“1: Seni conduct or Menory Devi ce and Fabrication Process Thereof The present

I nvention relates to a sem conductor nenory device and, nore partj Iy
to a static RAM,(i.e. , Random Access Menory), which is conposed

(i.e., Metal Insulator Sem conductor) type field effect transist |cﬁ
will be 10 referred to as "M SFETs") and a fabricati oces’s
thereof. In d "M S type seniconductor integrated circuit device (which wll
be reférred to as an "I C'), an input protection circuit conposed of
a reSistor. and a diode may 15 - Dbe connected between an input terminal

and a gatef‘o as to protect the gate of a M SFET which i's to be ie‘.dqﬂﬁPr‘?;\
si gnal- con1ng fromthe outside of the IC. It T4 conceivable to use. a
di ffusion resistor, which is prepared in a sem conductor wafer by the

di ffusion technique, as  that input protection 20 - resistor. According
to out investigations, however, it 'has been found. that, where a CGMXS is
used in the peripheral circuit unit other than the nenory cells of the .
af or ement i oned -2- static RAM such - . a diffusion resistor is always

formed-with a PN junction so that the |atch-up phenonenon takes place. In
order to prevent this phenonenon, we have conceived to use a

polycrystalline silicon film{which wll be referred 5 to as
a "poly Si filnt), which is skaisbtawstdr MBRofy Be¥i¥i 883 Fabrication Process

Thereof

| The present invention'telates to a semiconductor memory
device and, more particularly, to a static RAM (i.e., Random .
Access Memory), which is composed - of MIS (i.e., Metal Insulator
Semiconductor) type field effect transistors (which w111 be
10 : referred to as "MISFETs") and a fabrication.process
theteof.

In a MIS type eemiconductor integrated circuit device
.(which-will-be - referred to as an "IC")}, an input ::
prctection circuit composed of a resistor and a diode mey

15 be connected betweenian input terminal and a gate so as to -
protect the gate of a MISFET which is to be fed with a signal
coming from the outside ofethe IC. It is conceivable to use
a diffﬁsion feeistot, which is prepared in a semiconductor
wafer by the.diffusicn technique, as that input protection

20 resistor. According:to out investigations, however, it has
been found. that, where a C-MQS is used in the peripheral

circuit unit cthe;'thEn the memory cells of the aforementioned



filmof the sem conductor wafer, as the input protection resistor. As a
for g-«met hod of- this input protection resistor, we have al so conceived

to a poly-Si filmformed sinultaneously with the pol y4Si gate
el des 10. . of the M SFETs of the peripheral circuit unit, the -
pol | gate el ectrodes-of the MSFEfs in the nenory cells and the poly-Si
wor d anes in the nenory cells. In this case, however, in order to shorten

- the propagation delay tinme of the signals at the gates and the word |ines,;
t he af orenmentioned poly-Si 15 fil mehas to be doped with phosphorus to
ha\@"i ts specific resistance lowered (to 30. A/[err], for exanple). In '

order to have the desired resistivity (about 2 [err]) required of the input
protection resistor, therefore, it is necessary to enlarge the wring

it is n . .

length of theStadi@ BAMsisuah  aqadiffusipn zeristor is aiyavs §ermadn found
that the are CUPbRs Bved; ,Of iR eS8l 5L phen&itdridndesked FH1a@asSi N
t.he chip si zgvfﬁ\r/r\}n:dchﬁi %‘Byucr#d%g’l rggbllgé:ef or thgﬂ%p o€en%nt of i nt%g%tai on.
Accordi ng to therbeesentpreveatt tihis ighenemesops owe Hede aconmedrgd deoy iuse 2
conprising a sem conductor integrated 25 = circuit device which caonprises:
(a) a nultiplBAYCFYSERLby S 1iconm Eilm, (whick 3L Re|udi ng a®PEFFS6T dri ver
M S tragsi st eLi g eGhegdny O egLi AgvEE Vi HeL Fi.e Pl bofilgest
conduc??ve ng%ﬁ§§fér @%ﬁgggt%%gge%bﬁhﬁggdg%egﬁgﬁﬁagvg pome?agupplif and (b)
a nul tiplicitpilaf ogethsuntilcohductad walfeks &sstiw dnhpdt vprdtethiomenory

cells, said circuits . 5 ' ' .
resistor. As a forming-method of this input protection
resistor, we hafe also doncei§é¢ to uée_' a poly-Si £ilm
- formed Simuit#neously with gﬁe poly-si gate'electrédes_
10 of the MISFETS of theiéeripheial éi;cuit unit, the poly-Si
gate electrodes of the MISF;TSlin thé;memory célls and the .
poly-Si word lines in the memory cells. In this case, however,
in order.td shorten the_propaéation éelay time of fhe_signals
‘ at the Qéﬁés and the word iines, the a:oremgntioqed poly-Si
15 film has to be doped with phosphorus- to have i;s specific
resistance lowered (to 30.f1/0, for example) . In order to
have the desired resistivity (about 2 K@) required of the
input protection.fgéiStOr{.therefofe,uit is.neceésarf tb
enlarge the wifing iength of the“poly-si-film. As a result,
20 it has also:been found that the Area qccupied,hy'the protection
resistor ié.enlarge@. increasing tﬁe chip size, which is
undésirable fbr the- improvement of integrationf
~ According to the present inventidn there is provided
a memory device comprising a semiconductor'intggxated -

25 circuit device which comprises: (a) a multiplicity of memory
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including MS transistors at |east one of which has a gate connected with a
protection resistor; and wherein said |oad devices and first conduct '
neans are forneqd insa first strip whichis fornmed froma 10 Si
polycrystalline silicon |ayer, the portions constituting the lo
bei ng of greater resistivity than the portions constituting the _
nmeans; and the or at | east one said protection resistor is forned ina’
secnd strip which is formed fromthe 15 singl e polycrystalline silicon

| ayer whose (esistivity is substantially equal to that of said conductive
means portions. In a second aspect the i nvem on provides a fabrication
process for such a menmory deykC€eacddD includin aﬁ:ﬁi%&ﬁ%ﬁ@?dhﬂ?@éﬁgisé&%
present invention enabl e one: fo prOV|§e a static of such a higl
integration that the areasettepi eshreyted toxelspptoiesilicad 8061649, and first
reduced; -and to provide a fabrication process which can fabricate the
afore- 25 nentioned statPRIRERYR Me80E £or connerting \eachr dped dsvicei thaut

any change in the existin ri o]y 0GESS. :4-. An _enpodi nent-_of the
present invention will no oﬁgpd% _r%ybeasﬁrj gréaF%}t%éiﬁﬁﬁt?mgPhp?Eﬁggféﬁ e to
the. acconpanying dr @M Ng%irkditdidstockhted ilth @hé GhiBrly cel Y OWaiahe¥ddif ts
a static RAMC : _

‘including MIS transistors at least one of which has
a gate éonnected with a protection resistor; and
wherein said load devices and.first conductive means
.are formed in a first strip which is formed'from a

10 single polycfystalline siiicon layer, the portions
constituting the load devices being of greater
resistivity than the portions constituting the conductive
means; and the or at least one said protection resistor
is formed in a second strip which is formed from the

15 single §olycrys£alline Silicon layer whose resistivity
is substantially equal to that of said conductive
means-portions.'

| In a second aspect the invention provides a
fabrication process fbr such a memory device.

20 o Preferred embodiments of the present invention
enable one: to provide a static RAM of such a high -
integration thét the.area occupied by an input
protection resistor is reduced; and to provide a
fabricatioh prbée;s which can fabricate the afore-

ZST mentioned static RAM without-;ny difficulty, preferably

without any change in the existing fabrication process.



5 enbodyi ng the present invention; Fig. 2 is an equivalent circuit
'shovm' ng the peripheral circuit unit of the static RAM C shown in
o)

Fig. 3 is an enlarged top plan view showing a 10 # portion of the
pperal circuit unit shown in Fig. 2; Fig. 4 is a section taken al ong
line X - X of Fig. 3; Fig. 5is an equivalent circuit diagram showi ng a
menor y~cel |l of the static RAM C-shown in Fig. 1; 15 Fig. 6 is an

“enl arged top plan view showing the nenory cell shown in Fig. 5; Fig. 7 is
schematic | ayout show ng the overall. _,_ menory array of the static *~
RAM.C shown in Fig. 1, Figs. 8Ato 8Q are 4Sctional views showi ng 20
sequentially the steps of a fabrication process of fabricating the static
RAM C enbodyi ng the present invention; and Figs 9A to 9H are top_plan vieéws
showi ng the menory ceb? smpodimentffc £ha Pﬁeﬁq\"g £apeRian Walh % S8 shown 25

in Figs. 8Ato 89855‘?1“!’;%%?'& ﬁ‘%ﬁ?{é‘? die%ﬁiiqpiu‘ﬂ PRIV eTiE tgahtl?rn of a static

RAM C accordi ng" 0 e present 1Tnvention wll be described
with reference t@actbfpanyinghdgsadids; iif- wRksht 0 have the so-called 'four

MRS YR LAyt B T s’ 2 achematic layout showing & scatic RAMIG
5 embodying the present invention;
.Fig. 2 is an equivaleht'circuit diagram showing
the peripheral_circuit ﬁnit of the static RAMIC shown
in Fig. 1;
Fig. 3 is an enlarged top plan view showing’ a
10 porﬁion of the periphera; circuit ﬁnit.shown in Fig. 2;
Fig. 4 is a section taken along 1ihe X - X of Fig.
3; |
Fig. 5.is an equivalent cifcuit diagram showing a
‘memory cell of the static RAMIC 'shown in Fig. 1:
15 _Fig; 6 is an enlarged top'plan viéw'showing the
membry cell shown in Fig. 5;

Fig. 7 is a schematic layout showing the overall

memory array of the static RAMIC shown in Fig. 1;
.Figs. 8A to 8Q are sectional views showing
20 sequéntially the steps of a fabrication process of
fabricating.the static RAMIC embodying the present
invention; and :
Figs 9A to 9H are top plah views showing the memory
cell in accordance with'the fabrication process shown

25 in Figs. 8A to 8Q.




in asingle IC chip such that there are separately arranged in the IC chip
four nmenory arrays M ARY1l, M ARY2, M ARY3 and M ARY4 whi ch are conposed of'
a plurality of nenory cells (M-CELS) The nenory arrays M ARY1l and ;
are arranged 10 at one side of the IC chip whereas the nenory arra Al
and M ARY4 are arranged at the other 'side, and a row decoder R-DCR e
menory arraysfMARY to MARY is arranged at’ the center portion of the IC,
chi g, which is sandw ched between the side portions. Between the nenory
~array M ARY2 and 15 the row decoder R-DCR and l_o_ggween the menory array

M ARY3 andrt he row decoder R-DCR, noreover, there are arranged word drivers
WD1 and WD2 for the nenory arrays MARY1 to MARY4. In contact wth

one-side termnals of the nmenory arrays M ARY -6- to MARY4, there are
arranged colum switches CSW, CSW, CSWB and C-SW for those nenory
arrays MARY] to M ARY4, respectively. In.contact with the colum sw tches

CSW to CGSW, noreover., there are arranged colum decoders C-DCRL, 5
C-DCC- DCR- DCR3 and C-DCR4 for the nmenory arrays M ARY1 to M ARY4,
respectively. In contact with those decoders, on the other hand, there are
arranged sense anplifiers SAl, SA2, SA3 and SA4 for the. nenory arrays

M ARY1 to M ARY4, respectiVvRiast Ad] arEnttHeo tbbepra Jayop! pdtrrra SAla static
to-SA4, there are 10 arranged address-buffers ADB [err] and AbB[ err] 2
for address signals ARAMIE 2a9Prdingdse a2putsibedpuenieofDthe| Rregensniayention

adj acent- to  the  aqdngsge RIJenbRRRId: AM:2YE & 903, {nPut buffer

This RAMIC is made to have the so-called "four mat

5 type layout paﬁtern", in which four memory_arraf;'afe arranged
in a_Single IC chip such that theré are separately arranged
in the IC chip four memory arrays MAARYI,.M-Aaxz. M-ARY3 and
M-ARY, which are éomposed of a plurality of memory cells
(M-CELs) . . The memory arrays M=ARY, and M;Anxz are arranged

10 at one side of the IC éhip whereas the mémory arf#y; M-ARY3
and_M-ARx4'are arranged at fhe_other side, andﬁa Tow decoder.-
R-DCR for the memorf arrays'MrARxl to M-ARY4.is arraﬁged at’
the center portion ofzthe'IC'éhip, whicp is sandwiched between
the side portions. Between the memdry array M-ARY, and

15 the row decoder R-DCR énd between the memdry'array M-ARY ,
and the row decoder R-DCR, mbreover, there are arranged word
drivers WD, and WD, for the memory arrays M-ARY, to M-ARY,.’

In contact with one-side terminals of the memory arrays M—AR!l



WE-B, a US signal input buffer US-B and a . data input buffer DIB are

arranged adjacent to the address buffer ADB[err]. Along. 15 one end
on - of the IC chip, there are -arranged addres& signal inpression:®
P-A5 and P-A6, a data signal take-out pad P-Dout, a WE signal

[ ession pad P-W, an earth potential connection pad P-G\ND, a CS signal.

i npr€ssi on pad P-CS, a data signal input pad P-Din, and address signal 20

i pr ession pads P-A7, P-A8 and P-Ag. In contact with the other term naf/

side of the nenory arrays MARY1 to MARY4, on the other hand, there are. .

aw«anged |l oad circuits DLCl, DLC2, DLC3 and DLC4 for the data |ines, _

respectively. Adjacent to the left and right sides of those M SFETs, there

are arranged 25 -~ address buffers ADB3-1 and ADB3-2 for address signals

A0 to A3, to MPARY 2N hHAk? ardfdh AGhideal Soi S SwdHRES TN | eE-swhADB3,
noreover, there are afranged al ong thé periphery of the |IC &hi p addr ess

si gnal inpressi-sW, pandd ¢S, for thosePméBory-AiraysdMPARy, ta uen!e?e supply
pad P-VCC, and address signal inpressiqn pads P-Al13, P-Al2, P-Al'l and

P-Al 0. In the RBRPELLYRAY o8t FOREASE VAR i FolppBt BttieBRscF 7 Cand the

peripheral i iy’ AhlraoubONSLLHE LA 23-HANN doffulth Wecoheld d-ndd) Fi o 2

An external input4ferm nal Vi 0 be f a sl gna romit he
out si de Bf the-BaRLC cpoRyS pAAUS-DAR OifOrothé hemoddr £erays §AARY) rgar ession
pads P-AO0 to P-Al3™and thé other input signal inpression pads P-WE, P-US
and P-D. M-ARY,, respectively. 1In contact with those decoders, on
the other hand, there are arranged sense amplifiers SAl, SAZ.
SA, and SA4 for.the.memo:y aﬁiays MfAkfl tq_M—AR¥4. respectivélf.-
Adjacent ‘to the sense .amplifiéré sAl to, Sa,, there are ..
10 _ arranged addreSS‘buffers ADBz-l an& ADBz;z_for addrésé signals
A, to Ajg. A data output buffer DOB is arranged adjacent -
to the address buffer ADB,_,, and a-WE signal input buffer
ﬁE;B.'a CS signal input buffer CS-B and a data iﬂput.buffer |
DIB afe arranged adjacent.io the address'ﬁuffer ADBZ_Z. Along .
is one end portion -of the IC chip, there are;;rrahged
'addresé signal impreséioﬂ_pads P-ag and P-A., 2 data signal
take~-out pad P-D e a Wf.siénal impreséion'pad P-#E, an
earth potential connectiqn pad ?—GND, a CS signal impressidn
-pad p-CS, a data signal input pad P—Din,:and address signal
20 impression pads P-A,, P-Ag-and P-Ag.- In contécg with the
other terminal side.of the memory afrays M-Anyl-to M—ARY4:
on the other hand, there até-arrangeq loéd circuits DLCl;
DLCz, DLC3 and DLC4 for the data lines, respectively. Adjacgnt
to the left and righﬁ,sides of those MISFETs, there are arranged

25 address buffers ADB, ; and ADB; , for address signals A, to Aj,



in That input termnal Vis connected with each gate of the G MOS i nvegte
of IN 15 t he peripheral circuit through a polycrystalline silicon IM
protection resistor err]. which has the sane resistivity as that of a_ :

| at er-descri bed second (or overlying) poly-Si film That C MOIS inverter
conposed of a P-channel M SFET [err] and an N-channel M SFET Q and forns a
part of the 20~ - address buffer ADB, for exanmple, of Fig. 1. An output
VouL,j s commonly taken out of the drains of those two M SFETs and is fed
(e.g”) to a subsequent inverter. The M SFET QlO has its source fed with a
power source voltage [err] froma power sourcer7which is connected - with

t he vol tage supply 25 .pad P-VCC of Fig. 1, whereas the other M SFET
[err] has its -8- source fixed at the earth potential or a reference
potential (Vss). Reference letter'D indicates an i ngut r ot gct i on_di ode

for clanping an abnorfipe 3k @essi VAIAREREGES A% 2A4E¢FDPREEETE Sfze BOfEOVeE .
the. gate oxide filns / ; i ohi Rk Nfe K keRadde
“the excessive vol tage?géﬁ%%%ie%gggﬁe& eaé'?flg%éegspligg lr‘e%{e?ﬁ %or ns pgrt of =S
a time constant circusigridlgdimpeessidrh pade P-&] NP-AzpaR+Ay,. P-Ahiand -2,, a Vo,
provided to delay the rising characteristics of thé& abnornally, excessive

vol tage, which has a ¥Rkfager sHPRIYPaPrVatrerdnd 28ressh tignal impressinn pads

the -equi val ent td ne cg_r:ng{sa'nrp_g;z'g ki?'éj]jloquDP'aﬁldo Whl ch

In the RAMic.;hus constructed, the input protection

circuit and the.peripheral;circuit are - éonstruqted as
shown in Figs. 2 to 4. _ ' |
_ In Fig. 2, An external'inpuﬁ terminal Viy to be fed
10 with a signal from'the'qutsidg of the RAMIC corresponds to
- one of fhg address §ignal iméression pédS-P-Ao to P-A,, and
' the other inﬁut.signal impression pads P-WE, P-CS and P;Din-
That input-tézminal' |
ViN is coﬁnécted with eacy gate of the C~MOS inverter of
15 the peripheral circuit through a poiycryétalline silicon’
- input proteétiog reSistoi RIN'which has the same résistivitf
"as that of a later-described second (or overlyiné) poly-Si
£ilm. That C-MOS inverter is composed of a P-channel M;ﬁfET
Qio and an N-channel MISFET Q;; and forms a part of the
20 address buffer ADB, for exémple, of.Pig. 1. An output vbut.
is commonly taken out of the drains of those two MISFETs and

is fed (e.g.) to a subsequent inverter. The MISFET

Qlo has its source fed with a power souxrce voltage VCC from

a power source, which is connected with the voltage sﬁpply

25 pad'P-Véc of Fig. 1, whereas the other MISFET Qll has its



e i npressed upon the protection diode, when that excessive voltage

IS

i's flpr®psed. I n other words, the input protection resistor [err] S
proJégeo to nmake gentler the rising waveform of the abnorwrally excessive
vol tNages/whi ch is inpressed upon the 15 i nput termnal Vlg. The circuit

t hus constructed at the input side is fornmed to have such a |l ayout as-is
schem@itical |y shown in Fig. 3, and especially the input protection circuit
is shown in section in Fig. 4. Over-an N-type silicon substrate 1, 20
there is forned-a thick field oxide film2 for elenent separation, which r’s
used as-a mask to forma P-type sem - conductor region 3 by the diffusion
techni‘que. Moreover, that region 3 5a provi ded wth an N-type

semi conductor region 4 by the diffusion technique using a thia oxide film’

25 5 as a_mask....Tho r.egio c o&pgel;, -O-

t he prot ectiSHuW%féxﬁgsagmnghV?ne%. Bétgn g’f éfe%c%ﬂ#%?gl 6 iﬁgl'?%:at es a
Sio2 filmwhigh js RHePaabbe Dlettes’ ohendiaitesapar intBoprdtertidn e.© CVD).. A
poly-Si film 7s§rovi ding the aforenentioned input protection resistor, RIN

i s formed 5 diodevisr wcdampirgiRIf edRPERRL \FXCESRIER r ¥RfiRges . Yol Gh dsSPERVIARS on

o 37 o et o e By 1 IS B L3 g, T
| at er - descri RednSEEOR brbkén. by Wdiel ¥kbadsival YoStaddlyerrhandnpst doped with an
i mpurity so as to have a 10 specific resistance of 150a/[err], so that
it may have oprioitghtion axisiskef tRen forms part of a time constant
' circuit together with the wiring capacity. - This is provided"
" to delay the rising cha:aéﬁeristics of the abnormally.excessive
voltage, which has a smailer'r;sipg equivalent time constant

10 than the equivalent time constant of the diode D and which
is to be impressed upon the é;otectidn diode, whern that_excessivg
vb;tage is impressed. in-othet-wbrds, the input.prétection
resistor Ron is pro;ided to make'gentler the rising waveforﬁ
of the abnormally excessive voltage which is impressed upon the

15 input terminal VIN".

The circuit thus constructed at the input side is
formed to have such a layout as- is schematically shown in
..Eig. 3, and especiaily the input protecti&h circuit is shown
in section in Fig. 4. Over an N-type éil;con substrate 1,

20  there is formed a thick field oxide £ilm 2 for element
separation, which is used as a mask to form a P-tgpe semi-
conductor region 3 by the diffusion technique. Moreover,
that region 3 is . proviaed ; with an N-type semiconductor
region 4 by the diffusion technique using a thia oxide film

25 5 as a mask. Those two regions 3 and 4 construct together



t han a. first poly-Si film 16 which forms the gate el ectrodes of

M SFETs and [err] Nuneral 8 indicates a phosphorous silicate glasg
film and nurmeral 9 4 ndicates an alum numwi ring which is connected wit
the external input 15 terminal [err] of Fig. 2. The P-type region 3 1s

grounded to the earth through an earth potenti al connection |ine 20,

whereas the N#~type region 4 i.s connected with the respective gates of the
M SRETs [err]” and QI, which construct the afore- nentioned C M3S

i nverter, by alum numw ring 21; and to the 20 | at er - descri bed G MOS
inverter (as indicated here at 16). In this CG4L0S inverter, nunerals-10 and
11 indicate the Pi-type source and drain regions of the M SFET Q
respectively, and nunerals 12 and 13 indicate the N -type drain and source

regions of the M SFEI#er ] ‘iggezfsthéd\éeloys& a4 %Q%ﬁg er: ggggggr?ge i‘lﬁm‘fgal

i ndi cates a P-type wal'T ¥ fies nuner

contact N -type regi ennfxd)fcatt@asangxd,genubﬁﬁiai&s Bﬂaﬁﬂd by €he/ chew@bange
supply line of alum num nuneral n output |ine of alum num nuneral 19

an earth potential cuvapectderpsiitaenofi#-ufBum Aamlﬁﬁrbr@lmﬂ Br%#dpﬁg 5

d whi ch d t t |V In {
"mput ot oot i on. ol r EOF (240 ERBRELHIR HERAI PR Lon R oRar B % ABRT |

is desirable 4hat W%&Ekléeﬁ@efrdw%epﬁbi@fge‘ {&&Iﬁwtﬁ%w@rram&
made of the second 10 (or overlying) pol mand set at such

desired - 6 through contact holes whzch are formed in the S:.O2 fllms
| | 5 and 6. That poly-Si film 7 is made to grow at the same
step as that of the later—descrzbed second (i.e., overlying)
poly-51 layer and is doped with an impurity so as to have a
1o specific resistance of 15052/8, so that it may have a higher resistivity
than a first poly-si.fxlm 16 which forms the gate
electrodes of the MISFETs Qlo and Q11 | Nﬁﬁeral 8 indicates
a phosphorous silicate glass £film, and numeral 9 1nd1cates
an aluminum wiring which is eonnected with the external anur
15 terminal Vi of Fig. 2. The P;tyée region 3 is grounded to
the earth through an earth potentzal connection lzne 20,
whereas the N -type region ¢4 is connected w1th the respectxve
) gates of the MISFETs Ql0 and Qll' whxch construct the afore-
mentxoned C-MOS inverter, by alum;num wiring 21; and to the
20 | later-descrlbed C-MOS inverter (as indicated here at
. 1ls6) . in this C-MOS inverﬁer, numerals 10 and 11 indicate
the P -type source and’ drazn reglons of the MISFET °1o’
respectlvely, and numerals 12 and 13 indicate the N -type
drain and source regions of the MISFET Qll' respectively.

25 *© Moreover: numeral 14 indicates a P-type well'region at the

e e u e L e s - .. . - —-



val ue (about 2 K[err], for exanpl é) as to effect the afore- nentioned
pefani ons; For that reason, ' the poly-Si film7 has phosphorus.

(9pd therein so that it may have a sheet resistance such ,as 1.50

/| simlarly to the wiring portion 15 of the second poly-Si film

e |later-described nenory cell, so as to have a |ower resistivity tha
that im the nmenory cell. As a result, the poly-Si film7 exhibits ‘a-
rel atively high sheet resistivity suitable for attaining the 4;
desired resistance of 2K[err] while ocgyaying a relatively small area, 207
assshown in Fig. 3. Incidentally, that input -protection resistor can be

formed in a straight line, as is indicated by a chain-dotted line in Fig.
3. Fromthe s andﬁoigt Q%ﬁthe ar alreduction, t Re i nput protection resistor
7 is requi red"TRESE LG PUBFEA hilgh sTRRS3FEC Ny SBYRE; ZRILOD £2F BirsAPDs
enough resi st@nubQtrdde ;NAbméaiP19Ck ¥ he \}oﬁQH%e supp1§ ¥ ne ¥ aiﬁﬁvfnum;
requirenent, it is advantageous that tHe overall resistance of the I nput
protecti on resimeral ¥8 canobepsttlixe &ftalurdnknersdmenaill £9 havieagtht S sheet
resistivity of the aforenentjoned val ue of about 150 A/[eréi. . I'n_the

peri pheral = 5 PPteBtidk RANREGFLOR Jinenet Ahmingmy pnd pumgER Y Ay 3t Berding
siiconsw 1 fgaalGni on ROrieSHadfs [ACLHE! iatnb BUMAAT chbulii® ySUCh 2 oW
resistance as to shorten the signal transmssion.tine and, acé¥rdingly, the
access timne, Figr. @xanpl e, a sheet resistance of 30 [err]/ O Neverthel ess,
that poly-Si filmcan 10 . be fornmed sinultaneously with the first poly-S
filmwhich serves a&®t4€ §BPRE AXOteFbiRN GLrentt MSFitheoperinheraler -

circuit thus far described, it is désirable  that especially

the input protection resistor R_, (or 7) is made of the second

IN
10 (or overlying) poly-Si film and set at such a desired
value (about 2 KN, for éxampie) as to ef_feci: the afore-
mentioned bpera-tions; For that reason, the poly-Si film

7 has phosphoru_é . diffuéed therein so that it may' have a sheet
resistance such as 150 /o simi.larly_to.the wiring portion
15 of the second poly-Si film of the .later-described memory cell, éo
as to have a lqwer resistivity than that in the Imemory cell. .
As a result, the po_iy-Si £ilm 7 exhibits  a relatively
high sheet resistivity suitable for attaining the desired
resistanéé of 2Kl while occupying a felaéivelir small areé,- '
20 as shown in Fig. 3. Incident_:glly, that input protection
‘resistor can be formed in a s'traight..line', as is indicated
by a chain-dotted 1line in Fig. 3. f-‘ror_n the standpoint of
the area reduction, the input protection resistor 7 is. required
to have a ‘suitably hi'gh specific resistancér ‘and a low '

25  enough resistance for it not to block the input



described nenory cell. Fig. 5 shows the circuit of the nenory cell in one
bit of the static RAM shown in Fig. 1. 15 This menory cell iGN\
gonposed of: a flip-sflop, which conprises the..inputs and out pul\&:<¢
a pair of inverter circuits each conposed of a |oad resistor and a driver
transi stor connected in series; and a pair. of transm ssion gate M SFETs Q
and Q4. - The pgsaired inverter circuits are 20 conposed of a first
~inverter, which has a load resistor Rand a driver MSFET [err] connected
in series, and a second inverter which has a |load resistor R and a driver
M SFET conpected in series. The load resistors RL_and R2 have their

]

one-side termnals fed with the voltage Vc t hr ought 25 a wring 2,
whereas the driver M SFETs - and have their -12- source termnals
grounded to. = earth. Mreover, the output of the first inverter is fed

to-the gate term nal signdle VFSFEShi@ refluinementoodd LsAdvRatagepns fhatithe

out put of the second inverter is.f to_th ate termnal .of t FET
[err] 5 of the fir%e] eFEEFSE e f’%i gl!?l’tfﬁql%aef%%ecttﬁ%ncﬁn%tsrwggt Fo%an
thus far described ispdisp @z LNEQIIEIL GHITE A NGELES - sk RUSIstiliRy of
output of the first inverter is connected through the M SFET [err] wi'th a
data line D, whereas the aforpmentiondde vaduemif iaboutt £50 %Y Bonkercthed periphapel
the M SFET ‘10 with a data lipe [err

gate is used as Addr eSIEAEPLF Ph SIPkﬁagﬁﬁéarﬁg%gzﬁg%gﬁygéﬁﬂﬁgksgifgk°“
- wiring 16 to be used as the gate. is required to have such
a low :eéistance' as to shortén the signal transmission time
and, accordingly, the access-timé. for example, a sheet
resistance of 30 /0. Nevertheless, that.galy-si £ilm can
10 . be formed simu;taneously with the first poly-Si film which
. serves as the gate’electrode‘of the MISFET of the later-
described meﬁory'c511; _' .
Fig.-s shows the circuit of the memory cell in one
bit of the static RAM shown in Fig. 1.
15 | This memory cell is composed of: a flip-flop, which

comprises tﬁéninputs and outputs of a pair of inverter

circuits each composed of a load resistor and a driver
' transistor connected in series; and a pair of transmission
) gate MISFETs Q3 and Q4. The paireé inverter cifcuits are
20 composed of a first inverter, which has a load resistor R,
and a driver MISFEf Ql connectéd in series, and a second
inverter which has a load resistor.R2 and a driver MISFET
.Qz connected ip éeries._ The loaa resistors R, and R, have
their one-side terminals ‘fed with the voltage Vcc through

- 25 a wiring £, whereas the driver MISFETs Q and Q, have their

T



W

- ssion between the flip-flop and the conplenentary data |line couple D
anc¢lefr] and has its operations controlled by the address signal which is
to bE"i:npressed upon a word 15 line W Next, the layoutsapattern of the
menory ceil M CEL of one bit will be described with reference fo Fig. 6. In
Fig. 6, the section wthin the rectangle ABCD is a region which is occupi ed
by thék‘ menory cell M CEL-of 20 one bit. Br oken
lines indicate a thick field insulation film 110 nade of S|C2 and havi ng -
the formshown in Fig. 9A. Single-dotteslines indicate a polycrystalliné
si.licon layer (i.e., a poly-Si layer). Especially, the regions, which are
encl osed by the single-dotted |ines but 25 ~not shaded,
indicate first poly-Si layers 117, -13- -119 and 116 and have the
patterns showgbd&eﬁtameﬁlsm&oahaé@dcd egi oasridi #Bk8ovesLEaBoWuE SI
| ayer 147 and a. second poly-Si |ayer .over contact holes CHO CH2, CH5 and
CH6 and have Qﬁd:hsatfu-eshslmrl hsofed torthe gage tBumbhal ddt thel i nes

i ndicate a ne arra N$ARY whi ch_ is nposed of a IuralltXFof menory

cells. This the ZeFopS ipvex TP FRB PN °F sH%r med i n
the N-type Seéﬁé"d?i&diﬁ%’ftéﬂll%t Eé&eto Legiel %E%e[%eﬁ:.@ﬁ@ V£ -dnd PE5PRE W ring
| ayers made of alum num Anong these, nore specifically, t

| etters D ancod thediftaste invertenmpl e'rtmﬂfé.u.;n-ﬂbdm Halvﬁagcmq)lwnshmtnqn Fi g.

5, and letters [err]-L .indicate
thus far described is used as 1nfo:mation memory means.

Moreover; the output of the first invg:ter_is_connected
through the MIS?E?_Q3 with a aatﬁ ling D, wherets the output
of the second invertet is connected through the MISFET Q,
10 with a data line D. In othér kords,_tﬁé_transmitsion gate
is used as addrgss meaﬁs forftohtrélling the infbrmation
transmission between the flip—flop and the complemeﬁtary data
line couple D and D and has its operations controlled by
thé address signal which is to be iﬁpressed upon a word
15 line W. | | )
" Next, the layout pattern of the memnry cell M-CEL of
one bit will be described with reference to Flg. 6.
In Fig. 6, the section within the rectangle ABCD
is a region whict is occupiea by the meﬁory cell M-CEL of
20 one bit. - Broken lines lndxcate a thick
field insulation £ilm 110 made of sio, ;nd havznq the form
shown in Flg. 9A.: SLngle-dotted lines indicate a polycrystalline
silicon layer (i.e., a poly-Si layer). 'Especially, the
regions, which are enclosed by the szngle-dﬁtted 1;nes but

25 not shaded, indicate first poly-Si layers 117,

1

: »



the earth potential supply line. Contact holes CHO, CH2 and CH6 are
provided to connect the wiring layers D, D and V55-L with the N -type di .
regi on 15 of the MSFET 4, the N +-type drain region of the.M SF@_
and the N+-type source region shared between the M SFETs [err] and @,
respectively. The second poly-Si |ayer is sandw ched between those al um num
wiring layerg and the N -type sem - conductor regions. The contact hole CH5
is provided to connect 20 the P-type well regions of the wiring |ayer
VSS-T and the nenory array M ARY while sandwi cﬁigg the second poly-Si |ayer
i nbet ween. -~ The contact holes CHL, CH3 and CH4 &fe provided to connect the
second poly-Si layer 147 with the first poly-Si layer 119, the N -type
region, which is shared 25 bet ween the drain region of the M SFET Q

and the source regi oy g 1118 MaSFETe! A4 IrARde e didit 1ROk Sacl ayer

116, respectively. Next, e relationshi ps anong e af orenent’i oned
respective regions .w Fhe [zhaded credimmswindicatfecmrenesond Fig. 6. First of
all, the second poly-Si |ayer 147 extends at 5 the | ower |efthand side

of the drawing and | PEInAdctBPRNIAR 2AE HARSPTS OB BE Stol f¥e FEHpFI 1aGTe
"VCC-L outside of the HERS ¥gar ' MefRYana qﬁfsgmaﬁé E:hP agter'ggegmrin
poly-Si |a 1

source voltage [err] I npres&ed Won Bhe secén er 147 by the

af or ement i oned sreans rig.i Rl R lehaotgdd tllimeli ghdticakd a memsiyshoray MHARN

is made of polycrystalline silicon having a higher resistivity, upon the. :
source of the M SFET wbdcht ke epmpaseds of ne RAUSREFtY ofMemPRY ¢RLls -o| TRIS F@mOTY

of the NlSFFT ‘array M-ARY is a P-type well region which is formed in the

'N-type semiconductor substrate. Letters' D, D and Vgg~L
 indicate wiring layers made of ;luminum. 'Amopg these, morg
10  specifically, the letters D and D indicate the complementary '
data lihe couple shown in Fig. 5, and letters Vgs'L indicate
the earth potential supply line.
Contact holes CH,. CH, An§ CH, are proﬁided tolcénnect the
wiring laYers-D, D and VSS-L with the N+-type drain region
15 of the MISFET Q,, the N'-type drain region of the MISFET Q,
"and the gf;type source region shared between the MISFETs Q;
and Qz; respectively. The second pdly-si layer is sandwiched
between. those aluminum wiring layers and the N+-type semi-
- - conductor regions. The contact hole CHS is provided to connect
20 the P-type well regions of the wiring layer VSS-L and the
’membry arréy'M-ARY while sandwiéhing'the'second poly=-Si
layer inbetween. The contact holes CH,, CH, and CH, are
provided to connect the second poly-éi layer 147 with the '
first poly-Si layer 119, the N+-type region, which is shared |

25 between the drain region of the MISFET Q; and the source region

[P . - . - . - .. e v agm e m———



[err]. In other words, the second poly-Si |ayer 147 is connected through
th ntact hole [err] with the first poly-Si ‘|ayer 15 119, which -
.co@(s in the so-called "direct” manner with the N+-type semni conductor.
re shared between the source of the MSFET Q and the drai'’n of the

M SFET~QZ On the other hand, the aforenentioned first poly-Si layer 119
serves-as the gate el ectrode of the M SFET [err] too, as i's apparent 20
fromFigs. 5 and 6. The drain of the MSFET [err] is connected through=
the contact hole [err] with the data. |line D. Mreover, the af or ement i one¥
second poly-Si |ayer 147 is connected thspuigh the other higher.resistor
[err], which is made of poly- crystalline silicon having a higher
resistivity, with the 25 drain of the M SFET QL, the source of the

M SFET angst ke MIEETe le eghd ot @firsbepddySBET14Fer All6, ofespuictivale.
shown in Fig. 6. In other~words,. the second poly-Si layer 147 is
connect ed t hrough tmmmcrem@nsempsqu [vhef pfagemestiones negpeFtives

acting as-the gate el ode of Ih urt her through the
contact hol e C%é"ﬁft'ﬁeltﬁhi’ l\ﬁef%’eb ggnqut%r c?eﬁ?&%’%\hl ¢h- is shared
between the drain ofjtdie ol kL] tie %@éoh&eg&lq»u@@ew}eﬁ ha7MeptdnasQRe
Moreover, the drain of the M SFET@ is connected through the contact hole

CH2 Wi t hS t he tiet hovémclefithaifiesife ofoltbet Axnningoand his Konnected SRS, and

Q are. rradeoftheflrs _oI - | ayer 117, . which acts as th rdllneW
shown in Fi g.th¢ PPERF S &B‘]’Sﬁaﬁﬁé‘ ¥sl’aﬂer3(ngeg PEES g ® the data

lines at a " bfelbr gy MIMYS%%gmnﬁgof 7t.herid %%6:& Suid @
voltage_Vbc impressed upon the secopd_poly—Sz lage: 147 by
the aforementioned means is impressed'throtgh the higher
10 resistor, which is made of polycrystalline silicon having -
. a_higherifesistivity, upon the source of the MISFE? Q. the |
drain of the MISFET Q, and the gate.electrode of the MISF;T
Ql‘ In oﬁher wordgﬂ the second poly-Si layer 147 is connected
through tﬁg contact hole CH; with the first poly-Si layer
15 119, which contacts in the so-called "direct" manner"ﬁith
the N+4type semiconductor region shared:bétween fhe source
of the MISFET Q4_and the drain of the MISFET Qz. On the other
hand, the afqrgmentioned_fi:st poly-Si layer 119 .serves as
the gate electrode of the MISFEI Ql' too, as is agparent _
20 from Figs. 5 and 6. The drain of the MISFET Q, is connected
through the contact hole CHO with the data_lipe D. Moreover,
- the éforementioned second poly-Si layer 147 is connected
through the other higher.resistor R1, which is made of poly-
crystalline silicon haviné-a higher resistivity, with the .

25 drain of the MISFET Q; the source of the MISFET Q. and the



menory cell of one bit, and share their N -type region. inbetween.
Nbreover, this N -region further extends to the right of and bel ow t he
outside of the rectangle ABCD, and nerges into the N+-type regi on which

r;erge I nto each other below the rectangle ABCD which contains 15 the
f

provi des the sources of the M SFETs 20 [err] and Q of the adjoining
menory cells./~On the other hand, the wiring line VSS-L is disposed at the
| eft _hand side of the menory cell, along one side of the menory array M ARY
and Tn parallel with the data lines. That wiring line [err] is connected
.through the-contact hole CH5 with the P-type wel |-1525 As a result, this
P-type well is grounded to the earth. The -16- second poly-Si |ayer

exi sts between the wiring layer [err] and the P-type well. On the other

hand, that wiring layer VSS-L is.co te ough the con - hal 6 .
with the aforenenti onﬁ?%eifﬁﬁﬁqee@r}gﬁﬁw&pehﬁﬁt@ tﬁé’?ﬁ?"éﬁrﬁagﬁ% n
side of the memory ceplg. S oy Sl wobdld 5 e 5886RD dolyosoundas Lo7the
earth. The second poly-Si |ayer exists between the wiring |ayer V5-L and
the N -type region. dJdrnechledt$ipmughgithe crrtges hole QHyewhlkhtthee ficgt @ely-
whi ch provides the sources of the M SFETs O and of t e.agjt%i nwgﬁ%mry
10 cell's, as has HedA¥8Estls RsFing, aF i gprEe eLRCEIOABSOF (9

~Lype 1 egl on | S5CoNNGRLP Gkl ifolioh! B IdHeBe T o) @leh O8R! NODGype
position so that it i's grounded to thHe earth, it becomes3necessary to form
the wiring layer for sewiebpdagtor region which is shared between the drain of
the MISFET Qi and thé source of the MISFET Q- Moreover,
the drain of the MISE;@ §3'is'connepted th;ough the contact
hole CH, with the ﬁata-line b. The'géte-e}ectrodes of the
10: MISFETs'Qs and Q, are'mgde of the.first poly-Si layer 117,
which acts as the word line ﬁ'shown-ih Fig. 1, too. This
word line W is arranéed to intersect the.data lines at a
right angle.' The source regions of the MiSFE?s 9 and Qé
ﬁerge'into eaqh'other.below'the rectangle ABCD which contains
15  the memory cell of one bit, and share their N'-type region
inbetween. Moreover,‘this'N+—region further extends tq ﬁhe,_
right of and below the outside of the rectangle ABCD,
and merges into the o '
N+#type region wnich"proﬁides the sourges'of the MISFETs
20 - Ql and 02 of the adjoining memory ceils. on the_gther hand,
the wiring line Vgg~L is disposed at the left hand side of
the memo:y'cell, along'one’side of the.memory array M-ARY and
in parallel with the data lines. That wiring line Vg -L is
- connected through the cont;ct holg CHS with the P-type well.

25 As a result, this P-type well is grounded to the earth. The



the earth potential to those respective menory cells sharing 15 t hat
regi on i nbetween. In other words, by grounding that N -type region
#/earth, the source regions of the MSFETs Q and ° sof the respective
mend#y cel |l s sharing that N -type region are grounded to the earth so that
the“earth potential supply lines for the respective nenory cells can 20

be dispensed with. The overall |ayout of the nenory array wll be
schematically described in the following with reference to Fig. 7. Each 17
menory array is arranged with a line (in the direction of the word |ine) of
t hjxty two sections (i.e., 25 the megLy cells of one bit), which are
erncl osed by the .-17- rectangle ABCD.shown in Fig. 6, and with a row (in
the direction of the data lines) of one hundred.and twenty ei ght sections.
First of all,_the/ t pat : G oS ofs Iy r ay
construction 's,escc?e"gr %égyl% alI:a ce)?dg%\g%és\?mﬁwtaﬁga%{é Jlgﬁ'gé/cr}%tﬁgg?? r'? of the
menory cell ofndR@ebbttpdowelln Fog.tHe othes h@si,C thayouirimgt Layer is
conposed of four nenory cells M to M4 of one bit, which are arranged as
i sshown in Fi¥gg~L iPheonrgchednsbrougly thedrcentret fotentiy wéhl tMving the
sanme | ayout p

Fig. 6. aaéotree_;nre]n@:s.oﬁeh ?];i]:a%% ::Eé;{ﬂ}?{ %higﬂleﬁegPPeﬁ&%he ler;i:xE]an'?fOV"n in

a nenory c aving such a | ayout

patternsas i Ssqud S¥MERE Midmdzg tBE1MEmy u eebbld/l chiikhnTaspden 1o the side
BC. [err] indicates the nenory cell- having such a | ayout pattern as
 grounded to the earth. The second poly-Si layer exists:

between the wiring 1ayer?vsst and the N+-type region. This
: N+-type region merges into the_ﬁ+¥type régiqn'which provides
the sources of the MISFETS Qy and Q, of the adjoining memory
10 _éells, as has been described hereinbefore. A§.§ result, if
that N+-type reéion is connected with the wiripg région VSSTL
in at least one position so that it is grounded fo the eaéth,
iﬁ becomes necessary to form the wiring layer for supplying
‘the earth potential to those respective memory cells sharing
15 that'N+-type.region inbetween. In other.words, by grounding
that N+-type region:to the earth, the source regions of the
MISFETs Ql and Q, of the respective memory cells gharipg that
N+-type region are grounded to the eargh so that the earth
potential supply lines for the respective memory cells can
20 be dispensed with. .
The overall layout of the memofy array will be schematically
described in thé following with reference to Fig. 7. |
Each memory array is arranged with a line (in the
direction of-the.wbrd line) of'thirty-two sections (i.e.,

25 the memory cells of one bit), which are enclosed by the




is centrally symmetric to the nenory cell M2 with respect 15 to the
point.C (or D). M4 indicate a nenory cell having such a

| ayout pattern as ist*taxisymmetric to the nenory cell M3 with respect to thg
side DA. The basic layout pattern is so constructed that those nenory @
cells ML to M4 are arranged continuously w thout any spacing, as shown i

20 Fig. 7/ ~Mreover, a nenory array is constructed by arranging those
basi~¢| ayout patterns continuously w thout any spacing. Mre specifically,
the nenory array is constructed with sixteen basic |ayout patterns in a
line and sixty fout basic |layout patterns in a-¥bw, as shown in Fig. 7.
Fromthe 25 description thus far made, it is understood that the N
-type - 18- sem conductor region, which provides the source regions of

the M SFETs QL and [ efiktaR@WVhach Ehéwn Bin 31d.t 68 dd $ieRd Yod (LRVEle @liBection
shared anong the four nenory cells ML to M4 and .anong the sixteen basic.
| ayout patterns whi chodr ¢ghardatragadneés) of iane! hendrew: andl heentyhadghticsections.

regul.ar layout thus far descrihed, two wifin Ie}%ers Vierr]-L are arran%ed
at respective sides ofiffE dbidly %PPa .Y°"f§eﬂ%(§'v'\? h@FOVERengid PAGLF IR She

V[err]-L, there exten ' kAL £ y ; | | .
107 The N type roa aael e poar Rt e et Riad tnSecupiee i sl

Q and. @ and whi ch aagoubrmeatiesrt wft the aemopyheslll pEouné Hite showh aixt Figl.es.
CH6. As a result, those N -type regions are grounded to the earth. Thus
this N -region This basic layout pattern is composed of four.memory cells
M, to M, of one bit, which are arranged as is_shown in
Fig. 7. Thg reference Ml indicates a memory cell having
the same layéut pattern as that of the mémory cell of one
10 bit shown in Fig-. '6. o _ ' M, indicates a memory
ceil'having such a layout patterﬂ as ig axisymmetric%to;
the memory cell Ml'with respeét to £he.side BC.
Mgy indicates the meméry .cell having s.uch',a layout pattern as
is centrally symmetric to the memory ceill M, with respect
15 i:o-:- the" point. C (or D). CoMy indicates a memory
cell having such a layout pattern as is'axisymmetric to the '
memory cell M, with.respect to the side DA. The basic layout
pattern is so constructed that those memory cells Ml to_M4
are arranged continuously without any spaciﬁé}:és.shown in
20 | Fig. 7. Moreovef,ra memory array is constructed by.arranging
those basic iayout patterns continuously without any spacing.
More specificallj, the meﬁofy array is construéted with
sixteen basic layout patterns in a line and sixty four basic

layout patterns in a row, as shown in Fig. 7. . From the

25 description thus far made, it is understood that the N+-tyPe



Is comon to t he sixteen basic |layout patterns which are 15
arranged in the common |ine, as has been described herei nbefore, so that

t h¢ rce regions of the MSFETs QL and 2 of the nenoryscells of sixty
fo yts in the sixteen basic |ayout patterns are grounded to the earth.
As esult,. it becones unnecessary to formspecial wiring |layers for
supplAyi ng 20. the ground potential to the nenory cells of sixty four

bits. Qutside of the nmenory array, two wiring layers V[err]-L are arranggt
in parallel with the wiring | ayers V[edB} Below those two wiring |ayers *
V[err]-L, there extend fromthe adjoining nenory cells, respectively, the
second poly-Si layers 147 25 whi ch nerge into each other through the
wiring layers V[err]-L. -19- and the contact hole CH7, as shown in Fig.
6. As a resul éenildoatiustannukgiohy - @ridhnpsovidgs tthes spureg ReILINSRE with t he

voltage VCC. This second poly-Si |ayer, 147 is,shared anpng.the, sixteen
basic | ayout F¥ MESRETS By ATdale RIGhJRIFER- (e 3¢ -g'he Q%ﬁ%ﬁnp?ﬁ{ 't as has

been descri beija&g\%lr ?h@?ﬁ;e%ea aRBnfAle (00 TRERSN CRLLS Rf ) Ml Vadour bits

therein are fe tage VCC As has been described.héreinbefore,
the static RAMdngaehRar sisgenobabic plasmtt pehbacistwhich saxsharzasntged zed in
that 10 the input protection resistor R (or 7). of the peripheral
portiondis nelke tb LhBepoly-Si filmwhich has the same resistivity

(01120 y @ heet [ G9he) e GhalS0Sy bhabue Sl kaP!adsi BBk o i 11 10

. €., poly-Sil-ayer 14 o _

' wiring layers‘Vés-L are;arranged at respective sides of the

memory array. Below those two.ﬁiring ;ayérs VSS-L' there
egtend fr&m the adjoining memory cqllét as shown in Fig. 6,

10 the N+-type re§ions which provide the sdurcé-regions of the
MISFETs Qi and Q, and which ére-connectgd wit?-each other
‘through the contact hole CH,. gs'a result, thése N -type
regions are grounded to the éartﬁ. Thus this' N*-region
is common to the sixteen bas;g layqﬁt patterns - which are’

15 . arranged in the common line,_aé_hés'been described hereinbefore,
so that the source regioné of the MISFETs Q, and Q,. of the
memory cells of sixty four bits in the sixteen basic layout
patterns aré grounded. to the earth. As a result,. it becomes
unnecessary to form special wiring layers for supplying

20: the ground_pétential to the memory cells of sixty fohr:bits.

Outside of thé-mémory array, two wiring layers V. .-L
are arranged in parallel with the wiring layerélvsé-n, gelOQ
those two wiring layers VCC-L, there extend from the a@joinipg
memory cells, respectively, the second poly—sillayers 147

25 - which merge into each other through the wiring layers V,.-L



merging into the load resistors of the nmenory cell. 15 W have found
that the load resistors R and R of the nenory cell can have a remarkably
hi gh resistance ; (e.g., [err] to 10[err]) and have found that there arises;égb
no problemin the operation of the menory cell even if the resistance of * -
the wiring [err] between the |dad resistors and the power source 20

vol tage V[errf™ i s enlarged sonmewhat. Therefore, the requirenent
that\ the input protection resistor Rlerr] be nade to have the desired

resi stance can be ingeniously net by .using- L@e wiring [err] of the
aforenentioned | oad resistors. Mre speC|f|caIIy, the first poly-Si film of
the nmenory 25 cell is doped with an inpurity at high concentration,
unti | -20- it has such a lowresistivity as, e.g. to have a sheet
resistance of 30 [err],45g,d @%Ltg&a%eb%nusegs 1835 2Rd (0P RLdy e
| ine. Therefore, the a Or enenti one Ncr ea e occupied area cannot De
avoided if that poly-&hatiddBond PoRF-sis 1aer5147 thuBPuérgimgl @6t E6 with the
‘resistor. In the present enbodi ment, however, the second poly-Si film of

the menory cell, whi CHOJ-%aqeeﬁ'hcundﬂpTeﬁj sﬁFPndpmié!pﬁér daver H4J ig shaped: among

resistance of [err] gl oLl e tfl GAvbie opcsernsS bAidl SO prpanasal I8'ene
cell. On the oBher hadfkord NAheW 44 n&s[ 8kbh (deforivkheh&aGond £806 Y -sa that Mthe

doped. wi t h phosphorus has a relatively | ow resistance of 150 [-err] but
exhi bits such a suit abemomheells eof stixkiyt ﬁouhahxnﬂ thsrm@rasfmeump@be
protection resistor.
"voltage V cer
As has been described hereinbefore, the static RAMIC
according to the present'embodiment'is characterized in that .

10 the input prdteetion resistor R., (or 7) of the peripheral

IN
portion is made of the‘pclifsi film which has ‘the same .
-resietivity (suitably'a sheet resistance of 150 {iyd) as that
of the'polg-Si wiring 1.(i.e., the second poly-Si layer 147)
meféing into the lead resistors og the memory cell. -

15 ' We have found that the load resistors R, and R, of the

"memory cell can_have a remarkably high resistance_ (e.g.,
107 tq lolq£n and have found that there arises no problem
in the operation of the memory cell even.if the resistance
of ghe wiring L between the load resistors and the power source

20 voltage Voo is enlarged somewhat. - Therefore, the -

cc
requirement that the input protection resxstor RI be made
to have the desired resistance can be lngenxously met by
using ‘the wiring [ of the aforementioned load resistors.
More speczflcally, the first poly-Si film of the memory ‘

25 " cell is doped with an impurity at high concentration, untll



As a result, if the second poly-Si film 147 of that wiring 15 portion
s d as the input protection resistor [err] the specific resistance is
ab five times as high as use of the first poly-Si filmswould give, and
the Yhput signal is not blocked. As a result, the area occupied by the

i nput. protection resistor can be reduced to about one fifth so that the

chip st~ze can 20 be reduced to enhance the integration density. The

i hput -protection resistor according to the present enbodinent is prepareg
simul taneously with the second poly-Si |ayer of the nenory cell. The fab-
rigation process of the aforementioned static RAMwi Il be 25 descri bed
with reference to Figs. 8Ato 8Q |In each of these Figures: -21- region

[err] is a sectional view at the respective stage of the process, taken

along line X itXh@$ dutd GEDBGYrddlshiM GFlasshevy. it hage §1sheertegé9f’seglc'es a
sectional view at the respective stage, taken along line X - '
t.he 5 i npe€ i)‘?(afl’/e@tnl SR tkay ditomaghlavused Esgthd;gagedand rehei 0ard(3 i s a
sectional vie showi'ng.the P-channel M SFETs of

t
the peripher aw %?f cu er8?8$%él%§ms3 gﬁ‘%?’f“%?sf“?ﬁe“éﬂ ’-“a"-’seer‘?PEBH%Rﬂ:t or
substrate 101ai&a RI£RRECHe dfbided 3 Wbo'lg E1 O l%lfl'g%ﬁda ’ an

Ntype S|ngle crystalline silicon substrate fade o crys I s used
as that 3seni - ioput prlogectidus tremis tor Thaln sihles bt @den th atibed Fad, fh6wever,
resistance the second poly-Si film of the memory cell, which is left
- undoped with phosph_orus. has a sheet resistance of 108 to
11'-0-/!:1, which is sufficie'nt that the poly-s:.
film can be used as :.t is as the load resistor in the memory
10 cell. On the other hand, that w:.rxng l (i.e., the second
poly-Si film doped w:.th phosphorus " has a.relatz.vely low
resistance of 150 -ﬂ/u but exhibits such a suitable sheet
resistivity that it isi-used as the input protection resistor..
As a result, if the second poly-si fi}_.m 147 of tl’iat wiring
15 portion is used as the input protection resistor Ry the specific
resistance is about five times as high as use of the first
poly-Si film would give, and the input signal is not blocked.
As a result, the area occupied by the input protection resistor
can be reduced to about one f£ifth so that the. chip size can
20 be reduced to enhance the integration density.
The input proteot-ion-resistor according to the present
embodiment is pr'epared simultaneously
with the second pPoly-Si layer of the memory cell. The fab- .

rication process of the aforementioned static RAM will be

25 described with reference to Figs. 8A to 8Q. 1In each of these

Figures:



of 8 to 12 [errJcm An Ntype inpurity 160 is introduced into all the main

face of that silicon substrate by fon im 15 pl antati on, for

exanpl e. Phosphqrus *is preferred as that N-type inmpurity, and the - @
i mpl anting energy and the dose in that case are sufficient at 125 KeV and

at 3 x 10 atons/cm, respectively. The inplantation of the phosphorus

into all the face is performed for follow ng reason. That is to 20

saynan N -type region is fornmed by inplanting the N-type inpurity in

advance thereby to forma channel stopper for preventing any parasitic

M SFET. Next-, as shown in Fig. 8B, an oxide film(i.e., a Si® film 102

havi ng a thickness of about 500 [err] is fornmed“oOver the 25 face of the
silicon substrate 101 by the thermal oxidization. -22- Next, in order to
renove the SiJerr] film 102 existing,oy t regi Ol WAehEcRiviLlslkads 460 B
formed, a photo resisf®$Hhf103%i% 58 Ité?:'tglli/éilléwf g?rre 3@5? The Sisq%rr]

film This photo rgsbdsdssf,i | BaikOB d410ndSein@x & XOBE tie @iembry hmelSi MeCEL

film 5 Next, under condition | eaving the photo resist film 103, an
inpurity 161 is introedboes imoFigk nft he TRgipn X THe. | dpactigndkedefas of

P-type. lon inplantation is preferred as the introducing nethod. _Far
exanpl e, boron (B) i saﬁr"é'feet’:?éﬂe%'s"‘ﬁenéga?ft ype | nﬁ&FPPya.“ﬂgnlgﬂ?sx c'a§e?ft%be

are qui 1 cient. ° At APVt hrotapkEdn FuhEr ORGP 1aleka { i oRR, JaNRRLE,
substrate 101 where thg phafectiesikivilewl at 10® irespe¢tive etage, shO_wing the
| P-channel MISFETs of the periphgial circuit of the memory
cell. '
First of all, a semiconductor'substrate~10{ is prepared,
io. as shown in Fig. BA;5 For example, én N-type single cfystalline
| silicon substrate made of a'}loo)-c:ystal }s-used as that semi-
‘conductor substrate. That substrate has a specific resistance
‘of 8 to 12 ficm. An N-type impurity 160 is introduced ingo'
all the main face of that silicén'substraté.by' ion im-
‘15 'plantation, for example. Phosphor?s is preferred as that

N-type impurity, and the implanting energy and the dose in

that case are sufficient at 125 KeV and at 5 x 10°% a;oms/cm‘,
‘respectively. The implantation of the phosphorus into all
the face is perfofmed'fOr following réason. That is to
20 say, an N+-type'regioﬁ is formed bY implanting the N-type
impurity in advance th;:eby to form a channel stopper for
preventing any parasitic MISFET. |
Next, as shown in Fié. 8B, an oxide film (i.e., a SiO,
£ilm) 102 Kaving a thickness of about 500 { is formed over:the -

25  face of the silicon substrate 101 by the thermal oxidization.



t he ot her hand, the boron introduced into the silicon substrate 101 is
fbcient to override the concentration of the 15 phosphor us whi ch
@- i npl anted before into the whole face, thereby to forma P-type
ext, after the photo resist film103 is renoved, as shown in Fig.
8C, P—type impurity, which has been selectively |ntroduced into the
silicén”substrate 101, is thermally diffused 20 at a tenperature of
about 1200 [err] to forma well region 104 and a P-type region 105 which is
to ‘become the i nput protection diode shown in Fig. 4. At this tine, a t hi
oxi.de film 106 is fornmed over the face-eg-the silicon substrate 101. In the.
wel'l region 104, there is formed the nenory cell which is 25 shown in
Fig. 6. -23- Next, all the oxide film extending over the silicon.
substrate 1. 0lyg3ROWIni Bdd:l toStemsvd eemvg@ot O 2EP25E émtqhsagvé;a%eof the
silicon substrate 1 1 %% t he out si de. shéwn 1n Fig. 8D, "an oxide film
e:g. a Si (2 5 regiohi Whdrd @7 weali bg 1bh| Chrmed, af phbtaltresA8t| £ikn 103 f or ned
over the face of the silicon substrate 101. Over this oxide film 107,

mor eover, an iR GRAEFBIVALY Fprmed over, the HOaEidR-r es{THIENBNIET M), whi ch
IS i bl 0 t
5 et & g Oruggd o b0 b e o

CVD). The Si Jektf,i biddP8 i sconditithn a.eaaskg fude @ﬁbﬁ@tﬂééﬁ.hyi £ D1ivivog, a -

| ater-described field insulation film Incidentally, the aforenentioned
an impurity 161l is introduced to: form the well. The impurity

used was of P-type. - Ion implgntat;on is preferred as
the introducing method. For example, boron (B) is preferred
as that P-type impurity. 1In this éase. the implantation

12 atoms/cmz are

10 energy of 75 KeV ané the dose o£;8 x 10
. sufficient. At this:time,-tie boron fails to reach the silicon
substrate 101 where the photo resist film 103 is left. On
the other hand, the boron ihtrodﬁced int§ the silicon subsgrate
101 'is sufficient to override the concentration of the
15 phosphorus .which has been implanted before into tﬁe_whole

face, thereby to form a P-type well.

. Next, after the photo resist film 103 is removed, as
shown in Fig. 8C, the P;tybe_iﬁpurity, thch has been selectively
introduced into the Silicon substrate 101,.15 thermally diffused

20 at.a temperature of about 1200 %c: to form a well region ;04
and a P-type region 105 which is to become the inﬁut proteétion
diode shown in Fig. 4. At this time, a thin oxide film 106
is formed over the face of the silicon substrate 10l1. In the °
well region 104, there is formed the memory cell which is

25 shown in Fig. 6.



SS2 film107 is fornmed for the followi ng reason. That is to say, if the
Sir3N4 film108 is formed directly over the silicon 15 substrate 101, a
crystal defect ii.s establi'shed on the face of the silicon substrate 101 duef
to the thernmal strain which is caused as a result of' the difference in thg
coefficients of thermal expansion inbetween. The Si[err] film 107 is formned
In order to prevent that crystal defect. Next, in order to 20 conplete
t hesppks for formng the later-described field insulation film a photo
resist film2109 is selectively formed over the Si3Nd film More
specifically, the photo resist film2109 is forned in the region other than
that where-the field insulation.filmis to be fo*fnmed. Mreover, that photo
25 resist film109 is used as a mask to etch the Si3N4 film 108 - 24-
by the plasma etching process of high precision thereby to formthe mask
for forming the field insul dlexsn ailnsheusaddecBite xEaading |o¥gy Fhe idicon

photo resist film 109§ gsfr%%epﬁ(gifrrg#r tyié’h Zﬂlels nt rgggg&dq:tgt gx&psee $he! EP&n

substrate 101 so ion stopper

exanpl e, /i npl ant at i on ghge UsLrAS.sL NEcdrlgudIYELEE IVI0EBSEhe JutsilleS Q@sehown
the P-type. inpurity fails to reach the SiQ fi'lm107 and the silicon

substrate 101 at the AsgFim, 8Bher ent heidsh Eidmr beist 4|9¢1f92109 is left, but
goes, Lo the Sif | con SHBPA Rellle I NUI-AR: e S HFR b KLl Lt
outsi de. Boron fluor'@ﬁeE¥§Eé55f the silicon substrate 10l. -Over this oxide film
- | 107, moreover, an insulation f£ilm (i e., an oxidlzatzon
resisting film), which is 1mpermeab1e to oxygen, e.g., a
513N4 £ilm 108 is formed to have a thickness of about 1400 R
10 'by chemical vapor deposition (x.e. CVD). The 813N4 £ilm
108 is used as a mask for SQiectively forming a later-described
field insulation film. Inqidental;y, the aforementiéned
'Sioz £ilm 107 is formed for the following reason. That is to -
say, if'the 513N4'film 108 is formed direcély over the silicon
15 substrate 101, a crystal defect is established on the face
of the silicon substrate 101 due to the thermal strain which
'is caused as a result of the differehce,in:the coefficients
of thermal expansion inbetween. The $i0, film 107 is formed
in order to prevent.that crystal defect. Next,_in order to
20 COmpiete the maks for forming the laterfdescribed field
| insdlation film, a photo resist film 109 is selectively formed
over the Si,N, film. More specifically, the photo resist
£ilm 109 is formed in the region other than that where the

field insulation film is to be formed. Moreover, that photo

25 - resist f£ilm 109 is used as a mask to etch the S:L3N4 £ilm 108



preferred as the aforementioned P-type inmpurity. The inplantation - energy
of 30 KeV and the dose of 5 x 1013 atons/cnferr] are sufficient. The boron

i ong pl anted into the P-type well 15 forma P+-type kegion to provide
the hannel stopper. On the contrary, the boron ions inplant ed into-the
)G

N-twpe’ silicon substrate 101 are overridden by the phosphoruswhi ch has been
I mpl arft ed by the phosphorus inplantation shown in Fig. 8A, i.e., by the
N-type inmpurity. As a result, that region 20 remains N-type, thereby:-

to provide the N-type channel stopper. Next, after the photo resist fil mv’

109 "has been renobved, as shown in Flg‘zéE the face of the silicon
substrate 101 is selectively thermally oxidized in an oxidi zi ng at nosphere

0 at about 1000 Ctoformthefleld|nsulat|onf|Im|10 havi ng 25 a
t hi ckness of bo 95 0 ler n t th film
1108 .or the oxi ga?'&%' ‘%Chﬁ‘é‘gf ’r’f"rﬁﬁ% | ?rpiér r’r:%m%gg%%h%g%byt%e silicon

under | yi ng thefo'i*nﬁl‘dﬁef nhsk | for ebbmunexind Zedia Ddulatibhseiaat rdad nent,
the af orenenti'oned channel stopper is extended and diffused just bel ow t he

field insul aticenditionsg leayinhgr bhe photRaneeistsifddpelOhad Bgtypelesi red
dept h (al t hough no r. the Si3 f|Im h s en rermved
by the use of HB" ﬂ'ﬁgsgﬁg = léléfad‘(iﬁﬁ&d‘)“ Fg? '%%é' % i%°m 107
s §enmovegs fugoRblhca diitRedf st&?pe%! | ggn é&mple,;%aramaelépl as
shown in Fig. 8F, so as to'forma clean

is used as the xntroducxng process. In this case, the P-type.

impurity fails to reach the Si0, film 107 and the silicon
substrate 101 at the region, where the photo resist f£ilm 109
is left, hut.gees into the silicon substrate 101 through

10 the Si0o, film 107 at the region where the face of the sio,
fllm 107 is exposed -to the outside. Boron fluoride BF, is
preferred as the aforementioned P~type impurity. 'The iﬁplantation

13'atoms/cm2 are

energy of 30 KeV and the dose ef 5 x 10
sufficient. The boron ions implanted Lnto the P-type well
15 °  form a P'-type region to provide the. channel stopper. on
the contrary, the boron ions implanted into the N-type silicon
substrate 101 are overridden by the phosphorus, which has
been implanted by the phosphoxus implantation shewn in Fig.
SA. i.e., by the N-type impurity. As a result, that region
20 remains N-type, thereby to provide the N-type channel stopper.
Next, after_the photo resist filh_los has beep removed,
as shown in Fié. 8E, the faee ef the silicon substrate 101
is selectively thermally oxidized in an oxidizin§ atmospher_e .

at about 1000 °C to form the field insulation film 110 having

25 . a thickness of about 9500 £. Since, at this time, the si3N4



gate oxide filur. For exanple, the whole face is thinly etched with the use
of hydrofLuoric acid (HF) to renmove the SiQ2 film 107 thereby to expose the
face of the siljconssubstrate 101 at a portion where the field insulatg
film110 i s not' 15 f or med. The top plan view of t
‘mermory cell. MCEL under this condition is shown in Fig. 9A In other
words, the sgsti.onal view taken along line X - X of Fig. 9A is shown in t he
section X of -Fig. 8F. Next, in an oxidizing atnosphere at about 1000 [err],

20 =~ the face of the S|I|con substrate shown in Fig. 8F isprovided by

thermal oxidization with a gate insulation film1lL_having a thickness of

about 400 [err], as shown in Fig. 8G The gate insulation film 111 thus

forned beconmes the gate insulation filmof all the M SFETs which are forned
over the silicon 25 rate 101. .. Next nder ndj ti.on,

i mpl antation - 26- “O’rl”hqagt%etq%ﬁffﬁiﬁaii&n r?%ﬁ% rf‘é'gms'bs iy Sme%le to
regul ate the threshol gkygah! 28fe \411 1¥onalihad 1, iMyS EEJSSJ. NCOEQIm (iB) 1k8e unoxidized.
preferred as the aforenentioned P-type inprurity. 3Iﬁp | ant ati on ener gy

~of 30 KeV and the doskuniing5thix he@kl tae@mm &he] amv:iomdamnanﬁel stopper
The dose affects the | evel t t hreshol d vol tage. V .., The

ion inplantation is p’esrfeéﬁtﬁﬂﬂe%at%&l" e%sjé‘sﬁf b?ﬁ ﬁﬁgkd RSP FLIgY &1
the face. As asresuly n v, r

voltage [err] wher easo afl%lk: lnt %?F%ﬁ%ﬁe% #ﬁ$§§ﬁ§€eae§%g éﬁﬁgladetp%? egﬁgllm&gh

vol tage [err] not shown) .

Next, after the 513N4 £ilm 108 has_been removed by
the use of hot phosphoric acid (33904),'for example, the
$i0, film 107 is ~, removed from the ‘face of the silicon
10 = substrate 101, as shown in Fig. 8F, so as to form a clean
gate oxide-fibmi. Por examplé, the whgle face is thinly etched
with the use of hydrofluori¢ acid (HF) to remove the §i0,
filﬁ 107 thereby to expose.the face of the silicon substrate
101 at a portzon where- the field Lnsulatlon film 110 is not
15 formed. ' o The top plan view of the memory cell
M-CEL under this condition is shown in Fig. 9A. 1In other
words, the sectional view taken along line X - x of Fig. 9A
is shown in the section X, of Fig. 8F.
' Next, in an oxidizing atmosphere at about 1000 %,
- 20 the'face.of the silicon substrate shown in Fig. 8F isprovided
by thermal 6xidization with a gate insulation fil@ 111
-havipg a.thickngss of about 400 %, as shown in Fig. 8G. The -
gate insulation film 111 thus formed becomes the gate insul;tion
| film of all the MISFETSs which are.formed over the silicon

25 . gubstrate 101. Next, under this condition, the ion implantation



10 Furt her nore, the boron ions are inplanted into the portion of
the.region X in which the input protection diode is to be formed. Next,
as hds been described with reference to Fig. 6, a photo resist film112 is
selfe ”vely formed over the SiJerr] 15 . filmso as to form the cont act
hol ¥&2 Jwhi ch are use to provi de direct connection between the _

| at er~described first poly-Si layer and the silicon substrate 101, i.e.,
the so-called direct contact holes". As shown in Fig. 8H noreover, the .
SIA2 film11l to provide the gate insulation filmis etched 20 - by using
that photo resist film 112 as the mask to e$§$se_the face of the silicon
substrate 101 to the outside, thereby to fo a direct contact hole

CHE[ err]. This contact hole CHLO00 prOV|des the connections bet ween t he

M SFETs [err] .and_[err and. t.h ol, eS| err] hawi hi gh
resistivity, %ﬁ o?l d in PR Eh L éh%e” % hﬁe%ip?q% e\ ew of
the nmendbry  th2éshé®l wolkbfe wr}S%rf Bh!.sttfé)ﬂtilsﬂ@@ I %o&bQW('B)' rlsFEQef&%ed I n
ot her words, the sectional vie aken along line X - X of Fig. 9B is shown

in the regi onaxlthe¢ &ﬁqgtem@altlmd wmrm@t dfhe dmpilaftdtion] enéray been
renoved, 5 I L uctive | ay i3 formed all _ over_ the face, as
shown in Fig. 81" 38 81’\% g\" ‘% % gea %it%h aASPHH t?r?ss"lf.d:‘é‘ﬁgﬁ%tt he
first cmductlml@b%s afidctls otnell t Nevelr 8 %h§bsix@.‘b@ﬁmié§ gaving a
t hi ckness of about 3500 [err] S forned all over the face by the d@

net hod. Next, v'tﬂ ord@he ion implantation is perfonned without the use of

any mask but all over the face. Aas a resplt, gll the N-channel
MISFETs ‘have an equal th;gshoia voitage VEN yhefeas all ghe
_ P-channel MISFETs have an-gqual thieshdld voltage Vep*

10 Furthermore, the boron:ions are igplanted into the portion
of the region x3 in which the input protection diode is to
be formed. | |

Next, as has been described-ﬁith'iefe?encé to Fig. 6,
‘a photo resist film 112 is selectively forméd over the 510,

15 film so as to form the contact holes, which are use to provide
direct connection between the later-descr1bed first poly-Si
- layer and the silicon substrate 101, 1.e., the so-called

N "direct contact holes". As shown in Fig. BH,_qoieover, the
si02 £ilm lii to peride the.gate“insulétibn £ilm is etched

20 by using that photo- res;st film 112 as the mask to expose
the face of the szlicon substrate 101 to the out51de, thereby
to form a direct contact holg CHIOO‘ This contact hole CHIOO
'provides the connections between-the MISFETs 61 and Q2 and
the poly-si resistor R2 having a high rééistivity, all of

25 . which are shown in Fig. 5. . The top plan view of the memory



10 to lower the specific resistance of that first poly-Si layer 113, an
N-type inmpurity such as phosphorus is introduced by the diffusion ”Ethokﬂr
As a result, the resistance of the first poly-Si layer 113 is reduced tiuib
about 30 [err]. At this tinme, the phosphous is diffused fromthe firs¥
pol y-Si 15 | ayer 113 through the direct contact hole CHerr] into the-’
silicon substraté 101 thereby to forman N+-type region 114. This N+-type
regien is caused by a subsequent heat treatnent to have a desired depth.
The region 114 provi des connection between the M SFETs Q and Q4 shown in
Fig. 5. 20- Next, the first poly-Si layer 113, which has been
doped with the phosphorus as has been descri b&&7herei nbefore, is etched,
as shown in Fig. 8J, to have a desired shape by the plasnma etching process
of high precision thereby to formthe gate el ectrodes 116, 117 and 118 of
the M SFETs and the fqeddt M2CEL undgg| $h5 qopddiignois shewehin Fign 98. In other

so--called "direct contagt" -28- W he silicon substratge. 101 .
Subsequently, the Si d‘fr rr rﬁ'rielfelcglgf‘%ﬂe‘éﬁwnscflﬁggs%r?@gs éﬁ%’fo- %o#n%l B
insulation filnms 121,isldRowRdinl 4Be. rediod M.Solti PBg. tgng face of the silicon
substrate 101 is selectively exposed to t he out side, as shown 5 in Fig.
8J. The top plan view of tF¥extveaftercthe piioCElresickty fihksllbdbidst been jzemoved,

Shomncn PO 96 L SRS St SASL G0l bRl et R e
8K, a mask iS forWEds%QwﬁSiﬁ(?ig. 8I. A poly-Si layer doped with an impurity
is used as the first conductive layer. First of all, the
first poly-Si layer li; having a thickness of about 3500 &
is formed all over the'fgge by the CVD method. Neit. in order
10  to lower the specificiresist§hcé of that first poly-Si layer
113, an.N-typeVimpurity such as phosphorus is-introduced.
by the diffusion method. Aé a result, the resistance of
the first poly-Si layer 113 is reduced to about 30 £/Q. .At
this time, the phosphous is diffused from the first poly-Si
15 . layer 113 through the direct contact hole_gﬂioo into the
silicon subétrate 101 thereby to form an N+-type region 114.
This N+-type regiop.is - caused by a ;ﬁhseque;t ﬁeat treatment
to have a deéiréd'depth. The region 114 provides connection
between the.MISFETs Q, and Q, shown in Fig. 5.

20 ' lNeXt, the first poly-Si layer 113, which has been doped
with the'phosphorus' -as hés-been describéd hereinbefore, is
etched, as shown in Fig. 8J, to have a desired éhapé by'the-
plaSmafetchiné process of high.precisidn thereby to form the
gate electrodes 116, 117 and 118 of the MISFETs and the first

25 ' poly-Si layer 119 (which is in so-called "direct contact"



10 formP -type source and drain regions. As this mask, for exanple,
there is used a Sio2 film 124 which is selectively formed to have a
t hj ss of about 1500 [err] by the CVD nmethod. In other*words, the

909, in which the N-channel ‘M SFETs including the menory cell are to be
¥, are covered with 15 the SIA2 film124. Under this condit.ion,
noreoyer, a P-type inpurity is introduced by the diffusion nethod, for ..
exanpl e. Boron (B) is preferred as that P-type inpurity. As shown in Figie
8K, the boron is diffused to formthe soijgce and drain regions 126. and 127
of all the P-channel M SFETs. Incidentally, 20 - a thin oxide film
(a-:!"t hough not shown) is forned over the face of the silicon substrate 101
in accordance with the heat treatment during that diffusion. The top plan
view of the nmenory cell M CEL under that_ condition is sho én Fi, 9D. In
other words, mighstle siidiconi swbtrase. 3Py SubseTyently Hshe SiQy fgﬁ'ﬁ 9D is

shown in the region X1 of. Eig, 8K Lhi iflégm ate A €i6d ¥i&mE €gi ON
i's formed for lggoﬁ d?w-egoﬁgcﬁ%nsag‘g %}e‘éﬁéts%&e -ty%aet?/\é%lsug?lguz he earth
potential 1ingySSiha aMd ah3ar ex6 sl iciim&) Ocheb fachloxd thaf sdliddre

af orenenti oned SIQ2film 124 and the S thin oxide filmhave been renoved,
a mask 128 i s subskyateritdd isaseléntively £XROSey tosbhe Lutsidg, ANShCYRe

source drain regions and epitter. reqi ons, i [ 1 Gl S
sel ectiv®ly fdnEYIt oa%avgmﬁ '%‘ﬂ? c%fg'sé'lﬁl %%o‘f@t%- igﬁﬁn{ eére[{il. ﬁgczﬁ’]"feﬁn%%f)
method, for ex3Hgl Sondfeibids2sndilinT@sk. d¢. OlTRCHENEF ddrdshethe

sectional view taken along line X - X of Fig. 9C is 'shown |

in the region X, of Fig. 8J.
Next, as sﬂowﬁ in Fig. 8K, a mask is formed so as to.
10 fo:ﬁ pt-type source and drain regions. As this maék,-fcr _
example, there is used § Siq; film 124 which is selectively
formed to have a thickness of about 1500 2 by the CVD method.
Iﬁ other ﬁords, the rggions; in which the N-channel MISFETs
including the memory cell are t§ be formed, are covered with
15 the Sio2 film }24. Undg;.tpis condition; mpF?ovgr,.a g—type
impurity is introduced by the diffusioﬁ métpgé,'fo;_example.
Boron fB) is preferred as-that P-type impurity. As 'shown in
Fig. 8K, the boron is diffns;é to form the source and drain -
regions 126. and 127 of all the P-channel MiSFETé. Incidentally,
20 a thin oxide film (althoggh not shoﬁn)_is formed over the.face
of the silicon substrate 101 in accordance with the heat
treatment during that diffusion. The top plan view of the
" memory cell M-CEL under -that condition is shown in Fig. QD.'
In other words, the seétional view ‘taken. along line X - X

25 . of Fig. 9D is shown in the region X; of Fig. 8K. At this time,



Si2 film128. Moreover, an N-type inpurity is introduced in the manner

s
E ] :

. )
10 regions formed with all the P-channel M SFETs are covered with the’ik

shown in Fig. 8L bysthe diffusion nethod, for exanple. Phosphorus is :
preferred as that Ntype inmpurity. The phosphorus is diffused into the 15
silicon substrate 101 to formboth an N -type region 129 for formng the

I nput protec}ion di ode shown in Fig. 4 and the source and drain regions of
al | the N-channel M SFETs. Incidentally, a thin oxide film (although not

shaﬁh is formed over the face of the silicon substrate 101 in accordance
with 20 . the heat treatnent during that diffusion. The top plan view of
the menory cell M CEL under that condition is shgyn in Fig. 9E In other

wor ds, the sectional view taken along line X - X of Fig. 9E is shown in the
region X1 of Fig. 8L. Next, after the aforenentioned SirQ2 film 128 and the

25 thin oxide filanPlavepsessyicams ddmedstoarhmaiding Bohectibh bethesAfthe P-type
-30- the face of the silicon substrate 101 that is _exposed to the outside .
i s themal |y oxidi zed “ed1f 8Pt the SRFER POYSAtish line Vas~kr WD Arfeshowm,én
silicon substrate 10¥fqu the poly-Si layers 116 to 119 have different

oxi dation. rates, a icg'filn1having 5 a thickness of about 100 [err]

is formed over the silicon seibst agterttes aforanéntibried sidAEUlg 224 himkthes

of about 300 [err] is formed over the poly-Si layers 116 to 120. Next, a _
Si 02 film 135 havi ng BiphePeidre £181 haye Reensgemesd | & Basle\3p s pewlyyfprmed,
over the face by t heagvgxg@ﬁ W‘Fig.Tﬁlﬁ, %OC%sf 'tl'a n}c;'ﬁns Nﬂ'bgfpé-QO@ge drain regions

and emitter i:_egions. ' Ansio2 £ilm 128, which is selectively -

N

formed to have a thickness:of'about 1500 & by the CVD method,
‘for example, is used as thét mask. In other words, the
10 regions formed with all thé'?-chgnnel'MISFETs are covered.'
with the sioz'film 128. Moréover, an N;type impurity is
introduced in the maﬁnsr shown in Fig. 8L by the )
diffusion method, for example. Phosphorus is,p:eferr;d as
that N-type impurity. The phosphorus is diffused into the
15 silicon substrate 101 to form both an N'-type region 129 for
. forming the input prdtgction diode shown in Fig. 4 and the-
source and.drain regidhs'of'all the N-channel MISFETs.
Incidentally, a thin oxide filmﬁ(althopgh not shown) is formed
over the face of the silicon substrate 101 in accordance with
20 -~ the heat treatment during that diffusion. The to§ plan view
of the memory cell M-CEL under that condition is shown in
Fig. 9E. In other words, the sectionai.view taken along line
X - X of Fig. 9E is shown in the region'xl-of'Fig. 8L. .
Next, after the aforémen_tion’ed-‘SiO2 £ilm 128 and the

25 thin oxide film have been removed, as shown in Fig. 8M, all of



10 I's provided to ensure insulation between the silicon substrate and

at er -descri bed second conductive, |ayer. Next, over. the SiQ2 film
ere is selectively forned a photo resist film (although not shown),
s used as a mask to continuously etch the SiQ film 135 and the Sio2
34 thereéby to form 15 contact holes. These contact holes are
proviged to provide connection between the |ater-described second. '
conductive layer and the first poly-Si layer 119 or the seni conductor .
region formed in the silicon substrate 101. Incidentally, the thickness Bf
the Si[err] film134 is different at pO;ItIOﬂS I .e., about 20 300 [err] .
over the poly-Si layers 116 to 119 but B5ut 100 [err] over the silicon
substrate 101. It is, therefore, necessary to continue the etching

operation until the [err] film extend over. the poly-Si |ayers: 116 to 119
is conpletely EFCF@‘(‘)J O thAi &11igAR S Hkﬁgﬁ Oé‘o ‘br?'s F"ﬂgwﬁi SO EPRIF i s
preferred as ggesiad ha Lty idudzed dligeRl SR Qlidel G¥iM 134.- 3§méu. gh
specific resistance (e.g., 10[err] to 10[err] [err]) -1s partially lef
InC|dentaIIy,athEh*ﬂuhmdeoruhe sidtiicon helstrsde dDLfarskchenpoly-4sd Segend
poly-Si |ayer 136 iS nore. | ess dlffused i n the horizonfal direction.

but the Si e £1Pne AdP hexe aFent AAARMR FRtSng 14 ifaski Ut #24d89 gned to

. take thats horiz f f.@s 0 'ﬂﬁ&ﬁh I er
141 havi tnsg a gﬁiéle%e:ysst IB\?I ?‘3&‘{\% g i3 coverggeﬁmﬁrﬁegﬁﬂ%ﬁpoz%?%ﬁ%7

is used as thohérﬁs ree SiLoL 0f i Fh Hawdimgi & ﬁu@kxﬁssl\bfeaho&lt sedbrs fotyedi

| ayers 143 and 144, which™are covered
i over the poly-Si layers 116 to 120. Next, a Sio2 fx}m 135

having a thickness of about 1500 R is newly formed all ogver
the face by the CVD method. ‘The Sio film_135 thus formed
10 is provxded to ensure. xnsulation between the silicon substrate
~and the later-descrzbed second'conductlve layer. Next, over.

. the si0, fllm 135, there is selectively fp;med.a photo resist
film (although not shown), which is used as a mask'ﬁo continuously
etch the $i0, film 135 and the §i0, film 134 thereby to form

15 contact-holes. These contact holes are provzded to provide
connection between the 1ater-aescr1bed second conductive layer
and the first poly-Si layer 119 or the semzconductqr region
formed in the silicon substrate 101l. Incidentally, the thickness
of the sioz_film 134 is different at-positiens, i.e., about

20 300 & over the poly-Si layers 116 to 119 but about 100 & over
the silicon substrate 101, it is,'therefore,_neeesSary te
continue the etching epe;ation until the Sio2 film extending
over_the poly-si layers 116 to 119 is completely etched. Aat

. this time, a mixture solution of HF + NH,F is preferred as

25 the etching liquid. This etching liquid



10 with the SiJerr] filnms 139 and 140,.are turned into P-type
poly-Si layers having a. |ow specific resistance whenthe P-type netal for
form1ggTen | at er-descri bed third conductive |ayer is diffused. when said
fluctive layer is to be connected. The top plan view of 'the nenory
cell 1 M CEL under this condition is shown in Fig. 9F. In other words,
the secyrmonal view taken along line X - X of Fig. 9F is shown in the region
X exr]-of Fig. 8N. Next, after the SiQ2 films 137, 139 and 140 have been .

removed, the second poly-Si layer 136 is etched to a desired 20 shape to™

form el ectrodes 145, 146, 150 and 151 anzghe wiring layer 147 and an i nput
protection resistor 148, as shown in Fig.” 80. The el ectrodes 150 and 151
are used for providing connections with the source and_drain regi ons of al

the P-channel M S Spelh®id usisRaREECLd YL ,T eof Sty 1038 hANYUSedp@Bbiallgs
the resistor RIN shown in Fig. 2. The electrode 146 is -31- does not .
act . upon si | i conleft+ hancidentrllyeothe uphaspiiosug 01 whichehds heephddffuged:

5,0, 11 MO LSS Codur U LAvEL, dSTake, Lovled @ik dece

conductive layerjn ¢He fbrPortdl diBEcEESONBuROLNe HBid a¥eind 337, S1ipramd al |
over . the face wth a thickness of about-2.000 [errF by .t he CVD net hod.

The second pol y-Bi0 |prpeidiss tHeumashrasel designed to tpkevthkt dorheentadn
between a third cf’t:i(.)fnfcli.tlJs(::i.toixivie.uil:g1 yc%&zsgggrggfons.em.z{ second poly-Si layer 141
having a high'resistivity;-which*fs:covered'with the 5102
£ilm 137, is used as the high resistor R, shown in Fig. 5.
Moreover, second gp;y-si.layers'143 and 144, which are covered
10 with the Si0, £ilms 139 and 140,.are turne}i into P-type
poly-Si layers having a low specific resistance
~whenthe P-type metal for forming a later-desqribéd third
conductive_léyer is diffused when said third conductive layer
is to be coﬁnectgd; The top plan view of the memorylcell'
15  M-CEL under thié-condition is shown in Fig. 9F. In other
words, the sgctibnal view taken along linelx - X of Fig. 9F

is shown-in_the region xl-of-?ié.'su.

‘Next, after the Sio, films 137, 139 and 140 have been
removed, the second polyTQi layér 1}6'15 etched to a_desired-
20 shape to_form_electrodes 145, 146, 150 and 151 and the wiring
layér 147.anq an input pr@tection resistor 148, as shown in
Fig. 80. The electrodés';so'and 151 are used for providing
connections with the source and drain regions of all the
P-channel M;SfETs, The input protection :esistor 148 is used

25 as the resistor R

gy Shown in Fig. 2. 'The electrode 146 is



10 conductor region in the silicon substrate 101 or the first poly-Si
| ayer 119, as will be described hereinafter. Mreover, - the second
poly-Si layer 136.is also used to provide the power source voltage sugfl:
wiring and.the high resistors R and R2, which are shown in.Fig. 5 15Z%
Next, as shown:in Fig. 8N, SiQ filns 137, 139 and 140 having a thi ckness
of about 1200.2 are selectively forned by the CVD nmethod -to partially .
cover the second poly-Si layer 136. Under this condition, for exanple, .
pﬁgsphorus is introduced. by the diffusion nethod so as to reduce the
specific.20 resistivity of the second poly-Si_layer 136. As a result,
the resistance of the second poly-Si |ayer 136~ #%~reduced to about 150
[err] However, the phosphorus is not introduced into those portlons of
the second poly-Si Jayer,. which are covered by the aforepenti oned Si Q2 N
films 137, 139 25 dof eEnBCY APt URER, ’f’e’s%ﬂ“t s°tﬁ%"‘pd=l he: gytican sHRStr3te- JAL
having a  -33- uggdnavet t’&c@kgctrode of the MSFET Q shown in Fig. 5.
The wiring layer 147 is supplied with the power source voltage [err], as
shown in Fig. 5 and is dﬁsxtacasdshdmmdghrﬁ.be 8N glal gecond sidnuacﬁwe/-J.Syer

| ayer 141 (or th th first. po | ayer 119 5 which is in
so-cal | ed "di rect S’Aaﬁt ig (%o hai"ﬁemé%'ﬁrt(‘i‘é $8ce dr & Rot¥tfodaver doredwitETs

Q and Q4. The toﬂnp%.ﬂ;]p%:%’:ht?" \AI#%%? ar%rmgys Ad MO%C laE’QI S Qr.pllrll_d t|on

is showmn in Fig. 9G sectional” view en<arl ong
- Xof Fig. 9Gis sEouﬁEArthhheeée@u(pbi&ésﬂfliydk 186€. is formed all over the

face with a thlckness of-about-2000 8 by the CVD method.
The second poly-si layer 136 thus formed is used to provide
connection between a third conductive layer and the semi-
10 conductor'reoion ih the silicon substrate 101 or the first
poly-81 ‘layer 119, as will be descrzbed herelnafter. Moreover,
~ the second poly-Si layer 136 xs also used to provide the power
source voltage supply wirlhg ‘and the high res:.stors'Rl and .
R,, which are shown in Fig. 5.
15° ' Next, as shown in Fig. 8N, .Sioz films 137, 135 and 140
' havxng a thlckness of about 1500 8 are selectively formed by
the CVD method-to partlally cover ‘the second poly-SL 1ayer
136. Under this condztion, for example, phosphor us is
introduced by the diffusion method so as to reduce the specific
20 - resxst1v1ty of the second poly-Si layer 136. As a result,
the resistance of the second poly-Si layer 136 ls reduced
to about 150 /0L However, the phosphorus is not
introduced into those portions of'the second poly-Si layer,
which are covered by the aforementioned 810, films 137, 139

25 and 140. As a result, the polycrystalline silicon having a



10 Next, as shown in Fig. BP, an interlayer insulating film 152
is forned all over the face. A phosphorus silicate glass filmis =
preferred as that imerlay insulation film This glass film152 is forne_d-
to have a thickness of about 6500 [err] by the CVD nethod.. The glass fil¥~*
152 thus fornmed 15 . is required as the interlayer insulation film

bet ween t he I?Ler-described conductive |ayer and the second poly-Si |ayer.
Next,~ a photo resist film (although not shown) is selectively. fornmed and

is useéd as a nmask to etch the glass film 152 theywby to form contact hol es.
20 . Next, as shown in Fig. 8Q third conductive |ayers 153 to
156 are sefectively fornmed, For exanple, aluminum (A), whichis a P-type
impurity to the silicon, is preferred those third conductive |ayers. The
alum num | ayers 153 to 156 are forned to have a thickness of ahout. 8000

[err] by 25 - vacuurSEFapdrtits Shectreds Q5 the MISERTe Q) THARAPI E2H1 rr-usEle
-34- into the el ectroqass iSO 1§ 131368 VEKP b bUAS36AR0e ARKASE v,
t hat :

| ayer having a high. resistivity, so -type conductive |ayers having a

| ow specific resistanas shewd dredg. Thearel dst conitected tsraigyhd the highlgarasistiv
line showmn in Fig. S. The 5 to Plan view of the nenory cell M CEL

under this condition P@lgfﬁﬁwiiﬁ?ngﬁ. X Ry (Wit etheSigst raty-SiclavsFatl®

vi ew taken alongs | ine Xsan X Ofs 1 0. 95Lda3 13008 Ldkd RELEEO O%iXh Ofe Rifirce
8Q Incidentally, Fig. 5Fr i essentléFTy |§bnt|cé%:to Elg. 6. fs 'S now
apparent fromthe stepadtérsid aegiessrobhathe MISFETS Q, and Q,. The top plan view
of the memory cell M-CEL.under this condition is shown in |
Fig. 9G. In other words, the Sectional view taken along line
X - X of Fig. 9G is shdwh_in the rggion xi.of Fig. 80.

10 . Next, as shown in Fig. BP;_an interlayer ihéulating
£ilm 152 is formed all over.éhe facg,: A phosphorus silicate
glass filﬁ is preferred as fhat interlay insulation film.

This glass.film 152 i$ formed to have a thickne#s_of about
6500 & by the CVD method. The glass filﬁ 152 thus formed

15 is required -as the interlayefliﬁsulation film beﬁween the
later-described conductive ia§er and the secohd poly-Si layer.
Next, a- ﬁhoto resist film (§1thoggh not shown) is'sélectively.
formed and is used as a mask to etch tpe_glass;fiim‘lsz thereby
to form'céntact holes. ;_ o _ -

20 . Next, as shown in Figq. ?Q, third céﬁd&éﬁi#é layers 153
to 156 are selectively formed. For example, aluminﬁﬁ (Al),
which is a P-type impurity to the silicon, is preferred
those'third-conductivé'layers. The &luminum layers 153 to

156 are formed to have a thickness of about 8000 & by

25 vacuum evaporation. At this time, the aluminum is diffused



b

W an -inpurity in high concentration to have'a low resistivity thereby to-
pr&yrde the gate el ectrodes of the M SFETs and the word |inge. The '
second poly-Si layer is nmade to grow over the nenory cell and * *
sinmultaneously to formthe 15 I nput protection resistor film It is <
doped/ Vi th.inmpurity to give . such-a resistive filmas is suitable as the -
Wi rings or input resistors in the nenory cell, whereas the portions undoped
with the inpurity are left as the load resistors of the menory cell. As &
result, the poly-Si filnms 20 havi ng gyi-t abl e resistivities as the input
resistors can be easily prepared w thout any change in the existing RAM
fabrication process. According to the present enbodi nent, noreover, the '
first and sec P, -Si fi ] V- Si. fi i.C , ' de to
have three ki %§g°o€l%/§§f*§%#é% ers%aéhg ?ééj'sﬁlwt‘ﬁlﬁl asd -Qgg? thﬁgé‘c?cgﬁlf?%#\rge and
extent of thepdDprsiy) 18iyRPShéeing lae high Stesistivaep) dsd ahyt - fygenBontidtivae

i mpurity) can be. advant ageousl y used indifferent nodes including the

af or enent i onedapvers Hnying Ialoweiapesifie easistance angfozped. Hhece the

i nput protection resjstar is foryred of the second., pol y-Si.fil t her
pattern such gse‘f%zgodlﬁ g&éﬁ%s‘ﬁ?ﬁ %eg;f‘%s‘%]agttaoﬁ'lg? ?th‘gmf %‘P?% -"%bl.sr)?- _S?H Il mas
its gate el eceopisldiByilke Of AR meforPiesll -tRE SRLRNENRS! Jordithbhm '

Al t hough the present invention has been exenplified _
' is shown in Fig. 9H. ' In other words, the sectional view taken

loaccordi ng to the-present enbodinent, the first poly-Si layer is doped

along line X - X of Fig. 98 is shown. in the region xl.of
Fig. 8Q. 7Incidentally, Fig. 9H is essénti_élly identical to Fig. 6.
as is now apparent from the steps fhus':ar described,
10 according to the present embodiment, the first poly-Si layer
is doped with ‘an impurity.in-high cdnéentration to have a
low resistivity thereby to provide the gate electrodes of
the MISFETs and the word line. | Théseqpnd poly-Si layer
is made to grow over the memory cell and simultatecusly to form the
15 . input protection resistor £ilm. It is doped with
impurity to give. .éﬁqh.g resistive film as is suitable as
the wirings or input'reéistors.in'tﬁe méﬁory cell, Qhereas
the portions undoped wiﬁhhthé-impurity_ﬁre left as the load _
resistors of the memory cell. As a result, the poly-Si films
20 having suitable resistivities as the input resistors can be
easily prepared without any ;hangé in the existing RAQ
fabrication process. |
According to the preéent.embodiment, moreover, the
first and second polﬁ-si films and the poly-Si film (wbiéh

25 is made to have three kinds of resistivities as a result of



10 her ei nbefore, the enbodi nent thus far descri bed may be further

nodi fied in accordance with the technical concept of the present inventiop,:-
For exanple,-the resistivities of the input protection resistor and the .
mnrlngs of the |oad. resistors of the nenory cell can be changed in varid
15 . manners in accordance with the doping extent and kind of the
|npurity and~t he pattern itself may al so be changed in various manners. On
the\gther hand, the gates and word lines of the MSFET unit need not be
made - of the aforenentloned first poly-Si filmbut nmay be nmade instead. of
met al haV|ng a high 20 mel ting point(such asi¥b, Wor Ta) or its
silicide. . Moreover, the conduction types of the aforenentloned respective
sem - conduct or regions and the materials of the respective |ayers used nay
be changed As has been described hereinbefore, according to the 25
present ‘i nvention, sirbe erpleotecam)rexlte&t%mrth@f dé%ﬁ-,g)%rthQEf@t the BPist
cirecuit unit is nade of .t he paql I filmwhich has substantially the sane
resistivity as that offhge \F;W'%gs‘pcﬂ’-}m& with phewhnpdrityiges into the

| oad resistor of thecagmegy cel $d\}HHéa)gebhsfﬁrhshﬁV§ns&'ff¥&eﬁel ﬂédééeh){cludlnq
high.resistivity as does not block 5 t he 1 nput signal. hus 1t can
have a sufficient resthe aforepenticfed. onkaand tas vac:d.apye::f abeﬂefﬁduced

wher eby the chi ' size can be acgordln%fy remar kabl y reduced. Moreover,

since that prot@ction"PXRAVEEer STOGE S GPRBY BROtERELCE Resdstpr ois Eogped ot
the overlylng pol y- S'tﬁé'é@coh& SEE&in £30h! CH RSB dern such as the MISFET

using the resistor or the first poly~-S8i £ilm as its gate

electrode may be'placed to underlie the second poly-Si film.
Although thg pfesent'inventicn has been exemplifiéd
10 hereinbefore, the embodiment thus far described may be further
modified in accordance with the technical concept of the
present invention. For ekample,'the resistivities of the
input protection resistor and the wiripéS'of
the load resisto;s of the meméfy cell can be chaggeé in.var;ous
15 manners in accordance with the doping extent and kind of the
impurity, and the pattern'itself may also be changed in various
manners. On the other han&; the gates and word lines of the
MISFET unit géed not be made of the aforementioned first
poiy-si film but may be made instead of metal_having a high
20 | melting point (such as Mo, W or Ta) or its Qiliéide."noreover,
the conduction types of the aforementioned respective semi-
conductor regions and the materials of the respective iayers
-used may be changed. |
As has been described hereinbefore, according to the

25 . present invention, since the protection resistor of the periphera



10 - with a high yield withgpt any change in the existing steps. -37-

CLALAG: 1. A nmenory device conprising a sem conductor integrated circuit
de whi ch conprises: (a) a multiplicity of nmenory cells, each including .
a of driver MS transistors series connected to respective 5 - |oad

devi ces, and first conductive neans for connecting each |oad device to a
power~supply; and (b) a nulti- plicity of peripheral circuits associated _
with the nenory cells, said circuits including MS transistors 10 at ng;r
| east one of which has a gate connectedygith a protection resistor; and

"~ wherein said | oad devices and first conductive neans are fornmed in a first
strip which is forned froma single polycrystalline silicon |ayer, the
portions constituting the | oad devices being 15 of greater resistivity

- than the portions constituting the conductive nmeans; and the or at |east
one sai d prot SéEFBht runfitstigr made foft rbe PolyrSdeddin whichphaki siipsitsntbalind
fromthe single polycrystallipne silicon | ayer whose resistivity. s \
substanti al | ytgﬁuif"x? eﬁ*gftvégt_:y B t&ﬁ?d"%oﬁ?u@?fﬁ&%aﬁgi%&‘t ifA-, (which _ A
menory devi cemagges diftol ehel Bodl kedBetsi LRl ﬁadz&w%@iyu,fﬂ) L ikncl udes
second conductive neans for cross-coupling the gate of one of said driver
M S transi st orsnt bathsughasnretativelyt high cheisistivity as does not block -

5 the input sigrigl.: Thus it can have a sufficient resistance
even if it has its _o;c_cupied' area reduced, whereby the chip
size can be a'ccordipgly ‘remarkably reduced. Moreover, since
that protection .re_:s.iSto'r can.be formed at.the same step as tﬁat
-of the overlying poly-si £ilm, it..can be fabricated easily

10 ‘with a h.igh-'yie.ld_ wi'i;!:x.égt any cha'fnge.' in the existing steps.



25 transistor. 3. A menory device according to claim1 or claim?2 @
wherein said driver MS transistors of the nenory cells are forned at a )\
presel ected .portion.of a face of a sem conductor substrate; said first -.%,
strip of poly- -38- crystalline silicon is fornmed over an insulation
filmover the face of said seni conductor substrate,u mu Bﬂ iHmr al
circuits are formed.at another presel ected portion iy I d
seqi conductor substrate, 5. said second strip of polycrystalline silicon
bei\ﬁg' fornmed.over said insulation film 4. A menory device according to
claim 3, further conprising: |ower strips e7polycrystalline silicon; and
upper strips of polycrystalline silicon formed over 10 the insul ation
fil mextending over said Eﬁ%ﬁ‘%trips, said protection resistor and said
| 0ad devi ces being formedy | nt 0 2 gleflohPR&dyiRhl EBorfking a”sER{UulEs} CE
according to claim4, wherein the reststivity of sard” ower strips 1s |ower
than that of 15 sai d upprteqidatiedscifdslsvderted wiiicth komprisdds ga)f ar ns
word |ines connecting between each of said nmenory cells. 6. A menor
devi ce according to any ofeltipligityrefcamegycralss wASheinchudingor BN
multiplicity of peripheral circuits.Lncludes _conplenmentary M.S .
trans!ost ors?/' andp\/\helroei n gsi%"ﬁe& g(]::#l Bﬂanrsé'gltgf%nr)sﬁrsles' °°_XneCtedZQ° respective
] load devices, and first conductive means for connecting

 each load device to a power supply:; and (b) a multi-
plicity of'periphérai_circuits gssociated with the
memory cells, said circuits inclpding MIS transistors
10 at least one of which has a gate connected with a
protection resistor; and wherein said load devices
ané first conductive means are formed in a firsf strip
' - which is formed from a single polyérystalline silicon
lﬁyer. the porﬁions constituting the load devices being
15 of greater resistivity than the portions constituting
the conductive means; and the or at least one said
protection resistor is formed in a second strip Which.
is formed from the single polycrystalline.silicon
layer whose resistivity is subSﬁantially equal to that
20 of said conductive means pértions.
2. .A memory device according to élaim 1 wherein each
said memory cell ‘includes second conductive means for
cross-coupling the gaté of one of said driver MIS
transistors to the drain of the other driver MIS
25 transistor.
3. A memory device according to claim 1 or claim 2
" wherein said driver MIS transistors of the memory cells
are formed at a preselected portion of a face of a

- semiconductor substrate; said first strip of poly-



commonly connected with the gates of said conplenentary MS transistors. 7.

A perory device substantially as described heLeLn_MLLD_LQLQLEDEE to and as
CS§§9Ed i n the acconpanying 25 ° draw ngs A fabrication process

c ising: (a) formng a first film of polycr* "ﬂ”}ﬂ'ﬂ"m,ﬁu whi ch
serves as the gate of each of a nulitplicity o of menory
cells, over a sem conductor 30 substrat e, sald first f1lm hdvi ng a first

resistivity; (b) formng an insulation filmto cover the sem conductor
-39- substrate which is formed with each of the MS transistors of said
menory cells; and (c) forming over said insulation filmcovering said
sen1conductor substrate second pol ye?8stalline silicon filnms, 5 whi ch

respectively serve as | resistors, of _ each of said.ne ceII as a
wiring for connect‘i’?@tgg?ﬂ"? oHd 18R &1 HUMRR AV oY 1§'ﬁgg?§‘?ﬁsefr’i and as
one or nore prot ecmeu'nthesfm@r@ sabd caamigondudtoth supsteate, and gaitd one

gﬂersvt ranilostor (Pirﬁ%?b??ﬁré’irdﬁlﬁsuéie( fdrteticst Sdriothkey ﬁfeéél%c&@ﬁolnd films
I N as sai QL ec
9 Spedo tian. ?# rﬁq’& e § St ssgldaggin fd”}ic%\é" aw&% 19 | over

t han that of the 9 as sal resi stor an gher than
that of said irstsa¥id gecond Strlp of pokyggwstalline middess l1"%)‘r"“"'a rrermry
cel | substantial | yroxmedestét hewidhensuTaviidnh fFEdher ence to the acconpanyi ng
dramnngs 4. A memory device according to claim 3, further
comprising: lower strips of polyérystalline silicon;
and upper str1ps of polycrystalllne silicon formed over
10 the insulation film extendlng over said lower strips,
.said protection resistor and said load devices being
. formed into said upper strips. '
5. A memory device according to c1a1m 4, wherein the
resistivity of said lower strips is lower than that of
15 said upper strlps, and wherein said lower strips forms
word lines connectlng between each of said memory cells,
6. A memory device according to any one of the
preceding claims wherein each of said multiplicity of
peripheral circuits includes complementary MIS
20 transistors, and wherein said protection resistor is
commonly connected with the gates of said complementary
MIS transistors. _
7. A memory device substantially as described herein
with reference to and as claimed in the accompanying
25 drawings.. | |
8. A fabrication process comprising:
(a) forming a first film of polycrystalline silicon,
which serves as the gate of each of a mulitplicity of
MIS transistors of memory cells, over a semiconductor
30 substrate, said first film having a first resistivity;
(b) forming an insulation £ilm to cover the semiconductor
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substrate thch is formed with each of the MIS transistors of

| said memory cells; and

(c) forming over said insulation film covering said _
séﬁiconductor substrate second polycrystalline silicon films,
which respectively serve as load resistors of each:of'said .
memory cells, as a wiring for connecting said load resistors
with power supply means and_as one or more protection resistors
connected with the gate of at least one MIS transistor of a
peripheral circuit; the'resistivity of the second films serving
as said protection resistor(s) and as said wiring being lower
than that of the second film serving as said load resistor and
higher than that of said first film.

9. A fabrication process for a memory cell substantia;ly

as described herein with reference to the accompanying drawings.




