DEVI CE AND METHOD OF FABRI CATI NG THE SAME
BACKGROUND OF THE | NVENTION 5 Field of the Invention: ,
This invention relates to sem conductor nenory devices, and nore

NAND- STRUCTURED AND AMORPHOUS SI LI CON BASED READ- ONLY @WV\? \gEN@;(U‘

particul arly, to a NAND- structured anorphous silicon based
sem conduct or read-only nenory (ROM device of the type including an
array of MOSFET (netal - oxi de seni conduct ol field-effect transistor)

menory cel | s whoweNDSTRECTURED MNP AMORPHOUS SEH1GOYBATED Rt (¥
silicon and constr MEMORAPEVIOE AN METHODOF FABRICAHTINSOTHESAME ur e.
Description of Prior Art: Read-only nmenory (ROM is a
nonvol atil e sem conduct or menyACNGRGUNDSIOTHE INVENTIONCONput er  and

m croprocessor systens for permanently storing information including

progr ans aSntiISdﬂe?q(thffF}ﬁ%;are repeatedly used, such as the BI OGS (abbreviation

for Basic "éﬁ't“bolﬁ’ System a wi dely used operating system on
personal conputers)._or .the like. . The manuf agture of Rdvsaé@a\éo ves
very conplicated andhiinusntiomesiatesig sypiserducios mepery devices, and maie p LR,

equi pnent and material to achieve. Therefore, the binary code to be
‘permanent |y st e 2NAND-ROMured amorphbis/sifi¢andrasatkseminondunjortrerd-enly msmeFy and
then furnished to the factory to be programred into the ROV. 20
Most ROMB are iReM)idedice.iof trapeRoRding@n afhy EMOSFETXaRpi-okide s¢rhieontiutioer ent
field-effect transistor) memory cells whose source/drain regions are formed from
10 amorphous silicon and constructec.i based on a silicon—on-insulato'r (SOI) structure.
Description of Prior Art:
Read-only memory (ROM) is a nonvolatile semiconductor memory widely used
in computer and microprocessor systems for permanently storing information including
programs and data that are repeatedly used, such as the BIOS (abbreviation for Basic .
15 Input/Output System, a widely used operating system on personal computers) or the like.
The manufacture of ROMs involves.-very complicated and time-consuming processes and
requires costly equipment and material to achieve. Therefore, the binary code to be
permanently stored in ROMs is usually first defined by the customer and then furnished to
the factory to be programmed into the ROMs.
20 Most ROMs are identical in semiconductor structure except for the different
binary code stored therein. Therefore, the ROM devices can be fabricated up to the stage
ready for data programming and then the semi-finished products are stocked in inventory

awaiting customer orders. The customer then furnishes the data to the factory where the

data are stored into the semi-finished ROMs by using the so-called mask-programming



bi pary code stored therein. Therefore, the ROM devices can be fabricated up
to the stage ready for data progranm ng and then the sem -fini shed
products are stocked in inventory awai ting customer orders. The
custoner then furnishes the data to the factory where the data are
stored into the sem -finished ROVMs by using the so-called mask-progranm ng
2 process. This procedure is now a standard nethod in the
- sem conduct or Iggﬁwgt i fp%ced re is no\LQQ[ bG8 nhddGlYkhe semiconductor industry ot nmost
conventi onal , et 212 0x1 06 sem conductor field-effect transistors
(MOSFET) are used as t nory cells for permanent storage of binary data.
Inthe 5 né@ﬁFﬁFﬁﬁgﬁwgfng process stage, an inpurity material is doped

into sel ected channel regions so as to prqvide the as ociatgﬁ
menory cells with dif mesteenvertiona RPMs\metakgydde semicon “‘F‘%R}g?@"&%%}%%% Fng
the storage of different values of the binary-coded data. \Wether one
MOSFET nenory gMOSHET)astustd asthe meenmrpicells fpr phirgianeng stogrge of hingyy datad 4n ke

whet her the associ ated channel region is doped with inpurities or
not. |f ong chapRRlprégtsthRihg SrofPSdge, bR impurity itatdrizpistdopédsiato seleeted shamnelat ed
MOSFET nmenory cell 'is set to a IOM/%hreshoId vol t age, effectively

_ Inary*di _ , otherw se, the MOSF _
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setting the MOSEET nennr | 0 N itage t he
storage of a fiF&P Lo i p@%lgdlctt%‘e ?sg?gﬁigﬁ%ﬁlgwoé’eﬂw&l G SRESRRNJ]

MOSFET memory cell is set to store a binary digit of 0 or 1 depends on whether the
associated channel region is doped with impurities or not. If one channel region is doped
10 with impurities, the associated MOSFET memory cell is set to.a low threshold voltage,
effectively setting the MOSFET memory cell to a permanently-ON state representing the
storage of a first binary digit, for example 0; otherwise, the MOSFET memory cell is set
to a high threshold voltage, effectively setting the MOSFET memory cell to a
permanently-OFF state representing the storage of a second binary digit, for example 1.
15 One conventional ROM device is shown in Figures 1A through 1C, in which
Figure 1A is a schematic top view of the ROM device; Figure 1B is a cross-sectional view
of the ROM device of Figure" 1 cut along the line IB-1B; and Figure 1C is a cross-sectional
view of the ROM device of Figure 1 cut along the line IC-IC.
As shown, the conventional ROM device includes a semiconductor substrate,
20 such as a P-type silicon substrate, on which a plurality of parallel-splaced bit lines 11 and
a plurality of parallel-spaced word lines 13 crossing the bit lines 11 aré formed. The word

lines 13 are isolated from the underlying bit lines by an oxidation layer 12. This ROM



petemanent | y- OFF state representing the storage of a second binary digit,
for exanple 1 15 One conventional ROM device is shown in
Figures I Athrough I C, in which Figure 1A is a schematic top

vi éw of the ROM device; Figure 1B is a cross-sectional view of the
ROM device of Figure 1 cut along the line IB-1B; and Figure.l Cis a
cross-sectional view of the ROM device of Figure 1 cut along the

S line ICGIC As shown, the Xonventional ROM device includes

a seni conduct or n artl) of MBYEET dfenforPcéllsn, &dchibeing aswsbiatedatieh, onen
whi ch a plural i‘%ei}ég?’;°ﬁ>‘g°tf’§f“?%| 8’s(f)aced bit |i ngs 11 and a plurality

of parallel-spaced word |ines. 13 Ssin L4 b if.ormed. The
wor d ISieﬁ'@gmﬂg%‘%orgjg‘fa%!f’e:%eq\!"?%‘n?% £ l&lggﬁﬁﬁfglrn f?ﬁgf bjol:h tlﬁ{eignes by an
oxi dation layer 12. This ROM

3 devi ce i ncl uieshoam iaFigye BE. ivesrrsthorh fos fapricainedha sonvenlignal RPN,
associ ated with one segnent of the word |lines 13 between each

nei ghbori ng pai devirk, the firdtistepss onduct an ion-implantatiopprosewsaa a5 i daPgar &-yee i n
the method for fabricating the conventional ROM device, the first

step is to condiychridfimhal, SithaBhaédio(A4)] iaRAsRkcRd ragorsof tejsebarnteN ity frm 5
i mpurity material, such as arsenic (As), into selected regions of the
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Subsequent Iy, arelretmaecp rasginreoucer fe o Trro S RlenfaRA B
to formthe
Subsequently, a thermal oxidation process is performed on the wafer so as to form the
oxidatioﬁ layer 12 over the entire top surface of the wafer. Next, a conductive layer, such
10 as a highly-doped polysilicon layer is formed over the wafer, and then selectively
removed through a photolithographic and etching process. The remaining portions of the
conductive layer serve as the wora lines 13. This completes the fabrication of a semi-
finished product of the ROM device awaiting for customer order.
In the mask-programming process, a mask layer 15 is first formed over the wafer.
15 This mask layer 15 is predefined to form a plurality of contact windows according to the
bit pattern of the binary-coded data that are to be programmed into the ROM device for
permanent storage. These contact windows expose those channel regions that are
associated with a selected group of the MOSFET memory cells of the ROM device that
are to be set to a permanently-ON state. The covered MOSFET memory cells are to be set
20 to a permanently-OFF state. Subsequently, an ion-implantation process is performed on
the wafer so as to dope a P-type impurity material, such as boron (B), through the contact

windows in the mask layer 15 into the exposed channel regions. This completes the so-

called code implantation process.



oxidation layer 12 over the entire top surface of the wafer. Next, a
conductive |l ayer, such 10 as a highly-doped polysilicon layer is forned
over the wafer, and then selectively renoved t hrough a

phét ol i t hographi c and etching process. The renmining portions of the
conductive |ayer serve as the word lines 13. This conpletes the fabrication

of a sem - finished product of the ROM device awaiting for custoner
order. I n the mask- programm ng process, a nmask layer 15 is
~first formed over the wafer. 15 This mask |ayer 15 is predefined to

forma plurality of Inchatiashedprodansf te®OMideyice.dhe daped channel regipng casa ther n
of the binary-coded data that are to be programmed into the ROM device for

per manent st or 3ggeiakh REESIOLN kR for\eNd @Ve RKBAISW thiesheldholiages bffeatiyelg netting at
are associated wth a selected group of the MOSFET nenory cells of
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state. Subsequently, an ion-inplantation ogcess | erfor
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t hrough the contact . ~ windows in the mask |ayer 15 jinto hginexposed
channel regi onsegidisicaussahgrissecaaied MOSIET memory cells tobesgido g bigh ﬁ%\o Nolies%on

process. : : 4
In the fini shedffpaiddlycietivg thdse MOBFERmemery ¢elietodopenansnty-GHiF statgjiepresentiagse
t he associ ated MOSFET nenory cells to be set to a |ow threshol d
vol tage, effectyy&lhaséh koPe of a second binary digit, for example 1.
In the foregoing ROM device, since the source/drain regions are formed in the
substrate by ion implantation, the isolation between the source/drain regions and the
10 substrate is poor. Moreover, since a diode junction is used for the isolation of the
source/drain regions from the substrate, the leakage current will be increased as the
applied voltage is increased. Still further, since the magnitude of this leakage current is

proportional to the contact area between the source/drain regions and the substrate, the

operating voltage is limited to a small magnitude for prevention of a large leakage current.

SUMMARY OF THE INVENTION
It is therefore a primary object of the present invention to provide a ROM device
which is built on a silicon-on-insulator (SOI) structure so as to provide isolation between
the source/drain regions and the underlying substrate to prevent the occurrence of leakage
20 current therebetween.
It is another object of the present invention to provide a ROM device which is

built on an SOI structure which can prevent the occurrence of breakdown at the diode



t hose MOSFET nenory cells to a permanently-ON state representing the

per manent storage of a first binary digit, for exanple 0. On the
ot her hand, the undoped channel 5 regi ons cause the associ ated MOSFET
mepory cells to be set to a high threshold voltage, effectively

setting those MOSFET nenory cells to a permanently-OFF state representing
the permanent storage of a second binary gligit, for exanple 1.

In the foregoi ng ROM device, since the source/drain regions are forned in
t he subrmetinebebyeendhe savpteAtiaiareaions and dhe UBSEAS [OR MERNRIPeA 08
source/drain regions and the 10 substrate is poor. Mreover, since a
di ode junction vdtiagsed for the isolation of the source/drain
regions fromthe substrate, the | eakage current will be increased as the
applied voltage is iR &MSHBthesbbjbdt of telgi@ent iiventien IdFrovig ainteudd fof t hi s
| eakage current is proportional to the contact area between the
source/drain regions. a he s . .t he operating voltage is
limted to a sngalbf'car%rﬁ‘ﬁglﬁjet%&@Of"grb&ép%%egl}l fion of a | arge | eakage current.

SUMVARY OF THE | NVENTI ON . It is therefore.a prinary object

of the present invenffgitopa OBFﬁ\?iaﬂéa‘éVWﬁ%'{}ﬁ?:g‘vemon wf be\ﬁgtife‘gﬁf'gpw&e on
a silicon-on-insulator (SO) structure so as to provide isolation between

t he sour ce/ dr ai Hescaplimwhighdoltotves, ansdiemastiwill bs obwpvsfrem ths des@ipiinn, qrpay be
occurrence of | eakage 20 current therebetween. It is
anot her obj ect @fardeld®ypeRueObf thowRehiich) The obfeoisiade advaR@tef\thecimverioalwill be

built on an SO structure which can prevent the occurrence of breakdown at
the diode realized and attained by means of the elements and combinations particularly pointed out
in the appended claims.

10 To achieve the objects and in accordance with the purpose of the invention, as
embodied and broadly described herein, the invention comprises a new ROM device and
a method for fabricating the same are provided.- This ROM device includes an array of
MOSFET memory cells that are NAND-stmcnued and amorphous silicon based.

The method in accordance with the invention for fabricating this NAND-

15 structured and amorphous silicon based ROM device includes the steps of preparing a
semiconductor substrate and forming a first insulating layer over the substrate; forming
an intrinsic amorphous-silicon layer over the first insulating layer; removing selected
portions of the intrinsic amorphous-silicon layer so as to form a plurality of substantially
parallel spaced diffusion regions serving as a plurality of bit lines in a first direction;

20 performing an ion-implantation process on the diffusion regions so as to dope an impurity
material of a ﬁrst semiconductor type into the diffusion regions to adjust the threshold

voltage thereof to a predetermined level; forming a plurality of first sidewall spacers, each

on a sidewall of the diffusion regions; forming a second insulating layer over all of the



5 - junction between the source/drain regions and the substrate for

I ncreased operating vol t age. It is still another

obj ect of the present invention to provide a nethod for fabricating
the foregoing ROM device. 5 Addi ti onal objects and advant ages of
the invention wll be set forth in part in the description which
follows, and in part will be obvious fromthe description, or may be

| earned by practice of the invention. The objects and advant ages of the
invention wll d¥Bosed surfaces bE@E ifirst thsaRdn@layed, tediffysioreragiongn find the fedt odewald

and conbi nations particularly pointed out I n the appended cl ai ns.
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menory cells that are NAND-structured and aporphous sjlicon based. )

The nethod in okAtegions erving as @ purglity ehiverdlines in 7 sepond ditectigp qrpgsebaplt 15
structured and anor phous silicon based ROM device includes the steps of
preparing a lines, the e ed pduohs betwadrsthe gate regichsfapd therdjffasidn regions definingta ng
| ayer over the substrate; form ng .an intrinsic anorphous-silicon

llayer over the fiifafity dM&datidhd WEerk iy Siray 6f2HEMor) Gelfedre €ridd, the diffusioR figidnns
of the intrinsic anorphous-silicon layer so as to forma plurality of

o pst ant iya{)} Y .; being partiRGHeR iddSa pARAGT Bf Hahth3e iBnd R LORCAES UnBitn B dhte
regions and a plurality of source/drain regions that are located between the channel
regions; and forming a plurality of second sidewall spacers, each on one sidewall of the

10 gate regions.

These steps are followed by preparing a mask which exposes a selected number of
locations on the gate regions that are associated with a first selected group of the memory
cells of the ROM device that are to be set to a permanently-OFF state, the unexposed
locations being associated with a second selected group of the memory cells that are to be

15 set to a permanently-OFF state; performing an ion-implantation process so as to dope an
impurity material of a second semiconductor type through the mask into the associated
channel regions so that the doped group of the channel regions causes the associated
fnemory cells to be set to a permanently-OFF state, while the undoped group of the
channel regions causes the aséociated memory cells to be set to a permanently-ON state;

20 forming a third insulating layer to cover all of the exposed surfaces of the second
insulating layer, the gate regions, and the second sidewall spacers; forming a plurality of
source/drain contact windows and gate contact windows through the third insulating layer

and the second insulating layer, in which the source/drain contact windows expose all of



20. performng an ion-inplantation process on the diffusion regions so as
to dope an inpurity material of a first sem conductor type into
the diffusion regions to adjust the threshold vol tage thereof to a
prédeterm ned level; formng a plurality of first sidewall spacers, each

on a sidewall of the diffusion regions; formng a second insulating |ayer
over all of the 6

. 7
exposed surfaces of the first insulating |ayer, th ' e) |
Tho Tirst sl dofispurce/dain regpacBR e G i 5rdshaoutiey 8 iEdey AERrBE, 2N
second insulating layer; renoving sel ected o rtions of tq
conduct i ve | ayércagamsas thogdtoregicns glaypriassogiagd vilih&e SN-PaieI ey &F Fsélangpaced
gate regions serving as a plurality of word lines in a second direction.
crossing the biftiing® condudiive@sateriah inte theseerde/goirt ¢antest indaws and the galgcantact
regions and the diffusion regions defining a plurality of |ocations
wher e an ar ray lgdIRTBLY Rl 3 ohirSli OF BRE clethgiedidshetsively if agigaresontact
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being partitioned into a plurali channel regions that are | ocated

beneath th t . I ' : ' [
oot 1 S O] B b Bl 50N oS on

_ ns; an ormng a
plurality of second sidewall spacers, each on one sidewall of the 10

gate regions. contact windows. These steps are followed by preparing a mask
whi ch exposes a sel ected nunber of | ocations on the gate regions
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unexposed foregoing NAND-structured and amorphous silicon based ROM device including a
semiconductor substrate, a first insulating layer formed over the substrate, a plurality of

10 substantially parallel-spaced diffusion regions formed over the first insulating layer in a
first direction serving as a plurality of bit liﬁes, a plurality of first sidewall spacers formed
on sidewalls of the diffusion regions, a second insulating layer which covers the first
insulating layer, the diffusion regions, and the first sidewall spacers. The structure also
including a plurality of substantially parallel-spaced gate regions formed over the second

15 insulating layer in a second direction serving as a plurality of word lines intercrossing the
bit lines, the crossed portions between the gate regions and the diffusion regions defining
an array of memory cells for the ROM device, the diffusion regions being partitioned into
a plurality of channel regions located beneath the gate regions and a plurality of
source/drain regions between the channel regions, wherein a first selected group of

20 channel regions that are associated with a first selected group of the memory ceils that are
set to a permanently-OFF state are impurity-doped, while a second selected group of the
channel regions that are associated with a second selected group of the memory cells that
are set to a permanently-ON state are undoped. Also included in the structure are a
plurality of second sidewall spacers, each being formed on one sidewall of the gate

25 regions, a third insulating layer formed over the second insulating layer and the gate

regions, the third insulating layer being formed with a plurality of source/drain contact



| ocations being associated with a second sel ected group of the nenory cells
that are to be 15 set to a permanently-OFF state; perform ng an

i on-inplantation process so as to dope an impurity material of a
se€ond sem conductor type through the mask into the associ ated

channel regions so that the doped group of the channel regions causes the

. associ ated menory cells to be se&;to a pernanently-CFF state, while
t he undoped group,of the ons s. the. ' -
memory cel s t m'séowxpf’ﬁn%a%gf Waﬁ@ﬁﬁr)@fame 5. R ESIoh R 306 s Bty
insul ating |ayer (0 éntaa wifl ows cx ésm%laeg&?%qpnm& gﬂ%ﬁzgﬂ)fns H;'ﬁmggcer ons that
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contact wi ndows through the th sul at’i ng 1 ayer and the second
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7 the source/drain regions, and the gate contact w ndows expose a

sel ect ed nynberofghte electrodes| fonsdi intis: gate donacywindowe @i tha thitdiasulating layesoci at ed
with the ON-state menpry cells; and filling a conductive materia
into the sourcel dr ailhiséobr unsersigod deanboth it @mogatgenqseirﬂe@faptwn and the {gllgwings

to as to forma plurality _ of gate el ectrodes respectivel n the ga
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respectively in. th soatérc e/ {al n contact w ndows.
I n anot her aspeé’f’e" %\Vgﬁ ion is directed to a sem conductor structure
of the

10 BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the following detailed
description of the preferred embodiments, with reference made to the accompanying
drawings, which are incorporated in and constitute a part of this specification, illustrate
one embodiment of the invention and together with the description, serve to explain the

15 principles of the invention. In the drawings:

Figure 1A is a schematic top plan view of a conventional ROM device;

Figure 1B is a schematic sectional view of the conventional ROM device of
Figure 1A cut along the line IB-IB;

Figure 1C is a schematic sectional view of the conventional ROM device of

20 Figure 1A cut along the line IC-IC;

FIGs. 2A through 2E are schematic sectional perspective views depicting the
steps involved in the method of the invention for fabricating a NAND-structured and
amorphous silicon based ROM device ;

Figures 2F through 2H are schematic cross sectional views, each showing sections

25 along lines I-1 and II-11 of Figure 2E, depicting further steps involved in the method of the

invention.



f or egoi ng NAND- st ruct ured and anor phous silicon based ROM devi ce incl uding

a sem conduct or substrate, a first insulating |ayer fornmed over the
substrate, a plurality of 1[I0 substantially parallel-spaced diffusion
regions formed over the first insulating layer in a first
direction serving as a plurality of bit lines, a plurality of first

sidewal | spacers forned on sidewalls of the diffusion regions, a
second insul ating | ayer which covers the f3rst i nsul ating | ayer,
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including a plurali paral | el -spaced gate regions forned

over the secong &rﬁmentidﬁl‘rg ROMEi@Y@hdi N a second direction serving as a
plurality of morg I nes intercrossing the ‘bit lines, the crossed

portions between t hpjggaliss bk equivdenbicditdiagtamiofis pamtion efythe figishied praduysgof the

an array of nmenory cells for the ROM device, the diffusion regions being
partitioned i nROM device depia@edintfigire By of channel regions | ocated beneath
the gate regions and a plurality of source/ drai n regi ons between

t he channe$ regions, wherein a first selected group of 20 channel

regi ons that are assPETAIBEDWESCRIPTIONOEEHEMR %%EMBQIHEM%%DW cells
that are ' set to a permanently-OFF state are inpurity-doped, while

a second sel ected gRefeperRt willGow be made in ddisihwahe preginopsferied embpdimeasefdhat ed
with a second selected group of the nenory cells that are set to a
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plurality of secon spacers, each being fornmed on one sidewall of

the gate 25 iops, a third insulating | f
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being forned with a Plurality of source/drain contact
10 same or like parts

FIGs. 2A through 2H are schematic sectional diagrams used to depict the steps
involved in the method of the invention for fabricating a NAND-structured and
amorphous silicon based ROM device. In particular, this ROM device is of the type
including an array of MOSFET memory cells for permanent storage of binary data.

15 As shown in Figure 2A, in the first step a semiconductor substrate 30 of a first
semiconductor type, such as a P-type silicon substrate, is prepared. Then, a first
insulating layer 32, such as a layer of silicon dioxide or a layer of silicon nitride, is formed
over the substrate 30. Subsequently, a plasma enhanced chemical-vapor deposition
(PECVD) process is performed on the wafer with gaseous SiH, at a temperature of 350 C

20 to 575 C, whereby an intrinsic amorphous-silicon layer 34 is formed over the first
insulating layer 32.

Figure 2B shows the subsequent step where the intrinsic amorphous-silicon layer
34 is selectively remove(i by a photolithographic and etching process so as to form a
plurality of substantially parallel and equally spaced amorphous-silicon layers 36

25 oriented in a first direction. Next, an ion-implantation process is performed on the wafer

so as to dope an impurity material of the first semiconductor type, such as boron (B), into



8 . w ndows exposing all of the source/drain regions in the diffusion
regions and a plurality of gate contact w ndows exposing a sel ected
nunber of | ocations on the gate regions that are associated with
the ON-state nmenory cells, a plurality of source/drain el ectrodes

formed in the source/drain contact windows in the third insulating |ayer,

~and a plurality 5 of gate electrodes fornmed in the gate contact w ndows
in the third insulating | ayer. It is to be understood that
both the foregoi ng general description ard the fol I owi ng detail ed
description ar ghe%aoRphalsysidiod of Rl KYuY-siiaby 1238 38156 af @f adjies theitireshioRl Of
t he I nvention, as clai ned. 0 BRI EF SCRI PTI ON OF THE DRAW NGS
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such as a layer of silicon dioxide or a layer of silicon nitride, to a predetermined thickness
over the entire top surface of the wafer, and then performing an anisotropic dry-etching
10 process on the sidewall insulating layer until the top surface of the uﬁderlying insulating
layer 32 is exposed. The remaining portions of the sidewall insulating layer then serve as
the above-mentioned first sidewall spacers 40. After this, a second insulating layer 42,
such as a layer of silicon dioxide or a layer .of silicon nitride serving as a gate oxide layer,
is formed by chemical-vapor deposition (CVD) over the entire top surface of the wafer,
IS covering all of the exposed surfaces of the first insulating layer 32, the diffusion regions
36, and the first sidewall spacers 40. Subsequently, a conductive layer 44, such as a
pblysilicon layer, is deposited to a predetermined thickness over the entire top surface of
the wafer. Due to the empty spaces between the diffusion regions 36, the polysilicon
conductive layer 44 is a non-planarized layer which includes recessed portions between
20 the diffusion regions 36.

As seen in Figure 2D, in the subsequent step the polysilicon conductive layer 44 is
selectively removed by a photolithographic and etching process so as to form a plurality
of substantially parallel-spaced polysilicon gate regions 46 oriented in a second direction
intercrossing the diffusion regions 36 substantially at a right angle. /’\fter this, an ion-

25 implantation process is performed on the wafer so as to dope an impurity material of a
second semiconductor type into the polysilicon gate regions 46, whereby the polysilicon

gate regions 46 are transformed into highly-doped polysilicon layers with increased



FI Gs. 2A through 2E are schematic sectional perspective views depicting the
steps involved in the nmethod of the invention for fabricating a

NAND- st ruct ured and anor phous silicon based ROM devi ce;

Fi gures 2F through 2H are schematic cross sectional views, each show ng
sections 25 along lines I-1 and Il1-11 of Figure 2E, depicting further
steps involved in the nethod of the _ I nventi on. -

9 Figure 3 is a schematic t]d‘p pl an vi ew of the finished

product of a pr&f@adiRily. Since the@ARGESITMIY6 4¢ fdrved BlYltkiesecoat insulating layer 42
Figure 4 is an equivalent circuit diagramof a portion of the finished

product of the (which isan Bt thyer) ohile epidiffesibr regiong36 &re Jormed beneath the same, the
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT . __Reference
~will now be madenpuritdiensivill bedaphd oply dute the gatetegionedé endnndiinie the diffusione

I nvention, an exanple of which is illustrated in the acconpanying draw ngs.
Wher ever regiops 3¢-pf s Pf%ésséﬁﬁl?ﬁref‘ﬁ?ﬁléﬂbgé“%nbers will be used

FIGo. "2A 1 i ough 241 AF derionbidiewe deca R ofostPdmctal P ReR R i b

steps each on one sidewall of the gate regions 46. These second sidewall spacers 49 can be
formed, for example, by first depositing a sidewall insulating layer, such as a layer of
silicon dioxide or a layer of silicon nitride, to a predetermined thickness over the entire
top surface of the wafer, and then performing an anisotropic dry-etching process on the

10 sidewall insulating layer until the top surface of the underlying first insulating layer 32 is
exposed. The remaining portions of the sidewall insulating layer then serve as the
above-mentioned second sidewall spacers 49.

Figure 2F shows two cross-sectional views of the wafer structure of Figure 2E

respectively cutting through the line /-I' and the line /I-II'. As shown in the left diagram of

15 Figure 2F, the diffusion regions 36 can be partitioned into a number of portions in such a
manner that those portions that are laid directly beneath the gate regions 46 serve as a
plurality of channel regions, as those designated by the reference numeral 48. Those
portions that are laid beneath the interval spaces between the gate regions 46 serve as a
plurality of source/drain regions, as those designated by the reference numeral 50.

20 Therefore, the intercrossed portions between the gate regions 46 and the diffusion regions
36 define an array of locations where the memory cells of the ROM device are formed.
For instance, the dashed box labeled with the reference numeral 51 in the left diagram of
Figure 2F indicates one memory cell of the ROM device, which includes one channel
region 48, one portion of the second insulating layer 42, one portion of_ the above-laid gate

25 region 46, and two source/drain regions 50 on both sides of the channel region 48.

The foregoing process steps complete the preliminary fabrication for a semi-

finished product of the ROM device which is then put in inventory awaiting customer



i nvolved in the nethod of the invention for fabricating a NAND structured
and anor phous silicon based ROM device. |In particular, this ROV
device is of the type i ncluding an array of MOSFET nenory cells for
permanent storage of binary data. 15 As shown in Figure 2A, in the
first step a sem conductor substrate 30 of a first sem conduct or
type, such as a P-type silicon substrate, 1ps prepared. Then, a first

i nsulating | ayer 32, such as a |layer of silicon dioxide or a la

f
silicon nitri derdet.sOfesitheepstomer-definegupary fedesis FroFivad.c ma! @%@éﬁ@rﬂ%@ﬁss a
| h d chem | -ve d ifi ] P '
e ethanced chan ol v denes oo o VTR RFECAS. ¢ 2
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subsequent ste ﬁgo‘ﬁﬁ%fcﬁl Jeie }%6{\1 {ieﬂrﬂﬁc T@lgyrﬁ?g&H&'s Sie deSQHbeli &Y @k following with34 1S
Ve otolit

sel ectively re y'ap ographi ¢ and etching process so as to

forma 5 refBleldedb IFids. 96, stbai@nti al |y parallel and equal ly spaced
anor phous-silicon layers 36 25 oriented in a first direction. Next, an

i on-i npl ant ati on pr OEes snask pgtdnoning Grazesstdepicwfie Figure 2G, the fissbsteistocaibdpe
an inpurity material of the first sem conductor type, such as boron gB)
into photoresist layer 52 over the entire top surface of the wafer. This photoresistjlgyer 52's

t he anor phous si lI i g:oln of t t:ie am)rtphousi Si ll‘ i C(f)n I ayerw%ic Gengse%Sseltegte gﬁrr%ér
the threshol d selectively removed so as to form a plurality of opentrigs p
of the locations on the gate regions 46 where a first selected group of the memory cells of
10 the ROM device that are to be set to a permanently-OFF state are formed. Then, using the
photoresist layer 52 as a mask, an ion-implantation process is performed on the wafer
with a P-type impurity material. In this process, the impurity ions pass through the
openings in the photoresist layer 52 and then penetrate through the exposed portions of
the gate regions 46 and the second insulating layer 42 into the associated channel regions
15 48. The impurity-doped channel regions 48 cause the associated memory cells to be set to
a permanently-OFF state. Conversely, the undoped channel regions 48 cause the
associated memory cells to be set to a permanently-ON state. After this step, the
photoresist layer 52 is removed.
In the example of Figure 2G, one opening is formed above the memory cell
20 indicated by the reference numeral 100, so that this memory cell 100 is set to a
permanently-OFF state through the mask programming process. By contrast, the memory
cell indicated by the reference numeral 102 is set to a permanently-ON state, since no
opening is formed above it. |
As depicted in Figure 2H, after the mask programming process, third insulating
25 layer 54, such as a planarized layer of borophosphosilicate glass (BPSG), is formed over
the entire top surface of the wafer. Then, the third insulating layer 54 and the second

insulating layer 42 are selectively removed so as to form a plurality of source/drain



vol tage thereof to a predetermned |evel.. The inpurity-doped

anor phous-silicon | ayers 36 are hereinafter referred to as

di ffusion regions, but are still labeled with the sane ref erence
nuheral 36. 5 In the followi ng step, as shown in Figure 2C, a
plurality of first sidewall spacers 40 are forned, each on one
sidewal | of the diffusion regions 36. Thegse first sidewall spacers
40 can be forned, for exanple, by first "depositing a sidewall| insul atg’ ng

| ayer, coglacthwiadows S@ybichskpast thedop swifask Pﬁlgl of the squzsr/graigregions; g

nitride, to a predeterm ned thickness ., over the entire top, surface
of the wafer, aidamhualityof seespmiactaandayssrwhish E"pﬁf?{h&‘%ﬂﬁ“ﬁ%m fl(f Rie2idd
process on the side | i.nsulating |ayer .unil e 3
under | ying i nsﬂ“&fqﬁe\ﬁ?locam"s onthe g gfeg}éﬁ'sf‘é é)k}f)rot}s‘gba. &%ﬁléwielfﬁgiﬁﬁpﬁgm%(ﬁl}egns

of the sidewal | inlo@?l"gf%éasggrck@%(aglﬁ c(%rﬁfcg wirido¥/s 58and all the gate_cBE‘t’é‘ctahﬁd’(ﬁﬂsrmﬂﬁd Lned

first sidewall spacers , a second I nsulating |ayer 42,

such as a layer,gfmsiespeeaela Phirsifty OF scurde?dtaih efictroddsisS8@Ad Aplurdliipofgite/i ng as
a gate oxi 5e | ayer, i's formed by chem cal - vapor deposition (CVD)

over the entir eclédipdedsd ace of the wafer, 15 covering all- of the
exposed surfaces of the first insulating |layer 32, the diffusion regions
36, and the first siAlfterdhé sspidrais eltdtrodes 58 andigate Elpctrodes 8% agdoimed, qalg?@he 44,
such as a polysilicon_layer, is deposited to a predeterm nqd
thi ckness over folewmgtirpeessesp fnish therastuct of the ROM deyice iaglude copyentiogaly e

conduct v T ay cieCaMes WhSHoRILTRLRaAFEREY A Bt SRR udes recessed
' Figure 9D, in t he PR et B b BEAORAM tevice and Figyre s iR
o L L) o TN kbl b L OSSR Bk
regions 46 ori egiRd thdl afd aSBFOMNHerAbryREIlY 28 formed at the intersections between the diffusion
regions 36 and the gate regions 46. For example, the intersection that is enclosed in a
dashed box indicated by the reference numeral 100 is one location where one OFF-state
15 memory cell is formed, whereas the intersection that is enclosed in a dashed box indicated
by the reference numeral 102 is one location where one ON-state memory cell is formed.
The gate regions 46 serve as a plurality of word lines and the diffusion regions 36 serve as
a plurality of bit lines for accessing the binary data stored in these memory cells. The
accessing via these word lines and bit lines includes conventional techniques, which will
20 not be detailed in this specification.

From the foregoing description, it will be appfeciatcd that the ROM device
fabricated in accordance with the method of the invention has several advantages over the
prior art. First, since the SOI structure provides an insulating layer, i.e., the first
insulating layer 32, for isolating the source/drain regions from the sul')strate, there is no

25 leakage -current that would otherwise occur at the junction between the source/drain

regions and the substrate in conventional ROM devices. Second, the SOI structure further

allows for the prevention of breakdown voltage that would occur at the junction between



intercrossing the diffusion regions 36 substantially at a right angle.

After this, an ion- 25 i npl antation process is performed on the wafer
so as to dope an inpurity material of a second sem conductor type
into the polysilicon gate regions 46, whereby the polysilicon gate
regions 46 are transfornmed into highly-doped polysilicon layers with

i ncreased conductivity. Since the gate regions 46 are
formed over the second insulating | ayer 42 (which is an oxide

|l ayer) while the diffusion regions 36 ar¥® forned beneath the same, the
inmpurity ions will be doped only into the gate regions 46 and not into the

di ffusion regions 36. This process is therefore self-aligning. 5
As depicted in Figure 2E, a plurality of second sidewall spacers 49 are
f or med, each on one sidewall of the gate regions 46. These second

2 S dovel || moul & FCA Brogiationd 41 SRt sgpveroohal ROMeyigts: T SRtRine,
a layer of silicon, nitsid a predet erm ne i ver the entire
top surface of thogm%?{etb? Egr%gf‘ﬁce no@ger (‘)“rmrrlloﬂgcg%ltrlhr;%ir%|§{s}1 %f’“’?‘%‘%r c dry-etching

process on the 10 In%ﬁeﬂli%\é%lt)knsidlgéﬂL(P&i%ézlgslulsr@bfﬁhe Hﬂt:lingontbhﬁ ﬁéﬁ@eﬁﬂéf)ﬂcﬁﬁﬁr Bfpe

the underlying first insul l'ayer xposed. The renaining
portions of the girdgp@ivhilé thedbcdhi Bémicandictor BRR iSHItYSe. dfowdver, in various other
above- nenti oned second sidewal | spacers 49. Fi gure 2F shows

t WO Cross-sect i oemboditheus thef firktsemahducta ity peciin beNafpdvigilerthe @Fond semiconductor

type can be P-type.
The invention has been described using exemplary Iprefcrred embodiments.
However, it is to be understood that the scope of the invention is not limited to the
disclosed embodiments.
10 Other embodiments of the invention will be apparent to those skilled in the art

from consideration of the specification and practice of the invention disclosed herein. Itis
intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.



respectively cutting through the line I-1 and the line Il-11. As shown in

the left diagram of Figure 2F, the diffusion regions 36 can be
partitioned Lnto—a—nunbee—eF—eeftlons in such a manner that those
portions that are laid beneath the gate regions 46 serve as a
plurality of c “I“H “HUHE |‘Es t hose designated by the reference nuneral
48. Those t are laid beneath the interval spaces

bet ween t he gate reglons 46 serve as a plurality of source/drain
regi ons, as those designated by the ref erbhce nuneral 50. 20 Ther ef or e,
the intercrossed portions between the gate regions 46 and the diffusion
regions ray of locations where the nenory cells of
t he ROM devi ce are&quf(h%ﬂﬁﬁDalg For i nstance, the dashed box | abel ed

with the reference nunmera m'éahoHrTort 6ridafihf a ﬂ'(ﬁ\gﬁ@\m:é)ttomi)nsmg the stEhJ € 2F
I ndi cates one nenory cell of the ROM device, which includes one channel

region 48, one porti(@n ofprégaeing @cenidohditdr Slibisigie] MY Fornig a AfEinB@latigdRyedf

t he above-laid gate 25 region 46, and two source/drain regions 50 on
bot h sides of terdlsanbatate; egi on 48. The foregoi ng process
steps conplete the prelimnary fabrication for_a sem - finished

product of the ROV dé¥i cdompingan indripsieamerpbousrsilicap dayerpvpr bndirstiingylagiogst orer
12 orderI ghce t he custoner-defined binary code is received, a mask
pr ogr anm ng process is perforned to wite the binary code

permanently into t h:(I}BGVI rgﬁXbﬁgselégl&Féor‘hgﬂs the intrinsic a%xg?\hgﬁs-% ﬁtp n la)% - ESSES

such as form ng net nterc ects e per orned
form a plurality of substantially parallel spaced diffusion regions serving as bit lines

oriented in a first direction;

10 4 performing an ion-implantation process on the diffusion regions to dope
an impurity material of a first semiconductor type into the diffusion regions, and to adjust
the threshold voltage of the diffusion regions to a predetermined level;

(5) forming a plurality of first sidewall spacers, each on a sidewall of the
dtffusion regions;

15 (6) forming a second insulating layer over exposed surfaces of the first
insulating layer, the diffusion regions, and the ﬁrst sidewall spacers;

(7 forming a conductive layer over the second insulating layer;
(8) removing selected portions of the conductive layer to form a plurality of
substantially parallel spaced gate regions serving as word lines, oriented in a second

20 direction overlapping the bit lines, the overlapped portions of the gate regions and the
diffusion regions defining locations for forming an array of memory cells, the diffusion
regions being partitioned into a plurality of channel regions located beneath the gate
regions and a plurality of source/drain regions located between the channel regions;

&)} forming a plurality of second sidewall spacers, each on a sidewall of the

25 gate regions; I

(10)  disposing a mask layer over exposed surfaces of the second insulating

layer, the gate regions and the second sidewall spacers, and selectively removing portions



production of the ROM device. These processes are described in the

following with—5——~reference to FIG. 2G 2H and 3. In
j @Erocess depicted in Figure 2G the first step is to

t he mask progra

coat a gmﬂ r” g'mumm 52 over the entire top surface of the

waf er. This pho i w IS selectively renoved so as to
forma plurality of openi"hgs’ wHi ch expose a sel ected nunber of the
| ocations on the gate regions 46 where a first selected group of the nenory
cells of 10 the ROM device that are 16 be set to a permanently- CFF
state are forned. Then, using the ' photoresi st | ayer 52 as a mask,
an i on-i npl ant a¢fiseid npask gestoiespgse fifso losetibne an the@aigageaens for forming gfifshsedectrdt ype
impurity material. In this process, the inpurity japs pass, through the
openi ngs in t hed'prRvRidhedrmery gilsto bysebing Wﬂ’éar?e?}é’ﬁé? Pé‘tag’ T8 RN P 0s ed
portions of the gate regions 46 and the seco ' | at. | | ayer 42
into the associ%ﬁtsgccf"(d,tlu%cﬁﬁ%'fs Wég?%ag%regﬁs ﬁ’rq%gl.m%ség?n%%ﬁfre?l? g-g%gf)ggthghannel
regi ons 48 caus i : be set to a

per mnent | y- O:Fl%gﬁgl?ec.@ﬁ%%ﬁd\?g%‘ggIa%%gm&ﬁg}ggg&i&channel regi ons -48 cause the
associ ated grenory cqlils tperfbenifghn fof-iRpREGITI R Bidsy fof Bohigdna mphidy efatdrial 6f
step, the phot oresi st layer 52 is renoved. In the
exanpl e of Fi guasec@@ seon@ndpaor tyge in® thomxpestd ahrowe rediensntberdeped chdrinel rggons

i ndi cated by the reference nuneral 100, so that this nmenory cell 100 is set
to a pesingpasRf| e meposrcglitottsseiig B PemaneriyRORT Saie aarditifgindpRsdess.

By contrast, the nenor . |1 indicated by the referen nuner al
102 is set to a%?%g‘?%ﬂ’tslbﬁ‘-"@]ﬁangﬁ‘&meﬂoﬁ%‘ée o be et t°ape"8?f5m?¥i§§{ ¥%or med
above it. - icct-ed ' : BaSK
progranm ng pr ocess,(]%) t hﬂoéglngﬁ%ﬁa'?g%%mgE?QWO%PgJ;é}}@%h,@egE@Eacas ahe
pl anari zed,d ayetecohd iRQNINARIPABRNARE bdi€RERNY |aAS the CEBIRBREG dewal] §pakdi®d over

(13) forming a plurality of source/drain contact windows and gate contact

windows extending through the third insulating layer and the second insulating layer,

wherein:
the source/drain contact windows expose all of the source/drain regions;

i5 and
the gate contact windows expose a selected number of locations on the

gate regions associated with the ON-state memory cells; and

(14) filling the source/drain contact windows and the gate contact windows

with a conductive material for forming respectively a plurality of gate electrodes in the

20 gate contact windows and a plurality of source/drain electrodes in the source/drain contact
windows.
2. The method of claim I, wherein the first semiconductor type is P-type and

the second semiconductor type is N-type.

3. The method of claim 1, wherein the first semiconductor type is N-type and
25 the second semiconductor type is P-type.
4. The method of claim 1, wherein the first insulating layer is made of silicon

dioxide.



the entire top surface of the wafer. Then, the third insulating | ayer 54
and the second insul ating layer 42 are selectively renoved so as

to forma MLwaH+y4ﬁ_sm&£QﬂE§%n

13 cont a ndows 56 whi ch expose the top surface of all of the

source/drain regam, mnwﬂm and a plurality of gate contact w ndows 57
l“"L sel ected nunmber of | ocations on

whi ch expose th
the gate regions 46. Aftet thi¢, a metal, such as aluminum is filled

into all of the sour ce/dr ain contact w ndovvs 56 and all the gate contact

w ndows 57, so as 5 to formrespect H/ely a plurality of source/drain

el ectrodes 58 and a plurality of gate el ectrodes 59.

After the source/drain electrodes 58 and gate el ectrodes 59 are forned, all
of the f ol | Gwi Ng TRE AzeRIS clain 1] Wiesdin tHeanypngderadrpbdusisiizoR@ykdevi ce
i ncl ude conventi onal techni ques which will not be described in this
speci fication. folfed by plasma enhanckdl ghenec-vagordegshiomat i c top view of the ROM

~device, and Figure 4 is an equival ent circujt gram oI, Cggrtl on
of the finished product dhemsthorofFiawy i cehereipihe figit sigewar spacers are lagggg romp o1

an array of menyy cell% are formed at the intersections between the
di f fusi on ‘°r"éi¢ﬂx s 36 and the gate regions 46. For exanple, the

intersecti qQn t hat is; enclsatidd oRclaim 1 whergﬁﬁﬁqgstgﬁéwﬁlr@‘a&% &6 fdhed R

reference riuneral 100 is one location V\here one OFF-state menory
cell is fornmed,siamdagdet he intersection that is encl osed |n a dashed box

i ndi cat ed
8. The method of claim 1, wherein the second insulating layer is formed from
silicon dioxide.
9. The method of claim 1, wherein the second insulating layer is formed from
10 silicon nitride.
10.  The method of claim 1, wherein the conductive layer is an impurity-doped
polysilicon layer.
11. The method of claim 1, wherein the second direction is substantially at a
right angle with respect to the first direction.
15 12.  The method of claim 1, wherein the second sidewall spacers are formed
form silicon nitride.
13. The method of claim 1, wherein the second sidewall spacers are formed

form silicon dioxide.

14. The method of claim 1, wherein the third insulating layer is a planarized
20 layer of borophosphosilicate glass.
15. The method of claim 1, wherein the conductive material is a metal.

16. A ROM device, comprising:
a semiconductor substrate;

- a first insulating layer formed over said substrate;
25 a plurality of substantially parallel-spaced diffusion régions formed over

said first insulating layer oriented in a first direction for serving as bit lines;



by. the reference nunmeral 102 is one |ocation where one ON-state nenory cell
Is forned. The gate regions 46 serve as a plurality of word |ines
and the diffusion regions 36-servea a plurality of bit lines for

accessing the binary data storea m these menory cells. The

accessing via thes mm‘“}“‘“; bit lines includes conventional
t echni ques; which m e detailed in this specification.

From t he foregoing desérif pt i on it will appreci ated that the ROM device
fabricated in accordance with the nethod the invention has several
advant ages over the prior art. First, since the SO structure

d | at | a
B o LSl S b ot B SRR

| eakage current that would otherw se occur at the junction between the
source/drain diffusiep egiongind t he substrate in conventional ROM
devices. Second, the SO structure further allows for the
prevention of breakdown \aet@gensulding Wayet chvedngisaidafirst insuljtingdayeo saidetifiin
14 the source/drain regions and the substrate in conventional

ROM devi ces. The opeegbhdlQnd said first silOdIPGRcaE; the ROM device of the
i nventi on can thus be i NCr eased.

5 a plurality of substantially parallel spaced gate regions formed over said
second insulating layer, oriented in a second direction and serving as word lines
overlapping .said bit lines, the overlapping portions of said gate regions and said
diffusion regions defining an array of memory cells, said diffusion regions being
partitioned into a plurality of channel regions located beneath said gate regions

10 and a plurality of source/drain regions located between said channel regions,
wherein a first selected group of channel regions are impurity-doped for forming a
first group of the memory cells that are set to a permanently-OFF state, and a
second selected group of channel regions are undoped for forming a second group
of memory cells that are set to a permanently-ON state;

15 a plurality of second sidewall spacers, each formed on a sidewall of said

gate regions;

a third insulating layer formed over said second insulating layer and said gate
regions, said third insulating layer having a plurality of source/drain contact windows for
exposing all of said source/drain regions on said diffusion regions, and a plurality of gate

20 contact windows for exposing a selected number of locations on the gate regions

associated with sald ON-state memory cells;
a plurality of source/drain electrodes formed in the source/draln contact

windows in said third insulating layer; and



S -
N-type. However, i m “\!\Sﬁ 5 enbodi ments,. the first
sem conduct or typ%“mw“\ 3 Al ile the second sem conduct or
C

type can be P-type.« The invention has been described using

I n. the foregoing detail ' sure of the invention, the first
sem conduct or t i i‘s\\pje whi |l e the second sem conductor type is

exenpl ary preferred enbodi nents. However, it is to be understood
that the scope of the invention is not Ii%ited to the di scl osed
enbodi nents. 10 O her enbodi ments of the invention wll be

apparent to those skil | edplumlithef gatd electrodes formedim thogale eentaat Mordayfs in paid
specification and practice of the invention disclosed herein. It is
i ntended that the spgqiihéatdgQayeand exanpl es be considered as exenplary

only, with a true scope and spirit of the invention being indicated
by the foll ow ng clains.

15 VWHAT | STELAI WROROM device of claim 16, whereinh said firsinglhthiglafertis made of
fabricating a ROM device, conprising the steps of: ()

preparing a sesilcomdiogider substrate, and forming a first insulating |ayer
over the substrate;- ]
5 18.  The ROM device of claim 16, wherein said first insulating layer is made of
silicon nitride.
19.  The ROM device of claim 16, wherein said diffusion regions comprise a
plurality of impurity-doped polysilicon layers.
20.  The ROM device of claim 16, wherein said first sidewall spacers are
10 formed from silicon dioxide.
21.  The ROM device of claim 16, wherein said first sidewall spacers are
formed from silicoﬁ nitride.
22.  The ROM device of claim 16, wherein said second insulating layer is
made of éilicon dioxide.
15 23. The ROM device of claim 16, wherein said second insulating layer is
made of silicon nitride.
24.  The ROM device of claim 16, wh.erein said gate regions comprise a
plurality of impurity-doped polysilicon layers.
25.  The ROM device of claim 16, wherein said second direction is
20 substantially at a right angle with respect to the first direction.
26.  The ROM device of claim 16, wherein said second sidewall spacers are
formed from silicon dioxide.
27. The ROM dev-ice of claim 16, wherein said second sidewall spacers are
formed from silicon nitride. ‘
25 28.  The ROM device of claim 16, wherein said third insulating layer

comprises a planarized layer of borophosphosilicate glass.



5 . (2) | formng an intrinsic anorphous-silicon | ayer over the
first insulating | ayer; (3) renmovi ng sel ected

portions of the intrinsic anorphous-silicon |ayer to forma -
plurality of supilggLLaLLy/paférrgf-spaced di ffusion regions serving as bit
i nes oriented in i Elrection; 10 (4)

&@@&m& ess on the diffusion regions to dope

} sEnicong#Ftor type into the diffusion

performng an ion-i M‘i\\
an inpurity nateﬂ\§ |

. regions, and to ad] ust® the threstiold voltage of the diffusion
regions to a predetermned | evel; (5) formng a
plurality of first sidewall spacers, each on a sidewall of the
di ffusion regions; 15 (6) form ng a second insulating | ayer

~over exposed surfaces of the first insul ating | ayer, the diffusion

. regions, and the first sidewall spacers; (7) formng a

. conductive | ayer over the second insulating |ayer; (8)

' renoving sel ected portions of the conductive layer to forma plurality of

. substantially parallel spaced gate regions serving as word lines, oriented

in a second 20 direction overlapping the bit lines,- the overl apped

portions of the;at erfeRoRde ikhcliin 16, wherpin sHiddab UM EEUORIIPT | N N

- locations for formng an array of nenory cef?s, e diTrusion

. regi ons bebg Pmaeti.ti oned into a plurality of channel regions |ocated

- beneath the gate regions and a plurality of source/drain regions
| ocat ed bet ween3@.he TieROM dévigi cfieBiim 16, wherein said source/dfin electfodeddrdg a

plurality of second sidewall spacers, each on a sidewall of the 25

gat e regi ofpsmed from a metal. (10) di sposing a nask | ayer over exposed

- surfaces of the second insulating



| ayer, the gate regions and the second sidewal | spacers, and selectively
renovi ng portions

16 of said mask |ayer to expose first |ocations on the gate regions
for formng a first selected’ group of the nenory cells to be set to
a permanently-OFF state, and to prevent exposure of second

| ocations on the gate regions for formng a second sel ected group of the
“nmenory cells to be set to a permanently-¢N state; 5 (rn)
perform ng an ion-inplantation process for doping an inpurity material of

a second semiconductor type into the exposed channel regions, the doped
channel regions bei ng part .of the nenory cells to be set to a
permanent| y- OFF state. and the _undoped

NAND-SERUC LR Ep B M o eHoUs S EDN BASEDREADS LRV !
T ey o hMEMARY SEVACBAJRMESHON B EABRICATING THESAUE of (e

10 second insulating |ayer, the gate regions, and the second sidewal |
spacers; (13) formng a plurality of source/drain contact
wi ndows and gate contact wi ndowgt &ﬁ&ﬁng t hrough the third

{he. sour cer ai n_corft NANGHuGHS B4 BBeHar S hror e BAM A RS RroPidgt s

15 aﬁsM device is of the type including an array of MOSFET memory cells that are
coﬁstructed based on a silicon-on-insulator (SOI) structﬁre_, so as to isolate the
source/drain regions from the underlying substrate to prevent the occurrence of leakage
current therebetween. Further, the SOI structure prevents occurrence of breakdown at the

10 diode junction between the source/drain regions and the substrate for increased operating

voltage. In this ROM device, the source/drain regions for the MOSFET memory cells are
formed from the intrinsic amorphous-silicon, instead of highly-doped polysilicon, so that

the fabrication proéess for the ROM device is significantly simplified.

Fig. 2H



t he gate contact Wi ndows expose a sel ected nunber of |ocations on the
gate regions associated with the ON-state nenory cells; and

(14) filling the source/drain contact wi ndows and the gate contact w ndows
wi-t h a conductive material for formng respectively a plurality of gate

el ectrodes in the 20 gate contact wi ndows and a plurality of
source/.drain el ectrodes in the source/drgin contact W ndows.

2. The nethod of claiml, wherein the first sem conductor type is P-type
and t he second sen1conductor!eﬁ3 3s NtyRs.

The nethod of claiml, wherein the filrst sen1conqbctor type is Ntype and
25 t he second sen1conductor 7 4. The
met hod of claiml, wherein the{firs¥z atln I is nade of silicon

di oxi de. ' 7/ 1422 17

5. The nethod of claiml, r A TTLT ADT N ousmfilicon | ayer
S formed by plasna, en anoe .cal-] gequ"rrb

6. The nethod of claiml} ei 6 4 ¥ s SsHacers are forned
from ~~

Z
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silicon dioxide. 5 ' 7. The nmethod of claiml, wherein the

first sidewall spacers are forned from silicon nitride.

8. The nethod of claim 1, wherein the second insulating |layer is forned
from silicon dioxide. 9. The method of claiml,
wherein the second insulating layer is fornmed from 10 silicon nitride.
10. The nmethod of claim1l, wherein the conductive layer is an

i mpurity-doped pol ysilicon | ayer. 11. The net hod
of claim1, wherein the second directio is substantially at a

right angle wi'th respect to the first direction. 15 12. The
met hod of claim 1, wherein the second sidewall spacers are formed
formsilicon nitride. 13. The met hod of claim. 1, wherein
t he second sidewal | spacers are forned formsilicon dioxide.

14. The nethod of claiml, wherein the third insulating |ayer is a

pl anarized 20, | ayer of borophosphosilicate gl ass. 15.
The met hod of claiml, wherein the | tal.z4

16. A ROM devi ce, conpri sing: onduct or
substrat e; S\ e pver
said substrate; 25 fal ly

paral | el -spaced diffusion i

FIG. 2A

FIG. 2B



said first insulating layer oriented in a first direction for serving as

bit |ines; 18
a plurality of first sidewall spacers, each forned on a sidewall of said
di ffusion regions; a second insulating |ayer
covering said first insulating |layer, said diffusion

regions, and said first sidewall spacers; 5 a

plurality of substantially parallel spacgd gate regions fornmed over said
second insulating layer, oriented in a second direction and serving as word

i nes overlapping said bit lines, the overlapplng portions
of said gate regions and said i U ons defining an
array of menory cells, said diffusion

partitioned into a plurality of cha said gate
regions |0 and a plu : | ocat ed
bet ween sai d channel regions, {1 sel ect ed
group of channel regions are j '

first group of the nengf {t ntyy- FF state,
and a regi ons fpre undoped
for formng a second gh ) C s thatj are set to
a pernmanent|y-ON st ate; 5 ' a flyrality of kecond

si dewal | spacers, each La’/\/ | |
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gat e regions; athird insulating | ayer fornmed over said
second insulating |ayer and said gate regions, said third
insulating | ayer having a plurality of source/drain contact w ndows for
exposing all of said source/drain regions on said diffusion regions, and a

plurality of gate 20 contact w ndows for exposing a selected nunber of
. locations on the gate regions associated wth said ON-state nenory
cel I-s; a plurality of source/drain electrodes formed
in the source/drain contact W ndows in said third
I nsul ating | ayer; and 4 i
19 a plurality of gate electrodes forned in the gate
contact wi ndows in said third insulating | ayer.
17. The ROM device of claim 16, wherein said first insulating |ayer is
made of silicon dioxide. 5 8’ The %FVICG of claim
16, wherein said first insulating |ayer j of | g nitride.
19. The ROM device of claim 16, wh ] ] ' yons conprise a
plurality of inpurity-doped polygipHeons L 42
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20. The ROM device of claim 16, wherein said first sidewall spacers are

10 formed fromsilicon dioxide. 21. The ROM devi ce of
claim 16, wherein said first sidewall spacers are formed from
silicon nitride. 22. The ROM device of claim 16, wherein
said second insulating |ayer is made of silicon dioxide. 15
23. The ROM device of claim 16, wherein said second insulating |ayer is
made of silicon nitride. 24. The ROM devi ce of claim 16,
wherein said gate regions conprise a plurality of inpurity-doped
pol ysilicon |ayers. 25. >The ROM devi ce of claim 16,
wherein said second direction is 20 substantially at a right angle with
respect to the first direction. 26. The ROM devi ce of
claim 16, wherein said second sidewall spacers are formed from
silicon dioxi de 27. The ROM deV| ce of claim 16, V\,herel n
sai d secon pacers are flg_ired Si I | r| de.
28. The Clce if c;& i erein £1 %[IE | ayer
conprises a plana ro bor phosphosi | i
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20, 29. The ROM device of claim 16, wherein said gate
el ectrodes are formed froma netal. 30. The ROM device of claim
16, wherein said source/drain electrodes are formed froma netal-. '
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