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(read-only nmenory) device of the type i array of MOSFET

(et al -oxi de sem conductor field-effect trapsbstor) nenory cells for data
storage and a nethod of fabricating the same. 10 2. Description of Rel ated
Art: Read-only nenory (ROM is a nonvolatile sem conductor nenory wi dely
used in conputer and m croprocessor systens for permanently storing
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operating system on personal clgmgg}@ﬁ NerriiRehvike. The 15 manufacture of
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costly equi pnent and material to achieve. Therefore, the data to be

permanent|ly stored in ROVpASKERBUND OF TRE IS®fENE®ONMY the custoner and
.then furnished to the factory to be pro- gramred into the ROVs. Mst ROV

are idengi calpibig of AIEIGOOMAGE Or structure except for the different data 20
stored therein. Therefore, the ROM devices can be fabricated up to the
stage ready for THiginv@ttiogieimes tgeainchdubenmemerysdavices,iand sioerpaprautiolyt te aar e
stocked in inventory awaiting cus- tomer orders. The custoner then
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for fabri CaE‘ rrllgatmgﬁw same.’

10 2. Description of Related Art:

Read-only memory (ROM) is a nonvolatile semiconductor memory widely used in
computer and microprocessor systems for permanently storing information including pro-
grams and data that are repeatedly used, such as the BIOS (abbreviation for Basic In-
put/Qutput System, a widely used operating system on personal computers) or the like. The

15  manufacture of ROMs involves very complicated and time-consuming processes and re-
quires 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 pro-
grammed 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 are stocked in inventory awaiting cus-
tomer orders. The customer then furnishes the data to the factory where the data are perma-
nently written 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 fabricating

25 ROMs.
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2 |In nost ROVE, netal-oxide sem conductor field-effect transistors
(MOSFET) are used as the nenory cells for storing data. In the mask
programm ng stage, inpurities are selectively diffused into specific
channels in the MOSFET nenory cells so as to change the threshold voltage
t hereof, thereby setting the MOSFET nmenory cells to OV OFF states rep 5
resenting different binary data. The MOSFET nenory cells are connected to
the external «circuits via a plurality of polysilicon-based word |ines and
bit lines. The channel regions are |ocated beneath the word |ines and

bet ween each pair of adjacent bit |lines. Whether one MOSFET nenory cell is
set to store a bilnanyst KiQ4, rofial@xpte semicondisfre rittheffash ratretdre (MOREET) arc
associ ated channel is diffused with inpurities or not. If the associated
channel is dPFfEsE "M“Wtcﬁ“ﬁ fopatering e§a ‘PHB" DERFRIPRABTIRE, S'Rge fMPUilgDpret o

have a hl gh L hr %&ﬁ(}f%cd mto géCI]fef f ecrge S mt e Sskﬁﬂ"%rgohe ngaEs-I;{) nEan Cel l

to a pernaneﬁ%$: ate r seftirg"t orage o

digit, for em&e vanagefntz%wtr%@eby s@@ng@{émsﬁ@ﬁ%&oéﬁ&éms kSORRIFH @at&afw a

| ow threshold vol tage, effectively sétting the MOSFET nenory cell to a
per manent by - tAkming tdéfferéne Pirasedutd. Mhe NM@SBED reg@noéelld asecomnektdal tbahg/e)dd:rgzilt ,
for exanple 0. 15 FIG | shows the circuit diagramof a conventional mask
ROM devi ce 16irewb ¥la ajphuralgty aﬂecéysahq@mbﬂ@kimqu bresanéd b hneeThe Wr\rgeéchglons are

paral | el - spaced rd |ines W2, W3 ]
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bit lines is Ioca ere one ce
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t hreshol d voltage of the sane. For instance, if one MOSFET nmenory cell is
cust om nmade withlimpurhieghhd MOSEAD hadmee) dell@eset tothaveesliigh thigholt holsage, leMEOSER T
menory cell is set to a permanentl|y-OFF state representing the pernanent

storage of actfingide MPSErTymeheryteell for pasamptiz-OEF Grie rdpecsontiietherigrage dffa t he

MOXSFET menor ¥1r %maryI flglt,'%or example 1; otherwise, the MOSFET memory cell is set to have a low
threshold voltage, effectively setting the MOSFET memory cell to a permanently-ON state
representing the storage of a second binary digit, for example 0.

15 FIG. 1 shows the circuit diagram of a conventional mask ROM device 10 which in-
cludes a plurality of crosswise-arranged parallel-spaced word lines [ WLO, WL1, WL2, WL3 ]
and a plurality of lengthwise-arranged parallel-spaced bit lines [ BLO, BL1, BL2, BL3, BL4 ].
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

20 MOSFET memory cell is dependent on the threshold voltage of the same. For instance, if one
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 first binary digit, for example 1. On the other hand, if the MOSFET memory cell is cus-

tom-made with a low threshold voltage, it means that this MOSFET memory cell is set to a

25 permanently-ON state representing the permanent storage of a second binary digit, for exam-



tommde with a low threshold voltage, it nmeans that this MOSFET nenory
cell is set to a 25 permanently-ON state representing the pernmanent storage
of a second binary digit, for examc 3 ple 0. In FIG 1, for exanple,
those nenory cells that are set to a permanently-OFF state are indicated
by the | abeling of a black box between the source/drain el ectrodes, as
indicated by the one |abeled with the reference nuneral 14. Conversely,
those nenory cells that are not |abeled with a black box are set to a
permanent|y-ON state, as indicated by the one labeled 5 with the reference
nunmeral 12. To read data fromthe ROM device, a specific potential is
applied to the correspond- ing bit lings and word |lines. For instance, to
read data fromthe nmenory cell 12 (whiTh has a |ow threshold voltage
indicating the storage of the binary data of 0), a potential is applied to
the gate of e ImEifoyforetampleothofamérneey welkdhat rescVio® PareRreny-BF BRAcate t he
sane via the pit line 10 BLO. Since the nmenory cell 12 is custom mde with
a | ow t hr esH'GSIdagabeling af %ﬁw i ot bepyesee e hirSiliein SesiioeR Prig BT
menory cel | ud QSaRUS) B2 RlaRgSublaf N8 CONIER]. ldOWerloROcdil ulNGe REE 1 Tne
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BLO. By contrast, since the nenory ce I's cust om made W t

t hreshol d vQweﬂ:aQyithtdﬁﬁamia&dsep@t%ﬁ{enm?m A8k, LKA BNADBE: labeiddhe
current flowng in the corresponding bit 1ine BL2. By detecting the

current changeéghe refaréree bumerhli i2es, the external 15 circuitry can determ ne
whet her the data_is O or 1. Referring to FIG 2, there is shown a top view
of the |ayout of Tpasad daw fromethe BRM AevicsnappeciRopprisalal dearpiiediothe qorrespond- ROV
device is base n a P-type silicon substrate 20. Through i i antation
weh an N cypett fikaandyoulie rat g up 2t St 4080 Bt bR b o1 ot o
20, a pl uralhf,YnehoRa iSRAS | Iptnaly) ’ i i

conpl enentary bit Pingg&%i&ﬂgﬁﬂgggggg&%g?ﬁ@é&m#hgﬁﬁﬁﬁﬁéd q??gﬁfﬁ émigi 26
are connect age ga@e ¢ (NGhag§ c8PNGLthYwoMlink 87 A0 d @R BraiR b LIKE Mndd Wa Mk bit lihdes

24, 28 are connected to ground. The ROM device is further fornmed with
10 BLO. Since the memory cell 12 is custom-made with a low threshold voltage, the applied
potential will turn ON the MOSFET memory cell, thus causing a change in the current flow-
ing in the bit line BLO. By contrast, since the memory cell 14 is custom-made with a high
threshold voltage, the applied potential will not cause a change in the current flowing in the
corresponding bit line BL2. By detecting the current changes in the bit lines, the external

15  circuitry can determine whether the data is 0 or 1.
Referring to FIG. 2, there is shown a top view of the layout of part of the conventional
ROM device of FIG. 1. This ROM device is based on a P-type silicon substrate 20. Through
ton implantation with an N-type impurity material at selected areas on the silicon substrate
20, a plurality of parallel-spaced buried bit lines 22, 26 and complementary bit lines 24, 28
20 are formed. The buried bit lines 22, 26 are connected to a voltage source V, while the com-
plementary bit lines 24, 28 are connected to ground. The ROM device is further formed with
a plurality of parallel-spaced word lines WL0, WL1 intercrossing the buried bit lines 22, 26

and complementary bit lines 24, 28 substantially at a right angle. This forms a plurality of

MOSFET memory cells 30 (as indicated by the dashed boxes in FIG. 2) which have a low



a plurality of parallel-spaced word lines W.O, W.I intercrossing the buried
bit lines 22, 26 and conplenentary bit lines 24, 28 substantially at a
rright angle. This forns a plurality of MOSFET nenory cells 30 (as

i ndi cated by the dashed boxes in FIG 2) which have a low 4 threshold
voltage, and a plurality of MOSFET nenory cells 32 which have a high
threshold voltage. Referring to FIG 3, there is shown a schenmatic
sectional diagramof a part of the ROMdevice of FIG 2. This sectional
diagramis used in particular to depict the program 5 mng of data into
the ROM device. First, a silicon substrdate 15 is prepared. Then, an N-type
inpurity material, such as arsenic (As), is diffused by neans of ion

i npl ant at i onthiesliotd s@lage apdla pluegiyoddTMOSFENeesioh @in3z wbgh hatee High theeshdadd m a
plurality of parallel and substantially equally spaced N diffusion
regions | | wdpgd ng as a plurality of bit lines. One channel region 16 is
formed between ez%%gi nei ghbor i n% pair of the N diffusion regions (bit
lines) 11. Subse ‘E&HfeltIlP: 3aMeRds faWk sasrBhssHYeb d@efagr ofd past pledie on

t he wafer. i.f xidatign. rates .differe regipns, a thick
oxi dation | ?}@F’E %'Yae() \%\/ﬁlkg'h@t'selrsvsecg’oggs{ déa r?lgéc'ﬁ lést%lc')nnpzir{é(%éarr?& |de " Or g “BVer
the N diff usingRfiQgifRdthe RN dbhife Firstld silivdH duBstpaed 1H 8 pRYLEAITHR, dndV e 170
is formed over each channel region 16. After that, a plurality of

par al | el - spacedrifyohatsial iscores bayes GAs),3s diffubed bl ngenye i@simphincitibh inesseleatee
formed over the wafer in such a nmanner as to intercross the 15 underlying
N di f f usi onregiens ofnige gibicen subseasy 13 1o b rlnrality ¢fypagallelhand whstaigy eqyabnl y
one of the polysiljcon layers 13 i.s visible in the sectiagnal diagram of
FIG 3). Thi a&%r%w’éfﬁé%ontfﬁ tons Hnierfi i PshBYHotfult e Prechaei! s s n

the mask proghARThAGR! ALESSmn A ik &9%%&%@&@@5@;5 RES P qufie sem -

finished product of the evi c hi's mask . I ne orma
pluralityp of qRReN -2 BOmaN@addidn PXRESEEs hERRcE BAMEN AL DLORS diffRRht Hi&ition

associated wth the MOSFET nenory cells that are to be set to a
per manent | y- @FeF asdifftrent rAgiPrg, y peck odatiot Yayert Br (vadlich soehaasn bolaw, layes) idi f -
formed over the V' diffusion regions (bit lines) 11, while a thin oxidation layer 17b is formed
over each channel region 16. After that, a plurality of parallel-spaced polysilicon layers 13
(which serve as word lines) are formed over the wafer in such a manner as to intercross the
15 underlying N" diffusion regions (bit lines) 11 substantially at a right angle (only one of the
polysilicon layers 13 is visible in the sectional diagram of FIG. 3). This completes the
semti-finished product of the ROM device.
[n the mask programming process, a mask 19 covers the top surface of the semi-
finished product of the ROM device. This mask 19 is predefined to form a plurality of open-
20 ings to expose those channel regions that are associated with the MOSFET memory cells that
are 1o be set to a permanently-OFF state. A P-type impurity material, such as boron, is dif-
fused by ion implantation through the openings in the mask 19 into the corresponding chan-
nel regions. This completes the so-called code implantation process.

[n the finished product of the ROM device, the doped channels cause the associated

25 MOSFET memory cells to have a high threshold voltage, thus setting them to a perma-



fused by ion inplantation through the openings in the mask 19 into the
correspondi ng chan- nel regions. This conpletes the so-call ed code
i*npl ant ati on process. In the finished product of the ROM device, the doped
channel s cause the associated 25 MOSFET nenory cells to have a high
threshold voltage, thus setting themto a perma 5 nently-OFF state. On the
ot her hand, the undoped channels cause the associated MOSFET nenory cells
to have a low threshold voltage, thus setting themto a permanent|y-ON
state. The foregoi ng ROM devi ce, however, has the foll ow ng tw drawbacks.

First, when &he JRAN LA\ F e ofhef HhEE uﬂhéﬂe@%%&nél“s‘@aus%h}?e ép&ﬁét&aﬁib‘éfg?cause

hi gh concentratlon of Inmpurities 5 to selected channel regions cou

t he undesi r eglepbgren®EBaa®f a loatBrlesloldVdlfaps QR setfibfGieini 168 pbaakags -0m8d:e.
reduced breakdown voltage. This is due to the fact that the buried bit
lines in the conMerfbicpriad RROMIdeyi bevexre hischatadoyngtwpldeavtbiaely. Finpuslichi es
into the silicon. sub- strate. Second, since the process for fabrlcatlng
the convent i BREOMRARfierds fusbes mipgtyized. threapplicationpf 2 b pacenssatiomel ismustisst or m
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primary objective of the present |nvent|on to provide a new sen con-

ductor st rucinuhecéoentionRAOBEdEVIZe afenfowhddcby infiRartibg vapurait ine ad sdroam@as:ks
are substantially elimnated. It is another objective of the present

i nvention t ostptoveepad ssinnettitopofess fof &bricatngi thgcdnventionalr RQM degicROMoteyibee. | n
accordance with the fore90|ng and ot her objectives of the present

i nvention, aPciohihenprlgridguey 1@ écrﬂﬂctbmiz}e‘eraﬂr%qaﬂa%{ad?ré theplagprizeygnpdhevefaind a
met hod f 2% f ?lpfatg%tn'opgeﬁ lézﬁlsfactoRO}ﬂoor pqz\llna%%t%lr‘) QP& Yy gf‘feects the performance of the

ROM device.

SUMMARY OF THE INVENTION

[t is therefore a primary objective of the present invention to provide a new semicon-
15 ductor structure for a ROM device in which the above-mentioned drawbacks are substantially
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, an im-
20 proved semiconductor structure for a ROM device and a method for fabricating such a ROM
device are provided.
The semiconductor of the ROM device includes:
a semiconductor substrate;
a first insulating layer formed over the substrate:
25 a plurality of substantially parallel-spaced elongated conductive layers oriented in a

first direction to serve as a plurality of word lines;



The sem conductor of the ROM device includes: a sem conductor substrate; a
first insulating |ayer forned over the substrate; 25 a plurality of
Substantially parallel -spaced el ongated conductive |ayers oriented in a
first direction to serve as a plurality of word lines; 6 a second
insulating layer fornmed in each of the spaces between the conductive

| ayers; a third insulating |ayer fornmed over the conductive |ayers and the
insulating layer; a grid-like structuregof a semi conductor |ayer forned
over the third insulating layer, the grid-like structure having a
plurality of substeantdiiadulayinghyeal fomledspechdf fhie spaceplmtwéennise wnductise gptred i n a
second direction substantially at a right angle with respect to the first
direction and a Pthid diskleyngolpyes feraed ardr dha spngugtiz layps sphthednsyBEyhi@ysor t i ons

oriented in the first, directign overlaying the conductive,|ayers; the
first portions of grfcﬁékegﬁ"i“ﬂ‘-”fei ‘ﬁé’ Sgﬂcﬁ%‘{‘ﬁ%é l"’g'grr GFH&A)%VSH g‘cpq“ﬁdr QF‘%II?[ilngc}?yebi t
lines for t ] i ’ ! [0y Y NS .
structure sURagNeSTHER AU, b Wdiy Rf SRt Bl B SRLEROASR or 1
the bit Kingsed ilatsefonatink@by subsBfiS9H £agdusiioidieshhe REVheeYirdaod £al udes:
a sem conductor substrate; a first insulating | ayer forned over the
substrate; a pbiralitaloif tsybstntigliybparalied-spacédy sqgandipbrtions paeael @l dhndastalirection
conductive layers oriented in a 15 first direction to serve as a plurality

of word | i ne¥rlaginggicgrpdyciyalpgting | ayer formed in each of the spaces
bet ween t he condggtive | a ir

conductive | ayer éﬁ%F?HE%$§§WF§$F%£CF%V%Q?%%g%%ggéhﬁ%gﬁ%gggﬂﬁg?gﬁfﬁgfP§
par al 1 €l ° SPRERH il SR CARQURIAL ol RY EERLRELNLAG AR o Bk bYcilh. DI !
g layer and oriented 1n a second direction
substan-() nel regions associated with the bit lines.
Alternatively, the semiconductor of the ROM device includes:
a semiconductor substrate;
a first insulating layer formed over the substrate;
a plurality of substantially parallel-spaced elongated conductive layers oriented in a
15  first direction to serve as a plurality of word lines;
a second insulating layer formed in each of the spaces between the conductive layers;
a third insulating layer formed over the conductive layers and the insulating layer;
a plurality of substantially parallel-spaced first semiconductor layers serving as a
plurality of bit lines over the third insulating layer and oriented in a second direction substan-
20 ually at a right angle with respect to the first direction; and
a plurality of substantially parallel-spaced second semiconductor layers serving as a
plurality of channel regions between the bit lines, the second semiconductor layers being
formed at positions overlaying the conductive layers.

The method of fabricating the foregoing ROM device includes the steps of:

25 (1) forming a semiconductor substrate having a first insulating layer thereon;



20 tially at a right angle with respect to the first direction; and a
plurality of substantially parallel-spaced second sem conductor | ayers
serving as a plurality of channel regions between the bit lines, the
second sem conductor |ayers being fornmed at positions overlaying the
conductive layers. The nethod of fabricating the foregoing ROM devi ce
i ncludes the steps of: 25 (1) form ng a sem conductor substrate having a
first insulating layer thereon;: 7 (2)7fornming a plurality of substantially
paral | el -spaced @)dngaiges prendust subQarltaeparabélispadeddtldngaad tordsttvdilsyeast i on
on the first insulating |layer, wherein the conductive |ayers serve as a
plurality ofrigmedinlaifinedirectid) orf e frishgseatgwdawed Whesin he congluttiygddyefsoermeds i n
each of the enpty spaces between the 5 plurality of conductive |ayers; (4)
forming a tﬁﬂWﬂﬂﬂhggwgﬁﬂﬁﬁﬁlayer formed over the conductive layers and the
insulating layer;,.(5)..formng.a m conductor. | a ver. th ird
| houl ati ng | ayer O Rt SR GRRWIGIR n k2 S o EEbu el Ml e
to forma grjhfald bEcoplidddGe 1a3ds;t ure of the sem conductor |ayer having a
plurality of substantially parallel-spaced first por- tions oriented in a
second direction(gubshiagta airl VinAlatiag riayghtfomirdl €venithd coglip@et layos tahe tid r st
direction and a plurality of substantially parallel-spaced second portions
ori ented in indukatifig fager; direction overlaying the conductive |ayers; (7)
formng a fourth insulating layer to fill up each of the enpty spaces in
the grid-1ike 16&)deripgieRicopdyctedayieneyry thefirg inpyetingdp¥sons of the
grid-like structuyne Dyt i of the arid-1like
KA el EiBRts BE s aE a0 R B MR pisrhi

structure as cha _ Ion and
i mpl ant a Onuﬁro@%%émkgnﬁﬁ@gl‘a?&] tfi%@ al ﬁ?&r@lit&hﬁ substantially parallel-spaced first por-

| ayer

tions oriented in a second direction substantially at a right angle with respect to the first
direction and a plurality of substantially parallel-spaced second portions oriented in the first
direction overlaying the conductive layers;
(7) forming a fourth insulating layer to fill up each of the empty spaces in the grid-like
1S  structure;
(8) defining the first portions of the grid-like structure as bit lines and the second
portions of the grid-like structure as channel regions; and
(9) performing a code-definition and implantation process to program data into the
ROM device, wherein
20 a first selected group of the channel regions are doped with an impurity material to
thereby have a first threshold voltage representing the storage of a first binary digit in the
associated memory cells, and
a second selected group of the channel regions are not doped with the impurity mate-
rial to thereby have a second threshold voltage representing the storage of a second binary

25  digit in the associated memory cells.



ROM devi ce, wherein 20 a first selected group of the channel regions are
doped with an inpurity material to thereby have a first threshold voltage
representing the storage of a first binary digit in the associated nenory
cells, and a second sel ected group of the channel regions are not doped
with the inpurity mate- rial to thereby have a second threshold voltage
representing the storage of a second binary 25 digit in the associated
menory cells. 8 The foregoing ROM device offers several benefits over the
prior art. First, better pla narizatioh of the wafer surface can be

achi eved wit h i ndredeseengBRPM ddviceobiprbst teral peneSescomsdthe pepmase Firblebdsiet plhi nes
are not formed by diffusing inpurities into the silicon substrate, the
draw backs"8rayop g waier fuiroran beashier shwite nesgeed @ﬁ[ﬁ‘k@@ﬁ‘eﬁa- Bé@Btkdown
vol tage are_not, experi- 5 ced, wh t.he. device i.s furthe

i atur zedreips EE s aiob R CER B e e B bbbt a1y
under st 00d Byk§ 6@diend dafhiSioh GLhQioh rnakggﬁ? 2l (8lic8& bregicdomil JoRRpOfre hBGxPLRf €r 1 ed
enbodi mrents, with reference made to the acconpanyi ng drawi ngs, 10 erein:
FIG | is aesehenatihe ROM dedide islhmpeaninaturaeconvent i onal ROM device; FIG 2
is atop view of the layout of part of the ROMdevice of FIG 1; FIG 3 is
a schematic sectional diagram show ng the sem conductor structure of the
ROM devi ce of FIG 2 cutti BRIERDESGIRIPREONIQEDRAWINGAd 15 FI Gs. 4A through
4K are schematic diagrans used to depict the steps involved in the nethod
accordi ng to thellpriesanpn icaventmoenfuflp undeadoadciat reading tROMIdwingadetailBETAI LED
DESCRI PTI ON OF PREFERRED EMBQODI MENT FI Gs. 4A through 4K are schematic

di agrams deffi"@tPhe hherelrapembedimenie ¢ ithrefergace made (6 the accompanying drawings,

10 wherein:
FIG. 1 1s a schematic circuit diagram of a conventional ROM device;
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
I FI1Gs. 4A through 4K are schematic diagrams used to depict the steps involved in the

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

FIGs. 4A through 4K are schematic diagrams depicting the steps involved in the
20 method according to the present invention for fabricating a ROM device of the type including
a plurality of MOSFET memory cells for storing data.
Referring first to FIG. 4A, in the first step, a semiconductor substrate 40 of a first
type, which can be either P-type or N-type, is prepared. Subsequently, a first insulating layer
41, such as a layer of silicon oxide, is formed over the substrate 40.
25 Referring next to FIG. 4B, in the subsequent step, a conductive layer 43, such as a

layer of a conductive material selected from the group consisting of polysilicon, tungsten,



20 net hod according to the present invention for fabricating a ROM devi ce
of the type including a plurality of MOSFET nenory cells for storing data.
Referring first to FIG 4A in the first step, a sem conductor substrate 40
of a first type, which can be either P-type or N-type, is prepared.
Subsequently, a first insulating layer 41, such as a layer of silicon
oxide, is fornmed over the substrate 40. 25 Referring next to FIG 4B, in

t he subsequent step, a conductive |ayer 43, such as a |ayer of a
conductive material selected fromthe group consisting of polysilicon,
tungsten, 9 titanium and al um num |Qs? formed by physical vapor deposition
(PVD) or chem cal -vapor deposition (CVD) over the first insulating |ayer
41. Referring further to FIG 4C, in the subsequent step, a

phot ol i t hogriggahinG aad dluedioln, g forpedbe physical ppof deposidon (P Deorvdbmicabwpas t o
renove selected portions of the conductive layer 5 43. The renaining
portions of deprsitionf@VBi pvee thedystrinspptisglayer 4ds a plurality of substantially
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to FIG 4D, 4 $RCRAdiniddSpdr@dds @ teadfuchide laZékCJB 2%vedas| AYIBFaliBT ofSubdra@iplpXi de,
is 10 fornmed to fill up the trenches 45 (FIG 4C) with a top surface

subst ant i al Ipgralldwpbcedividnd tihe 43apd3bsaticheed én affirdt kisrec@ndis Gidicated yytbe $-akisor d
lines) 43a, 43b. To provide a flat top surface for the second insulating
| ayer 44, a 2pf Hsermpparaens lpf be thsgemaygd (pogiong oSihe saran fagmasurrkipm)f tpchgs
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the ONO (silicon dioxide/silicon nitride/silicon dioxide) structure, is
f or med surface of the conductive layers (word lines) 43a, 43b. To provide a flat top surface for the
second insulating layer 44, a planarization process, such as a spin-on glass (SOG) or a
chemical mechanical polish (CMP) process, is performed. In the SOG process, an oxide layer
is first deposited in the trenches 45 and then etched back until the top surface thereof is sub-
15  stantially level with the conductive layers (word lines) 43a, 43b.
Referring further to FIG. 4E, a third insulating layer 47, such as a layer of silicon ox-
id.e or a layer of the ONO (silicon dioxide/silicon nitride/silicon dioxide) structure, is formed
over the entire top surface of the wafer. Next, a semiconductor layer 49, such as a layer of
intrinsic amorphous silicon or polysilicon, is formed over the third insulating layer 47. The
20 semiconductor layer 49 can be either P-type or N-type. One method for forming the
semiconductor layer 49 is to first conduct a PECVD (plasma enhanced chemical-vapor depo-
sition) process on the wafer by using the vapor of SiH, at a temperature of about 350°C to

575°C to deposit a layer of intrinsic amorphous silicon, and then conduct an ion implantation

process on the wafer so as to diffuse an impurity material, such as boron, into the intrinsic



over the entire top surface of the wafer. Next, a sem conductor |ayer 49,
such as a layer of intrinsic anorphous silicon or polysilicon, is forned
over the third insulating |layer 47. The 20 sem conductor |ayer 49 can be
either P-type or N-type. One nethod for form ng the sem conductor |ayer 49
is to first conduct a PECVD (plasma enhanced chem cal - vapor depo- sition)
process on the wafer by using the vapor of SiH4 at a tenperature of about
350C to 575C to deposit a layer of intrinsic anorphous silicon, and then
conduct an ion inplantation process an the wafer so as to diffuse an
inmpurity material, such as boron, into the intrinsic 10 anorphous silicon
| ayer to adjpmerrhedesiieondase fapdivn tiehemedtration hersofen higbgeleve mad trssbaby
increase the conductivity.thereof. Referring next to FIG 4F, the
subsequent §F€Egﬁlef%“P%ﬁﬁ%é‘@?'ected portions of the semiconductor |ayer
49 along with th rLyi ' [ ' | - .47 by
ReffG n'e>‘c(jl tggﬁﬂﬁg lhg @Ebs%éueﬁlhﬁe& 2 :{S gen’%d% ‘éél@&%&r‘?oé{lf}lbé%é thé

5 a photolithographi c”an rocess so as orma

structure hashidgndacet Myeldb adonplvitR@alcaint@|yisiRe@shs b 1he thiRQAUI NS 144887 D
oriented in the second direction as indicated by the X-axis, and a

plurality of pperhthbghppacethseqorrdssrorat icfosn 5@ad-1EE bruchie havayh plb@bty 50f
ori- ented in the first _direction as indicated by the Y-axis. The renaining
portions of of psalickspaged firssparians 4da.48h epenied 1gtke sgeandghvastion apyndigaied byther ence
nuneral s 47 47b in_Fl 4F. 10 Referring next FlG_4 jn t .
subsequent Z'aé(bs,’ ar_éd ¢ Bltﬁlfat%ﬁ ? rPsa{ﬂ%ﬁlﬁpﬁ‘Qe |5§§Pé'g pﬂg‘(’l"%%&’f'g_b RE%)C%OJP SP‘T’@gboréach of
the ety SRAEE IHR trlni@Eddh dliKeabd B Caxis! TPEANifRe BolloRd of @P 1! f aCE
for the fourth insulating |ayer 48, a‘planarization pro% ss, such as a

spi n-on gl assula(iSO@er@r age &bigpii&Ry BRI almpalsiash FEMPFIQuUecess, is
performed. Through the planariza- tion process, the top surface of the
fourth ilfsul at i n§efeapgrne48toi IGE K&t irethedubeqembstepnt foakh indubnieg laydb4g e t op
surface of the grid-like structure. Referring further to FIG 4H, the
subsequent P9t Il e fash pethe REPY|spages potheisgdika giucturggle providea B¢ ia- | i ke

structure t rggllfac%‘rfc(;"r L ifoeurllttl‘lqgsdlarllintg h]zgfer)(agiarﬁggairicz)zptioﬁsprgcietss, lchr}]\eaSé’a sa;')l;]rgog ngsssecond
(SOG) or a chemical mechanical polish (CMP) process, is performed. Through the planariza-
tion process, the top surface of the fourth insulating layer 48 is flattened to substantially level
15 the top surface of the grid-like structure.

Referring further to FIG. 4H, the subsequent step is to define the first portions 49a,
49b of the grid-like structure that are oriented in the X-direction as bit lines, and the second
portions 50a, S0b, 50¢, 50d, S50e, 50f of the same as channel regions. First, a photoresist layer
is coated over the entire top surface of the wafer and then selectively removed to expose the

20 first portions 49a, 49b of the grid-like structure that are oriented in the X-direction. The re-
maining portions 51a, 51b, Slc of the photoresist layer are elongated strips that cover all of
the second portions 50a, S50b, 50¢, 50d, S0e, 50f of the grid-like structure and all of the fourth
insulating layers 48 therebetween. Nexl, an 1on implantation process is performed on the
wafer so as to diffuse an impurity material of the first type, such as N-type arsenic (As) ions,

25 into the exposed portions of the grid-like structure (i.e., the first portions 49a, 49b of the



portions 50a, 50b, 50c, 50d, 50e, 50f of the same as channel regions.
First, a photoresist layer is coated over the entire top surface of the
waf er and then selectively renoved to expose the 20 first portions 49a, 49b
of the grid-like structure that are oriented in the X-direction. The re-
mai ni ng portions 5l1a, 51b, 51c of the photoresist |ayer are el ongated
strips that cover all of the second portions 50a, 50b, 50c, 50d, 50e, 50f
of the grid-like structure and all of the fourth insulating |ayers 48

t her ebet ween. Next, an ion inplantation process is perforned on the wafer
so as to diffuse an inpurity materi al bt the first type, such as N-type
arseni ¢ ( Asgritldiks stnRbir¢ niiantddhie texpdseatopdp chmvrest tbe sarfeanigrY dliffesian regipnsct ur e
(i.e., the first portions 49a, 49b of the 11 grid-like structure oriented
in the X-di Madtineersedondestiviey o seve asaphralifyod bNTingg fof (e F%Vg‘feoﬁge” th

i ncreased conduyctivity to_serye_as a plurality of bit lines for the ROM

devi ce. Aftd&pe Lﬁ‘ﬂfoécfsm %H Sﬁfﬂ)r:%l?ézf gf r‘?‘%‘i}'@?‘s 5la, 51b, 51c are rempved. The

foregoing steps “rﬂﬂ%@%ﬁlg%&gs E&ﬁg&ﬁﬁIeide?icQtionaof%E‘s@im-hhi@i\eﬁ%yduE{thcﬁom‘ the
I not yet S

ROM 5 device whic programmed to store permanent dat a.
After regei \detige MhIRISnot fyeOfhdkRogrbiimed®s sto@ pEBfnepr Q. aXfier RYeiPingedss | S
performed on the sem -finished product of the ROM device so as to store

t he cust onerfrsuhplcigendsi nmesk progrempéngrpaerest is peifernted @n MEMemirépiskes!, Pradyics
process will be described in full detail in the foll gvm I"l_% Wi th, rﬁfﬁégﬁce to
the ensui n@fHeGOM4gvices9a@s ippiorg the pamerisHppliee GErRRECE perPpresly ihg J (in

which FIG 41 sh a sectiopal_di.agr.a f .hevvar{) Of b GeredhlLithd Ng
hAG §S % t f% tdlihd
t hr ough t he e?’ﬁ%oﬁsAprfm%?NlﬂgQ‘fzfiﬁcmﬁ '2@&3&6‘5‘% Rer sectr onal - di agram of
the same cutding kiysoHIgihe 1ine B-B ), the subsequent step is to conduct
the so- called code-definition and inplantation process on the wafer to set
di fferenty t hr esh@®ettrvid thagieer «d EIGE) A ahd41 iewhich @G ed sMOGRSEcimabndiygrasbl s in
the ROM device. The different threshold 15 voltage |evels represent
di fferent vaheesfeobf BiGhdHycuttagahtohgt thartime ged nahdnt 1§ Adrshewseanothst eectignal
associ ated MOSFET nenory cells of the ROM device _

diagram of the sarhe cutting through the line B-5'), the subsequent step is to conduct the so-

called code-definition and implantation process on the wafer to set different threshold voltage

levels to the selected MOSFET memory cells in the ROM device. The different threshold

1S voltage levels represent different values of binary data that are permanently written into the
associated MOSFET memory cells of the ROM device.
First, a photoresist layer 54 is formed over the wafer and then selectively removed to
expose those channel regions that are associated with those MOSFET memory cells that are
to be set to a permanently-OFF state. The unexposed channel regions are, on the other hand,
20 associated with those MOSFET memory cells that are to be set to a permanently-ON state.
In the case of FIG. 41, for example, the photoresist layer 54 has one opening which
exposes the channel region 50¢ which is associated with a first MOSFET memory cell 55 that
is to be set to a permanently-OFF state while covering the channel region 50d which is asso-

ciated with a second MOSFET memory cell 56 that is to be set to a permianently-ON state. An

25  1onimplantation process is then performed on the wafer so as to diffuse an impurity matenal,



First, a photoresist layer 54 is fornmed over the wafer and then selectively
renoved to expose those channel regions that are associated with those
MOSFET nenory cells that are to be set to a pernmanently-OFF state. The
unexposed channel regions are, on the other hand, 20 associated with those
MOSFET nenory cells that are to be set to a pernmanently-ON state. 1In the
case of FIG 41, for exanple, the photoresist |ayer 54 has one opening

whi ch exposes the channel region 50c which is associated with a first
MOSFET nenory cell 55 that is to be sé to a permanently-OFF state while
covering the lghﬁ@@%qséoeaxaqneﬁ%m@o& hd 5 (RSB Qf tifis,Ah€MOEHET mes@B00d SOSFET
menory cel l B6 that is to be set to a permanent| y-ON state. An 25 ion

i mpl ant at i OrsfkREASShitBe éHagie pRlchGDERl] rset tochawad low thgstadd Yatagd, fifdirangan
inmpurity material, 12 into the exposed channel region 50c. As a result of
this, the MeSRETanestpOfFFetd; whfle teMOSFET aeemary Relt Poasparebvith & davsbe
wll be set to have a |low threshold vol t@ge, i ndi cat.i ng aagert&r_a@gnuy- OFF
state; whil gegipeS{hsrEre sbirdiaye 8 Bigh tegsholdyrliags AP 2 PREEHENREY *egi on
50d will pe set to have a high threghol I i ndi ' cod bi

per manent] y- CIF §QARIESS ﬁ‘e'ﬁﬁ?gsrg%‘%laé‘? é’%nﬁﬁ\é%pgrt%g ea(r)rfmmgg&gzr’l a;g)sél?l#ggebﬁ?m
storage of thg. fUst QORI askepl i ed binary code in the ROM device. After
this, conventional steps, including the form ng.of contacts, netall urgy,
passi va- tion, anthepatkagivegtionalseepsancludidg tatforiring ofiviostacts, ectgdhuogiupissivd- t he
ROM devi ce. These steps are standard processes in the manufacturing
process, so fidraandimskaging: frenartipbous & finifh the produgof theROM leyipg (Theresispt g .
Referring further to FIG 4K, there is shown a.s hemat i c t%);? vlilevy of. t he
fini shed pro#derd Rpcepss nRpRMABYRWing ROEH dm 2t Fse R4S 4!l FoldPdes a
pl urali t% of[h rgJeFéIilI gl - spaced bit lines BL 1, BL2 (the first portions 49a,
49b of t Qe grrd- ke structure) and a plurality of parallel-spaced
overlaying word |ﬁéf&%n%/\klnhey\¥e2mc;v\hﬁ, (Heheis GAOGY & Istheghatia Y& Sied I thedBhidhed 5
intercrossing the bit Tines BLI, BL2 substantially at a right angle. The
channel regi pdodof the ROM device. As shown, this ROM device includes a plurality of parallel-

spaced bit lines BL1, BL2 (the first portions 49a, 49b of the grid-like structure) and a plurality
of parallel-spaced overlaying word lines WL1, WL2, WL3 (the conductive layers 43a, 43b)
15 intercrossing the bit lines BL1, BL2 substantially at a right angle. The channel region 50c,
which is diffused with impurities through the foregoing ion implantation, causes the associ-
ated MOSFET memory cell, which is indicated by the dashed box labeled with the reference
numeral 55, to be set to a permanently-OFF state; whereas the channel 50d, which is not
diffused with impurities, causes the associated MOSFET memory cell, which is indicated by
20  the dashed box labeled with the reference numeral 56, to be set to a permanently-ON state. As
a result of this, when a potential is applied to the word line WL2, the channel region 50d will
be set to an ON-state, thus allowing the current to flow from the bit line BL1 to the bit line

BL2.
[n conclusion, the prevent invention offers some beneﬁts. over the prior art. First,

25 since an SOG process or a CMP process is utilized instead of the thermal oxidation process in



which is diffused with inpurities through the foregoing ion inplantation,
causes the associ- ated MOSFET nenory cell, which is indicated by the
dashed box | abeled with the reference nuneral 55, to be set to a

per mnent| y- OFF state; whereas the channel 50d, which is not diffused with
inmpurities, causes the associated MOSFET nenory cell, which is indicated by
20 the dashed box | abeled with the reference nuneral 56, to be set to a
permanent|y-ON state. As a result of. this, when a potential is applied to
the word line W.2, the channel region 50d will be set to an ON-state, thus
allowing the current to flow fromthe bit Iine BLI to the bit Iine BL2. In
concl usion, the prevent invention offers sone benefits over the prior art.
First, 25 since an SOG process or a Cﬁf process is utilized instead of the
t hermal oxidation process in 13 the prior art to formthe second
insulating | ayer 44, better planarization of the wafer surface can be

achi eved. | nhaftilahQ8 forfl R &ecbil hlifaiPRayRf O£ 88%or pnliBLEELE e wiRE Slikpl such
as silicon oxide is used in the formof liquid to cover the top surtace of
the waf er, tdaebgaghidved.|Inaddiadi, lsinty/in thOBOGIREES aidieldchi hapris YidhasQilbn t he
wafer is better than using the CVD nethod as in the prior 5 art. Voids in
the top surfoeds ippsed ethgfprmof hquwd torpgserdhetop anfacab the weldu tediap S captiilitsi nce
the bit Iinqs are not fornmed by diffusing inpurities jnto the silicon sub-
strate, the 'QrHIB4EERIhGIopsurfase §f theywpleris befter tap peipg His G\Ahrahed asindhemsguced

br eakdowrS Vg;irtt 998 ifhE od %ergc)é%ﬂhlew é?%revmens é%]ag‘ntgﬁmﬁgl%ﬁﬁédce is further

mniaturize The access operation to rea e " ROM device is

performed by applsyidig, sdte HelbiEhRS bk int BRAGIY Alfudif TlpSrikifiolhd\§foR2Gh.t hen
using sense anplifiers to detect the change’in cufrrent in the bit [ines.

Thi s oper at i wntei the tihevbsda®f &serilieffiiony pintticradkags 086 eediRidnocikeovt hatage
description thereof will not be further detailed. The invention has %een
descri bed usihgPtExrampregdyhen tk QM dedeio firtthenmaiatidizsdver, it is to be
under st ood t hat H%e scope of the %deqlion-is not limted to the disclosed
ermmbodi - € access operation to read data from the ROM device is performed by applying an
10 electric potential to the word lines and then using sense amplifiers to detect the change in
current in the bit lines. This operation is the same as the conventional access method so that
description thereof will not be further detailed.
The invention has been described using exemplary preferred embodiments. However,
it 1s to be understood that the scope of the invention is not limited to the disclosed embodi-
15 ments. On the contrary, it is intended to cover various modifications and similar arrange-

ments. The scope of the claims, therefore, should be accorded the broadest interpretation so

as to encompass all such modifications and similar arrangements.



15 nments. On the contrary, it is intended to cover various nodifications
and simlar arrange nents. The scope of the clains, therefore, should be
accorded the broadest interpretation so as to enconpass all such

nodi fications and simlar arrangenents. 14 CLAIMS Wat is clained is: 1.
A ROM devi ce, conprising: a sem conductor substrate; 5 a first insulating
| ayer fornmed over said substrate; a plurality of substantially
paral | el -spaced el ongat ed conductive |layers oriented in a first direction
to serve as a plurality of word lines; 1a second insulating layer fornmed in
each of the spaces between said conductive lay- ers; 10 a third insulating
| ayer formed over said conductive |ayerpgapiyd said insulating layer; a
grid-like structure of a sem conductor |ayer fornmed over said third

i nsul ati ng | syex js clmied isgri d-1i ke structure having a plurality of
substantially parallel-spaced first portions ori- ented in a second

di recti on subst and iRQN dewte, gomprghig: angl e with respect to said first
direction and a plurality of substantially parallel-spaced second portions
oriented in said 7TPPEGASEISHAS: 15 overl ayi ng said conductive |ayers;
said firsg portigpﬁmgéﬂﬁ%%%ﬂ é@%hl&h§w§&&y§%gﬁieserving as a plurality of

bit lines"for said sal d second portions of said grid-Ilike

structure serving Tﬁﬁrag%%ifgﬁ@skaintmwm?l&h%e@d elbiEAleANSnARE AL 18 BridthiddNn sai d
e

bit lines. 20 2. evice of claim1l, wherein said sem conductor

| ayer is for fisddipttian ®erive acopldiatityost word Brdsal sel ected from the group
consisting of intrinsic anorphous silicon and polysilicon.
a second insulating layer formed in each of the spaces between said conductive lay-
ers;
10 a third insulating layer formed over said conductive layers and said insulating layer;
a grid-like structure of a semiconductor layer formed over said third insulating layer,
said grid-like structure having a plurality of substantially parallel-spaced first portions ori-
ented in a second direction substantially at a right angle with respect to said first direction and
a plurality of substantially parallel-spaced second portions oriented in said first direction
15  overlaying said conductive layers;
said first portions of said grid-like structure serving as a plurality of bit lines for said
ROM device and said second portions of said grid-like structure serving as a plurality of

channel regions associated with said bit lines.

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

conductor material selected from the group consisting of intrinsic amorphous silicon and

polysilicon.

3. The ROM device of claim 1, wherein said conductive layers are each formed by a

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

aluminum.



3. The ROM device of claim1l, wherein said conductive |ayers are each
formed by a 25 conductive material selected fromthe group consisting of
polysilicon, titanium tungsten, and alumnum 15 4. The ROM devi ce of
"claim1, wherein said conductive |ayers which serve as word lines are
substantially oriented at a right angle with respect to said bit lines. 5.
The ROM device of claim1, wherein said first, second, and third insulating
| ayers are 5 each a layer of silicon dioxide. 6. The ROM device of claim
1, wherein a first selected group of % i d channel regions are doped with an
inmpurity material to thereby have a r st threshol d vol tage representing

t he storage,of fi i nar n the., 10 as iate cells, and
a second seflect aToh @&pg)%/fcesalcﬁmg h"erF‘“rsé‘&%’nga‘rV% HEE® ghlmad:w Frvgte’

impurity npi&r lr@éub&ﬁhufah)‘?&?é?ﬁyed*aﬁé(ﬁ tﬁaﬁ@@%‘ﬂ PO &ibl‘{ﬂhésage representing
the storage of a second “binary digit Tn the a5500|ate nenDry cells. 15 7.

The ROM dev ce re| n sai.d ralit re spaced
substan- ti 'Ilyaglfec‘%@ﬂéjlem?ﬁ%f Eeée'"fﬁ%%{ %%‘9 qu'fd‘Bﬁu “W YEMfEr ei n
sai d pl ug aI LK aQf Y‘Qﬂ’sﬁi;c‘oh@%%:d@re spaced substan- 20 tially at equal
intervals 9. R&VI device, conprising: a sem conductor substrate; a first

| at f i bstrate; a plurality of substantiall
Ip;fgl ?_e: ngp ?e/grgegéi(gg[?d@g’\égé%c IE‘tdll Vi crlse'e?;lgrs ori gnt ed i nya 25 first Y
direction to Ser%/ﬁ{sﬁ%legg u% b %mmr% Msrlx?dic?p% ﬁ%ﬂqmb&ﬁyln?atenaﬁol ayer

fornmed in each o bet ween sai @ con
thereby have a first _tlneshold voltage representing the storage of a first binary digit in the

10 associated memory cells, and
a second selected group of said channel regions are not doped with the impurity
material to thereby have a second threshold voltage representing the storage of a second

binary digit in the associated memory cells.

1s 7. The ROM device of claim 1, wherein said plurality of bit lines are spaced substan-

tially at equal intervals.

8. The ROM device of claim 7, wherein said plurality of word lines are spaced substan-
tially at equal intervals

20
9. A ROM device, comprising:

a semiconductor substrate;
a first insulating layer formed over said substrate;
a plurality of substantially parallel-spaced elongated conductive layers oriented in a
25 first direction to serve as a plurality of word lines;
a second 1nsulating layer formed in each of the spaces between said conductive lay-
ers;

a third insulating layer formed over said conductive layers and said insulating layer;



ers; athird insulating |layer formed over said conductive |ayers and said
insulating layer; 16 a plurality of substantially parallel-spaced first
sem conductor |ayers serving as a plurality of bit lines over said third
insulating layer and oriented in a second direction sub- stantially at a
right angle with respect to said first direction; and a plurality of
substantially parallel-spaced second sem conductor |ayers serving as a b5
plurality of channel regions between said bit lines, said second

sem conductor | ayers being forned at Rgziglons overlaylng sai d conductive
| ayers. 10. A nethod for fabricating devi ce, r|5|ng the steps of:

(1) fornmi ng a serfi RigRbtcelorbepmtly Qt“é“ﬂasf?i"i’?@ réslfsief“é"to“f"t‘%‘?ll éﬁ%@”\‘”ﬁ%é’? a

t her eon; éZ { a plur subst ant j na ra.égg
el ongat ed coll i Y vfregulr]g‘ffse?ver S%'?lthe"rclit esd’la“ng afits Orcf “?legc 3N Oond{r%%o? Ba3:

i nsul ating |§¥xﬁfally EMI&QWLRNQS&C@N@I‘S%dﬁgt\mr&gloﬁsa@d plurality of word
lines; (3) formng a second insulating |ayer in each of the enpty spaces

bet ween the pl ura pludatity cFkutsandalBt gaviel-pdesdssecobd s¢rhjcohdiuctor tayesd sedvingths a
insulating |ayer over the conductive |ayers and the insulating layer; (5)
form ng a> sepiebhdefchamel ggiens bayegentshid bitlines, savdsasandisagidoagustor 1qygis bemgovi ng
sel ected poré;on of the sem condyctor layer to forma grid-like struc-

ture of the rPHﬂE?‘BP"F%@Vé‘rg SR&FP Cﬁvepllalﬁ’%ll ity of substantially

paral | el -spaced first por- 20 tions oriented in a second direction

subst anti al | ¥0-at 4 nyeihyH tforfmigyicating 2 ROMedepwet cotnprising theisteps offi recti on and a
plurality of substantially parallel-spaced second portions oriented in the

first direction @Q/@W%i‘%ar?&“tcﬂ%dué@ﬁﬂ@éﬁ‘?/Ea"l”a%ﬁ’eﬁ@ inputgtingdaysr Higreqni ourt h
I nsul at i né] | ayer (tZS)ffnlnEnlg a Bura?ly ofosubsttan?lal?ynBaerle? %8&% efongalp(Fco%dugwe layers

oriented in a first direction on the first insulating layer, the conductive layers serving as a
plurality of word lines;
(3) forming a second insulating layer in each of the empty spaces between the plural-
ity of conductive layers;
15 (4) forming a third insulating layer over the conductive layers and the insulating
layer;
(5) forming a semiconductor layer over the third insulating layer;
~ (6) removing selected portions of the semiconductor layer to form a grid-like struc-
ture of the semiconductor layer having a plurality of substantially parallel-spaced first por-
20 tions oriented in a second direction substantially at a right angle with respect to the first
direction and a plurality of substantially parallel-spaced second portions oriented in the first
direction overlaying the conductive layers;
(7) forming a fourth insulating layer to fill up each of the empty spaces in the grid-like
structure;
25 (8) defining the first portions of the grid-like structure as bit lines and the second

portions of the grid-like structure as channel regions; and



structure; 25 (8) defining the first portions of the grid-like structure as
bit lines and the second portions of the grid-like structure as channel
regions; and 17 (9) perform ng a code-definition and inplantation process
to programdata into the ROM device, wherein a first selected group of the
channel regions are doped with an inpurity material to thereby have a
first threshold voltage representing the storage of a first binary digit
into the 5 associated nenory cells, and a second sel ected group of the
channel regions are not doped wi th theli Wpurity mate- rial to thereby have
a second threshol% e re entln q L0 @e of .a %quqﬁm] p[ég
digit into the a$ dﬁ?ﬁ?@ B e ‘?@3 PP§ pfia'%% Rt ol °Bf S
wherein in sghgh RUEP {idlein t he second |nsulat|ng layer is formed by a

pl anari zation process. 12. The nmethod of claim 10, wherein in said step

(5), the sem condumtQelctiay Rloup Sf heRRthnellBgivhd dte AOpdd I b Mnpiityemb@tial3® as
to increase the conductivity thereof. 13. The nethod of claim 10, wherein

in said stephé@)y havhe firourtshoidnshgtreprgsehtnymihe s®rdgeofre dirst binaniSOGqhocess.
14. The method of claim 10, wherein in said step (7), the fourth insulating
| ayer |sfbldﬁ“?@“ﬁdP??%U°ﬁ§ adove process 15. The nethod of claim 10,
wherein said step 8 es t

s. of a hotor Si st
| ayer over the grl ndﬁge%? et e’ be’ a? Eéﬁ@ Fﬁgosépgcpgﬁ%gapﬁu“l of the

phot or esi st leﬁl)(@{hekgy ‘ﬂmoasﬁc&laetmfekﬂo% vcn%é !réibPe%erQl‘n tﬁéstBBEe 6f d ScbddKBinary
structure with the remaining portions of "the photore5|st | ayer coverlng t he

sec- ond poralglonsomf:aisbaatga hmdmbiykellst ructure and the fourth insulating
| ayers therebet ween,;

10 1L The method of claim 10, wherein in said step (3), the second insulating layer is

formed by a planarization process.

12. The method of claim 10, wherein in said step (5), the semiconductor layer is doped

with an impurity material so as to increase the conductivity thereof.

13. The method of claim 10, wherein in said step (7), the fourth insulating layer is formed

by an SOG process.

14. The method of claim 10, wherein in said step (7), the fourth insulating layer is pla-

20  narized by a CMP process.

1S, The method of claim 10, wherein said step (8) includes the substeps of:
(1) coating a photoresist layer over the grid-like structure;
(11) removing selected portions of the photoresist layer to expose the first portions of
25  the gnd-like structure with the remaining portions of the photoresist layer covering the sec-
ond portions of the grid-like structure and the fourth insulating layers therebetween;
(1i1) performing an ion implantation process so as to diffuse an impurity material into

the exposed portions of the grid-like structure which are the first portions of the grid-like



(iii) performng an ion inplantation process so as to diffuse an inpurity
material into the exposed portions of the grid-like structure which are
the first portions of the grid-like 18 structure to convert the first
portions of the sem conductor layer into a plurality of diffusion regions
wi th increased conductivity to serve as the bit lines; and (iv) renoving
the photoresist layer. 5 16. The nethod of claim 10, wherein said step (9)
i ncl udes the substeps of: (i) formng a photoresist |ayer over the
grid-like structure and the fourth iniglating | ayer; (ii) renoving

sel ected portions of the photoresist yer to expose those channel re-

gi ons that ars@u@&s@pmt/@dmwwpmwo%he%%hﬁ&)h@&t&n%pm% bhgal Mg Y
cells that are to 10 be set to a permanently-COFF state mnth t’he unexposed

channel regi oforasshdhatael sontilttitity @cend as ek datl@ds;gandup of t he MOSFET
menory cells that are to be set to a permanently-ON state; (iii)
perform ng an |onﬁvhﬁmawﬂ&ﬂW@hmpWQ@é§§fso as to diffuse an inpurity
material into the exposed channel regions; and 15 (iv) renoving the

phot or esi st l1dyer Thdrhethéd ofdidimd 0f Wheréiabfil €@p (9)IndduddRMedaYSEE of:CONPY i Si NY
the steps of ( 1) formng a sem conductor substrate having a first

i nsul ating | ayer fihérams:a gh@jordsist Hiyergovar piegridtlike ptrodtusuipd tlzenfoial Ingulating
paral |l el - spaqed_elongated conductive layers 20 oriented in a first
direction on Pk firSt i nsul ating | ayer, the conductive Iayers serving as a

plurality of vvord " |l atln ayer f din
each of the gnpty pggggnég%%kg Fﬁgso ﬁﬁ PmFSS %yggﬁ5ugFfdgmfa§@P €1 4)
formng a thigidhs iRSME alsbOSted RHRE ﬁfs@Een&Q:d%Y(ﬁfp otff&ee MORALE LR aYls: AP0d t he

10 be set to a permanently-OFF state with the unexposed channel regions associated with a
second selected group of the MOSFET memory cells that are to be set to a permanently-ON
state;

(111) performing an ion implantation process so as to diffuse an impurity material into
the exposed channel regions; and

1S5 (1v) removing the photoresist layer.

17. A method for fabricating a ROM device, comprising the steps of:
(1) forming a semiconductor substrate having a first insulating layer thereon;
(2) forming a plurality of substantially parallel-spaced elongated conductive layers
20 oriented in a first direction on the first insulating layer, the conductive layers serving as a

plurality of word lines;

(3) forming a second insulating layer formed in each of the empty spaces between the

plurality of conductive layers;

(4) forming a third insulating layer formed over the conductive layers and the

25 insulating layer;

(5) forming a semiconductor layer over the third insulating layer;



25 insulating layer; (5) formng a sem conductor |ayer over the third
insulating layer; 19 (6) perform ng a photolithographic and etching
process so as to renove sel ected por tions of the sem conductor |ayer to
forma grid-like structure of the sem conductor |ayer having a plurality
of substantially parallel-spaced first portions oriented in a second
direction substantially at a right angle Wth respect to the first

direction and a F@)!ﬁ@%“ib{% Qf)ho%mﬁc;g@z{?)“c El)nji ¥icRinP BfREIs8b 25 RACRIVSREERE por-

portions oriented’in the fTirst direction overlaying the conductive [ay-
ers; (7) foryshngf tefsomidoRdicts ubyat in@rinaygid-tike ftidcturaipf éaclemafondveor daget y
spaces in the grid-like structure; (8) defining the first portions of the
grid-1ike sthaviog apkiralgy bfsubjtintieky panellet-bracelsoinortiong operred igasewnd digstion
grid-like structure as channel regions, i ch.includes the.supsteps. of (1)
formng a prybrgaiisgt arghbaned it Eppecp ihy- FF‘[{’é‘%‘t‘}“&E?ﬁPé‘riHHO&H‘ES‘E‘BB&K h.
insu- lating layer; (Jii) remving.sel.ec i - ISt

| ayer 1o expeelvEiraed stoomh PO A RTE b R Ao B Bl PP GRS
sel ected grauyp of the MOSFET nenory cells that 15 are to be set to a
permanent | y- OFF state with the unexposed channel regions associated with a
second sel ect ed g7)dopniog a fdueh MGkt Ingenr il gedatlsofftha¢mpty epaces ibéhegatl-like a
permanent|y-ON state; (iii) performng an ion inplantation process so as
to diffuse atruptapsurity mate- rial into the exposed channel regions; and 20

| mpl antat on - pr oGLe P Sk R HarAot (F SHEILS SRS dog e and (e secHha ™"
10 portions of the grid-like structure as channel regions, which includes the substeps of:
(1) forming a photoresist layer over the grid-like structure and the fourth insu-
lating layer;
(ii) removing selected portions of the photoresist layer to expose those chan-
nel regions that are associated with a first selected group of the MOSFET memory cells that
15  are to be set to a permanently-OFF state with the unexposed channel regions associated with
a second selected group of the MOSFET memory cells that are to be set to a permanently-ON
state;
(111) performing an ion implantation process so as to diffuse an impurity mate-
rial into the exposed channel regions; and
20 (1v) removing the photoresist layer;
(9) performing a code-definition and implantation process to program data into the

ROM device.

18. The method of claim 17, wherein in said step (5), the semiconductor layer is a layer of

25 intrinsic amorphous silicon deposited over the third insulating layer.

19. The method of claim 17, wherein in said step (5), the semiconductor layer is P-type.



18. The method of claim 17, wherein in said step (5), the sem conduct or

| ayer is a layer of 25 intrinsic anorphous silicon deposited over the
tthird insulating |ayer. 19. The nethod of claim 17, wherein in said step
(5), the sem conductor layer is P-type. 20 20. The nethod of claim 17,
wherein in said step (5), the sem conductor |ayer is Ntype. 21. The

nmet hod of claim 17, wherein said step (9) includes the substeps of (1)
coating a photoresist |ayer over the grid-like structure; 5 (ii) renoving
sel ected portions of the photoresist |layer to expose a sel ected group of
‘the channel regions associated with a.iirst sel ected group of MOSFET nenory
cells that are to be set to a pernan% tly-OFF state with the unexposed
channel regions associated with a second sel ected group of MOSFET nenory
cells that aPe tdhbmetbed ofdaim IFewhaeiem $ayd O (53t emidkdd@2or IFHlveismetypad of
cl aim 20, wherein said step (9) further includes the substep of:

perform ng am. i omhé ARhadbAdiiRN TPHAGES Said Gep 89)li g 18Hek fHeSBbAps biTPUr i LY
material into the exposed channel regions such that the first selected
group of the chafihedatinggplonsresstdaydopedthaigtiti-likbetricuperi ty material to 15

t hereby have a first threshold voltage representing the storage of a first
bi nary didgit i nt @DROviRgKeled Padionefhs Phoiqresist layshloexpese drsaleaied grevref gr oup

f th h I i 10t d ith the i i te- rial t
Cher eby. havereSgh Rirfi S OB Dbl et Mo Pietan o i e
second bi nanype & 14k géﬁnah&ttl?-dlﬂestﬂ§m gl Gy gcp{:l}/anﬁglrég nsZasso. 1-!;[1(3 WRthod of
claim?22, wherein in said step (9), the inpurity nateri ? i3 P ype.  24.

The et h0(21 atcontl aklBet@Pgrouhef BIOBART Méhélty eBPthabire b B8 sbiBU hdMard@BELONAl 1S
N-type. 5 * * ¥
yp state.
10

22.  The m-ethod of claim 20, wherein said step (9) further includes the substep of:

performing an ion implantation process so as to diffuse an impurity material into the
exposed channel regions such that

the first selected group of the channel regions are doped with the impurity material to

I5  thereby have a first threshold voltage representing the storage of a first binary digit into the

assoclated memory cells, and |

a second selected group of the channel regions are not doped with the impurity mate-
rial to thereby have a second threshold voltage representing the storage of a second binary

digit into the associated memory cells.

20

23. The method of claim 22, wherein in said step (9), the impurity material is P-type.

24, The method of claim 22, wherein in said step (9), the impurity material is N-type.

25 * * * * *



