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TEGHNI CAL FI ELD The present invention relates generally to 07 FEB 2002
silicon-on-insulator devices and nore particularly to integration of
partially and fully depleted silicon-on-insulator devices on a 5 single
waf er die. BACKGROUND ART Silicon-on-ingulator (SO ) devices have often
been dubbed as the next successor to the reigning conplinentary
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diffusion junctions are at ground. In sone CMOS FET devices, n-channel MOS

transi stors are coupled to a conplinmentary p-channel MOS transistor to

provide an integrated circuit havy power requirenments. The
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capability of having both parti al y depleted SO devices on t _he
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ystemfor integrating bothpartially depleted and fully depl eted, SO
devi ces arfDl duvize advantgesSnolade cueellgnt isph%tiep groteptien @ainflagossgalk, jglaest null
Sothtl’o b%akggg, 1|a.{2:ﬂgxpe{n!ﬂg§rﬁty, radiation hardness, reduced junction capacitance, and reduced
junction leakage currents. ' In .addit'ion,' fully depleted SOI devices offer additional
_advantages. . Thgy' provide ;édﬁéed shoet channel effect, near ideal sub-threshold slope,
" increased transconductance, and reducéa threshold voltage (V. J sensitivity to chaﬂges in body
doping, channel length, temperature, and substrate voltage. Fully depleted SOI devices are
15  those in which the layer of semiconductor is sufficiently thin that the entire thickness of the
body region is depleted of majority carriers when in the off state and both diffusion junctions
are at ground. ~ | |
_ In some CMOS FET devices, n-channel MOS ftransistors are coupled to a
compiirpentary p-channel MOS transistor to provide an integratéd circuit having very low
20  power rc;quirexﬁents. ' | .
The capability of having both partially and fully depleted SOI devices on the same
wafer die has not previously been possible. Further, the possibility of making either PMOS
_or NMOS devices of either the partially depleted or fully depleted SOI devices has also not
previously been possible.
25 A system for integrating'both partially depleted and fully depleted SOI devices and
PMOS and NMOS devices within a single die has long been sought, but has long eluded

those skilled in the art.



those skilled in the art. 2 D SCLOSURE OF THE | NVENTI ON The present _
I nvention provides a silicon-on-insulator sem conductor device in which a
single wafer die contains a transistor in a silicon island over an
insulator layer to forma fully depleted silicon-on-insulator device and a
transistor fornmed in a sem conduct or ig%and over an 5 insulator structure
to formpartially depleted silicon-on-i‘hsul ator devices. The present

i nvention further provides a_manufacturing nmethod for having both

partially and fully depl et eHISGHPEHRESE W%@.MENTIQI\&I d effect transistor
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conjunction with the aCcompanying drawings. - _ _

BRIEF DESCRIPTION OF THE DRAWINGS

| 15 FIG. 1 is a single wafer die with a semiconductor substrate having an oxide layer with
 an opening thereon; |

FIG. 2 is the structure of FIG. 1 with a liner oxide covering the oxide layer and
semiconductor substrate; o '

FIG. 3 is the structue of FIG. 2 with a nitride spacer deposited over the liner oxide;

20 " FIG. 4 is the structure of FIG. 3 showing the oxide structure formed after the step of
themaa_l';oxidation; ' g

FIG. 5 is the structure of FIG. 4 after the nitride and liner oxide have been removed
exposing the oxide layer and portions of the semiconductor substrate;

FIG. 6 is the structure of FIG. 5 after the silicon epitaxial grbwth (selective and non-

25  selective) layer is added;

FIG. 7 is the structure of FIG. 6 with a nitride layer and an oxide layer deposited
thereon to protect the active silicon and act as an oxide chemical-mechanical'polishing stop
layer;

FIG. 8 is the structure of FIG. 7 after masking and dry etching the silicon epitaxial

30 growth layer into silicon islands;



| ayer;sFIG 8 is the structure of FIG 7 after nmasking and dry etching the
sikicon epitaxial 30 growmh layer into silicon islands; 3 FIG 9 is the.
structure of FIG 8 after oxide deposition and chem cal - mechani cal
polishing; and FIL.G 10 is the structure of FIG 9 showing a partially

depl eted silicon-on-insulator field eféect transi stor devi ce di sposed
between two fuldy depleted silicon-on-insulator 5 devices. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Referring nowto FIG 1, therein is _shown a
singl e waf er oﬁléi Boiss thewriruckure of FIG: Sr ahiar etide depasitions ando phsraieqlopechapical

sem cond Asfrate 12 of a sem conductor material such as silicon has
had an i u at f materi al such as an oxide | ayer 14 deposited thereon. The
10 oxi de | ayerFIt} lfass the etructomt eftF . th shiowihg taopaetiallyt dépheted sihioompn-indudator
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bt ohed. st Aot BRI SpviFm St SFBVBD e Jube dirplefed SYSbrari sty 4
W th an opiadedg 16 of about 0.5 mto 10 gmprovided. therein. Referring now
to FIG 2, therein is shown the structure of FIG 1 after deposition of a

15 liner insulator such as a |liner oxide 18. The |iner oxide 18 is a _
confdrmal layer in a thickness _ of about 100 A to 500. A h covers the

Oxi de layer 14 and t NREIEMCBRARE SARRHNG QAU THE Iﬁé‘f@ﬂ now to FIG 3,

~therein is shown the structure of FIG 2 having an insulator having a
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Referring now to therein is shown the structure of after a
t her mal E@n@ﬁddeévvnghwmclhhymaw mthdatqpsmngmﬁe)ftahemtrﬁaﬁ unxtOde ummromdsés a
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Referring now to FIG. 2, therein is shown the structure of FIG. 1 after deposition of 2
15 """ liner insulator such as a liner oxide 18. The liner oxide 18 is a éonfdrmal layerin a thickness
_of about 100 A to 500 A which covers the 0xidé layer 14 and the semiconductor substrate 12.
o Referring now to FIG. 3, therein is shown the structure of FIG. 2 having an insulator
having a different selectivity from the oxide la};e'z;'14 such a nitride layer (not shown) of a |
thekness of about 200 A to 1000 A deposited thereon which is forned iﬁto a nitride spacer 20
20 over-a portion of the semiconductor substrate 12. The nitride spacer 20 is formed by
'_ depositing the nitride layer over the liner oxide 18 and isotropically etching it until only the -
nitride -spacer 20 remains to protect the sidewalls of the liner oxide 18 and a portion of the
bottom adjacent to the semiconductor substrate 12. |
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after a thermal
25 processing or thermal oxidation. The thermal oxidation causes a. growth of the liner oxide 18
‘on the semiconductor substrate 12 to form an insulator structure such as an oxide. structure
22. The thermal oxidation at 800°C to 950°C for a few minutes. in a furnace can be a wet
oxidation in an O, and H>O ambient or can be a partially wet oxidation in an O, H,O and H;
ambient.
30 Referring now to FIG. 5, therein is shown the structure of FIG. 4 after a nitride
removal step and an oxide strip step. In the nitride removal step, the nitride spacer 20 is

etched away by a wet etch process using H;PO, and then the liner oxide 18 is removed in an



on thessem conductor substrate 12 to forman insulator structure such as an
oxrde. structure 22. The thermal oxidation at 800C to 950C for a few
mnutes. in a furnace can be a wet oxidation in an 02 and H20 anbi ent or
can be a partially wet oxidation in an 02, H20 and H2 anbient. 30
Referring nowto FIG 5, therein is showm the structure of FIG 4 after a
nitride renoval step and an oxide strip step. In the nitride renoval step,

the nitri deidspaipewhich eliminaéscthe dxidedineb)s and\RidutdsGhe SiEO6LGE onidenautRRAY and
then the liner oxide 18 is renoved in an 4 'oxide strip which .elimnates

the oxi de'q FBlt Peam AHAF HYEWEE Lhe Af this gpint fke oxidgdayarr Ifcend portipns 1of the
result i nsﬁﬁicﬁfﬂ&?or%{xﬁéﬂfaﬁélffaxg%x (%Ed_t his point the oxide |ayer 14 and

portions of the sem conductor substrate 12 are exposed. Referring now to
FIG 6, therei Referishoom to FdGs6, thetein s showklIthis sthucafrt ef F§Gosvafterofrosth oban
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silicon | ayer 26 covers the oxi {ayer 14, portions._of the “sem conductor
subst r at e cpaxialagrpvithe cbhiedailisen Jayeasr 26 2opvers thec onideolayet ldemontions bf thee

silicon | f; . Lstar, . (F vices. ,10. Referring
now to Fl %%{%Pﬁﬂcgére#ﬁﬁf%é g’%ga\?g ﬂ{‘fg)hg% %ﬁ%réteﬂg? (al'—cggrdg‘%h%qylﬁhfé’ bper%’? 81&’t°PWe _
i nsul at or pbetiparef thf field effectdmnbistpe (FEIS dewmides ni tri de | ayer 30 .deposited

t hereqpn. The oxi de.l ayer ' eneral |y deposited to_a thickness of .
appr ogpmat ely %gerﬂ“%ﬁ thﬂﬁzqﬁi:' ? r ﬁ"(fée‘q‘ éﬁ/@%‘@o ssl‘m@t@ﬁ’e‘i’%ﬂcy Gibaying protective a
t hi ckness igfulaadiQferd 694 dxili®1a9Q0R d NakRIhbyd 30 q%asgefhfémﬁ; Th %%(ﬁlj{g Ta et

shown the structure of FIG 7 after masking an ry etching o
silicon | &fdf goneralindepositedto,q ghieknesy of appromimatelyphod dr and the nfmide layeodh)is

ayer 30, SPaemHepdhitit BUNhOREL St w10 R0 2f00AT 76 are i hen dry et ched
to formthe op&eferisg adw BFIG3S, thareth Abshowk tabetictreF FIGNTtfted thagkinghhg
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st ruct ur e layer 28 and the silicon layer 26 are then £y etched to form the openings 32, 34, 36, and 38
of about 0.35 um to 10 pm which define silicon islands 26°, 26”*, and 26°"".
Referring now to FIG. 9, therein is shown the structure of FIG. 8 after deposition of
20  an insulator oxide and oxide chemical-mechanical polishing (CMP). A chemical vapor
deposition (CVD) process is preferably used to deposit an oxide layer over the. structure -
shown in FIG. 8. A oxide CMP is performed and the nitride layer 30 and the oxide layer 28"
act as g-"CMP stop layer to protect the silicon islands 26°, 26”°, and 26’’’ from damage during
the oxide CMP. The oxide CMP leaves the oxide layer 40 in. the previous openings 32, 34,
25 36, and 38 and isolates the silicon islands 26’,26°’, and 26°”". :

Referring now to FIG. 10, therein is shown the completed single wafer die 10 with
gate oxides 42 in a thickness of about 10 A to 100 A preferably thermally grown over the
silicon islands 26°, 26, and 26°** and the implantations performed to form the diffusion
Jjunctions 44, . |

30 In FIG. 10, the silicon islands 26’ and 26"’ on the insulator oxide layer 14 form two
fully depleted silicon-on-insulator (SOI) devices 46 and the silicon island 26 on the
insulator oxide structure 24 forms a partially depleted SOI device 48. By using conventional

doping processes to implant p- and n-type dopants into the silicon islands 26’or 26", either -



shown rn FIG 8. A oxide CW is perforned and the nitride |ayer 30 and the
oxide layer 28 act as a' CWP stop layer to protect the silicon islands 26',
26", and 26"' from damage during the oxide CVMP. The oxide CWP | eaves the
oxide |l ayer 40 in the previous openings 32, 34, 25 36, and 38 and isol ates
the silicon islands 26', 26", and 26"'.gReferring nowto FIG 10, therein
is shown the conpleted single wafer die 10 with gate oxides 42 in a

t hi cknes sthebariatiydeploted\of thelftlly degheted BOhHEvicd 46orml day bgiformeddniera RMOS or

silicon islands. .2 "' and.the | ant ations perforned to form
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silicon-on-insul SA') devices 46 and the silicon island 26" on the
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vari at i ondramihgs dnetcnlpmatequeted@namﬁhls@atwslahdedn-ﬂnmmesmm in light of the

af oregoi ng description. Accordingly, it is.intended to enbrace all such

al ter %tlves nodi fi cations, and variations which fall wthin the spirit

and scope of the included claims.. All matters set forth herein or shown
in the acconpanying drawings are to be interpreted in an illustrative and -
non-limting sense. 10 6 THE I NVENTION-CLAIMED I'S: 1. A nmethod for making
a silicon-on-insulator sem conductor device [46] conprising: providing a
sem conduct or substrate [12]; 5 depositing an insulator layer [ 14] on the
sem conductor substrate [ 12]; : ' _



formng an opening [16] in the insulator layer (14]; formng an insul ator
structure [24] in a portion of the opening [16] on the sem conductor
substrate [12]; formng silicon [26] on the insulator structure [24] and
the insulator layer [14]; 10 form ng openings [32,34,36,38] in the silicon
[26] to formsilicon islands [26',26",86"" ]; depositing insulator [40] in
t he openings [32,34,36,38]; formng gate insulators [42] on the silicon

i sl ands [P2HE,IR&/ENBION - CLAIMED I8:m ng junctions [44] in the 'silicon islands
[26",2626"']. 15 2. The nethod as claimed in claim1l wherein formng the

i nsul ator st rugt ur eal 2fhod s wilkSig @€ BOROA-LAGnsAIAd ¥mRShERrAUSFicd § 8@
depositing. a_ spacer layer [20]; formng a spacer [20] on a portion of the
li ner oxi €ROPTESHRE: [18] in the opening [16] in 20 the insulator |ayer [

14]; and grow | 24] by thermal oxidation of the

|l iner oxide |la e;]w[ﬁ%i gb?#\%‘?ﬁd&%t %ﬁ#ﬁtﬂ{éﬁ%ﬁé [20]. 3. The nethod as cl ai ned
inclaim?2 V\/nedq:ioaitirngrarriimsglatdsrday'ens[uh}ammmesémimhduoﬁor[sﬂﬁdtraté [ej;udes. 25

depositing a spacer |ayer. of ., a nitri 0].; and i.sotropically etching
the nitride [207™R%8 pr?f”é‘[gﬁ%]r’ﬁlée @ﬁ%\‘é@FgP’E‘IOf 41]'4 The nethod as clained in
claim1 wherei fbrﬁmgnaﬁgu@ﬁﬁfurn&?u&&@ i|3lﬁ 28hortibn éfhﬁaéugafiﬂg %%geposm g

I ncl udes: depositing an oxide |ayer [18] on the sillicon
a nitride layer [_20¥enggondystossplsiratedy2); [18]; depositing, patterning, and

oxi de. | ayer [ LSS (26T oo ettt Gk B} 8o pilpor ey 41, "
10 forming openings [32,34,36,38] in the silicon [26] to form silicon islands
- [26°,267,26™7); |
depositing insulator [40] in the openings [32,34,36,38];
forming gate insulators [42] on the silicon islands [26’ 26’°,26’"’]; and

forming junctions [44] in the silicon 1slands [26°, 26” 26",

15 2. The method as claimed in claim 1 wherein forming the insulator structure [24]
inc_:ludes: |
depositing a liner oxide layer [18];
depositing a spacer layer [20];

forming a spacer [20] on a port1on of the 11ner ox1de layer [18] in the opening [16] in

20 . the insulator layer [14]; and
growing the insulator structure [24] by thermal oxidation of the liner oxide layer [18]
’ not under the spacer [20].
3 The method as claimed in claim 2 wherein forming the insulator structure [24]
includes: |
25 depositing a spacer 'layer [20] of a nitride [2'0]; and
isotropically etching the nitride [20] to form a nitride spacer [20].
4, The method as claimed in claim 1 wherein forming openings [32,34,36,38] in

the silicon [26] includes:
depositing an oxide layer [18] on the silicon [26];
30 depositing a nitride layer [20] on the oxide layer [18];
depositing, patterning, and developing a photoresist;

etching the nitride layer [20];

| etching the oxide layer [18]; and E l I!IIIICI I"IILI IIIHH "IISI " ,!II




S 7 etching the silicon [26]. 5. The nethod as clainmed in claim1 wherein
depositing the insulator [40] in the openings [32,34,36,38] in the silicon
[ 26] includes: depositing an oxide |ayer [18] on the nitride layer[26"], on
the insulator layer [14], 5 on the insulator structure [24], and on the
sem conductor substrate [12]; and cheniycal mechani cal polishing the oxide
llayer [18] to be coplanar with the siticon [26]. 6. The nethod as cl ai med
inclaiml whe& N for éfe insulators [42] on the silicon islands
[26', 26", 26" iop s “E%ﬁg ting a gate oxide [42] on the silicon islands
10 [26 26" 265 ] amHe bleehokd"s Wlahed il d8im il Rvilehéin QBRRIRGSTHhE ﬁéul%ﬂx%ﬁo]%]th@nd
r enovi ng the gat e oxi de £4%L on the insulator [40] in the openings

[ 32, 34, 36°pRngs132.3th36,38bintthe siliegn [29binsiudesion i sl ands [26', 26", 26"

7.
2na the [ uneti SRR dbdadiafictBhe ALl T, R ﬂ%su?#%rﬁlﬁmi gl on
structire L24] fﬁr :jmn&xe 1fhﬁlqlan'$tnmhiry[2d@,pﬂndtoedhessdnuecﬁﬂuabr subsmhtal[m,dﬁt/l ce
48 8. T
ot ator [ 42) ChmcaliedBiont pishisu e Ada (e LB b4 be GhSlasat s thepsilioer |

over the insul ator L er [14] forms a fully depleted silicon-on-insulator
device [46]. . 9. The net‘hod as clainmed in claim1l wherein formng the gate
i nsul ator [42] 6on 7Zbe methodias qlamed nmdsm@ Mii[herenn forming gatcumulatdm[ﬂ] on the

26' , 26" ,chan uI at or.l.ran st 8] .
ELO The rneg’?l}‘*:noIl lsflés%{dgﬁ%?’h&j %ﬂ E%%Fhﬁﬁi ‘%ﬁ 3?% f t[#é é
[ 42}\} oﬂ E_aﬁji 260267 thaid ﬁmnguaabr [40] tlﬂehabﬂ;e:x@nga [Zg Ba,lad 3B}2§nd ?@novz@g tﬂe S ms
?|n| [ |C| ?Prplglﬂp Tfé]: q%ot?lp grnfi}@ligrs[ﬁp]apé&ﬁ/tg;g‘mngéss[ﬁ r34 6,38] ar]ld on a portion of-the silicon
- islands [26°,26”’ 26”’]

7. The method as claimed in claim 1 wherein forming the gate insulator [42] on
and the junctions [44] in the silicon island [26°°] over the insulator structure [24] forms a
15  partially depleted silicon—on—insﬁlator-aevice [48].
8. 'The method as claimed in claim 1 wherein forming the gate insulator [42] on
. and the junctions [44] in the silicon island [26°,26"’] over the insulator layer [14] forms a
fully depleted silicon-on-insulator device [46]. .
9. _ The method as claimed in claim 1 wherein fonnihg the gate insuI;tor t42] on
20 and the junctions [44] in the silicon island [26°,26”,26°"’] forms a P-channel silicon-on-
1nsu1ator transistor [46,48].
10. The method as claimed in claim 1 wherein forming the gate insulator [42] on
and the Junchons [44] in the silicon 1sland [26°,26"°,26""’] forms an N-channel silicon-on-
 insulator transistor [46,48].
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