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SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Fie1d of the Invention 

200004172-3 

2 s JUL 2100 

The present invention re1ates to a 

semiconductor device, more particu1ar1y, to a DRAM gain 

ce11 suitab1e for embedding with a 1ogic circuit. 

2. Description of the Re1ated Art 

In recent years, semiconductors have been 

10 becoming increasing1y miniaturized. Not on1y are many 

e1ements embedded on a sing1e chip, but a1so severa1 

functions have to be incorporated. 

15 

As a typica1 examp1e of this, there is a LSI 

embedding both a DRAM and 1ogic circuit. 

By embedding not on1y a 1ogic circuit but a1so 

a memory in an ASIC (app1ication specific integrated 

circuit), the range of app1ication of the ASIC is 

expanded. 

At the present time, in a DRAM (dynamic random 

20 access memory), the most typica1 type of high density, 

high capacity semiconductor memory, as shown in Fig. 10, 

a memory ce11 is configured by connecting a transistor T 

contro11ed in on/off state by the potentia1 of a word 

1ine WL and a memory capacitor MCAP in series between a 

25 bit 1ine BL and common potentia1 1ine SL. 
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In a one-transistor one-capacitor type memory 

cell MC, a connection point between the memory capacitor 

MCAP and the transistor T forms a storage node ND. The 

"l" or "O" of data .. is differentiated by a difference of 

5 th~ amount of a charge stored in this storage node. 

It is necessary to cause a sufficiently large 

potential change in the bit line BL in order to secure 

stable operation when reading stored data. The capacity 

for storage of a charge (capacitance of the capacitor) is 

10 determined for the memory capacitor MCAP from this 

viewpoint. 

A1ong with the reduction in the occupied area by 

a semiconductor memory ce11, however, the capacitance value 

of the capacitor itself tends to fa11. In addition, the 

15 increases in memory capacity have 1ed to an increase in the 

bit 1ine capacitance. Therefore, it is becoming even harder 

to obtain a readable bit 1ine potential compared with the 

past. 

As measures to so1ve this problem, various 

20 capacitor structures have been proposed such as a stack 

type, fin type, cy1indrica1 type, or other stacked capaci­

tor having a capacitor electrode increased in surface area 

per unit area and a trench capacitor etc. 

However, due to the limits in processing 

25 technology on the aspect ratio of the trench formed on a 
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substrate, the height of a stacked e1ectrode 1ayer, etc. or 

the increase of the number of process steps for forming a 

comp1ex structure and the resul.tant increase in 

manufacturing cost etc., it is'becoming difficu1t to 

5 increase the capacitance va1ue of a capacitor per unit 

area. 

On the other hand, the capacitance of a 

capacitor is proportiona1 to the die1eotric constant of a 

capacitor insu1ating fil.m sandwiched between e1ectrodes, so 

10 a capacitor insu1ation materia1 with a high die1ectric 

constant is a1so being devel.oped. 

In addition to the difficul.ty of devel.opment of 

a diel.ectric material. itsel.f, however, there are extensive 

devel.opment themes such as devel.opment of el.ectrode 

15 material.s with a good affinity with the diel.ectric or 

devel.opment of processing techniques for these new 

material.s. Al.so, the devel.opment costs or newl.y introduced 

production equipment etc. pose an sizeabl.e burden. As a 

resul.t, the DRAM production cost has been continuousl.y 

20 increasing. Therefore, even if the ce1J. area is reduced and 

DRAMs are made l.arger in capacity, it is proving hard to 

reduce the cost per bit. 

In view of this, when trying to reduce the ce11 

area without changing the structure and material.s, the 

25 reading signal. of a DRAM cel.J. becomes smal.J.er, and, 
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u1timate1y, it is expected that detecting data stored in 

the memory ce11 wi11 become difficult. 

Further, as a DRAM ce11, in additi~~- to the one­

transistor one-capacitor type mentioned above, there is 

5 known for example a three-transistor type memory ce11 not 

using a capacitor and using three transistors. In this 

case, in addition to the two word 1ines for writing and 

reading, two bit lines for writing and reading besides are 

necessary so the number of interconnection 1ayers is 

10 increased. 

15 

However, a 1arge number of interconnection 

layers may we11 become a limiting factor in reducing the 

ce11 area. 

SUMMARY OF THE INVENTI:ON 

The present invention has been made to solve the 

above prob1ems and has as its object to provide an 

inexpensive memory having a DRAM function. More 

particu1ar1y, when considering mounting together with a 

20 logic circuit, it is to provide a semiconductor device 

minimizing the effect on the logic process and enable 

realization of a hybrid circuit of a memory ce11 and 

peripheral circuit easily and at a low cost. 

The semiconductor device according to the present 

25 invention comprises a memory ce11 having a p1ura1ity of 
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active e1ements and at 1east one passive e1ement. 

Further, in the present invention, the p1ura1ity of 

active e1ements comprising the memory ce11 are fie1d effect 

transistors having.three termi.na1s which comprise two 

5 diffusion 1ayers forming a source or drain, and a gate or 

four termina1s which comprise two diffusion 1ayers forming 

a source or drain, a gate and a substrate or a 1ayer which 

inc1udes an area at which channe1 is formed, and the 

passive e1ement oomprisiqg the memory ce11 is a capacitor 

10 having an insu1ating 1ayer between a first e1ectrode and a 

second e1ectrode. 

Further, in the present invention, the active 

e1ements comprising the memory ce11 inc1ude at 1east a 

transistor having a function of writing data and a 

15 . transistor having a function of reading data. 

Further, in the present invention, the memory ce11 

comprises two fie1d effect transistors and one capacitor, a 

first fie1d effect transistor is an N-ohanne1 type or P­

ohanne1 type, ~d a second fie1d effect transistor is a1so 

20 an N-ohanne1 type or P-ohanne1 type. 

Further, in the present invention, the memory ce11 is 

configured by a second diffusion 1ayer te:cmina1 of the 

first fie1d effect transistor, the second e1ectrode of the 

capacitor, and a gate e1ectrode termina1 of the second 

25 fie1d effect transistor connected together and, further, 
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the first e1ectrode of the capacitor is connected to a word 

1ine, a first.diffusion 1ayer te:rmina1 of the first fie1d 

effect transistor is connected to a bit 1ine, a gate 

term.ina1 of the f~rst fie1d effect transistor is connected 

5 to a contro1 gate 1ine, a first diffusion 1ayer termina1 of 

the second fie1d effect transistor is connected to the bit 

1ine, and a second diffusion 1ayer termina1 of the second 

fie1d effect transistor is connected to a predetermined 

power supp1y te:rmina1. 

10 Further, in the present invention, at 1east one of 

the first e1ectrode and second e1ectrode of the capacitor 

serves a1so as an interconnection 1ayer. 

Further, in the present invention, a11 of the active 

e1ements comprising the memory ce11 are N-type fie1d effect 

15 transistors or P-type fie1d effect transistors. 

Further, in the present invention, when arranging the 

memory ce11 in an array, the gate e1ectrode termina1 of the 

first fie1d effect transistor of each of a p1ura1ity of 

memory ce11s connected to one word line is connected to one 

20 control gate 1ine. 

Further, in the present invention, when arranging the 

memory ce11 in an array, the gate electrode terminal of the 

first field effect transistor of each of the p1ura1ity of 

memory ce11s connected to one bit line is connected to one 

25 control gate line. 



- 7 -

Further, in the present invention, the memory ce11 is 

embedded with a 1ogic circuit. 

According to the present invention, the stored charge 

of the passive e1ement, for examp1e, capacitor, may be one 

5 of an extent enab1ing contro1 of the on/off state of an 

active e1ement, that is, first fie1d effect transistor 

(read transistor}, in accordance with the stored data. 

Therefore, in this memory ce11, since there is no 

need for direct1y charging and discharging a 1arge capacity 

10 bit 1ine by the stored charge of the capacitor such as with 

a one-transistor one-capacitor type DRAM, the capacity of 

charge storage of the capacitor can be made sma11. 

At a resu1t, in a memory ce11 of this structure, it 

is.not necessary to tinker with the capacitor structure to 

15 increase the amount of charge storage per unit area or to 

deve1op a capacitor die1ectric materia1 of a high 

die1ectric constant. That is, since the structure is not 

oomp1ex, .it is easy to make and further there is no r.ise .in 

.the production cost a1ong w.ith comp1ication of the process. 

20 Further, since there is one bit 1ine, the ce11 area 

is sma11, and the degree of integration can be made higher 

and since a 1ogic transistor can be used without any major 

change, the compatibi1ity with the CMOS 1ogic process is 

good and it is possib1e to mount a DRAM function together 

25 with .a 1ogic circuit by few processes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

'I'hese and other objects and features of the present 

invention wi11 become c1earer from the f o11owing 

description of the preferred embodiments given with 

5 reference to the accompanying drawings, in which: 

Fig. 1 is a circuit diagram of an embodiment of a 

gain ce11 as a semiconductor device according to the 

present invention: 

Fig. 2 is a pattern diagram of a memory ce11 

10 according to the present.embodiment: 

Fig. 3A is a sectiona1 view a1ong the 1ine A-A in 

Fig. 2, and Fig. 3B is a sectiona1 view a1ong the 1ine B-B 

in Fig. 2: 

Figs. 4A and 4B are sectiona1 views for exp1aining 

15 the process of production of a memory ce11 according to the 

present invention: 

20 

Figs. SA and SB are sectional views for exp1aining 

the process of production of a memory ce11 according to the 

present invention: 

Figs. 6A to 6C are p1ane views for explaining the 

process of production of a memory oe11 according to the 

present invention; 

Figs. 7A to 7C are plane views for explaining the 

process of production of a memory ce11 according to the 

25 present invention: 
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Figs. BA to 8C are p1ane views for exp1ain the 

process of production of a memory ce11 according to the 

present invention: 

Fig. 9 is a view of an examp1e of the 1ayout of the 

5 DRAM gain ce11 according to the present invention: and 

Fig. 10 is a circuit diagram of a one-transistor one­

oapacitor type DRAM ce11. 

10 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Be1ow, preferred embodiments wi11 be described with 

reference to the accompanying drawings. 

Figure 1 is a circuit diagram of an embodiment of a 

gain ce11 as a semiconductor device according to the 

present invention. 

This gain ce11 GMC, as shown in Fig. 1, has a read 

transistor TR, write transistor TW, capacitor CAP, bit 1ine 

BL, word 1ine WL, and contro1 gate 1ine CGL. 

Note that in Fig. l, TA denotes a first e1ectrode of 

the capacitor ~. TB denotes a second e1ectrode of the 

20 capacitor CAP, WG denotes a gate tennina1 of the write 

transistor TW, WA denotes one source/drain termina1 of the 

write transistor TW, WB denotes the other source/drain 

tennina1 of the write transistor TW, RG denotes a gate 

termina1 of a read transistor TR, RA denotes one 

25 source/drain termina1 of the read transistor TR, and RB 
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denotes the other source/drain te:cmi.nal of the read 

transistor TR. 

For example, m x n (m, n: any natural. numbers) number 

of ce11s GMC are arranged in matrix in a memory ce11 array. 

In the case of this array structure, the first 

electrodes TA of the capacitors CAP of memory ce1ls 

arranged on the same row are connected to a common word 

line WL. 

A1so, the gate termina1s WG of the write transistors 

10 TW of memory cel1s arranged on the same column are 

15 

connected to a common contro1 gate line CGL. 

Further, one source/drain te:rmina1s RA of the read 

transistors TR of the memory ce11s arranged on the same row 

are connected to the bit line BL. 

Moreover, the bit 1ine BL is connected to, for 

examp1e, a not shown 1atch-type sense amplifier to which a 

reference ce11 is connected. 

In this way, the gain cells GMC are used for a memory 

ce11 array, a memory peripheral circuit is added, and the 

20 assemb1y is embedded with a 1ogic circuit {not shown in 

25 

Fig. 1) in an LSI chip. 

The write transistor TW and read transistor TR 

comprise insulation gate type fie1d effect transistors, for 

example, n-channel MOS (NMOS transistors). 

In a write transistor TW, the gate te:rminal WG is 
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connected to the contro1 gate 1ine CGL, one source/drain 

termina1 WA is connected to the bit 1ine BL, and the other 

source/drain te:cmina1 WB is connected to the second 

e1ectrode TB of the capacitor CAP. 

In a read transistor TR. the gate termina1 RG is 

connected to the second e1ectrode of the capacitor CAP. one 

source/drain te:cmina1 RA is connected to the bit 1ine BL. 

and the other source/drain termina1 RB is connected to a 

supp1y 1ine of a reference vo1tage Vss (ground vo1tage 

10 GND). 

A storage node SN of the memory ce11 GMC is comprised 

by the connection point of the second e1ectrode TB of the 

capacitor CAP and the other source/drain te.rmina1 WB of the 

write transistor TW connected thereto and the gate te:cmina1 

15 RG of the read transistor TR. 

In the capacitor CAP. the first e1ectrode TA is con­

nected to the word 1ine WL. 

The capacitor CAP does not have to be 1arge in 

capacity. so is configured by so~ca11ed MIM (meta1 

20 insulator metal) type capacitor formed by an insulator 

(layer) between two meta1 interconnections. 

For example. the first electrode TA is configured by 

the same metal interconnection as the word line WL of 

aluminum (Al) etc •• while the second e1ectrode is 

25 configured by the metal interconnection for the 1ogio 
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circuit. 

The insu1ator is fo:cmed by a nitride fi1m formed by, 

for examp1e, pl.asma CVD (hereinafter referred to as a 

pl.asma nitride fi1m). 

Further consider a capacitor CAP having such a 

configuration. 

The charge stored in the capacitor CAP is mainly l.ost 

by junction l.eakage. 1 fA is assumed as a typical l.eak 

val.ue. 

If the potential. difference to be stored is lV and 

the discharge time (data hol.ding time) is 600 ms, the hel.d 

charge becomes as fol.lows: 

600 ms x 1 fA = 0.6 fC 

Further, the capacity of the capacitor CAP becomes as 

15 follows: 

0.6 fC/lV = 0.6 fF 

If 8F2 (F is a design rul.e) is assumed as an electrode 

area of the capacitor CAP, when F = 0.13 µm. 8F2 = 0.1352 

µm2
• If a die1ectrio of a die1ectric constant = 7 is used, 

20 the thickness d of the insu1ator becomes 14 nm as shown 

25 

below. 

d=(7·8. 854e-12·0 .1352e-12/ (O. 6e-15)=14e-9 [m] 

The above condition can be sufficientl.y realized if a 

p1asma nitride fi1m is used as an insu1ating film. 

A1so, the capacitor CAP is not a capacitor such as 
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one of a comp1ex genera1 purpose DRAM and may be a 

para11e1-p1ate type oapaoitor. 

Further, a p1asma nitride fil.m is formed by a 1ow 

temperature process enab1ing it to be used even after A1 or 

5 other interconnections are formed, so it is possib1e to 

make an MIM type capacitor making use of an interconnection 

1ayer of a 1ogic circuit as mentioned above. 

Next, the pattern and examp1e of the sectiona1 

structure of a memory oe11 GMC of·a sing1e bit 1ine type of 

10 Fig. 1 wi11 be exp1ained with reference to Figs. 2, 3A and 

3B. 

Figure 2 is a pattern diagram of the memory ce11 GMC 

according to the present embodiment, Fig. 3A is a sectiona1 

view a1ong the 1ine A-A in Fig. 2, and Fig. 3B is a 

15 sectiona1 view a1ong the 1i.ne B-B in Fig. 2. Note that 

a1though the contro1 gate 1ine CGL and bit 1ine BL are 

arranged so as to be para11e1 i.n the present embodiment, 

they may a1so be ~anged so that the oontro1 gate 1ine CGL 

is para11e1 to the word 1ine WL. 

20 As shown in Figs. 3A and 3B, the memory ce11 GMC 

according to the present embodiment has four, that is, 

first to fourth, meta1 interconnection 1ayers MTLl to MTL4 

comprising, for examp1e, Al. 

The first meta1 interconnection 1ayer MTLl is a 1ayer 

25 for connecting a drain of the write transistor TW to a gate 
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of the read transistor TR. 

· The second meta1 interconnection 1ayer MTL2 is a 

1ayer comprising the contro1 gate 1ine CGL. 

The third meta1 interconnection 1~yer MTL3 is a 1ayer 

5 comprising the second e1ectrode of the capacitor CAP 

(bottom e1ectrode in a case of a stacked structure) TA. 

The fourth meta1 interconnection 1ayer MTL4 is a 

1ayer comprising the first e1ectrode of the capacitor CAP 

(top e1ectrode in the case of a stacked structure) TB 

10 serving a1so as a word 1ine WL. 

A1so, the word 1ine and oontro1 gate 1ine CGL of the 

write transistor are independent. 

Thus, there is no 1i.mit on the re1ationship between 

the capacitance of the capacitor CAP and thresho1d vo1tage 

15 of the write transistor 'l'W. 

In this memory ce11 GMC, as shown in Figs. 3A and 3B, 

for examp1e a sha11ow trench iso1ation (STI} 11 for e1ement 

iso1ation is formed on a si1ioon or other semiconductor 

substrate 10, and the write transistor TW and read 

20 transistor TR are fol:1Iled in an active area iso1ated by the 

STI 11. 

The write transistor TW and read transistor TR are 

each comprised of a gate insu1ating fi1m 14 f ol:1Iled on a 

ohanne1 fol:1Ilation region between the source/drain areas 12 

25 and 13, a gate e1ectrode 15 comprised of po1y~rysta11ine 
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si1icon formed on the gate insulating film 14, and a 

sidewa11 16 formed by si1icon nitride (SiN). 

That is, the write transistor TW and read transistor 

TR have the same structure as a -·Mos transistor comprising 

5 the logic circuit of the peripheral circuit and are formed 

by a similar process as a normal MOS transistor as men­

tioned 1ater. 

The first metal interconnection 1ayer MI.Tl is formed 

on the first interlayer insulating fil.m 17 formed so as to 

10 cover the write transistor TW and read transistor TR and 

with a flattened upper surface. 

The first interlayer insulating fil.m 17 is formed 

with a contact hole Cl extending from a bottom surface of 

the first meta1 interconnection layer MI.Tl to the other 

15 source/drain terminal WB of the write transistor "1'W and a 

contact ho1e C2 extending to the gate electrode GR of the 

read transistor TR. These contact ho1es Cl and C2 are 

embedded with plugs PLGl and PLG2 comprised of, for 

example, tungsten (W). 

20 That is, the other source/drain terminal WB of the 

write transistor TW and the gate electrode GR of the read 

transistor TR are connected via the plug PLGl, the first 

metal interconnection layer MI.Tl, and the plug PLG2. 

The second metal interconnection layer MLT2 serving 

25 as the contro1 gate line CGL is formed on the second 



-·- --···-=-==-·-=..:..:...:::.=..::.:~;:--::----·-·· ---

- 16 -

inter1ayer insu1ating fil.m 18 fo:cmed so as to cover the 

first meta1 interconnection 1ayer MI.Tl and with a f1attened 

top surface. 

The second inter1ayer insu1ating fil.m 18 and first 

5 inter1ayer insu1ating fil.m 17 are fo:cmed with a contact 

ho1e C3 extending from a bottom surface of the second meta1 

interconnection 1ayer MLT2 to the gate e1ectrode GW of the 

write transistor TW. The contact ho1e C3 is embedded with a 

p1ug PLG3 comprising W. 

10 That is, the gate e1ectrode GW of the write 

transistor TW is connected to the second meta1 

interconnection 1ayer MLT2 serving as the contro1 gate 1ine 

CGL via the p1ug PLG3. 

The second e1ectrode TA of the capacitor CAP is 

15 formed on a third inter1ayer insu1ating fil.m 19 formed so 

as to cover the second meta1 interconnection 1ayer MLT2 and 

with a f1attened top surface. 

The third inter1ayer insu1ating fil.m 19 and second 

inter1ayer insu1ating fil.m 18 are formed with a contact 

20 ho1e C4 extending from a bottom surface of the third meta1 

interconnection 1ayer MLT3 to the first meta1 

interconnection 1ayer MI.Tl. The contact ho1e C4 is embedded 

with a p1ug PLG4 comprising W. 

That is, the other source/drain ·termina1 WB of the 

25 write transistor TW and the gate e1ectrode GR of the read 
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transistor TR are connected to the fi.rst e1ectrode TA of 

the capacitor CAP via the p1ug PLG4, the first meta1 

interconnection 1ayer MI.Tl, and the p1ugs PLGl and PLG2. 

Further, a fourth inter1ayer insu1ating fi1m 20 with 

5 a top surf ace 1ocated higher than the top surf ace of the 

third meta1 interconnection 1ayer MLT3 is formed on the 

circumference other than the top surface of the third meta1 

interconnection 1ayer MLT3. 

The p1asma nitride fi1m INS serving as the insu1ator 

10 of the capacitor CAP is formed on the top surface of the 

third metal interconnection 1ayer MLT3 and the top surf ace 

of the fourth inter1~yer insu1ating fi1m 20. The fourth 

meta1 interconnection 1ayer MLT4 is formed on the top 

surface of the p1asma nitride fi1m INS. 

15 Next, the process of production of the unit memory 

ce11 GMC as shown in Fig. 2 and Figs. 3A and 3B wi11 be 

explained with reference to the drawings. 

Figures 4A and 4B and Figs. SA and SB are simp1ified 

seotiona1 views for exp1aining the process of production, 

20 whi1e Figs. 6A to 6C, Figs. 7A to 7C, and Figs. SA to 8C 

are p1ane views for exp1aining the process of production. 

Note that Figs. 4A and 4B and Figs. SA and SB are 

sectiona1 views a1ong the 1ine A-A of Fig. 2. Here, the 

diffusion 1ayer etc. are omitted. A1so, in the fo11owing 

25 exp~anation, the annealing, washing, etc. wi11 be omitted. 
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(1) Fonnation of Element Isolation CSTI) 

First, as shown in Figs. 4A and· 6A, the STI 11 is 

fo;cmed by fonning a trench at a predetexmined region of the 

semiconductor substrate 1Q, then burying the trench with an 

5 oxide insulating film, that is, by the nonnal method. 

10 

Further, the active region is fo:aned with a p-we11 in 

the case of an NMOS and is fonned with an n-we11 in the 

case of a p-ohanne1 MOS. Ions are implanted for adjusting 

the threshold voltage in accordance with need. 

(2) Fo;cmation of Gate Electrode 

Next, as shown in Fig. 4A, a gate oxide film 14 is 

fonned on the active region of the semiconductor substrate 

10. 

After the gate oxide film 14 is fonned, as shown in 

15 Figs. 4A and 6B, a gate electrode 15 is fo:aned by CVD etc. 

using polycrystalline silicon as the gate electrode 

material. This is then doped by means such as ion 

implantation to reduce the resistance. 

Note th~t it is also possible to use doped 

20 polycrystalline silicon at that time and possible to use a 

so-called po1ymeta1 structure of a stacked structure of W, 

WN, and polycrystalline silicon from the top. 

To fonn the electrodes, first the SiN is processed 

using the photoresist (PR) as a mask, then etching is 

25 perfo:aned using the SiN as a mask. 
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(3) Formation of Contacts 1 

After LDD ion imp1antation, as shown in Fig. 4B, a 

SiN fi.lm is formed by CVD and a sidewa11 16 is formed by 

etchback. 

Next, the first inter1ayer insu1~ting fi.lm 17 is 

formed and preferab1y f1attened, then, as shown in Figs. 4B 

and Fig. 6C, first, the contact ho1e C1 is formed down to 

the semiconductor substrate 11 and, next, the contact ho1e 

C2 is formed down to the gate e1eotrode 15 for the read 

10 transistor TR. 

Note that norma11y to 1ower the resistance before 

forming the contacts, the source/drain of the 1ogic portion 

is si1icided, but the DRAM portion of this exp1anation is 

covered with the inter1ayer insu1ating fi1m and made not to 

15 be si1icided ( prevents an increase in the junction 1eakage 

by si1iciding). 

(4) Connection of Gate of TR and Source/Drain of TW 

Next, as shown in Fig. 4B and Fig. 7A, W etc. is used 

to form p1ugs PLGl and PLG2 in the contact ho1es Cl and C2, 

20 then the first meta1 interconnection 1ayer MTLl is formed 

on the first inter1ayer insu1ating fi.lm. 17 to connect the 

source/drain of the write transistor TW and the gate 

e1ectrode 15 of the read transistor TR. 

(5) Formation of Contacts 2 

25 As shown in Fig. SC, the second inter1ayer insu1ating 
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fil.m 18 is formed and preferably flattened, then, as shown 

in Fig. 7B, the contact ho1e C3 is formed for the gate 

electrode for the write transistor TW. 

Next, the plug PLG3 is formed by W etc. 

(6) Formation of CG Interconnection 

Further, as shown in Fig. SC and Fig. 7C, the second 

metal interconnection layer MLT2 serving as the control 

gate line CGL connecting the plugs PLG3 (contact holes C3) 

is formed on the second interlayer insulating film 18. 

10 (7) Formation of Contact for Capacitor Bottom 

Electrode 

As shown in Fig. SA, the third interlayer insulating 

film 19 is formed and preferably f1attened, then, as shown 

in Fig. SA, a contact hole 4 for a capacitor bottom 

15 electrode reachi.ng the metal interconnection layer MI.Tl is 

·formed on the third interlayer insulating 19 and the second 

interlayer insulating film 18. 

(8) Formation of Capacitor Bottom Electrode 

As shown in Fig. SB, a plug PLG4 comprising W is 

20 formed in the contact hole C4. 

25 

Further, as shown in Fig. SB and Fig. SB, a second 

electrode TA (bottom electrode) of the capacitor CAP is 

formed. 

(9) Formation of WL 

As shown in Fig. SB, a fourth interlayer insulating 
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fil.m 20 is formed and preferably flattened, then a window 

is formed in the capacitor bottom electrode and a capacitor 

insulating fil.m INS of p1asma SiN etc. is formed. 

Further, as shown in Fig. SB and Fig. SC, a fourth 

5 metal interconnection layer MLT4 serving as the first elec­

trode of the capacitor CAP (top e1ectrode) and the word 

line WL is formed. 

Note that when producing the peripheral circuit in 

parallel by this process, the increase in the number of 

10 masks is only one. 

15 

Further, when the p1asma nitride fi1m is not 

necessary.other than at the DRAM cell portion, the 

unnecessary portions can be removed by further adding one 

mask. 

This completes production of a unit cell. 

Figure 9 is a view of an example of the layout when 

arranging memory cells GMC produced as mentioned above in a 

matrix. 

In this 1a~out, as shown in Fig. 9, the fourth metal 

20 interconnection 1ayer MTL4 serving as the word line WL and 

the first metal 1ine layer MTLl connecting the contact 

ho1es Cl and C2 are formed so as to be parallel. The second 

metal interconnection layer MTL2 serving as the control 

gate line CGL connecting the contact holes C3 is formed in 

25 an.orthogonal direction to these. 
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In the case of this 1ayout, if considering ce11 area 

by using the design ru1e F, the ce11 area becomes 15F2 and 

the capacitor area becomes 8F2
• 

In a case other than the 1ayout of Fig. 9, the ce11 

5 area cou1d become 16F2 or more. 

Therefore, the ce11 area can be reduced by this 

1ayout and, consequent1y, a cost reduction can be achieved. 

Next, the write, erase, and read operations of the 

memory ce11 GMC of the above configuration wi11 be 

10 exp1ained. 

Write Operat.:Lon 

First, the word 1ine WL to which the se1ected ce11 is 

connected is set to the ground potentia1, the bit 1ine BL 

is set to a high potentia1 (high 1eve1 H; power supp1y 

15 vo1tage 1eve1), and the contro1 gate 1ine CGL is set to a 

high potentia1 (high 1eve1 H; power supp1y vo1tage 1eve1). 

20 

Due to this, the write transistor '1'W becomes a 

co~ductive state and the charge of the bit 1ine BL is 

stored in the capacitor CAP. 

In this case, in the capacitor CAP, the second 

e1eotrode TB becomes high in potentia1 with respect to the 

first electrode TA. 

Further, the thresho1d VthR of the read transistor TR 

is effeotive1y reduced by the charge stored in the capaoi-

25 tor CAP. 
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Erase Operation 

First. the.word 1ine WL to which the se1ected ce11 is 

connected is set to the ground potentia1, the bit 1ine BL 

is set to the ground potentia1, and the contro1 gate 1ine 

5 CGL is set to the high potentia1 (high 1eve1 H; power 

10 

15 

supp1y vo1tage 1eve1). 

Due to this. the write transistor TW becomes the 

conductive state, and the charge stored in the capacitor 

CAP is discharged to the bit 1ine BL. 

In this case, in the capacitor CAP, the f1rst 

e1ectrode TA and the second e1ectrode TB become the same 

potentia1. 

As a resuit. the thresho1d VthR of the read 

transistor TR is he1d at the initia1 va1ue. 

Read Operation 

First, the contro1 gate 1ine CGL to which the se1ec­

ted ce11 is connected is set to the ground potentia1, the 

word 1ine WL is set to a ground potentia1. and the bit 1ine 

BL is set to the high potentia1 (high 1eve1 H; power supp1y 

20 vo1tage 1eve1), then e1ectrica11y f1oats. 

Due to this, the write transistor TW is he1d in the 

non-conductive state. If the capacitor CAP stores a change 

sufficient to turn on the read transistor TR at this time, 

the read transistor TR becomes the conductive state, the 

25 charge of the bit 1ine f1ows to the supp1y 1ine of a refer-
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ence vo1tage Vss• and the potentia1 of the bit 1ine fa11s. 

On the other hand. if the capacitor CAP does not 

store a change sufficient to turn on the read transistor 

TR. the read transistor TR is he1d in the non-conductive 

5 state. Therefore. the bit 1ine potentia1 does not fa11. 

Further. the difference of the written data is 

differentiated by which of the above states occurs in the 

bit 1ine potentia1 in a predete.:cmined t.ime. 

According to the present embodiment, since provision 

10 is made of a bit 1ine BL. word 1ine WL. oontro1 gate 1ine 

CGL, capacitor CAP with a first e1eotrode TA connected to 

the word 1ine WL, a read transistor TR comprising an NMOS 

connected between the bit 1ine BL and a predetermined 

potentia1 point and with a gate e1ectrode connected to the 

15 second e1ectrode TB of the capacitor CAP, and a write 

transistor TW comprising an NMOS connected between the bit 

1ine BL and the second e1eotrode TB of the capacitor CAP 

and with a gate e1ectrode connected to the contro1 gate 

1ine CGL, the capacitance of the capacitor does not 

20 determine the size {amp1itude) of the read data of the bit 

1ine 1ike with a one-transistor one-capacitor type DRAM and 

a comparative1y sma11 capacitance va1ue is enough. 

Further, with the DRAM gain ce11 according to the 

present embodiment, even if the capacitance va1ue of the 

25 capacitor is sma11, the ce11 operation is stab1e. there is 
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resistance to noise, and there is 1itt1e erroneous 

operation. 

A capacitor with a 1arge capacitance is not necessary 

and there is no need for a comp1ioated e1ectrode structure 

5 for raising the amount of stored charge per unit area of 

the capacitor or new deve1opment of a materia1 for the 

e1ectrodes or die1ectrio fil.m. 

Further, in the semiconductor device according to the 

present embodiment, there is one bit 1ine BL in the memory 

10 oe11, and the write transistor TW and read transistor TR 

are both connected to the bit 1ine BL. Therefore, the ce11 

area can be reduced and the degree of integration can be 

raised. 

Further, since a bu1k type transistor is used, the 

15 compatibi1ity with the CMOS 1ogio process is good and it 

becomes possib1e to add a DRAM function to a 1ogic IC chip 

with few processes. 

Due to this, the production process can be 

simp1ified, the cost ca:n be reduced, and a memory-1ogic 

20 hybrid IC with a high re1iabi1ity of operation can be 

rea1ized by the present invention. 

Swmnarizing the effect of the invention as exp1ained 

above, the semiconductor device according to the present 

invention, the ce11 area can be reduced without an effect 

25 on accuracy and the number of interconnection 1ayers can be 
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reduced. 

Further, in the case of the bu1k type, there are the 

advantages that the compatibi1ity with the CMOS 1ogic 

process is good and it is possib1e to add a DRAM function 

, 5 to the 1ogic IC chip with 1itt1e processes. 

10 

Due to the above, the cost can be reduced without 

adding a comp1ex production process and a hybrid oirouit of 

a memory-periphera1 circuit (1ogio circuit) can be 

rea1ized. 

Whi1e the invention has been described with reference 

to specific embodiment chosen- for purpose of i11ustration, 

it shou1d be apparent that numerous modifications cou1d be 

made thereto by those ski11ed in the art without departing 

from the basic concept and scope of the invention. 
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What is c1aimed is: · l\11\11\ \\\I\\ :Ill\\ \\1\1 l\ \II\ 
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1. A semiconductor device comprising 

a memory ce11 having a p1ura1ity of active e1ements 

and at 1east one passive e1ement. 

5 2. A semiconductor device as set forth in c1aim 1, 

wherein the p1ura1ity of active e1ements comprising the 

memory ce11 comprises fie1d effect transistors having three 

termina1s which comprise two diffusion 1ayers forming a 

source or drain and a gate, or four termina1s which 

10 comprise two diffusion 1ayers forming a source or drain, a 

gate, and a substrate or a 1ayer which inc1udes an area at 

which channe1 is formed, and 

the passive e1ement comprising the memory ce11 

comprises a capacitor having an insu1ating 1ayer between a 

15 · first e1ectrode and a second e1ectrode. 

3. A semiconductor device as set forth in c1aim 2, 

wherein the active e1ements comprising the memory ce11 

inc1ude at 1east a transistor having a function of writing 

data and a transistor having a function of reading data. 

20 4. A semiconductor device as set forth in c1aim 3, 

wherein the memory ce11 comprises two fie1d effect 

transistors and one capacitor, a first fie1d effect 

transistor comprises an N-channe1 type or P-channe1 type, 

and a second fie1d effect transistor comprises an N-channe1 

25 type or P-channe1 type. 
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s. A semJ.conductor as set forth in c1aim 4, wherein 

the memory ce11 is configured by a second diffusion 1ayer 

termi.na1 of the first fie1d effect transistor, the second 

e1ectrode of the capacitor, and a gate e1ectrode termina1 

5 of the second fie1d effect transistor connected together 

and, further, the first e1ectrode of the capacitor is con-

nected to a word 1ine, a first diffusion 1ayer termina1 of 

the first field effect transistor is connected to a bit 

1ine, a gate terminal of the first fie1d effect transistor 

10 is connected to a control gate line, a first diffusion 

1ayer terminal of the second field effect transistor is 

connected to the bit 1ine, and a second diffusion 1ayer 

terminal of the second f ie1d effect transistor is connected 

to a predetermined power supply terminal. 

15 6. A semJ.conductor device as set forth in claim 5, 

wherein at 1east one of the first e1eotrode and second 

e1ectrode of the capacitor serves a1so as an 

interconnection 1ayer. 

7. A semJ.conductor device as set forth in claim 5, 

20 wherein a11 of the active elements comprising the memory 

oe11 comprise N-type fie1d effect transistors or P-type 

fie1d effect transistors. 

8. A semioonduotor device as set forth in o1aim 5, 

wherein when arranging the memoi::y ce11 in an array, the 

25 gate e1eotrode terminal of the first fie1d effect 
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transistor of each of a p1ura1ity of memory ce11s connected 

to one word 1ine is connected to one contro1 gate 1ine. 

9. A semiconductor device as set forth in c1aim 5, 

wherein when arranging the memory ce11 in an array, the 

5 gate e1ectrode termina1 of the first f ie1d effect 

transistor of each of the p1ura1ity of memory ce11s con-

nected to one bit 1ine is connected to one contro1 gate 

1ine. 

10. A semiconductor device as set forth in c1aim l, 

10 wherein the memory ce11 is embedded with a 1ogic circuit. 

11. A semiconductor device as set forth in c1aim 2, 

wherein the memory ce11 is embedded a 1ogic circuit. 

12. A semiconductor device as set forth in c1aim 3, 

wherein the memory ce11 is embedded with a 1ogic circuit. 

15 13. A semiconductor device as set forth in c1aim 4, 

wherein the memory ce11 is embedded with a 1ogio circuit. 

14. A semiconductor device as set forth in c1aim 5, 

wherein the memory ce11 is embedded with a 1ogic circuit. 

15. A semiconductor device as set forth in c1aim 6, 

20 wherein the memory oe11 is embedded with a 1ogio circuit. 

16. A semiconductor device as set forth in c1aim 7, 

wherein the memory ce11 is embedded with a 1ogic circuit. 

17. A semiconductor device as set forth in c1aim 8, 

wherein the memory ce11 is embedded with a 1ogic circuit. 

25 18. A semiconductor device as set forth in c1aim 9, 
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wherein the memory oe11 is embedded a 1ogic circuit. 


