DEVI CES ON A SI LI CON SUBSTRATE 1. Field of the Invention. The

relates to the field of MOS integrated circuits, particularly the forn1n?¢
of isolated silicon regions on a 5 silicon substrate. 2. Prior Art: [
the fabrication of netal.-oxide-sem conductor (MOXS) integrated circuits,
steps dre ten taken to electrically isolate one device fromanother to

el imnate reduce. parasitic paths 10 bet ween devices. If, for
instance, field-effect transistors are fabricated on a silicon substrate

W t hout isolation, source or drain regiors fromtwo different transistors
may act as an unmanted th|rd tranS|stor CNerIylng i nt erconnections such as
al um num l'i nes di spas : . : (. the drain
of 15 anot her £ ‘ '

conduction. Parasitic pat hs anevmzemmagsnata« smeIAemn I n corrpl enmentary MOS
(CMOS) integrated circuits. There, the substrate, n+ or p+ regions of

conpl ementary tyangjSl4obse t%gdn;,)ggt%l I's in which 20 ~ transistors of one
conductivity type are forned can together f orm an unwant ed transistor.

Transi stor action bet #eeninvRetionyglages toetheodieldant MOSuirtegmtedparasitic .
pat h which deSt&QX&'&n biﬁt@gﬁﬁtr‘i‘? e’ Sonding BY $sA1P 8911 c3nS ARG a

referred to as "l atch-up". Several processing techniques are currently used
to reduce 5 silicon substrate.
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2, Prior Art. i . %

NS ' In the fabrication of metal-oxide-semiconductor (MOS)

integrated circuits, steps are often taken to electrically isolate

one device from anotﬁér to eliminate or reduce parasitic p;ths
10 between devices. If, for instance, field-effect transistors are

fabricated on a silicon substrate without isolation, source or drain

regions from two different transistors may act as an unwanted third

transistor. Overlying interconnections such as aluminum lines

disposed between the source of one transistor and the drain of
15 another transistor, acts as a gafe and can cause parasitic

conduction.

Parasitic paths are even a greater problem in complementary

MOS (CMOS) integrated circuits. There, the substrate, n+ or p+ _ (5

regions of complementary transistors and the wells in which
20 transistors of one conductivity type are formed can together form an
unwanted transistor. Transistor action between.these various
regions can result in a parasitic path which destroys an integrated
circuit. This problem is sometimes referred to as "latch-up".

Several processing techniques are currently used to reduce

25 parasitic conduction. Field oxide regions are commonly used between

adjacent transistors to isolate, for instance, the source of one



25 , Parasitic conduction. Field oxide regions are commonly used between
adj acent transistors to isolate, for instance, the source of one -2-
Fran5|stor fromthe drain of another. These fhicker oxides provide a |ess
" condiret i ve path (‘a | onger path) between adjacent transistors nd noreover,
overlying lines are at a greater distance fromthe substraQﬁéEScreasing
their effectiveness as unwanted gates. A 5 typical n+ to field oxide
is 6 mcrons in width for CMOS circuits, and thus, consunes a considerable
anount of substrate -area when conpared to the area required to fabricate
the field-effect transistor. In ether cases, trenches are formed in the
substrate and filled with an insulative .material. This technique requires
more 10 conpl ex processing, although it is effective, even with spacing as
low as 1 mcron. Oher techniques are also used inh CMOS circuits to prevent

latch up. FOokr£&neaBRde eréMI@nEidrait o3 aMoRnéLr ”ﬁ%sbntlﬁ%kép'oki‘&sabréﬁli@r whi ch
| ayer is grown on a highly doped substrate. In other circuits, 15 a thin

| ayer is for AR S9R4ucif¥e R&th 4eolonger (Pask) batyees sqdlapeafniwséamﬂ.r e (S0S)

technol ogy. The mdré&seht dveymtngomegoa\#ed% afgfaRaf tcﬂE@a cbOfdmNghr i Or art
t echni ques descri bed above. I'n the present invention; e crystalline

structure of subRETathdeeraasing theloy efitechivensds fasy unmt@D ggtesnt hAof an
epi taxialgli lﬁ?pic@{e:h fthﬂlegiél\AGSxid%OlsaE RIrb89118NGratk S ISP EESREEs S O

forn1ng epltaX|aI- | ke l'ayers froms _
and thus, consumes a considerable amount of substrate area when

\\./ compared to the area required to fabricate the field-effect
transistor. In other cases, trenches are formed in the substrate and
filled with an insulative material. This technique requires more

10 complex processing, although it is effective, even with spacing as
low as 1 micron. .

- Other techniques are also used in CMOS circuité to prevent
latch up. For example, the circuits are formed in an epitaxial layer
which layer is grown on a.highly doped substrate. In other circuits,

15 a thin layer is formed over an insulator such as in the
silicon-on—sappﬁire (S0S) technology.

The present invention provides a departure from the priof art
techniques described above. In the present invention, the
crystalline structure of the substrate is used as a seed for the

20 growth of an epitaxial-like layer formed over isolation regions.

Other processes for forming epitaxial-like layers from seeds
are known. In general, these prior art processes use a single seed,
db not fabricate devices on the seed window, or do not have
electrical participation of the substrate in the final circuit. The

25 closest prior art known to Applicant isf (1) Flectronic Week ,

August 6, 1984, page 31, "Britain Getting Its Act Together In SOI
Technology In Bid To Get Jump On U.S. And Japanese Chip Makers; (2)
Electronic Week, August 6, 1984, Pages 32-33, "Cambridge Lab Heats

Wafers Top and Bottom"; (3) 1EDM82, 16.4, Pages 433-436

30 "Characterization of Laser-S0I ﬁouble Si Active Layers By Fabricating



are known. I n general, these prior art processes use a single seed, do'not
fabricate devices on the seed wi ndow, or do not have electrical ,
participation of the substrate in the final circuit. The 25 closest prior
art known to Applicant is: (1) Electronic Wek August 6, 1984, page 3T,
"Britain Getting Its Act Together In SO Technology In Bid To Get Junp On
U. S. And Japanese Chip Makers; (2) Electronic Wek, August 6, 1984, Pages
32-33, "Canbrid Lab Heats Wafers Top and Bottoni; (3) |EDMB2, 16.4, Pages
433-436 30 " cterization of Laser-SO Double Si Active Layers By

Fabri cati ng - El ementary Device Structures"; (4) |EDVMB2 16.1, Pages
420- 423 "MOS nsistors in Beam Recrystallized Polysilicon"; (5)

J. El ectrochem Soc. Septenber 1981, Pages 1981-1986 (Vol. 128, No. 9)
"Single Crystal Silicon-On-Oxide By A Scanning CW Laser |nduced Lateral
Seedi ng Process"; (6) |EDwB4 34.5,'3Pages 808-811, "Device Performances of A
Subni cron SO Technol ogy"; and (7) Journal of - Crystal Gowh 63 , 1983,
pages 453- 483 emérBaay NevibedsSiStryntleed gr ¢ HoNEEIMBR! | I8y 1 Repakys tarbt428atmasn of Si

Films". “Transistors in Bean-ReorybtLiTidcd Polysilicon”; (5)

J.Electrochem.Soc. September 19081, Pages 1981-1986 (Vol. 128, No. 9)

"Single Crystal Silicon~-On-Oxide By A Scanning CW Laser Induced
5 Lateral Seeding Process™; (6) IEDMB4 34.5, Pages 808-81;, "Device
Performances of A Submicron SOI Technology"; and (7) Journal of - '\‘/

Crystal Growth 63 , 1983, pages 453-483,

"Graphite-Strip-Heatéer-Zone~Melting Recrystallization of Si Films".
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Inproved processing is described for the fabrication of field-effect
devices on a silicon substrate where insulative regions are used to i sol ate
the gﬁ%lces from one another. The insulative 5 regions are formed on.

t he strate and define openi ngs between 'these regions; these regions

* provide "seed windows" to the substrate. A layer of silicon (e N
pol ysilicon or anorphous silicon) is formed over the insulati ons and
extends into the windows. This layer is subjected to a treatnment which
causes the 10 crystalline structure of the substrate to grow into the

| ayer of silicon through the seed windows. The recrystallization of the

| ayer of silicon is seeded through the windows. The recrystallized |ayer of
silicon forms a host |ayer into which and on which field-effect devices may
be fabricated with the channel regions of415 t he devi ces being forned
directly over the seed wi ndows. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1is a cross sect$WHARY OF SIFE: IENUIGNY of a portion of a silicon substrate
whi ch incl udes an N-typemyv@ived prodddshe®Nsladithfifed 23 tndWoPidaiteO o7 t1i de
maski ng menbers. Figure 2 illustrates the substrate of
Figure 1 after an“Gk‘l"tP&F??in deyisss 97d a a$ildpor I#ebtmrhteahem ttnswle t hes ek gipns
nenbers have beeroeqpiierh 1EhdibCud abbiksh AbBSodEactRP! T e BLy RN © 2
after a planarization step. gure Ustrates t

substrate of® F|gtﬁq§iqpqag{qﬂformﬂg on the substrate and define openings between

these regions; these regions provide "seed windows" to the

\;/ substrate. A layer of silicon (e.g., polysilicoq or amorphous
silicon) is formed over the insulative regions and extends into the
windows. This layer is subjected to a treatment which causes the

10 crystalline structure of the substrate to grow into the layer of
silicon through the seed windows. The recrysfallization of the
lgyer of silicon is seeded through the windows. The recrystallizéd
layer of silicon forms a host layer into which and on_which
field-effect devices may be fabricated with the channel regions of

15 the devices being_formed directly over the seed windows.



formation of a silicon layer on the substrate. Figure 5 illustrates the.,
substrate of Figure 4 after the crystalline.structure of the substrate has
propagated into the upper silicon layer. 15 : Figure 6
illustrates the substrate of Figure-5 during doping steps used to adjusbJ
vol tage thresholds for the devices. Figure 7 illustrates the substrate of
Figure 6 aftegfsan additional masking step. Figure 8 illustrates the
substrate of re 7 after the -6- silicon | ayer has been processed to
i solate two acent transistor regions. Figure 9 illustrates the substrate
of Figure 8 after CMOS transistors have been fabricated on and in the upper
silicon layer. 5 Figure 10 is a cross sectional elevation of a
substrate illustrating an alternate enbodi ment of the present invention
particularly useful for the fabricati®h of a CMOS inverter. -7- DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON. ' A process for formng isolated

regi ons and f BRI BFSCBIPTION, QF JHE DRARINGS| | con substrate, is described. In

the foll owi ng

Figure 1 is a -cross sectional elevation view of a portion of
a silicon substrate which includes an n-type well, a silicon dioxide

layer and silicon nitride masking members.

. 5 Figure 2 illustrates the substrate of Figure 1 after an
oxidation step and after the silicon nitride masking members have - L

been removed.

Figure 3 illustrates the substrate of Figure 2 after a

planarization step.

10 Figure 4 illustrates the substrate of Figure 3 after the

formation of a silicon layer on the substrate.

Figure 5 illustrates the substrate of Figure 4 after the
crystalline structure of the substrate has propagated into the upper

silicon layer.

15 Figure 6 illustrates the substrate of Figure 5 during doping

steps used to adjust voltage thresholds for the devices.

Figure 7 illustrates the substrate of Figure 6 after an

additional masking step.

Figure 8 illustrates the substrate of Figure 7 after the



description, nunerous specific details are set forth to provide a 5 ‘
t horough understanding of the present invention. It will be obvious to one
skilled in the art that the process may be practiced w thout these specific
det aiVs. - I n other instances, well-known processing steps hay t been
described in detail in order not to unnecessarily obscure tgézgi§sent
invention. 10 Figures 1-9 illustrate the fabricasfe# of
conpl ementary MOS field-effect devices (particularly field-efféct,
transi stors) enploying the teachings of ‘the present invention. The
fabrication begins with an ordinary p-type nobnocrystalline silicon
substrate 10 illustrated in Figure 1. Aws-n-type well 34 for the p-channel
15 devices is forned in the substrate using well-known processing.
Arseni ¢, phosphoiys;Qh fly8emaB- beeRACprhRRIsHS toRkoNt el 60s] alificenti transidtor A
protective |ayer 12 such as a silicon dioxide layer is disposed on the
upper surface of regngubstrate 10. Silicon nitride nenbers 13 are forned
usi ng ordi nary masking and etching steps. 20 These nenbers are spaced
apart fromone another as illustrated with one nenber being formed over the
wel | 34. The width of tFieyee fehblussritesnthe sphatrety of oFigHEe [ aEiart OMOS
i nvention; for inst t i rdar 3.0f bes @1 18don! r. The
substrate of Fi gg?%&%g?osrssBﬁeeggée}ldgﬁﬂigat%ﬁthgp%f;?ﬁrdgb% oXi g?ﬁ on
step as is commonly enployed to formthe field oxide regions 14 shown. in
Figure 2. (This step I S S e IR PYI-W raeyel |
34.) The thi-gckness' of n?ﬁieg%f?&og?%g’i ggos% séetions el kirac GF 4 Qubd
illustrating an alternate embodiment of the present invention

particularly useful for the fabrication of a CMOS inverter.



regions 14 may, for exanple, be 6000A. Wiile not necessary, but preferred,
the structure of Figure 2 is planarized. That is, steps are used to forma
pl anar surface 5 15 shown in Figure 3. Known processing can be used £
for this planarization. For instance, a planar coating of ' _ Sl
pol ymet hynet hacryl ate or a spin-on-glass |ayer may be formed over the
structure of: ure 2 to forma planar |layer. Then this planar |ayer is
subj ected tolg/reactive ion etch which has a 1-1 10 selectivity between
the layer and field oxide regions 14. The field oxide regions 14 of Figure
2 are reduced in thickness and are show in Figure 3 as field oxide regions
14a. Now a hydrofluoric acid dip is used to expose the silicon substrate
between the field oxide regions 14a foll owed by the 15 deposition of a
pol ysi | i con orDETADEEPhDBESCRIPTIONOOF ITHR AREZENTOVNVENTI@N:substrate. This | ayer

of silicon covers both the exposed regions of the silicon substrate and
field oxide regions 14a. As shown in Figure 4, the upper silicon |ayer 20
contacts the substraferrbfess fbhefommingowsoleted pepidngsanty fidliaefiet t he

[ 14a defipe 20 eni n 0 .t he bstrate 10. A layer. of silicon
oS o BB aEPER B e, S UBSEAT, B pdiSTie¥ o

di oxi de or sillcoOn diroxi de’/'si o]

over the upperdesttiptosh, aymirond.spdbEridpiaaibé laire Odetl Boreh € paslaever | yi ng

| ayer 22 gray be forned us%%% wel I known chem cal vapor_deposition steps. In
dire ot ¢

the presently PPETUEP BAfeE heaprasenp ingentigpoxitnttidl Yo sogbas25

thi ck and the tovedd gkinekhameknetytbenatl e pPSde8BGRYy bOPIHeE1ES kvithioty t he
upper silicon layer 20 is recrystallized causing |ayer 20 to take on the "

crystal li ne stihges FPecidier datailfyst fntodher instancés, well-known processing
steps have not been described in detail in order not to

unnecessarily obscure the present invention.

10 Figures 1-9 illustrate the fabrication of complementary MOS
field-effect devices (particularly field-effect transistors)
employing the teachings of the present invention. The fabrication
begins with an ordinary p-type monocrystalline silicon substrate 10
illustrated in Figure 1. An n~type well 34 for the p-channel

15 devices is formed in the substrate using well-known processing.
Arsenic, pﬁosphorus or other n-type dopants may be used fo; this
well. A protective layer 12 such as a silicon dioxide layer is
disposed on the upper surface of the substrate 10. Silicon nitride
members 13 are formed using ordinary masking and etching steps.

20 These members are spaced apart from one another as illustrated with
one member being formed over the well 34. The width of these
members is not critical to the present invention; for instance, they
can be in the order of a micron or less.

The substrate of Figure 1 is subjected to a high temperature

25 oxidation step as is commonly employed to form the field oxide

regions 14 shown in Figure 2. (This step may also be used as a



-9- That is, if the substrate has a crystalline orientation of (100) the
pol ysilicon or anorphous silicon of |ayer 20 takes on the (100) crystal
arientation of the structure. This recrystallization can be acconplished by
subj &eting the structure of Figure 4 to heat from5 such sources as a
scanning |l aser (e.g., CWargon |aser), scanning el ectron beam or .
strip heater. The recrystallized |ayer 20 of Figure 4 is shomn(zé‘yigure 5
as |ayer 20a. The openings 24 of Figure 4 act as seed w ndows ar i ng the
crystalline structure of the substrate to propagate or grow into the |ayer
20 through the 10 seed wi ndows. The silicon of |layer 20 directly above
the seed wi ndows shown by arrows 27 in Figure 5 has the highest quality
nonocrytal line structure since it is directly above the silicon substrate.

. However, the crystialvé'netai tociodhewedl 3419 SmleStHizkoedsr opagat Aeld adxaneal | y
into the silicon | ayer above the oxide regions 15 1l4a to the regions

i dentified by thée§¥?'ﬁv\%4 &Y ofIOF| YBPRI%G. P A90QA4 qteral recrystallization,
for instance, w |l occuwniiQrnet desdssf, 6ht PR¥RIrabd Nithé Wirbeyodtot lPEgrdgES
of the seed wi ndows, although the quality of the resultant crystal _
structure nmay not? be PIan3fiaad o5 Thata s o EEPT i2AG UE98 Ve £PRM &cRIADAF MPSHRC® The
llayer 20a theref oigeelcin2th rigddd 8he KH@JnUE?oc%Esﬂ& el baxisdh £ ke | ayer
with the crystal growh occurring fromthe predeterm ned seed wi ndows which
are separated by mlpeirizatdone rFogi nsdange, f Plppar jcaydme29f on which and into
which the field- %ioﬁ?ﬁth?ﬁé@ﬁgéﬁylé’éé JraPrdpealdndg1 Rl 1S Ai8E FRhEPUSesmY be

used to heat the back of t .
the structure of Figure 2 to form a planar layer. Then this planar

layer ié subjected to a reactive ion etch which.has a l-1
10 éelectivity between the layer and fiéld oxide regions 14. The field
oxide regions 14 of Figure 2 are reduced in thickness and are shown
in Figure 3 as field oxide regions 14a.
‘Now a hydrofluoric acid dip is used to expose the silicon
substrate between the field oxide regions 14a followed by the
15 deposition of a polysilicon or amorphous silicon'lgyer 20 over the
substrate. This layer of silicon covers both the exposed regions of
the silicon substrate and field oxide regions l4a. As shown in
Figure 4, the upper silicon layer 20 contacts the substrate 10 at
the windows or openings 24. That is, the regions 14a define
20 openings to the substrate 10. A layer of silicon dioxide or silicon
_dioxide/si;icon'nitride composite layer 22 is formed over the upper
silicon layer 20. The upper silicon layer 20 and overlying layer 22
may be formed using well known chemical vapor deposition steps. In
the presently preferred emﬁodiment} layer 20 is approximately 5000A
25 thick and the overlying layer may be, for instance, 1000A thick.
Now the upper silicon layer 20 is recrystallized causing

layer 20 to take on the crystalline structure of the substrate.



25 substrate during recrystallization. For instance, a hot chuck nay be .
used to hold the wafer at an el evated tenperature during recrystallization,
or a quartz furnace may be used for this purpose. -10- A maski'ng | ayer i
30 is-formed with an opening 32 defined through the | ayer 30 above sel ett'ed
seed wi ndows, - An n-type dopant such as phosphorus or arsenic is now

I ntroduced flﬁ;ugh the layer 20a. This dopant may be diffused into |ayer

20a where |aﬁg' 22 is 5 first etched at opening 32 or the dopant nay be
ion inplanted through | ayer 22. The dopant is used to adjust the threshold
vol tage of the n-channel devices as is well-known. Another masking step is
used to forman opening (shown in dottqg_lines in layer 30 of Figure 6) to
permt threshold voltage adjusting for the p-channel 10 devi ces. The

next processi APrsilépsifathe gubstrage dosi neTERIdL e OF iRJitaRkonoPt fA0Pb*het he
recrystall i zedopidih 008 bfkbratbus AT104Y 8F R7ef 20 bbllsCod (HBY(138) USed f Or
this patterning,” or If this layer 1s renoved, another |ayer 35 of silicon

di oxi de or silrystalenienthtipp\of] the stiyctungl offeds aecryistallizatidngeanc by,
(Silicon nitri | [sF I i e} S..3 r ed to
define the opégﬁ?or%?%%dtﬁ}{]tgldig{%&:’tgé%rtggg?f)rt%z %kgfg%{qgo%'sﬁosﬁ??egrﬁ form

oxi de regdi ons s86h ebufdeguse a8scahntumilrsant i(ers.of CF @agdn lesérOn stasching or

ocal Ox1 dati Q. ita RS cPlondLs Nolth ARl TheDFodt 6k 110 4L RIS VST 20

20a at openin
of Figure 4 is shown in Figure 5 as layer 20a. The openings 24 of

Figure 4 act as seed windows allowing the crystalline structure of \./J
the substrate to propagate or grow into the layer 20 through the
10 seed windows. The silicon of layer 20 directly above the seed
windows shown by arrows 27 in Figure 5 has the highest quality
monocrytalline structure since it is directly above the silicon
substrate. However, the crystalline structure of the substrate
propagates laterally into the silicon layer above the oxide regions
15 14a to the regions identified by the arrows 28 of Figure 5. This
lateral'recrystallization, for instance, will occur for a distance
of several ﬁicron beyond the edges of the seed windows, although the
quality of the resultant crystal structure may not be as good as
that occurring above the seed windows. The layer 20a therefore is
20 in the nature of an epitaxial silicon layer with the crystal growth
occurring from the predetermined seed windows which are separated by
field oxide regions. It is the layer 20a on which and into which
the field-effect devices are fabricated.
Various other methods may be used to heat the back of the
25 substrate during recrystallization. For instance, a hot chuck may
be used to hold the wafer at an elevated temperature during

recrystallization, or a quartz furnace may be used for this purpose.



The resultant structure is shown in Figure 8 with regions 20b of .
recrystallized silicon separated fromone another by oxide .38. Note that
t-he silicon regions 20b are electrically isolated fromone another above
the Oxide regions 14a and additionally, the 25 path through the silicon

substrate between these regions 20b (through the seed w ndows)
relatively long. A high quality gate oxide 40 may be grown on regi ons
20b as shown in Figure 8. If etching is used the regions 20b~dre al so

i solated fromone another. Next, a polycrystalline silicon |ayer is forned
over the structure of- Figure 8 and patterned to define gate nmenbers 42 and
43 shown in Figure 9. Two doping steps are next used to formsource 5

and drain regions 44 and source and drain regions 45. As is well-known,
for exanple, first the areas-of the p-cH?ﬁﬁel devices are covered with a

photoresi st while an n-typeadapailyel Sso p%zfgg#%:gﬂh\?\ﬁ?:%ggggntﬁz%@ng e gate

42 to formthe source and drain régions anne
devi ces are cover trough pheylageroifanbove(selecied isped wdodoys . i Mnah+typaedvpamt t h

the gate 43 to fogmyt e RQMLEE LY Lh regions 45. Ordinary. well known
passi vation |ayers (not pgh%gv\% uang %‘fast%g{] iiga ‘7'0?1"?3%?? t Yc’)vﬁ\"\{eel"fyc‘)ef'm&*d
to conpl ete the t2%nsi Biigrdorspt Fagube d9ffused Hingar nyéD, 20anwigire clayat €22 is

croo e (8. IO GRILE { ofang 8 SMSE Seoind I S By O
addition of a zerthnoyeh Haveru#Ber Theglopamtstianesed to aBjurtr ¢hel Ghrdshelid- ef f ect
devices are Sho_wnvolta.ge of the n-channel devices as is well-known. Another masking
step is used to form an opening (shown in dotted lines in layer 30
of Figure 6) to permit threshold voltage adjusting for the p-channel
10 devices.
The next processing steps are used to define separate
regions or pattern the recrystallized silicon layer 20. The layer
22 of Figure 6 may be used for this patterning, or if this layer is
removed, another layer 35 of silicon dioxide or silicon nitride may
15 . be employed as shown in Figure 7. (Silicon nitride is currently
preferred;) Masking members 36 are used to define the openings 37
through layer 35. Local oxidation is used to form oxide regions 38
of Figure 8. A combination of reactive ion etching or local
— oxidation may be used or etching dlone may be used to remove layer
29 20a at openings 37.
The resultant structure is shown in Figure 8 with regions
. 20b of recrystallized silicon separated from one another by oxide
.38. Note that the silicon regions 20b are electrically isolated
~from one another above the oxide regions 14a and additionally, the
25 path through the silicon substrate between these regions 20b
(througﬁ the seed windows) is relatively long. A high quality gate

.oxide 40 may be grown on the regions 20b as shown in Figure 8. 1If



fabricated on a substrate 100, the n-channel device having a gate 420 .and, .
t he p-channel device a gate 430. The processing for the 20 devi ces of /
Figure 10 is substantially the sane as described for Figures 1- 9 "above,
except. the recrystallized silicon regions 200b are not isolated into: ™~
separate re@' ons at the area indicated by arrow 46 in Figure 10. (This, for

exanple, r ‘es the elimnation of the centernost opening 37 shown

t hrough t he sking layer 36 of 25 Figure 7.) Wth the structure of
Figure 10, one of the source or drain regions of the n-channel device is in
contact with one of the source or drain regions of the p-channel device.
This provides a -12- common junction between these transistors which is
particularly useful in the fabrication of a CMOS inverter. (Note a netal
shunt is used to connect these regionsl-) There are several advantages to

the int egrat Edegéhriﬁylitssuéed the %QQMS' Eod:lagﬁ a.ei§o %s@ﬂjteqiof ng&QHPﬁ[eﬁd to

circuits using prior art I1solation. Note for ‘exanple, in Figure 9 the
n+ regi on 44 cl osest Nest{ hepp}wcrmg:aomin%sarieohotaabi- Visi serimet esbekr gra one

anot her above Lprqm%ﬁedgfgﬁghp§s &Mrﬁ he& ?cm Ofme%: esef%e‘gidogas can

be as cl ose as nas rances permt fear or
punch-t hr ough. sho"ﬁheiqoattuﬂeeewee‘no tdoptre IstgpsOnse tnlaxt)uglad ttocfotmndowrcen t he

substrat e; and k‘.ﬂfﬁﬁmh?e ks‘e rE&i QW Srcs Bnd §r£1en %L%V%' Yad ONfL G§-0-. 3
m crons) and iS eref or O provide a pr 151 As mantloned t he
hi ghest qual i t weklekwopsi afdr smnpbﬂ. ddcstr shatareie of the p-channel devices
are covered with a photoresist while an n-type dopant is introduced \,/
in alignment with the gate 42 to form the source and drain regions
44. Then, while the n-channel devices are covered, a p-type dopant
1o is introduced in alignment with the gate 43 to form the source and
drain regions 45. Ordinary, well known passivation layers (npt
shown) and metallizﬁtion layers may now be formed to complete the
transistors of Figure 9.
In Figure 10, an alternate embodiment to the structuée of
15 Figure 9 is illustrated. Like regions of Figure 9 have been shown
by the saﬁe number in Figure 10 with the addition of a zero to the
number. For instance, in Figure 10, field-effect devices are shown
‘fabricated on a substrate 100, the n-channel device having a gate
420 and the p-channel device a gate 430. The processing for the
20 devices of Figure 10 is substantially the same as described for
Figures 1-9 above, except the recrystallized silicon regions 200b
are not isolated into separate regions at the area indicated by '
arrow 46 in Figure 10. (This, for example, requires the elimination
of the centermost opening 37 shown through the masking layer 36 of
25 Figure 7.) With the structure of Figure 10, one of the source or
drain regions of the n-channel device is in contact with one of the

source or drain regions of the p-channel device. This provides a



seed windows 24 of Figure 9. This higher quality silicon is at the 15
channel's of the transistors where jt is nost needed. The poorer -
tecrystallization |ocated towards the outer edges of the source and drain
regilesfs i s of | ess concern in these regions than it would be if occurred
in the channel regions. Wth the circuits of Figures 9 and 10 43@@ devices
are in contact with the underlying substrate 20 (both insid&sand outside
the well 34 and 340). This pernmits better control of substrate |'eakage
currents fromhot electrons. Mreover, there is |ow junction capacitance
and junction | eakage since the source and drain junctions are nostly

| ocated over the oxide regions 1l4a. Contact |eakage (e.g., from netal
contacts) to the substrate 25 is much easier than with prior art
structures since contacts can be nmade to-12hRe source and drain regi ons above

the oxide regio r 0 L ff.usio I of t uged in the prior art
to prevent "gpl ﬁ?\qu%cggrbgl tgﬁte‘gg{l ottﬁgs?]gfg?%%g%’bs. v s?si%ﬁf’o‘i}' arﬁ'r ocessi ng
has been descri bestul gin pheFabrivgtions bt i ONOS Ubsértat & QRotehaClethi adndnef f ect

transistors are fapri ssoRaced apart, recrystallized silicon
regions are for%réegsgg to D%,\?g(?é gg?serre ‘3"."8h . The recrystallization occurs

from seed wi ndows for ribdréderacenetdicadwindegescyod che. idtiegtdteafl diachitievi ces

are for ”EdSOVers&Jl‘E ﬁe%ggWengVﬁa 10 when compared to circuits using prior art

isolation. Note that, for example, in Figure 9 the n+ region 44

\‘/ closest to the p+ region 45 are totally isolated from one another
above the oxide region 1l4a. Thué, the spacing of these regions can
be as close as masking tolerances will permit without fear of

10 punch-through. The path between these regions through the window in—
the substrate and under the oxide regions 14a is relatively long
(e.g., 3 microns) and is therefore too long to provide a problém.
As mentioned, the highest quality recrystallization occurs at the
seed windows 24 of Figure 9. This higher quality silicon is at the

15 channels of the transistors where it is most needed. The poorer
recrystalliéation located towards the outer edges of the source and
drain regions is of less concern in these regions than it would be
if it occurred in the channel regions. with the circuits of Figures
9 and 10, the devices are in contact with the underlying substrate

20 (both inside ‘and outside the well 34 and 340). This permits better
control of substrate leakage currents from hot electrons. Moreover,
there is low junction capacitance and junction leakage since the
source and drain junctions are mostly located over the oxide regions
l14a. Contact leakage (e.g., from metal contacts) to the substrate

25 is much easier than with pfior art structures since contacfs can be

made to the source and drain regions above the oxide regions l4a or

140a. Diffusion plugs often used in the prior art to prevent



- 14 - CLAIMS 1. A process for the fabrication of field-effect devices
on a silicon substratewhere.insulative regions are used to isolate said

devi ces from one another, conprising the 5 .steps of: formng an _
insul ative | ayer on said substrate so as to define wi ndows bet ween regiOﬂS'

of said i l-ative |ayer; etching said insulative |ayer to expose said
substrate \sai d wi ndows; 10 formng a silicon |ayer over said
insulativ gi ons and mnndoms; subj ecting said |ayer of silicon to a

t r eat ment ich causes recrystallization of said silicon |ayer, said

recrystallization occurring by crystal growh fromsaid 15 substrate
expanding into said silicon | ayer through said wi ndows and further
expending laterally in said silicon | ayer di sposed above said insulative
regions; formng a gate, wherein said gate is di sposed above said w ndows;
20 doping regions of said siljgcon layer disposed above said
i nsul ative |layer to fornldrain and source regions; whereby source and drain
regions are i.3glahLgd gomegg&g.esyptstngggeq by said insulative layer. 25
2. The process defi ned by claim1 including the additional step of
defining isol ated r8yisontopravesproqeseings has |hesrdflepemided oforsprepeding duch
that each of éi?ié%n substrate on which field-effect transistors are to be
fabricated. Spaced apart, recrystallized silicon regions are formed
5 over oxide regions. The recrystallization occurs from seed windows
formed between tﬁe oxide regions. Field-effect devices are formed - '\'/

over the seed windows.



deV| ces is isolat ed fromone anether within—said—+ecrystallized layer. 30

3. The~ process. ‘defined by cI I n the channel s of said devices
tie general l'y ‘'over said w ndows. M”Mim s defined by claiml
wherefn said sili‘con 35 substr stal line silicqe 0
wherein said recrystallized layer of silicon takes on the crysta
orientation of said substrate so as to_ fgyn1an epi taxial -1ike upper~silicon
| ayer. 5q The process defined by cIa|n14 wherein said step of 5

forming said | ayer of silicon conpriseSLAIME step of forming a layer of
polysilicon. 6. . The process defined lgry claim4, wherein said step of
formng a |ayer of oidicorf BERRSEPsERF the Tabeiragion &f nfiedd1effect d&"l’-%ﬁﬁer of

?gts)lrj Iogf_uses Ir Iel _cgn 7nn a sn“ib@n eu%ﬁge Q@cr'enﬁﬁbﬂﬁtﬂeat‘é@ﬁnmeuébcﬁﬁ?d
Y gl ons I OXI ions grown fro substrate.
1o e oo as piscadte aafy eubeR Erar Ans RO REVERRIA B of

planarizing sa§d grmpmdﬂ con di oxi de regi ons prior to sai d step of

forming said |ayer of sil |1%991’}§95n 1nsuf£‘lﬁvg @%Sorpsgﬂ]%gb@i‘a% ajgn.d

wherein said step of 20 ectin Icon to treatnent
to formsaid recrysttd defing win n@arhetwaerpwaawﬁ ot spddtingulajive diayerayer

etching said insulative layer to expose said substrate
at said windows;
iﬂ forming a silicon layer over said insulative regions
N _ and windous;
subjecting said layer of silicon to a treatment uhlch
causes recrystallization of said silicon layer, said
recrystallization occurring by crystal growth from said

15 substrate expanding intoc said silicon layer through said
windows and further expanding laterally in said silicon
layer disposed above said insulative regions;

forming a gate, wheréin said gate is disposed
above said windows; _

20 | o ddping_reginns of sald silicon layer disposed above
said insulative layer to form drain and source regicns;
whereby source and drain regions are isolated from said
substrate by said insulative layer.

25 2. The process defined by claim 1 including the
additional sfép'nf defining isolated regions in said
recrystalliied layer of silicon, such that each of said
devices is isolated f#om one another within said
recrystallizedilayer.

30

' 3. - The process defined by claim 2 wherein the channels
of said devices lie generally over said windouws.

[ The pfacesé definéd by claim 1 wherein said silicon
35 substrate is a monocrystalline silicon and wherein said
recrystallized layer of silicon takes on the crystal



of silicon. 10. A process fomafect tran5|stors 25 ,
(FETs) on a silicon substrate, W\nts of: form ng an oxi de”

| ayer on said substrate so as too\m‘%‘ “ tween regi ons of sai d

oxi de layer; _etching said oxide | 0. eXpoSe Said substrate at sai'd "=
W ndows; 30w formng a silicon |layer over said oxide regions and
w ndows, s%ﬁ%)silicon | ayer contactin%.said substrate between said spaced
apart oxide~regions. formng a silicO EScﬁnposite | ayer over said silicon

| ayer; 35 subjecting said silicon layer to a treatnent which

causes recrystal | igdehtatioh ofisdicdisubstatk e es stic fofmah Saitdxial-1ikd -
silicon | ayer takq&)og tqg S talllne structures of said substrate, said
recrystallization €c r?% 6 X??%tal grow h from said substrate expandi ng
into said silicon |ayer thr ough said wi ndows and further expanding

laterally in saide  TheShiddagd detifidd 8l WRIR% BRaArSabsh QHlgIGer €01 Ons;

form ng gates, wher'ei n each of said gate ;fose ove eac sai d
wi ndows; dop ng r RTAARS GRiC dayesiqfi ebkicpayrampElaRsoder) sheWE Eemdng | r st

oxi de layer to foranidyed mfapslyeolicea. r egi ons

6. The process defined by claim &, wherein said step of
forming a layer of silicon comprises the step of forming
10 a layer of amorphous silicon.

7. The process defined by claim 1 wherein said insulative
regions are silicon dioxide regions grown from said substrate.

15 8. The praocess defined by claim 7 including the step
of planarizing said grown silicon dioxide regions prior
to said step of forming said layer of siliecon.

S. The process defined by claim 1 wherein said step of

20 subjetting said layer of silicon to treatment to form said
recrystallized silicon, comprises the heating of said layer
of silicon.

10, A process for fabricating field-effect transistors

25 (FETs) on a silicon substrate, cdmprising the steps of:

forming an oxide layer on said substrate so as to
define windows between regions of said oxide layer;

etching said oxide layer to expose said substrate
at said windous;

30 forming a silicon layer over said oxide regions and
windows, said silicon layer contacting said substrate
between said spaced apart oxide regions.

forming a silicon composite layer over said silicon
layer;

35 subjecting said silicon layer to a treatment which
causes recrystalliiation of said silicon layer such that said



10 . of said FETs; whereby sou*-ee—&nek—dﬁarn—r—egrcms are isolated from
sai d substrate by sald oxi de | ayer. ess defined by claim10,
wher.ein sai d step 15 of form mllmmmrul-“wg Eﬂayer conpri s@\e
for resi on of a polysilicon | ayer . s defined by m 10,
wherein said step of forming said silicon Iayer corrprl ses the st of
formng 20 an anor phous silicon |ayer. The process defined by
clainms 11 or 12 wherein said step of fonn1mg.spaced apart oxi de regions
conprises the step of growi ng oxide regions fromsaid substrate. 25 14.
The process defined b I [ L NQ .S

silicon layer to a tr%ié m@’rﬂa\kﬁ V%‘Et%guds?’egﬁésgf fag'(]:‘%e Séﬁ???%%;a' 5 %rﬁ ?anlgl udes
the heating of said stdbatoatd,ageid rgoryssallizatinn pcmgeg thf q::n@dtaby claim

14 where prior to thegfﬂtﬁaffnﬂn”sﬁd sdidtratd 'e&?&hdiﬁé{efntosééﬂ £24166n rl%%f’”s

are planarized. 35 pr ocess I ned clarm 10 _i ncl udi ng
steps to formisol at e'EIh’f"é'Qh o??&dl‘ﬁ“'@a‘f'?i and cfurdhag IEFE%W%GI]@@BFP]#AWHT said
5 silicon layer dlsposed above said oxide regions;

forming gates, wherein each of said gate is dispaéed
abaove each of said windous;
S doping regions of said silicon layer disposed above
said first oxide layer to form drain and source regions
U 10 of said FETs; ' .
whereby source and drain regions are isolated from
said substrate by said oxide layer.

11. The process defined by claim 10, wherein said step
15 of forming said silicon layer comprises the formation of
a polysilicon layer.

12, The process defined by claim 10, wherein said step
of forming said silicon layer comprises the step of forming
20 an ahprphous silicon layer.

. 13. The process defined by claims 11 or 12 wherein
N : said step of forming spaced apart oxide regions comprises .
the step of growing oxide regions from said substrate.
25
14, The process defined by claim 13 wherein said step
of subjecting said silicon layer to a treatment which
causes said recrystallization includes the heating of said
silicon layer.
30 .
15. The process defined by claim 14 where prior to
the formation of said silicon layer, said oxide regions
are planarized.

25 16. The process defined by claim 10 including steps to
form isolated regions in said recrystallized silicon layer



-17- by renoving portions of said silicon |a er above sai d oxide reglen
permtting a second oxide |ayer umnm“l vacat ed portion such ‘that
sai d second oxi de | ayer contacts ‘m | ayer;”wherein drains» and
5 sou s of each FET are isolated ffom dra| ns and sources of ot fler
FETs by s@om de layers. 17. A process for formng isolated silicon
regi ons an | el d-effect devices on a silicon substrate substantially 10
as herei nbefore described with referddce to-the acconpanyi ng draw ngs. 15

by removing portions of said silicon layer above said’

oxide region, permitting a second oxide layer to grow

inta said vacated portion such that said sscond oxide

layer cantacts said first oxide layer, wherein drains and

5 sources of each FET are isolated from drains and sources = -
of other FETs by said oxide layers.

17. A prucess'for'furming'isulated silicon regions and
field-effect devices on a silicon substrate substantially -

10 as hereinbefore described with reference to the accompanying \_//-~
drawings. '

15



