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Semiconductor Memory Device and Fabrication Process

Thereof

The present invention relates to'a semiconductor memory
device and, more particularly, to a static RAM (i.e., Random
Access Memory), which is com;osed of MIS {(i.e., Metal Insulator
Semiconductor) type field effect transistors (which will be

referred to as "MISFETs") and a fabrication process
thereof.

In a MIS type semiconductor integrated circuit device

.{which will be referred to as an "IC"), an input ::

protection circuit composed of a resistor and a diode may

be connected.betwgen an input terminal and a gate so as to
protect the gate of a MISFET which is to be fed with a signal
coming from the outside of the IC. It is conceivable to use
a diffusion resistor, which is prepared in a semiconductor
wafer by the diffusion technique, as that input protection
resistor. According to out investigations, however, it has
been found. that, wherea C-MOS is used in the peripheral

circuit unit Qther than the memory cells of the aforementioned
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static RAM, such a diffusion resistor is always formed
with a PN junction so that the litch-p Phenomenon takes place.

In order to prevent this phenomenon, we have conceived to use a

polycrystalline silicon film {which will be . referred

to as a "poly Si £ilm"), which is formed over the field oxide
film of the semiconductor wafer, as the input protection
resistor. As a forming method of this input protecﬁion
resistor, we haQe also conceiéed to uée,. a poly-Si film

. formed simultaneously with ;he poly-5i gate electrédes
of the MISFETs of the-periphefal circuit unit, the poly-Si
gate electrodes of the MISFETS in thé_memory cells and the
poly-Si word lines in the memorx.cells. Iﬁ this case, however,
in order to shorten the propagation delay time of £he_signals
at the gates and the word lines, the aforementioned poly—-Si
film has to be doped with phosphorus to have its specific
resistance lowered (to 30 ft/0, for example). In order to
have the desired resistivity (about 2 KO) required of the
input protection resistor, therefore, .it is neceSsary té
enlarge the wiring iength of the poly-Si- film. As a result,
it has also been found that the area occupied by the protection
resistor is‘enlarged. increasing the chip size, which is
undesirable for the improvement of integration.

According to the present invention there is provided

a memory device comprising a semiconductor integrated

circuit device which comprises: (a) a multiplicity of memery

e e . — e - . —
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cells, each including a pair of driver MIS transistors
series connected to respective load devices, and first
conductive means for connecting each load device to a
power supply: and (b) a multiplicity of peripheral
circuits associated with the memory cells, said circuits
including MIS transistors at least one of which has
a gate connected with a protection resistor; and
wherein said load devices and first conductive means
are formed in a first strip which is formed from a
single polycrystalline silicon layer, the portions
constituting the load devices being of greater
resistivity than the portions constituting the conductive
means; and the or at least one said protection resistor
is formed in a second strip which is formed from the
single polycrystalline silicon layer whose resistivity
is substantially equal to that of said conductive
means portions.

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

Preferred embodiments of the present invention
enable one: to provide a static RAM of such a high
integration that the area occupied by an input
protection resistor is reduced; and to provide a
fabrication process which can fabricate the afore-
mentioned static RAM without any difficulty, preferably

without any change in the existing fabrication process.
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An embodiment of the present invention will now be

described in greater detail with reference to the

accompanying drawings, in which:

Pig. 1 is a schematic layout showing a static RAMIC

embodying the present invention;

Fig. 2 is
the peripheral
in Pig. 1;

Fig. 3 is
portion of the

Fig. 4 is

Fig. 5 is

memory cell of

Fig. 6 is

an equivalent circuit diagram showing

circuit unit of the static RAMIC shown

an enlarged top plan view showing a
peripheral circuit unit shown in Fig. 2;

a section taken along line X - X of Fig.

an equivalent circuit diagram showing a
the static RAMIC 'shown in Fig. 1;

an enlarged top plan view showing the

memory cell shown in Fig. 5;

Fig. 7 is

a schematic layout showing the overall

memory array of the static RAMIC shown in Fig. 1;

Figs. 8A to 8Q are sectional views showing

sequentially the steps of a fabrication process of

fabricating the static RAMIC embodying the present

invention; and

Figs 924 to 9H are top plan views showing the

cell in accordance with the fabrication process shown

in Figs. 8A to

8Q.

memory
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First of all, the top plan layout pattern of a static
RAMIC according to an embodiment of the gresenﬁ inventioh
will be described with reference to Fig. 1.

This RAMIC is made to have the so-called "four mat
type layout pattern”, in which four memory.arraj;'afe arranged
in a single IC chip such that there are separately arranged
in the IC chip four memory arrays M-ARYl, M~ARY,, M-ARY 4 and

M-ARY, which are composed of a plurality of memory cells

4
(M—-CELs) .  The memory arrays M~AR¥1 and M-ARY, are arranged
at one side of the IC chip whereas the memory arfays M-ARY3

and M-ARY, are arranged at £he,other side, and a row decoder

4
R-DCR for the memory arrays M—ARYl to M—ARYq.is arraﬁged at
the center portion of the IC chip, which is sandwiched between
the side portions. Between the memdrg array M-ARY, and

the row decoder R-DCR and between the memory array M-ARY

and the row decoder R-DCR, moreover, there are arranged word

drivers WD, and WD, for the memory arrays M-ARY, to M-ARY,.

In contact with one-side terminals of the memory arrays M-ARYl
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to M—ARY4, there are.arranged column switches C-Swl, C—SWZ}

C-5W, and C-5W, for those memory arrays M-ARY, to M-ARY,,
respectively. In contact with the column switches C-SWl to
C—SW4, moreover, there are arranged column decodgrs C—bCRl,
C-DCRZ, C-DCR3 and C-DCR4 for the memory arrays M~ARY1 to

M-ARY4, respectively. In contact.wiEh those decoders, on

the other hand, there are arranged sense amplifiers SAl, SAZ’

SA3 and SA4 for the memory arrays MfARYl to M—AR¥4, respectively.
Adjacent to €he sense amplifiers SAl to}SA4, there are .
arranged address buffers ADQZ_l and ADB,_, for address signals

A, to A)p+ A data output buffer DOB is arranged adjacent

4
to the address buffer ADB, ,, and a-WE signal input buffer
QE;B, a €S8 signal input buffer E§;B and a data input buffer
PIB are arranged adjacehtrfo the address buffer ADB, ,. Along
one end portion Of the IC chip, there are arranged
address signal impressioﬁ pads P—As and PﬂAG, a data signal

take-out pad P~D_ ¢+ a WE signal impression pad P-WE, an

earth potential connection pad P-GND, a C§ signal impression

pad P-CS, a data signal input pad P_Din’ and address signal
impression pads P-A7, P—As-and P-Ag.- In contact with the

other terminal side of the memory arrayé M-ARYl to M-ARY4,

on the other hand, there are arrange@ load circuits DLCl,

DLCZ, DLC3 and DLC4 for the data lines, respectively. Adjacent
to the left and righﬁ sides of those MISFETs, there are arranged

address buffers ADB,_, and ADB,_, for address signals Ay to A5,
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Alz and Al3' Adjacent to those address buffers ADB3, MOreover,

there are arranged along the periphery of the IC chip address
signal impression pads P-A4, P-A3, P-Az, P-Al and P“AO- a VCC

voltage supply pad P-V..-r and address signal impression pads

c
In the RAMIC thus constructed, the input protection
circuit and the peripheral circuit are . constructed as

shown in Figs. 2 to 4.
In Fig. 2, An external input terminal Vg to be fed

with a signal from the outside of the RAMIC corresponds to

-

one of the address signal impression pads P-Ao to P-A, . and

‘the other input signal impression pads P-WE, p-CS and P;Din-

That input terminal

VIN is coﬁnécted with each gate of the C-MOS inverter of

the peripheral circuit through a polycryétalline silicon
input protection resistor RIN which has the same resistivity
as that of a later-described second (or overlyiné) poly-Si
film. That C-MOS inverter is composed of a P-channel MISFET
Q1 and an N-channel MISFET Q;, and forms a part of the
address buffer ADB, for example, of Fig. 1. An output vout-
is commonly taken out of the drains of those two MISFETs and

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

Q9 has its source fed with a power source voltage V.. from

a power source, which is connected with the voltage supply

pad P-V

ce of Fig. 1, whereas the other MISFET Qll has its
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source fixed at the earth potential or a reference potential
(VSS). Reference letter'D indicates an input protection

diode for clamping an abnormal excessive voltage, which is provided
to prevent the gate oxide films of the MISFETs Q,, and Q1

from being broken. by the excessive voltage. The input

protection resistor R,. forms part of a time constant

circuit together with the wiring capacity.. This is provided

to delay the rising charaéferistics of the abnormalLy_excessive
voltage, which has a smaller rising equivalent time constant

than the equivalent time constant of the diode D and which

is to be impressed upon the p;otection diode, whern that excessive
voltage is impressed. In other words, the input protection

resistor R, is provided to make gentler the rising waveform

N
of the abnormally excessive voltage which is impressed upon the
input terminal VIN‘

The circuit thus constructed at the input side is

formed to have such a layout as is schematically shown in

. Fig. 3, and especially the input protectidh circuit is shown

in section in Fig. 4. Over an N-type éil;con substrate 1,
there is formed a thick field oxide film 2 for element
separation, which is used as a mask to form a P-type semi-
conductor region 3 by the diffusion technique. Moreover,
that region 3 is . provided with an N-type semiconductor
region 4 by the diffusion teéhni;ue using a thin oxide film

5 as a mask. Those two regions 3 and 4 construct together
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the protection diode D shown in Fig. 2. Reference numeral

6 indicates a 5102 film which is prepareg by the chemical
vapor deposition (i.e. CVD). A poly-Si film 7 providing

the aforementioned input protection resistor RIN is formed
over to extend from the N+¥type region 4 to the Sio2 region
6 through contact holes which are formed in the sio, films

5 and 6. That poly-5i film 7.is made to grow at the same
step as that of the later-described second (i.e., overlying)
éoly-si layef and is doped with an impurity so as to have a.
specific-resistance of 150£2/8, so that it may have a higher resistivity
than a first poly-Si film 16 which forms the gate
electrodes of the MISFETs Qlo and Qll‘ Nuﬁeral 8 indicates
a phosphorous silicate glass-film, and numeral 9 indicates
an aluminum wiring which is connected with the external input
terminal Vin of Fig. 2. ‘The P;tyée redion 3 is grounded to
the earth through an earth potential connection line 20,

whereas the N+-type region 4 is connected with the respective

~ gates of the MISFETs Qlo and Q47 which construct the afore-

mentioned C-MOS inverter, by aluminum wiring 21; and to the
later-described C-MOS inverter (as indicated here at

16). In this C-MOS inverter, numerals 10 and 11 indicate

the P+-type source and drain regions of the MISFET QlO'
respectively, and numerals 12 and 13 indicate the N+—type
drain and source regions of the MISFET Qll' respectively.

Moreover: numeral 14 indicates a P-type well region at the
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N-channel side; numeral 15 a contact N+—type fegion for biasing
the substrate; numeral 17 a VCC voltage supply line of aluminum;
numeral 18 an output line of aluminum; numeral 1% an earth
potential connection line of aluminum; and numeral 21 a bonding
pad which corresponds to the external input terminal VIN of
Fig. 2.

In the input protection circuit and the peripheral
circuit thus far described, it is desirable that especially

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

IN
{or overlying) poly-Si film and set at such a desired

value (about 2 KN, for éxample) as to effect the afore-
mentioned operations. For that creason, the poly-5i film

7 has phosphorus diffused therein so that it may have a sheet
resistance such as 150 N/ similarly to the wiring portion
of the second poly-~Si film of the later-described memory cell, so
as to have a lower resistivity than that in the memory cell.

As a result, the poly-Si film 7 exhibits a relatively

high sheet resistivity suitable for attaining the desired
resistance of 2K{l while occupying a relatively small area, '

as shown in Fig. 3. Incidentally, that input protection
resistor can be formed in a straight line, as is indicated

by a chain-dotted line in Fig. 3. From the standpoint of

the area reduction, the input protection resistor 7 is required
to have a suitably high specific resistances and a low

enough resistance for it not to block the input

P
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signal. For this reduirement, it is advantageous that the
overall resistance of the input protection resistor 7 can
be set at 1 to 2 Kfiwhile having its sheet resistiQity of
the aforementioned value of about 150 n/0. In the péripheral
C-MOS circuit, on the other hand, the éolycrystaliine silicon
wiring 16 to be used as.the gate. is required to have such

a low resistance as to shorten the signal transmission time
and, accordingly, the access time, for example, a sheet
resistance of 30 fYO. Nevertheless, that.poly—si £ilm can
be formed simultaneously with the first poly-Si film which
serves as the gate'electrode‘of the MISFET of the later-
described memory céll; A

Fig. 5 shows the circuit of the memory cell in one
bit of the static RAM shown in Fig. 1.

This memory cell is composed of: a £lip-flop, thch
comprises tﬁe,inputs and outputs of a pair of inverter
circuits each composed of a load resistor and a driver
transistor connected in series; and a pair of transmission '
gate MISFETS 03 and Q4. The paired inverter cifcuits are
composed of a first inverter, which has a load rasistor Ry
and a driver MISFET Q9 connectéd in series, and a second
inverter which has a load resistor'R2 and a driver MISFET
Q, connected ip series. The load resistors Ry and R, have
their one-side texminals fed with the voltage VCC through

a wiring £, whereas the driver MISFETS Q and'Q2 have their




10

15

20

25

-12-

source terminals grounded to earth. Moreover, the output
of the first inverter is fed to ‘the gate terminal of the
MISFET.Q2 of the secon@.inverter, whereas the ougput of the
second inverter is fed to the gate terminal of the MISFET Ql
of the first inverter. The flip-flop having the construction
thus far described is used as information memory means.
Moreover, the output of the first inverter is connected
through the MIS?F?_QB with a data line D, whereas the output
of the second inverter is connected through the MISFET Q,
with a data line-D. In other words, the transmission gate

is used as address means for.éontrolling the information
transmission between the flip-flop and the complementary data
line couple D and D and has its operations controlled by

the address signal which is to be impressed upon a word

line W.

- Next, the layout pattern of the memory cell M-CEL of
one bit will be described with reference to Fig. 6.
In Fig. 6, the section within the rectangle ABCD
is a region whicb is occupied by the memory cell M-CEL of
cne bit. Broken lines indicate a thick
field insulation film 110 made of Sio2 and having the form
shown in Fig. 9A. Single—dotted lines indicate a polycrystalline
silicon layer {i.e., a poly-Si layer). Especially, the
regions, which are enclosed Iy the single-dotted lines but

not shaded, indicate first poly-Si layers 117,
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119Aand 116 and have the patterns shown in Fig. 9C.

The shaded regions indicate a second

poly-Si layer 147 and a second poly=-Si layer over contact

holes CH,, CH,, CHg and Cﬁs and have the patterns shown in

Fig. 9G. Double-dotted lines indicate a memory array M-ARY
which is composed of a plurality of memory cells. This memory
array M-ARY is a P-type well region which is formed in the
N-type semiconductor substrate. Letters D, D and VSS-L
indicate wiring layers made of aluminum. Among these, more
specifically, the letters D and D indicate the complementary
data line couple shown in Fig. 5, and letters VSS-L indicate
the earth potential supply line.

Contact holes CHy» CH2 and CH, are proéided to connect the
wiring layers D, D and Vgg-L with the N'-type drain region

of the MISFET Q4, the N+—type drain region ?f the MISFET Q.

and the Nfatype source region shared between the MISFETs Q,
and Y, respectively. The second poly-Si layer is sandwiched
between those aluminum wiring layers and the N+-type semi-
conductor regions. The contact hole CHg is provided to connect

the P-type well regions of the wiring layer VSS-L and the

‘memory array M-ARY while sandwiching the second poly-Si

layer inbetween. The contact holes CHl,'CH3 and CH4 are
provided to connect the second poly-Si layer 147 with the
first poly-Si layer 119, the N+—type region, which is shared

between the drain region of the MISFET Ql and the source region
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‘of the MISFET Q3} and the first poly-Si layer 116, respectively.

Next, the relatiopships among the aforementioned respective
regions will be described with referénce to Fig. 6.

First of all, the second poly-Si layer 147 extends at
the lower lefthand side of the drawing and is connected with
the power source voltage supply line VCC-L outside of tﬁe
memory array M-ARY, as shown in Fig. 7. The power source
voltage Vee impressed upon the second poly—si layer 147 by
the aforementioned means is impressed through the higher
resistor, which .is made of polycryétalline silicon having
a higher fesistivity, upon the source of the MISFET Q,, the
drain of the MISFET 02 and the gate electrode of the MISFET
Q,- In other words, the second poly-Si layer l47’is connected
through the contact hole CH, with the first poly-Si layer
119, which contacts in the so-called "direct" manner with
the N+#type semiconductor region shared between the source
of the MISFET Q, and the drain of the MISFET Q,. On the other
hand, the aforementioned first poly-Si layer 119 serves as
the gate electrode of the MISFET Q,., too, as is abparent
from Figs. 5 and 6. The drain of the MISFET Q4 is connected
through the contact hole CH, with the data line D. Moreover,
the aforementioned second poly-Si layer 147 is connected
through the other higher resistor-Rl, which is made of poly-
crystalline silicon haviné a higher resistivity, with the |

drain of the MISFET Ql’ the source of the MISFET Q3 and the



lo

15

20

25

~15- .

gate electrode of the MISFET QZ' all of_which are shown in
Fig. 6. In other words, the second poly-Si layer 147 is
connected through the cont;ct hole.CH4 with the first poly-
Si layer 116 acting as the gate electrode of the MISFET Q2
and further through the contact hole CH3 with the N+-type
semiconductor region which is shared between the drain of
the MISFET Q, and the source of the MISFET Q- Moreover,
the drain of the MISFET Qs is connected through the contact

hole CH., with the datanline D. The géte-electroﬁes of the

2
MISFETa Qg and Q, are made of the first polyns; layer 117,
which acts as the word line ﬁ'shown-in Fig. 1, too. This
word line W is arranéed to intersect the. data lines at a
right angle. The source regions of the MiSFEIs Q and Q,
merge into each other below the rectangle ABCD which contains
the memory cell of one bit, and share their N+-type region
inbetween. Moreover, this N+-region further extends to the
right of and below the outsidé of éhe rectangle ABCD,

and merges into the '

N+*type region which provides the sources of the MISFETs

Ql and Q, of the adjoining memory ceils. On the other hand,
the wiring line Vgg~L is disposed at the left hand side of

the memory-cell, along one side of the memory array M-ARY and
in parallel with the data lines. That wiring line VSS-L is
connected through the contﬁct hole CHS with the P-type ﬁell.

As a result, this P-type well is grounded to the earth. The
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second poly-Si layer exists between the wiring layer Vg -L
and the P-type well. On the oéher hand, that wi;ing layer
VggL is connected through the contact hole CH, with the
aforementioned N+~type region which extends to the lefthand
side of the memory cell. As a result, this N+-region is
grounded to the earth. The second poly-Si layer exists
between the wiring layer V. -L and the N+-type region. This
N+—type region merges into the_N+-type region which provides
the sources of the MISFETs Q; a'nd'Q2 of the adjoining memory
cells, as has been described hereinbefore. As a result, if
that N+-type region is connected with the wiring région Vsst
in at least one position so that it is grounded to the eafth,
it becomes necessary to form the wiring layer for supplying
the earth potential to those respective memory cells sharing
that N+-type region inbetween. 1In other‘words, by grounding

that N+—type region to the earth, the source regions of the

MISFETSs Ql and Q2 of the respedgive memory cells sharing that
N+—type region are grounded to the earfTh so that the earth
potential supply lines for the respective memory cells can
be dispensed with.

The overall layout of the memory array will be schematically
described in the following with reference to Fig. 7.

Each memory array is arranged with a line (in the
direction of the word lin2) of thirty two sections (i.e.,

the memory cells of one bit)}, which are enclosed by the
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rectangle ABCD shown in Fig. 6, and with a row (in the direction

of the data lines) of one hundred and twenty eight sections.
First of all, the layéut;attmum providing a basis for the
memory array construction is formed in accordance with the
layout pattern'of the memory cell of one bit shown in Fig. 6.
This basic layout pattern is composed of four memory cells

to M, of one bit, which are arranged as is shown in

1 4
Fig. 7. The reference M, indicates a memory cell having

M

the same layout pattern as that of the memory cell of one

bit shown in Fig;.s. | M, indicates a memory
cell having such a layout patterﬁ as ié axisymmetric%to;

the memory cell M, with respect to the side BC.

M,y indicates the memory cell having such a layout pattern as
is centrally symmetric to the memory cell M, with respect

to: the point C (or D). M, indicates a memory
cell having such a layout pattern as is axisymmetric to the
memory cell M, with respect to the side DA. The basic layout
pattern is so constructed that those memory cells‘Ml to M,
are arrangedicontinuously without any spaciﬁg;.as.shown in
Fig. 7. Moreover, 2 memory array is constructed by arranging
those basic iayout patterns continuously'without any spacing.
More specifically, the memory array is constructed with
sixteen basic layout patterns in a line and sixty four basic

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

C 4
description thus far made, it is understood that the N -type
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semiconductor region, which provides the source regions of
the MISFETs Q1 and Q2 shown in Fig. 6, and the first poly-Si
layer are shared among the four memory cells Ml to M4 and
among the sixteen basic layout patterns which are arranged
in the line.

Other than the.regulér layout thus far described, two
wiring 1ayers‘VSS-L are arranged at respective sides of the
mgmory array. Below those two wiring layérs VSS-L, there
extend from the adjoining memory cgllé{ as shown in Fig. 6,
the N'-type regions which provide the source regions of the

MISFETs Ql and.Qz_and which are connected with each other

‘through the contact hole CHG. As a result, those N+-type

' . + ,
regions are grounded to the earth. Thus this N -region

is common t© the sixteen basip layout patterns which are
arranged in the common line, as.hés been described hereinbefofe,
so that the source regions of the MISFETs Ql and Qz.of the
memory cells of sixty four bits in the sixteen basic layout
patterns are grounded to the earth. As a result, it becomes
unnecessary to form special wiring layers for supplying
the ground potential to the memory cells of sixty four bits.
Outside of the memory array, two wiring layers VCC—L
are arranged in parallel with the wiring layers VSS-L, Beloﬁ
those two wiring layers VCC—L, there extend from the adjoining
memory cells, respectively, the second poly-Si layers 147

which merge into each other through the wiring layers VCC-L



10

15

20

25

-19-

and the contact hole CH7, as shown in Fig. 6. As a result,
that second poly-Si layer 147 thus merging is fed with the

voltage V This second poly-S5i layer 147 is shared among

cc
the sixteen basic¢ layout patterns, which are arranged in the
common line, as has been described hereinbefore, éq that the
memory cells of sixty four bits therein are fed'with the
voltage VCC' < ‘

As has been described hereinbefore, the static RAMIC
according to the present embodiment is characterized in that
the inputrprotection resisgor RIN {or 7) of the peripheral
portion is made of thefpolf—si film which has the same,
'resiétivity (suitably a sheet resistance of 150 fiyA) as that
of the poly-Si wiring L (i.e., the second poly-Si layer 147)
merging into the 16ad resistors o§ the memory cell.

We have found that the load resistors Ry and R2 of the
memory cell can_haﬁe a remarkably high resistance (e.g.,

7 to 101QR) and have found that there arises no problem

10
in the operation of the memory cell even if the resistance
of the wiring L between the load resistors and the power source

voltage V is enlarged somewhat. Therefore, the

cc
requirement that the input protection resistor RIN be made

to have the desired resistance can be ingeniously met by

using the wiring L of the aforementioned load resistors.
More specificaliy, the first poly-Si film of the memory

cell is doped with an impurity at high concentration, until
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it has such a low resistivity as, e.9. to have a sheet resistance
of 30 fY¥ 0, so that it may be used as the gate and the word
line. Therefore, the aforementioned increase in the occupied
area cannot be avoided if that poly-Si film is used as the
input protection resistor. In the préesent embodiment, however,
the second poly-Si £ilm of the memory cell, which is left
undoped with phosphorus has a sheet resistance of 108 to
103 N/, which is sufficient that the poly-Si
film can be used as it is as'the load resistor in thé memory
cell. On the other hand, thit wiring ll(i.e., the second
poly-Si film doped with phoséhorus has a relatively low
resistance of 150.n/a but exhibits such a suitable sheet
resistivity that it isi.used as the input protection resistor.
As a result, if the second poly-Si film 147 of that wiring
portion is used as the input protection resistor Rrns the specific
resistance is about five times as high as use of the first
poly-Si f£ilm would give, and the input signal is not blocked.
As a result, the area occupied by the input protection resistor
can be reduced to about one fifth so that the chip size can
be reduced to enhance the integration density.

Thé input protection resistor according to the present
embodiment is prepared simultaneously
with the second poly-Si layer of the memory cell. The fab-
rication proéess of the aforementiocned static RAM will be

described with reference to Figs. B8A to 8Q. In each of these

Figures:
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region xl is a sectional view at thé respective stage of the
process, taken along line X - X of the memory cell M-CEL
shown in Fig. 6; region Xy is a_sectional view

at the respective stage,  taken along line X - X of the
input protection resistor shown in Fig. 3; and region X,
is a sectional view at the respective stage, showing the
P-channel MISFETs of the periphefal circuit of the memory
cell.

First of all, a semiconductor substrate 101 is prepared,
as shown in Fig. BA; For example, an N-type single crystalline
silicon substrate made of 2 (100) crystal is used as that semi-
conductor substrate. That substrate has a specific resistance
of 8 to 12 ficm. An N-type impurity 160 is introduced into
all the main face of that silicon substrate-by ion im-
plantation, for example. Phosphoris is preferred as that
N-type impurity, and the implanting energy and the dose in
that case are sufficient at 125 KeV and at 3 x 1012'a;oms/cm2,
respectively. The implantation of the phosphorus into all
the face is performed for following reason. That is to
say, an N+—type region is formed by implanting the N-type
impurity in advance thereby to form a channel stopper for
preventing ahy parasitic MISFET.

Next, as shown in Fié. 8B, an oxide film (i.e., a SiO2
£ilm) 102 having a thickness of about 500 ® is formed over!the

face of the silicon substrate 101 by the thermal oxidization.




10

15

20

25

-2 2-

Next, in order to remove the Sioi film 102 existing over the
region where a well is to be formed, a photo resist film 103
is selectively farmed over the SiO2 film. This photo
resist f£ilm 103 is used as a mask to etch the SiO, film.
Next, under condition leaving the photo resiét film 103,
an impurity 161 is introduced to- form the well. The impurity
used was of P-type. Ion implantation is preferred as

the introducing method. For example, boron (B) is preferred
as that P-type impurity. In this case, the implantation

12 atoms/cm2 are

energy of 75 KeV and the dose of 8 x 10
sufficient. At this time, tﬁe boron fails to reach the silicon
substrate 101 where the photo resist £ilm 103 is left. On
the other hand, the boron introduced into the silicon substrate
101 is sufficient to override the concentfation of the
phosphorus  which has been implanted before into tﬁe whole
face, thereby to form a P-type well.

Next, after the photo resist film 103 is removed, as
shown in Fig. 8C, the P;tfpe iﬁpurity, which has been selectively
introduced into the silicon substrate lOl,Iis thermally diffused
at a temperature of about 1200 ©c to form a well region 104 |
and a P-type region 105 which is to become the inéut protection
diode shown in Fig. 4. At this time, a thin oxide film 106
is formed over the face of the silicon substrate 10l1. In the

well region 104, there is formed the memory cell which is

shown in Fig. 6.
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Next, all the oxide film extending over the s;licon
substrate 10l shown in Fig. 8C is removed to expose the clean
face of the silicon substrate 101 to the outside. As shown
in Fig. 8D, an oxide film f{e.g. 2 sio,
£ilm)- 107 having a thickness of about 500 % is formed over
the face of the silicon substrate 10l. -Over this oxide film
107, moreover, an insulation film (i.e., an oxidization '
resisting film), which is impermeable to oxygen, e.g.. 2
3N4 £ilm 108 is formed to have a thickness of about 1400 &
by chemical vapor deposition (l.e. CvD). The 513 4 £ilm
108 is used as a mask for séiectively forming a later-described
field insulation film. Incidentally, the aforementioned
sio £ilm 107 is formed for the following reason. That is to

2
say, if the 8i,N, film 108 is formed direcﬁly over the silicon

3
substrate 101, a crystal defect is established on the face
of the silicon substrate 10l due to the thermal strain which
is caused as a result of the difference in the coefficients
of thermal expansion inbetween. The 8io, film 107 is formed
in order to prevent that crystal defect. Next, in order to
complete the maks for forming the later-described field
insulation film, a photo resist film 109 is selectlvely formed
over the 513N4 film. More specifically, the photo resist
€ilm 109 is formed in the region other than that where the

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

resist film 109 is used as a mask to etch the 513N4 f£ilm 108
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by the plasma etching process of high precision thereby to
form the mask for forming the field insulation £ilm. Under
conditions leaving the photo resist film 109, a P-type
impuiity 162 is introduced into the silicon gubstrate 101 so
as td form a channel stopper. For example,/i;glantation

is used as the introducing process. In this case, the P-type
impurity fails to reaéh the Sio2 film 107 and the silicon
substrate 101 at the region, where the photo resist film 109
is left, but goes into the silicon substrate 101 through

the Si0. film 107 at the region where the face of the Sio2

2
film 107 is exposed -to the outside. Boron fluoride BF, is
preferred as the aforementioned P-type impurity. The implantation

13 atoms/cm2 are

energy of 30 KeV and the dose 6f 5 x 10

sufficient. The boron ions implanted intb the P-type well

form a P+-type region to provide the channel stopper. On

the contrary, the boron ions implanted into the N-type silicon

substrate 101 are overridden by the phosphorus, which has

been implanted by the phosphorus implantation shdwn in Fig.

87, i.e., by the N-type impurity. As a result, that region

remains N-type, thereby to provide the N-type channel stopper.
Next, after the photo resist £ilm 109 has been removed,

as shown in Fig. 8E, the faée of the silicon substrate 101

is selectively thermally oxidized in an oxidizing atmosphere

at about 1000 °C :o form the field insulation f£ilm 110 having

a thickness of about 9500 R. Since, at this time, the Si3N4
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film 108 or the oxidization resisting film is impermeable to
oxygen, the silicon underlying the Si3N4 £film is 1ef£ unoxidized.
During this heat treatment, the aforementioned channel stopper
is extended and diffused just below the field insulation film
to form the channel stoppef having a desired depth (although
not shown) . |

Next, after the Si3N4 £ilm 108 has béen removed by
the use of hot phosphoric acid (H3P04),'for example, the
Sio2 film 107 is o removed from the face of the silicon
substrate 101, as shown in Fig. 8F, so as to form a clean
gate oxide film. For example, the whﬁle face is thinly etched
with the use of hydrofluorié acid (HF) to remove the- Si0O,
film 107 thereby to expose the face .of the silicon substrate
101l at a portion where the field insulation £ilm 110 is not
formed. ‘ | The top plan view of the memory cell
M-CEL under this condition is shown in Fig. 9A. In other
words, the sectional view takén along line X - X of Fig. 9A
is shown in the section X, of Fig. 8F.

Next, in an oxidizing atmosphere at about 1000 %,
the face of the silicon substrate shown in Fig. 8F isprovided

by thermal oxidization with a gate insulation film 111

having a thickness of about 400 R, as shown in Fig. 8G. The

gate insulation f£film 111 thus formed becomes the gate insulation

film of all the MISFETs which are formed over the silicon

substrate 1l0l. Next, under this condition, the ion implantation
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of a P-type impurity 163 is performed so as to regulate the
threshold voltage V., of all the MISFETs. Boron (B} is preferred
as the aforementioned P—type impurity. The implantation energy
of 30 XeV and the dose of 5.5 x 10ll atoms/cm2 are sufficient.
The dose affects the level of the threshold voltage

v The ion implantation is performed without the use of

th~
any mask but all over the face. As a result, gll the N-channel
MISFETs have an equal th;gshol& voitage VtN yhefeas all the
P-channel MISFETs have an equal threshold voltage V. ;.
Furthermore, the boron ions are implanted into the portion
of the region Xy in which the input protection diode is to
be formed. |

Next, as has been described with'teferencé to Fig. 6,
a photo resist film 112 is selectively formed over the 5102
£ilm so as to form the contact holes, which are use to provide
direct connection between the 1ater-describéd first poly-Si
layer and the silicon substrate 101, i.e., the so—éalled
"direct contact holes". As shown in Fig. 8H, moreover, the
SiO2 film 111 to proQide the gate insulétion film is etghed
by using that photo resist film 112 as the mask to expose
the face of the silicon substrate 101 to‘the ou£$ide, thereby
to form a direct éontact holg CHlOO' This contact hole CH100
provides the connections between the MISFETs él and Q2 and
the poly-Si resistor R, having a high resistivity, all of

which are shown in Fig. 5. . The top plan view of the memory
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cell M-CEL under this condition is shown in Fig. 9B. In other
words, the sectional view taken along line X - X of Fig. 3B
is shown in the region X, of Fig. BH.

Next, after the photo resist film 112 has been removed,
a first conductive layer 113 is formed all over the face, as
shown in Fig. 8I. A poly-Si layer doﬁed with an impurity
is used as the first conductive layer. First of all, the
first poly-Si layer 113 having a thickness of about 3500 R
is formed all over the face by the CVD method. Ne#t. in order
to lower the'specific resistance of that first poly-5i layer
113, an N-type impurity such as phosphorus is introduced
by the diffusion method. As a result, the resistance of
the first poly-Si layer 113 is reduced to about 30 Q/Q. At
this time, the phosphous is diffused from the first poly-Si
layer 113 through the direct contact hole.CH]'.00 into the

silicon substrate 101 thereby to form an N+-type region 114.

This N+-type region is caused by a sﬁbsequent heat treatmgnt
to have a desired depth. The region 114 provides connection
between the MISFETs Q, and Q, shown in Fig. 5.

Next, the first poly-8i layer 113, which has been doped
with the phosphorus as has been describéd hereinbefore, is
etched, as shown in Fig. 8J, to have a desired éhapé by the
plasma‘etching process of high.precision thereby to form the
gate electrodes 116, 117 and 118 of the MISFETs and the first

poly-Si layer 119 (which is in so-called "direct contact”
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with the silicon substrate 101). Subsequently, the Sio2 film
111l is etched in the same shape to form gate insulation films
121, 122 and 123. At this time, the face of the silicon
substrate 101 is selectively exposed to the outside, as shown
in Fig. 8J. The top plan view of the memory cell M-CEL under
this condition is shown in Fig. 9C. In other woras, the
sectional view taken along line X - X of Fig. 9C is ‘shown
in the region X, of Fig. 8J. '
Next, as shown in Fig. 8K, a mask is formed so as to
form P+-type source an& drain regions. As this mask, for
example, there is used a Sioé‘film 124 which is selectively
formed to have a thickness of about 1500 % by the CVD method.
In other words, the regions, in which the N-channel MISFETs
including the memory cell are to be forﬁed, are covered with

the 5i0, film 124. ©Under this condition, moreover, a P-type

2
impurity is introduced by the diffusioﬁ methgd, for example.
Boron (B) is preferred as that P-type impuritf. As shown in
Fig. 8K, the boron is diffuséd to form the source and drain
regions 126 and 127 of all the P-channel MISFETs. Incidentally,
a thin oxide film {(although not shown} is formed over the face
of the silicon substrate 101 in accordance with the heat
treatment during that diffusion. The top plan view of the
memory cell M-CEL under that condition is shown in Fig. 9D.

In other words the sectional view taken along line X - X

of Fig. 9D is shown in the region X, of Fig. B8K. At this time,
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a P+-type region is formed for providing connection between the P-type

well and the earth potential line VSS—L, which are shown in

Fig. 6.

Next, after the aforementioned SiO2 £film 124 and the
thin oxide £ilm have been'removed, a mask ;28 is newly formed,
as shown in Pig. Bﬁ, so'as to form N+~type source drain regions
and emitter regions.  AnSio, £ilm 128, which is sglectivély
formed to have a thickness of about 1500 R by the CVD method,
for example, is used as thét mask. In other words, the
regions formed with all thé P-channel MISFETs are covered
with the Sio2 film 128. Moreover, an N-type impurity is
introduced in the manner shown in Fig. 8L by the |
diffusion method, for example. Phosphorus is preferred as
that N-type impurity. The phosphorus is diffused into the
silicon substrate 101 to form both an N+-type region 129 for
forming the input progection diode shown in Fig. 4 and the
source and drain regiohs of all the N-channel MISFETs.
Incidentally, a thin oxide film‘{although not shown) is formed
over the face of the silicon substrate 101 in accordance with
the heat treatment during that diffusion. The top plan view
of the memory cell M-CEL under that conaition is shown in
Fig. 9E. In other words, the sectional view taken along line
X - X of Fig. 9E is shown in the region X of Fig. B8L.

Next, after the aforementioned Sioz film 128 and the

thin oxide film have been removed, as shown in Fig. 84, all of
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the face of the silicon substrate 101 that is exposed to the
outside is thermally oxidized to form an oxide £film 134. Since,
at this time, the silicon substrate 101 and the poly-S5i layers
116 to 119 have different oxidation rates, a S:i.o2 film having

a thickness of about 100 & is formed over the silicon substrate
whereas a SiO2 film having a thiékness of about 300-2 is formed
over the poly-Si layers 116 to 120. Next, a Sio2 film 135
having a thickness of about 1500 R is newly formed all over

the face by the CVD method. The Sio2 £ilm 135 thus formed

is provided to ensure insulation between the silicon substrate

and the later-described second conductive layer. Next, over

the $i0, film 135, there is selaectively formed .a photo resist

2
film (although not shown), which is used as a mask'té continuously
etch the Sio2 film 135 and the SiO2 film 134 thereby'to form
contact‘ho;es. These contact holes are provided to provide
connection between the lateerescribed secbﬁ& conductive layer
and the first poiy-si layer 119 or the semiconductor region
formed in the silicon substrate 101. Incidentally, the thickness
of the Sio2 film 134 is different at positipns, i.e., about
300 & over the poly-Si layers 116 to 119 but about 100 ® over
the silicon substrate 10l1. It is, therefore, necessary to
continue the etching operaticn until the SiO2 film extending
over the poly-S$i layers 116 to 119 is completely etched. At

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

the etching liquid.  This etching liquid
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does not act upon silicon so that the silicon substrate 101
is never etched. |

Next, as shown in Fig. 8N, a second conductive layer
136 is formed all over—the face. A‘poly-Si layer doped with
an impurity is used as the second condiuctive léyer. First
of all, the second poly-SL.layer 136 is formed all over the
face with a thickness of about-2000 R by the CVD method.
The second ﬁoly-Si'layer 136 thus formed is used to provide
connection betﬁeen ﬁ third‘conducﬁive layer and the semi-
conductor Eegion in the silicon substrate 101 or the first
pdly—Si layer 119, as will‘bgldescribed hereinafter. Moreover,
the second poly~Si layer 136'is'aiso used to provide the powér
source voltage supply Qifiég”and the high resistors Rl and '
R,, which are shown in Fig. 5.

Next, as shown in Fig. 8N, Sio2 films 137, 139 and 140
having a thickness of about 1500 X are selectively formed by
the CVD method to partially coverlthe second poly-Si layer
136. Under this condition, for exampié; phosphor us is'
introduced by the diffusion method so as to réduce the specific
resistivity of the.segond poly-Si layer 136. As a result,
the resistance of the second poly-Si layer 136 ié reduced
to about lSOJ%/D. However, the phosphorus is not
1ntroduced into those portions of the second poly 8i layer,
whlch are covered by the aforementloned 5102 fllms 137, 139

and 140. As a result, the polycrystalline silicon having a
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high specific resistance (e.g., 1010

to lOll n/o) is partially
left. Incidentally, the phosphorus which has been diffused )
into the second poly-Si layer 136, is more or less diffused

in the horizontal direction, but the sioi films 137, 139 and
140 providing the mask are designed to take that horizontal
diffusion into consideration. A second poly-Si layer 141
having a high resistivity, which is covered with the SiO2

film 137, is used as the high resistor R, shown in Fig. 5.
Moreover, second poly-Si layers'l43 and 144, which are covered
with the $i0, films 139 and 140, are turnéd into P-type
poly-Si layers having a low specific resistance

whenthe P-type metal for forming a later-described third
conductive léyer is diffused when said third conductive layer
is to be connected. The top plan view of the memory cell
M-CEL under this condition is shown in Fig. 9F. in other
words, the sqctiénal view taken along line X - X of Fig. 9F

is shown in the region xi-of Fig. 8N.

Next, after the SiO, films 137, 139 and 140 h;ve been
removed, the second poly-Si layer 136 is etched to a desired-
shape to form electrodes 145, 146, 130 and 151 and the wiring
1ayér 147 and an input protection resistor 148, as shown in
Fig. 80. The electrodés'lso and 151 are used for providing
connections with the source and drain regions of all the
P-channel MISFETs. The input protection resistor 148 is used

as the resistor Ren shown in Fig. 2. The electrode 146 is
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used as the electrode of the MISFET Q, shown in Fig. 5. The
wiring layer 147 is supplied with the power source voltage vcc,

as shown in Fig. 5, and is connected through the highly resistive

poly-Si layer 141 (dr'RZJ with the first poly-Si layer 119

which is in so-called "direct contact" with the source
and drain regions of the MISFETs Ql and Q4. The top plan view
of the memory cell M-CEL under this condition is shown in
Fig. 9G. In other words, the sectional view taken along line
X - X of Fig. 89G is shown in the region X, of Fig. 80.

Next, as shown in Fig. 8P, an interlayer insulating
film 152 is formed all over_ﬁhe face. A phosphorus silicate
glass f£ilm is preferred as that interlay insulation film.

This glass film 152 is formed to have a thickneés of about

6500 & by the CVD method. The glass £ilm 152 thus formed

is required as the interlayef iﬁsulation film between the
later-described conductive iaﬁer and the second poly-Si layer.
Next, a photo resist film (although not shown) is'sélectively,
formed and is used as a mask to etch the glass film 152 thereby
to form contact holes. N |

Next, as shown in Fig. 8Q, third céﬁdﬁﬁﬁiQe layers 153
to 156 are selectively formed. For example, aluminum (Al),
which is a P-type impurity to the silicon, is preferred
those third conductivé layers. The aluminum layers 153 to
156 are formed to have a thickness of about 8000 8 by

vacuum evaporation. At this time, the aluminum is diffused




10

15

20

25

_.34....

inte the electrodes 150 and 151, which are made of the second
poly-Si layer having a high,resistiQity, so that P~type conductive
layers having a low specific resistaﬁce are formed. The
electrode 153 is ﬁsedlas fhe data line shown in Fig. 5. The
top plan view of'thé memory cell M-CEL under this condition
is shown in Fig. 9H. In other words, the sectional view taken
along line X - X of Fig. 9H is shown in the region X, of
Fig. 8Q. Incidentally, Fig. 9H is essentially identical to Fig. 6.
As is now apparent from the steps thus far described,
according to the present embodiment, the first poly-Si layer
is doped with an impurity.in high concentration to have a
low resistivity thereby to provide the gate electrodes of
the MISFETs and the word line. The second poly-Si layer
is made to grow over the memory cell and simultanecusly to form the
input protection resi§tor film. It is doped with
impurity to give ‘9ﬁqh a resistive film as ig suitable as
the wirings or input resistors in the memory cell, whereas
the portions undoped wifhlthe-impurity ére left as the load
resistors of the memory cell. As a result, the poly-Si films
having suitable resistivities as the input resistors can be
easily prepared without any ;hangé in the existing RAﬁ
fabrication process.
According to the present embodiment, moreover, the
first and second poly-Si films and the poly-Si film (which

is made to have three kinds of resistivities as a result of
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the occurrence and extent of the doping steps for the first
and second poly-Si films with the impurity)

can be advantageously used in‘different modes including
the aforementioned oneqand.a variety of others.

Moreover, since the input protection resistor is formed of

the second poly-Si film, another pattern such as the MISFET

using the resistor or the first poly-Si film as its gate
electrode may be'placed to underlie the second poly-Si film.
Although the piesent invention has been exemplified
hereinbefore, the embodiment thus far described may be further
modified in accordance with the technical concept of the
present invention. For example, ‘the resistivities of the
input protection fesistor and the wiringé-of
the load resisto;s of ﬁhe mem6£y cell can be chapged in‘various
manners in accordance with the doping extent and kind of the
impurity, and the pattern'itself may also be changed in various
manners. On the other haﬁ&; the gates and word lines of the
MISFET unit need not be made of the aforementioned first
poly-Si film but may be made instead of metalrhaving a high
melting point (such as Mo, W or Ta)or its éilicide."Moreover,
the conduction types of the aforementioned respective semi-
conductor regions and the materials of the respective layers
used may be changed.

As has been described hereinbefore, according to the

present invention, since the Qrotection resistor of the peripheral
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Circuit unit is made of the poly-Si film which has substantially
the same resistivity as that of the overlying poly-5i £ilm (which
merges into the load resistor of the memory cell unit),it
can have such a relatively highmresistivity.as does not block
the input signal. Thus it can have a sufficient resistance
even if it,ha§ its abcupied area reduced, whereby the chip
size can be accordinéiy'remarkably reduced. Moreover, since
that protection_ .re.sistor can. be formed at tbe same step as that
of the overlying poly-Si film, it can be fabricated easily

with a high yield witﬁﬁut any change in the existing steps.
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CLAIMS:

1. A memory device comprising a semiconductor
integrated circuit device which comprises: (a) a
multiplicity of memory cells, each including a pair

of driver MIS transistors series connected to respective
load devices, and first conductive means for connecting
each load device to a power supply; and (b) a multi-
plicity of peripheral circuits gssociated with the
memory cells, said ecircuits including MIS transistors
at least one of which has a gate connected with a
protection resistor; and wherein said load devices

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

layer whose resistivity is substantially equal to that
of said conductive means portions.

2. A memory device according to ¢laim 1 wherein each
said memory cell includes second conductive means for
cross-coupling the gate of one of said driver MIS
transistors to the drain of the other d;iver MIS
transistor,

3. A memory device according to claim 1 or claim 2
wherein said driver MIS transistors of the memory cells
are formed at a preselected portion of a face of a

semiconductor substrate; said first strip of poly-
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crystalline silicon is formed over an insulation film
over the face of said semiconductor substrate, and said
peripheral circuits are formed at another preselected
portion of the face of said semiconductoer substrate,
said second strip of polycrystalline silicon being
formed over said insulation film.

4. A memory device according to claim 3, further
comprising: lower strips of polycrystalline silicon;
and upper strips of polycrystalline silicon formed over
the insulation film extending over said lower strips,
said protection resistor and said lcad devices being
formed into said upper strips.

5. A memory device according to claim 4, wherein the
resistivity of said lower strips is lower than that of
said upper strips, and wherein said lower strips forms
word lines connecting between each of said memory cells.
6. A memory device according to any one of the
preceding claims wherein each of said multiplicity of
peripheral circuits includes complementary MIS
transistors, and wherein said protection resistor is
commonly connected with the gates of said complementary
MIS transistors.

7. A memory device substantially as described herein
with reference to and as claimed in the accompanying
drawings.

8. A fabrication process comprising:

{a} forming a first film of polycrystalline silicon,
which serves as the gate of each of a mulitplicity of
MIS transistors of memory cells, over a semiconductor
substrate, said first film having a first resistivitv;
(b} forming an insulaticn film to cover the semiconductor
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substrate whjch is formed with éach of the MIS transistors of
said memory cells; and

{c) forming over said insulation film covering said
semiconductor substrate second polycrystalline silicon films,
which respectively serve as load resistors of each of said
memory cells, as a wiring for connecting said load resistors
with power supply means and as one or more protection resistors
connected with the gate of at least one MIS transistor of a
péripheral circuit; the resistivity of the second films serving
as said protection resistor(s) and as said wiring being lower
than that of the second film serving as said load resistor and
higher than that of said first film. |
g. A fabrication process for a memory c¢ell substantially

as described herein with reference to the accompanying drawings.
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