electrode; and




}

of sai d gate—eleetrode;—wherein said di sposabl e spacREPLA EMLENFQSHEET

adj acent t i i B gdewal | of said gate el eqgtrjode has a
bot t om coﬂm@ﬂgmiwgﬂfumgo sai d gate el ectrode; 2 1 JUL 1999

REPLACEMENT remp ng sai d di sposgblie_spacer

adj acent to said first sidewall of said gate el edtrode, and
further including the steps of: form ng sai d depad.source

region substantially 5 forming tBBedopedsardiiéstersdtanaldgiain sal d gate
el ectrode; . formng said doped drain region substantiall
aligned to said bott ciaichraesicenduesodi spbshbhee substantialglat &l i i s

aligned to said secor’{:do Sslaq'.%m%lelco%fd sjigewall o%alszgi aéaetgle Céc{tordo%e.

5 15. The method of claim 14 further comprising the
step of annealing said first doped region to
provide a graded channel region under said gate

electrode.

10 16. The method of claim 14 further comprising the
step of forming a conformal dielectric layer over
said gate electrode prior to said steps of forming
said disposable spacers adjacent to said first and
second sidewalls of said gate electrode.

15
17. The method of claim 16 wherein said dielectric
layer is silicon oxide and said second spacer is

polysilicon.

20 18. The method of claim 16, wherein the step of
forming a conformal dielectric layer over said gate
electrode includes forming a nitride layer adjacent
the first and second sidewalls and forming an oxide
layer on the nitride layer wherein a portion of the

25 oxide layer on the nitride layer serves as the

disposable spacers.

19. The method of claim 18, wherein the step of



>

! REPLACEMENT SHEET
TenDV|ng_Lhe_dLsstabLe_spacer that is adj acent t' sard second

si dewal | el ectrode; and

drain exte l@ﬂﬂlﬂm "Lwr’"{sm d 15 sem conduct or suk
substanti a sai d segpnd si dewal | of oo
el ectr ode. 22. The nethod of claim 21, wherein§the step of

formng a dielectric layer on said insulating |ayer 20
el ectrode includes ffonniggsaiconformal didileceetic dayayeovas aaidl gatayer

structure conprising nitride and oxi de. 23. The net hod
of claim 21 wherein shfatsedp bichues for“ﬁﬁ%hé@#éﬁﬂ@&lﬂﬁyéFchﬁﬁyeFHrther
provides a top corner of said disposa nacer acent to the
second sidewal | that S?édp?%gﬁ' feec%%ogalzﬁi f[aé% ‘i <t Ofepé%irr gﬁe and
substantially level with said dielectric layer. 30

5 20. The method of claim 19, further including

forming a layer of oxide between said gate

electrode and said layer of nitride.

21. The method of claim 1, wherein the step of
10 providing the semiconductor substrate of the first
conductivity type and the gate electrode overlying

said semiconductor substrate comprises the steps

of:
forming an insulating layer on said
15 semiconductor substrate;
forming the gate electrode on said insulating
layer;

forming a dielectric layer on said insulating
layer and said gate electrode;
20 forming a polysilicon layer on said dielectric
layer;
anisotropically etching said polysilicon
layer, using said dielectric layer as an etch stop,
to provide a disposable spacer adjacent to said
25 first sidewall of said gate electrode and the
disposable spacer adjacent to said second sidewall
of said gate electrode, wherein said disposable
gspacer that is adjacent to said second sidewall of
said gate electrode has a bottom corner distal from

30 said gate electrode;
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24 —~———____24;_Ihg_g$}hod of claim 23 further conpr{i s-hRg-t

step of dopg ate electrode through said top surface
during saimHm mrm,g sai d doped source regigﬁ‘. JUL B9
25. The ne ! wherein said steps of doping said
gate el ectrode, formng said doped source regifon, and form ng
sai d doped drain region are perforned using a lsi '
10 i mpl ant ati on step.removing said Z6spdhebhet spacaf adpaer@S twherein

said step of

formng said first doped region is perforned using

an ang| ed ion |n‘p| ant%jr%rﬁirst]_?idewall of said gate electrcde, and

10

15

20

25

30

further including the steps of:

forming said doped source region substantially
aligned to said first sidewall of said gate
electrode;

forming said doped drain region substantially
aligned to said bottom corner of the disposable
spacer that is aligned to said second sidewall of
said gate electrode;

removing the disposable spacer that is
adjacent to said second sidewall of said gate
electrode; and

forming a doped drain extension region in said
semiconductor substrate substantially aligned to

said second sidewall of said gate electrode.

22, The method of claim 21, wherein the step of
forming a dielectric layer on said insulating layer
and said gate electrode includes forming said
dielectric layer as a multilayer structure

comprising nitride and oxide.

23. The method of claim 21 wherein said step of
anisotropically etching further provides a top
corner of said disposable spacer adjacent to the
second sidewall that is proximate to said gate
electrode and substantially level with said

dielectric layer.
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. 27I The™method—of —cttarm26 wherein said dielectric REPL (?uycl ‘
silicon 28. The nethod of claim 26, re|n e of
BIWHHI"&I““MM(ML c layer on said insulating | Jhp. 19% ne
sald gat e el ect tode includes form ng said2q di nI_ctr|c Laye s la
mul tilayer structure conprising a first oxidge layer, a nitridg
| ayer di sposed on said first oxide | ayer andlLa.secenrd 25

oxi de di sposed on sa4d nithe dethadenbf claim 23 further comprising the
step of doping said gate electrode through said top
surface during said step of forming said doped

source region.

25. The method of claim 24 wherein said steps of
doping said gate electrode, forming said doped
source region, and forming said doped arain region
are performed using a single, common ion

10 implantation step.

26. The method of claim 25 wherein said step of
forming said first doped region is performed using
an angled ion implantation.

15
27. The method of claim 26 wherein said dielectric

layer is silicon oxide.

28. The method of claim 26, wherein the step of

20 forming a dielectric layer on said insulating layer
and said gate electrode includes forming said
dielectric layer as a multilayer structure
comprising a first oxide layer, a nitride layer
disposed on said first oxide layer and a second

25 oxide disposed on said nitride layer.



