A PROCESS FOR MANUFACTURI NG A SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE The
present invention rel.ates to a process for nanufacturl conduct or
integrated circuit device, and particularly, but not ct gt to a
process for manufacturing a sem conductor integrated cCir U|;g x?%k
conpris- ing a static random access nenory (hereinafter abbreviated to
'SRAM.). The nenory cell of an SRAMis formed by a flip-flop circuit in
mhidh‘a pair of inverter circuits are cross- coupled. Each of the inverter
circuits has a load elenent and a drive M SFET (gate-insulated field effect
transi stor) connected in series. The pomer source potential is applied to
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cell of the type in which a reS|s;g§§§E§Lenent made of polycrystalline
silicon is enployed as a |oad ele known. The nmenory cell of this

type permts a high ' f sl t u gent
can be forned over aﬂgérlij\%gﬂgsll—'t‘?ér&%%& t%%\%?néepn%{lgég t%ﬁlﬁlé type
i s disclosed pngelfiBafd@i@olaintBbraiial corduienddvatd; @narpmmsmmgms not
Japanese Patent Application No. 57-160999, and Japanese Patent Application
No. 59- 125247 exduwitelyyr tSRAProesssafe ndinaficiueing @ sémicandictbe entitled ' A
30ns 64k CMOS RAM by Ki m Har dee,

integrated circuit device compris-

ing a static random access memory (hereinafter abbreviated
St to 'SRAM').

The memory cell of an SRAM is formed by a flip-flop
circuit in which a pair of inverter circuits are cross-
coupled. Each of the inverter circuits has a load element
and a drive MISFET (gate-insulated field effect trahsistor)
connected in series. The power source potential is applied
to the common terminal of the two load elements,.and the
common source of thg two drive MISFETs receives the ground
potential of the circuit.

A memory cell of the type in which a resistance
element made of polycrystalline silicon is employed as a
load element, is known. The memory cell of this type
permits a high density of integration because the ;esist-
ance element cah be formed over a drive MISFET. An SRAM
having memory cells of this type is disclosed in Japanese
Patent Application Laid-open No. 54-128295, Japanese Patent
Application No. 574160999, and Japanese Patent Application
No. 59-125247. A similar SRAM was also disclosed in the

article entitled 'A 30ns 64k CMOS RaM' by Kim Hardee,



-2- Mchael Giffus and Ron Galves in |EEE International Solid- State
Circuits Conference in 1984. The inventors have investigated howit is
possi bl e to enhance the densities of integration of SRAMs, and have 5 found
the follow ng problens: First, wiring for cross-coupling two inverter cir-
cuits needs to be forned by different conductor |ayers. For exanple, in the
SRAM descri bed i n Japanese Patent Applieation No. 59-125247, the first
crossing wiring is of 10 seniconductor material, while the second crossiny
wiring is formed of a conductor |ayer which |ies above the gate el ectrodes

of the SRAM and which is fabrjcated ip the, sane_step as twp resistapce
e!eﬂenhs.'Nk?ﬁﬂﬁﬁnﬁﬁ%ﬁﬁqﬁqug_R%ﬁcﬁiikﬁ%eh“tﬁ%EFmﬁgF%§?§F%ﬂE%feg%ﬁﬂﬁTs
with the intentiaop of 15 preventing the . ‘of a menory cell from
enlargingi%&gaﬁb frqqﬁaﬁﬂé?ﬂlﬁﬁﬁ%ékwﬁ?ré§§€5istance elgnents must
necessarily be inggeased ' | S; .1l . e h [ I t
determ nes the pi tqfcl'he blerf‘flx?enet%{%}%‘g% elfg‘%%%ﬁ%%%é\@ogo% hgt W%L@&é@gﬁlg tgem
flip-flop Aifiphlde ihdadfe AL{EN0SE Botoyrabitoh Cak SSRRAS, chidChkFe the area
of the menory cell Ts inevita y I ncreased. Secondly, the ground potenti al

of the @|j¥ggnagiﬁgungifakiﬁ?tﬁﬁbspgm@n source of the two drive M SFETs by
a wring line which is nade of sem conductor material. 25 Since the

resi stance val ue figdts wirimg fonecroysbeowsl bhghtws ievertérteihs-of
[err] the potential thereof is liable to rise. Consequently, the difference
bet ween a pavits needs to be formed by different conductor layers. For
example, in the SRAM described in Japanese Patent
Application No. 59-125247, the first crossing wiring is of
10 semiconductor matérial, while the second crossing wiring is
formed of a conductor layer which lies above the gate
eléctrodes of the SRAM and which is fabricated in the same
.étep as two resistance elements. The second wiriﬂg is laid
between the two resistanée.elements with the intention of
15 preventing fhe area of a memory cell from enlarging.
‘However, the pitch between the resistance elements must
necessarily be increased. Since‘this pitch between the
resistance éléments determines the pitch between the gate ot
electrodes.of the MISFETs of a flip-flop circuit to be
20 arranged beiow the resistance elements, the area of the
memory cell is inevitably increased.
Secohdly, the ground potential of the citcuit is
suﬁblied to the ¢ommon source of the two drivé MISFETs by
a wiring liﬁe which is made of semic&hductor matérial.
25 since the resistance value of this wiring line may be as
high as éééérai'tens'bf§24:r the potential'thereof is liable

to rise. Consequently, the difference between a power



-8 - source potential and the source potential becones snall. Thus,
operating margins inwiting and reading of informa- tion are reduced, and
nmal functions are prone to occur. To suppress such mal functions, the
cross-sectional area of the 5 wiring line needs to be increased so as to

| ower the resist- ance thereof. It is accordingly difficult to reduce the
area of the nmenory cell. Thirdly, in order_§o mcromniaturize the nenory
cel I~nhil e preventing soff errors attributed to al pha particles 10 etc.,
Japanese Patent Application No. 57-160999 discloses a technique in which a
P-type sem conductor region of conpara- tively high inpurity concentration

is provided wotdicd Potendica Gndrtild) SRGdE pitdta r ik dleF Bhalllt, i s
necessary to prevent the P-type sem conductor r-egion from being forned 15
in a channel Theg ,operatridey mMarginsorias wrfitiaiguandrdad itye dfhriesfoyinth -

vol tage of the drive M SFET and increase in the substrate effect.
Therefore, a timsk arer deduasdiiciang anal-fungid angare prooeedtd edommpr oviladed.
As a result, a toler- ance for mask registration is required, and this
hanpers the ZGpaTeat auah mFliunctidonst \thef qnasspsaatdenaNpragesecf tthees-
hol d voltqge fl uctuat,ions occur due to mask misregistration. Fqurthly, the
resi st ance” vaigdng Line negds £ P iigrrfased &9 agtp 1lovfr itheorgsiste

|over the POl andt | 9k (S CUETL SUA o el LY (Rl Sy o
area of the memory cell.
N Thirdly, in order to microminiaturize the memory cell

while preventing soft errors attributed to alpha particles

10 etc., Japanese Patent Application No. 57-160999 discloses a
technique in which a P-type semiconductor region of compara-
tively high impurity concentration is provided under the
source or drain region of the drive MISFET. It is necessary
to prevent the P-type semiconductor region from being formed

15 in a channel region in order to suppress fluctuation in the
thfeshold voltage of the drive MISFET and increase in the
substrate effect. Therefore, a mask for introducing a P-
type impurity needs to be provided. As a result, a toler-
ance for mask registration is required, and this hampers the

20 enphancement of the density of integration. Moreover, thres-
hold voltage fluctuations occur due to mask misregistration.

Fourthiy, the resistance value of the resistance

element is set very large in order to lower the power dissi-
pation. The current supply ability is therefore low, so

25 that the speed of writing information into the memory cell
is low.

The present invention therefore seeks to overcome, or



The present invention therefore seeks to overcone, or -4- at | east
aneliorate, these problens. Therefore, according to the present invention
there is provided a process for nmanufacturing a sem conductor. i nte- grated
circuit device having nenory cells each of which includes first and second
M SFETs in a first sem conductor region of a first conductivity type, a
gate el ectrode of each of the first and se¢ond M SFETs being coupled to _
either the source or drain region of the other M SFET, the source and drarh
region of edth MSHEERRRALIQARCtEP$® PFRPLEME- el ect rode bei ng connect ed
~towring for a fixed potential; sajd process conprising: formng an
insulato? filn1toi§ﬁﬁé¥§ﬁ?%1?ﬁﬁﬂ? MItFR therRBEEeRbniBVYenkpani theren side

wal | s of ea elec-_ trode: formng.second sem conductor regions of a
second con- %%u%go\%lt%/e‘fyapégrg Fiie f‘?ﬁ TR FORe B And | REUEFPYABREPSY AREET he
gate el ectrodes and the insulator filmas the principal nmask, the second
seni conduct cFE3e%F oRETERE hgdavireabaviag: mgmorye ceddisc @asth @faiwhialyi ons of

drain oo ontneiiang’ $ ek rdng sREnA, MISTRGE 07 6 Li¥ SmAsa P 63 ng
LD 0at e o) R SeE FhELTUMILRE LN, Bepllie Pl Blediilne (e 1
L mpurity each of the first and second MISFETs being coupled to either
the source or drain region of the other MISFET, the source
and drain region of each MISFET not connected to the gate ;;
electrode being éonnected to wiring for a fixed potential;
said ‘process comprising: |
forming an insulator f£ilm to serve as a mask for the
introduction qf impurity, on side walls of each gate elec-
trode;
forming second semiconductor regions of a second con-
ductivity type by the introduction of an impurity employing
the gate electrodes and the insulator film as the principal
mask, the second semiconductor regions being at least part

of the source or drain regions of said MISFETs; and

'forming third semiconductor ;egions under the source
or drain regions of the MISFETs by the introduction of an
impurity employing the gate electrodes and the insulator
film as the principal mask, the third semiconductor regions
being of the first conductivity type and having an impurity
concentration higher than that of the first semiconductor

region.



‘concentration higher than that of the first sem conductor region. An
enbodi nent of the inwvention will now be described in detail, by way of
exanple, with reference to the accom panying drawings, in which: Fig. 1is
an gguivalent circuit diagramshowi ng a nenory cell of an SRAM for
expl ai ni ng one enbodi ment of the present Lgvention;, Fig. 2A is a plan view
of the menory cell of the SRAMof Fig. 1 for explaining one enbodi nent of
the resent invention; Fig. 2B is a sinplified schematic viewwith Fig. 2A
showi ng features of the present invention; Fig. 3 is a sectional view taken
along line I'll - Ill in Fig. 2A and Figs. 4 to 10 are views show ng the
menory cell of an SRAM at- various Steps in the manufacturing process_ for
expl ai ning a procesdncobodiimento qfr ddentinviepdridno Wil Wghe Fescribed 6
are plan views, and Figs. 7 to 10 are sectional” views. The present

i nvention wi N ekaid &y Mae iniedamndiesr dHdd reLar g eS| FeSPmeh
the invention is ,appljed to the manufacture of an SRAM wherein the

flip-flop ci PARYL @¥%ﬁ%ﬂﬂ§y<ﬁ9lwh%$ ‘onstructed of two resistance
e o e L TR s S W B2 e
memory cell of an SRAM for explaining one embodiment of the
present invention:;

Fig. 2A is a plan view of the memorj cell of the SRAM
of Fig. 1 for explaining one embodiment of the present
invention; | |

Fig. 2B is a simplified schematic view with Fig. 2A
showing features of the present invention;

Fig. 3 is.a sectional view taken along line III - III
in Fig. 2A; and

Figs. 4 to 10 are views showing the memory cell of an
SRAM at various steps in the manufacturing process for
explaining a process according to present invention, in
which Figs. 4 to 6 are plan views, and Figs. 7 to 10 are -
sectional views.

The present invention will now be described withl
reference to an embodiment in which the invention is applied
to the manufacture of an SRAM wherein the flip-flop circuit
of a memory cell is constructed of two resistance elements and two

MISFETs. Components having the same functions are assigned the same
reference numerals in all the figures and shall not be
repeatedly described.

Referring to Fig. 1, a word line WL extends in a row



repeétedly described. Referring to Fig. 1, a word line W. extends in a row
-6- direction, and a plurality of word lines are laid in-a colum direction

(the direction in which the word |ines extend shall hereinaft.er be called
the row direction.) A set of conplementary data lines DL and [err] extend
in 5 the colum direction, and a plurality of sets are laid in the row

direction (the direction in which the dafa |ines extend shall hereinafter -

be called the colum direction). The nmenory cell of the SRAM conprises a
flip-flop circuit which has a pair of input/output terninals and 10

To the | noUtFBAERAR - BP RaPASTRLAY, B Fota TR Atk pia b 700

arranged a@glghﬁpg.s;?gcﬁiohh?sﬂéegﬁtr %‘?xd NLRE2EC UHD WRRIMeEh eeH“e wor d

lines W. an a l'ines constltute a menory 5 c array.

One of theeﬁeeﬁaesﬁad1%@&&53%@&8 b%f ca2qlads WiHet Hiow dYirSlfel drs, )connect ed -
to the data line DL DL, while the other is connected to the input/output

termnal of the fhi BeU oF. cohplemes tairye ddka I iney @1l &hd DL extend in
5 the column direction, and a plurality of sets are laid in
the row direction (the direction in whiéh the data lines
extend shall hereinafter be called the column direction).
The memory cell of the SRAM cgmprises a flip-flop
circuit which has a'pair'of input/output terminals, and

10 switching MISFETs Qg3 and Qg2 which are respectively

.

Y



1the gate el ectrodes of both the switching MSFETs Q and [err]. The M SFETs
[err] and Q are switches which are controlled by the word line W.,, and
they serve to sel ectively connect the flip-flop circuit with the data Iines
DL and DL. 15 The flip-flop circuit conprises MSFETs QL and 2 and _
resi stance elenents RL and R2. This flip- flop circuit stores information
"1".or "0" which is transmtted fromthe data line DL or DL. The flip flop
Circwt conprises two inverter circuits which are cross-coupl ed. 20The
respective inverter circuits conprise the resistance elenent Rl as a | oad
and the drive M SFET [err] and thase [err] and [err]. The out put” of one of
the inverter circuits is applied to the gate el ectrode of the drive M SFET
as the i npeionnfectied gohahei Apputdpuspusuterpingdsual A2BAHSALEAY The
cross-coupling therefore is_achieved w thout -8- lowering the density of
‘integratiomfa§uﬁhlMeﬂerde§é##§e&’FaP€F?“ﬁﬁdaEESr&&ﬁ@85§§tﬂttﬁEepresent

i nvention. The inverter circuits are d source potentia

i ith a.f
[ er r]t hr ou@¥ edies ex@imedn dAdengersd et %@%eg%ef ﬁeﬁf%dfgﬁg%sand [err]. The
i st | t dR t th it f ts fl ow
from t o pdlie Ao ibes Gosp, F10eR: DErapEy RARTERECEILER.E nEHBF RN Son " "

Accordingstolﬁhgrgg sent invention, the resistance elenents [err] and
[err] are $Er-Birased as will be described |ater

One 'of the source and drain regions of each‘sﬁitcﬁing
MISFET is connected to the data line DL or DL, while
St the other is coannected to the input/output terminall

of the flip-flop. The word line WL is connected to

10 the gate electrodes of both the switching MISFETs Qsl
and QsZ' The MISFETé Qsl and QsZ are §witches which
are controlled by the word line WL, and they serve to
selectively connect the flip—floﬁ circuit with the data
lines DL and DL.

15 The flip;flop circuit comprises MISFETs
Q1 and Q2 and resistance elements R1 and Rz. This flip-

\Illll

flop circuit stores information or "O" which is

transmitted from the data line DL or DL. The flip flop

circuit comprises two inverter circuits which are cross-coupled.

20 The respective inverter circuits comprise the resistance

element R1 as a load and the drive MISFET Ql,_and those

R2 and QZ‘ The output of one of the inverter circuits
. is applied to tﬁe gate electrode of the drive MISFET

as the inpgt of the o;her inverter circuit in mutual

25 fashion. The cross-coupling thereforeis achieved without



lo That is, the resistance values of the resistance elenents [err] and
[err] are changed in correspondence with signals to be del.ivered as outputs
‘by the inverter circuits. The two inverter circuits are connected to a
fixed potential, for exanple, the ground potential [err] of 15 circuitry
by tomon wiring. To this end, the sources of the two drive M SFETs are
connected to the common wiring for the ground potential. According to the_ .
present enbodinent this wiring is not forded of a semi conduct or regi on but
is formed of a layer having a still lower 20 resistance. In the nenory
cell, the witten information can be regarded as being stored in a
parasitic capacitance C. The parasitic capacitance C includes principally
t he capacgi tance of_,the t.e el I f. st he : rrl)..qr, [err] and
t he junctﬁiwr&é‘pﬁcﬁqeaﬁic%as&gttnggﬁtigﬁge%ent-il(?g'n tl¥|ct$'o'§'r'ﬂ %%- Sge%rceré'lb%r? (source
region or drai N fieq AN Ak VIS $r ARG dini@led dle present
enbodi men]t' e parasitic capacitances C are increased and soft errors are
reduced wi t houly @XGivd i r RHINQATes a3 1Pup PUiSHETE @ aNGoRr 5 Fig. 2A
is a plan view show ng the nmenory cells of the SRAM of the present
i nventi Orgodvde pdtdrtimlconcepiiralugh akieofcdrire spomdiy gC aldsd standeg. 2A, and
Fig. 3 is a sectional vi ewT%ken along line Il - 11l in Fig. 2A. In the
plan vigveldndrgs RA andd R plThe iesis tAnewen elements R; and

F2 |
power source vcc' and stably hold the written information.

control the magnitudes of currents flowing from the

According to the present invention, the_résistance elements

R. and R. are self-biased as will be described later.

1 2
10 That is, the resistance values of the resistance elements

R1~and RZ

to be delivered as outputs by the inverter circuits.

are changed in correspondence with signals

The two inverﬁer circuits are connected to a fixed
potential, for example, the.grpund potential vss of
15 circuitry by common wiring. To this end, the sources
of the two drive MISFETs are connected to the common
wiring for thé grouﬁd potentialt According to the present §:
embodiment this wiring is not formed of a semiconductor
region but is formed of a layér having a still lower
20 resistance.
In the memory cell, thg written information can
be régarded as'being stored in a parasitic capacitance
C. The parasitic capacitance C includes principally

the capacitancé of the gate electrode of the MISFET

25 Q, or 02 and the junction capacitance between one semiconductor



10 in.Figs. 4 to 6 to be referred to later, insulator films other than
field insulator filns which are provided between respective conductor
Iayers are not shown in order to facilitate understanding of the
~arrapgenent of the present erbodi nent. 15 - Referring to Figs.- 2A and 3,
nuneral 1 designates a sem conductor substrate which is nmade of .
single-crystal silicon of the n -type. Numeral 2 designates a well region
of te p -type, which is provided in the Predetermined part of the main
surface of the sem conductor substrate 20 1. Shown at nunmeral 3 is a field
insufator film which is provided over the main surfaces of the - :

sem conductor substrate 1 and the well region 2. This field insulator film

3 isol at es SaM EPHKIYe &I D1f [diEine eyictierand B shospaateof the wel |
region 2 under the field insulator 25 film3, a p-type channel stopper

region 4 i spsdudidnd.to thel(relen: ehddaementoper paggisinis paewentsnces
parasitic M SFETs from operating, and electrically isolates the

seni conduct®ramd eimirensdd ancisof tSRAVMors are reduced without the nmenory
cells are constructed of n-channel M SEEIs. The n-channel M SFETs are
formed in téveeqﬁiltg/;ﬁélﬂ/quan%ﬁgi%h the ﬂWgﬁ?%&l &SRzt he peri pheral
circuits of the nennr cells (sense anpl.ifiers, .decoders, 1Elmng si gnal

gener at oP, i nputFifhd Dhutifit? (ﬂ]ra(,’hl Ve escb(,‘“‘)l‘]%a*{fdg'emry ce

of the SRAM of the present invention, Fig. 2B is'a conceptual
view of the memory cells in Fig. 2A, and Fig. 3 is a
sectional view taken along line III.- III in Fig. 2A.
In the plan view of Fig. 2A and in plan views shown
10 in Figs. 4 to 6 to be referred to later, insulator films
other than field iﬁsplator films which.are provided
between respective conductor layers are not shown in
order to facilitate understanding of the arrangement
of the present embodiment. . )
15 - Referring to Figs. 2A and 3, numeral 1 designates
a semiconductor substrate which is made of single-crystal
\ silicon of the n -type. Numeral 2 designates a well
region of the p-ftype, which is provided in the predetermined
part of the main surface of the semiconductor substrate
20 1, Shown at numeral 3.is a field insulator film, which
is provided over the main surfaces of the semiconductor
substrate 1 and the well region 2. This field insulator
film 3 isolates semiconductor elements from one another.

In the part of the well region 2 under the field insulator

25 film 3, a p-type channel stopper region 4 is provided.



conplenentary HI'S circuits. n-channel and p-channel M SFETs constituting
the conplenentary MS circuits are respectively fornmed in the p -type well
region 2 and the n -type sem conductor substrate 1. Each M SEET is
substantially surrounded with the field insulator film3, and has its
configuration stipulated by the sane. Thdtd-is, each MSFET is forned in a
region (active region) where the field insulator.flln13 I s not provided. -
The switching M SFETs [err] and [err] conprise insulator filns 5 as gat

i nsulator filns, conductor Iayers 7A as gate electrodes, [err]-type and .

[err]-type sem conductor regi ons ;1 10 as source and drwflgl ons, and
[err]- tyﬁ@l§e#ﬁé6ﬁ&&cﬁéppﬁéﬁ“5ﬁ§1ff oPIEYERESt PR 2SS The M SFET

[err] comprises an insulator, fi.lmb5 .as ate.insul gtor fi conductor

| ayer 7D A3°8 QREE2ERDErr 8RS SFeYYiE g%cyg FEOH ttefp?hser?lec?c}ﬁd’d’aq %%egi ons
8 and 10 as source and drain regions., and a [err]-type sem conductor

regi on 1leﬂ6PeﬂFéVent|ng soft errors. The M SFET 2 conprises an insul at or

film5 as a gate Losyl at ) m a conductor |ayer TCa% ety O
el ectrode, [er?‘]n “type-and n'-type semiconductor regions 8 and "10' as source

and drain J99ioRse 2% st lu@iddd (oM -SHUIdMISPETSYi Thel hfcadH&Venting
soft errors. The MSFETs [err] and [err] are fornmed in the well region 2.
10 T STETR isreUlfatraled it g e-tygde wafllSidegd@h 2. Though

not shown, the peripheral circuits of the memory cells

(sense ampllflers, decoders, a timing szgnal generator,

input and output c1rcu1ts, etc.) include

complementary MIS';ircuits. n-channel and p-thahnel

MISFETs canstitttihg the complementary MIS circuits

are respectively formed in.the p -type well region

2 and the n -type semiconductor substrate 1. Each

MISFET is Substantiaily surrounded with the field insulator

film 3, and hﬁs its configuration stipulated ﬁy the

same. That is, each MISFET is formed in a region (active

region) where the field insulator film 3 is not provided.

The switching MISFETs Q_; and Q_, comprise ' o/

insulator f£ilms 5 as gate insulator films, conductox

layers 7A as gate electrodes, n--type'and'n+-type semiconductor
regions 8 and 10 as source and drain regions, and p+-ty§e
semiconduétor.regions 11 for preventing soft errors.

The MISFET QIICOmpriées an insulator film 5 as

a gate insulator film, a conductor layer 7D as a gate

electrode, n -type and n+-type semiconductor regions

PO



‘di oxide filnms which are forned on the parts of the main surface of the

sem conduct or substrate 1 as well as the well region 2 being the active
regions. The gate electrodes 7A, 7C and 7D are nade of double- 15 |ayer
filnms (poly-cide structure) each of which conprises a film of '
polycrystalline silicon and a filmof a silicide being the conpound between
silicon and a refractory netal (such as mliybdenum tantalum titanium or
tungsten), formed on the polycrystalline silTicon film The conductor 20

| ayers 7A, 7C and 7D may be made of silicide filnms, refractory
metal filns, etc. The gate electrode 7A is extended in the row direction
over the field insulator film3. That, is, the conductor # ayer 7A is used as

the word | iheand 1Oms souregand, 4radn, FPERORS A h® ar'd B ought into
t he -12- so-cal|ed LDD (Lightd iy, st t he

seni conducﬁ;mf\f"e‘b‘i{f’r&t§ aﬁéf’l‘%‘ ]llyn %&%%ﬁ%nﬁtﬂﬁ%@s%%dct ure,

i | at fil I s bgt h i o s of th duct

I nsul at or #%fﬁs@?é ; 905 bof hs £ bg1 st gdess pineqchs of the conduct or

| ayers 7A t al1gnnent thereto. The inpurity introducing mask

.9 may well be renove {&f £ g IO uSESF COIWRICITT d£G Quxel0 and the
[err]-type %eﬁﬁ%ﬁwﬁﬂu:%g regi ons fﬁ have been forned. The sem conduct or

regi on 8 f1ag; a1 4@ | £ V-EpE aiid aiT-ory p ovesn it idwadr afegihmsseni conduct or
10region 10. Thus, an electric field intensity at the
8 and 10°as source and drain regions, .and a p -type
semiconductor region 11 for preventing soft errors.
St The MISFETs Ql' QZ’ Qsl and Qsz are formeé in the
well region 2.
10 The gate insulator films 5 are made of silicon
dioxide films which ére formed on the parts of the main
surface of the semiconductor substrate 1 as well as
the well region 2 being the active regions.
The gate electrodes 74, 7C and 7D are made_of double-
15 layer films (poly-cide structure) each of which comprises
a film of polycrystallinme silicon and a film of a
silicide being the compound between silicon and a refraétory
metal (such as molybdenum, tantalum, titanium or tungsten),
formed on the polycrystalline silicon film. The conductor
20 layers 74, 7C and 7D may be made of silicide films,
refractory metal films, etc. The gate electrode 7A
is extended in the row direction over the field insulator
film 3. That is, the conduc;or layer 7A is used as
the word line WL.

25 The source and drain regions are brought into the



p-n-.junction between the sem conductor region 8 and the well region 2 can .
.be noderated. Since the junction depth [err] of the sem-.conductor region 8
is small, the coverage thereof under the gate electrode (inta a region .
| 5Swhere a channel is forned) can be | essened. The sem conductor regions 8

are formed by ion inplantation, using principally the gate el ectrodes 7A,

7C and 7D as a mask. The sem conductor rggion 10 constructs the substanti.al
source region or drain region or the cross-coupling wiring of the flip-

flop circuit. The sem conductor regions 10 are fornmed by introducing an
inmpurity with ion inplantation, 'using the inpurity introducing mask 9. The

i nsulator films 9 and the sem conductor regions 8 are omtted fromall the
plan viewg,-Zfl1ed LI Loynuly Topde MShETSsiarddudaichy [@id] - 13-

which is schematically shown in Fig. 2B, is done as follows in order to
CroSS- COUfd i ddrid danbr i s.8 RAndtl0as Iegerdsr the o itghe ati on of the
field insulator film3 within the nenory cell, nanmely, the 5 configuration

of the MIETstrixtdie, ninduletoenf corsiQtare rexpoided emsbattte Wi ri ng, Fig.

4 may be referred to. The M SFETs @ and 2 are forned i.n one active

regi on defheesidgs tdfe dacdt Pf he fordycton Layers ik o ARiive region,

parts for form ng the M SFETs Q ,Iand L L .
5 self-alignment thereto. he impurity introducing mask

9 may well be removed after the n+-type-semiconductor
regions 10 and the ﬁfftype semiconductor regions 11 ' -
have been.formed. The semiconductor'region 8 has an
impurity concentration lower than that of the semiconductor
l0region 10. Thus, an electric field intemsity at the
p~-n junction betwegn the seﬁiconductor;regidn 8 and
the well régidh 2 can be moderated. Since the junction
depth (xj) of the semicondu?tor region 8 is small, the
coveragé thereof under the gate electrode (into a region
15 where 2 channel is formed) can be lessened. The semiconductor
-regions 8 are formed Ey ion implantation, using principally
the gate electrodes 74, 7C and ;ﬁ as a2 mask. The semiconductor -;;
region 10 constructs the substantial source region or
drain region or.thé cross-coupling wiring of the flip-
20 flop circuit. The semiconductor regions 10 are formed
by introducing an impurity with ion iﬁplantation;'using
the impurity introducing mask 9. The insulator films
9 and the semiconductor regions 8 are omitted from all
the plan views.

25 The layout of the MISFETs Ql’ QZ' Qsi and'Qsz,



@ are respectively arranged in right upper and left lower areas in Figs. 2A
and 2B. These two parts are made unitary by the n -type sem conduct or
region 10 which is forned obliquely froma right upper position 15 to a

‘[eft lower position in Figs. 2A and 2B. This sem conductor region 10 is the
wiring for connecting the M SFETs [err] and [err]1 and is the source or ‘
drain region common to them On the other;hand, active regions for formng
theidM SFETs [err] and [err] are independently formed in 20 right | ower and
| eft upper areas in Figs. 2A and 2B respectively. The connection between
the M SFETs Q and [err] is done by the gate electrode to be descri bed
bel ow. Secondly, as regards the configurations of the 25gate el ectrodes 7D

and 7C of the respecti¥faMSEEI5 showa4in[Pigl  2Bd ierdénf&igs 5 may be
referred taglfhelgo%éhgggr Iaye? 7C which is the gate el ectrode of the

M SFET [err] ,h33 500G grdepPatb epbBEctedplet hhehewseinentersor region
(source or “difain region) 10 of 5 the MSFET [err] through a contact hole 6
formed in the i pgysat Oksf regavdsantenasnfliguoahépnend phetftehtiected with
t he sem conductor region (source or drain region) 10 of _the other M SFET
[err] througlulatest 48luhdl @idhifhsheomedersr cRayer P2ReLbr nFRG the gate

el ectrode of 10 the M SFET [err] also serves as i 'Elf(” connecting
5 configuration of the MISFETs and the n -ty

I
semiconductor regions 10 as the wiring, Fig. 4 may be

referred to.

The MISFETs Q2 and Q52 are formed in one active
region defined by the field insulator film 3. In this
10 active region, parts for forming the MISFETs Q52 and
_Qz are respectively arranged in right hpper and left
lower areas in Figs. 2A and 2B. These two parts are
made unitary by the n+-type-semiconductor region 10
which is formed obliquely from a right upper position
15 to a left lower position inm Figs. 24 and 2B. This semicondubtor
region 10 is the wiring for connecting the MISFETs QsZ
;g and Q,, and is the source or dr;in region common to
them. On the other hand, active regions for forming
the MISFETs Ql and Qsl are independently formed in
20 right lower and left upper areas in Figs. 2A and 2B
respectively. The connection between the MISFETs Q1
and Qsl is done by the gate electrode to be described
‘below.
Secondly, as regards the.configurations of the

25 gate electrodes 7D and 7C of the respective MISFETs



the.gate el ectrode of the M SFET Q and the source or drain regions of the
"M SFETs [err] and [err] and as wiring for connecting the M SFETs [err] and
[err]. The conductor layer 7D which is the gate el ectrode of the M SFET Q ..
15;has one end part connected with the sem conductor region (source or
drain region) 10 of the M SFET Q s2 through a contact hole 6. The conductor
| ayer 7D formng the gate electrode of the MSFET [err], also serves as -
wiring for connecting the gate el ectrode 4t the M SFET QL and 20 the sour'e
or drain region of the M SFET Q2 These two points will be understood by
referring to Fig. 2B. Onng to the configurations of the field insulator
film3 and the gate electrode 7C (and the gate electrode 7D), the cross
coupling @f ddw Qh%\o Ripers emaxivewefered staeal i zed wit hout hanpering
enhancene int density of integration. Mdre specifically, the

semi conduct or The -cidndyakponkaner (Enovighchicks the BR ke ¥ Pdhsul at or
film3, and the gate el ectrodes 7C apd 7D are used as tqf iring for the
cross coupf ithe MESFER rQndrakcontitRe (RATY I'Fe°’E’P’o‘s'se‘€o‘tﬁﬁ rfyeand any area
for connecting it 5 are nof negessary. No,cond or laye{ for formng

resi st ancte®} GeRHRGE 9% TREMRY 'St h r‘.’rA‘(l:éaolr%liLE%qqy",nfhlgd sopfgci ng between

the gati %gﬂcﬁéﬂgf#‘i atnkgrg‘pgﬁng E@ﬁt?@@cﬂ@ﬂe b@t{gﬁhe& Kf“srﬁ?é st ance

el enent source®and drarn regions o FETs Q
insulator film 5, and has the other end part connected

with the semiconductor region (source or drain region)
10 of the other MISFET Ql through a contact hole 6. ' A
The conductor layer 7C forming the gate eiectrode of
10 the MISFET Q,, also serves as wiring for connmecting
the gate electrode of the MISFET Q, gn? the source or
drain regions of the MISFETs Qsl and Q1 and as wiring
for connecting the MISFETs Q, and Qsl‘ The conductor
layer 7D which is the gate électrpde of the MISFET Q,
15 has one end part connected with the semicondﬁc;or region
(sourbe ér drain region) 10 of the MISFET Qs2 through
a contact hole 6. The conductor layer 7D forming the gd
gate electrode of the MISFET Ql' also serves as wiring
for connecting the gate electrode of the MISFET Q1 and
20 ¢the source or drain rggion of the MISFET Qsz.These two.
points will be understood by referrimg to Fig. 2B.
Owing to the configurations of the field insulator
film 3 and the gate electrode 7C (and the gate electrode
7D), the cross coﬁpling of the two inverter circuits
25 45 realizeﬁ without hampering enhancement in the density

of integration. More specifically, the semiconductor



10 and- @ may be connected by shaping the gate electrode 7D simlarly
to the gate electrode 7C. Since the conductor layer 7C (7D) has as |low a
resi stance as several it can be used as the wiring for connecting the

M SFETs. The sources of the two drive M SFETs Q and 15 are supplied with
the dround potential [err] (= 0 V) of the circuitry by the conductor |ayer -
7B. Since the conductor layer 7B is formed18f the sanme material and by the
same-Step as those of the conductor layers 7A, 7C and 7D, the resistance
val ue thereof is as small 20 as several [err]. The conductor |ayer 7B is
connected to the source regions of the MSFETs [err] and [err] 'through
contact holes 6. This conductor |layer 7B is provided while extending in the
row directi pagpoes 10e(dnd|8) i dhsfAmedrby ithe I idE & ulrstudrttion! Ifilimn paral | el
wi th the conductor |ayer 7A It forns a ground potential |ine comon to
a plurality3pfaménbhe gate¢ sebeermrries il tﬂrredgr@/vad'ler a@edogs Hhe source
regions of the MSFETs [err] and [err] are nmade |arger than the drain

regi ons t heveoinpyf ofrthe (e7o8HE Lot i ot By Wi eheXIvddcteor | ayer 7B.
In particular, the source regjons ar e made Ion%er than the drain regions in

the | engt hwfSE BReeET?DH OIY Gt et otfes” OFC HRF SF5RE difown in Fig.
conduct of 31 858r SorcihEban@r, 0 TR AR CATASHIED T hoar
W t hout resistance elements is needed , either. Accordingly,
the spacing between the gafe electrodes 7C and 7D and
fend the spacing between the resistance elements diminish,
Thé source and drain regions of the MISFETs Qs2
10 and Q2 may be connected by shaping the gafe electrode
7D similarly to the gate electrode 7C._ Since the conductor

layer 7C (7D) has as low a resistance as several R/D,

it can be used as the wiring for connecting the MISFETs.

The sources of the two drive MISFETs Q1 and Q2
15 are supplied with the ground potential Vss (= 0 V) of
the circuitry by the conductor layer 7B. Since the
conductor layer 7B is formed of the same.material and
by the same step as those of the conductor layers 74,
7C and 7D, the resisﬁance value thereof is as small
20 as several Q/3. |
The conductor layer 7B is connected ¢to | the source
regions of the MISFETs Q1 and Q2 through contact holes
6. This conductor layer 7B is provided while extending
in the row direction over the field insulator film 3

25 'substantially in parallel with the conductor layer 7A.



| owering the density of integration. Since the conductor layer 7B has a low *°
“resistance value, it can suppress the occurrence of the fluctuation of the
potential thereof ascribable to currents flow ng 15 through the nmenory ..
cells. Since,in this way, nmargins in the operations of witing and reading
i nformation can be wi dened, mal functions can be prevented. Mreover, in a

case where the wiring for supplying the %ound.potential Is made of a ~

senm conductor region, the cross- 20 sectifonal area thereof needs to be '

enl arged for |owered resistance. This |eads to the disadvantage that the
width of the wiring enlarges. Since the resistance value of the conductor
| ayer 7B is roughly one-order smaller than that of the sem conductor region

h f i I 1h - h . -17- of th
Ground pot breeime 1 ner Send BELERETRLCL she pombbE b, foPbaE8irw o Teduce
Lhe areas,plnddiy Vs Cattangod LRCcHRMPOY GELLcBIoRY |gpihe colum

direction. as exenplified 1n Fig. umnumwring 5 [err]

needs to NGuFil f&4idnd GHOLREMISHEDSINBLr afd GEMREY £i84L Slé‘fgefo be

connected with the conductor |ayer 7B sotas to %uppress t he uctuation of
the potertnsnt ther&edin lredhonsegeteos sbyicpatbe £6P0KE ObohR¥eEidR has the

| ow resi stance val ue, the nunber of the alumnumwring 10 lines [err] can
be reduzeditiihtiss eopductbt ylayer deBisi tyn particular, the source

regions are made longer than the  drain regions in the

lengthwise direction of the éate electrodes 7C and 7D

as shown in Fig. 2B. Thus, the conductor layer 7B can

be prevented from overlapping the conductor layers 7C

10and 7D and can be'made substantially rectilinear without

lowering the density of intégrétion;

Since the conductor layer 7B has a low resiétance
value, it-éan suppress the occurrence of the fluctuation
of the potehtial thereof ascribable to currenté Zlowing

15 through the memory cells. Since,in.this way, margins
in the operations of writing an? reading information
can be widened, malfunctions can be prevented. Moreover, h g
in a case where the wiring for supplying the ground
potential is made of a semiconductor regioﬁ, the cross-
20 sectional area thereof needs to be enlarged for lowered
resistance. This leads to the disadvantage that the
width of the wiring enlarges. Since the resistance
value of the conductor layer 7B is roﬁghly one order
smaller than that of the semicdnductor region (the

25 former is several hundredths of the latter), the area



‘of integration in the rowdirection in the nenory cell array can be
enhanced. - I n order to prevent soft errors and to increase the
parasitic capacitances of the storage nodes of the 15 nenory cell, the p
-type sem conductor region 11 is forned. The semi conductor region 11 is
provided in contact with the sem conductor regions 10. This sem conductor’
region 11 is provided especially under thgstwo sem conductor 20 regions 10
of each of the M SFETs QL and 2 and under one sem conductor region 10 of
each of the M SFETs -l and [err] (in a part enclosed with a dot-and-dash
line 11 in Fig. 2A and 5). Mre specifically, it is added to th.e- '
sem conduct or regions 10 shown in Fig. 2B. In other 25 words, the

seni CO“dUCBQrtBGQEPBuAé bStOROVATIETine bEOSEes "smdBrePar tBr ofs t he nenory
cell which contribute to increase the parasitic capacitances C of the
storage noggsob@inkN§OpoBsibhe Gbnredtbe phe aress i of bied esiothe

sem conductor region 11 and the. sem conductor region 10 is one of the 5
regi ons of ceiigl eRputhéymenocentedbli ansaytihe thecedbemeapheée wher. t her eof
can be increased. Thus, the_soft errors attributed to al pha particles can
be prevent ®drtkhe,sesi esnuptidiedeypohiagd 2B, ralymimer whingpurity
concentration higher than that of the well region 2. 10Acc0£diqgly, it can
serve asallger PERIFOFOShppFURstpy @ Predeterdined number of medory

cells and to be connected with the conductor layér 7B
so as to suppress the fluctuation of the potential thereof.
In this regard, simce the conductor layer 7B has the
low resistance value, the number of the aluminum wiring
10 1ines L,os can be reduced. Thus, e;pecially the density
of integration in the rov direction im the memory
cell array can be enhanced.
In order to prevent soft errors and-.-to increase
the parasitic capacitances éf the storage nodes of the
15 pemory cell, the p'-type semiconductor region 1l is
formed.
igg The semiconductor region 13 is provided in contact
with the semiconductor regions 10. This semiconductor
region 11 is provided especially under the two semiconductor
20 regions 10 of each of the MISFETs Q, and Q, and under
one semiconductor region 10 of each of the MISFETs Qsl
and Qsz (in a part enclosed with a dot-and-dash line 11 in
Fig. 2A and 5). More specifically, it is added to the

semiconductor regions 10 shown in Fig. 2B. In other

25 words, the semiconductor region 11 is provided in those



the.ntrusion of mnority carriers created in the well region 2 by al pha -t
particles and can prevent the soft errors. The sem conductor region 11 is
formed by introducing 15 an inmpurity by ion inplantation, using the gate
el ectrodes 7C and 7D and the inpurity introducing mask 9. Accordingly, the
sem conductor region 11 is constructed so as not to reach the regi on where
the channel is fornmed. It does not affecigthe threshold voltages of the .
M SFETs 20 Q and 2. Since the allowance of nask registration for At
constructing the sem conductor region 11 is not required, the density of
integration can be raised. The inpurity for constructing the sem conductor
region 11 (for exanple, boron ions) has a higher di ffusion 25
coefflC|eparﬂhenfcéhpaﬂea°ﬁﬁtﬁeﬂﬁe“PﬁﬁHrFP?tF%P“ESn§PrbBFFH§se -19- the
sem conductor regions 10 (for exanp ni c_ions Since_both the
|npurltlesharearéﬁlFﬁﬁl&HPé&lﬁgPﬁﬁstﬁe ? ﬁflEEPrﬁﬁ k“°9ﬁ§ §8ﬁ1conductor
region 11 i s provided a% th seglcondu tga gw ég asd c
envel op 5ipfeTRaLEe8nduCEBF égloﬁs 18%2CTRAE, eeﬁPe FePﬁ8°B getor

J uncti ons betpgagéghsﬁﬁacggﬁue %ucww@eglognqot B¢ 3R Gengygtor regions

10 can beTFg¢ hé“Sem conductor re al so fornmed under the

sem congu gLen b f ¢ diehfu fficient. 10
This can EraveRfehc f‘i%%ﬁ‘ﬁ%??éﬁ%F%‘SE&E?%&"?EQ. he JrRese

capacitance thereof can be increased. Thus, the soft
errors attributed to alpha particles can be pre%ented.
The semiconductor region 11 is formed at an impurity' o/
concentration.higher than that of the well region 2.
IOAccordinély, it can serve as a barrier for suppressing
the intrusion of minority carriers created in the well
region 2 by alpha particles and can prevent the soft
errors.
The semicondudtor_regibn 11 is formed by introducing
15 an impurity by ion implantation, using the gate electrodes
7C and 7D and the impurity introducing mask 9. Accordingly,
the sem1conductor region 11l is constructed so as not -;;J
to reach the region where the channel is formed. It
- does not affect the threshold voltages of the MISFETs
20 Q; and Q,. Since the allowance of mask registration
for constructing the semiconductor region 11l is not
required, the density of integration can be raised.
The impurity for constructing the semiconductor
region 11 (for example, boron ions) has a higher . diffusion

25 coefficient vhen compared with the impurity for comstructing



punch-t hrough) between the semi conductor regions 10 functioning as the
source region and the drain region. Thus, the short channel effect can be

reduced. The seniconductor region 11 may be used nerely 15 for
enhamcing the function of the€ barrier to the mnority carriers. In that.
case, it can be forned in a deeper part apart fromthe sem conductor
regions 10. The sem conductor regions 10 Dpy. be constructed using

t he ‘eonductor |ayers 7A - 7C as a mask, the sem conductor 20 region 11 may
be constructed using the conductor layers 7A - 7C and the inmpurity

i ntroduci ng mask 9, and the sem conductor regions 8 need not be provided.
An insulator film12 is fornmed so as to cover the M SFETs [err] and [err].
The insul atpkef sémidén®ictor moeiafs Yr( focargiample ,siariseoi coxiotes )f.i | m

-20- The resistance elenments R and R and the wiring for applying the
power sourc®ipotehotlmlthe inprrities@ne ddorinnl anteadhasingultdeor film 12.
They are fornmed using a polycrystalline silicon |ayer 14 which is formed 5
on the insuigenri¢al mpask, THe FARiGpduRamFegiqncdd |38 drovidednpri ses

parts (conductor |ayers),6 14A whose. resistance is 1owered by introducing an
Pouri (v o FRY f o A Tt A% oA 1t G2 Ao HamsRE A o

i ntroducegl.  The L TPUEde e §0 s A AR SHUE S dHl 34SLs ehe
p-n junctions between the semiconductor region 11 and
the semiconductor regions 10 can be increased. The

semiconductor region 11 is also formed under the semiconductor

regions 8 by the difference of the diffusion coefficient.

10 This can prevent the combination of depletion regiomns (the

punch-through) between the semiconductor regions 10 functioning

as the source region and the drain reg;on. Thus, the
short channel effect can be redu;éd.
- The semiconductor regi&n 11 may be used merely
15 for enhancing the function of the barrier to the minority
carriers. In that case, it can be formed in a deeper
part apart froﬁ the semiconducfor regions 10.
The semiconductor regions 10 may - = be constructed
using the conductor 1ajers 74 - 7C as a mask, the semiconductor
region 11 may . be constructed using the conductor
layers 7A - 7C and the impurity introducing mask 9, and
the semiconductor regions 8 need not be provided.
An insulator £film 12 is formed so as to cover the

MISFETs Ql’ QZ’ Qsl and QsZ' The insulator film 12

25 is made of, for example, a silicon oxide film,



10into a part other than a part (14B) which is enclosed with a dot-and-dash
dine 14B indicated in Fig. 2A and 6. The conductor |ayer 14A is placed over
the conductor layer 7B (the wiring for the ground potential), and is
extended in the row direction on the insulator film15 12. It constructs
thel wiring for the power source potential, which is connected to the
respective nenory cells arranged in the pgw direction. OMng to the fact -
that the conducter layer 14A (the wiring for the power source potential) w
and_the 20 conductor |layer 7B (the wiring for the ground potential) are
placed with the insulator film 12 intervening therebetween, a capacitor is
I nserted between the power source potential and t.he ground potential as
illustrated inTikOregfstdhée sneﬁehterﬁgasw l\tllég&m eRoaeifpnge because of
the 25 thinner insulator film when conpared wth a capacitor -21- in
whi ch thefepngpplping aylee fedwer Sspuacedpoventitald Vi NnotHeretwo gr ound
potential fade of a sem conductor region. This cadﬂ%itor can reduce the .
mal functiane Hérvéd omnbhey tmstbavorrfblmell (o They fdnetfmtneh of the power
source 5 potential or the ground potential. Parts of the conductor |ayers
7B and 14wsihmy 2 polycpestdllire wgibicemalarer b Herighris Surmed to
increasg t he capacit nce.é%ye pﬂit L#B in which no inpurity is introduced
(the parthhFRh +RS2IRFREH R t h* t hel BDtPOhRETRER} Hine 1sificon.

layer l4 comprises parts (conductor layers) 14A whose.

resistance is lowered by introducing an impurity,-and

parts of high resistance 14B in which no impurity is

introduced. The imﬁurity. for example arsenic'is introduced
10into a part'other than a part (14B) which is enclosed

with a.dot-and—dash'line 14B indicated in Fig. 24 and 6.

The conductor layer 144 is placed over the conductor

layer 7B (the wiring for the ground po;ential), and

is extended in the row dire;tion on the insulator film
15 12, It constructs the wiring for the power source potential,

which is conmected to the respective memory cells arranged

%

in the row direction. ' _ -
. o'

‘Owing to the fact that the conductor layer 14A
(the wiring for the power source potential) and the
20 conductor layer 7B (the wiring for the ground potential)
are placed with the insulator film 12 intervening therebetween,
a capacitor is inserted between the power source potential
and the_grdﬁnd potential as illustrated in Fig. 2B.
This capacitor has a higher capacitance because of the

25 thinner insulator film, when compared with a capacitor

a
- 2



10is used as the resistance elenents R and R. One 1 2 end of each
of. the resistance elenents RL-and Ris connected to the power source
potential wiring 14A. The other end of the resistance element RL is
connédcted to the source or drain region 10 of the MSFET [err] through 15 a -
contact hole 6 and a contact hole 13 which is forned in the insulator film
12. In addition, the other end of the res+at-ance elenment [err] is connected
to te gate el ectrode 7C of the M SFET @ through the contact hole 13. In
consequence, it is connected to the source or 20 drain region 10 of the

M SFET [err] through the gate electrode 7C. The other end of the

resi stance elenment R2 is connected to the gate el ectrode 7D of the M SFET
QL through gncenicicttiel coddictior adalier okktA tie fotdved erwkrofe tieimegsi stor R
is connected to the commpn_ sou or.drain, 25 regio 0 of_the M SFETs
[err] and [£9F]2 t#FOIRH RO aclema-dfz-g%o esse%F%nnadq“.L%:.“Sirne ie‘}r’h’e gate

el ectrodes 7C and 7D are shaped as stated before, the resistance el enents
[err] and [Bhi} caprebhpy 43 sefughe %&@aﬁ?%ﬂf&tqforﬁ’%m%ﬁtial ly 5
by the nere connections thereof to e %iﬂ e, electrqdes 7C and 7D. This

point wi | | Bebbhes HEF EPRBHA Ehi TR o HTE3 SR BT PRI ST The
foregoing shapes, 0f1 ¢ SRl %LU 65d "P8een Ffa PN Pk ed N WHd Mo dulid O

layers 7B and 14A may be formed wider than the

other parts so as to increase the capacitance.
The part 14B in which no -impurity is introduced (the
part which is enclosed with the dot-and-dash line 14B)
10 is used as the resistance elements R1 and RZ. One
end of each of the re#istanbe element_s_R1 and R2 is
connected to the power source potential wiring 144,
The other end of ;he resistance element Rl is connected
to the source or drain regi;n 10 of the MISFET Q§1 through
15 a contact hole 6 and a contact hole 13 which is formed
in the insulator film 12. In addition, the other end
4 of the resistance element Rl is\connected to the gate
electrode 7C of the MISFET Q2 tﬁrough the contact hole
13. 1In consequence, it is connected_to the source or
20 drain region 10 of the MISFET Q1 through the gate electrode
'7C. The other énd.of the resistance element R2 is connected
to the gate electrode 7D of the MISFET Q1 through a
contact hole 13. in addition, the other end of the
resistor R2 is connected to the common source or drain

25 region 10 of the MISFETs QsZ and QZ through contact



t he: cross coupling of the flip-flop circuit, etc. need 10 not be
.constructed by the use of the polycrystalline silicon 14.. Accordingly, the
resi stance el enments 14B can be constructed sufficiently |ong.between the
conductor | ayer 14A and the contact holes 13. Since the resistance el enents
14B are constructed sufficiently long, the resistance val ues thereof can be
i ncreased. Accordingly, standby currents.flowi ng fromthe resistance haadl
el ements 14B can be dimnished in order to hold information. Moreover, thﬁ
sufficiently long construction of the resistance el enents 14B can 20
prevent the conbi nati on (punch-through) of the depletion regions which are
formed within the resjstance elenents 14B fromthe junctions between the
resi st anceobe@n®rdd ]ié;aand the conductor |ayer 14A and the junctions
bet ween the regjstance el epen g He y§ Ondiic gions 25 10
gb?cfawsg?gs gggééﬁo@g $QCaneM DRI pd L

and t he conduc The resistance elenent 14B i s

pl aced over the con | ayer r i Qkahbe E00HLstoTR] ayed KD through the
insulatorafifﬁfEE? gﬁgg?é'dﬁggoged EX?ending in the tol um 4irection

subst ant i ggby_cg}',,gidééé' ¥11TPBE hécedsitp typRestions UsEbSt4neiLsllyo Fig.
2B) is construct In which thé cenductor layer 7C or 7D is a gate
el ectrogleyyt bgei RerbatohnbttivaA2 theaegfit voi nbel gée ehecthedessi stance
el ement 14B is a sem conductor. The [err]-type sem conductor region

7C and 7D. This point will become more apparent from

Fig. 2B. Besides, owing to the foregoing shapes of

the gate electrodes 7C and 7D, the wiring lines for o

the cross. coupling of the flip—flop circuit, etc. need
10 not be constructed by the use of the polycrystalline
silicon 14. Accordingly, the resistance elements 143
can be constructed sﬁfficiently long between the conductor
layer 14A and the contact holes 13.
Since the resistance élements 14B are constructed
15 sufficiently long, the resistance values thereof can
be increased. Accordingly, standby currents flowing
from the resistance elements 14B can be diminished in
order to hold information. Moreover, the sufficiently
long construction of the resistance elements 14B can
20 prevent the combination (punch;through) of the dgpletiqn
regions whichjare formed within the resistance elements
14B from the junctions between the resistance elements
14B and the conductor layer 144 and the junctions between

the resistance elements 14B and the semiconductor regions

25 10 and the conductor layers 7C, 7D.

‘l



19 and the conductor |ayer 14A can be regarded as source 10and drain

regi ons. The conductor layer 14A is of the [err]-type because it is formed
by i ntroducing arsenic. Accordingly, the resistance el enent 14B can be
regarded as the channel region of a parasitic n-channel M SFET. Now, let's
consifder a case where the potential of a 15 high level is applied to the
conduct or | ayer
potegptial of a lowlevel is applied to the conductor |ayer 7C (gate
el ectrode) of the M SFET [err]. The current fromthe power source potential

Vce eas

iy

7D (gate el ectrode) of thgz__SFET QL and where the

flow t hrough the 20 resistance el enent 14B (R2),

whereas it is difficult for it to flow through the resistance el enent 14B

[err] That

val ues (are self
in the menmogy.celic 4% 2he acivbudtor theyenrtkntisr augh b suppHilatdm the

di rection

-24

is, ﬂg@ £65iStance &l&ant s14BIH § epXdcohanger tdtei reamBictance

ased) in accordance with information (a voltage) witten

I n which the voltage difference between "1" and "O' is

clarified. Fhig 12, cdfiecisvdisposedbixtémding hin ' the mmqmrﬂmﬁxﬁ%nhance
t he speed of mmltlng the information into the menory cell An

i nsul ator fshbstsntsablypvéimilaniy he %%mﬁuhﬁoraI%&%rtﬂkﬁ\%ﬁﬁP%W&F?eS|stance
The insulator film 15 electrécall JSO'ﬂ[eS th conductor

el ements 14B.

| ayer 14Asafdefrs tesFieant®) el 2nePREtAUES

Roreqagarer

layer 7C'or 7D is a gate electrode, the insulator film

12 is a gate insulator and the resistance element 14B

is a semiconductor. The n+-type semiconductor region

10'and the conductor layer 14A can be regarded as source

lOaﬁd drain regions. The conductor layer 144 is of the

n+-type because it is formed by introducing arsenic.

Accordingly, the resistance element 14B can be regarded

as the channel region of a parasitic n-channel MISFET.

Now, let’s consider a case where the potential of a

15

high level is applied to the conductor layer 7D (gate

electrode) of the MISFET Q1 and where the potential of

L a low level is applied to the conductor layer 7C (gate

electrode) of the MISFET QZ' The current from the power

source potential Vcc - easily flow through the

20 resistance element 14B (Rz), whereas it is difficult for it

to flow through the resistance element 14B (Rl). That

is, the resistance elements 14B (Rl’ RZ) change their

resistance values (are self-biased) in accordance with

information (a voltage) written in the memory cell. As

25 a result, the currents can be supplied in the direction



17 to be provided on them 10 The conductor layer 17 is provided so as
to be electrically connected to t he predeterm ned sem conduct or regions
10 through contact holes 16, to extend in the colum direction across the
conductor |ayers 7A, 7B and 14B over the insulator film 15 and to be pl aced
15o0ver the conductor layers 7C, 7D and the resistance elenents 14B. This
conductor layer 17 serves to construct data |lines DL and DL. By stacking ~
t he conductor layers 7C and 17 and the resistance el enent 14B or the o
conductor |ayers 7D and 17 and the resistance el enment 14B, the 20area of
t he SRAM can be reduced, and hence, the density of integration thereof can
be enhanced. - On the left (or right)-hand side of the nenory cell in Fig.

2A, a nenpry. *f{clt{ Rl qel)ciéézésé]T i e oty e wi dr) "18SREM gt @ 1ine Xa - Xa

(or Xb - )1 artang e two nenory cells formone unit, and a

| ar ge nur%%r%]harﬁz&-d.of FHACH Ui d 57 1S v ety ¥t d ULy M WOW Wl recti on.

Besi des, e upper (or lower) side of the illustrated nmenory cell in
Fig. 2A @&t deldndhicenfardde priiets et rif wiidilmg atjgect to a point

Ya (or Yb) is arranged. The 5 two nenory cells formone unit, and a |arge
nunber ofisfitmatlide o arliayeshdry tdellcol urm direction. Next, a method of
manuf acturing the present enbodi nent will be descri bed.
5 An insulator film 15 is provided on the conductor
layer 14A and the resistance elements 14B. The insulator
film 15 elettrﬁcally isolates the conductor layer 144.
and the resisfénce"éleménts 14B from a conductor iayer
17 to be provided on them. |
10 The conductor layer 17 is provided so.as to be
electrically connected to  the predetermined semiconductor
regions 10 through contact holes 16, to extend in the
column direction across the conductor layers 74, 7B
and i4B over the insulator film 15 and to be placed
150#3: the c¢onductor layers 7C, 7D and the resistance
elements 14B., This conductor layer 17 serves to comstruct
data lines DL and DL. By stackgng the conductor layers .g;)
7C and 17 and the re;istance element 14B or the tonductor
layers 7D and 17 and the resistance element 14B, the
20 ores of the SRAM can be reduced, and hence, the
density of integration thereof can be enhanced.
On the left (or right}-hand side of the memory:
cell in Fig. ZA, a memory cell which is in line symmetry
with respect to a line Xa - Xa (or Xb - Xb) is arranged.

25 The two memory cells form one unit, and ‘a2 large number



Ftgs.«4 to 10 are views for explaining the nethod 10of manufacturing the
SRAM shown in Figs. 2A, 2B and 3. Figs. 4 to 6 are plan views of the nenory
cell of the SRAM at several manufacturing steps, while Figs. 7 to 10 are

sectional views thereof. Fig.” 7 shows a section taken along line VIl - VII
in Ffg. 4, Fig. 9 shows a 15 section taken along line IX - IXin Fig. 5
and Fig. 10 shows a section taken along lifge I - Xin Fig. 6. First, a

sem¥onductor substrate 1 of the n -type nmade of single-crystal silicon is
prepared. A well region 2 of the p -type is fornmed in a predeterm ned 20
mai n surface portion of the sem canductor substrate 1. By way of  exanple,
the well region 2 is fornmed in such a way that [err] ions at approximtely
2 x [err] QogmcbMunidcearet epdtaged by the ropl ditrattbdonusi Bgshdegpergy of
approximately 60 keV and are subjected 5 to drive-in diffusion. -26- A
field insulpat @hef npped srf domed)onitkeofr et dLAbattapadtBeBOTY he

sem conductor substrate 1 and the well region 2. Besides, channel stopper
regi ons 4 efelihdnpFtigpe24ncaf oepedyi aelhe¥pichetsr APNRALPEr FERBELT e wel |
region 5 2. Used as the field insulatgor film3 is a silicon_oxide film

whi ch is f ovimbd riegPesEarkot RePREP XA PFokp) BY ﬁé§a5$°QXanﬁﬁ§, t he channe

St opper %?%u%niéio%geclqagego%% one unit, and a large number of

such units are arrayed in the column direction.
Next, a method of manufacturing the present embodiment
will be described.
Figs. 4 to 10 are views for explaining the method
10 of manufacturing the SRAM shown in Figs. 2A, 2B and 3.
Figs. 4 to 6 are plan views of the memory cell of the
SRAM at several manufacturing steps, whilé Figs. 7 to
10 are sectional views thereof. Fig. 7 shows a section
taken along line VII - VII in Fig. 4, Fig. 9 shows a
15 section taken along line IX - IX in Fig. 5, and Fig. 10
shows a section taken along line X - X in Fig. 6.
Wl First, a semiconductor sug;trate 1 of the n ~type
made of single-crystal silicon is prepared. A well
region 2 of the p--type.is formed in a predetermined
20 pain surface portion of the semiconductor substrate
1. By way of ex;mple, the well region 2 is formed in
such a way that BF2 ions at approximately 2 x 1012
atoms/cin2 are introduced by ion implantation using
an energy of approximately 60 keV and are subjected

25 to drive-in diffusion.



I nssuch a way that BF2 ions at approximately 3 x 10 atons/cm are

. introduced by ion inplantation using 10 an energy of appr.oxinmately 60 keV
and are anneal ed by the step of formng the field insulator film 3.
Subsequently, as shown in Figs. 4 and 7, an insulator filmb5 is formed on
the parts of the main surfaces of the sem conductor substrate 1 and the

wel |

region 15 2 to becone regions for ®6rm ng senm conductor el enents. The

insulator filmb5 is, for exanple, a silicon oxide filmwhich is forned b?f
t hermal oxi dation and which has a thickness of 200 - 300 A After the
insulator film5 has been forned, the predeterm ned parts thereof

renmoved so as to formcontact holes 6. As shown in-Fig. .8,
7D are f
Each of the c

TA -

20 are

) conductor |ayers .
& gﬂ‘l,tlﬁn #@%ﬂ.—ﬁ-ﬂ:d £iN%1PHY Forned o dHeh prid@utdetintindd | m 5.
hauact or

ayers 7A - 7D is made up of a double-layer film

whi ch i s.ngn_J_gg_c?,Efth\@ iardikondudticad edystrae Parndithehavaldi reszirdmce of

t he wel |

region 2 through the contact hole 6. That is, it

is fornmed

of a pol ycrysedidess THanmel fstappelr wegionss 4 efsthebyp-typey., CVD

(Chem cal

Vapor Deposition) and in which phosphorus is introduced in order

to | ower drd Formesl srarthe \paledetermiasgd -pants afolShsdsalh F995Q™e film 72

which is formed on the film71 by sputtering. The thickness of the
pol ycr?st"al | iUsedkias dhe ffiehd/fnsulator £ilm 3 is 'a silicon oxide

film whiéh'is formed by local thermal oxidation. By

-way.of ekample, the channel stopper regions 4 are formed
ih such a way that BF, ions at approximately 3 x 1013
atoms/cm2 are introduced by ion implantation using -

10 an energy of approximately 60 -keV and are annealed

by the step of forming the field insulator f£ilm 3.

Subsequently, as shown in Figs. 4 and 7, an insulator

£ilm 5 is formed on the parts of the main surfaces
of the semiconductor substrate 1 and the well region

15 2 to become regidhs for forming semiconductor elements..
The insulator f£ilm 5 is, for eXfmple, a silicon oxide
film which is formed by thermal.oxidation and which has
a thickness of 200 - 300 K . After the insulator film
5 has been formed, the predétermiﬁed parts thereof

20 are removed so as to form contact holes 6.

As shown in Fig} 8, conductor layers 7A - 7D are
formed on the field insulator £ilm 3 and the insulator
film 5. Each of the conductor layers 72 - 7D is made
up of a double-layer £ilm which is connected with the

25 predetermined part of the main surface of the well



is, e: g., approximately 2000 A, and that of the nolybdenumsilicide film
72 is, e. g., approxi.mtely 3000 A . Since 10the conductor layers 7A to
7D contain nmol ybdenum silicide, their resistance value can be rendered
several Though not shown, an n-type sem conductor region is forned by the
di ffusion of the phosphorus introduced in the polycrystalline silicon film
71, in that main 15 surface part of the wel] region 2 which is connected

W t =t he conductor |ayer 7B, 7C or 7D thrdugh the contact hole 6.
Subsequently , as shown in Fig. 8, sem conductor regions 8 of the n -type
are formed in order to construct 20 LDD structures in the nmain surface
of the well region 2 at the parts of both the sides of each of the

conduct or |megeien 7A tOuehd the Wantadfe hHodkey Gt of bRt A5 At dEveni ng

t her ebet ween. Using the conductor, | ayers 7A, 7C gnd _(D and.the field
i nsul at or fidrmed f 2 Re} Xy SHLLIRe fAdRP 1W5r i“'?‘ﬁ',‘:hpl’rﬁsphor us is

L a2 et o S QL Y ghebskEidpahgie/ er1] - and
o ooty Vil S R, AN W S foner AT NS
formed ong bath 5 des Alc LR il fANIUGIPT TR ethad 311Rc1R%
film 72 vhich is formed on the film 71 by sputtering.
The thickness of the polycrystalline silicon film 71
&4. is, e. g., approximately 2000 Z , and that of the molybdenum
silicide film 72 is, e. g., approximately 3000 Z . Since
10 the conductor layers 7A to 7D contain molybdenum silicide.
their resistance value can be rendered_several SZ@: .
Though not shown, an n-type semiconductor region
is formed by the diffusion of the phosphorus introduced
in the polycrystalline siliéon £film 71, in that mein
15 surface part of the well region 2 which is connected
with the conductor layer 7B, 7C or 7D through the contact
{0 hole 6. )
Subsequently, as shown in Fig. 8, semiconductor
regions 8 of the n -type are formed in order to construct
20 LDD structures in the main surface of the well
region 2 at the parts of both the sides of each of the
conductor layers 74, 7C and 7D with the insulator film
S intervening therebetween. Using the conductor layers

7A, 7C and 7D and the field insulator film 3 as a mask

25 for introducing an impurity, phosphorus is ion-implanted



way, of exanple, the inmpurity introducing mask 9 is formed in such a way .
that a silicon oxide filmis provided 10 on the whol e surface of the
“resultant substrate by CVD, whereupon it is subjected to reactive ion .
etching. The mask 9 is an insulator filmwhich is forned in self- alignnent
to the conductor layers 7A - 7D. Using the inpurity introducing mask 9 and
the conductor 15 layers 7A to 7D as a masjg_for ion inplantation, —
sem conductor regions 10 of the [err]-type are forned in the predeterni n®

parts of the main surface of the well region 2. The sem conductor regions
10 form the source regions or drain regions of MSFETs. By way of
exanple, arsenic 20 is ion-inplanted at a ggse of apprfxinately 1 x [err] 2
at ons/ cm ¢ apdd 88e €HLT giyp Obx hppt eXy nht el 0 - keomafcml s améreafter
anneal ed. Thereafter, an inpurity introducing mask is forned in order to
form p ahypfesgyi ebnapptoxinmagebnshifi cke¥s brryeypefnexparle.to prevent
soft errors. This mask = -29- covers_ a part except an area which is

encl osed Tkt hsattieteafitetagnneshedy1 Thus, gthe seRiepRAYERPE in which this
i mpurity introducing mask has been fornmed, ion inplantation is carried out
using 5 thegkask 8 are fAE®e®nductor |ayers 7C, 7D as a nask. Then, as

shown ig Figs.A%tggdt e LQSiLgﬁﬁLaEXPer§§€E§2”9”ﬁ£9£ been formed,
an'impurity'introducing mask 9 is formed on both
sides of each of the conductor layers 74 to 7D, By
way of example, the impurity introducing mask 9 is formed
in such a ﬁay that a2 silicon oxide film is provided:
10 on the whole surface of the resultant substrate by CVD,
whereupon it is subjected to reactive iom etching. The
mask 9 is an insulator film which is formed in self-
alignmeﬁt to the conductor layers 74 - 7D.
Using the'impurity iﬂt;oducing mask 9 and the conductor
15 1ayers-7A to 7D as a mask for ion implantation, semiconductor
regions 10 of the ﬂ+-type are formed in the predetermined
parts of the main surface of the well region 2. \;)
The semiconductor regions 10 fomm the source regions
or drain regions of MISFETs. ﬁy way of example, arsenic
20 1is ion—implanged at a dose of approximately 1 x 1016-
atomS/cm2 “and an'energy-of approximately 80 keV
and is thereafter annealed.
Thereafter, an impurity introducing mask is formed

in order to form p+-type semiconductor regionswhich

25 serve principally to prevent soft errors. This mask



Tegions 11 are formed under the predetermni ned ones of the sem conductor
regions 10. By way of. exanple, boron is ion-inplanted at a dose of
approximately 1 x 1013 10 atoms/cn2 and an energy of approximtely 50 keV
and is thereafter annealed. Referring to Fig. 5 the inpurity to formthe
sem conductor regions 11 is introduced through the insulator film5 into
the region enclosed with the dot-and-dash g%ne 11. 15 The conduct or

| ayers 7A to 7D and the sem conductor regi 6As 8 and 10 are forned by the

sanme manufacturing steps as the steps of form ng M SFETs which constitute
peri pheral circuits. In addition, the sem conductor regions 11 may. be
formed under predetermned [err]-type 20 sem conductor regions, for

exanpl e, under the so € ' r ' : s whi c-h
constitute @AYEHPUY %ér%‘tge%{f%ﬂnp(ﬁ ?t}d?éj ‘i\}{ketf %géiﬁie)%s% %‘?ﬂ ng the

seniconductgrd$§£g§g§d Pihd sulgt oridilsn 12 is forned. The insul ator
film25 12 Ts, Tor exanple, a silicon oxide filmwhich is forned - 30-

by CVD and whi chypasn@ 44 €&nes sviof c1appiDxi 1w et ¥t 4000k r o B6h g [wds] . The
predeterm ned partsof the insulator film 12 overlying the conductor |ayers

7C, 7D and f4& bee chithed prisregimpbadfeaien resroveried fout esingct 5 hol es
= 5 the mask 9 and the conductor layers 7C, 7D as a mask.
Then, as ‘shown in Figs. 5 and 9, the p+-type semiconductor
regions 11 are formed under the predetefmined ones of
the semiconductor regions 10. By way of example, boron
is ion-imﬁlanted at a dose of approximately 1 x 1013
10 'atoms/cmz and an energy of approximately 50 _keV
and is thereafter annealed. Referring.to Fig. 5, the
impurity to form the semiconductor regions 11 is introduced
through the insulator film 5 into the region enclosed
with the dot-and-dash line 11.
15 The conductor layers 74 to 7D and the semiconductor
regions 8 and 10 are formed by the same manufacturing
N steps as the steps of forming ﬁiSFETs which constitute
peripheral circuits. ln addition, the semiconductor.
regions 11 may be formed under predetermined n+-type
20 sepiconductor regions, for example, under the source
regions and drain regions of MISFETs which constitute
an input protection circuit. |
After the step of forming the semiconductor regions

11, an insulator film 12 is formed. The insulator film

25 12 is, for example, a silicon oxide film which is formed



Thereafter, a polycrystalline silicon film 14 which is connected to the .-
. predeterm ned ones of the sem conductor regions 10 through the contact
holes 13 is formed in order to formw ring 14A for a power squrce potenti al
10and resi stance elenents 14B. By way of exanple, the polycrystalline
silicon filmmy be fornmed by CVD to a thickness of approximtely 1000 -
2000 A. An inpurity for lowering a re¥-stance value is introduced inte~
that part of the polycrystalline silicon filmwhich is other 15 than 'ﬁf
regions for formng the resistance el ements 14B and whi ch becones the power
source potential wiring 14A. Arsenic used as the inpurity is i'ntroduced by
ion inplantation, and is thereaftg[ ﬁnneale . Since.the hnp Bbby S

i nt r oducelyb@VD and pBichpBpanfatPdf<PeRE 36 BBRTPELPALE ?ty t he

resi stance val ue bs goqd. -Moreover, .Qw ftqQ.t J i i on,- the

ext enti on-oR0PRe Anpur &ﬁv L?ﬁaeed%ﬁ%fglﬁ%ﬂ%%%i%regyucﬁ%l%%,i s slight.

Accordi ngly, the allawance | ' Teeld nder ed smal |
U 10 S S SRRSO e TP s

and the constructed 25 sufficiently |ong.
-31- Thereafter qy!r%:ﬂd};fiﬂf-axfé achohdd tthe Sy Wordadd i ne silicon
filn1i5|ﬁﬁ%¥ﬁ?ﬁ§ 6§$or t he conductor |ayer 14A which is used as the
pover spyrgePatential wiring and the resistance el ements 14B which are
used as resistance elenments R and R2. ‘The inpurity for form ng the
conduct or Thereafter, a polycrystalline silicon film 14 which

T

is connected to the p:edete:mined ones of the semiconductor
regions 10 througﬁ the contact holés 13 is formgd in | '";;
order to fofm wiring 14A_for a #o;er source potential |
10 and resis#ance elemegts 1435 By way of e;ample, the
polycrystalline silicon film may be formed.pj CVD to
a thickness of approximately 1000 - 2000 g . An impurity
for lowéring a.resistance vélue is introduced into that
part of the polycrystalliﬁe‘silicon film which ié other
15 than regions for forming the resistance elements 1438
and which becomes the power source potential wiring
14A. .Arsenic used as.the impufity is introduced by o
ion implantaﬁion, and.is the;eafter_annealedf Since
the impurity is introduced by ion implaﬁtation, the
20 controllability of the resistance véiue is goéd.' Moreover,
owing to the ion implantation; the extention éf the impurity
under the impurity introducing mask is slight. Accordingly,
the allowances of processing diménsions can be rendered
small, and ﬁhe.resisﬁaﬁce.elements 14B can be constructed

25 sufficiently long.



Tayer 14A is introduced into the part of the polycrystalline silicon film
other than an area enclosed with a dot- and-dash line 14B in Fig. 6. After
the step of formng the conductor |ayer 14A and the resistance el ements
14B, an insulator film15 is fornmed. This insulator film15 is, for
example, a silicon oxide filmwhich is forged by CVD and whose thickness is
approxi mately 3000 - 4000 [err] . The predeterm ned parts of the insulator
filnme=h5, 12 and 15 overlying the sem conductor regions 10 are renoved to
formcontact holes 16. Thereafter, as shown in Figs. 2A and 3, a conductor

| ayer 17 which is electrically connected with the predeterni ned ones of the

seni conduct or 1 eqinate sk 44 WM HdVen GaNtEIGEs N endlG0,s duy R yRgstalline
conductor |ayer 17 extends on the insulator film15 in the colum direction

SO0 as to cr@sgildvm cENdUCEOrpd y@rnedd.td tfdra iy covmaiqutenr dmyaduni num film
formed by sputtering. Thereafter, the processing steps of a passivation
filmetc. anéAcamichd icutuséhea SRAM powed?2-sdurde micdteadtiigl byininge series
of manufacturing steps. According to the process di scl osed
in the preseamd ithentdimtafdecbeténted ifeviiqme e waedhigreresistance
elements R1 and Rz. The impurity for forming the conductor
layer 14A is introduced into the part of the polycrystalline
silicon film other than an area enclosed with a dot-
and-dash line 14B in Fig. 6.

After the step of forming the conductor layer 14A
and the resistance elements 14B, an insulator film 15
is formed. This insulator film 15 is,-for example, a
silicon oxide film which is formed by CVD and whose
thickness is approximately 3000 - 4000 g . The predetermined
parts of the insulator films 5, 12 and 15 overlying
the semiconductor regions 10 are removed to form contact
holes 16.

Thereafter, as shown in Figs. 24 and 3, a conductor
layer 17 which is electrically connected with the predetermined
ones of the semiconductor regiohs 10 through the contact
holes 16 is formed. The conductor layer 17 extends
on the insulator film 15 in the coiumn direction so
as to cross the conductor layer 7A. It is, for example,
an aluminum film formed by sputtering. -

Thereafter, the processing steps of a passivation

film etc. are carried out. The SRAM



(1) The gate electrode of one M SFET of a flip- flop circuit conposed of

two M SFETs is extended to formwring for cross coupling. Owng to this
copstruction, it is unnecessary to provide any special wiring for cross .
coupl i ng between gate el ectrodes, so that the pitch between the gate

el ectrodes can be reduced. Besides, owi ng3%3o the above construction, it is
unnecessary to provide any special wiring for cross coupling between —~
resi stance el enents which |lie above the gate el ectrodes, so that the pitch¥
bet ween the resi stance el enents can be reduced. Since the occupation area™
of the menory cell can be reduced by the aforenentioned two features, the

density of integratioRsofian shRaMupBYbybenerkareedes( 2k hRAuFalR u@ligGt r ode
of one M SFET of a flip- flop circuit conposed of two M SFETs is extended

to formw stagsfor cross coupling. Thus, the conductor layer formed by the
sane step as that of resistance el enents makes it unnecessary to provide
any speci al w rhagotdingr ¢es theupkboegssso that only a dasgilpsledr the mask
regi strati on between the resistance el enents -33- and wiring for a power
source potémtthe pmgskstcinvedsiod,ared felkas lhstedsbelamcmagl deents can be
reduced in size or can be constructed sufficiently long. Since the

resi stanceattakprlsd can be reduced in size, the occupation 5 area of the

menory cell can, be reduced, and the density _
: (1) The gate electrode of one MISFET of a flip-

flop circuit composed of two MISFETs is extended to
form wiring for cross coupling. Owing to this cénstruction, =;;
it is unnecessary to provide any special wiring for
cross coupling between gate electrodes, so thaﬁ the
pitch between the gate electrodes can be reduced. Besides,
owing to the above construction, it is ' unnecessary
to provide any.special wiring for cross coupling between
resistance elements which iie above the gate electrodes,
so that the pitch between the resistance elements can
be reduced. Since the occupation area of the memory
cell can be reduced by the aforementioned two features,
the density of ihfegration of an SRAM may be enhanced.

(2) The gate electrode of one MISFET of a flip-
flop circuit composed of two MISFETs is extended to
form wiring for cross coupling. Thus, the conductor
layer formed by the same step as that.of resistance
elements makes it unnecessary to provide any special
wiring for cross coupling, so that only a margin for

the mask registration between the resistance elements



of integration of an SRAM can be enhanced. (3). The gate el ectrodes of

M SFETs and resistance el enents, which constitute a nenory cell, and data
lines which are connected to the nenory cell, are placed one Oover anot her,
whereby a planar area can be reduced, so that the density of integration of
an SRAM can be enhanced. (4) The gate el ectrodes of M SFETs which
constitute the flip-flop circuit of a nenory cell, and resistance el enents
are pfaced one over the ofher. In this way3345 the resistance el ements can
be sel f-biased, so that charges to serve as information can be stably held.
Also in this way, the margin of read-out in a reading operation can be

w dened. (5) An inpurity for decreasing the resistance value 20 of a

POHdUCtor_|QM@rwﬂBQSFOEoPOEYSB¥§}aELhP€e5b5t899155 b8 rQQuesgsPaefew
i npl antation. Since the ion inplantation is lower in the inpurit

concentrati gnddepaedeneerbbasthheenaledeht YSEQR, b&h?e@QBEBOihabiLéty of the
resi stance value can be inproved. In addition, the resistance 25 val ues of

resi stance ereoefit becabnberdaopedobheditDehtYN long34-SPhesi 6hen. Oning to
the use of the ion inplantation, the coverage of the inmpurity under an

i nmpurity inresilatangenaikméntsfoani bg thducedi thastee el chendscepat ben

| essened, so that all owances for the processing dinensions of the 5

resi stance areaepfsthanmpoogrceelledanbeoreinged, ané the density

of integration of an SRAM can be enhanced.

(3) The gate electrodes of MISFETs and resistance
elements, which constitute a memory cell, and data lines
which are connected to the memory cell, are placed one

loover another, whereby a planar area can be reduced, so
that the density of integration of an §RAM can be enhanced.

(4) The gate electrodes of MISFETs which constitute
the flip-flop circuit of a memory cell, and resistance
elements are placgd one ove; the other. In this way,

15 the resistance elements can be self-biased, so that charges
to serve as information can be stably held. Also in
U/ this way, the margin of read-out in a reading operation
can be widened.
(5) An impurity for decreasing the resistance value
20 of a conductor layer made of polycrystalline silicon
is introduced by ion implantation. Since the ion implantation
is lower in the impurity concentration-dependence than
thermal diffusion, the controllability of the resistance
value can be improved. In addition, the resistance

25 values of resistance elements can be controlled to high



occupation areas of the resistance el enents can be reduced, and the density -~
of integration of an SRAM can be enhanced. Besides, since.the allowances

for the processing dinensions of the resistance el enents can be decreased,
thqse resistance 10 el enments can be constructed sufficiently long. Since

the resistance el enents can be constructed sufficiently long, standby _
currents to flow through these resistanceyel enents can be dimnished. In .~
addi tion, since the resistance el enents cah be formed | ong, the conbi nat e
15 (punch-through) between depletion regions to spread in the resistance =
el ements can be prevented. (6) On the sides of the gate el ectrode of a
predeterm ned M SFET which constitutes a nenory cell, an inpurity -

i ntroduch pgel@si onS PloOMIEdd el dselld O tion NEnp TEEA £ dorgd | Nt roduci ng
mask is used for providing a first sem conductor region which serves as a

source reghen coivedadiediof 2@ Ainpuifictyd el chrs SIRMHONTIE t Dit @B @Dngvhi ch is
opposite in the conductivity type to the first sem conductor region and

whi ch undealske forhe€okmisig e amedistiarice exfiementdd ddnishe alesdemadince f or
the mask registration between -35- the gate electrode and the second
sem conduspothaggiadd owangiespdicredthe tirocrssing dimenwinnis yobfthet egrati on
of an SRAM can be enhanced. Besides, the coverage of the second

seni condu&esistagcen slementscivathde [Agprarsedan ACordiagmted, th® that the

fluctuation of the threshol d )
occupation areas of the resistance elements can be reduced,

and the density of integration of an SRAM can be enhanced. .
Besides, since the allowances for the processing dimensions bt
of the resistance elements can be decreased, these resistance

10 elements can be constructed sufficiently long. Since
the resistance elements can be constructed sufficiently
long, standby currents to flow through these resistance
elements can be diminished. In addition, since the
resistance elements can be formed long, the combination

15 {(punch-through) between depletion regions to spread
in the resistance elements can be prevented.

(6) On the sides of the gate electrode of a predetermined i;)
MISFET which constitutes a memory cell, an impurity
introducing mask is provided in self-alignment. The impurity

20 introducing mask is used for proQiding a first semiconductor
region which serves as a source region or a drain region,
and a second semiconductor region which is opposite
in the coﬁductivity type to the first semiconductor
region and which underlies the first semiconductor region.

25 Thus, an allowance for the mask registration between



Vol tage of the M SFET and the increase of the substrate effect can be
prevented. (7) As stated in Item (6), the second sem conductor region is
provided along and under the first semi conductor 10 region. For this
reaspn, the capacitance of the p-n junction between the first sem conductor
regi bn and the second sem conductor region can be increased, so that the
parasitic capacitance of a node for storing information can be increased.
For “fie sanme reason, 15 the second sem conductor region can be used as a
barrier which prevents mnority carriers, created in a well region (or a
.substrate), fromentering the storage node of the information. OMng to the
above two features, soft errors ascribable to al pha particles may be

prevent ed. gﬂaeg?g?<§ie§¥r8a8vsganegsag2 888°0En2LOhARAYNE! QEgtefli On 11 2

part where i on regron spreadi Fo a region in annel is

formed is syppgesgefseaNGieRNPE82EHQE éﬁaneengh£9uab)1aeegbst§ealetlon
regi ons between a source region and a drain region can be prevented.

Accor di ngl yof 28nt SrRasheah BBasABRhneélect Besndls,  eHYCeverage36f (9) Wring
for the ground potential, which is connected to nenory cells, is fornmed of

a conduct orthayeecond| semieshdtiatoe padéonf ipdtbyaccHennelll regden a
‘refractory nmetal or the like, so that the occupation area of the 5 ground
pot enti al 5weannpei prevertedy sel thatrahecfhubtuation of the threshold
voltage of the MISFET and the increase of the substrate
effect can be prevented.
(7) As stated in Item (6), the second semiconductor
region is provided along and under the first semiconductor
10 region. For this reason, the capacitance of the p-n
junction between the first-semiconductor region and
the second semiconductor xégion can be increased, so
that the parasitic capacitance of a node for storing
information can be increased. For the same reason,
15 the second semicondﬁctor region can be used as a barrier
which prevénts minority carriers, created in a well
N region (or a substrate), from entering the storage node
of the information. Owing to the above two features,
soft errors ascribable to alpha particles may be prevented.
20 (8) By providing each second semiconductor region
in a part where a depletion region spreading to a region
in which a channei is formed is suppressed, the combination
(punch-through) of the depletion regions between a source

region and a drain region can be prevented. Accordingly,

25 the short channel effect can be reduced.



reduced. Since the nunber of alumnumwring lines to be connected with the .:
ground potential wiring can be decreased, the occupation area of the
alumnumw ring in the nenory cell array can be reduced. In addition, 10

t hdl resi stance val ue of the ground potential wiring can be decreased, and e
the stability of the potential thereof can be inproved, so that the margins
of the operations of witing and readi ngsgnformation can be w dened. —
Accordingly, malfunctions in the information 15 witing and readi ng ol

operations can be suppressed, and the electrical reliability of an SRAM-can
be enhanced. (10) Since wiring for the ground potential and wiring for a
power source potential are placed one over the other, the information of a
menory cell is (BsHixGngfiarrthal grodndiqataroial i nwhich peweyo rg ted
potential and/or the ground potential. In addition, the occupation area of
t he menor \Eoc @Emagan Q_fg-lrseddc%cf,“é'tﬁdcﬁhﬁ g ot as AYemtehrkaY on of an
SRAM can be enhanced. Wile the invention made by the inventors has 25 thus
far been d&FdStance RS itV Oiemtiififian @ refrafiPBhbodi nent, it
is a mtter of cour S q{ t he pr.esent, i nvention, i s not r(gfstricted to the
e

f or egoi ng & HduiHerk eeobtq %59 {13 e RETHRA P HAASE &f Wilhin a scope
S?t adﬁep%{)fg;;%%édlr %ngttemetipa&r R&rrtir;[gh%.rneog '_mé:tggryexcaerﬂ earrtahye_ Jgd HSJ ! OP circuit
reduced. Since the number of aluminum wiring lines
to be connected with the ground potential wiring can
be decreased, the occupation area of the gluminum wiring o’
in the memory cell array can be reduced. In addition,
10 the resistance value of the gfound,potential wiring
can be decreased, and the stability pg thg potential
thereof can be improved, so that the margins of the
operations of writiﬁg and reading information can be
widened. Accordingly, malfunctions in the information
15 writing and reading operations can be suppressed, and
the electrical reliability of an SRAM can be enhanced.
(10) Since wiring for the ground potential and
wiring for a power source potential are placed one over
the other, the information of a memory cell is less
20 jnfluenced by fluctuations in the power source potential
and/or the ground potential. In addi;ion, the Qccupation
‘area of the memory cell can be reduced, so that the
density of integration of an SRAM can be enhanced.
While the invention made by the inventors ha$

25  thus far been concretely described in conjunction with



may well be constructed of two P-channel M SFETs as |oad el enents and two
N- channel M SFETs. Besides, the |load elenents may be omtted. A M SFET
to constitute a nenory cell need not have an LDD structure. The '
conductivity types of various sem conductor_regions may be reversed. UK
Pat ent Applications 87.20041 and 87.20042 ($Ublished under nunbers 2195496
and 2195497 resgecti \Geldé'.) have been divided fromthis a‘gpl j cation and

di sétose matteP &l SFCFHEADGed th the2pladdst a??pl?%‘é’f? nthatathenRrpsgnt
therefore dra i gati.ons 87. 20042, . - 38 - CLAIMS: 1.
A process formﬁrrrﬁ%?ggtghr ?%ghgqsé‘%%%%%&j:etdg&% %t?lee- Q.(éj,’rr:';ta' S & re(?’?ﬂqtd"dﬁﬂ%@“
having memory €Rbks £8Cheoh W chadudes Wdaleayl 59¢al% MSRHSpEN dhe
first sem conductor region of a first conductivity type, a gate el ectrode

of each of thedépastiagd reroaorteMpOirpbs th@hReGeoupl ed to either the source
or drain region of the other M SFET, the source and drain region of each

M SFET not connect eBotro dxmnmld £ ehectffldge flleipngc ocwmeet od t wehokg fadln
fixed potential; said process conprising: formng an insulator filmto
serve as a naskayowelde beit cotsérugtedf dfiptivet P-changsiede NESFETf asacivad

gate el ec- trode;
elements and two N-channel MISFETs. Besides, the 1load

elements may be omitted.

A MISFET to constitute a memory cell need not have an
\_J LDD structure.

~ The conductivity types of various semiconductor

regions may be reversed.
UK Patent Applipations 87.20041 and 87.20042
(published under numbers 2195496 and 2195497 respectively)
have been divided from this application and disclose matter
also disclosed in the_present application. Attention is

therefore drawn to applications 87.20041 and 87.20042.



form ng second sem conductor regions of a second con- ductivity type by the *°

I ntroduction of an inpurity enploying the gate el ectrodes and the insul ator
filmas the principal nask, the second sen?EBﬁHUEFBF‘regrOﬁs—belng at Ieast

p@rt of the source or draln regi ons of sald lﬁi

M S * - 39 - formng third sem conduc QIH!E{W!‘I t he source or

drain regions of the M SFETs by the introduction- Ity enpl oyi ng™

the gate electrodes and the insulator filmas the principal mask, the thﬁﬁd

sem conductor regions being of the f|r§k conductivity type and haV|ng an

|npur|ty concentration higher than that” of the first sem conductor region.

2. prﬁ ﬁa according to claim1, wherein the third sem conductor

regi ons ar Y under the source or drain regions connected to the gate.

el ect r odes. rocess_accordi or,_cl.aim 2 \@& rein the
rp£ i

second senQCOnductQ) Eﬁ%ﬁsf?Fem?ﬂuggﬁggsfnﬁn?hsfﬂéCSBSngogr ral n
regions. g?ﬁﬁ?ﬁ\é”éé§§ 38995&'98 Bgaﬂgmgggngglggaﬁgghlo%og%b o urther

conpri si ng: our h Sem con regi € second conductivity

type by inty rﬂgwa &nfﬁtsé ahdPUELbHACHRERETE01hE §2k8rClamiceftncton
principal ma e |npur|ty concentration of the fourth sem conduct or
regions beigghion of a first conductivity type, a gate electrode of

each of the first and second MISFETs #being coupled to either -

the source or drain region of the other MISFET, the source

and drain region of each MISFET not connected to the gate v

electrode being connected to wiring for a fixed potential;
said process comprising:

forming an insulator film to serve as a mask for the
introduction of impurity, on side walls of each gate elec-
trode;

forming second semiconductor regions of a second con-
auctivity type by the introduction of an impurity employing
the gate electrodes and the insulator film as the principal
mask, the second semiconductor regions being at least part

of the source or drain regions of said MISFETs; and



lower than that of the second sem conductor regions. 5. A process
according to claim4,  wherein each fourth sem conductor region_is
between the first sem - conductor region and the second semi conductor
regign so as to form together with the second se (HE. the
sourte or drain region of the M SFETs. 6. A pr HmmMWMturi ng a
semi conductor integrated circuit device having a M SFET vhi c¢h i*s forned in
a fixst sem conductor region of a first condagrivity type, said process
conprising: formng a fourth sem conductor region of a second conductivity
type by introducti ofosmiag ithdnd tsemdrmitdaipn gt i etideaadae i ddifrce

M SFET as a principal mask; formng an insulator filmto serve as a nmask
for inpurity©ofnfradiciedionsn ofi dhenMISFERs thie the drdirstucdden faff Mmg a
second sem cqQnductor region of the second conductivity type by the

i ntroduct i onlBPURA Y STPLOYiBgpIthe Fate iledfaiadas and dhe dnsulator

i nsulator filmas_th rin-, ci,pal, mask, the second sem conductor region

havi ng an inﬁghpt?scgﬁgeﬁFﬂaFﬂﬁﬁthﬁ%;'téhﬂ1qnﬁﬂd(ﬂEWHQQWQWQQPQuﬁﬁé%OHS

conduct or regi e c nd, faurth sem gonduct regions formng .a

sou_rge or drg%gﬂgeé?orﬁ%f %?%3 _ §I9%L1]"_,Cta§nvd‘ Yo‘rimq?g aé%g M3 @eﬁ%&?@?c‘%&ry_

[ egi on_under cbligedtate ol nlghed BN LHYL e MSTHLRY Jf ddiidue fHct | on
I e dé an e Stor

of an inpurity enploying the“gate ectro 'nsula mas the
principal magkgibhe third sem -

2. A process according to claim 1/ wherein the third

U semiconductor regions are formed under the source or drain
regions connected to the gate.electrodes.
3. A process according to claim 1 or claim 2, wherein
the second semiconductor regions lie in contact with the
~source or drain regions.
4. A process according to any one of claims 1 to 3,
further comprising:

forming fourth semiconduétor regions of the second
conductivity type by introduction of an impurity employing
the gate electrodes as a principal mask, the impurity
concentration of the fourth semiconductor regions being
lower than that of the second semiconductor regions.
5. A process according to claim 4, wherein each fourth
semiconductor region is between the first semi-
conductor region and the second semiconductor region so as
to form, together with the second semiconductor region,
the source or drain region of the MISFETs.
6. A process for manufacturing a semiconductor

integrated circuit device having a MISFET which is formed in



conductor region being of the first conduct|V|ty type and having an
|npur|ty concentration higher than that of the

regi on.

i ngs. 8.
to 7

A et hod of manufacturing a sem conductor device sub- sﬂﬂrtially as -

anﬁ one herein described with reference to the ﬁmnmwm
A tevi ce produced by a process accordi nggg-o any

)

a first semiconductor region of a first conductivity type,
said process comprising:

forming a famdﬂisemiconductor regibn_of a second
conductivity type by introduction of an impurity employing a
gate electrode of the MISFET as a principal mask;

forming an insulator film to serve as a mask for
impurity introduction, on side walls of the gate electrode;

forming a second semiconductor region of the second

conductivity type by the introduction of an impurity employ- &_)

ing the gate electrode and the insulator film as the prin-
cipal mask, the second semiconductor region having an
impurity concentration higher than that of the first semi-
conductor region, the second and fourth semiconductor
regioﬁs forming a soﬁrce or drain region of the MISFET; and
forming a third semiconductor region
under the source or drain region of the MISFET by thé intro-
duction of an impurity employing the gate electrode and the
insulator film as the principal mask, the third semi-
conductor region being of the first conductivity type and
having an impurity concentration higher than that of the
~ first semiconductor region.
7. A method of manufacturing a semiconductor device sub-
stantially as any one herein described with reference to the
accompanying drawings.
8.- A device prdduced by a process according to any one

of claims 1 to 7.

*



