SHALLOW LOW ENERGY | ON | MPLANTATI ON | NTO PAD OXI DE

FOR | MPROVI NG THRESHOLD VOLTAGE STABILITY (1) FIELD OF
THE | NVENTI ON The present invention relates generally
to a method of form ng a sem conductor device, and
nore particularly to forman MOS transistor with

i nproved threshold voltage stability with the use of
a sacrificial ion inplantation layer. (2) DESCRI PTI ON
OF THE PRI OR ART During the fabrication of shall ow
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(2) DESCRIPTION OF THE PRIOR ART

During the fabrication of shallow trench isolation regions in MOSFET devices, the
current practice is to sometimes skip depositing a transfer gate sacrificial silicon dioxide layer to
decrease the divot (occur at shallow trench corners) depth and improve surface planarity of
shallow trench isolation regions during the inherently isotropic wet etch steps. Large divot
depths cause ’leakage problems, particularly for 100 nm node device generation. Ion
implantation to form the n- or p- well in these cases is done through the pad oxide. Because of
the thickness variations of pad oxide, which may be in the range of 30-50 A, the long channel

threshold voltage variation will also be quite large.

U.S. Patent No. 4,154,626 describes a process of making an FET device with improved

threshold stability by ion implantation.  One method described to form the device consists of




formng at |least the drain region by introducing ion

inplantation of an inpurity opposite in conductivity

to the background inpurity such that the peak inmpurity

concentration is located well beneath the surface,

and subsequently inplanting or diffusing a second

inmpurity within the first region such that the peak

impurity concentration is at or adjacent to the
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U.S. Patent No. 2002/0179997 Al describes a process of fabricating an FET device using
a simultaneous implantation of the well species at the edge of the device and at the bottom of the
shallow trench isolation regions. This procedure while simplifying the process also avoids the

problems of corner threshold voltage degradation and leakage across the trench bottom.

U.S. Patent Application Publication No. 2001/0021545 Al describes a method for
eliminating the transfer gate sacrificial oxide. In the proposed method of this application, the
pad nitride layer is removed after forming the isolation. Dopant ions are then implanted through

the originally deposited pad oxide to form n- and p- wells.




the originally deposited pad oxide to formn- and p-
wells. 2 The first three prior arts do not address the
probl em of well ion inplantation through the pad

oxi de; the fourth one does not offer a solution for

m nimzing the threshold voltage variation resulting
fromthrough- pad-oxi de inplantation. SUVWARY OF THE
INVENTION Accordingly, the nain object of this
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It is yet anot%er object to form a semiconductor device with improved threshold voltage

stability using shallow implantation through pad oxide.

Another objective of the invention is to form a semiconductor device with improved

threshold voltage stability using a sacrificial ion implantation layer.

In accordance with these objectives, a process is described to form a MOSFET device
with increased threshold voltage stability. After forming shallow trench isolation regions using
pad nitride/pad oxide mask stack and removing the pad nitride by a selective etch, required
dopants ate implanted into the pad oxide using low energy implantation. Deep well implantation
is then followed. Using this procedure of sacrificial shallow implantation into the pad oxide prior
to well implantation, threshold voltage stability variation due to pad oxide thickness variation is

significantly decreased.




significantly decreased. 3 BRI EF DESCRI PTI ON OF THE
DRAW NGS. The obj ects, advantages, and details of
fabricating a sem conductor device according to this
invention will be nore clearly understood fromthe
follow ng detail ed description taken in conjunction
Wi th the acconpanying draw ngs. Figure 1 is a
schemati c cross-section of a partially fabricated
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cross-section of a partially fabricated MOSFET device

structure after selectively renoving the pad nitride

| ayer. Figure 3 is a schematic cross-section of a )
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the sacrificial ion inplanted oxide |layer. Figure 4 is
thisaingerdioh veil dwsi mere silemily atndetstiong fant tiei foliovpingfdetaded Hesoription taken in

two oxide thicknesses. Figure 5 is a graph show ng
confjiretishaith dw deoghgantyaleiddawipgof il e in the pad oxi de and

underlying silicon substrate. Figure 6 is a schematic

cross-section of a MOSFET device structure after well

ion inplantation.

Figure 1 is a schematic cross-section of a partially fabricated MOSFET device structure

after forming shallow trench isolation regions.

Figure 2 is a schematic cross-section of a partially fabricated MOSFET device structure

after selectively removing the pad nitride layer.

Figure 3 is a schematic cross-section of a partially fabricated MOSFET device structure

showing the sacrificial ion implanted oxide layer.

Figure 4 is a graph showing simulated implantation profile through two oxide

thicknesses.

Figure 5 is a graph showing the shallow implantation profile in the pad oxide and

underlying silicon substrate.

Figure 6 is a schematic cross-section of a MOSFET device structure after well ion

implantation.




4 Figure 7 is a schematic cross-section of a MOSFET
devi ce structure after stripping the shallow

i mpl ant ed pad oxi de | ayer and growi ng the gate oxide

| ayer. Figure 8 is a schematic cross-section of a
MOSFET device structure after the gate is forned.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The obj ect s,
advant ages, and details of fabricating a sem conductor
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a NCSFET device, firstly shallom1trench i sol ation
regions are forned as follows: over a sem conductor
substrate 10 such as silicon, using chem cal vapor
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deposit pad oxide 12 in the range of approximtely
fomabdut 25 - 120 A thick and pad nitride 14 in the range
of approximately about 500 - 2000 A thick; using a
pl asma process, pattern the pad nitride using a resist
mask; using nitride as a mask etch into pad oxide and
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shall ow trench, in the range of approxi mately about
2000- 5000 A using suitable plasma processes known in
prior art; fill the shallow trenches with a suitable
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conjunction with the accompanying drawings.

For the purpose of fabricating a MOSFET device, firstly shallow trench isolation regions
are formed as follows: over a semiconductor substrate 10 such as silicon, using chemical vapor
deposition (CVD) or plasma-enhanced CVD methods, deposit pad oxide 12 in the range of
approximately about 25 — 120 A thick and pad nitride 14 in the range of approximately about
500 — 2000 A thick; using a plasma process, pattern the pad nitride using a resist mask; using
nitride as a mask etch into pad oxide and into the silicon substrate to the desired depth of the
shallow trench, in the range of approximately about 2000-5000 A using suitable plasma
processes known in prior art; fill the shallow trenches with a suitable dielectric material 16 such
as silicon dioxide; planarize the structure using etch-back or preferably chemical mechanical

polishing (CMP) method. The resulting structure is shown in Figure 1.




polishing (CW) nethod. The resulting structure is

shown in Figure 1. 5 The pad nitride 14 is then

sel ectively renoved using either a selective plasna

process or a wet etchant such as hot phosphoric acid,

as shown in Figure 2. After masking the appropriate

areas i f needed depending on device design (CMOS or
the structure is now exposed to a IOM/energy ion
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energy, dose, and tilt angle are approxi mately about
2 - 15 keV, 3Ell - 7E11 ions/cnR and 5 - 10 degrees
respectively. The sacrificial inplanted oxide |ayer 18
('sosBal maskineSwrperaphiete arpisaifitneeedadtpendintpon idevice dosign (CMOS or
prior to gate formation) is shown in Figure 3.
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inplantation is introduced in this invention. Using
forpgg Kfn‘é?@y Therproblpmaef Ynvaribipamiug tapad oxide thickness variation is due to a

shift in implantation concentration profile. A TCAD simulation profile using arsenic (As) well
implantation is shown in Figure 4 for two pad oxide thicknesses of 50 and 100 A. It is clear from
the figure that the shift in implantation profile is due to pad oxide thickness difference. This shift
leads to surface As concentration differences, which in turn leads to V; shift in the device. In
order to balance this V| shift originating from surface concentration shift, a sacrificial shallow
implantation is introduced in this invention. Using low energy implantation, dopants are
introduced mainly in the pad oxide, while the tail of the profile is inside the silicon substrate as
shown in Figure 5. Since the long channel V, is dependent upon the channel surface
concentration, which is decided by the tail of shallow implantation profile at oxide:silicon
interface in this case, V; variation is therefore minimized. The shallow profile concentration in

the pad oxide is shown in Figure 5.




i ntroduced mainly in the pad oxide, while the tail of
the profile is inside the silicon substrate as shown
in Figure 5. Since the |long channel V, is dependent
upon the channel surface concentration, which is

deci ded by the tail of shallow inplantation profile at
oxide:silicon interface in this case, V, variationis
therefore nininized The shaIIOM/profiIe concentration

in Tﬁeh\gafgla(si ﬁﬂéeﬁ t3 lﬂ%\'ﬁbnlng Wﬁéig qarﬁ As or pem%egm é()c' — 140 keV,

t hen exp ose
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15% 2%5?108?/"% %t Tttt ¢l to B & ‘?%P (B Py O as shown in
as_shown in 6. .The Vt_inplant profile is
Flggmnﬁ Ben tmﬁa?@r@ﬁleﬁéow iRy 51845 -wi t h and wi t hout
sacrificial shallowinplantation are shown in Table |
Vt variation for pad oxide thickness variation in the
range of 35 - 110 Ais 0.489 +/- 0.0327 volts wthout
shalheoW vwaes mithcind lwithopl santiB¢inlahallwvh englastatidn drs sifovaRR Table [V,
+/- 0.007 volts with shallow sacrificial inplantation
varfatib®for tpad weidk thitipleniagihiionin thé\Binge bf 35hnes hlsd) 489 +/- 0.0327 volts
Vol tage, Vt, for PMOS Device with/w thout Sacrificial

witRRa! dhaNew Ascrifid hiARRIAL vaRral Vas 009 Pad) 6 qglts with shallow
Thi cknesses. Pad Oxi de Thi ckness, A 110 100 90 80

BeiZnB1 EB Pwéfﬁﬂ hon volts 0.531 0.517
Sac'g C%l m% a“é%“’%%m’%o 265 p%%ag‘ 0.400 V& Wth
| mpl antation, volts 0.520 0.515 0.515 0.520 0.528
0.535 0.522 0.474

TABLE L. Threshold Voltage, V., for PMOS Device with/without Sacrificial Shallow

As” Ton Implantation at Various Pad Oxide Thicknesses.

Pad Oxide Thickness, A 1o 100 90 80 70 60 35 0
V¢ Without Implantation, volts 0.531 0.517 0.503 0490 0477 0.465 0.436 0400

V: With Implantation, volts 0.526 0.515 0.515 0520 0.528 0.535 0.522 0.474

The sacrificial implanted pad silicon dioxide layer 18 is then stripped off in a wet etchant
such as dilute hydrofluoric acid which is selective to underlying silicon. Since only one silicon
dioxide wet etching step is used, attack of the oxide fill in shallow trenches to form divots,
seams, and loss of surface planarity is minimized. The gate dielectric 22 is then grown, as shown

in Figure 7. The gate dielectric layer comprises thermally grown or deposited silicon dioxides or




The sacrificial inplanted pad silicon dioxide |ayer 18
is then stripped off in a wet etchant such as dilute
hydrof l uoric acid which is selective to underlying
silicon. Since only one silicon dioxide wet etching
step is used, attack of the oxide fill in shallow
trenches to formdivots, seans, and | oss of surface
planarity is mnimzed. The gate dielectric 22 is then
r . [ Fi ;T : [ gy .
othft i En SN ol e 08 Mo U RSt HGAl il aver can be
.dioxides or ,.7 ather depasited material s.conprisi
a i EtveF gD ulgbis T b Qe ool Bllesd PP FyGiE about 20 - 100
can. b a.single layer or a multiple |ayer stack. Gate
Aoaﬁwwiwisem% I@m@é%clf@%approxi matel y about 20 - 100
A of equivalent silicon dioxide thickness. The gate
structure 24 is then formed using the processes known
in prior art. The resulting structure is shown in
Fi gilreeg@c stthetused¥an$ dlgmes foofned hismgi the gmodesses dwmewnpini puior art. The
art are: a) Sacrificial |ow energy shall ow
resiliifd @nfcairé Brhbkh ouBlburs. nl y pad oxi de stabilizes the
pad oxide:silicon substrate interface dopant
concentration. b) Stable interface dopant
concentration provides a device with inproved | ong
ch . d: ; LLi.ty. ¢) The nethod
pr g@%?é{%’a‘g g@?%@ﬁ%&g%@ﬁ%@@gh%&st ability, without
i ncreasing the divot depth or decreasing surface
planarity in the shallow trench isolation structures.

a) Sacrificial low energy shallow implantation through mainly pad oxide stabilizes the

pad oxide:silicon substrate interface dopant concentration.

b) Stable interface dopant concentration provides a device with improved long channel

threshold voltage stability.

¢) The method provides a device with increased V. stability, without increasing the divot

depth or decreasing surface planarity in the shallow trench isolation structures.

d) The method eliminates the use of a sacrificial oxide layer thereby simplifying the

number of process steps and minimizing divot depth.

While the invention has been particularly shown and described with reference to the

general embodiment and a specific application thereof, it will be understood by those skilled in




d) The nethod elimnates the use of a sacrificia

oxi de layer thereby sinplifying the nunber of process
steps and minimzing divot depth. Wile the invention
has been particularly shown and described with
reference to the general enbodi nent and a specific
application thereof, it wll be understood by those
skilled in 8 the art that various changes in form and

s 1o U neth d and
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cope of, t ipvention. . i s clainmed |s:
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conprising: formng a silicon dioxide |layer on a
sem conductor substrate; formng a silicon nitride
| ayer on said silicon dioxide |ayer; formng
isolation trench regions in said senm conductor
substrate; renoving said silicon nitride |layer; first
bl anket i nplantation of dopant through said silicon
di oxide to formsacrificial blanket inplanted silicon
di oxi de | ayer; second bl anket inplantation of dopant
t hrough said sacrificial blanket inplanted silicon
di oxi de layer to formwells; and




renovi ng said sacrifical blanket inplanted silicon
di oxi de layer and formng a gate dielectric |ayer
over said sem conductor substrate. 2. The net hod of
form ng a sem conductor device according to claiml1,
wherein said silicon dioxide |ayer thickness is
appygxi @Rlghyg @bout 25 A - 120 A 3. The net hod of
form ng a sem conductor device according to claiml,
wherein said first blanket inplanted dopant conprises
n- or p- type ions. 4. The nethod of formng a

conduct eV|ce acco ta claim3, wherein
salnh ARt aas asmcawf BT AeVies, B YOS SATIPTENES or

5. The met hod of formng a sem conductor device

ac cfgﬂa}nﬁ@ silisop dixiedaysiRg raéplﬁwgaqh@tor@vlaﬁtm@f i npl ant ed
As+dopant inplantation energy, dose, and tilt angle
ar efosmisedeilivan altjidabyerton spil Sliconlidede lagE11 - 7E11
ions/cn2, and 5 - 10 degrees of tilt angle
r esﬁwenhlig\imlqztonam&f @gioRs irl @il sericypidactor beray,, dose
and tilt angle are approximtely about 2 - 15 keV, 3El
| -reflotihgispidS{IROR nitridédidyd; - 10 degrees respectively.
6. The nethod of form ng a sem conductor device
ac CfseibiRtket Roflh@htBnlof dOPST BlrBughafd s1l§§%ﬁ Akid %ﬁﬁ sperificial

i npl ant ed dopant conprises n- or p- type ions.

bl ToTo PRol R Hc) s ‘ﬂgkﬁ conduct or device accordlng to
aﬂﬁﬁnn@% mﬁeﬁgﬂn ga? agecond bl anket i nplanted n-

t yps%ccgn%anq ke{ ﬁ’np’?‘sn&ﬁion of d! dopan’t through said sacrificial blanket implanted silicon
dioxide layer to form wells; and

removing said sacrifical blanket implanted silicon dioxide layer and forming a gate

dielectric layer over said semiconductor substrate.

2. The method of forming a semiconductor device according to claim 1, wherein said

silicon dioxide layer thickness is approximately about 25 A — 120 A.

3. The method of forming a semiconductor device according to claim 1, wherein said

first blanket implanted dopant comprises n- or p- type ions.

4. The method of forming a semiconductor device according to claim 3, wherein said

first blanket implanted n- type dopant is As" or P" ion.

5. The method of forming a semiconductor device according to claim 4, wherein said

blanket implanted As” dopant implantation energy, dose, and tilt angle are approximately about
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8. The nmethod of form ng a sem conductor device
according to claim7, wherein said second bl anket

i npl anted As+ or P+ ion dopant inplantation energy,
dose, and tilt angle are approximately about 80 - 140
keV, 1E13 - 2E13 ions/cn2, and 0 - 15 degrees of tilt

2 -ARq§, 3 %3?99¢E1 Vigh¥em® aﬁé\SneltOm%gre% of @ rgqureértgectzvefx and for P* ion,

sem conduct or eVI ce, e st eps conpri SI

impijmt .eﬁgrg%ddoge 9(? Hh %?@ ape a %ro%clm%tggl bgut gtkeV E@ [ Im 2?,’11 ions/cm’,

Nt sai rcon |0X|de
|solat|on trench regions in said silicon
mK%ﬁbibB%?@*&ﬁ@e?é ing said silicon nitride; first
i mpl antati on of As+dopant through said silicon dioxide
| ayer to formsacrificial inplanted silicon dioxide
| ayer; second inplantation of As+dopant through said
sact-i fThe mmthqdn?frgnw@e assantieandueiposévies dcaguding toocldior b wherein said
wel | s; and 11 renoving said sacrificial inplanted
secend blgmiet tnpxitetbddpayterongndes ororpntypeaiogat e di el ectric
| ayer over said silicon substrate. 10. The net hod of
form ng a sem conductor device according to claim9,
wherein said silicon dioxide |ayer thickness is
appy.opieMME@bY oRROMIinZ R sbrmicohd@td device according to claim 6, wherein said

second blanket implanted n- type dopant is As” or P* ion.

8. The method of forming a semiconductor device according to claim 7, wherein said
second blanket implanted As” or P'ion dopant implantation energy, dose, and tilt angle are
approximately about 80 — 140 keV, 1E13 — 2E13 ions/cm®, and 0 — 15 degrees of tilt angle

respectively.

9. A method of forming a semiconductor device, the steps comprising:

forming a silicon dioxide layer on a silicon substrate;

forming a silicon nitride layer on said silicon dioxide layer;

forming isolation trench regions in said silicon substrate and removing said silicon
nitride;

first implantation of As’ dopant through said silicon dioxide layer to form sacrificial
implanted silicon dioxide layer;

second implantation of As" dopant through said sacrificial implanted silicon dioxide layer

to form wells; and
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11. The nmethod of form ng a sem conductor device
according to claim9, wherein said first inplanted
As+ dopant inplantation energy, dose, and tilt angle
are approxi mately about 2-7 keV, 3E11- 7El11l ions/cn®,
and 5 - 10 degrees of tilt angle respectively. 12. The
met i . | e . i i . t . .
R B K B
.l g , dose, and tilt angle are
lay%r%re‘g%“?r%{“g@yﬁg%g% 80 - 140 keV, 1 E 13 - 2E 13
ions/cn2, and O - 15 degrees of tilt angle
respectively. 13. A nethod of form ng a sen conduct or
devjce with inproved threshold voltage stability, the
st elfs Enpethed 9f oo sgmicerfustar dVIEs asroRbRg fonclgim 9, wherein said
silicon substrate with steps conprising: formng
siliegin| digxife lagignthickieespirapproximaid ab@é)’éﬁd‘e—g?%ék on said
silicon substrate; and selective renoval of said
silicon nitride; formng a sacrificial inplanted
silicon dioxide layer by inplanting first As+ ions

i Nt Ol SBhdmethbll i0€ GnGhOX iselficbRYRtor deditebt@rding Wetthind 9, wherein said
silicon substrate by second inplantation of As+ ions

first RANAE AdT dbpas@fipldntatioglend 8P| R3¢ a6 d Sild eingférhrgia b&lBately about 2-7
| ayer; and renoving said sacrificial inplanted silicon

keA3@h dop| AXGLANGLE 9T MG AI8¢E Gt M liGely.! ayer
“over sallgd sﬁ% FCon substr af’,e.egqig e feddklifely

12. The method of forming a semiconductor device according to claim 9, wherein said
second implanted As” dopant implantation energy, dose, and tilt angle are approximately about

80 - 140 keV, 1E13 — 2E13 ions/cm’, and 0 - 15 degrees of tilt angle respectively.

13. A method of forming a semiconductor device with improved threshold voltage
stability, the steps comprising;

forming isolation trenches in a silicon substrate with steps comprising: forming silicon
nitride over silicon dioxide stack on said silicon substrate; and selective removal of said silicon
nitride;

forming a sacrificial implanted silicon dioxide layer by implanting first As’ ions into said
silicon dioxide layer;

forming n- well in silicon substrate by second implantation of As® ions through said
sacrificial implanted silicon dioxide layer; and

removing said sacrificial implanted silicon dioxide layer and forming a gate dielectric

layer over said silicon substrate.
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14. The nmethod of form ng a sem conductor device
according to claim 13, wherein said silicon dioxide
| ayer thickness is approximately about 25 A - 120 A
15. The nmethod of form ng a sem conductor device
according to claim13, wherein said first inplanted
Asp dopant inplantation energy, ion dose, and tilt
angl e are approxi mately about 2 - 7 keV, 3Ell 7El1l

Ir ggt;zfég?ﬁe\tl rg?f}gd ?gfor%ﬁmé,ﬁaerf%tﬁﬁ%gdg%tmi(galr\/ﬁﬁe%g&)g(ﬁng to claim 13, wherein said
- ). duct or. i i t l.ai , Wh [
sy RRLH I RoaB R TR e Tt ey,

dose, and tilt angle are approxi mately about 80 - 140

keV, 1E13 - 2E13 ions/cn2, and O - 15 degrees of tilt

angl e respectively. 13 ) ) _ ) o
15. The method of forming a semiconductor device according to claim 13, wherein said

first implanted As” dopant implantation energy, ion dose, and tilt angle are approximately about

2-7keV, 3811 — 7E11 ions/em’, and 5 — 10 degrees of tilt angle respectively.
16. The method of forming a semiconductor device according to claim 13, wherein said

second implanted As’ dopant implantation energy, dose, and tilt angle are approximately about

80 - 140 keV, 1E13 — 2E13 ions/cm?, and 0 - 15 degrees of tilt angle respectively.
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