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Device TECHNI CAL FI ELD The present invention relates to nonvol atile nmenory
devices. Mre specifically, the present invention velatesBaEMNRA ogi es
to be applied effectively to a nenory devi ce adopting a spin val ve which
utilizes magnetoresistive effects such as a tunnel nagnetoresistive effect.
BACKGROUND A random access nenory (RAM utilizing a _ magnetoresistive
effect, in whi chlmagebisplayseg Method,and bnageisplaygngevieggnet i c
orientation, is drawng attention recently. Such a RAM utilizing the
magnet oresi stive effect is referred to as a nagnetoresistiveJﬂwmummmmmmw
Magnet oresi stive effects includes an ani sotropi c magnet or esi

effect, a giant magnetoresistivgddfMRaefFaslp and the like are kiowsn. |In
particular, a tunnel magnetoresistive (TMR) effect, which gains a

magnet O.reﬁ‘leSt'%feSéltlECt 1B RE A A dinnal i No CUREANLI Ak 181 Ofdniiihed Tor
capabi lity"of gaining | arge nagnetic-field sensitivity. A spin-valve

el ement using the T a . am d ugture JinGLUARY AN relat
antiferré%ﬁﬁhe’$b |%§%€,§BgFé?ggﬁg%§ét?§E|§yef Fa ginne ayg;,aeﬁ$

i nsul ati | ayer tunnel |ayer), é?ﬁ% ot f gpet i w§¥ﬁ; a free
JP9200101 %%§$P¥3°§&€ﬁ atgpiﬁévéf e e engﬁggcgqg%gﬁﬁrgger%e to:%é a
magnetic funnel junction (MIJ) _elenment. Th tifer neti g J@ has a
functi on ¥9'¥7% a RECTE ori Bnt at TRHH of S’ﬁgggdj acéﬁ?ggerrol#alglﬁge it | ayer
(the pinned | ayer).. whereb tunnel ing_current fl0 ' | Nt i ng

| ayer Mé?ﬁqq%ay%%ﬁ?eﬁchv%%gﬁ?%ﬁoﬁugﬁ g %eaf ree e&y\gﬁa%r({)%%\éc}leec#els With the
magnet i c égétaq%ation of the pinned |ayer. On the contrary, when the
magneti c i¥htation of the free | ayer is nmade reverse to the magnetic
orientation of-the pinned |ayer, ic current flowwng in the

i nsul ating | ayer becones | ess tha%gFﬁgﬁpbﬁﬁel current in the coincided
case. In other words resi stance va th el e/mnt; Jy he
direction of Iéﬁinaf?%ﬁb@ari8gc835endk%§o%& thg naénetic gff%%%%tié% (an
orientation of elecitronic spin), of.the free | r e | di ng
"0" or " MAFRETQUGI AL d%gt%%ﬁ hg' %nﬁ?%éeﬁnaaglﬁ%ﬁ%t%ﬁée)n\%%qé;n%%g tF’ue free
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magnetoresistive (AMR) effect, a giant magnetoresistive
(GMR) effect, and the like are known. In particular, a
tunnel wmagnetoresistive (TMR) effect, which gains a
magnetoresistive effect by use of a tunneling current, is
highlighted for capability of gaining large magnetic-field
sensitivity.

A spin-valve element using the TMR has a laminated

structure including an antiferromagnetic layer, a

ferromagnetic layer (a pinned layer), an insulating layer

(a tunnel layer), and another ferromagnetic layer (a free

T
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Therefore, only one swtching el enent, such as a select transistor, is
required in a primtive cell for recording one bit. Accordingly, the MRAM
is expected to achieve integration as dense as a dynani c Jpr3rgQmoac8ess
menory (DRAM (i.e. lowcost), and to realize a nonvol atile nmenory such as
an electrically erasable read only nenory (EEPROV). In addition, it is
possible to constitute a nenory w thout causing soft errors or errors
attributabl e to highsener r u osmi Lnsa.stati g random
access ﬁé’ﬁft)('SRR%) h P o&e?’%ﬁivt% %Eeg%ggi %%]e%tl%%?lzae i%%ggg g%l ?% gt ate
menory el enent .whi ch_does. not _r i,re ref i ng ' he DRAM

Furt her nﬁ‘?g,netttﬁg VRAVIAEEY notju%%\%éoﬁ m t Pﬁs@n of %tiﬁ'ggﬁtﬁﬁber of rosriti ng
as in the EEPROM and a.rewiting, speed s also cqonsi abl y _f r, t han

t he EEPR@VI%lﬁférPB‘atgﬁg%ﬁﬁn\é\i%%r aﬂagr @rra#lﬁ%% leoréd\glg’ntééggesga}sﬁa g%tg?f:bed
above, the MRAM i,s expected ta _be one of the st, pr.oni si devi ces
to repl a@&l@'@r‘f\%ﬁf}?’orﬁl Cttsbﬁ PRISCER %&Hﬂ“@gﬁe lf:ypl‘-’lglgllr &%ﬁ%r%? cel |
structure includes the 1MIJ+1Tr _(one MIJ el enent and e transi_st.or)

const i t utlP¥fds o Eﬁ%é’e& M.l(lﬂgv&”lrﬁgpésgoyg’t rlineggﬁe 6Pstuhg%itl%gor mat i on
out of the MRAMcell is based on variation of the_resistance val ue_ (or

vol t age V&vedt i BRePn the d%?s@ed:flccor?éfllgﬁ’t%ﬁ(?&ﬂlen?fdr?‘%%) afl%&cecorﬁé‘iyngl y, if

it is possible to a |¥’ta everse bjas between a, sensefli e and_a \é&z)rd l'ine
of an unSQiEHEeSceM R hERCa BRIBREEGN BFRFRWF f & ¢ 1S 3PI8820010158
switching el enment. Myreover, witing the informat]i:on can bﬁ chi ev%d by
appl i cat "GVt anPB| E8Er CONEFRE¥Nt T W AR ANdCA EBREE PP nETof a
selected cell_intersecti n% each ot her. Therﬂ}ore, an%speci.al tf Léncti on is
not requitfed §4P& N XY ttHi IyORI EFBRTSE AERoFGFNGRYReEdifc &V EDIE S a
technol ogy_ of using a diode as the switchjng el erregt. By .use of di ode,
the swit & nghel &RRecalPBe” f oPRe P YFIHE L sAHFFER 0&115%13&9 at’®a “tffan
formng a transistor_(a field effect transistor: FET). Accordingly, it is
possi bl e FFHFRING LRKEhcPeCRRCSdVHETRS gERAR ttﬁ?(? me@nFﬂﬁr?ggt éhachi eve
integratigon as dense as the DRAM I\@reov.er, it _is not necessar;r/1 tQ provide
a gate elt® rRIPPARTIEIMct i Oh AENST r ¥RLEEL BoREFOFERPRE) VAGHSc &t rol I i ng
on/off states of a select transistor, and.a Worg line (or, a bit l.ine) for
readi ng dntf aMAor deFEREREOri R difte | FAEFCEIP W PLI nfga‘%{%tb]eorboﬁ’ﬁrﬁg& into
one line._ For exanple, US Patent No: 5640 Gg.éDOC{ment %r% Ei gclose a
menory célSPARE SRKEPSt PIERTTES PAHIRHCEH 18Tt nidt: f PFHFRFBEE°%r ©
thin-filmtransistor (TET) type is adopted as wi_ t chi.ng el ement. _and the

t hi n-fil BB I %i?l“?\)ﬂi]oél Elﬂ%n ree sf¥Eked 35&&1”8‘&%?% e cel |
is constituted by sandwi chi ng tha Eiackgg structure_of  the di_ode ta__thd t he
MId el emel" betheenta whbFd FPAETERABLE bPEPFPRE™Pa SBns&PE ndVPHR & 1y

i ntersecting each other, and a resistance val.ue (or a voltage value in the
case of CONSKHREIRN r%ﬂtt}b'?i%e Xfden “Eei"r% r & I‘Tier?]é’ré'n(f]ta%‘ee% ttuo-r4
JP920010158 ljine is asur?d in order to retrieve i ngalgrratrii%ré.iogpor% witing
the i nforfRRTIFVINh ERRcIPForBar ¥t 1P 285RF PR Eo 4 Tlor

I"i'né "and a bit
line (a sense line) intersecti i.n sition.of a selec . |, wher eby
i nf or mat i i 2R T 1 W H'S %’ngr}:ﬁbesﬂ'pg)or%ger%eﬂtc c'T‘_"inelsbt? é:éDtrl?g’&éLt%g&etdher ein. A
m ni mum occupi ed area of the memary cel,l structure is defin by
necessary curréit dénstfy Cglreaf g?ﬁ%ﬂurﬁkb‘? o&8ESPRG 1S ﬁls?%%ff%qmtﬁgd inthe
MIJ elenent or in the thin-filmdj . Accordingly, menury . cel.l
structur é“%“’a‘?r’-'}éongi?‘i‘ﬁ’f% ar‘tk}ﬁAMg’b?\%‘%ry T wi 1%)lﬁé/t h@qgrralelrgggf%toccluspi ed
area theoretically. Ne\r‘/?glrthel ess, the rrermrgl ce_LI I structurg.ﬂ{lgcl osed in
Document RORYRAALAELE hukBrEELOpRobl Wi, PEMPLY| V18R hFREFFEHEFEdE has
difficulty in gaining a required on/off ratio. V\heﬁﬁe s an_pn/off_ratio of
about fouftdfidf t ShEtef ' OREScUPPENt CBHPR- AT T O R arftiot gai n
such an on/off performance easily. Secondly, there _is a ,prohlem.of flatness
of a subsf$EeEI¢LqufPBHEPR t APORTI ]é?te"ffe%‘fgll Si ﬂge ﬁé&netlirbtoqré‘iferprlsor%md a
tunnel insulating filmof the MIJ elenent are formed intg extrenely thin
i1, atPFecYehel TFPEIFEAL 98 they AT RFTAE 19 SURTIHE S M
el ement. Nevertheless, it is difficult for the thin-filmdiode to achieve
such at onfet¢@yHRd f | FEFEEEANGEC a s 1He Phi nOFi | hlf od¥1Vs gfg'r?é‘}eéﬁy made

of a polycrystalline silicon film Accordingly, it is extrenely difficult

to stack the MIJ el enent having a predeterm ned characteristic onto the -5
-2-



JP920010158 thin-filmdiode. Thirdly, on-state resistance of the thin-film
di ode incurs a problemalong with downsizing of the MIJ el enent. Although
there is growing possibility for downsizing the MIJ el emepgbobbohongs. with
characteristic inprovenents thereof, it is not possible to reduce the
on-state resistance of the thin-filmdiode relevantly to such a downsi zi ng
| evel . Due to existence of the foregoing disadvantages, it is currently

concei vedng%%k§#gE to%lffﬂshée %‘Q’%&ﬁ% yeESJnEn?t UGty e?%feraSt ggﬁgg t he

MIJ el enen eé’'thin m di hrs~cont éxt’,” ano nmenory cel
structure_j 3 ed,. i n.whi. | ode_i.s_f.or.oemd a r f .
sen?coﬁduE%%Pgéggg raEE! olhgggﬁﬁﬂg,gUgrégﬁgﬁg%Négﬁéo9@%55§%§8g§ﬁgﬂt 2)

di scl ' | st ¢ o ; - ) di :
Conct | utBSbyP o m TSRt SRR £, T, 3L OehBRCtLan &l OfoniBve | 4

surface of 2 senLconductor substrate (a sili,con mgéer) and an MIJ el enent

i s di spostBGRTACFEEi o WHEFE St hdS| the Y BRMFode® 14T 0 ATEESSA WoPa*Yine to
be connect the n+_diffusion |ayer of the diode is di sed on_an
Phsulat i nORAl Gh°ehe LEGEPRE e, SBHAEa 5ERISZFI ACPLVRIREOLEGTSHERE  he
word line so as to extend in directi orthqgonal to an e i

it ecti onsBENL RE. 4B AL FEREL I MESSERENENFoR e an tpobendts {EEPERNE-

sandwi ched in an. intersecting regi.on of the word |ine and the sepnse_line.
One end of it RESHFFOBI e tnt & RS S1i 1 TPRE SHHYEE | T fBSNGFY PRERGERer end
thereof is -6, JP920010158 connected to the p+ diffusion layer via a
conductianHﬁﬁﬁgr%9£91%£F?%%a?erFFﬁ§?I3$§ﬁ#§H5aQ%ﬁaEﬁoHég A" EhEY MrJ
elenent are serially connected between the sense |ipe and the word |ine. As
simlar t53¥fe HRKEF sEPERLGr S cfBseld i A DOEIERt TARIY™ | 8°G5E8i bl e to
retrieve information by measuring a resjistance val (or a voltage val ue)
bet ween t HEMRGYd f?%%Mgnd tM8r§8%§§'liH%,JéhdpPBSﬁ#E?e the HoRd%rat fFon by
applying an_electric current to the word ILne and_the sense |ine |,

i nt er sect PAYLEaERAEEherMEPPEY poSlEMEHtor YRdEPect el POY n FRAWITE
structure, a sufficient on/off ratio can he obtai ned because_the diode is
formed onTERECSHARGCESofi™ Hd s ERALbnd B OTRSIIRES at et NEFEVEPES| BOFs al so
possi ble to reduce,on-state resistance becauge a suffjciently,larﬁe

pn-j unct i BRVEr edlBhhabeCReRf edRSFuPHRBFFOr 8T STHES Y 1RE MBF efBmehbei s

formed on_an_insulatjng filmanpd on a tallic filmwhere sufficient
{1 at ness BARROY:sGai5t &tl, TEVELYaR BBEE ad i AP | FORPLICERR B FRRGST

thin {1l mpaLode fo nobyfhSt 1BRS P NN W NRIhs 1R ™ BhY RS e

| advantages as described above, the MRAM is expected to be
one of the most promising memory devipes to replace
conventional solid-state memories.

A typical MRAM memory cell structure includes the
1IMTJ+1Tr (one MTJ element and one transistor) constitution
as described above. Nevertheless, retrieval of the
information out of the MRAM cell is based on variation of
the resistance value (or voltage variation in the case of
constant-current drive). Accordingly, if it is posgible to

apply a reverse bias between a sense line and a word line

of an unselected cell, then a diode can substitute for the



al so involves the foll owi ng problens. Specifically, since the junction
diode is forned on the sem conductor substrate or on a well structure, the
di ode and the well (or the sem conductor substrate) col | erR92080230158
constitutes a vertical bipolar transistor, which is so-called a parasitic
transi stor. Dependi ng on aspects of biasing the nenory cell, there may be a
case where the parasitic transistor JP920010158 starts functioning and a

menory Cels GRELALT OflefigRpol B eRANed @eiiMendRd dhrardation naustage.

Mor eover , So di scloses a ‘constitution of a gated diode, in

whi ch an FEL &5 ST, Ol NS SEMHE QUG Al sHBsld aher it & 4 Giid S

a gate elther a source or a al n thereof.

Cannot {100 haFEBEC ARRSd Car o~ TR aFar &L (he ety Fol T

Upréd-area. Thereto e nmenory
G St A BIESH e B TR e 0,
or chont | BB IEAD SIS o ot PREPEVSIRAT arcRRAM hembry cal (©
vl or PR G S SRR Sl oY ERE, BhCEe i O RIERERE  Pa 0 (e
el | ento ChoBalFBRPY 5o CRTAB EAEMSH pFBLots GO Tl el ¢
descr | bedTHLLFE PEFFBIFRY. 8ot biRa Py TP e Br BRGNS T RUBn Fort RAADLS a
i'ode 1o TFREH CEERBASGAZA HFT) JpaSUGTOTE 4| [ontBn CReUTAror ] SO1)
ot hor RFERET | AAPCReS BF o SGPR 4R 0ok cuid ausMien Bichots: Tyer of
mpur ity HRFFEEC G PERERCAPS ROy HERCoTRBSGTERIPIy ATt ' o ot T
ayer suchobsPaSBERgEY, SR HA L | COR R EHCE Laabon T ot S enl at i ng
SubSt r a1 655 AT RRGNF L FEREESD BUPEH Tt o CPE: Qoht Ibrerer TErs (9T or m an
oyt ThBs@eRbgr AR aetor | A7ERs o otT VBl § Fonstituris

pn-junction diode. Still otherw se, _an i.npurity.is Rﬁq.'- ace
seni condukEdFiPayBPIoR ¥RTE0Li8§hPratfe hin% o rﬁ)eiﬁc%gr anﬂlnn&- y(T?)'-’Ieé(L)!k?g p-type

inmpurity dif useg region then a sem conductor |ayer such as a
pol ycryst SPPPRBEY] H1ESnCPFI 1§ deposited on the impurity diffused region,

and another inpyrity is ed inhtq.t semj_con | a r ither a
p-type or n-typgofnp%ﬁ??@ﬂgénﬂ%gngﬁgg%ylIg%%r.g%%ggF%pu¥§§§ﬁﬁ?%?ug%§ regi on
on the surfac

t he senicgﬁﬁﬁi?g%sfgsgggkgaﬁg%tﬁsgﬁy%ggﬂ%@ﬁ$ﬁ¥gﬂgh%%¥?ﬁﬂlﬁﬁgﬁMg%%gé%aégghon
of the fogﬁggi_ggljnuné;i[é 2 gideaeStilfntgifEd t_r%fnsistor (TFT) type is
adopted as a switching element and the thin-film diode and
an MTJ element is stacked vertically. The memory cell is
constituted by sandwiching the stacked structure of the
diode and the MTJ element between a word line and a bit
line (a sense line) mutually intersecting each other, and a

resistance value (or a voltage wvalue in the case of

constant-current drive) between the word line and the bit



JP920010158 either on the SO substrate or on the insulating filmon the
sem conduct or substrate. Accordingly, the diode is isolated fromthe
substrate and t hereby does not generate a parasitic transisdzgo1drsd his
way, it is possible to achieve stable cell operations regardl ess of
application nodes of bias voltages when the MR AMis operating. Moreover,
since the adopted switching elenent is not an FET but is a diode, it is

ooty i thd SIS ikl Aneaor BUEN (D WUCANAD FhEBRRLCL SpadvagAgecUs o

downsi zi ng process. ane patterns o e p-type and the n-type

mour ity LT ek o) RS FODPLAT ULhNG1LRE kUneLLonydl ade a1 ey id her

formed i nto mu synmetrica apes or formed in a man at one of
the inmpurity diffused rediaqns rroupds th er, i i i sed. region.
In the |4t t%‘?r%a{sjel?ei?m?ga S%Js%is%réetga sse%rh%eofaﬂf%)r g%%%%ée%c oIIr9t ﬁﬁ?’l%l on,
whereby on-state resistance of .th i ode can be reduced. Nbreogver,_the
p-typeyi rﬁ)‘?ﬁjrttjyo%i?fu%e%em‘feecgﬁeo% %%ufbr“ﬂ?%g?xt% RIS ylSdi‘”fl'flﬁtsteecf1 regi on
can be forned continuously and in{:egra}}Jé/ %n thee (?iitr ti g‘nrof.na V\DI’Ad
line(s). Th%ni% Egglé’f’s%f:éndﬁ?%n% 8t ritT 1ot SIHC ST &R Faory ¢8Il can
be made constant, and stapble nenory cell operations.are_thereby expected.
Mor eover ,"HERYE h€HBEES s 3rede 81\“{ ttﬁées MOFNduSESt 1% ]é?cglﬁ%% as a

pol ycrystalljne_silicon fil t he sem conduct or_ | ayer can be faorned

si mul t ane€SestYE S thVfof?nd?‘?cg‘lrF’%?r% gcélf%ree‘?%cf?%bsela%‘f & FET M T8 ¢
circuit -10 JP920010158 such as a %ﬁri'ﬁh%éal gb;cu.iit. \Qhen t.he di ode is
formed byPTRFFTRTSH DFNERRIPPpEETRLTRA the t8Gr Mate S APER 0P HE SAI°
substrate surface |ayer, the_diode,can be fornmed sinultaneously wth

f or mat i ontl'(’ﬂfnég%]dﬁr %OQP'a d?‘SFﬂrgF‘EEEYOdgh& ‘E\e’f‘?’éﬂsfz&a@r ﬁL‘?F‘%/%uq%gi c
circuit such as a peripheral circuit. In this y .tge éltihode ca]g]rb f or med
in the satP stEYSHEER SepdRAM GMEFQIYngPhpur VitRs B ™Forhihg t he
gate electrode, in the process of formng the logic circuit. Accordingly,
there ar eo%‘r‘@/l?‘gv@’é%iwm?tjscf ¥ upon formation of the junction diode of
the present invention. In other words, a fabricating nethod.proposed by the
presgnt i nvent i ¥V %e$%ga?%dm§§°§YpF8§gs t %ant Jisr?lc% t¥hi | iyty

with the fabricating process of the Io‘gic circuit or the like. BRILEF
DESCRI PTI¥RFEREHE W@%r DURSTRIT o iR R Thder st iy of e

present inventipn and the advan es . thereof, . reference is now npde.to the
fol | ow ng&aJe%z: 1 i%ho‘%%ﬁ‘é%si%l’égﬁ?%’&ib‘h WiNIHS a%%%%%‘@iﬁodffaw ngs.
Fig. 1 is a circuit diagram show one_gexanpl e .of a nory,.deyi ce, (an
MRAM) of S2FiPst M nf‘noiont\yﬁg%pr’é%%h? F’Ev@rﬁ%&h,%‘ﬁ’é éilgé\égm owing a
portion of a_nenory cell regio gb.tk_\g. 3 I(:iig. 2 %howsaia cro s-a'tsectional
vi ew and REQF AT 5 ewrPar EPAE PP e XEART 9§18 e FPY Ll 92 & ~ hift a
perlphera'<|3n/off performance easily. Secondly, there is a problem of
flatness of a substrate required in the MTJ element. Since
magnetic layers and a tunnel insulating film of the MTJ
element are formed into extremely thin films, atomic-level
flatness is required in the substrate for the MTJ element.
Nevertheless, it is difficult for the thin-film diode to
achieve such atomic-level flatness, because the thin-film
diode is generally made of a polycrystalline silicon film.

Accordingly, it is extremely difficult to stack the MTJ

element having a predetermined characteristic onto the
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-11 JP920010158 circuit on one exanple of the MRAM according to the first
enbodi nent. Fig. 3 is a cross-sectional view show ng one exanple of a

met hod of fabricating the MR AM according to the first enboshoendliseranged
i n accordance with the order of the steps. Fig. 4 is another
cross-sectional view show ng the exanple of the method of fabricating the
VRAM according to the first enbodi nent arranged in accordance with the

oot o SRS, Hdhe D | SaBIHIY, SLASRIARE!| DAL SLAAYE S 0N ohd e

exanpl e fabrica according to the first

enbodlnent arrgnﬂgddlodgcg% %%%C%‘%éébiaﬁ gigﬁé with downsizing of

the MTJ element. Although there is growing possibility for
downsizing the MTJ element in 1line with characteristic
improvements thereof, it 1s not possible to reduce the
on-state resistance of the thin-film diode relevantly to
such a downsizing level.

Due to existence of the foregoing disadvantages, it
is currently conceived difficult to realize the memory cell
structure of stacking the MTJ element on the thin-film
diode. In this context, another memory cell structure is
proposed, in which a diode is formed on a surface of a
semiconductor substrate. For example, US Patent NO.
6097625 (Document 2) discioses a memory cell structure, in
which a pn-junction diode is constituted by forming an n*
diffusion layer and a p* diffusion layer on a surface of a
semiconductor substrate (a silicon wafer) and an MTJ
element is disposed on a region where the junction diode is
formed. A word line to be connected to the n+ diffusion
layer of the diode is disposed on an insulating film on the
substrate, and a sense line is disposed above the word line
so as to extend in a direction orthogonal to an extending
direction of the word line. The MTJ element is disposed so
as to be sandwiched in an intersecting region of the word
line and the sense line. One end of the MTJ element

contacts with the sense line, and the other end thereof is



of the steps. Fig. 6 is another cross-sectional view show ng the exanple of
the method of fabricating the MRAM according to the first embodi ment
arranged in accordance with the order of the steps. Fig. JP320carodtdeer
cross-sectional view show ng the exanple of the nmethod of fabricating the
MRAM according to the first enbodi nent arranged in accordance with the

- order of the steps Fig. 8 is another cross-sectional view show ng the

gﬁggﬁ!ﬁE%{ 1 éi§ﬁe5§bgfﬁfdéy% %Hgg-%N%@%FQkﬂkm&ﬂﬂ%élﬁéﬂBéﬁt
3920010158 range I n—ac ance Wt order of the steps. -
ch as local wiring. In short, the diode and the MTJ

element are serially connected between the sense line and
the word 1line. As similar to the stacked structure
disclosed in Document 1, it is possible to retrieve
information by measuring a resistance value (or a voltage
value) between the word line and the sense line, and to
write the information by applying an electric current to
the word line and the sense line intersecting each other in
a position of a selected cell. In this structure, a
sufficient on/off ratio can be obtained because the diode
is formed on the surface of the semiconductor substrate.
Moreover, it is also possible to reduce on-state resistance
because a sufficiently large pn-junction area can be
secured. Furthermore, since the MTJ element is formed on
an insulating film and on a metallic film where sufficient
flatness can be secured, disadvantages as cited in the case
of the thin-film diode do not exist therein.

Nevertheless, the memory cell disclosed in Document 2
also involves the following problems. Specifically, since
the junction diode is formed on the semiconductor substrate
or on a well structure, the diode and the well (or the
semiconductor substrate) collectively constitutes a
vertical bipolar transistor, which is so-called a parasitic
transistor. Depending on aspects of biasing the memory

cell, there may be a case where the parasitic transistor

-7 -



Fig. 9 is another cross-sectional view showi ng the exanple of the nethod of
fabricating the MRAM according to the first enbodi nent arranged in
accordance with the order of the steps. Fig. 10 is anotherperoxsioisxct i onal
vi ew showi ng the exanple of the nethod of fabricating the MRAM according to
the first enmbodi ment arranged in accordance with the order of the steps.
Fig. 11 is another cross-sectional view show ng the exanple of the nethod

o ot Dol Ao by sl spbes ot cappsnond
o STOGADE SRR St Uodaghfbpoattag, e NEAaecord v
FERRAL R e R TR
in which an FET is formed on the semiconductor substrate,
and a diode is formed between a gate of this FET and either
a source or a drain thereof. However, the memory cell
composed of the gated diode and the MTJ element cannot

fulfill a small occupied area. Therefore, the memory cell

is disadvantageous to downsizing.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
structure for an MRAM memory cell capable of preventing
generation of a parasitic transistor. Another object of
the present invention is to provide a structure for an MRAM
memory cell excellent in a size advantage so that an
occupied area thereof becomes smaller than that of an
FET+MTJ cell structure. Still another object of the
present invention is to provide a method of fabricating an
MRAM memory cell excellent in compatibility with a
fabrication process of a logic circuit such as a peripheral
circuit.

An outline of the present invention will be described
in the following. Specifically, the present invention
adopts a junction diode as a switching element of an MRAM

cell, and the junction diode is formed either on a
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the first enmbodi ment arranged in accordance with the order of the steps.
Fig. 14 is another cross-sectional view show ng the exanple of the nethod
of fabricating the MR AM according to the first enbodi negtesaonanged i n
accordance with the order of the steps. Fig. 15 is another cross-sectional
vi ew showi ng the exanple of the nethod of fabricating the MRAM according to
-13 JP920010158 the first enbodi nent arranged in accordance with the

order of t.he steps. .Fig. ' h j ' ; i

exampl e & nr;&ng&al's?ﬁla#%m B R R s g T TRe

enbodi nent__arran ' ' : f . [

?ngt hertfﬁ%gise@o%ﬁfl?ggg\{/v gﬂg\%l%t ?ﬁgggx%:%pe%orgfw%% :rsrte'?ﬁgdog e 171
abricatin e M ac [ t LSt ' ; '

accor dané"é’qﬂﬂt"’t'h %‘H%uﬁfﬁi% ok‘rii%heggége%sghé?)g.aer{gefgggg?fol%ﬁ{l\%%%gﬁ%vﬂ ng the

rbod menteYE afbed 1% S00or BHREEFArEh THESrdor ot A neref aluntty |

shows | ' d, - ' |, vi '

ot hod ol iABIGech i Shes R AVES ISR P Eor thedt FFePednpsdt Bnes: r anged

in accordance with the order .
formed. These eimpcgrittq;e Si'iltiefnrsused

regions collectively
constitute a pn-junction diode. Otherwise, a semiconductor
layer such as a polycrystalline silicon film is deposited
on an insulating film formed as an element isoclation region
on a surface of a semiconductor substrate, and impurities

are doped into the semiconductor layer to form an n-type

impurity semiconductor layer and a p-type impurity

semiconductor layer. These impurity semiconductor layers
collectively constitute a pn-junction diode. Sstill
otherwise, an impurity is doped into a surface

semiconductor layer of an SOI substrate to form either an
n-type or p-type impurity diffused region, then a
semiconductor layer such as a polycrystalline silicon film
is deposited on the impurity diffused region, and another
impurity is doped into the semiconductor layer to form
either a p-type or n-type impurity semiconductor layer.
The impurity diffused region on the surface of the SOI
substrate and the impurity semiconductor layer on the
semiconductor layer collectively constitute a pn-junction
diode.

Each of the foregoing junction diodes is formed

-9-



Fig. 20 shows anot her plan view and anot her cross-sectional view regarding
the exanple of the nmethod of fabricating the MR AM according to the first
enbodi ment arranged in accordance with the order of the sgepseoofbdss2l
shows anot her plan view and anot her cross-sectional view regarding the
exanmpl e of the nethod of fabricating the MRAM according to the first
enbodi nent arranged in accordance with the order of the steps. -14

JP920010158_Fig. 22 sh t | ' th - sect j gnal

i on 1 egaPAFRBYL K6 CHRpERLoF TRE-ASENS OFf { OF, GG LA NEl akhor i ng
to the first embodi nent d, i i th the order, of the steps.
g, 23 ShBfis SHELTRISYTEHT vABRPARE Aot nAC CErOREod¥et | bRGI CHIBHE r 8far di ng

t he exanple of the _nethod of gabricatin tﬂe l\gAgl according to the_first
enbodi mentSatrhRged PR SBE0PH ﬁEEaﬁFtﬁnghE-SFa Y BPeEnBCLt 8p8STRFG. 224

shows a cross-sectional view and a_plan view partially exenpl.ifying a
menory cePRTAFEEYCantranes i Pher al Igi ricth g &ﬁyonelﬁxa#pl é’o(?fs%ﬂ]r 1
according to a second enbodinent. Fig. 25 is a cross-sectional view show ng
one exanpRENGEVE rAtFREE ofelabrIREE NP e TREC AL §EE 01 n§PPOIFAESBcONd
enbodi nent arranged in accordance with the order.of the steps. Fi,g. 26 is
anot her ched8Sselii ofdiasy SR IFEfishg WHRE exdipl &AMt s mePESHaB?‘ g-
fabricating the MR AM according to the second enbodi nent arranged_in

accor dancMonRENerhe SdREEr tHE RREPEEEPSWIEFHiNg7eil €MERb hEr PEF 088- EELt i onal
vi ew showi ng the exanple of the method of fabricating the MRAM according to
the seconBUENHEJRNEAPGNr Akgd8 PRSEAPSRJIRACESANER BhESHLdBFSBf t AECBt eps.
Fig. 28 is another cross-sectional view show ng the exanple of the nethod
of fabricat FHgtchéngraVEREBSr dPngdvantageougphoodennsgzing process.

Here, plane patterns of the p-type and the n-type
impurity diffused regions constituting the junction diode
can be either formed into mutually symmetrical shapes or
formed in a manner that one of the impurity diffused

regions surrounds the other impurity diffused region. In
the latter case, it is possible to secure a larger area for
junction, whereby on-state resistance of the diode can be
reduced. Moreover, the p-type impurity diffused region
and/or the n-type impurity diffused region can be formed
continuously and integrally in the direction of a word
line(s). In this case, standard electric potential of each
memory cell can be made constant, and stable memory cell
operations are thereby expected.

Moreover, when the diode is made of the semiconductor
layer such as a polycrystalline silicon film, the
semiconductor layer can be formed simultaneously with

formation of a gate electrode of an FET in a logic circuit

-10-



t he second enbodi nent arranged in accordance with the order of the steps.
Fig. 29 is another cross-sectional view show ng the exanple of the nethod
of fabricating the MRAM according to the second enbodi nentpsgg@En@esk i n
accordance with the order of the steps. Fig. 30 is another cross-sectional
vi ew showi ng the exanple of the nmethod of fabricating the MR AM accordi ng
to the second enbodi nent arranged I n accordance with the order of the

SLene S ind e TR SheCRRSAREE Forcp ot o gl Lre

met hod of cordingt sécond "enbo |rrent arranged

dan h rd
CToss. SeCH CHATL G i SR ELA bl 6 b PRER S, hBHEET Faii%c i ho the

MRAM accor
or der su sn raé)et h%:usr %%%d efrb}ggr nentthaerragggger n C%cncorggnc d’!ﬂ'rﬁ@dt he

simultaneously with formation of a source or a drain
electrode of a transistor in the logic circuit such as a
peripheral circuit. In this way, the diode can be formed
in the same steps as the steps of diffusing impurities and
of forming the gate electrode in the process of forming the
logic circuit. Accordingly, there are very few additional
steps upon formation of the junction diode of the present
invention. In other words, a fabricating method proposed
by the present invention can be regarded as a process
excellent in compatibility with the fabricating process of

the logic circuit or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following description taken in conjunction with the
accompanying drawings.

Fig. 1 is a circuit diagram showing one example of a
memory device (an MRAM) of a first embodiment of the
present invention, the diagram showing a portion of a
memory cell region of the MRAM.

Fig. 2 shows a cross-sectional view and a plan view

partially exemplifying a memory cell array and a peripheral

-11-



of the steps. Fig. 33 is another cross-sectional view showng th

of the method of fabricating the MRAM according to the secong engogﬁﬁgﬁle
arranged in accordance with the order of the steps. Fig.Jg4208lané8her
cross-sectional view showi ng the exanple of the nmethod of fabricating the
MRAM according to the second enbodi nent arranged in accordance with the
order of the steps. -16. JP920010158 Fig. 35 is a plan view show ng the

erbodi oAt TERTANGEA THF dEEOTELh BT wibR TReoASa Lo e -4 Cehg e ragsend
embodiment.

Fig. 3 is a cross-sectional view showing one example
of a method of fabricating the MRAM according to the first
embodiment arranged in accordance with the order of the
steps.

Fig. 4 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 5 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 6 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 7 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 8 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order

of the steps.
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Fig. 36 shows a cross-sectional view and a plan view partially exenplifying
a menory cell array and a peripheral circuit on one exanple of an MRAM
according to a third enbodinent. Fig. 37 is a cross-sectijpooneMsshow ng
one exanple of a method of fabricating the MR AM according to the third
enbodi nent arranged in accordance with the order of the steps. Fig. 38 is
anot her cross-sectional view showi ng the exanple of the nethod of

fabricating the MRAM accor di tot hi ' i
aicordance (b b P A W T AT P o
L? thzotmﬁﬁTR%ﬁrﬁﬁrégk ?ﬁ?%ﬁgeag?%a§5$8?ﬁéﬁge%&?tHﬂgweggfgg%ﬁ%%Pﬁﬁgrs{ggs.
J Ié%é”¥qr§¥ éﬁgggigggélgggéngégw&%hg%%ggdggge with the order
of the steps.

Fig. 10 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with thé order
of the steps.

Fig. 11 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 12 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 13 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 14 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 15 is another cross-sectional view showing the

example of the method of fabricating the MRAM according to
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exanpl e of the method of fabricating the MRAM according to the third
enbodi nent arranged in accordance with the order of the steps. Fig. 41 is
anot her cross-sectional view showi ng the exanple of the nepdwsbrdiss
fabricating the MR AM according to -17  JP920010158 the third enbodi ment
arranged in accordance with the order of the steps. Fig. 42 is another
cross-sectional view show ng the exanple of the nethod of fabricating the

or der of e B1555. SRPURLESIT CAERBTHER Posceoesr sRa o ha B t he
exanpl e q;ftgﬁzrgﬁggg{cﬁ fabricating the MRAM according to

Fig. 16 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 17 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the first embodiment arranged in accordance with the order
of the steps.

Fig. 18 is a plan view showing the example of the
method of fabricating the MRAM according to the first
embodiment arranged in accordance with the order of the
steps.

Fig. 19 shows a plan view and a cross-sectional view
regarding the example of the method of fabricating the MRAM
according to the first embodiment arranged in accordance
with the order of the steps.

Fig. 20 shows another plan view and another
cross-sectional view regarding the example of the method of
fabricating the MRAM according to the first embodiment
arranged in accordance with the order of the steps.

Fig. 21 shows another plan view and another
cross-sectional view regarding the example of the method of

fabricating the MRAM according to the first embodiment

arranged in accordance with the order of the steps.
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the third enmbodi ment arranged in accordance with the order of the steps.
Fig. 44 is another cross-sectional view show ng the exanple of the nethod
of fabrlcatlng the MR AM according to the third enbodi nentpgrooanaes i n
accordance with the order of the steps. Fig. 45 is a plan view show ng the
exanpl e of the method of fabricating the MR AM according to the third
enbodi nent arranged in accordance with the order of the steps. Fig. 46 is a

ccording o afytone ot KESHEr s i Te {HLRH eredl rets, ADTHT s a
B ccor di g SAF KETER. THE (HeSE T Neh & e TR B0 s TS 46 T
pl an view showi ng a nenory cell array. of . .
fabricating the "MRAM according to the first embodiment
arranged in accordance with the order of the steps.

Fig. 23 shows another plan view and another
cross-sectional view regarding the example of the method of
fabricating the MRAM accordihg to the first embodiment
arranged in accordance with the order of the steps.

Fig. 24 shows a cross-sectional view and a plan view
partially exemplifying a memory cell array and a peripheral
circuit on one example of an MRAM according to a second
embodiment.

Fig. 25 is a cross-sectional view showing one example
of a method of fabricating the MRAM according to the second
embodiment arranged in accordance with the order of the
steps.

Fig. 26 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the second embodiment arranged in accordance with the order
of the steps.

Fig. 27 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the second embodiment arranged in accordance with the order
of the steps.

Fig. 28 is another cross-sectional view showing the

example of the method of fabricating the MRAM according to
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still another exanple of the MRAM according to any one of -18 JP920010158
the first to the third enbodi nents. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Now, enbodi nents of the present invention w bbpsbeodesssi bed in
detail with reference to the acconpanyi ng drawi ngs. However, it is to be
understood that the present invention can be enbodied in accordance with
various nodes and therefore not to be limted only to those disclosed in

the follow ng descriptign of the i gEn u e S ed t hat
t he sanetg%ngFFPH n?§£8alpﬁ8tsgﬁgg§§8 e?g %EFSEE%@E? ?ﬁéhféﬁkoafﬁgk
enbodi nents are denoted by the sanme reference nunerals. (First Enbodi nent)

Fig. 1 i9fatBfr&HFPSdi agram showi ng one exanple of a menory device (an
MRAM of an enbodi nent of the present inventi,aon ich. i t

partially regaFdfng 22 ﬁEﬁD?QOEg?F FEQPSH SER TPRPRLcU %§W %éggﬁégn%?ﬁ Fig. 1,
the MRAM of this enbodi nent ipncludes word Jines W .j.nes SL.

Mor eover expEgAet O thtnde5hakq rﬁ%%%ﬁﬁﬁﬁ%P%Mgh%n%ﬁgﬂoggggggg#Q g?sposed
on respective intersecting Bpints of the word Ihne Vlwﬁ@ﬁ Eﬁg %%g%g l'ine
SL. The figneecen urBreAMertnartanfsdand PRECIFBREDYAre connscte
serially to constitute a nenory cell. One end (an MIJ end) of the nmenory

cell is ©8nibet 88SP6-the sense line SL and the other end (a D end) thereof
is connected to the word line W.. Selection af a nennné cglliis %%%ducted
by sel ecting of&dof 301915 3pgsBET0 FFESHESIEDYY nETELSERY BRe "6F t he
word lines W., whereby the nenDr% cell | ocated ﬁt ﬁﬁéhnterseﬁﬁingt%pint of
the sel eep@apdenst 1Ghife "tthed hef ARYECREH D0l %I WPCHEESTES & sel ect ed
menory cell. Selection of the sense line SL and the word.li W

conduct edhsy secenduBTRRHIERT AFd 2RI Fe AGFEE I2REN 8t F%% ﬁ%ﬁ%ﬁlines W

are arranged in a longitudinal direction and the sense lines SL are
arr anged ain tdhe #tEPA- direction in FIG 1, it is needless to say that the

di rections of such arrangenent may be reversed t%_each ot her .
Fig. 31 1s another cross-sectlonal view showlng the

example of the method of fabricating the MRAM according to
the second embodiment arranged in accordance with the order
of the steps.

Fig. 32 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to

the second embodiment arranged in accordance with the order

of the steps.

Fig. 33 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to

the second embodiment arranged in accordance with the order

of the steps.

Fig. 34 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to

the second embodiment arranged in accordance with the order

of the steps.
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Information retrieval out of the selected nenory cell will be conducted as
descri bed below. Specifically, the selected word line W. is maintained at a
| ow-vol tage (Low) |level and the selected sense line SL isgrepntabned at a
hi gh-vol tage (H gh) level in a constant-current limted state. In this
state, a forward bias is applied to the diode D of the selected nenory
cell, and the diode Dis set to on-state. |If the magnetic tunnel junction
el enent MIJ is iLn_a Qhigh-resi stanc t lectri.c.p hal

]H]%'e EE hj.sr 3! Tha evdféx? %ho@u‘lﬁ Vetlilr_?elggc?ﬂé'lg o%f Elli'g

sel ected sense iI'S mai ntai ned at H gh magnetc tunne

junction el ement J s _in_a.lowresi e n ectric nt
flows int%ef%%&séﬁchggrﬁS?gngnéjVi ?ﬁ?@ﬁg%égﬁég%ﬁ nec%c%%ﬁnn%€8§%§ction
el enent MIJ and the diode D .at.the on-state, where el iCc _pot i al of
The col ccTRRSCHTERS) Ard oGl 1 " BetreRicty YOEh S Bhet FRatt o 2L e
retrieved by detecting such voltage -20 JP920010158 levels with a sense
anplifier§t¥msthis event, an unselected word line W. is nmaintained at a

hi gh-vol t age (HLgh) %gve# and an unselec%ed sgnse Iinech i s, maintained at
a Tow vol tage (16%) ?&vEROWACRO ECREI§CCK 1PBGdr Sa ot 40T & VLT WY ¢ he
di ode D between_t he unseLegted sense |ine St and t he ugselecte word |ine
W.. Ther eP?t &2l Bot AP Lt LYY eF JATEOTS S hbt 2HERYir 2Bt DeRFT TR 531 ect ed
word line W. and the unsel ecte senge line_ SL, or befween the uqielgcted
word |ineCYWCRhY CFe SRF eEFETPIENsR | PRe MAMNGCRANAINY nEPhé stR1EYof a
vol tage not higher than a threshold, the diode is not in the forward bi ased
state but®®8RPAtMeRh- of f-state (a reverse biased state). In any cases, the
electric current, does npt flow on the unseiected cell, Adoption of_.the

above- descri bedf bdt ehfi 5F ArFEATRNEFEE LA T e% FY S BOUHAT OB R BRI ectri ¢

potential for causing the electric current to flow s applied onl o the
magnet i ¢ ?EnﬂemefﬁﬁgtPgnféﬁgﬁgﬁFlﬂﬁlgﬂe (ﬁQﬂﬁﬁéfqﬁﬁg§y€%%I€h¥ré
Accordingly, the targeted information can be retrieved by._retrieving the
el ectric PEPRAITERL oR HIRNIEH etF e @ CEATSENG e TRt 15 iﬁ%d%% €5 whiether or
not the electric current is flowng on the selected nenory cell) as

descri bedS&®B¥e. Upon witing the information into the sel ected nenory

cell, a controlling electric current of a given ghitude is applied to the
sel ected word I?h%-wﬁsamft?ﬂ?%ﬁﬁ%c?ﬁﬁs§éﬁgEtFPﬂg?SW??N|ﬁﬂﬁ%¥ﬁ£ the

orientation of _a free layer_ in the netic tunnel junction elenment MIJ is
control | e8*#RPL9 0f Eb@zé@f@?@s Ogccfg&’gfd‘ﬁ@é:wgc I‘Fq? Ms‘?"f%‘”ﬁ‘é@}%t?% field
gener at ed gébtgts elegtrhc currenth aﬁg.wwitin he infaormation is thereby
per f or medtPReFa1 iy epPgdipente ArTaANgay s gy FSEed' 1 tHE WF et i nes W
and the sense |ines SL arranged adjacently in the |ongitudinal and the

| ateral dPfetBFofik®PR-the drawing. Meanwhile, serial nunbers are al so

affixed to the magnetic tunnel junction elengents J .and the di odes D
di sposed on the"'t spé@ﬂ%ﬁa?Qﬁ%é%%cFFﬂﬁsbﬁ?HF§9n§gg e AH]Y 106 ?W%

intersectin int _of the rd |ine 1 and the se ine SL1, disposed is
a menory %nggiﬁnﬁésEBeoWe£%€%n§6n4¥¥%ﬂt gj%ﬂﬁiﬁﬁ%ﬁeﬁ?ﬁﬁﬁ1lW%Jﬁ nd the
di ode D11, Although four .nenory cells are illustrated in.the drawming, it is
need| ess FBEsEglfaaﬁmgﬁgémﬁﬁﬁn?frégﬁﬁg éﬂeﬁ?f?ﬁééﬂ%ﬁxﬂé&?téhﬁeﬁ¥ﬁe$n t he
fol |l ow ng gescrigtion, t hose affixed nunbers are omtted. Note that every
merory cePF RFBE& &hP8entical structure in principle.

Fig. 40 is another cross-sectional view showing the
example of the method of fabricating the MRAM according to
the third embodiment arranged in accordance with the order
of the steps.

Fig. 41 is another cross-sectional view showing the

example of the method of fabricating the MRAM according to
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Fig. 2 shows a cross-sectional view and a plan view partially exenplifying
a nenory cell array and a peripheral circuit on one exanple of an MR AM
according to this enbodinment . The partial plan viewis disfasechioig a | ower
side in Fig. 2. left side of the partial cross-sectional view shows an
menory cell array portion and a right side thereof shows a peripheral
circuit portion. The partial plan view is disposed on an upper side in Fig.

2. The nenory .cell array. portion of the.,part.i S- ti.onal -

JP9200101':§‘I&)§3 \ﬁ%ihmo%ﬁﬁ?? o%?a%g%i% ?’gf grcscg 882118% (‘)@g%setc | oonrcf/elzrew t aken

along a center line of one of menbers 43 (sense lines) in the partial plan

Vi ew. Thé’ﬁdﬁg\ﬁ‘eﬁtﬁfﬁﬁi bed rules are also applicable to other drawings in

this specification where a cross-sectional view dvﬁeﬁl a Vi,ew ar
[ n

r.e
illustrated si % -antoudfy? FveTEOSE W X WPy i G
portion in Fig. 2 is an enl arged_cross-section Vi f_an _MLJ rtion. A
subst r at €¥FR P h tRRMREARF 0P Lt P réﬁﬁgapﬁe S ﬁ@%ﬁﬁ%céargggﬂgggth%uct or
substrate portion_1 and_a substrate igsul at i n?} l.ayer 2., 'ﬁh%kgeemér(ﬁ)nductor
subst r at EortR b 18TROGIRERY | FYXARER of Mo 2SEPFEEA Raf'er: sEri%onduct or
substrate portion 1 has a constitution which is characteristic of a typical
SO subst3fattdie HF@R%er, the seniconductor substrate portion 1 does not

al ways have to include a semi conductor material so far as_an SO structure,
that is, a strdtidrethadPn@PtdIas HrPFSyeFC ot i N%EWalsihﬁéi’l?@bsttskieate is
realized. For exanple, the sem conductor substrate portion 1 | i nclude a
gl ass sulgstannle ot athe unehBodupst f-éﬂ%lgﬁﬁlpﬁetlhiekéfm%taé:ﬁi’.r dibstrate
insulating layer 2 is typically nade of a silicon oxide |ayer. Besides, the
i nsul at i nfg'lq Aetrd ambodemepbedsraBged| dii ALCEFERSs Wit Itﬁ'teorf’ i de

| ayer and the like instead. If the sem conductor substrate portion 1 is
made of &f itk RSmaterial, then the substrate insulating |ayer 2 may be
omtted. A surface sem conductor layer is -23, JfQZOOlOlg%“Provi ed on the
substrate i nsulB9 ngéfajér DOYRETH CLESFISEFHIOPR! J¥LEN FEPHEert P et i ve
regions (7 and 9) of FETs, source/drain regions (16, 19, 23 and 27
t her eof , e¥aMRERIF efenBethgdard zfQPr&Faﬁngﬁgu SRAH cﬁi%cso%ﬁdlq he® 1 i ke
are formed on the surface sem conductor /| ayer. The sem conductor substrate
portion 1yhe hehst@serhPaimARE| aFFARIPHy AP RCHF SRE Ss UFs etliéeerﬁ‘f: uct or

| ayer collectively constitute the SO substrate. Elenment isolation
struct ur e®f 5tk eS¥RB¥i ded on the substrate insulating layer 2. The el enent
isolation structure 5 is typically nade of silicon oxide. wever,. the

el enent i sol at i B st ABctiF e25 P BELEY sSPRUABIORS | FXIRPHEt Afde ¥ ot her
insulating materials. Bottomportions of the el engnt i %ol a{__%on trucgt ures 5
reach t he'@uiRdr gl fRONILETAE afBe ﬂ%e@éﬁfrﬁrﬁ%o Quctor r%@ﬁ% s
surrounded by _the element isolation struct ures,‘glearéglﬁt he %ubst ratte%

i nsul at | NgMPRYEREDE o PE TRSGIES et f PEFOFRETSE0sYHHE e *85d FTEM offiertF enent s

electrically. On the surface sem conductor |ayer in the peripheral circuit
regi on (tHeSPFght side in the cross-sectional viewin Fig. 2), farmed are
an n-channel -type netal , oxi de. sem conductor field effect ansi st or

( MOSFET) and a ‘gl%haﬁ%e}st%p%lww ﬁqll“n%wjrf}%h%rfﬁ%q‘gﬁf/p%e Y et udes an
active layer 7, a gate_insulating film 14, | ow densi w-t¥ge sfeng':}(l:onduct or
regi ons 18PORhYEWEFREPZE BF ghRBedBAY ACE9PRIREmtCorfdtict P © €

first to the third embodiments.

Fig. 47 is a plan view showing a memory cell array of
still another exémple of the MRAM according to any one of
the first to the third embodiments.

Fig. 48 is a plan view showing a memory cell array of

still another example of the MRAM according to any one of
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-24  JP920010158 regions 23, a gate electrode 24 and netal silicide |ayers
32. The active layer 7 is a p-type inpurity sem conductor |ayer formed by
doping an inpurity exerting p-type conductivity such as bgpeng§By19gto the
surface sem conductor |ayer of the SO substrate. A channel for the

n- channel -type MOSFET is forned on the active layer 7, The gate insulating
filml4 is a silicon oxide filmforned by use of the thermal oxidation

met hod or_the_t her hen v jtion (CVD) nethod. A highly
dielectri%h iFh¥§%?§$a5%$g%ﬁ§%%l%@?é?gﬁgggétant such as a silicon nitride
filmor a tantalumfilmis also applicable to the gate insulating film 14.
The | owdensity n-type sem conductor regions 16 are inpurity sem conductor

regions t e sjge f I An inpurity
exerting ﬁ55§5%8%gﬁ€%§€F€¥i@Nsgghﬁgg gégﬁﬁgﬁﬁﬁpﬁyfﬁéfﬁgﬁgﬁ therein with | ow
impurity density. Each of the |owdensity n-type seni conductor _regjions 16
P or mod on t OYT dEMERIETES st nd i) DREGED +HAYFAHEn! P nghe | oned
hi gh-densi ity n-type sem condyctor region 23 and .t hereby constitutes part of
2 [i ght | yORPFEHOHE ai i ( B8RP it r HEEr - FHESRTClevkd | SES1 ATEOTRRAYLAT ng
films to $e formed on side faces, of the gat electéodﬁ 24. The sidewal | 24
i s typi cabF§vHRER: of HAWEYFT coht okP deCf PR nNEphebRed Bhat| FRePHEEFRbe fil m
or other insulating filps (dielectric filns)_ -25 JP920010158 may be al so
appl i cabl ERY#RE L9 CaReLRi GRLESIEL: y h-a Qﬁﬂﬁ%xW&ﬁhnYﬁr¥%ﬁﬁcW8g%% are
impurity sem conductor regions to _he formed outside the |owdensity n-type
sem conduREdr tReyrbREe 18°6n tPh&ep i isiede OO i Yee F eI 22 An
impurity exertin? n-type conductivity such as phosphorus_(P). is_doped into
each of tHeehfghlaeingt JercTipelRnPEohatice®Bror8hsdhe : 23T tRPM Y e npurity
density. As previouské.nentioned, the high-density n-type sem conduct or

regi ons cdh¥?i POEEAt AEADERA rERP%r EORBHAEHERERI PF (HE IARUSRRTRSE - t ype
sem conductor regions _16. The gate el ectrode 24 is forned q¥ atterning a
deposi t edtBEPRERAGLcEdE | E9eto¥LRE RMRPHIISRLS sPEPl | HNQGS cg?h( f¥1n f or ned
on the gate insulating film 14, Mreover, the gate el ectrode 24 is an
n-type i npuPEtyeERRERERIUCTSF21Byer doped with an n-type inpurity. By

form ng the gate el ectrode of the n-channel-type MOSFET as the n=type

seni condut¥ bFst  EmbQdpmeRt bl e to constitute a hi gh- performance MOSFET whil e
facilitating control of a thresho|ld. The netal sjlicide |ayers 32 are netal
silicide filns f%+%nd1ohss%r?éﬁ%%led%%%r%Wgﬁpﬂﬁﬁ%gt?n%-?§%@p%%ﬁ?goﬁductor
regions 23 and of_ the gate el ectrode_ 24. Forqg?ion of %he netal silicide

| ayers 32M@BATY ed§Vé Chetin r ¥BAM arftle 8P (ST JIRenSt t Vhs- tBRSent

sem conductor regions 23 and of the gate eleciiode 24. Moreover, it is also
possi bl e 1BVeRHLRR, which illustrates partially regarding a memory

cell region in particular. As shown in Fig. 1, the MRAM of
this embodiment includes word lines WL and sense lines SL.
Moreover, magnetic tunnel junction elements MTJ and diodes
D are disposed on respective intersecting points of the
word line WL and the sense line SL. The magnetic junction
element MTJ and the diode D are connected serially to
constitute a memory cell. One end (an MTJ end) of the
memory cell is connected to the sense line SL and the other
end (a D end) thereof is connected to the word line WL.

Selection of a memory cell is conducted by selecting one of
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- 26 JP920010158 contact resistance with the after-nenti oned connector
menber 34. Note that the metal silicide layer 32 is not formed in the
menory cell region. It is due to the reason that the di oges2aneofigsned on
the sem conductor substrate in the menory cell region; if the netal
silicide layer is formed on the sem conductor region for formng the

di odes, then the diodes cannot function because of structure-attributable

occurrence of |eak curren Qn Jju [ i.nter, S Ay $0- licid
lor ocess Itth Cadpt e ﬁ%n?as glgge a&‘d p%%/e(%?i qu'g}tef ngd}g%ei%lnﬂ% qurgt’ aﬁﬂgl&fe?) i Sel e
ayers, en it is possible to exenplif f 1 ith
][T.B.][el’l al BRI f:‘f\e‘f‘%rYIOFe iar?fscf%?'% iggt oar}s/i ?Fg?%ggggg}éﬂ %ﬂﬁgiﬁg%#éom de :
ilmor a silicon nitride film_This wi || ibed . i-n det
_upoln gxplséﬁétqtt@_ﬁi oﬁfﬁsﬁaby’&%ti% F?rrﬁgle)gge Tﬁglgsgggﬁﬁ%-?yplel erlgé[ll' call
includes an active layer 9, a gate insylatin ilm 14, | nsj -t
sen condgt;?cc&merse%;f?oﬁ;ae f@,tedéii [s{EEVE S §f',i|1hi gh-gSESEfg]%?np-‘%f;\é\%ng%e%r‘?guc%/g?
regions 27, a gate electrode 2 nd | .silicide |layers 32. ti
:Oa%/er 9, lime I%W S’é‘fﬁﬂsi F??p-"ﬁfgg iéﬁ?gmu&tsorc?%‘g?%%%glgy t%e c-r%qgﬂn?ﬁeln\s{iety
-type sem conductor regions 27 and th ate, el ectrade .28 ly h
S|?1Iar §FFUEF§P@§Q(ﬁt?ﬁWa%%?%@ﬂEscrﬁgﬁgoggﬁi5 elﬁ?éﬁ 3}nfﬁ2%¥§%ﬁ%%%si?;e
n-type sem conductor regions 16, the high-d it -1 i,
Feg) ons. 2 AREAhAT A & R HDE e KSR 1 GO SRy RS 2
JP920010158 conductive types of the _afqQrenmentioned c fituents_ into
reverse [Roi%r pErasgethelst rdc @t eT ads 8HEe§5fL8ni mshl &g fi | 14, he
sidewal I s 21 and the netal silicide filnms 32 of the p-channel -type MOSFET

are i dentnesdlasd thosaY Fhate e RIS AN IR T N8 Ygat e

el ectrode of the p-channel -type MOSFET of this enbodinment .is a p-t
( : ype
seni condde greverrad 49 eRHeCids, each of the MOSFETs of the embodi nent

constitutes a conplinentary MOS (CG.MJXS) st ture .an opt -cal |
dual gate strucﬁru%mqtﬁqmi@wvﬁjt Cf%t rﬁfrss' EHEE te[“fﬁrgl Zcoelcla ed

hi gh- performance C-MXS circuit. _ e
will be conducted as described below. Specifically, the

selected word line WL is maintained at a low-voltage (Low)
level and the selected sense line SL is maintained at a
high-voltage (High) level in a constant-current limited
state. In this state, a forward bias is applied to the
diode D of the selected memory cell, and the diode D is set
to on-state. If the magnetic tunnel junction element MTJ
is in a high-resistance state, electric potential of the
selected sense line SL is maintained at High level. If the
magnetic tunnel junction element MTJ is in a low-resistance
state, an electric current flows into the selected word
line WL through the magnetic tunnel junction element MTJ
and the diode D at the on-state, whereby electric potential
of the selected sense line SL moves to Low level. The

information can be retrieved by detecting such voltage

-20-



Junction di odes conposed of n-type sem conductor |ayers 25 and p-type

sem conductor |ayers 29 are fornmed on the surface sem conductor |ayer in
the menory cell array (the left side in the cross-sectiongbo¥h@&Vgidg Fi 0.
2). The n-type sem conductor |ayers 25 and the p-type sem conductor |ayers
29 are inpurity sem conductor |ayers severally fornmed by doping inpurities
into the surface sem conductor |ayer of the SO substrate. An inpurity

exerting n-type conductivity such_as pgos horus (P) .i,s doped into the
n-type serf uctbri| afer §¥§§ewi AP Fre%rrpurit ddsi% y. S whi T2, an

inmpurity exerting p-type conductivity such _as baron (B) .is .do into the
p-type séﬁﬁwgr WokPersin® Wt hl%i &ﬁlﬂmﬁegy Hendi t@l.g%'l‘f%@aﬁee
junction diode of the enbodinent is formed b api n%th,e inpuritjes_into
the surfatdigehi tevelicaBd apgunsgpgssePo P aydm oSt e SR 1Sht e, the
junction diode is isolated electrically fromother elenments or fromthe
subst r at 2t e cbPHr Kl Fage hdLPWACLEYR Ldi od& RFEE Y (géher S SE 3R ti ¢
transistor. In this way, nalfunctions of the MR AM can be prevented.

Mor eover , 1 s2RbYRA | O t Hee (R iR PREVEEM RO URF SHRC BT t PRI irent is
a lateral -type diffusion junction diode to be formed on the surface

sem condudk and afee wrsehectey wordiliRe Wkor ThekeietRor® ROEHTi ently

| arge on/off ratio and sufficiently snall on-state resistance can be

achi eved.dibfersree dees tNQF | PCHer deskyedRdtiar 2R le¢ R 14RFF chtto br ocess
thereof will not be particularly conplicated. In other words, it is

possi bl e ardf e i¢aseleteed uperfonl HR®dRL of OF heeFddRi Hant UeFfleckedh a

smal | nunber of additional nmasks. As previously described, the siljcide

| ayer is werdfbinedWbnanHe thgr Fedestel 13emse thime dni coVRIRIBYY 1 alfer 25
and the p-type sem conductor |ayer 29, which collectively constitutes the
junction dhedetase iaBupatidddadd maB g ghsinddiah Bhéhsashalivst rigie

i ncl udi ng the above-described junction di odes and the MOSFETs, and the
connect ordhe@d®eds Jaotr dnf drhred frryprde 59 uPheFfg 44 nf858. & 31 | ayer
wiring 35, 36 and 37 is fornmed on the_ insulating film33 so as to contact
with the ebfingeabe nenbtr¥esge AIRIRG FHR3GPAti nglhi |13 B8 CASeFor ne’f so as
to cover the first layer wiring 35, 36 _and 37, and local wiring 40 is
formed onel@etTheulcbLRRY i AReSs Bt adfloyy onjpdwonesdecsetont@tt - with
the wiring 36. Magnetic tunnel junction (MIJ) elements 41 are formed on the
| ocal wi rRdgprabonand dihaansbfaee - ARASEr4PPAgPPtERTAR lc AFFEERSE Mign

el ements 41 and the local wiring 40, second layer wiring 43 is formed so as
to contacteaiinetqestiicelvnvhichielepErigonAtfRtide EPAVFRES1RHethE
insulating film33 is an interlayer insulation filmfor insulating the

el enent s eheehElSOCUEHERtr At FIBh tfe 3RRSIET a9RFY WP FPSB5MaE=BHa 37.
The insulating film33 is typically made of a silicon oxide |layer, If the
chemi cal FEBRGAI JaMSEEIars rﬁﬁ@ﬂ%@xp THetHodt e éEEPFEGGt GMF ¥ 28% 1t at i on
process thereof, then the insulating,| ager 33 ma\é be fornmed as %Cgl tilayer
film provhaearM-raly, sithec i 5ae Yl PHPOR P he BTt SEndR IR ¥ her eof ,
whi ch functions as a blocking | ayer. Meanwhile, a |lowdielectric filmwth
a | ow di erebrif¥ingnsiht SABFLEACURAREIHe PRsUFRR i 7§ 1ECERBEE P Brder to
reduce stray capacitance of the wiring. Such a lowdielectric filmis

typi cal | yliagle (PtE16VERGoASoH UG IRI Gt 19 gl | bFFimet orcgrrent
spin-on-glass_(SOG fil for_exanple. The connector nenbers 34 are
conduct i véSnERBPELBIf BR EBAnEELERECENBEBPERRES! bn?E hde2eF 1RePsFhAYR: and t he
first layer wiring 35, 36 and 37, The connector nenber 34 is typically nade
of silicon oxi dEPARt NThF§RTi EPar LRFOHBAELEY b‘r‘t?raﬂléeo?e%%?%?dvﬁ\‘/%ﬁoﬁyhi gh

mel ting point such as tungsten._In the case of using the netal with a high
-30 cell, a controlling electric current of a given magnitude

is applied to the selected word line WL and the selected
sense line SIL. A magnetic orientation of a free layer in

the magnetic tunnel junction element MTJ is controlled in
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JP920010158 nelting point, it is preferred to apply an appropriate bl ocking
| ayer (such as titaniumnitride). The first layer wiring 35, 36 and 37 is
typically made of netal with a high nelting point such asypsp@sieiss or nade
of a lamnated netallic film conposed of tungsten and a bl ocking | ayer such
as titaniumnitride. In the case of providing the blocking layer with a

di ffusi on-suppressive effect of netal, lowresistivity netal such as

| um [ I d.cab ., Of it fi i ring,
R S el AL A T
first di Ii h int I [ 0 Fi 2. . i £ ]
fLLiti oln;ﬁ%ssl ?%‘??ﬁ?&%cfo%éﬁﬁi&aﬁ&%% \rllk”%\gt%ggl Isg%%nn%ac (grdﬁq%%i?%ea%- type

sem conduct or | ayers_25 o% the junction diodes via the connector nenbers
34., The WSTHY FTEOTRPected to the p-type semiconductor |ayers 29 of
the junction diodes via the connector Eenbers 34, whergpr% tane twi ré}gég 36
functions as cdHieet oftnétser st t 0SEREAL o ™RGS R 202 L THESRI MChg
constitutes first layer wiring of the peripheral circuit. region The
i nsul at i gP¥E | ™S | WL 307 | BRSt 3CRFR 1137 at ¥ ryt F3T9T fdm‘g%?"tn%élje%s, t he
insulating film38 is forned_ thicker th he first layer. wring 35, 36 and
37 to son&%x*%ﬁl%ﬁd%%% R Flﬁ‘iu}%‘f?ﬁgff‘ﬁjr’ﬁ?%%l%% Jo%r?/h?h r?"?]rréq' | ayer

wiring 35, 36 and 37. If the first layer _wri .35, . 36 d 37 is formed in
accor dandéeaRyii e PRRASLeANMOSTS a¥BoZdFfo 15?‘363(:33% q?%em?%%tfja‘fi ng

film38 may be separated into two | ayers of | qyer, for. buryin paces in
the firsttyegel WRFREOBselsments iqﬂyJarﬁncg Fﬁ?eaxf’geﬁeq‘ocf %r&t% first

| ayer wiring 35, 36 and 37. The thickness of the ins;tll,at &39’ film38 to be
formed ontEPeTPPPEELANGerlNRSESRFHENT ROWE 37 PP 1EF1aYramfe F2Dm 50 to
100 nm for exanple. The insulating film38 is forned as the suffjciently
‘thin fil ninseresetinadrabbleCf $her WRr Shddmé Nl i3 stél'geen%?%?% et he
wiring 35 (the word lines W) can reach_free IR%/erdrs] o% the MIJ el epents 41.
Mor eover , Sk} ncdismesess ul &t BngieTey 38%6h (IRRASSgC86 GRE fBIFRUCES t he
sufficiently thin film it is possible tao cyrtai| formation of conductive
menbers stiéhnel JUHGEIGR RIRTRAT nBt &s ansy N2t g Pld -t heALE)l&%"Ilg i ring
40. The local wiring 40 is wiring, for connecting the wiring 36.to pne end
of each MI9uB| EWEIREY41Cehe BdFEal 1 WP IR R i 4™t fﬂ?ecam’?wﬁage dft mkfal such
as tungsten. The thickness thereof is nade suﬁlii ci_ent Itly t.hin.so that the
magneti c Peefliesgerer &80 WA HEOLR r PRYORE ELAESWArEE 15hdE VETSRAAFeach
the free layers of the MIJ elenents 41. For exanpl e, tgg t hi ckg ss_t her eof
is typi catR§reER-to 190 rhe THOWPY Q% nErEF+PEACPudes"PRE FEE TS er 41a
made of a ferromagnetic material, an insulating |ayer 41b, i nned | ayer
41c nade BEMBEYEr PERadi®tt e tat eNPLF tane‘é?#(nlﬁ RBEY c <F e&‘azﬁd“?‘nl n
addition, an internedi ate | ayer may be ?I so provi ded between the foregoing
| ayers or l@ppRéfal3strugpysgoiB1BELBH B Bop or bottom | ayer of the

above-descri bed_| ami nation as a 1‘;:)ro riate, Cojll)alt &Co%l fil can _be used
for the free | aj&¥- 42a SHRYS 1 E AReaSFayEPRal ¢ VIGHd 28 duP HAyelTén be

used for the antimagneti Jayer 41d, for ex | e. Nbreqver, a.silicon oxide
| ayer or BATHFBMHa (‘ﬁT@gé)fygﬁgeF‘ BSROHE Egzgpflﬁra?h%ngn@u?gtﬁ‘ﬂ St4yer 41b.
These thin filnms can be fornmed by use_ of th&@ﬁ}]ttering.rrethgd o] hthe CvD
met hod. N6E&CPALt PRe BPTerStP™P LG ki & o e MY &FaREnt S
illustrated in,the drawing may pe inverted. Mreoyer, a netallic | ayer can
be for med®BBOGAMERECt r old¥ b%‘i‘%yeje%l e%iﬂnl qyer of ;%prés AR gﬁ Sand the
antimagnetic | ayer_41d and relevant, netallic w r‘i:n to_be conngected
thereto. PhEenéfalFit |ayer 1eSEY )F&id(,ealqr;l RSP oF Jf%aﬁfﬁﬁ?’??c $oRfL o

possible to formthe netallic Iacxae]_rllnmde t he vpper ar | ower M Ling | ayer.

view shows an memory array port a righ
thereof shows a peripheral circuit portion. The partial
plan view is disposed on an upper side in Fig. 2. The

memory cell array portion of the partial cross-sectional
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The insulating film42 is simlar to the insulating film 33. The second

| ayer wiring 43 is typically made of netal such as copper or alum num The
second layer wiring 43 nay al so have a | am nated structugeotogebbes with a
bl ocki ng | ayer such as titaniumnitride. The second |layer wiring 43 is
formed so as to extend in the right-and-left direction (in a second
direction) as shown in the plan viewin Fig. 2. The second | ayer wiring 43
functions,as the sense lipnes SL..The d. lLayer_ witing. 43: ected to
t he ot heY1&Hd=8PYBach I\ﬂTJf%‘V%]Freﬁ%ggl.rgigg%r (tj;ionéjé tco]}l}%#'e a %%leér?ieggg?bed VRAM
of the -33 JP920010158 enbodi ment e j.uncti-o | r-e f on the
SO subst?4ER M AW i §ol GER ﬁaﬁﬁé}éf%gm%rﬁ E)D hgpgdg?%fn%nt%s?’, f(géﬁggarrpl e.
In this way, parasitic_transistors are not n d . or mal
oper at i ohsNeP) t HB R&ﬁwpﬁgﬂﬁ rggﬁnsg&ﬁ‘rﬂéd. T%%ré%@%g, dé?ﬁ%ngﬁeng i ci ent
on/off ratio and on-state._resi stapnce are secured Lp.th i .1 he

enbodi nef¥e P%SPsaBBiéFBgéet§°c8ﬁB?Ftafgwénﬁﬁgﬁppgﬁ%%r%B%gggﬁﬁggﬁ%ﬁennry
cell. Furthernore, since the MIJ el enent 41 of the enmbodinent .is Lgrned on
the netaVReEe| odal GFPFRGSAOCIGEdIN cVr&Vel F1%t nBss H € seclitel. AsCa
result, the MIJ elenent 41 can fully exert performances thereof. which is
to be realivegrayed mimBLEANeISY st riRTEPEE Nofh, V&L T D Wi P be made
regardi ng one exanple of a nethod of fabricatkpg t,he MRAM of éhe enbodi ment
with ref 8PEREe t 518RE drBAFHES® FilP 3 ¥ Fig.2 23 4 e &Foss®BeltPonal views
and plan views show ng_the exanple of the nmethod of fabricating the MRAM of
the enbo@rRERtSEFFARGEd Vi SHcOor @EnMEIWPPRERE or der of the steps. First,
the SO substrate conposed of the sem canduc sybstrate rtion_1, the
substrat e i nsuPatSURsYERiS EOQEHOFhé’rFsu‘?Ol?%Cgﬁggmoggn%Jc‘? OFRBS%Weg%i s
prepared (Fig. 3). Trenches 4 are for rreg on the surface sem conductor |ayer
3 by useiBFlPg@BEi cl3y - kKPSMHCPRSESEPY ho§HPRERTAEF ePATitE™ echni 9Uds BFig. 4).
Bottonms of the trenches 4 are forned so aé to reach thg subshr%tet-34
JP920010 88 sitagEeatinf Jahidld LaYeT hi | | GEBr SEBGCSPPREGRT oXGELFPER for
exanple, is formed on the entire surface Pf t he , SOl substfate to#‘ury t he
trenches POTLEREr edf t19, HRIGYNoR28Ri RL fid nPdnifRB sYPFRte ser’Sonduct or
| ayer 3 is renoved by the CVMP nmethod., In this way, isgLﬁtkon reg%ogf 5 are
formed i emieondasERds SMRSEIRL&)POT NG 11 RR%ed FOPFCPRBESPRSIETCFi I m 6
provided with an aperture in a regi,on where the né&hanngp-t&pe FET in
the peri pfechrrggt@nisticyidh a $HF B FOMEYPFREEEaf t EPVEHEFon *(8) i s
ion-inplanted as the inpurity, and the active |ayer 7 gf thehn-ch%%pel-type
MOSFET | SOt et iR A t®) PORBE@Rt fatiQs® P heR 04&YT yPE8 caPry out
activation of the irrpurit;% after ion_i Iangati on by means of a thernmal

t r eat mentinINGehe § ol FERERGNEREFGRat "8RS d83cr iS5t i ofiof The 32Cti vation
treatment will be omtted, Otherw se, the . activation. st ' t her mal

t r eat mentSE TREFUWRE corftfict 28 a1 SHEUGTEE Sartr b var %iféggﬁs%?QFo%%
inplantation, Particularly, if a di,screte,thermal proces ch a
thermal &8 daPFYA2HLBEesTOPBY AT milify EeﬁéféeghsulEpgnge§%$§$étaﬁéf pl ace
in the course of the fabricatiaon process Igen inngenPe ) gper Iséorocess
for acti ERMSGPRFUGERE | MRSTER Gfay POE AP0 o PR¥d. TREXI9S £ & S a
photoresist film8 provided with an aperture in a.regiaqn where t
p-channels%%émmarr?]t%%r%% teciarr{ﬂjit?ler eldﬁ%n FEHE Ye ;&%remed.
Thereaft%;dbstrate insulating layer 2 is typically made of a silicon

oxide layer. Besides, the insulating layer 2 may be made
of an alumina layer or a silicon nitride layer and the like

instead. If the semiconductor substrate portion 1 is made
of an insulator material, then the substrate insulating

layer 2 may be omitted. A surface semiconductor layer is
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-35 JP920010158 phosphorus (P) is ion-inplanted as the inpurity, and the
active layer 9 of -the p-channel -type MOSFET is thereby formed (Fig. 7).
After renoving the photoresist filma8, a silicon oxide fijpmb@iandsa
polycrystalline silicon film11l are forned on the surface of the SO
substrate ( Fig . 8 ) . The silicon oxide film 10 can be formed by the
thermal CVD net hod, for exanple. Al though the silicon oxide filmis shown
as an exanpl e therei

n,, a silicon nitri film | ym n il a.tantal um
oxi de fi PHRCYIESS 195 f&?@a%ﬁﬁ%&?m%sgf%tﬁrﬂ%ol%%%fi 2abl ge?lﬁépégd lt('):f t he
silicon oxide film10. O herwise, it _is also.possibl o for silicon
oxi de fiWﬁﬂﬂylﬁb£¥$Qﬁlgﬁ§l ?%%1ya%§+ﬂ?zfﬁ%l§ﬂFy(2 gPﬁi@Enogégﬁﬁﬁ'on t he
surface of the SO substrate . In additjion I ugh the pol.y stal line
si i con fAURCEY G2 idhKapnsan ¥anmp? e %geﬁﬁan?ggn%gﬁﬁFﬁﬁOUQXiq SE6h | ayer
is also applicable instead. Next, forned,is a,ggotoreak%g fi.l,m 12 patterned
i n accor FRKENA t (P paARRGrHe) off gBPa] BREELPBJRLCEP St RE BEFL €5 S he
polycrystalline silicon film1l1l and the silicon oxide_film10 are_ etched by
use of t Hoysest or €8 st tRE| m A BACY nBSICETENTH Y he bﬁY%relectrﬁﬁﬁ% 13 and
the gate insulating filnms 14 (Fig. 9). Next, fornq%ggs a photqr sist film
15 provi dEniGHiugt ApFURFEaLE (RF PG o i SHIRE TR Eh i L3 MOSFET
in the peripheral circuit region is to, be fornmed. _-36 JP920010158
Ther eaf t drayei seniahid Akhe| SUrdacenpett Rt e LAY¥EFi GP AVFoY. The
inmpurity is inplanted in the gate electrode 13 in a self-aligned manner,
wher eby tdmngtolrwensihy §R% semt®nduct or regi ons 16 of the
n-channel -type MOSFET are formed in a self-aligned manner on the hoth sides
of the active |Ehswent oisphatiale SHRBETGEES 13. a5eMPEA | o1 nicis
also inplanted in the gate electrode 13 in the relevant region to forma
gat e el ectublrate madeswlating pelBfRF crist al ITHe F19FGH  NALAHA" ar seni ¢
is shown as an exanple herein in consjderation, of uneasiness of thernal
di f f usi oretfuctiere npuliet \EYPHGREVST MastosphoPlis 1FSRaP¥e 5 dopti Sy t he
inpurity therein. Next, formed is a photoresist film18 provided with an
apert ur e the t led anggiton 1fREPELIPRe FEMANEE - By pBAKOIET HLF Y h‘Bag‘%ri er al
circuit region is to be forned. Thereafter, boron %B),i ion-inplanted as
the inpur$tligem g nitmiderneri npbie¥y ISWiad g o819 ﬁrtlﬁisgat e BIEW ode 13
in a self-aligned manner as_simlar to the foregoing case, whe er t he
| ow densipgrpleype oferiltondlienert r é§odAs 198 o?t‘étifé:‘g'{ecsnaﬁnéﬁ- & osFET
are formed in a self-aligned manner. Moreover, the gate electrode 13 in the
rel evant segtonate inswbating olayr typeprelby| 2ot UL O HE BT Dr esi st

film18 is renmoved, and then an unillustrated insulating filmsuch as a

silicon oxugeowndedopya e i eSAMANE il LALLM SUBHIHITY on e St face of

- 37 ‘
gubstrate insulating layer 2 are isolated from the

substrate and from other elements electrically.

on the surface semiconductor layer in the peripheral
circuit region (the right side in the cross-sectional view
in Fig. 2), formed are an n-channel-type metal oxide
semiconductor field effect transistor (MOSFET) and a
p-channel-type MOSFET.
| The n-channel-type MOSFET includes an active layer 7,
a gate insulating film 14, low-density n-type semiconductor

regions 16, sidewalls 21, high-density n-type semiconductor
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JP920010158 the substrate. Thereafter, the insulating filmis subjected to
ani sotropi c etching, whereby the sidewalls 21 are forned on the side faces
of the gate electrodes 17 and 20 (Fig. 12j. Next, formedjpyoaophatser esi st
film22 provided with apertures in regions where the n-channel -type MOSFET
in the peripheral circuit region and the n-type sem conductor |ayers 25 of
the diodes in the nenory cell region are to be forned. Thereafter,

phosphorus (,P) is_ion-i anted as the jnpurit i g, . . The _i rity is
inplante&qg#%qﬁa%éﬂeaegggfrgg C%f%%%ﬂ%%\_%% é?ég%aFﬁi§%id%n%§&%Q% _

sel f-aligned manner, whereby the high-density n-type sem conductor regions
23 are fordred in a sel f-aligned manner on the outside of the |lowdensity
n-type sem conductor regiqns 16 on the bqth si.des _af the gate el ectrode 17.
Si mul t aneous! y,T é‘scﬁﬁéfgu YL s 39 RpPait®f MY ta e B dr%(():g-'éatrrﬂ in
the relevant region to forman n-%ype a;emeleftrode 2% Al so

si nmul t and@rasy, HrEEPRor BY | §1qpr+ﬁ’! ant®H | "PRELSYr f 5¥E Eéﬂ?poﬁdl}é’?& | ayer
3 in the relevant nenory cell regigon to formthe n-type sem conductor
| ayers 2ZondiativigifredSugha phdt orR¥A 1ilBh 26°BFBvi deif wi tsrlr‘r%%&ﬁt ures in
regi ons where the p-channel -type MOSFET in the peripheral circuit_region
and the pEaWiROBIREINILRYSF Phydhe 2%05f SPHétHBEGes i% Ché"RehoiPicel |
region are to be forned. Thereafter, boroncég? iiiion-hqplﬁpted as the

i npuri ty tR g-chennef YRPpMAIRET i85 MR P H i @Jate 3¢ JP920010158
el ectrode 20 and in the sidewalls 21 in a sle-allgEed manner., w?%%fby t he
hi gh- densi ty p-Bhfedaksi eéBRBLRESRIr EdilBnd LA FOMHERR R*498el™10 i gned
manner on the outside of the | owdensity p-type seniconduc%or regi.ons 19 on
the bot h fuRed ooyt hasgat @fel 828 r SRR SCHHORLABBUSTGERBDr ?F i £14 so
inplanted in the gate electrode 20 in the relevant region to forma p-type
gat e el ectheyeaschapieali FaPPEN RSN L1608 offVY iMpHirted Pn l'Hﬁrgl%rface
sem condumc_t& I%Ier g %n thgarel eﬁ'i%ﬁ% npnoryt]%:fflél ﬂél?%i:‘o%r?%t gjrlfegr g]ﬁt hag p-type
sem cond e¢tyed st 2Om HW3tHescr FRVRe = e nddct?or | ayer
25 and the p-type sem conductor layer 29 collectively constitute the diode.
In this enbbiorneitrhéedfbdBsotan BANEELRR fdilHulitafdiRs13PRIT AR Dr ocess
of formng the high-density inpurity sem conductor regions of the MOSFETs.
Ther ef or 50 tHes ke HOSRERE 12Dt L%t*hs for formation of the diodes of the
enbodi nent, because the diodes can be fabrjcated within {he cggventional
process except Tof AOWrEENELRBdIFIteRE FFBHFCIREIC S| FREIORRXL? rSred are
a mask layer 30 for covering the nenory cell region Fig. 15£t,.a d a
metal | ic ieperiny eemicePERFEgrt KEILQPFadS dre t AR BRti PB Sabdt ¥ Fi g.
16). The mask layer 30 is_typically made of a sjlicon oxide filmor a
silicon refritlefigater orleSErple: ~ Thetret HIPY L Fhy ¥4 AT y nade
of metal such as tungsten or cobalt, which forgs a nﬁgal silicid%_layer
with |om1¢@%¢%@t#?%9¥b§uch9as arsenic (As) 1s doped therein with low

impurity density. Each of the low-density n-type
semiconductor regions 16 is formed on the side closer to a
channel region than the after-mentioned high-density n-type
semiconductor region‘23 and thereby constitutes part of a
lightly doped drain (LDD) structure.

The sidewalls 21 are insulating films to be formed on
side faces of the gate electrode 24. The sidewall 24 1is
typically made of a silicon oxide film. However, a silicon

nitride film or other insulating films (dielectric £films)
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JP920010158 a reaction with silicon. The netallic |layer 31 and the silicon
are subjected to a reaction under a thernmal treatnent, whereby netal
silicide layers 32 are fornmed in regions on the sem conduygtgfosibsid at e
where the silicon is exposed. Unreacted portions of the nmetallic |ayer 31
are renoved by etching. In other words, a salicide process is conducted.
Subsequently, the mask |layer 30 is renoved (Fig. 17). However, it is to be
noted that the k | ayer, 3 oes, not, al ways have to be renoved. Since the
mask | aydfe3 ‘?rsTaB]fS%c? rﬂa%p%a’n%aorfﬂ ntsl'l‘%err%‘t al silicide films 32 are formed as
descri bed above, n tal silicide |ayers are forped in the pqQrtions
covered with tt?@“‘?r;l%ﬂg‘a% SHeY FRLYP Sgewécgpfipgggg F&y’éPé’sa%é* fBrred on
the di odes (on, the n-type sem conductor |layers 25 and fhe p-type
seni condutTRHT } &Y e SEMEPIANCLRE n’é‘?}%lr?/n%e%lo ré@i i tﬂPES&ég, §R%kage of
an electrjc current attributable, to éhe silicide |layer on a Lung%hgg
i nt er f acet ¥~ L8RS HEHdE LIPS eFRL EMNAERE h&FIMOPFs, 14 A% f EPEn t ween
the nethod of fabricating the di odes of this enbodinent fromthe ,
convent i ohsfeHr Sfeskifs J348 t &FTHE he addlyi SHBHThE¥k S YUY
formati on of the mask |ayer 30, and alignnent of tp% addi tj onal mask does
not requiRetYRYhCPREEFELBALY TIHRIGT or®e, PRRSPREFEEse Bin bair §ORSSF ¥H process
attributable to addition of the diodes of the enbodi nent is not
si gni fi caRch vpfedrd | DEBNABRE LY I 1EARESr ST CORAUEEF FSTRPPEor? Dxi de
film it -40 JP920010158 is_needl ess to renove the nask |ayer 30. Fig. 18
shows a prapR vhéghofmong ikendlansddiy- r eBf oRTAVIPHEL Ys e 1oPRE pit% of the
n-type sem conductor regions 25 and the p-type sem conductor regioqns 29 are
separ at e ¥glondenel t¥s Pedtvbfe SPBHERARIUBLOF h& %iGNs | GRANFEGFBRES Wi
severally formed on islands. Therefore, no parasitic translators are
gener at ed=DRbr SGFECEUEECch BPIeHeH- t YpEhseniROnddOWoPeRgyEY 25 4P’ he
rel evant p-type sem conductor |layer 29 are fornmed symmetrically, and a
boundary ¥#MtFRNIGSTPRYERSIRPst¢t utes a conposition surface. Due to the
cell size thereof, sufficiently |low on-state resistance can be, secured.
Next, the .insuflgi @Rt | MEStIredeor Atd bh the™MEs | P¥ sBdSEFEEERS3,2 and
t hen contact holes are formed on given regions on the insulating film33. A
conduct i v@eRPPERTEd HMAMGPIMG Bacha¥Bht atHCholPE t 8 R FHE ive
menber 34 (Fig. 19%: The publicly-known CVD nethod is applicabl e upon
formati onsbii¢pl i hilmat Fegned| nPB3. thdr IR, YRS yERHBWL4 -
phot ol i t hography and et ching techni ques are applicable upon formation of
the cont MPreeYRS: Mt h&AkSr eClERETEBRIUES | V& nBRbel st BHS c oMM ¥16f med by
deposition of a conductive filn1gsuch as a Robﬁcr stalline silicon film
with hi ghSeRPEPREYC EehsiBeT ofCBEHy| WgF R h8c dht BPe hdMBR T subsguent
application of the, CMP nethod. A netallic filmsuch_as tungsten is
deposi t edf RN RS FH%UH&FFﬂ&lﬁFFﬁpgg,Ogn %FhéH{?WQQﬁ%¥£ﬂRQfﬁqu ﬂs??orned
-41  JP920010158 , L ! ,

the n-type semiconductor, it is -possible to constitute a

high-performance MOSFET while facilitating control of a
threshold.

The metal silicide layers 32 are metal silicide films
formed on surfaces of the high-density n-type semiconductor
regions 23 and of the gate electrode 24. Formation of the
metal silicide layers 32 can reduce sheet resistance of the
high-density n-type semiconductor regicns 23 and of the

gate electrode 24. Moreover, it is also possible to reduce
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into the first layer wiring 35, 36 and 37 by use of the publicly-known

phot ol i t hography and etching techniques (Fig. 20). The sputtering nmethod is
applicable to the deposition of the nmetallic film Here, asqpi&Vsously
descri bed, upon patterning of the first layer wiring 35, 36 and 37, the
wiring 35 is patterned so as to extend in the up-and-down direction of the
drawing (the first direction). Next, formed is the insulating film38 for
covering the first layer wiring,35, and 37. Alter.natiyel it is also
possi bl e $¥3Fm t hES F’F@Pcﬁaygr"%%i I‘I%% asafgcee&'ﬂed’gdlqr}?@/hee{?}?%%%ta‘?ﬁg |
drawi ng by use of the Damascene process. Specifically, a allic filmis
buried i itepee BfencRES ofiRb gﬁetH@qaknﬁ¥ﬁ¥?ﬁ§%i¥%¥%§?§ ndSurfecessary
portions of this metallic filmis_renoved by the CVMP nethod to formthe

W ring i nSPEBEd hdnt FBACHBECTYnCehils TEF40M - a” thhi i SF id4 iR er§3RPR he
first wring is formed over the insulating film38. Contact holes 39 are
fornmed onthdk theulddodes faren Berpedt AR WHe MEHEONhE tersupstrate
unillustrated netallic filmis deposited thereon, The netallic filmis

pat t er nedi®other mempeyl ¢edil iegirn 4ol f Frie pefalsisidd aife ikfsif%atithg film
38 on the wiring 36 is sufficiently thin, it is not necessary to bury a
conduct or f@ER®@ronnthet FemdepnUctrel gegdonndger, Farain i thiyridteees ayer

41d, the pinned |ayer 41c, the insulating |layer 41b and the free |ayer 4la,
whi ch col teeri vel Sheonstd#Qfas t he CRINNCEl enefiENCAL8NdepoREERESE42 ©
JP920010158 consecutively, and the MIJ el enents 41 are fornmed by patterning
t hese | aystsug¢rige-abyriffneaklet t eFFREYRBERAOAOLs AFFI c B |- Hepfsi ti on
of the respective |ayers. Mreover, the dry etching nethod is applicable to
pat t er ni njunebient fateracesder éfI&ﬂﬁ@ﬁﬁ@#&ﬁ@héa?égb@@HPQQQ%%ﬁwkﬁfor
constituting the MIJ el enent can be inverted as nentioned previously.

Ther eaf t eagophedi asuh andag @flm¥ﬂ26m6$n%o@@#W#EF@meoﬁmme%¢£ﬁ%h&%Cquand t he
local wiring 40 is forned, and then surfaces of the MIJ el enents 41 are
exposed byayaes OMthen hdd, fisr pgagpbée SubseFeamlify ap umethadt ref ed
metallic filmis deposited thereon, and the nmetallic filmis formed into

t he seconfiorayes W rihagk (WHéehsensmatpréalahigh phst @Ok ngrrs germey .

Al t hough the second |layer wiring is not illustrated above the MOSFETs in

t he draw hgtoi sildcidedl esich cagap AL e WiTdhgt bR Phe AVCBFEIEC®f t he
peripheral circuit is also fornmable at discretion. Thereafter, it is
possi bl e Rbtrdden Adlar bi Thdsy medeberildf R [defFiRRs sLatRy ebh. d¢kRkler
description thereon will be omtted, According to the enbodinent, it is
possi bl e vhennexpigneeienrefi anfabylrrehentRrOFERRdi ti onal can be forned by
use of the local wring 40 nmade of the fabricating nmethod of this to form
the junction diBdespiahadrel ytvipe WAQEFRTbER GRS 2R ePRELIYRr &XRF , 2 £ | at

pl anes CMP nethod or the like, and the netallic filmis adopted as a -43
JP9200101889ate insulating film 14, low-density p-type semiconductor

regions 19, sidewalls 21, high-density p-type semiconductor
regions 27, a gate electrode 28 and metal silicide layers
32. The active layer 9, the low-density p-type
semiconductor regions 19, the high-density p-type
semiconductor regioné 27 and the a gate electrode 28
severally have similar structures to the above-described
active layer 7, the 1low-density n-type semiconductor
regions 16, the high-density n-type semiconductor regions

23 and the gate electrode 23, except for converting the
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base | ayer for the MIJ elenment 41. Accordingly, it is possible to secure
flatness required for formation of the MIJ elenent 41. It is possible to
formthe MRAM nenory cell expectable for stable operatiogpdpasedies the
met hod of fabricating a logic circuit in the prior art, by arrangi ng sone
mask nodifications and the m ni numrequired nunber of additional masks.
(Second Enbodi nent) An MRAM according to this enbodi nent is an exanpl e of

nodi fyi ng structures of the diodes in the MRAM descr i i r

. enbodi MERNAUGH ivge Fm%mﬁg,t%saﬁ%“‘&w@&s di %%ﬁ%)ﬁgt%%hrr%éc?r%ﬁ tutions
as those in first enmbodiment will be omtted, eb escripti il be
highligmﬁQYQﬁ?QﬁHQ¥%¥%ﬁl%ﬁwtsT??oﬁ¥¥V$é?r%ﬁb8£?ﬁéﬁt%agfg}nf% gﬁgﬁgaa
cross-sectional view and a plan view partially exe i fyi.ng .a.nemry cel
array andidmek4 phehal sdfevatisorlo dextﬁ?pl%g/%? a%kﬁﬂ%ﬂ%cg&ﬁf’g&%o t he
second enbodi nent. The MRAM of this_ enbodi ment is iogrre% on_a,si Iti con
subst r at @f ks |P PRSI YRR MOFFFE R LS| SACREYFBN 58 FEOFSr ABd % a
surface portion of the silicon substrate 50, and a p well 54 gﬂf n n well
55 to be rethanme Intyiee MOHER i oGt &yitsiR s a6 RIES T 4G 'ﬁ%@ral
circuit region. An n-channel -type MOSFET is formed on the p well 54 and a
p- channelp4QENINISREPS S MerFrﬁe'jd & t &P waPBEM/ S afe FHEF on t he
isolation region 53 in a nenory cell region._ The diode_-44 JP920010158

i ncl udes samicandctwar tayekict ofT SFECBIHRE a PREY peLséhec RIS | ayer
62, which collectively constitute a junction diode. Mor eover,(éihe r}-type
sem conduzf othe apmboddmens (AR Si-its@ss i EONBLEPRRERAYeMO82 &% or ned on
the isolation region 53 as an island. I n other. words, the diode in the
menory cestruegiom a8di 36PREE %19 IdAT Y bnIdt RePtEPERBREs and® from
the silicon substrate 50. In this way, generation of parasitic transistors
can be prEiviemtedy, Adti tianipespiorskPi GeBstiteEe endigh Ry F¥rfduct or

| ayers 60 and the p-type sem conductor |ayers 62 are formed sinmultaneously
with gatecefie@steogesitof the MOSFETs. Fig. 25 to Fig. 35 are cross-sectional
views and plan views show ng one exanpl e of a nmethod of fapricating the
MR AM of the sefwmetomodiiedrs ar¢Rrird n dkcdtvaRe wiehH TIRAHT of the
steps. First, the silicon substrate (the silicon wafer) 50 is prepared

(Fi g. 25)}agedst2Bnahésp5tyare SEBiFEBYRLRTSUAYEEE e Pd6t fbif"[)?sde Gt the
publ i cly-known photolithography and etching techni ques éFE%. 2%&¥

Ther eaf t ethe asumfpicey ek d YAt 13YEF i L ifsh‘%je‘g%@% d Etlér 6 3hd t he
insulating filmis renoved by use of the CVP nethod,, for, exanpl e, .wher eby
the insul &thegleftnridepini Ehe| FFOSE nEeEt bRk VW 11 15t tHe i sBI%t i on
regions 53 (Fig, 27). Next, the p well 54 and the n well 55 are formed in
the periphefdbecsenirondegreorn byvese oF e Flf PzEYPe JPRBHFAEE ©*

i mpl antati on method, for exanple (Fig. 28). _Then, alsilicon oxid iiln110
and a pol yeygseal RBPnease| i EBAUFLF 1908 eOPSHHERE ontdFRF 2nt FT €t Tce of
the substrate (Fig. 29) . Then, forned is a photoresist fi|m56, which

i ncl udes farmednbyf SePisgNiiTPUHE 1gs d e Rct h%e‘Rk%‘ﬁEQ‘éC%%
patterns for covering regions where the n-type sem conductoor |ayers 60 and
the p-typéaveri edndued oFOLaydestEatsi-| | R FEPHES YTV VAT 5% T ne
silicon film11l and the silicon oxide film 1? are, etchedéigy.uge of, Lhe
phot or esi SPNARERLBELYs BHRsIET FPGOSBEPTUEn (Rl s T ef© i 6A5°f oF™% or i ng
the gate el ectrodes of the MOSFETs and semi%§3€%§%or | ayers éthe.éslands)
for forni hgtyRe GeRdESNONELOsn 18¥ETForred” SinfttHhebR ALY density.

Meanwhile, an impurity exerting p-type conductivity such as

boron (B) is doped into the p-type semiconductor layers 23

with high impurity density.
Since the junction diode of the embodiment is formed

by doping the impurities into the surface semiconductor
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Then, lowdensity inmpurity regions (16 and 19) of the MOSFETs are forned as
simlar to the first enbodi nent, and sidewalls 21 are further forned (Fig.
31). Then, forned is a photoresist filmb59 provided with spefdanressg n the
regi on where the n-channel -type MOSFET of the peripheral circuit is forned
and the regions in the nenory cell region where the n-type sem conduct or

| ayers 60 of the diodes are fornmed, and phosphorus (P) is ion-inplanted
therein an inpurjty ig..32). . As it has descr | i { rst
enbodineﬁf?yﬁ¥gﬂ-déh§iFégngyyﬁé%ggﬁfcgﬁguéﬁ%ﬁﬁﬁgﬁ1éﬁgﬁ%ggg%dﬂ%%ﬂfkéépe gat e
el ectrode 24 are formed; sinu|taneously, .phosphorus is.inplanted.n the -46
JP9200101%%e‘|’"'e¥1‘e%ﬂyp%’:ﬂ"bngL%?rt ﬁé‘%%erﬂtcgonagct o a%llSa ﬁﬁ?%t%]%&nemry
cell region, whereby the n-type sem conductor Jayers 0 are formnmed._ Next,

f or med iSA%C%HQ%%gﬁiistthﬁyegﬁéftbPBVig 'tfﬁﬁ%%rfﬁgésqg??ﬁﬁ?%eé?on
where the p-channpel -type MOSFET of_ th eripheral cprcuit is faqr and the
regi ons i PR¥HBLheADI a&@HStFEQionlﬂhéggf%héggﬁtYB%fg%ﬂ$E%%%%c grqﬁgiers 62
of the diodes are formed, and boron %%% i s ion-inplanted.therein as the

i mpuri ty {RRY. caB) beaRTEVRALEE -t o MOFEN S agihEt"Eh, *1hi Uit SFEY 3T p- t ype
sem conductor regions 27 and a p-type te._electrode 28 are forned;

si nul t aneBR8| i WKGriRR | §1PASI a‘hge(’f)&en gﬁgoﬁié‘i“%’{}ﬁntlspoﬁt i @%‘ée]é?{’twe

sem conductor layer 57 in the nenpry cell region, whereby the -%%Fe

sem condui6fupagBr sieRchi@1f FIRIL 159 t hSs %&ﬂ“e@heoai oﬁae i ‘E’f rfig t he
n-type sem conductor |ayers 60 _and the p-type sem conductor |layers 62 are
formed. Asemicprdupber da¥eri BEdtABoYeI FRRSErYFBdesFaF et bf TP silicon
i slands on the isolation region 53. Accordjngly, the di odes do not
constitute @%@iﬁQMQFQH@n%ﬁgﬁ%r§P/H§ﬁu£a§kﬁnﬁ%doﬁﬁéﬁ39iﬁ9?ﬁyt?@ﬁ%hAM
menory cell can be secured. Moreover, as simlar to the first.enbof'nent,
no additi 8RaPta3tep¥eaietprBEEi F88 P& e Dn ORI odtd. T iacth %ingly,

t he di odes can be fabricated by arrangi ng sonme mask nodificati ns.'f t he
cour se of behdessiidiad o?a%\:e¥abrtih@atﬁ}%-' %"cje%ré.pK@EF,ssaéﬂkq’?ﬁqurw%jo t he
first enbodi ment, a mask_-47 JP920010158 | a erégglfor covering the nenory
cel | regiBAti 9 oPABEIGRHAT hEn AP LdSR e de pracd 9 ¥BRHEct &t 1% this
way, a netal silicide layer 32 is fornmed (Fig., 34). The nask Ig er 63 can
prevent | pARa&ELE! tO Eabricaks: t&iet I BRI nle mer FaeegMBP ¥ﬂ%n8iodes.
Fig. 35 shows a plan view of the nenory cell region this stage._ The
pairs of PReYn- W8 séni EdRddct SVRSH o 62 %?ﬂghrtwﬁﬁk%enico%ﬁuctor
regions 62 are fornmed as the jslands pn,tng isolatign re igﬁ?53(§nd t her eby
separ at ed PER¥EPRPEY| I3ESdReche Y pett 9%l eBRE s 18nd*F e sTBstrate.
Therefore, no parasitic translators are generated. reover, each_of the
n-type seft€orfrdEses Rlerts® ﬁﬁHYPﬁeSF@&SQHﬂPcﬁpfy33X5§ﬁ%§nﬁﬁétBPeIayer
62 are formed synmmetrically, and a_boundary of the,t | a ;s onsiitutes a
conposi t i B tYVEF ac EEMASORARCERK tolFNErfiré?'eangF nt,cég ?Fﬁf%ﬁ Yy | ow
on-state resistance can be secyred. ,Si.nce the process thereafter is simlar
to the prGOBSEILHLERe ther JUNELHOT AERES - det ai |l ed description will be
omtted. According.to this enmbqodi nent,. since the diodes e forped._as the

i sl ands on the PBoRESMIRtEEG dnt ,fau}%mééﬁﬁ%$29?r§% iéﬁérgug?ggﬁgﬁerated.
In addition, the diodes are patterned, sinultaneously w th the gat

el ect r odedPEARARE | fB6ri BPEYCarESaEpLEsi AUPELABBusPYCiFEh #B naEPSn of

sources and drai ns of_ the MOSFETs. AccoLdinglx, t he _di odes,can .be
f abri cat edOREETsy P&y the connector members 34’ are formed inside the

insulating film 33. First layer wiring 35, 36 and 37 is
formed on the insulating film 33 so as to contact with the
connector members 34. Another insulating film 38 is formed
so as to cover the first layer wiring 35, 36 and 37, and

local wiring 40 is formed on the insulating film 38 so as
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-48 JP920010158 additional steps. (Third Enbodi nent) An MR AM accordi ng
to this enbodinent is an exanple of further nodifying structures of 'the

di odes in the MRAM described in first enbodinment. In thegbobbonongs
description regarding the same constitutions as those in first enbodi nent
will be omitted, whereby description will be highlighted on different parts
fromfirst enbodinent. Fig. 36 shows a cross-sectional view and a plan view

tiall | i fyi . cel | per. | 4 GhEE U]

el ¢ 5P AOTNRAN SEeohdERG (OIRS (h1 1o SRS e e MRF S bh s

nbodi t isf d SO bst.r at in . hefi
embodi eI pRAGBEN N4 LdPSte SOF ol SHBBH M s d f FAZeRR from
t he diode of the first enbodi, t _in that the di h hi,r d di t
el Udes SBATACRy 3ESSIATABIELD: *Pager ST ingorBraliod FIOIFSut sl
sem conductor |ayer 3 of the SO substrate, ,and a p-type _sem.c ndggtor
| ayer 75tpat def dW§F%HBtéﬁeoﬁ§F9naiﬁﬁYFGrﬁéFFBH 3? é§t§°5P8§t$°

odes of
MOSFETs. In other words, the diOdi of the third enbodinent is a di ode
havi ng ateoresrctonistr th€e MTdhreRMFR a1 el to a surface of the

substrate. Mreover, a netal silicide |ayer 32 is _formed.on surface of
the di ode of tRé& EhPHa éﬁb&@ﬁnéﬁﬁwlpﬁg.tg? ﬁBSEhaFlﬁgngﬁémcPgs§?sggtional
views and plan views show ng one, exanpl e of nethoqﬁgf f@bricgtin the -49
JP920010158 evRAYRrof ingielathion &ibBdiRENt i r%ctorBaic? With the

order of the steps. Sonme initial stages of Ehe fabricatin neggod f the
third ensdd BE srbstaehei &&om Fhthef $¥2ps1a¥er| MidtPdt et? i n°®i §793 to

Fig. 7. After active layers 7 and 9 are fornped Ln a 8eri heraLlcircuit
regi on, &7PphotBresirtu¥atingof btby3 HetS wrYRLIGR 3¥ePRBFeCon®t fé &7t e
surface of a nenory cell region. Then, _phosphorus (P) is jon-i nted as
an i nmpur isidendlayviesphorkfs FBetﬁ@P@B§ﬁ%nﬂ?é%ﬁﬂfq%}t%8i§ﬁ$?5%eq8h%)

sem conductor |ayer 3 to formn-type sem conduct or Iaye%% 71. NE%% a

si li con matdwd iisnampplied okeredne FEaPr 388t 1GRIPEFRERSE SOFERGH  of TERe
silicon oxide film10 in the nenory cell regign isre veq &Figf.ﬁga. After
the phot drtesiistsylatard 1ayeendyeBaY aPpof§ENGSt &P AndVS i @F 4T itrm™1 i s
deposited on the entire surface of the substraée (Fig. ,40). Next, the gate
el ect r oder ticlgsht vdthedaasSs hFPhar HEHHRE f EALP eMBodiHenCUHESWETEr, a
photoresist film 72 includes_patterns to reventdgatterq%n of, reqi ons
wher e p- tsppefagsi ddee@for MRyEhs ¥8N5F&C8Hppdte tcp%ﬁ§’]6&he&§ By "such

atterning, sem conductor |ayers 73 are_forne n the n-type _seniconduct or
Ipayers 71Mge{q:1v§@iil@l,)_ a low—dXelectric film Wclll.t?’l a e1ow >(i[?Lelecri‘grlc

constant may be used as the insulating film 33 in order to
reduce stray capacitance of the wiring. Such a
low-dielectric film is typically made of a silicon oxide
film containing fluorine or a spin-on-glass (S0G) film, for
example.

The connector members 34 are conductive members for
connecting the elements on the SOI substrate and the first
layer wiring 35, 36 and 37. The connector member 34 1is
typically made of silicon oxide with high impurity density
or made of metal with a high melting point such as

tungsten. In the case of using the metal with a high
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Next, sidewalls 21 are fornmed on side faces of the gate el ectrodes as
simlar to the first enbodi nent. Since the sem conductor |ayers 73 are al so
provided in the menory -50 JP920010158 cel | region accofghyghi®igdi s
enbodi nent, the sidewalls 21 are also forned on side faces thereof (Fig.
42). Next, fornmed is a photoresist film74 provided with apertures in a
regi on of a p-channel -type MOSFET and the regions for formng the

sem conductor, | ayers 73, apd boron (B) is ion-inplanted as the | ity
(o Cas)te P ipd hananty oTPy e s Brecaranst of o1 dgli 57 GiPnept {9

p- channel -t ype, MOSFET are fornmed by thjs ion inplantation process.
Sinultané%%%?%%n%-%?ﬁ%rsgﬁ?%%dﬂ%CE%Faqﬁ$%9§ﬂ$§ﬂ§?%'forned on the

sem conductor |ayers 73. Here, an.,inplanted ggntao #;yer e be SO
formed in each @b%célﬁéf:me]earyet%ewblfggge 3em ton ot ' 1 &fer 5" Ghd X he
n-type sem conductor layer 71 in order_to in’gr Qve contact. Thereafter,

hi gh- densh@ge nofy petadni*ddhd et Rt IR e§f ShinS 38 NN SHCEh &th T WY P MOSFET i s
formed as simlar to the first enbodi nent. Fxrther, th s%iicide rocess is
carried o®¥ B3dsi @l & taninated reetakbiai fenb. CIOH‘pPﬁ‘@%Hﬂ @S ent, a
mask | ayer 30 as_in the first enbodinment wi|l not be fornmed. Accordingly, a
metal silaedde Phgeking layer ssutlhrd@dthEapbit i hsr ifer e thethe 15ARE

sem conductor layers 71 are exposed, and on the p-type sem gonductor |ayers
75 (Fig. af). NOrSMHdmsss, sthee t h®lSCHdR | s 212%f%e for iedlon tHfe side
faces of the p-type sem conductor |ayers 75 of the third enbodi pent, no

| eakage odtfifusbenneepPr¥eeshveypefiertcomfuct®italayerl M B8RETHEVPEY ype
sem conductor layer 75. As the nmetal silicide layer 32 is -51 ~ JP920010158
al so provirgeali Fuche Fogr BANEBENT GXNiGRPRSTe BRHABS i) 5hePRIt + PRMDOdi nent ,
it is possible to reduce contact resistance acgor di Ir_lgly._ Fifg. 45 shows a
pl an vi ewPBE ©he thendfriystel Iayedyi Ght B9 ¢ hFRe sWagdnIHdvevier  EAMEGetQl
silicide layer 32 is not illustrated therein: The n-type sem conduct or

| ayers 7138r i %R n&MbEnPor HBd e t HE -85 400 s efi EoRbiLeR or (Yayér b#r¥he SO
substrate are also formed under the p-type sem conductor |ayers, 75. In

ot her wordsreechéop) t §pesbewicondbibeoPlpBy Y 750 aF 89 f of medTBf THelBI t ype
sem conductor |ayers 71. The conposition surface is formed as a_boftom
surface oB5t hEupCtignRs sasi coRtudiasd | aFBeS73L AccoFBfngI3H1nd cdAsi Herabl y

| arge conposition surface can be obtai ned, whereby_ serial resistance (the
on-stat e FeBhechAde)tf thee BT bRe | SPBRREHCHUBT edFVRTSt 2 nOfypkhe

sem conductor |ayer 71 is forned on a place surrounded by the iso|ation
regi on 5 dEnFRéOBOMiOdESt Mt HiRI BYNREBEPF alEMPREEI At ng ThEy e¥1BINg
Accordingly, the n-type sem conductor |ayer 71 ié i sol aéed fro otﬂgr

el ements AAd ¥% oPPRMCERBstPattde R~ WResHFPLICPREUGTBties 28F hi%’ efbodi nent
have an effect of not generating parasitic transistors as simjlar to the
first andthBe J3@CEAPRebRAGRENT S 'SPﬁc@OPFF@CﬁP&é‘?é“%eﬁé:’r et YIFECRY i | ar
to the process in the first enbodinent, detail ed descripti or’hwiil bf
omtted. ABEOMITAGS B & hFanErAReF ndft COBPREECThBEAPEYFe 5 Lhe loca

wiring 40. The wiring 37 constitutes first layer wiring of

the peripheral circuit region.

The insulating film 38 is similar to the insulating
film 33. Nevertheless, the insulating film 38 is formed
thicker than the first layer wiring 35, 36 and 37 to some
extent so that the insulating film 38 can bury the first
layer wiring 35, 36 and 37. If the first layer wiring 35,

36 and 37 1is formed in accordance with the Damascene
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JP920010158 sem conductor |ayers 71, which are the regions for formng the
di odes, are isolated electrically fromother elenents and fromthe
substrate, no parasitic transistors are generated. |In addipspio1sigee the
n-type sem conductor layers 71 and the p-type senmi conductor |ayers 75 are
formed sinmultaneously with formation of the MOSFETs of a peri pheral
circuit, it is not necessary to increase the steps substantially. Moreover,

due to the structu i,ode Qof. t third €

junction %ﬁﬂc%%singﬁga§8§u ﬁﬁépgbﬂgﬁﬁéhg% s?%tggn%%gag%nce g?“?%'gﬂQOde can
be reducef Fur t her nor Si ng e netal silicate |a ?ﬁ rned on a
surface of2YHESdP % i?ng §%| TEy%%Sréaaggstﬁélc%ﬁ?a IF%élg'%ﬁ%e and
on-state resjstance of t he di_ode. e that t odi t he

i on i npl aft&tren3 et ABd2EE ad @?Qwﬁlé%%eﬁiﬁ?Ehﬁt#g}qﬁéna rﬁhﬁ;fﬁﬁ? -type
sem conductor |ayers 75. However, éﬁls al so 055|ble to form
polycryst%?Y?ﬁe ¥1¥1%9n ??In1ﬂ%peﬂn tH” hi gh %S|?§4?ﬁn%F% e ¥purity

in advance, and to forma_pn n between p enlconductor
| Byer 75 SASLTRELRD L §pomeah dshdtRot rTeg Pty Ebgy SRS debaty

thermal treatnment or the like. The present i ventlon achlﬁved by

i nventor Pas BerfMMbsdYi BEd §§F phet |acdf%ﬁg%a EQMorr % r? at A pmB¥er %]Ej
enbodi nents as_descri bed above. However; is tg be understood that the
present | ®¥@RPi8n is RBE IﬂﬁﬁﬁéétﬂagthéléWboélneﬁﬁ% § cddy cri bed

in the foregoing, and -53 JP920010158 various nodifications,

substitut£9 §l§hﬂn%}YeF%}moﬁkl%r%Sa%%ﬁ?%%%$% %@?ﬁ%utsﬁeﬁ%ﬂ§lmﬁﬁW?Eﬁﬁthe
spirit and scope of the invention. For exanple, in the first to the third
embodi rrenfselé‘?rrﬁ‘é{lﬁiféﬁﬁdsMp@%%%@%xéﬁbﬁ ppgd fldres dHe % erns of
t he di odes. However, as shown in Fig. it is also possible to forma
pattern |ﬁeﬁﬁhcﬁr?ﬁe16¥?Y5e°§e#@@oﬁ%@bﬁﬁﬁmgﬁﬁﬁwﬁ%H) F RN ourkier Dy t he
n-type seniconductor layers 25. In this case, ossi bl e to reduce the
on-state FB8i d0&NEBLAPT férldhsihgOln t&ﬁeé(‘”&f”]%n%% op SPTMRE dFbdere

O herwi se, as shown_in it is also possible to formthe n-t pe
senlconduéPSF1Fa9%F§Y25hé6n¥%%ﬂou§Fyl%hﬂo$%f%b?aF?yCY%F§h% %ﬁ?@ﬁﬁ}
extension of the word lines (the first direction). In this_case,

possi bl e £6 §@Pd&§ﬁéﬂﬁquﬂQﬁﬁ%|%U%Btéﬁu§£u¢§nﬁ@ FHBtaFBd@QQ%§m§R%

wher eby stabl e operations can be expected. Qtherw se, as shown in Fig. 48,
it is al sBOPBESEENG t8 EBemeRRlnviyhad sthi conductor | ayers 25 integrally

in the direction of extension of the word lines (the first
The 1local wiring 40 is wiring for connecting the

wiring 36 to one end of each MTJ element 41. The local
wiring 40 is typically made of metal such as tungsten. The
thickness thereof is made sufficiently thin so that the
magnetic fields generated by the wiring 35 (the word lines
WL) can reach the free layers of the MTJ elements 41. For
example, the thickness thereof is typically set to 100 nm.
The MTJ element 41 includes the free layer 4la made
of a ferromagnetic material, an insulating layer 41b, a
pinned layer 41lc made of a ferromagnetic material and an
antimagnetic layer 41d. In addition, an intermediate layer

may be also provided between the foregoing layers or either
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direction) and into a pattern in which the p-type sem conductor |ayers 29
are surrounded by the n-type sem conductor |layers 25. It is to be also
noted that the conductive types cited in the respective gpbgdorents are
exanples. It is needless to say that the p types and the n types cited in
t he foregoi ng enbodi nents can be inverted. -54 JP920010158 Moreover, the
f or egoi ng enbodi nents showed the exanples in which the word lines for

readi ng al so functio s the word lin f By : NS Y
needlessOPoaséfgﬂﬂﬁrh$%§qmn X?%é%ff%ﬁem?%??%g&%ggrhgp¥g¥§%énhElbﬁ

i ndependently. Furthernore, in_t or.egoin di t S a

condi ti oA$ éPPFHBrﬁﬁﬁeeleﬁ@ﬁ?gthg§8§bgé%msxgﬁgrpgiggggaggﬁ %ﬁéagg?ﬁary
system consi sting of "0" and "1". _However, it _i.s_a p phl 0. provi de
the MIJ éﬁyﬁﬁnﬁlﬂﬂ?ﬁdiﬁpérﬁéapﬁgelégﬁﬁe238f ﬁQGngtF%ﬁgo§§§k?o§ghsggas to
performnultilevel storage. For exanple, it is also possibl e four
di scont i mgeds nERfhet LBecomdiMGERet Gr dt2YED agﬁg%ve ég%itgfégggﬁﬁtion
storage in one cell. The materials of the res eciive nengfkf i?a&@?
above- dedOriesye TenBodiitaMon A% ska¥sG N 3 FHUTERHoSRTIPL ¢8Y5Ee ot her
materials as long as such material s can achiev? desb%gd p%kﬁgrgggﬁgs. For
exanpl e, cele bsemseshdodt ShemdDEMIAt g ABYSE AilPed £6°8F FE3R, “but - a

conmpound sem conductor material is also ﬁgglicable. r overthée%%bding t he
met hod ofcaorg nfoxhe@ byl Mse @ i Bae SPHEFSEANE- M9 r ng rethods are

al so applicable in addition to the CVD nethod and the sputtering hod
that aremsthed.n t¥etenbbatnefie. OB sane i%sa‘%ri?é:lroé"gani ﬁ-@}“? hg{‘fg{ chi ng
met hod. Moreover, the first and the third epbodi ments show,the x%nples of
usi ng t heels@entubkt raseidpusEsrRPAg IhERSAT3BD BAY188 FATSi-STors of

the peripheral circuit or the |like on the SO_substrate, Fbﬁpvgrodgt IS not
al ways. netsswer t o2 f oefrlAsct laVESt AR BE (HFM5E i FhefBI SHEFEH

or the
like on the SO substrate. Specifically, it is also possible to pravide

bul k si | ikedrweerhe @xeH cohaviet or O§ubsteat 115 t i VY \/\?f‘?\ ofPLet Fs%haend to.
formthe transistors thereon. Furthermpre, trench gﬁglation S sh?yn as the
exanpl e afntinegietient 1a¥er atlen 80 FRFEIh THA LY e HESRY | 58d ©°

enbodi nrents. However, other isolation structures, s%gh.as]hpcaldpxkgation of
silicon (¢@oER)ted eharerapplThagigtallic layer is typically mace

titanium. It is also possible to form the metallic layer
inside the upper or lower wiring layer.

The insulating film 42 is similar to the insulating
film 33. The second layer wiring 43 is typically made of
metal such as copper or aluminum. The second layer wiring
43 may also have a laminated structure together with a
blocking layer such as titanium nitride. The second layer
wiring 43 is formed so as to extend in the right-and-left
direction (in a second direction) as shown in the plan view
in Fig. 2. The second layer wiring 43 functions as the
sense lines SL. The second layer wiring 43 is connected to
the other end of each MTJ element 41.

According to the . above-described MRAM of the
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Effects

to be obtained by'a typi cal product according to the present

i nvention disclosed in this specification are as follows. Specifically, the
present invention can provide a structure of an MRAM nmenogygoeebioyggch

prevents
inventio
occupi ed
menory c
inventio

generation of parasitic transistors. Mreover, the present

n can provide a structure of an MRAM nenory cell with a smaller
area than that in a FET+MIJ cell structure, whereby the NMRAM

el

| . i8S, |l in i ..Furth
B IFE6Fne T SroORBIIOr Tt ablCRRE: n”Sn SRR he Bty CREl | S2cel 1 ent

i tibjljt i t,h fabri i f i i j t h

ber i pher aPSRFFERFE. TR (HbUOROLAGSHr SPSVIEG) SREBFHEnE G Peepeiens
n_have bﬁ@ﬁ describegéin det ai | it.ghould be ,under st ood ph@t_
chahg&Ia st i t 4P oM “arltf ¥ t BAFAEH bhS CARTHESTRAE HEt eFR- wi t hout
JaRnaganes; FARPIY hoang 7 POTTARo OB B SO WD CRF AR (L5 3 A

i nventio
vari ous

departin
JP920010
sem cond
directio
fromthe

i nt er sect FAFLPe§RGn V¥ U 80T TP 1 HNCGH P Y ReSSEHEE

magnet or
magneti c

uctor device conprising: a word line qﬁgendi%%.in afirs
ntREreRNs TG HE Bt el TRPYF 2 $SE6R/d T e S4Irt
first direction; a nmagnetoresistive elenegt,forned foég]of

| £he,th&h

&EMfg ﬂ?}?gfent

esi stive el enent varyjng a resistance val ue thereof,deggndigg on a

Bhﬁentﬁmb%@%m%%ﬁr it is possible to constitu

high-performance MRAM memory cell. Furthermore, since the
MTJ element 41 of the embodiment is formed on the metallic
local wiring 40, atomic-level flatness is secured. As a
result, the MTJ element 41 can fully exert performances
thereof, which is to be realized by a fine thin-film
structure.

Now, description will be made regarding one example
of a method of fabricating the MRAM of the embodiment with
reference to the drawings. Fig. 3 to Fig. 23 are
cross-sectional views énd plan views showing the example of
the method of fabricating the MRAM of the embodiment
arranged in accordance with the order of the steps.

_First, the SOT substrate composed of the
semiconductor substrate portion 1, the substrate insulating
layer 2 and the surface semiconductor layer 3 is prepared
(Fig. 3). Trenches 4 are formed on the surface
semiconductor layer 3 by use of publicly-known
photolithography or etching techniques (Fig. 4). Bottoms

of the trenches 4 are formed so as to reach the substrate
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a diode connected ,serially with the magnetoresistive elenent via a
conductive nenber, wherein the diode is formed on any one of a
silicon-on-insulator substrate and an el enent isol ati on ge@gron10fisa

sem conductor substrate. 2. The sem conductor device according to claiml1,
wherein the diode includes: a first conductive type sem conductor region in
which an inpurity of a first conductive type is doped in a surface

sem conductor, | ayer .of the silicon-on-insulator substrate; and a second
conducti&@syﬁﬁgl wﬂ@gﬁﬁhgror region in which an inpurity of a second

conet e LIP3 e GG SRR Pk oktrety, 1S

sem conduct or erern the first-conductive

t ' duct i d th dugct '

LGt on TS bt SaBRE IP62BOTEER. FronBt Rt cF AREREE By an i Adul at i ng

I f the sili -on-i | at bstrate,and b . i sol ati

i on r GRESETES ol STFRGEREYRTL S TRLL LT ORMIEL BF ledhe Rocor di ng

to claim2, wherein the second _conductive type senicondu regian has a
pl ane corff@cs iSePicesCE R, J@VE oyt & HE™Y ?t %é'o?‘fglﬁcw@emte?%g%'

sem conductor region, and the first, conductive t sem _conductor region is
i sol at ed F¥ GRIG &Y el SRR BY rzfrgjiq{’sﬁ.llsaﬁrﬁgefloﬁ%% of* tt%léE Ve

silicon-on-insul ator substrate and by a trench isolation region reaching
the i nsul%tﬁﬁ”@-l a'%)er. 5. The sem conductor device according to claim 2,

FiTSt diroct | oh SR coRPBRFRALFo feIPiHtFiarkt Thed o REoYR SPRo atond -
Serm Condut YESEGHER, LT E891 PR BEEBN I N0 RISEAPPET SNBSS Bt ETR Or
region is isolated f}on1other_elenents by an _insul atinpg | ayer t he
si I'i con- drhe ee heralFsiTatiE HREIRP 48 rehdf iflsjcm“?tdr'on %e@‘%&'er'
boron (B) is ion-implanted as the impurity, and the active
layer 7 of the n-channel-type MOSFET is thereby formed
(Fig. 6). Note that it is necessary to carry out
activation of the impurity after ion implantation by means
of a thermal treatment. In the following explanation,
description of the activation treatment will be omitted.
Otherwise, the activation steps with thermal treatments may
be conducted all at once after several steps of ion
implantation. Particularly, if a discrete thermal process
(such as a thermal oxidation process for forming a gate
insulating film) takes place in the course of the
fabrication process, then independent thermal process for
activation of the impurity may be also omitted.
Next, formed is a photoresist film 8 provided with an
aperture in a region where the p-channel-type MOSFET in the

peripheral circuit region is to be formed. Thereafter,
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6. The sem conductor device according to claim?2, wherein the adjacent
first conductive type sem conductor regions along the first direction are
connected to each other, each of the first conductive typs a1 IGOERICt Or
-59 JP920010158 region includes a protruded region provided for each
menory cell, and the second conductive type sem conductor region has a

pl ane configuration to be surrounded by the protruded region. 7. The

sem condugt or _devi ce carding to aim1, rein, i.ode_inclydes: a
first co RWI{%pésgerﬁsco% E{Wci?ré%/ee 3 \?\ﬁ chlwpgépg'ri ?%/“aoftlfge first
conductive type i.s doped in a_deposited sem condu [ y t.ed on
the el enﬁﬁt}r/‘g%l atyEn rggiO&n Bget He” Hh tsﬁbest ﬁ@%g;&;ngé adcgge%zén
conductive type sem conductor |layer in which an inpurity of a second
conduct i VEPETRE 1B Hopeld i n the deposited seniconductor |ayer. 8. The

sem conductor device according to claim7, wherein_the_first canductive
type seni condudidrey ay&MoyRd% hEhgec&ﬂtm‘ii \fgjﬂlp rsefri &)’ﬁldltfcqrbr | ayer
are fornmed on a sem conductor island regiog,for each ne Iy cghl bei ng
formed byo¥tde efAlRg theaBEpdsi PREYSENFEOhULRE oF I aFOR. B lHnel are
sem conductor device_ according to claim7, wherein th? secong conductive
type senikftREtOR FhSerURiecs Rfardd&or?t gBrasFEACEo (Bidsuf oundgﬂaby t he
first conductive type sem conductor |ayer, and_ the firsttgondui;i type
sem condudt bicPayerifs af SEM dOndkRR oPSi STAMFS e§¥orHor LBSERS rﬁ%‘ﬁ%/ cel |
bei ng forned QX patterning_the deEosited S%Ficonpuctor | ayer ._. ,
method, for example. Although the silicon oxide film is
shown as an example therein, a silicon nitride film, an
alumina film, a tantalum oxide film and other dielectric
films are also applicable instead of the silicon oxide film
10. Otherwise, it is also possible to form the silicon
oxidé film by means of selectively oxidizing only a silicon
region on the surface of the SOI substrate. In addition,
although the polycrystalline silicon film 11 is shown as an
example therein, an amorphous silicon layer 1is also
applicable instead.
Next, formed is a photoresist film 12 patterned in
adcordance with patterns of gate electrodes of the MOSFETSs,
and the polycrystalline silicon film 11 and the silicon
oxide film 10 are etched by use of the photoresist film 12
as a mask to form the gate electrodes 13 and the gate
insulating films 14 (Fig. 9).
Next, formed is a photoresist film 15 provided with

an aperture in the region where the n-channel-type MOSFET

in the peripheral circuit region 1is to Dbe formed.
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-60 JP920010158 10. The sem conductor device according to claim?7,

wherein

| ayer fo
extend i
| ayer is
patterni

the first conductive type sem conductor |ayer is a sem condu
rmed by patterning the deposited sem conductor | gapeko9aoasst
n the first direction, and the second conductive type sem co
a sem conductor island region for each nenory cell being fo
ng the deposited sem conductor |ayer such that one end of th

cecond COUGLILS, YOG ASILCOMAUET O Loyer bl o AecAL shoraadye

type senm

7, where
| ayer fo
extend i
| ayer in
second c
surround

e %SWFC n tor evli ce accor ng

ARad by Ot 1 AP RUTHRS CoopBo N EA CLRt 0 RLEE oD oF 5 B SeBEREE]
dpud8s o B34 PAGa o BPBSEr oY P BB of BatR reRGPy CHert -YHRd
Bamhs cPABl L A Pogt onot 13 PETI SA R o UL o= 5o

i1 con IERFEEGILIR CBRLET PATEECE GRS ot 1 OB OFCR [9I6I%F o) obe.

transi st
13. The
i ncl udes

or to be forned on the sem conductor_ substrate. -61 JP9200
SEHATEn AT HeF cENBCERHH Ry 35F I nth:  wHaPEAIPREUALEde

érsenic is also implanted in the gate electrode 13 in the
relevant region to form a gate electrode 17 made of n-type
polycrystalline silicon. Note that arsenic is shown as an
example herein in consideration of uneasiness of thermal
diffusion of the impurity. However, phosphorus is also
adoptable as the impurity therein.

Next, formed is a photoresist film 18 provided with
an aperture in the region where the p-channel-type MOSFET
in the peripheral circuit region 1s to be formed.
Thereafter, boron (B) 1is ion-implanted as the impurity
(Fig. 11). The impurity is implanted in the gate electrode
13 in a self-aligned manner as similar to the foregoing
case, whereby the low-density p-type semiconductor regions
19 of the p-channel-type MOSFET are formed in a
self-aligned manner. Moreover, the gate electrode 13 in
the relevant region is formed into a p-type gate electrode
20.

The photoresist film 18 1is removed, and then an

unillustrated insulating film such as a silicon oxide £film

or a silicon nitride film is deposited on the surface of
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a first conductive type sem conductor region in which an inpurity of a
first conductive type is doped in a surface sem conductor |ayer of the
silicon-on-insulator substrate; and a second conductive Uppe0o8&fiEdnduct or
| ayer in which an inmpurity of a second conductive type is doped in a

deposi ted sem conductor |ayer deposited on the surface sem conductor | ayer.
14. The sem conductor device according to claim 13, wherein the first

conductive type _seni conduct oL, regi .s f d s ASdihEXt £t i Nikhe first
di rect i okhe15 SURRF ‘condu@?%’?g%gg?%é ag?:lg‘radilﬁfgé to cll aCfm 13, wherein the

deposited senm conductor .l ayer i.s a Lyegr e sihi i ch
colr[:sti t ueEPIgC§e e tO) @8%?’8%50 flCa%?%ﬁé%?%&%%%&an%hét %?Hﬁlgﬁ%géf%@md on

the silicon-on-insul ator. substr . 16, bricat]j
sem cond@&€orf FEFEL &1 ﬁé}%%fff g‘%%ﬁsd % ﬁ%ﬁ%x%éeﬁ%i %ggfﬁﬁéﬁ??r g? %inﬁiecti on,

a sense |line extending in a second direction, a nmagnetoresistive el enent
bei ng foﬁ@edF&S-aﬂzﬂntersecting region of the word line and the sense |ine

and varying a resistance val ue thereof dependi 0 i l.ent ati on,
and a di ode coNe&tredWI_%NI1S @i Pﬁ?ot%ﬁgeﬁéﬁﬁet%génsirbs i%@g?géﬁgﬂ%&&% a

conductive nmenber, the -62 JP920010158 fabricatin LkSi ng the
steps of ACEGHMLES 41t FEEPTEn e frhCe TS ENPESRIE F%}%g%%?%g#h%
silicon-on-insulator substrate so as to.reach an insul atj t he
si | i con- menipharalor cdmssiitat £29¢ 8PN 7 a t‘tq'l‘eencfh G a%ek)“g%roglgeﬁg%o%

burying an insulating material into the trench; fqrm first. ¢ uctive
type senilaysiict2dr dfedith BPIfshiity Rrsidiatds fec}:‘i zfe%qroglt ac%n l?c?{ése type
in the surface sem conductor |ayer; form a second c {4

seni condurmed egi B IRA T n PSRRI t Y of+5a ?&'&W@qc%g#%éc;é%vtet%pe in
any one of the first conductive type sem conduct Oﬁ_ r%%i on an ea%q:reti on of
the surf agepumitty olRAEL oF3) ayeTNGetBPHYIEY the FPHERTESndlct e $V e

sem conductor | ayer; depositing a first insulaging. film for.m cont act
hol es on eYectiede Aswdedi dg fFhen & aﬁ S e%%h e i rs]tck ca(;.lnl(rﬁ.f%tq? ve type

sem conductor region and the second canductive type sem conduc gi on;
forming andnmex, conpeteby bbh§ t & @'%Sﬁﬁé%f”edri%){:ypﬁe fsl’er%gt coc% utc(ﬁave type

sem conductor region and a_second .connector_body to.b ected 0. the
second corelEiteRse 23 perSenfTgPeflictidy fedf 'b%;g&nreycli nglagl%%%ndégt iéve

material into the contact holes; formng first .la i I s jyve of
the word dubeide BE EbRneOHsderSitie Irity @&qﬁé:@%lguc\ggéyq% rblq‘lnsgfjﬁésll ve of

connective wiring to be connected to_the sgconéjat

on the both sides of th e electrode 17.

Simultaneously, phosphorus is also implanted in the gate
electrode 17 in the relevant region to form an n-type gate
electrode 24. Also simultaneously, phosphorus is implanted
in the surface semiconductor layer 3 in the relevant memory
cell region to form the n-type semiconductor layers 25.
Next, formed is a photoresist film 26 provided with
apertures in regions where the p-channel-type MOSFET in the
peripheral circuit region and the p-type semiconductor
layers 29 of the diodes in the memory cell region are to be
formed. Thereafter, boron (B) is ion-implanted as the

impurity (Fig. 14). The impurity is implanted in the gate
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-63 JP920010158 connector body; formng local wring on a second
insulating filmfor covering the first layer wiring such that the | ocal
wiring is connected to the connective wiring; formng thermgretorsesi stive
el enent on the local wiring in a position on an occupi ed region of the word
line within a plane configuration; formng a third insulating filmfor
covering the local wiring and the nagnetoresistive elenent; and formng the

sonse |1 0 LRge N SehBe LA 1JIdBRGL (A3 b soneg I uneeatyt s on

16, wherein the fiyeteLezgﬂt-iée .Thg i caglgg e eqi anor : toiﬁlaLnr
same stepm%gn%FSteBESFe gpi%éeanrﬁﬁgﬂp%ﬁghi%naigg' 5% g% %F%?éﬁéﬁﬁf a the
L pl o eh e ansl st grect rarlddst, oAl VP g be g B (i

Tipur i Ty PHCELAE0PEe thia LAVIRRPR LY & frerd S eer el or SR a2 econd
Fabri cati 4B methBd OPOLserF LORRLOIDF devibe |FRTad LS BreE | D

extending in a first direction, a n i i i
directiogSi%ul%ﬁnGOB%%@001§?§§n ige % sk'”?nﬁﬁ%%@%bngjkP qﬂigcqggte

electrode 20 in the relevant region to form a p-type gate
electrode 28. Also simultaneously, boron is implanted in
the surface semiconductor layer 3 in the relevant memory
cell region to form the p-type semiconductor layers 29.

As deséribed above, the n-type semiconductor layer 25
and the p-type semiconductor layer 29 collectively
constitute the diode. In this embodiment, the diodes can
be formed simultanecusly in the process of forming the
high-density impurity semiconductor regions of the MOSFETs.
Therefore, there are no additional steps for formation of
the diocdes of the embodiment, because the diodes can be
fabricated within the conventional process except for a
little modification of mask designs.

Next, formed are a mask layer 30 for covering the
memory cell region (Fig. 15), and a metallic layer 31 for
covering the surface of the entire substrate (Fig. 16).
The mask layer 30 is typically made of a silicon oxide film
or a silicon nitride film, for example. The metallic layer
31 is typically made of metal such as tungsten or cobalt,

which forms a metal silicide layer with low resistivity by

-39~



magnet oresi stive el enent being fornmed at an intersecting region of the word
line and the sense |line and varying a resistance val ue thereof dependi ng on
a magnetic orientation, and a di ode connected serially wJrpb20be0158

magnet oresi stive el enent via a conductive nenber, the fabricating nethod
~conprising the steps of: formng an isolation region on a surface of a

sem conduct or substrate; form ng a deposited sem conductor |ayer on the
surface of the seniconguct rr_ substrate inclusive of the isolation region,
the depo&i £88C§ERPcYREHCEHF R er being formed by a fil m deposition
process; patterning the _deposited m c n%}ctor.l ; rm Iy st
conductive typ&hgeM cﬂax%&esfb9n§0| gg%ﬁ%?eéﬁ”? § %?Bgegfggt
conductive type in the depqgsited m_condugct or . | r d.i he

pr ecedenttOst @p: TFHHHNY Hggét‘forﬁd ?&?&U‘@ﬁi v r?@%‘@&}s{gm (@g{rléc%’rc%rm!egﬁgr by
doping an inpurity of a second conductive type.in any. of the first
conduct i wé ldgielesent 3¥ERIct P | &%6F andTESFor t1%n 5F%%%g%deﬁggitg§e

sem conductor layer verging on the first nduct.ive type _se ctor

| ayer; d&E0si C&Of| r SULSHIGCSL | H’%lefriel mgglﬁd FOHAERE chr?t acg;x %%%gsl on the
first insulating filmso as to reach the firit conglgctive LYRSed

sem condiktreadtegePoFd afe thddiftl RRILYT vERYShe’ Sefif CoAdlct 6 Ibeer; - 65

JP920010158 formng a first connector b?dg_éo be connect ed t%ﬁfrt]:%dfi rst
conduct i e& ahips .s et opieleX oVOF@§er 2afdl A°$8E oRGCEGRRe Lo BSHY 16 be

connected to the second conductive type sem ¢onduct or Iaqu:. by qu;)yi ng a
conduct i \eathee@IEdIly nt shehemasht akdYHol ¢ £8r nfRECYEF st \dxer Wi'ri ng
inclusive of the word line to be connected to thg Eli r st n ectornobc;)dy and
i ncl usi vélaevsshneldt i i@ §® rPagnebeBetiahnebtelaf ﬁ¥e§e§§n CESnnect or
body; formng local wiring on a second insul ati ng fil g f.or cov?hi ng, t he

c

first |aysways i hgveudie that TeRevsscal R®itFCRg 1€ cBRARECtEY To the

connective wiring; formng the nmagnetoresisti el epent _on t he |.0c W ring
in a posifiomrednart BBeUptEE M so‘fljtor'?éiseb\o‘%/ﬁhﬁ nggv\f‘ffﬁi FCE™MS ar‘%
configuration; formng a third insulating filmfor coverin he l.qcal

Wi ring antesdelbedrahoresing inakal eierkCIdhd ¥ réors"genéelrf itﬁ'lee on the
third insulating filmsuch that the sense |jne ab%s on,Ithhet . no

magnet or axdstioes elcoyered with the mask layer : at 1s.

silicide layers are formed on the diodes (on the n-type
semiconductor layers 25 and the p-type semiconductor layers
29) in the memory cell region. - In this way, leakage of an
electric current attributable to the silicide layer on a
junction interface of the diode is prevented. In other
words, a difference between the method of fabricating the
diodes of this embodiment from the conventional process is
limited to just one additional.mask used for formation of
the mask layer 30, and alignment of the additional mask
does not require high precision. Therefore, an increase in
burden of the procéss attributable to addition of the
diodes of the embodiment is not significant. Moreover,

when the mask layer 30 is made of a silicon oxide film, it
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19. The fabricating nethod according to claim18, wherein gate el ectrodes
of field effect transistors to be forned on the sem conductor substrate are
formed sinultaneously in the step of patterning the deposgpeslyseii conduct or
| ayer, the first conductive type sem conductor |ayer is -66 JP920010158
formed in the same step as a step of doping an inpurity in the gate

el ectrode, a source and a drain of the field effect transistor of a first

channel type, and the second conductiwe type i conductor | ayer is forned
in the sa¥(€ %?%%P%%s a- Lt EPRfe dtg_iﬁ nngl:]ééa/kn ]ia?/rgeu]?i V' in the gate el ectrode, a
source and a drajn o{ th}e?l fiel déﬁfect. tranEi gbor of a second é:hannel type.
20. A fabri catiimg met hod 815 a s EMtontitieY of f &0 c B M Yudirys & ot 1 i ne

extending in a first direction, a sense line extepding in a second

directi on"’,‘tat%éggne%?g?i'sti \Tg"eel BALAP Y ndFor Hégyﬁ? a%emjrﬁ%r?élé%tt?5g
region of the word line.and the sense |ine aqg vaégiqgﬁg_resiééance val ue

t her eof dEpEHFHg2on alfta i ©-5¥PENt BETHRONANGE L di FBhnect étfSerial |y
wi th the magnetoresistive elenent vig a coEductive nenbgr, t he fapricating
met hod coffrdEd el t & &t eple ofLeSPGGHIVG aSLFBACRS 0Pl SOFf ab3P M Pnduct or
| ayer of an silicon-on-insulator substrate s aﬁﬁio reach %Q%jnsulating

| ayer of ¥$BLQR| PcinbnesvRid atbr IOHBELr & 13 A iy a]ﬁlre& L€0IR% i on
region by burying an insulating material into the trench; formnpng a first
conduct i VRR¥3HEL e nt BIRULRESFS rdf TR HOHE ng MRFSNPRE i 1520 of st
conductive type in the surface sem conductor | ayer; forniqg a deposited
seni conduRt BYPE ayR8MPRIRCERE | dGF 3 BRe EPF cbiContFHEYRAE orP st rat e

i nclusive of -67 )
semiconductor layer 29 are formed symmetrically, and a

boundary of the two layers constitutes a composition
surface. Due to the cell size thereof, sufficiently low
on-state resistance can be secured.

Next, the insulating film 33 is formed on the entire
substrate 33, and then contact holes are formed on given
regions on the insulating film 33. A conductive film is
buried into each contact hole to form the conductive member
34 (Fig. 19). The publicly-known CVD method is applicable
upon formation of the insulating film 33. Moreover, the
publicly-known photolithography and etching techniques are
applicable upon formation of the contact holes.
Furthermore, the conductive members 34 can be formed by
deposition of a conductive film (such as a polycrystalline
silicon film with high impurity density) for burying the
contact holes and subsequent application of the CMP method.

A metallic film such as tungsten is deposited on the

insulating film 33, and then the metallic £film is formed
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JP920010158 t he surface sem conductor |ayer, the trench isolation region
and the first conductive type sem conductor region, the deposited

sem conductor |ayer being fornmed by a fil mdeposition progesspopatter ni ng
t he deposited sem conductor |ayer; formng a second conductive type

sem conductor |ayer by doping an inpurity of a second conductive type in
the deposited sem conductor |ayer patterned in the precedent step;

deposi tinga.ficist syl ayLog,filimp; Or Nhpg contact . OHE%(%EtPﬁ first
gcﬁ [

insulating frimso as to re the Trrst” conductive type sem conductor

regi on angubhecieeRnd,GONIUELLYE LXBJBRY CUMCt Ol RN on; LRpTLAgaA [ st

connect or e connecte t conduciive ype sem uct or

{ype Sem CBRACral 1 ayer ity SBUPTRERE JReGRRTrTE ardH Ao RE FH EBBont act

type seni conductor’ 1ayer burying cOI “Tnto Tont act
nol s LBRBGLELAL Leverad Hlpdinuel VELLE, Of WIS or ol BEcloohery |
the. ot hor Cesaheedr BBa) BarcaroHIE 85nhBEr oF Bbar ke EWRLERPFS G [T oront
W ring oneBisadend Hedrating T | T boF CE50EH G e 1 et TRy e viPng such
W ring: fEPRER PRERIAREEEHER; GTi UR° CHEREHRSONCERet 158l RFFPRSTh 8
Conf i gurat i on: NEERT ngCEMEN BF (TSI SEFRLAF IR Formocleridly PRECT bRS
wiring ang,Lhe, magneloressiNg SLeNE0tin8"Y7.  Alternatively, it is

also possible to form the first layer wiring as described

in the preceding drawing by use of the Damascene process.

Specifically, a metallic film is buried into the trenches

formed on the insulating film 38, and unnecessary portions

of this metallic film is removed by the CMP method to form

the wiring inside the trenches. In this case, a thin film

for covering the first wiring is formed over the insulating

film 38. Contact holes 39 are formed on the insulating

film 38 on the wiring 36, and then an unillustrated

metallic film is deposited thereon. The metallic film is

patterned to form the local wiring 40 (Fig. 21). Since the

insulating film 38 on the wiring 36 is sufficiently thin,

it is not necessary to bury a conductor member into the

contact hole 39.

Next, the antimagnetic layer 41d, the pinned layer
41c, the insulating layer 41b and the free layer 4la, which

collectively constitute the MTJ element, are deposited
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form-ng the sense line on the third insulating filmsuch that the sense

| ine abuts on the nagnetoresistive elenent. 21. The fabricating nethod
according to claim20, wherein the first conductive type BEACIUER or
region is formed in the sane step as a step of doping an inpurity in a
source and a drain of a field effect transistor of a first channel type to
be formed on the silicon-on-insulator substrate. 22. The fabricating nethod

a di t j . i t I fafi f i st
accor di ng. 4.0, ol i A, WaIel Brgat frg! CEiEReRBSOf 41 kel effied rassi stors

i con-on-1nsul ator substrate are forned

Z'ng“ {LZ”‘;%C | %ﬁ%}ggn@ééép%%e%t t(%rig;i.”gzzt)h.e d@HQSisb%@t%‘%’IhgoM&i | ayer,

i've € sem conduct'or layer is forned in the sane
drar n of Yhe RN AFBHFLCE O  SREDEE b8 S ereny e Tyt e
Form ng AMRASISRI | | Ehge. [Ger SRCALEH 1 BESHRR: oo of "PES C b bE20010150 &
Cecond cHRRRRTTES ype. ShTtongletor tlayer Patmod 't heraon = ta sirfs

uctor Tayer t hereon, on a surface

regi on of the second. conduct.ive ¢t . 1 a d r ective
sur f ace r%ﬁﬁRﬁ%tBYealﬁg?EsekggtFgé%%1§Eg%%g€gﬂgigﬁgbd¥§%weg? éggﬁgﬁﬁpeffect

transistor to be fornmed on the silicon-Qn-insulator substrate. -70
A&, . As. %Y%?%.%‘W%FWF%?.%@%@}%&AS. A A As.A.AAAAAs. Ass. A A A A

i A R sedatten, 2ehs Tre etk i L. Roxghalerity he Mo A S
MTJ elements 41 and the local wiring 40 is formed, and then
surfaces of the MTJ elements 41 are exposed by the CMP
method, for example. Subsequently, an unillustrated
metallic film is deposited thereon, and the metallic film
is formed into the second layer wiring (the sense lines 43)
by patterning (Fig. 23). Although the second layer wiring
is not illustrated above the MOSFETs in the drawing, it is
needless to say that the wiring for the MOSFETs of the
peripheral circuit is also formable at discretion.
Thereafter, it is possible to form an arbitrary number of
wiring layers thereon. However, description thereon will
be omitted.

According to the fabricating method of this
embodiment, it is possible to form the junction diodes in
the memory cell region easily without substantial
requirements of additional steps. Moreover, flat planes
can be férmed by use of the CMP method or the like, and the

local wiring 40 made of the metallic film is adopted as a

-43-



4
- $ASMBS, % wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] cRa] ca] ca] ca] ca] cal] ca] ca] ca] ca!, % YWEEREE<(r (JBdHdd1oIxH | 4444M

U a::;

a==r?z????@@ xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =@ @ @IBA3AT AAAABXBBBBCJ CXC

[ calcal cARCa oareaf oacar ShPoal Sh)  BaEa) €2 cay S PR R R G vk
| ol oa] o3 Ay oy CaF Ca EaT CaFCLFen) COdiya] CAECHERMRILA e dlea cal s
Lcal cal cal e EATURNCalidd] caf Bal Cal el Ea) La] EAy ooiidh] Caf cLked SEEES) C3l VY
e 2o UL AR GO LT s dienig A5l ileapsalon) ool o)
o car eaT e cdrR RO et af i Fa) ESFCUY G ) cof Sa e 0h] el o3 cal cal <
Sl R e S g e S oo
%)é;]ni:g]_ggi%% ca] ]{93?3221 g%f?gﬂ c%ﬁ! g;al]cggkﬁﬂa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
r}xsni d_ﬂﬁ%‘%@%%"&gﬂ@ﬂ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

, irz " (4M .. .
L o] VRPN RS A o i) EAAOG R A BB o) cal ca

| Sther el AN ) SRl e T
|

e el Sl ol el s (00

% C I\/} 10!)/(3'_ c;%s?q%lé:ald o%%(]) c,a! Ct?‘:%oﬁ-%ca&f:t(ﬂo?sa%(&%l (1:_ad,] ca! ca b?o%!‘ca! ca](‘é:ﬁ]glc@eca o_=!

10908 (1.0 4SS 1008 (L1108 ()17 ) 10208 ()5 54008 10 10

different parts from first embodiment.

Fig. 24 shows a cross-sectional view and a plan view
partially exemplifying a memory cell array and a peripheral
circuit on one example of an MRAM according to the second
embodiment. The MRAM of this embodiment is formed on a
silicon substrate (a silicon wafer) 50. An isolation
region 53 is formed on a surface portion of the silicon
substrate 50, and a p well 54 and an n well 55 to be
defined by thé isolation region 53 are formed in a
peripheral circuit region. An n-channel-type MOSFET is
formed on the p well 54 and a p-channel-type MOSFET is
formed on the n well 55. Diodes are formed on the

isolation region 53 in a memory cell region. The diode
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includes an n-type semiconductor layer 60 and a p-type
semiconductor layer 62, which collectively constitute a
junction diode. Moreover, the n-type semiconductor layer
60 and the p-type semiconductor layer 62 are formed on the
igsolation region 53 as an island. In other words, the
diode in the memory cell region is isolated electrically
from other elements and from the silicon substrate 50. 1In
this way, generation of parasitic transistors can be
prevented. As it will be described 1later, the n-type
semiconductor layers 60 and the p-type semiconductor layers
62 are formed simultaneously with gate electrodes of the
MOSFETS.

Fig. 25 to Fig. 35 are cross-sectional views and plan
views showing one example of a method of fabricating the
MRAM of the second embodiment arranged in accordance with
the order of the steps. First, the silicon substrate (the
silicon wafer) 50 is prepared (Fig. 25), and trenches 51
are formed on a surface thereof by wuse of the
publicly-known photolithography and etching techniques
(Fig. 26). Thereafter, an unillustrated insulating film is
deposited thereon and the insulating film is removed by use
of the CMP method, for example, whereby the insulating film
is Dburied into the trenches 51 to form the isolation
regions 53 (Fig, 27).

Next, the p well 54 and the~n well 55 are formed in

the peripheral circuit region Dby wuse of the ion
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implantation method, for example (Fig. 28). Then, a

silicon oxide film 10 and a polycrystalline silicon film 11
are formed on the entire surface of the substrate (Fig.
29).

Then, formed is a photoresist film 56, which includes
patterns for forming‘the gate electrodes of the MOSFETs and
patterns for covering regions where the n-type
semiconductor layers 60 and the p-type semiconductor layers
62 will be formed. The polycrystalline silicon film 11 and
the silicon oxide film 10 are etched by use of the
photoresist film 56 as a mask (Fig. 30). In this step,
regions for forming the gate electrodes of the MOSFETs and
semiconductor layers (the islands) for forming the diodes
thereon are formed simultaneously.

Then, low-density impurity regions (16 and 19) of the
MOSFETs are formed as similar to the first embodiment, and
sidewalls 21 are further formed (Fig. 31).

Then, formed is a photoresist film 59 provided with
apertures in the region where the n-channel-type MOSFET of
the periphéral circuit is formed and the regions in the
memory cell region where the n-type semiconductor layers 60
of the diodes are formed, and phosphorus (P) is
ion-implanted therein as an impurity (Fig. 32). As it has
been described in the first embodiment, high-density n-type
semiconductor regions 23 and an n-type gate electrode 24

are formed; simultaneously, phosphorus is implanted in the
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apertures in the region where the p-channel-type MOSFET of
the peripheral circuit.is formed and the regions in the
memory cell region where the p-type semiconductor layers 62
of the diodes are formed, and boron (B) is ion-implanted
therein as the impurity (Fig. 33). As similar to the
foregoing step, high-density p-type semiconductor regions
27 and a p-type gate electrode 28 are formed;
simultaneously, boron is implanted in the relevant portions
of the semiconductor layer 57 in the memory cell region,
whereby the p-type semiconductor layers 62 are formed.

In this way, the diodes including the n-type

semiconductor layers 60 and the p-type semiconductor layers
62 are formed. As it has been described above, these

diodes are formed as silicon islands on the isoclation

region 53. Accordingly, the diodes do not constitute
parasitic transistors. Hence, normal operations of the
MRAM memory cell can be secured. Moreover, as similar to

the first embodiment, no additional steps are required for
formation of the diodes. Accordingly, the diodes can be
fabricated by arranging some mask modifications in the
course of the conventional fabrication process.

Next, as similar to the first embodiment, a mask
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metal silicide layer 32 is formed (Fig. 34). The mask
layer 63 can prevent Jleakage of electric currents on
junction interfaces of the diodes.
Fig. 35 shows a plan view of the memory cell region
at this stage. The pairs of the n-type semiconductor
regions 60 and the p-type semiconductor regions 62 are
formed as the islands on the isolation region 53 and

thereby separated electrically from the respective elements

and from the substrate. Therefore, no parasitic
translators are generated. Moreover, each of the n-type
semiconductor layer 60 and the relevant p-type

semiconductor layer 62 are formed symmetrically, and a
boundary of the two layers constitutes a composition
surface. As similar to the first embodiment, sufficiently
low on-state resistance can be secured. Since the process
thereafter is similar to the process 1in the first
embodiment, detailed description will be omitted.

According to this embodiment, since the diodes are
formed as the islands on the isolation region 53, no
parasitic transistors are generated. In addition, the
diodes are ©patterned simultaneously with the gate
electrodes and the impurities are doped simultaneously with
formation of sources and drains of the MOSFETs.

Accordingly, the diodes can be fabricated with a few
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109 An MRAM according to this embodiment is an example of
further modifying structures of the diodes in the MRAM
described in first embodiment. In the following,
description regarding the same constitutions as those in
first embodiment will be omitted, whereby description will
be highlighted on different parts from first embodiment.

Fig. 36 shows a cross-sectional view and a plan view
partially exemplifying a memory cell array and a peripheral
circuit on one example of an MRAM according to the third
embodiment. The MRAM of this embodiment is formed on an
90T substrate as similar to the first embodiment. However,
the diode of the third embodiment is different from the
diode of the first embodiment in that the diode of the
third embodiment includes an n-type semiconductor layer 71
generated from a surface sémiconductor layer 3 of the SOI
substrate, and a p-type semiconductor layer 75 patterned
simultaneously with formation of gate electrodes of
MOSFETs. In other words, the diode of the third embodiment
is a diode having a composition surface, which is parallel
to a surface of the substrate. Moreover, a metal silicide
iayer 32 is formed on a surface of the diode of the third
embodiment.

Fig. 37 to Fig. 45 are cross-sectional views and plan

views showing one example of a method of fabricating the
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MRAM of the third embodiment arranged in accordance with
the order of the steps. Some initial stages of the
fabricating method of the third embodiment are identical to
the steps as illustrated in Fig. 3 to Fig. 7.

After active layers 7 and 9 are formed in a
peripheral circuit region, a photoresist film 70 provided
with an ape?ture on the entire surface of a memory cell
region. Then, phosphorus (P) 1is ion-implanted as an
impurity and phosphorus is thereby implanted in the surface
semiconductor layer 3 to form n-type semiconductor layers
71.

Next, a silicon oxide film 10 is formed (Fig. 38),
and then a portion of the silicon oxide £film 10 in the
memory cell region is removed (Fig. 39). After the
photoresist film 70 is removed, a polycrystalline silicon
film 11 is deposited on the entire surface of the substrate
(Fig. 40).

Next, the gate electrodes are patterned as similar to
the first embodiment. However, a photoresist £film 72
includes patterns to prevent patterning of regions where
p-type semiconductor layers 75 are supposed to be formed.
By such patterning, semiconductor layers 73 are formed on
the n-type semiconductor layers 71 (Fig. 41).

Next, sidewalls 21 are formed on side faces of the
gate electrodes as similar to the first embodiment. Since

the semiconductor layers 73 are also provided in the memory
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~are also formed on side faces thereof (Fig. 42).

Next, formed is a photoresist film 74 provided with
apertures in a region of a p-channel-type MOSFET and the
regions for forming the semiconductor laye;s 73, and boron
(B) is ion-implanted as the impurity (Fig. 43) .
High-density p-type semiconductor regions 27 of the
p-channel-type MOSFET are formed by this ion implantation
process. Simultaneously, p-type semiconductor layers 75
are formed on the semiconductor layers 73. Here, an
implanted contact layer may be also formed in each space
between the p-type semiconductor layer 75 and the n-type
semiconductor layer 71 in order to improve contact.

Thereafter, high-density n-type semiconductor regions
23 of an n-channel-type MOSFET is formed as similar to the
first embodiment. Further, the salicide process is carried
out as similar to the first embodiment. In the third
embodiment, a mask layer 30 as in the first embodiment will
not be formed. Accordingly, a metal silicide layer 32 is
also formed at portions where the n-type semiconductor
layers 71 are exposed, and on the p-type semiconductor
layers 75 (Fig. 44). Nevertheless, since the sidewalls 21
are formed on the side faces of the p-type semiconductor
layers 75 of the third embodiment, no leakage occurs
between the n-type semiconductor layer 71 and the p-type

semiconductor layer 75. As the metal silicide layer 32 is
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third embodiment, it 1s possible to reduce contact
resistance accordingly.

Fig. 45 shows a plan view of the memory cell region
at this stage. However, the metal silicide layer 32 is not
illustrated therein: The n-type semiconductor layers 71
originally formed as the surface semiconductor layer of the
SOI substrate are also formed under the p-type
semiconductor 1layers 75. In other words, the p-type
semiconductor layers 75 are formed on the n-type
semiconductor layers 71. The composition surface is formed
as a bottom surface of the p-type semiconductor layer 75.
Accordingly, a considerably large composition surface can
be obtained, whereby serial resistance (the on-state
resistance) of the diode is reduced. Méreover, the n-type
semiconductor layer 71 is formed on a place surrounded by
the isolation region 5 of the S80I substrate and by
substrate insulating layer 2. Accordingly, the n-type
semiconductor layer 71 is isolated from other elements and
from the substrate. As a result, the diodes of this
embodiment have an effect of not generating parasitic
transistors as similar to the first and the second
embodiments. Since the process thereafter is similar to
the process in the first embodiment, detailed description
will be omitted.

According to this embodiment, since the n-type
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107 the diodes, are isolated electrically from other elements
and from the substrate, no parasitic transistors are
generated. In addition, since the n-type semiconductor
layers 71 and the p-type semiconductor layers 75 are formed
simultaneously with formation of the MOSFETs of a
peripheral circuit, it is not necessary to increase the
steps substantially. Moreover, due to the structure of the
diode of the third embodiment, an area of junction can be
increased, whereby the on-state resistance of the diode can
be reduced. Furthermore, since the metal silicate layer 32
is formed on a surface of the diode, it is possible to
reduce the contact resistance and on-state resistance of
the diode. Note that the embodiment has shown the ion
implantation method as an example of the method of forming
the p-type semiconductor layers 75. However, it is also
possible to form a polycrystalline silicon film doped with
high density of a p-type impurity in advance, and to form a
pn junction between the p-type semiconductor layer 75 and
the n-type semiconductor layer 71 by auto-doping under a
thermal treatment or the like.

The present invention achieved by the inventor has
been described in particular based on certain preferred
embodiments as described above. However, it is to be
understood that the present invention is not limited to the

embodiments specifically described in the foregoing, and
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various modifications, substitutions and alterations are
applicable without departing from the spirit and scope of
the invention.

For example, in the first to the third embodiments,
symmetrical shapes have been exemplified for plane patterns
of the diodes. However, as shown in Fig. 46, it is also
possible to form a pattern in which the p-type
semiconductor 1layers 29 are surrounded by the n-type
semiconductor layers 25. In this case, it is possible to
reduce the on-state resistance by increasing an area of
junction of the diode. Otherwise, as shown in Fig. 47, it
is also possible to form the n-type semiconductor layers 25
continuously and integrally in the direction of extension
of the word lines (the first direction). In this case, it
is possible to set constant electric potential among the
diode elements, whereby stable operations can be expected.
Otherwise, as shown in Fig. 48, it is also possible to form
the n-type semiconductor layers 25 integrally in the
direction of extension of the word lines (the first
direction) and into a pattern in which the p-type
semiconductor layers 29 are surrounded by the n-type
semiconductor layers 25.

It is to be also noted that the conductive types
cited in the respective embodiments are examples. It is
needless to say that the p types and the n types cited in

the foregoing embodiments can be inverted.
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examples in which the word lines for reading also function
as the word lines for writing. However, it is needless to
say that the word 1lines for writing can be formed
independently.

Furthermore, in the foregoing embodiments, storage
conditions of the MTJ elements have been exemplified based
on a binary system consisting of "0" and "1". However, it
is also possible to provide the MTJ element with
intermediate values of magnetic conditions so as to perform
multilevel storage. For example, it is also possible to
use four discontinuous magnetic conditions in order to
achieve 2-bit information storage in one cell.

The materials of the respective members in the
above-described embodiments are just examples. It 1is
possible to use other materials as long as such materials
can achieve desired performances. For example, the
-gemiconductor material is not limited to silicon, but a
compound semiconductor material 1is also applicable.
Moreover, regarding the method of forming thin £films,
various other thin-film forming methods are alsc applicable
in addition to the CVD method and the sputtering method
that are cited in the embodiments. The same is true
regarding the etching method.

Moreover, the first and the third embodiments show

the examples of using the SOI substrate and forming the
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transistors of the peripheral circuit or the like on the

SOI substrate. However, it is not always necessary to form
the transistors of the peripheral circuit or the like on
the SOI substrate. Specifically, it is also possible to
provide bulk silicon (the semiconductor substrate portion
1) with offsets and to. form the transistors thereon.
Furthermore, trench isolation is shown as the example of
the element isolation structure in the above-described
embodiments. However, other isolation structures such as
local oxidation of silicon (LOCOS) are also applicable.

Effects to be obtained by a typical product according
to the present invention disclosed in this specification
are as follows. Specifically, the present invention can
provide a structure of an MRAM memory cell which prevents
generation of parasitic transistors. Moreover, the present
invention can provide a structure of an MRAM memory cell
with a smaller occupied area than that in a FET+MTJ cell
structure, whereby the MRAM memory cell is excellent in a
size advantage. Furthermore, the present invention can
provide a method of fabricating an MRAM memory cell
excellent in compatibility with a fabrication process of a
logic circuit such as a peripheral circuit.

Although the preferred embodiments of the present
invention have been described in detail, it should be
understood that various changes, substitutions and

alternations can be made therein without departing from
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appended claims.
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1. A semiconductor device comprising:

a word line extending in a first direction;

a sense line extending in a second direction being
different from the first direction;

a magnetoresistive element formed at an intersecting
region of the word 1line and the sense line, the
magnetoresistive element varying a resistance value thereof
dependinglon a magnetic orientation; and

a diode connected serially with the magnetoresistive
element via a conductive member,

wherein the diode is formed on any one of a
silicon-on-insulator substrate and an element isoclation
region of a semiconductor substrate.

2. The semiconductor device according to claim 1,

wherein the diode includes:

a first conductive type semiconductor region in which
an impurity of a first conductive type igs doped in a
surface semiconductor layer of the silicon-on-insulator
substrate; and

a second conductive type semiconductor region in
which an impurity of a second conductive type is doped in
the surface semiconductor layer.

3. The semiconductor device according to claim 2, wherein
the first conductive type semiconductor region and the

second conductive type semiconductor region are isolated
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from other elements by an insulating 1layer of the
silicon-on-insulator substrate and by a trench isolation
region reaching the.insulating layer.
4, The semiconductor device according to claim 2,

wherein the second conductive type semiconductor
region has a plane configuration to be surrounded by the
first conductive t?pe semiconductor region, and

the first conductive type semiconductor region is
isolated from other elements by an insulating layer of the
silicon-on-insulator substrate and by a trench isolation
region reaching the insulating layer.
5. The semiconductor device according to claim 2,

wherein the adjacent first conductive type
semiconductor regions along the first direction are
connected to each other,~and

one end of the second conductive type semiconductor
region abuts on the first conductive type semiconductor
region, whereby the second conductive type semiconductor
region is isolated from other elements lby' an insulating
layer of the silicon-on-insulator substrate and by a trench
isolation region.
6. The semiconductor device according to claim 2,

| wherein the adjacent first conductive type

semiconductor regions along the first direction are
connected to each other,

each of the first conductive type semiconductor
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the second conductive type semiconductor region has a
plane configuration to be surrounded by the prbtruded
region.

7. The semiconductor device according to claim 1,

wherein the diode includes:

a first conductive type semiconductor layer in which
an impurity of a first conductive type is doped in a
deposited semiconﬁuctor layer deposited on the element
isolation region of the silicon substrate; and

a second conductive type semiconductor layer in which
an impurity of a second conductive type is doped in the
deposited semiconductor layer.

8. The semiconductor device according to .claim 7, wherein
the first conductive type semiconductor layer and the
second conductive type semiconductor layer are formed on a
semiconductor island region for each memory cell being
formed by patterning the deposited semiconductor layer.

9. The semiconductor device according to claim 7,

wherein the second conductive type semiconductor
layer has a plane configuration to be surrounded by the
first conductive type semiconductor layer, and

the first conductive type semiconductor layer is a
semiconductor island region for each memory cell being

formed by patterning the deposited semiconductor layer.
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K@ 10z wherein the first conductive type semiconductor layer

is a semiconductor layer formed by patterning the deposited
semiconductor layer so as to extend in the first direction,
and

the second conductive type semiconductor layer is a
semiconduétor island region for each memory cell being
formed by patterning the deposited semiconductor layer such
that one end of the second conductive type semiconductor
layer abuts on the first conductive type semiconductor
layer.
11. The semiconductor device according to claim 7,

wherein the first conductive type semiconductor layer
is a semiconductor layer formed by patterning the deposited
semiconductor layer so as to extend in the first direction,

the first conductive type semiconductor layer
includes a protruded region provided for each memory cell,
and

the second conductive type semiconductor layer has a
plane configuration to be surrounded by the protruded
region.
12. The semiconductor device according to claim 7, wherein
the deposited semiconductor 1layer 1is a polycrystalline
silicon layer which constitutes a gate electrodé of a field
effect transistor to be formed on the semiconductor

substrate.
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wherein the diode includes:

a first conductive type semiconductor region in which
an impurity of a first conductive type is doped in a
surface semiconductor layer of the silicon-on-insulator
substrate; and

a second conductive type semiconductor layer in which
an impurity of a second conductive type is doped in a
deposited semiconductor layer deposited on the éurface
semiconductor layer.
14. The semiconductor device according to claim 13,
wherein the first conductive type semiconductor region is
formed so as to extend in the first direction.
15. The semiconductor device according to claim 13,
wherein the deposited semiconductor layer is a
polycrystalline silicon layer which constitutes a gate
electrode of a field effect transistor to be formed on the
silicon-on-insulator substrate.
l6. A fabricating method of a semiconductor device
including a word line extending in a first direction, a
sense line extending in a second direction, a
magnetoresistive element being formed at an intersecting
region of the word line and the sense line and varying a
resistance value thereof depending 'on a magnetic

orientation, and a diode connected serially with the

magnetoresistive element via a conductive member, the
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an silicon-on-insulator substrate so as to ‘reach an
insulating layer of the silicon-on-insulator substrate;
forming a trench isolation region by burying an
insulating material into the trench;
forming a first conductive type semiconductor region
by doping an impurity of a first conductive type in the
surface.semiconductor layer;
forming a second conductive type semiconductor region
by doping an impurity of a second conductive type in any
one of the first conductive type semiconductor region and a
portion of the surface semiconductor layer verging on the
first conductive type semiconductor layer;
depositing a first insulating film and forming
contact holes on the first insulating film so as to reach
the first conductive type semiconductor region and the
second conductive type semiconductor region;
forming a first connector body to be connected to the
first conductive type semiconductor region and a second
connector body to be connected to the second conductive
type semiconductor region by burying a conductive material
into the contact holes;
forming first layer wiring inclusive of the word line
to be connected to the first connector body and inclusive

of connective wiring to be connected to the second
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1s Connected to the connective wiring;

forming the magnetoresistive element on the local

wiring in a position on an occupied region of the word line
within a plane configuration;

forming a third insulating film for covering the
local wiring and the magnetoresistive element; and

forming the sense line on the third insulating film
such that the sense line abuts on the magnetoresistive
element.
17. The fabricating method according to claim 16,

wherein the first conductive type semicoﬁductor
region is formed in the same step as a step of doping an
impurity in a source and a drain of a field effect
transistor of a 'first channel type to be formed on the
silicon-on-insulator substrate, and

the second conductive type semiconductor region is
formed in the same step as a step of doping an impurity in
a source and a.drain of a field effect transistor of a
second channel type to be formed on the
silicon-on-insulator substrate.
18. A fabricating method of a semiconductor device
including a word line extending in a first direction, a

sense line extending in a second direction, a
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region of the word line and the sense line and varying a
resistance value thereof depending on a magnetic
orientation, and a diode connected serially with the
magnetoresistive element wvia a conductive member, the
fabricating method comprising the steps of:

forming an isolation region on a surface of a
semiconductor substrate;

forming a deposited semiconductor layer on the
surface of the semiconductor substrate inclusive of the
isolation region, the deposited semiconductor layer being
formed by a film deposition process;

patterning the deposited semiconductor layer;

forming a first conductive type semiconductor layer
by doping an impurity of a first conductive type in the
deposited semiconductor layer patterned in the precedent
step;

forming a second conductive type semiconductor layer
by doping an impurity of a second conductive type in any
one of the first conductive type semiconductor layer and a
pértion of the deposited semiconductor layer verging on the
first conductive type semiconductor layer;

depositing a first dinsulating £film and forming
contact holes on the first insulating film so as to reach

the first conductive type semiconductor layer and the

second conductive type semiconductor layer;
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connector body to be connected to the second conductive
type semiconductor layer by burying a conductive material
into tﬁe contact holes;

forming first layer wiring inclusive of the word line
to be connected to the first connector body and inclusive
of connective wiring to be connected to the second
connector body;

forming local wiring on a second insulating film for
covering the first layer wiring such that the local wiring
is connected to the connective wiring;

forminé the magnetoresistive element on the local
wiring in a position on an occupied region of the word line
within a plane configuration;

forming a third insulating film for covering the
local wiring and the magnetoresistive element; and

forming the sense line on the third insulating film
such that the sense line abuts on the magnetoresistive
element. |
19. The fabricating method according to claim 18,

wherein gate electrodes of field effect transistors
to be formed on the semiconductor substrate are formed
simultaneously in the step of patterning the deposited
semiconductor layer,

the first conductive type semiconductor layer is
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formed in the same step as a step of doping an impurity in
the gate electrode, a source and a drain of the field
effect transistor of a second channel type.
20. A fabricating method of a semiconductor device
including a word line extending in a first direction, a
sense line extending in a second direction, a
magnetoresistive element being formed at an intersecting
region of the word line and the sense line and varying a
resistance value thereof depending on a magnetic
orientation, and a diode connected serially with the
magnetoresistive element via a conductive member, the
fabricating method comprising the steps of:

forming a trench on a surface semiconductor layer of
an silicon-on-insulator substrate so as to reach an
insulating layer of the silicon-on-insulator substrate;

forming a trench isolation region by burying an
insulating material into the trench;

forming a first conductive type semiconductor region
by doping an impurity of a first conductive type in the
surface semiconductor layer;

forming a deposited semiconductor layer on the

surface of the gilicon-on-insulator substrate inclusive of
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the surface semiconductor layer, the trench isolation
region and the first conductive type semiconductor region,
the deposited semiconductor layer being formed by a film
deposition process;

patterning the deposited semiconductor layer;

forming a second conductive type semiconductof layer
by doping an impurity of a second conductive type in ﬁhe
deposited semiconductor layer patterned in the precedent
step;

depositing a first insulating film and forming
contact holes on the first insulating film so as to reach
the first conductive type semiconductor region and the
second conductive type semiconductor region;

forming a first connector body to be connected to the
first conductive type semiconductor region and a second
connector body to be connected to the second conductive
type semiconductor layer by burying a conductive material
into the contact holes;

forming first layer wiring inclusive of the word line
to be connected to any one connector body of the first
connector body and the second connector body and inclusive
of connective wiring to be connected to the other connector
body out of the connector bodies, which is different from
the connector body to be connected to the word line;

forming local wiring on a second insulating film for

covering the first layer wiring such that the local wiring
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ig connected .to the connective wiring;

forming the magnetoresistive element on the local
wiring in a position on an occupied region of the word line
within a plane configuration;

forhing a third insulating film for covering the
local wiring and the magnetoresistive element; and

forming the sense line on the third insulating £ilm
such that the sense 1line abuts on the magnetoresistive
element.
21. The fabricating method according to claim 20, wherein
the first conductive type semiconductor region is formed in
the same step as a step of doping an impurity in a source
and a drain of a field effect transistor of a first channel
type to be formed on the silicon-on-insulator substrate.
22. The fabricating method according to claim 20,

wherein gate electrodes of field effect transistors
to be formed on the silicon-on-insulator substrate are
formed simultaneously in the step of patterning the
deposited semiconductor layer, and

the second conductive type semiconductor Ilayer is
formed in the same step as a step of doping an impurity in
the gate electrode, a source and a drain of the field
effeét transistor of a second channel type.
23. The fabricating method according to c¢laim 20, further
comprising the step of:

forming a metal silicide layer on a surface region of
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a portion of the first conductive type semiconductor region
without the second conductive type semiconductor layer
formed thereon, on a surface region of the second
conductive type semiconductor layer, and on respective
surface regions of a gate electrode, a source and a drain
of a field -effect transistor to be formed on the

silicon-on-insulator substrate.
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