1 SEM CONDUCTOR READ- ONLY NEND?Y@EVFGEANDWETHCI—)‘ OF FABR & 64 GHECANE
V BACKGROUND OF THE I NVENTION S 1. F | nvention: Thi s,p@gentl on
rel ates to sem conductor nenory deV| \“ \\\ e particularly, to-a ROM
“(r ead- only nenory) device of the ty udi'ng an array of MOSFET

(et al - oxi de sem conductor field- efiecL—’ﬁFLa@ isi-stor) nenory cells for data
storage and a nethod of fabricating the sanme 10 2. Description of Rel ated
Art: Read-only nenor lf()rlJ is a nonvol atile sem conduct or menory wi dely
used in corrpu%?‘“é‘ﬁﬁ\' ErTEPR ddesBEINEY SYIENMORYT DE& I GREND IMETHEYD O

i nformation including progr anspﬁlmln@atﬂ[\f(,h@hgaﬁ&wﬁ@pﬁ?(em y used, such as
the BI OS (abbreviation for Basic |nput/Qutput SystemVa w dely used

operating systemon personal conmputers) or the like. 1 5 The manufacture of

ROMs i nvol ves very conpl i caBed RG&RGUNB-CPTHIMINYEAQORSSEs and requires
costly equi pnent and material to achieve. Therefore, the data to be

per manent ky 1StRIEsk thd 1RQWRiohs usually first defined by the custoner and
then furnished to the factory to be progranmed into the ROVs. Mst ROVs
are identical in geiiicomiustranesta uatithdu@sc@pinofodevidag i fif e paticdatya 20
stored therein. Therefore, the ROM devices can be fabricated up to the
stage ready for RRY (rﬁ?@Qﬂhmﬁﬁm@r)ﬁn&VtChm{ thheypemdlfding shadaprodMOSSEEan be
stocked in inventory awaiting custoner orders. The custoner then furnishes
the data to tmeaf %fj‘bﬁfym\mféi“éwtf el ddeffest Hprsitiey) nisenosy etlsdor data stobage and a
sem -fini shed 1 B fl?%'b ht he so-call ed mask programm ng proc- ess. This
procedure is how'a éﬁalé'? ""ét'Rod i n the semiconductor industry for

fabricat - 25 I Bgscnpllon of Related 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
Input/Output System, a widely used operating system on personal computers) or the like.

IS The manufacture of ROMs involves very complicated and time-consuming processes and
requires costly equipment and material to achieve. Therefore, the data 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.

Most ROMs are identical in semiconductor structure except for the different data

20 stored therein. Therefore, the ROM devices can be fabricated up to the stage ready for the
programming and then the semi-finished products can be stocked in inventory awaiting
customer orders. The customer then furnishes the data to the factory where the data are to
be stored into the semi-finished ROMs by using the so-called mask programming proc-
ess. This procedure is now a standard method in the semiconductor industry for fabricat-

25  ing ROMs.

In most ROMs, metal-oxide semiconductor field-effect transistors (MOSFET) are
used as the memory cells for data stored. In the mask programming stage, impurities are

selectively diffused into specific channels in the MOSFET memory cells so as to change
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4 n nost ROVB, netal -oxide sem conduct or field-effect transistors ( MOSFET)
are used as the menory cells for data stored. In the mask programi ng
stage, inpurities are selectively diffused into specific channels in the
*MOST-F nenory cells so as to change 2 the threshold voltage thereof,

t hereby setting the MOSFET nenory cells to OV OFF states representing
different binary data. The MOSFET nenory cells are connected to the
external circuits via a plurality of polysilicon-based word |ines and bit
i nes. The channel regions are |ocated peneath the word |ines and between

each pair of adjacent bit lines. 5 Whether one MOSFET nenory cell is set to
store a binary digit of 0 or I is dependent on whether the associ ated
channel is dikkfilregdhldwblitagenperedt ilesenr senidg. tht MORRE Assoairatceits ®h@n/OFel i s
diffused with inpurities, the MOSFET nenory cell is set to have a | ow

threshol d vehktageresatinedfareitypinset ditnd ht MONISHETmnEmEHyare edrinetted & the
permanent| y-ON state repre- senting the storage of a binar d| it of O, for
exanpl e; ot hergmaleircyiteVivmshErlithohpelysiieorckased yarddies arg by i ¢pannel

t hreshol d vol t age, effe vel ettln t he FET nenor .{o0 a
per manent | y- GBF SPH Y %h ﬁkiﬁd“?ﬁ Ings Prlagey %?‘?C%Pﬂng %Tﬁpfmb‘“%
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mask deV|ce inc es a p ura 0SsSW se- arr

paral | el - spacgeth¥hdasshéiR@E chanfeQs dV¥lsed \%%nm%% ds ARG & 1R %s@élétga'cl%f

| engt hwi se-arranged parall el -spaced bit 15 lines [ BLO BL1, BL2, BL3, BL4
]. Each segnesitis difffusdtiew it irephritesihk 00@$ ET hRrinoBese 108 eet O Bghoew REsRAd I of

the bit lines is the |ocation where one MOSFET nenory cell is fornmed. The
bi nary data stloeciientiedy hetMIBFEMOSHET ynoedry cels tdepemdent!lyddN tshee tehreesh-
old voltage of the same. For instance, if one MOSFET nmenory cell is

cust om nade WMHRE the stasaea drackinaly dligiobt Gider, examplepethervtistathett DS FDBREP TR NDT v
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menory cel| Itosa ;():elil'rsntarcx)entlnB(SiI-QF V\(Ia}e reprepelngng h@rs%%hgoe o? %Pnlatryanﬂgl’t of 1.
Referring to FIG. 1, there is shown the circuit diagram of a conventional mask
ROM device 10, which includes a plurality of crosswise-arranged parallel-spaced word
lines [ WLO, WL1, WL2, WL3 ] and a plurality of lengthwise-arranged parallel-spaced bit
|5 lines [ BLO, BL1, BL2, BL3, BL4 }J. Each segment of the word lines located between one;
neighboring pair of the bit lines is the location where one MOSFET memory cell is
formed. The binary data stored in each MOSFET memory cell is dependent on the thresh-
old voltage of the same. For instance, if one MOSFET memory cell is custom-made with
a low threshold voltage, it means that this MOSFET memory cell is set to a perma-
20 nently-ON state representing the permanent storage of a binary digit of 0, for example.
Conversely, if the MOSFET memory cell is custom-made with a high threshold voltage,
it means that this MOSFET memory cell is set to a permanently-OFF state representing
the permanent storage of a binary digit of 1, for example.-ln FIG. 1, for example, those
memory cells that are set to store a binary digit of | are indicated by the labeling of a black
25 box between the source/drain electrodes, as indicated by the one labeled with the refer-

ence numeral 14. Conversely, those memory cells that are not labeled with a black box are



Jt means that this MOSFET nmenory cell is set to a permanently-COFF state

representing the permanent storage of a binary digit of 1, for exanple. In
FIG 1, for exanple, those nenory cells that are set to store a binary
~digit of | are indicated by the |labeling of a black 25 box between the
source/drain el ectrodes, as indicated by the one | abeled wth the refer-
ence nuneral 14. Conversely, those nenory cells that are not |abeled with a
bl ack box are 3 set to store a binary gigit of 0, as indicated by the one
| abel ed Wi t hsek biestére hei@ing 8ignWTe! & inditded Bpthe@ad laBalea withahe fefgercOMitiedi ce, a
specific potential is applied to the corre- sponding bit |lines and word
lines. For ihstance, to read data fromthe nenory cell 12 5 (which has a
| ow t hreshol d voltage indicating the storage of the binary data of 0), a
potential is applTe#addatahsondhe ROM drecersnspesifie gplenta iy ppplich & WSr@met ne
WLO and the drain of the sanme via the bit |ine BLO gince t he nen?réqcel
12 is cust onsheadwe it pes apdwrord ings For dnstasrs: dgécadidate Leipthemeporerilt B wil |

| | . i h in.th
Flowi ng i 0t VG117 Ho o R naFttia e P Wiame Rytebodiel O1ie s o
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cause a chahge In curren ow ng I M the correspondi ng i ne BL2.

By detectingof {he s&Mé WRNthe bANHRAB. iSihck ilge Riefoly @S2 i REstEMIRIdRAItCA I t Iy
can determ ne whether the data is 0 or 1. Referring to FIG 2, there is

shown a top wireholdf vditage,|thy apipliedfpopantibl ofll tufie O theeMOSFEDNa¢m&PMetlethuce of
FIG 1. This ROM device is based on a P-type silicon substrate 20. 15

Thr ough i on rcamsingrtchangsnn tietdurrant fovigpm thepiuhng HLGByespitdst, aincs bk semedy ar eas
on the silicon substrate 20, a plurality of parallel-spaced buried bit

li nes 221026cdhlf Eshpr@rfardearijh phigh thiesheld voltagg heppplie al iilenopegused bi t
lines 22, 26 are connected to a voltage source V,. ile the.conpl enentary
bi {11 neb 242 CHPER Mg GurHaE PR e diedarasPoMaE Rt & JeECEINE RGO o med

2y DLk B pRRER) AR M B ghRaRR 1,
at right angles. Referring to FIG. 2, there is shown a top view of the layout of part of the conven-
tional ROM device of FIG. 1. This ROM device is based on a P-type silicon substrate 20.
15 Through ion implantation with an N-type impurity material at selected areas on the silicon
substrate 20, a plurz’iiity of parallel-spaced buried bit lines 22, 26 and complementary bit
lines 24, 28 are formed. The buried bit lines 22, 26 are connected to a voltage source V,
while the complementary bit lines 24, 28 are connected to ground. The ROM device is
further formed with a plurality of parallel-spaced word lines WL0O, WLI intercrossing the
20  buried bit lines 22, 26 and complementary bit lines 24, 28 substantially at right angles.
This forms a plurality of MOSFET memory cells 30 (as indicated by the dashed boxes in
FIG. 2) which have a low threshold voltage, and a plurality of MOSFET memory cells 32
which have a high threshold voltage. |
Referring to FIG. 3, there is shown a schematic sectional diagram of a part of the
25 ROM device of FIG. 2. This sectional diagram is used in particular to depict the pro-

gramming of data into the ROM device. First, a silicon substrate 15 is prepared. Then, an

N-type impurity material, such as arsenic (As), is diffused by means of ion implantation



This forms a plurality of MOSFET nmenory cells 30 (as indicated by the

- dashed boxes in FIG 2) which have a | ow threshold voltage, and a
plurality of MOSFET nenory cells 32 which have a high threshold voltage.
“Referring to FIG 3, there is shown a schematic sectional diagramof a part
of the 25 ROMdevice of FIG 2. This sectional diagramis used in
particular to depict the pro- gramm ng of, data into the ROM device. First,
a silicon substrate 15 is prepared. Then, an N-type inpurity material,
such as ar seningo fefes)ed regionsi ¢ffths siticdysulysteats 1 Dfo foon aipiguhlantoéparaliel 4nd subktan-

sel ected regions of Ehe si]icon substrate 15 to forma plurality of

paral | el and Y2lb<qayplly thestd & dffusipn yesiqnsdd geminedisainlirpli of biyiliness Ond clwer vi ng
as a pl uralitxc]of .bi e chan- nel region 1?fi s formed between each

i pes. ) }
nei ghboring pair of" :l?]és "“8? FIEFR faghaRsighbenpgpair o W@)d‘§@§’o%%$@q&@ht ly,
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oxi dation rates at reglons, I oxida

serves as j5andifeRhabti@nionayes it di r i ond] | gercl (bit
lines) 11, while a thin oxi- dat ?%rﬁﬁlrg@g?g\f%c% §ﬁ$§;°§g§%32é%é£m§b%§§sne|
regi on 16. Af treisolutiat layer) il formédd éwer e NN @iisiod REoaPasthepPI 1y $hlid &0 bayer s
13 (which serve as word lines) are formed over the wafer in such as manner
as to intercrdgontianer dfkler foyinad oter edilf Ehanhenegiegil 6nsfidrhhit, 4 pResily dflpasabst an
10 tially at right angles ( only one of the polysilicon |layers 13 is
visible in th&-seed pHutilienndayesy b wiictsegye & word Tings atdphet esr thhevafer in

sem -fini shed UL)[]oduct of the ROM dgvi ce. | n the mask progranm ng process, a
mask 19 cover &P RETPBIT S0 % RieEcTass theundeging X' diffuperyrepionsi(hittlings) 1t sabswmmv

device. This 19 ] redefined . .to forma plurality. of. openings . to
expose thg‘%e gﬂg}r%rt\g%&r%n}legr@"ﬁh%e °§P‘}§ pé’é’?&bﬁoﬁtl% r ‘ﬁ"%ﬁ’i" WC‘E‘IQ’E?“ gy 15
cel I's that argabQMeGSSY 1l GrRFEEBRE Wy t iy O the | Apurity
material, such as bOI‘O?’]_, S é’lﬂﬁ useg {)y ?%{]cﬁirﬁ?{)@ﬁ{ g@ﬁ%ﬁ%%"ﬂ%ﬁ t he
openings in the nmaskhdMablip@giaitniagpfResss Radk 19 cSRAMRE o) 9%&41(?{-(}1 TS
conpl etes the so-called code inplant process. In the fini'shed pr oduct of
t he ROM devi cépishddepradpedf dleaROR devirUTRistr@k A959 piedefined to form a plurality of
openings to expose those channel regions that are associated with the MOSFET memory

15  cells that are to be set to a permanently-ON state. A P-type impunity material, such as

boron, is diffused by ion implantation through the openings in the mask 19 into the corre

sponding channel regions. This completes the so-called code implant process.
In the finished product of the ROM device, the doped channels cause the associ-
ated MOSFET memory cells to have a low threshold voltage, thus setting them to a per-
20 manently-ON state representing the storage of a binary digit of 0. On the other hand, the
undoped channels cause the associated MOSFET memory cells to have a high threshold
voltage, thus setting them to a'permanently-OFF state representing the storage of a binary
digitof 1.
The foregoing ROM device, however, has the following two drawbacks. First,
25 when the ROM device is further miniaturized, the application of a high concentration of
impurities to selected channel regions could cause the uﬁdesired phenomena of lateral

diffusion, junction leakage, and reduced breakdown voltage. This is due to the fact that



.ated MOSFET nenory cells to have a | ow threshold voltage, thus setting them
to a per- 20 manently-ON state representing the storage of a binary digit
of 0. On the other hand, the undoped channel s cause the associ ated MOSFET
-menory cells to have a high threshold voltage, thus setting themto a
permanent| y- OFF state representing the storage of a binary digit of 1. The
f oregoi ng ROM devi ce, however, has the follow ng two drawbacks. First, 25
when the ROM device is further mniaturized, the application of a high
concentration of inpurities to select®d channel regions could cause the
undesi red phenonena of |ateral diffusion, junction |eakage, and reduced

br eakdown volhedyaed thyjiges is thiueonventidnel R@bt deviratarsformérkebybunpilandinpirhpdritiees i n
t he conventional ROM device are formed by inplanting inpurities into the
silicon substiathesilisar sihgtrats; treand. smcp s peacsss for faprgating theicagventenal ROM
conventi onal dRC]\/I. delvi CtZ-. [ nvohves t]he .‘]_lfls.e of .thermal oxidatjon to formthe
i sol ating ox G4t BRIV Ledise pf thermalgridation do foymyhe pgolating oxidation fayers, the not
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for a ROM device in which the above-nenti oned drawbacks are substan- 10
tially elimnated. It is another objective of the present invention to

provide a method for fabricatsuraMARy OerEIRIRYERGN Vi ce. I n accordance
with the foregoing and othej objectives of the present invention, a

STROV 15 dovi oo Ar e eR e B a A P e E R Aol B g pr @iy ="
devi ce i ncl udegor st@cseio @ RBMLdRYics UDShicALIR above-mentioned drawbacks are substan-
10  ually eliminated.
It is another objective of the present invention to provide a method for fabricating
the foregoing ROM device.
In accordance with the foregoing and other objectives of the present invention, a
semiconductor structure for a ROM device and a method for fabricating such a ROM
15 device are provided. |
The semiconductor structure of the ROM device includes:
a semiconductor substrate;
a first insulating layer formed over the substrate;
a semiconductor layer formed over the first insulating layer, the semiconductor
20 layer being selectively removed to form a plurality of subséantially parallel-spaced bit
lines oriented in a first direction and a plurality of substantially parallel-spaéed channel
regions oriented in a second direction substantially at right angle with respect to the first
direction, the removed portions of the semiconductor layer forming a plurality of re-
cesses;

25 a plurality of second insulating layers formed in the recesses;

a third insulating layer covering the semiconductor layer and the second insulating

layers; and



a first insulating | ayer fornmed over the substrate; a sem conductor |ayer
forned over the first insulating |ayer, the semiconductor 20 |ayer being
sel ectively renoved to forma plurality of substantially parallel-spaced
“bit lines oriented in a first direction and a plurality of substantially
paral | el -spaced channel regions oriented in a second direction
substantially at right angle with respect to the first direction, the
renoved portions of the sem conductor layer formng a plurality of re-
cesses; 25 a plurality of second insulaténg |ayers forned in the recesses;

Pnsul ating | ayer SR ONSEAAR PR RTAERTCH R I SPER eRfeRRiRD

i nsul ating |ayers; nti a

conductive | aqxﬁnﬁiﬁgq%dh@y&{du_&m IS kid g bHeh Rl isﬁ&égnaxw in tﬁé‘s%cﬁg{b@}é% Ve

| ayers being oriente ubstantially in the second direction a positi oned

above the chamaglositiegddamsve IHe chivthef RELRAOI Ng ROM devi ce, the conductive
| ayer is fornmed by a conductive ma- g terial selected fromthe group

consi sting of pol \isithe foomgeirgi R@M device] thageidantivedaykrad foffned Buftondoétiviega-
first, second, and third insulating |ayers are silicon oxide |ayers. The
paral - | elX spsdddelsried fjome theagreup persisting @b pelysiicer, |tijandum elyogdten, aodplvalis. | n
the code definitio aqd i npl ant ati on, praocess, a sel ected nunber of the
channel regi 8% a&aéhef HP‘r’rén%OWﬂ’?d ahirq ingylating layersarg silispr gyide layers cEherparalg t he

-storage of a [fjrst pbi.nar 10 digi nd all the other channel regions are
fsor rreg wi t h alefs'? iaﬁer@glPﬁ?%s?ﬁeoﬁpac%pgﬁl“#g@'g'aﬂéﬁf%q”a lama#_g the stor agegof a
second binary di gifhneAdd8uBAAiLYE LY m@@%ﬁ&&@@%@ﬁﬁqm yebsfﬁggfh&g‘w ce

i ncludes: a sem conductor substrate; I ndulatin ayer med over

the substrat eregibhs de FoHiAMAHE AL HAKEI voRAZEEEprefhan@thE WS 1R b &t inary
grid-like structure over the first

10 digit, and all the other channel regions are formed with a second threshold voltage repre-
senting the storage of a second binary digit. |

Alternatively, in another embodiment, the ROM device includes:
a semiconductor substrate;
a first insulating layer formed over the substrate;

15 a semiconduc_.tor layer formed into a substantially grid-like structure over the first
insulating layer, the grid-like structure including a plurality of substantially parallel-
spaced bit lines oriented in a first direction and a plurality of substantially parallel-spaced
channel regions oriented in a second direction substantially at a right angle with respect to
the first direction;

20 a plurality of second insulating layers formed in the spaces between the bit lines
and the channel regions;

a third insulating layer covering the semiconductor layer and the second insulating
layers; and
a plurality of substantially parallel-spaced conductive layers formed over the third
25  insulating layer to serve as a plurality of word lines, the conductive layers being oriented

in the second direction and positioned above the channel regions.



insulating layer, the grid-like structure including a plurality of
substantially parallel- spaced bit lines oriented in a first direction and
a plurality of substantially parallel-spaced channel regions oriented in a
>'second direction substantially at a right angle with respect to the first
direction; 20 a plurality of second insulating |ayers fornmed in the spaces
between the bit lines and the channel _regions; a third insulating | ayer
covering the sem conductor |ayer and t He second insulating layers; and a
plurality of substantially parallel-spaced conductive |ayers forned over
the third 25 insdbaferagpinaROM devisersabricated hylamethod in atordaicd wiihnias jn-t he
conductive layers being oriented in the second direction and positioned
above the chafpén FBigingniaod imclugesahe flleyinentierROM device is fabricated by a
met hod in accordanéﬁbmjih the .in venﬁion. This pethod includes the

fol Il owing steps: (P)CFYPRR s AngIqtiog 13ysEQyes pistrgicPadnstor WRsirals: semi conduct or
substrate; (2) for4u sem conductor | ayer over the first insulating
| ayer, and 'Eh)en c ﬁfggn@ﬁcatSlrprqqd??ng‘ﬁa?r()%y?rn%ﬁeémea risto’rq_s‘g?l&gelg%ero?{’dt Llﬁ%“ con-
sem Condugt Orduj:tﬁ')é.eﬁn $éh %plgﬂam Eg}cegs u&o&‘ﬁrﬁé‘én%ﬁ&bpfh h'h% %9fto a gl t the

etc id At ctSr

perform ng a photolithographic a I Ng process on e sem Cco

| ayer so as tcondeatrmion th@kefct ed portions of the sem conductor |layer to form
a substantially grid-like structure having a plurality of substantially
paral | el - spaced f (¥)sperfvomtrigon phatolithbfraphit eidietching’ pifoséss dinr B€ tsbi@ftoaddtcr
plurality of substantially parallel-spaced second portions oriented in a
second di r ectl®¥6hssp8 famRvesElegied portioghef the sineicaridubtor kggrde formm substartiallgt
direc- tion, t_g .renoved portions of the sem conductor |ayer formng a
plurality of & §é<§§€“s‘?‘“{€4‘§)“fft& wripHy2liy of gristantiplly, pargllelrsarqed dirstspeetoong ori-

i nsul ati ng ! A&ASh Ea%r;tidlirlect'ijcgm a&n%ea ;r)l%fali%yegts s%%étantially parallel-spaced second portions
oriented in a second direction substantially at right angle with respect to the first direc-
tion, the removed portions of the semiconductor layer forming a plurality of recesses;

(4) forming a plurality of planarized second insulating layers to fill up the re-
cesses;

15 (5) forming a photoresist layer which is selectively removed to define the first
portions of the grid.-like structure as bit lines and defining the second portions of the
grid-like structure as channel regions;

performing an ion implantation process so as to diffuse impurities into the
bit lines so as to increase the conductivity thereof; and then

20 removing the photoresist layer;

(6) forming a third insulating layer covering the semiconductor layer and the sec-
ond insulating layers;

(7) forming a conductive layer over the third insulating layer, and then removing
selected portions of the conductive layer to form a plurality of substantially parallel-

25  spaced word lines oriented in the second direction and positioned substantially above the

channel regions; and




15 (5) formng a photoresist |layer which is selectively renoved to define
the first portions of the grid-like structure as bit |lines and defining
the second portions of the grid-like structure as channel regions;
-performng an ion inplantation process so as to diffuse inpurities into the
bit lines so as to increase the conductivity thereof; and then 20 renoving
the photoresist layer; (6) formng a third insulating |ayer covering the
sem conductor |ayer and the sec- ond insulating layers; (7) formng a
conductive layer over the third insulatigng | ayer, and then renoving

sel ected portions of the conductive |layer to forma plurality of
substantial |y par &)lpstformbg aradedefmerandlinplst poresateprognnt data wecthadk OM
direction and positioned substantially above the channel regions; and 8
(8) perforniﬁ@“&icode define and i nplant process to programdata into the

ROM device. The ice. of .the. invention offers sone benefits over the
prior art. First, Wﬁér‘ﬁfﬁf ioh Ao mveHon plfess somf t?%i’ﬁ@sé’é(ﬁ ‘E% PHEhREVEBLW t h

i ncreased gap;fill]... i1 Voids, in,the top surface of.the wafer are
t hus subst an?’ #%Hl%“;&g%gié%wa acond. . g%nn%éea%hﬁevteﬂew'%e Hoa>0r 5P hﬁe]} f?P\?ﬁﬁ'ﬂ'on,

the bit |isnesyoidsanMRtop SR IpYheObAEUSE B isIBHNtiRIL LR dhd3l OSdcBRY, Sinkd by 8RN
substrate, the drawbacks of lateral diffusion, junction | eakage, and

reduced br eaknetithove teoint@gdnarhe bitdine& xR @bt PRGedby\digRisihh anRiPed fitb 4R shis
further mniaturized. 10 BRI EF DESCRI PTI ON OF DRAW NGS The i nventi on can be

nore fully urdesgistad, the drewblackg of heerhlodiffosibomgunieioailbakdga) @and selucqut break-of
the preferred enbodi nents, with reference nade to the acconpanyi ng draw
i ngs, wher ei fowRvaltage arengt experiapaed whert the RAM devigs wrividfer migatviesst | onal ROM
devi ce;
10 | BRIEF DESCRIPTION OF DRAWINGS
The invention can be more fully understood by reading the following detailed de-
scription of the preferred embodiments, with reference made to the accompanying draw-
ings, wherein:
FIG. 1 is a schematic circuit diagram of a conventional ROM device;
15 FIG. 2 is a top view of the layout of part of the ROM device of FIG. 1;
FIG. 3 is a schematic sectional diagram showing the semiconductor structure of
the ROM device of FIG. 2 cutting through the line 4-4"; and

FIGs. 4A through 4J are schematic diagrams used to depict the steps involved in

the method according to the present invention for fabricating 2a ROM device.

20
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
FIGs. 4A through 4J are schematic diagrams depicting the steps involved in the
method according to the present invention for fabricating a ROM device of the type in-
cluding a plurality of MOSFET memory cells for storing data.
25 Referring first to FIG. 4A, in the first step, a semiconductor substrate 40 is pre-

pared. The substrate 40 can be either P-type or N-type. Subsequently, an oxidation layer

41 is formed over the substrate 40 to serve as an insulating layer.



A5 FIG 2 is atop view of the |ayout of part of the ROM device of FIG 1;
FIG 3 is a schematic sectional diagramshowi ng the sem conductor structure
of the ROM device of FIG 2 cutting through the line A-A; and FIGs. 4A

‘t hrough 4J are schematic diagrans used to depict the steps involved in the
met hod according to the present invention for fabricating a ROM device. 20
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT FI Gs. 4A through 4J are
schemati ¢ di agrans depicting the steps i%\é(\)/:ved in the nmethod according to
the present invention for fabricating a device of the type in- cluding
a plurality of MOBHEmngemaryw K6l #B, nahe sibedquag stpt asendiborldater fayergt3fikdst to
FIG 4A, in the first step, a sem conductor substrate 40 is pre- pared. The
substrat e 40pesaied beergha hredationiayeed biThidstppond Btdrsaguéhtdnybe adayeoodiiskahsion

| ayer 41 is forned over the substrate 40 to serve as an insulating |ayer.
9 ~ Ref erri ng2Remhoypsifean oumlysiliconh Eudhepsibe semicordusior layes ddicambrisichen - | ayer
43 is de posited er the oxidatiqn l.ayer 41. This sem conductor |ayer 43
can be a | ay&PeSf R%'/IHP?'i(E’?l 'Be‘h%%gﬂ%%g ?]eISFE‘bCr?"g‘r‘c‘ 3?%#?%‘8 ISUEQPYYELR | t he
sem condugt Opgl-a)$ o ' - or \N-type. e hod for
Formng  he sEoveapiemraRtd B apo! dBBuRnirt on L SaEp ins BE

(pl asma- enhanged of l3e] &l eHPRRIurd 8P ABL 3809C RS 9080 ABpdsit iYindlei ng
the vapor of§§?ﬁ4 at a trgﬁn%erautrure of about 350C tg 5%%0%%%&%6@(1{1&3

| ayer of i ntamnogihous siresrpbroptsysslidone o Gen RORLST A BANmMpRRthtibh §roce@NuGE an
ion inmplantation process on the intrinsic anorphous silicon |ayer so as to
di f fuse an i mpundi¢c 3merpheysisdicon fayehsaees thdiffnsg ani intporityt hatetialt suchss orewtphous
silicon layer to adjust the concentration thereof. 10 Referring further to

FIG 4C in {lifensnpsagmeamoussibipon laygho edstithoemapiiatontgreef.ch- ing process
TP L AR I YA AL RN
including a E’Ag” El%lcjzstsyis chonducted on the wafer so as to etch away selected portions of the
semiconductor layer 43 to form a substantially grid-like structure including a plurality of
parallel-spaced first semiconductor layers oriented in tﬁe X direction (which are desig-
nated by the reference numerals 43a, 43b), and a plurality of parallel-spaced second
15  semiconductor layers oriented in the Y direction (which are designated by the reference
numerals 50a, 50b, SOc, 50d, S0e, 50f). The first semiconductor layers 43a, 43b are to be
used as a plurality of bit lines for the ROM device, while the second semiconductor layers
50a, 50b, 50¢, 50d, 50e, 50f are to be used as the channels of the MOSFET memory cells
in the ROM device. The removed portions leave a plurality of recesses 45 in the grid-like
20 structure.

Referring next to FIG. 4D, subsequently, an insulating layer 44, such as an oxida-
tion layer, is formed to fill up each of the recesses 45. For planarization purposes, the
spin-on glass (SOG) process, for example, is used to first deposit an insulating material,
such as silicon oxide, in the form of a liquid to cover the top surface of the wafer in the

25 recesses 45 (F1G. 4C), and then the deposited layers are etched back to planarize of the top
surface thereof. Alternatively, the chemical mechanical polish (CMP) technique can be

used for planarization of the insulating layer 44.




paral | el -spaced first sem conductor |ayers oriented in the X direction

" (which are desig- nated by the reference nunerals 43a, 43b), and a
plurality of parallel-spaced second 15 sem conductor |ayers oriented in the
-Y direction (which are designated by the reference nunerals 50a, 50b,

.50c, 50d, 50e, 50f). The first sem conductor |ayers 43a, 43b are to be
used as a plurality of bit lines for the ROM device, while the second

sem conductor |ayers 50a, 50b, 50c, 50d, 50e, 50f are to be used as the
channel s of the MOSFET nenory cells ijpythe ROM device. The renoved
portions leave a plurality of recesses 45 in the grid-like 20 structure.
Referring next toR&kGingdbrthaub$equentihe/subssquemsiepas iordgfihayel fodd a phutsily as an
oxida- tion layer, is formed to fill up each of the recesses 45. For

pl anari zat i onf putipessansl, chahee! regpms- anthglvedey. FSOG) plralite sEelofigatedephatpesist i s
used to first deposit an insulating material, such as silicon oxide, in
the form of &YFISQIRd b Steoeriormrd pyopplaeiplithesrapific anketghifgpropess oMer there-

ol anar i 26 of SERSCHHEL LT PHCERERBI Rt AT Limt o 5p< P i Bt Fiecaponduc-
nar _ __ EHBh S
Mneutating | epeqson s ERCHRCARle PRend el Rhe LAV PRSI RIS cp

is to definespndof WhithaarPtdVerdd ByhObhdRbrbsitii1NRss ARds HNNNEE cHafHIOFBePAn t NE
wafer. First, a plurality of elongated photoresist Tayérs 51 a, 51°b, 51 ¢

are forned bympurpheiaddriat,hagh aph gpaadeat chiNG HEREDT 16 Bfiplhhi&tidemtddihens
between the first sem conductor |ayers 43a, 43b. This defines the first

sem conduc 5 firgserhiggmhstot 3ayersiBa, 43b i s tb iforesa plaratityt sfeV skffadich iegishcanbuct or
| ayers 50a, 50b, 50c, 50d, 50e, 50f, which are covered by the photoresist
| ayers 51 a, ims1eaped ndyctivay (e spavams|bst inh évfler dhns, therpbatorasist lamereflalb1bsich as
N-type aréenic gAs% is diffused by ion inplantation into the first

seni condd®t o 8PeYE- 43a, 43b so as to forma plurality of N diffusion

e ons LT, L ICEEAREL GO B B bR A

layer of silicon oxide or a layer of the ONO (silicon dioxide/silicon nitride/silicon diox-

ide) structure, is first deposited over the entire+top surface of the wafer, and then a

conductive layer 53 is deposited over the insulating layer 49. The conductive layer 53 is

15  formed by using a cpnductive material selected from the group consisting of polysilicon,

tungsten, titanium, and aluminum deposited by the physical vapor deposition (PVD) or
chemical-vapor deposition (CVD) method, for example.

Referring next to FIG. 4G, the subsequent step is to define and form a plurality of

word lines for the ROM device. First, a photolithographic and etching process is per-

20 formed on the wafer so as to remove selected portions of the conductive layer 53. The

remaining portions of the conductive layer 53 are elongated parallel-spaced strips ori-

ented in the Y direction, which serve as a plurality of word lines 53a, 53b. These word

lines 53a, 53b are substantially located right above the second semiconductor layers

(channels) 50a, 50b, 50c, 50d. 50e, 50f. The removed portions of the conductive layer 53

25  leave a plurality of grooves 55a, 55b, 55¢ between the word lines 53a, 53b. This consti-

tutes a plurality of MOSFET memory cells, each being associated with one of the second

semiconductor layers (channels) 50a, S0b, S0¢, 50d, 50e, SOf.



Referring next to FIG 4F, in the subsequent step, an insulating |ayer 49,
such as a layer of silicon oxide or a layer of the ONO (silicon
dioxide/silicon nitride/silicon diox- ide) structure, is first deposited
-over the entire' top surface of the wafer, and then a conductive |ayer 53
is deposited over the insulating |ayer 49. The conductive layer 53 is 15
formed by using a conductive naterial selected fromthe group consisting of
polysilicon, tungsten, titanium 'and al um num deposited by the physical
vapor deposition (PVD) or chem cal -v%llpor deposition (CVvD) nethod, for
exanpl e. Ref er ri rTgle ercgoing skip&G.comPlete the falrirstoueht ssmefinisked prodie iofi¢heand
forma pluralit word lines for the ROM device. First, a.

phot ol i t hogr ‘i?"t&ﬁb"he‘thclhF‘ﬁ@’%ﬁ@é‘es@gia@"b%’rto SDEE PesmaRd! ga.tARETIREERINES 0 as
to renove sel ortions of the conductive |ayer 53. The renainjng
portions of ¥ "és B‘Hd]ilﬁ:“t UstpEner A BasKepEosIREMEN IR T C%%ﬂ”&ﬁefiéf‘ ‘@ﬁé@é&“’ﬂ‘ﬁ ps
ori- ented in t|on which s of, word

53a, 53b. TI"Pe(s)éeuc\i/e\ft))frl p A 48viESy aségﬁtogﬁée %udgﬂeéﬁﬁ?rgieﬁy q%c%lotdgaerfr?aﬁﬁ’?‘[}above
the second sgRhCRBIVALGE.. lmseﬁr%cesgmﬁ%@%leglb@pﬁ] ﬁxﬁocfl:«a iPAChe (ﬁﬁi)wnr%o 50f

The renoved portions of the conductive layer 53 25 leave a ur al

grooves 55a, grasii withoefeReicweihe hQiNOFIGs! 4mes, mdat). 53b. This consti - tut es a
plurality of MOSFET nenory cells, each being associated with one of the

second sen condiforing ayperher (ccﬁH]meHa)xdad)an viith FED@H $ds a5eajonal0dia- 11
The foregoing steps conplete the fabrication of a sem -finished product of
t he ROM devigramwhitewafer ofdilGy 46 cnttinig throogfr dmiied 4t6, whitr BlGoét stamsranoiiart a.
After receiving orders fromthe custoner, a mask progranmm ng process is
conduct ed orﬁeftl‘fé‘a%‘ﬁﬂraf”i o b eame ﬁPBH‘Gé’(‘f(’B%h thedi fRC@\ﬂBde subsgguens siep istor e

Lhe cUSt G ARl SUOPChcoS LIS LY S L he R eyl e TS
R R M e ot
FIG 4G cutting thpuddieleb@iclihyde sA-ifdepodidd SveFife erffite RIPUFEANNH ME Wafer.
Then, a photoresist layer 59 is formed over the dielectric layer 57. This photoresist layer
59 1s predefined to form a plurality of openings which expose those areas above.a number
15  ofselected channel regions that are associated with those MOSFET memory cells that are
to be set to a pennanently-ON state repreéenting the storage of a binary digit of 0, for
example.
In the case of FIG. 4H, for example, the photoresist layer 59 has one opening
which exposes the area above the channel 50¢ while covering the area above the channel
20 50d. An ion implantation process is then conducted on the wafer so as to diffuse an impu-
rity .material, which is N-type if the substrate 40 is N-type and is P-type if the substrate 40
is P-type, into the exposed channel 50c. As a result of this,-the MOSFET memory cell
associated with the channel 50c will be set to a permanently-ON state, while the
MOSFET memory cell associated with the channel 50d will be set to a permanently-OFF
25 state. This completes the installation of binary code in the ROM device. |
After this, conventional steps, includ'ing the forminé of contacts, metallurgy, pas-

sivation, and packaging, are carried out to finish the product of the ROM device. These



sectional diagramof the sane cutting through the line B-B'), the
‘subsequent step is to 10 conduct the so-called code definition and

i npl antation process on the wafer to set differ- ent threshold voltage
1evels to the selected MOSFET nenory cells in the ROMdevice. First, a
dielectric layer 57 is deposited over the entire top surface of the wafer.
Then, a photoresist layer 59 is forned over the dielectric |ayer 57. This
photoresist layer 59 is predefined tgJorma plurality of openings which
expose those areas above a nunber 15 of selected channel regions that are
associ at ed wit¢p3 ateisdatiipbbdeEsesinbie ynanefak wirinf atocegsesct thathiescsiption themof will
permanent| y-ON state representing the storage of a binary digit of 0, for
exanpl e. | n tdhée bather dftaiRdG. 4H, for exanple, the photoresist |ayer 59 has

one opening which exposes the area above the channel 50c_whi%11$,§ &;o,veri ng
the area above tHRefeRaahather spFEgd), hareiipshqvi sheRelioePpicEelsige figishetan

e el R RO R BT T
P- i ) : is. - .
R i e e e

per manent | y- ¢h)Spat eneddhyshifp teeit IMSHET, FEMAYah&dily AFi3RCINRIE MM chihnkhe
channel 50d will be set to a permanently-OFF 25 state. Thi's conpl etes the

i nstal | ati onsed, whichag i ffassdiewitiirhfiaitROMrelei thefordfolrgriot rhisantativmy eukdsahal
steps, including the form ng of contacts, netallurgy, pas- sivation, and
packagi ng, aasocared MBI memofyi aellswhiche desigated bythe rdfereiR@viutheral §% 1o Fhese
12 steps are standard processes in the manufacturing process, so_ that
descri ption sdiér epdrman¢rtly-Q@BE stote; Mberepeihe geanar] ¥, Wiehdy notgiffysed wibBAmt o
FIG 4J, there is shown a schemati vi ew of té@e fini shed  product of
the ROV d@vi BwilCAsCAUBSIRE a%ﬂ?lé‘ﬁﬁz@iﬁ%%é@f{f@mﬁbF% ich 'BBEPH%M%PY& € al | el -
5 spaced bit lines B (’1/\[ B ﬁ and a plur H of paral lel.-spaced overl.ayi ng
or 0 1 nes. VEME ST Stiis e BPErRuBfEONH, s SRR B RRGboRARAE
substantial | Yap;ﬂ}ed Wb g\Qtwcﬂ'HgianSWLZT% GRAMIBb will be set to an ON-state, thus allowing '
the current to flow from the bit line BL1 to the bit line BL2.
In conclusion, the prevent invention offers some benefits over the prior art. First,
15  since an SOG process or a CMP process, is utilized instead of the thermal oxidation proc-
ess in the prior art to form the insulating layer 44, better planarization of the wafer sur-
face can be achieved. In addition, since in the SOG process a dielectric material such as
silicon oxide is used in the form of liquid to cover the top surface of the wafer, the gap fill
capability for grooves in the top surface of the wafer is better than using the CVD method
20 asin the prior art. Voids in the top surface of the wafer are thus substantially reduced.
Second, since by the method of the invention, the bit lines are not formed by dif-
fusing impurities into the silicon substrate, the drawbacks of laterai diffusion, junction
leakage, zind reduced breakdown voltage are not experenced when the ROM device is
further miniaturized.

25 The access operation to read data from the ROM device is performed by applying

an electrical potential to the word lines and the bit lines and using sense amplifiers to



50c, which is diffused with inpurities through the foregoing ion
~inplantation, causes the associated MOSFET nenory cell, which is
designated by the reference nuneral 55, to be set to a permanently-OFF
-state; whereas the channel 50d, which is not diffused with im 10 purities, .
causes the associated MOSFET nmenory cell, which is designated by the refer-
ence nuneral 56, is set to a permanent|ly-ON state. As a result of this,
when a potential is applied to the word Iine W.2, the channel 50d will be
set to an ON-state, thus all ow ng thqacurrent to flow fromthe bit |ine
BLI to the bit Iine BL2. In conclusion; the prevent invention offers sone
benefits over the prior art. First, 15 since an SOG process or a Cw
process, is utilized instead of the thernmal oxidation proc- ess in the
prior art to formthe insulating |ayer 44, better planarization of the
waf er sur- face can be achieved. In addition, since in the SOG process a
dielectric material such as silicon oxide is used in the formof liquid to
cover the top surface of the wafer, the gap fill capability for grooves in
the top surface of the mafgr is betiter than uskag t he %VD netpod 20 as in
the prior arfeteaygicadanss wnbe cypgendy fhis 0egEon [rehfadmBt 2a1hE PRFEU TSR i al | y
reduced. Secand, .sjn by th i pon, the bit lines are
not forned b?eg’lo? 20 Plﬁgﬁ?eﬁﬁx?th%ﬁpg?\g{e\gﬂi n(r%E 8’2 Fﬁgws]ﬁ%l}%gh substrate, the
drawbacks of | at efglindidibHHaOBeenl ddBGibb@Osing SRKRERY prfdrdd@eibogithdafscAKHOWN

vol tage are not experenced when the ROM device is” further mniaturized. 25
The access opg@iat isQd bt And@adod! Bfatith sedpetdfeheRaMtiou icotilisnipand dierdiddidyd
applying an electrical potential to the word lines and the bit Iines and
usi ng sense ampbdimems.STd the T8ntratg] it intelhded toanger Vaniothmodificatems and hinglar
operation is the sane as the conventional access nethod so that

descri pti on am@zentntsi THe saope dfeh¢ olainie thegrdorgi sheuld brrscardedothe Proadeshinteieen
descri bed using exenplary preferred enb ginﬁnts. How ever, it is to be
under st ood t REAUOR &0 aigsBePPIshall F?ﬁ?’éﬂ?‘ﬁ fations sk similaRamaResmENishe di scl osed
5 enbodi nents. To the contrary, it is intended to cover various

nodi fications and sim|ar



arrangenents. The scope of the clains, therefore, should be accorded the
"broadest inter- pretation so as to enconpass all such nodifications and
simlar arrangenents. 14 \What is clained is: 1. A ROM device, conprising:
-a sem conductor substrate; a first insulating |ayer forned over said
substrate; 5 a sem conductor |ayer formed over said first insulating |ayer,
sai d sem conductor |ayer being selectively renoved to forma plurality of
substantially parallel-spaced bit 1lingg oriented in a first direction and
a plurality ofnh.suasdianii;al |y parallel -spaced channel regions oriented in a
second direction substantially at a right angle with respect to said first
direction, the renRmd eoict] daspridfngsai d sem conductor |ayer formng a
plurality of 10 recesses; a plurality of second insulating |ayers forned

i n said recesses;asnitorddcionsubsasteng | ayer covering said sem conduct or

| ayer and said second insulating layers; and a plurality of substantially
paral | el - spaced cohursilgdng leyerfermeskomsesadapbssaiesd 15 third i nsul ating

| ayer, sajd conductive | ayers bejlng orient substantjally . in said second
direction%and pos???ﬁﬁﬁ@“&ﬁb@@e PB“ﬁﬂﬁﬁﬁESﬂF%ﬂﬁbﬁgﬁg%Y“T%% FONEAEFICR of

claim1, wherein said, senconduct ayer is.{or g by. sem conduct.or
mat eri al sel _eagfrecf e Séer%%c'fn H%lyng Wﬁﬁecg%ntépétai ;%rag Y Pt flﬁ'élagyfﬁ@ﬁﬁﬁ%?ﬁgci?‘?! con
20 and pol yslikéé%%me?}-in IR M GGV it @Liaﬁwf@uﬂmawmy ﬁ]m“é% eaqndiiet | ve
layer is formed by a conductive nmaterial selecte romthe Sroup
consi sting ofegRMk YHibhted Aa sédoha@irdEont 4BASHRNY at ARFhAnYE Wiespt to said
first direction, the removed portions of said semiconductor layer forming a plurality of
10 recesses;
a plurality of second insulating layers formed in said recesses;
a third insulating layer covering said semiconductor layer and said second
insulating layers; and
a plurality of substantially parallel-spaced conductive layers formed over said

15  third insulating layer, said conductive layers being oriented substantially in said second

direction and positidned above said channel regions.

2. The ROM device of claim 1, wherein said semiconductor layer is formed by a

semiconductor material selected from the group consisting of intrinsic amorphous silicon

20  and polysilicon. -

3. The ROM device of claim 1, wherein said conductive layer is formed by a

conductive material selected from the group consisting of polysilicon, titanium, tungsten,

and aluminum.

25
4. The ROM device of claim 1, wherein said conductive layers serve as a plurality of

word lines for said ROM device.

5. The ROM device of claim 1, wherein said first, second, and third insulating layers

30 are each a layer of silicon oxide.



4. The ROM device of claim1, wherein said conductive |ayers serve as a
“plurality of word lines for said ROM device. 5. The ROM device of claim1,
wherein said first, second, and third insulating |layers 30 are each a
layer of silicon oxide. 15 6. The ROM device of claim1, wherein a first
sel ected group of said channel regions are fornmed with a first threshold
vol tage representing the storage of a first binary digit in the associated
menory cells, and the rest of said channel regions are fornmed-with a second
t hreshol d voltage representing the stori@ge of a second binary digit into
the associate@l 5 TherRODM deeick 8f cldim T eheRGM: ARY it tedfgréilpifBaid chanh@rrglibnssai d
plurality of bit lines are spaced substantially at equal intervals. 10 8.
The ROM devi case fdfrmed aittinaZjrsiwheesiedld velkidgd represcaling $ie storageofla hirsneisagrdigisipaced
sub- stantially at equal intervals. 9. A ROM device, conprising: a
seni conduct orthg asetiated memosy ¢ellsjandtthe ras of said ehgnned yegiors arerfennagweth swiahd
substrate; a se '(iand ctor layer fornmed into a substantially grid-I1ike
structure ovetTSS3'q VPIaS repiesding ithe, gforage @f a seeand Bjpary-digikias the psgagiated
i ncl udi ng a pljn%?rlyictebfs of substantially parallel- spaced bit lines oriented
inafirst directronand a plurality of substantially parallel-spaced
channel regions orjiented in a second direction substantially at a right
angl e with rebpectTheoRODb deyice of jqlaim & waereinoprid Dlyslity 20fi biy lings smcepackd
insulating layers faormed ip the spaces between said bit lines and said
channel regi offg>aR! Pﬁial"f)q”iaﬂ’é‘ﬁﬂ“éat'?'ng | ayer covering said sem conductor |ayer
and said second insulating |ayers; and
10 8. The ROM device of claim 7, wherein said plurality of word lines are spaced sub-

stantially at equal intervals.

9. A ROM device, comprising;:

a semiconductor substrate;

15 | a first insulating layer formed over said substrate;

a semiconductor layer formed into a substantially grid-like structure over said first
insulating layer, said grid-like structure including a plurality of substantially parallel-
spaced bit lines oriented in a first direction and a plurality of substantially parallel-spaced
channel regions oriented in a second direction substantially at a right angle with respect to

20  said first direction;

a plurality of second insulating layers formed in the spaces between said bit lines
and said channel regions;
a third insulating layer covering said semiconductor layer and said second
insulating layers; and
25 a plurality of substantially parallel-spaced conductive layers formed over said
third insulating layer to serve as a plurality of word lines, said conductive layers being

oriented in said second direction and positioned above said channel regions.

10. A method for fabricating a ROM device, comprising the steps of?:

30 (1) forming a first insulating layer over a semiconductor substrate;



25 a plurality of substantially parallel-spaced conductive |layers forned
~over said third insulating layer to serve as a plurality of word |ines,
sai d conductive layers being oriented in said second direction and
-posi ti oned above said channel regions. 10. A nethod for fabricating a ROV
device, conprising the steps of: 30 (1) formng a first insulating |ayer
over a sem conductor substrate; 16 (2) formng a sem conductor |ayer over
said first insulating |ayer; (3) renovijpg sel ected portions of said

sem conductor layer to forma grid-like structure having a plurality of
substanti al | y par §2) felmsgacedidondsdtopiaydriooersamrfiretrihahting layef;i rst  di recti on
and a plurality of substantially parallel-spaced second portions oriented
in a5 second dirdéieawvingbseiestadi partignsaaf saidr segheondngbrelaygrith foms perid-like sai d
first direction, the re- noved portions of said sem conductor |ayer formng
a plurality ofrufiuredeypea plumliyof sybstantally Rarallel-sracest fissrogtiens origniedimiarigst

| ayers which reffilkﬁd hglsaiq r cessgs; 95 definin% the first Qortions
of said grid-TTREERFUL PIHFRIYL5PsREY PARRYelTRRted; 96PN dsRATICS XA Y BB At i ons
of said grqd d-J. - L QAS; (8 )q; ' third
Mnsul at ] ng | a8 PeRy e e ARy g AR ekl il SR e

i nsul ating | ayeved;poftiohs bPEdTH BlniRokRR@Y fdyb VR rhRAY Aph@HIRY of Rlcksstdi 1 d _
insulating layer, and then renoving selected portions of said conductive

| ayer to forrn a ghufoahiniy phiralstylostaohd mkhiytinpaagdd which 5P &tledlinweiddedeksres
oriented in said second direction and positioned substantially above 15
sai d channel regi dhsdefinamgithe girstpertiaons wif ngjd @riddike stradtimias boninanshd defining

i mpl antation process to programdata into said ROMdevice. 11. The nethod
of claim 10, SAHeees @ﬁ’@sé’?éﬁd@zﬁ'llkﬁélrﬁm@§aﬁﬁ’é’f‘“@%ﬂb&?&l@fpﬁ of . 20 conducting

an ion i antatio rocess an the senm conductor H?ye[ so as to adjust the
concentratd on t her(gbfo.nmng a third insulating layer covering said semiconductor layer and said

second insulating layers;

(7) forming a conductive layer over said third insulating layer, and then removing
selected portions of said conductive layer to form a plurality of substantially parallel-
spaced word lines oriented in said second direction and positioned substantially above

15  said channel regions; and

(8) performing a code definition and implantation process to program data into

said ROM device.

11. The_method of claim 10, wherein said step (2) includes the substep of:

20 conducting an ion implantation process on the semiconductor layer so as to adjust

the concentration thereof.

12. The method of claim 10, wherein in said step (4), the second insulating layer is

25 formed by an SOG process for planarization.

13.  The method of claim 10, wherein in said step (4), the second insulating layer is

formed by a CMP process for planarization.

14. The method of claim 10, wherein said step (5) inclﬁdes the substeps of:



12. The method of claim 10, wherein in said step (4), the second insulating
layer is 25 formed by an SOG process for planarization. 13. The nmethod of
claim 10, wherein in said step (4), the second insulating layer is forned
by a CWP process for planarization. 14. The nethod of claim 10, wherein
said step (5) includes the substeps of: 17 (i) formng a photoresist |ayer
which is selectively renoved to define the first portions of said grid-Ilike
structure as bit lines and defining said _second portions of said grid-Ilike
structure as channel regions; (ii) perf Tni ng an ion inplantation process

S0 as to diffuse iiymtdih} %Spnomr&@nh@yebwmc}ﬁ,s SERESveHOredoved td BEHRAGE e
conductivity thereof; and (iii) renoving the photoresist |ayer. 15. The

met hod of cl gofoh®of Wgﬁunxksatrdctsieezp b(t8)neb Bred didding daed subist gpsomfof saidi )
depositing a dielectric |layer over the entire top surface of the wafer; 10
(ii) form ng gadgtkettunasiests chayel regioss; t he di el ectric Iayer wherei n said
phot oresi st | ayer | redefined to be fornmed with a urality of openings
whi ch expose t hosénmeéfgsmlrat?@ven HORI BRI R5906§%$0e%§t‘@é'fgﬁ%m‘ﬂéin“leég‘ll%'ﬂ?s bithat
are associated with those FET, neno cells that are to be set to a

per manent Py- OUCEI%3d0 PEBTA8S fPW@“ﬁVFYFéFOE ey digit, with the unexposed
channel s regi ons as. | -ed 9] FET nmenory cells that 15 are to
be set to a perrnslgﬁlmgchl’cgvt t @“%E%réégialng a second binary digit; (iii)
perform ng an ion |nplantat|on process so as to diffuse an inpurity
material i ntl§- t hd hexpraRasdPicimmnd) whergingsa(di siop (Beimslpderghe rbsishvelor esi st

| ayer. 20 16. A od for f bricati a ROM devi ce, risi the st eps
of: (1) forni nngZSpFIP%Sf“']gr?s Flsetrif )'Ieg?/ IWQP‘redOBé‘fﬁaGBHE‘L'PEtWG‘ Tsubstrat e;

Ei)g,‘l)’ ) form Q)g a Sem(n) fr(])grlrjncr;[goar pho%lresmtqg)%rr o%ﬁhe <|11 l%cmlc rl]asylé} %\;Hepegn salcyghdtoremg then

layer in predefined to be formed with a plurality of openings which expose those areas
above a number of selected channel regions that are associated with those MOSFET
memory cells that are to be set to a permanently-ON state repre‘senting a first binary digit,
with the unexposed channels regions associated with those MOSFET memory cells that
15 are to be set to a permanently-OFF state representing a second binary digit;
(111) performing an ion implantation process so as tb diffuse an impunty material
into the exposed chaﬁnels; and

(1v) removing the photoresist layer.

20 16. A method for fabricating a ROM device, comprising the steps of:

(1) forming a first insulating layer over a semiconductor substrate;

(2) forming a semiconductor layer over the first insulating layer, and then per-
forming an ion implantation process on the semiconductor layer so as to adjust the con-
centration thereof; |

25 (3) performing a photolithographic and etching process on the semiconductor
layer so as to remove selected portions of the semiconductor layer to form a grid-like
structure having a plurality of substantially parallel-spaced first portions oniented in a first

direction and a plurality of substantially parallel-spaced second portions oriented in a



formng an ion inplantation process on the sem conductor |ayer so as to
"adj ust the con- centration thereof; 25 (3) perform ng a photolithographic
and etching process on the sem conductor |ayer so as to renove sel ected
sportions of the sem conductor layer to forma grid-like structure having a
plurality of substantially parallel-spaced first portions oriented in a
first direction and a plurality of substantially parallel-spaced second
portions oriented in a 18 second directgon substantially at right angle
with respect to the first direction, wherein the renoved portions of the
semi conduct orsedoay diredtionsulsstokialphtiright afgld @tlesSp! to(thy fifsOdifdciign, avHRld @bi ty
of planarized second insulating layers to fill up the re- cesses; 5 (5)
form ng a phdétree\edipettiongyeihetmshndusia ddyecformel plumblymfectesses;def i ne t he
first portions of the grid-like structure as bit |lines and defining the
second portions ofVtiRENinga guralipeok plaparizad seepsd drramatiaR laxsgd wnkl upahd or ni ng
an ion inpl arggs%gsi_on process so as to diffuse inpurities into the bit |ines
so as to increase the conductivity thereof; and then 10 renoving the
phot or esi gt | ayer y«y( £ or.m dhird ibnsul ating | ayer coveri h

seni condu?t or I ay((asr) 'fg)nnalfn? r?ga @goégsl%g%yﬁgr%hﬁ(ﬁ’a'tsiSﬁ%cﬁgvfyereé?ovf’g)m Pﬂ?’% th‘b?‘éﬁ
conducti ve | ayaion96ekhel f1i-likd Eehici}e Uk il 19 LAY %Eﬁniﬂ?q‘het &%an{ BeHREhSTOF th

sel ected portions of the conductive |ayer so as to forma plurality of
subst anti al | gripdikalstructtrelaekhfnpaicegiongrd |ines oriented in the second
direction and positioned substantially above the channel regions; and (8)
performing a code defi pérferomngaardion ppplamtbidri process scesss diffusp imgiriaies @ @ei Nt 0
the ROM device, 20 17. The nmethod of claim 16, wherein in said step (2),
t he semni condbiiiges 038P 1njcacage the conductivity thereof; and then

10 removing the photoresist layer;
(6) forming a third insulating layer covering the semiconductor layer and the sec-
ond insulating layers;
(7) forming a conductive layer over the third insulating layer, and then removing
selected portions of the conductive layer so as to form a plurality of substantially paral-
15 lel-spaced word lines oriented in the second direction and positioned substantially above

the channel regions; and

(8) performing a code definition and implantation process to program data into the

ROM device.

20 17. The method of claim 16, wherein in said step (2), the semiconductor layer is a

layer of intrinsic amorphous silicon.

18.  The method of claim 16, wherein in said step (2), the semiconductor layer is P-

type.
25 P

19.  The method of claim 16, wherein in said step (2), the semiconductor layer is N-

type.



layer, of intrinsic anorphous silicon. 18. The nmethod of claim 16, wherein
‘in said step (2), the sem conductor layer is P- 25 type. 19. The nethod of
claim 16, wherein in said step (2), the sem conductor layer is N type. 19
20. The nethod of claim 16, wherein in said step (8), a selected group of
the channels are diffused with the inpurity material so as to set the
threshol d voltage thereof to a first |evel representing the storage of a
first binary digit in the associated nenory cells. 5 21. The net hod of
claim 20, wherein in said step (8), aigel ected group of the channels are
not diffused with the inpurity material so as to set the threshold voltage
thereof to a second |level representing the storage of a second binary
digit in the associated nenmory cells. 10 22. The nethod of claim 16,
wherein in said step (8), the inpurity material is P-type. 23. The nethod
of claim 16, xwerein in said step (8), the inpurity material is N-type.

The method of claim 16, wherein in said step (8), a selected group of the channels

are diffused with the impurity material so as to set the threshold voltage thereof to a first

level representing the storage of a first binary digit in the associated memory cells.

5 2L The method of claim 20, wherein in said step (8), a selected group of the channels
are not diffused with the impurity material so as to set the threshold voltage thereof to a

second level representing the storage of a second binary digit in the associated memory

cells.
10 22.  The method of claim 16, wherein in said step (8), the impurity material is P-type.

23.  The method of claim 16, wherein in said step (8), the impurity material is N-type.



