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Semiconductor Device and Method 

for Producing the Same 

BACKGROUND OF THE INVEN'l'ION 

REPLAC~D 830 
._C_F0--7--6_6_0-~----J 

5 Field of the Invention 

!!'he presenL invention relates to a semiconductor. 

integratad circuit such as a memory, a photoelectric 

convertinq device, a signal proceasing device or the 

like adapted for use in v~rious electronic appliances, 

10 ' and more particularly to a semiconductor device ~eatured 

in the electroae structure of functional elements end 

a method for producing the same. 

Related Background.~ 

For providing a highly integrated semiconductor 

15 circujt device, the developmont of miniaturized 

functional elements, such as a MOS transistor with a 

submicron gatA lenqth, is desired in recent years • 

20 

. As a specific example, a MOS transistor with a qata 

length of 0.8 um occupies an area of ca. 20 µm', 

suitable for a high level of integration. 

However the higher Level ot integration achieved 

by the miniaturization of functional elements has no~ 

necessarily lead to the antici~ated satisfactory 

characteristics. Such discrepancy hae been considered 

25 attributable to the method for producing such functional 

elements, and the efforts to solve such drawback has 

inevitably ~een directed to thG improvement in such 
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1 producing method. Stated differently. the predominant 

perception hao been tha~ tbe praparati.on 0£ a 

satisfac~orily functioning element in stable and 

reproducible manner is _an important factor for the 

5 improvement of production yield. 

However, the detailed invcsti9ation of the 

present inventors on the element structure and on the 

producing method therefor bas revealed that a novel 

structure in the electrodes and/or the wirings therefor 

10 can achieve a finer qeometry and a higher level of 

inteqration, with improved :performance. This .fact 

will be explained in the following, taking a MOSFET 

and a planar CMOS transistor as examples. 

Fig. lA is a ~chematic plan viell of an e~ample 

15 of the conventional function element, and Fiq. lB is a 

schematic cross-sectional view along a line A-A' in 

20 

Fiq. ].A. 

There are illustrated an n-type seJDiconduc~r 

substrate l, and a p--type aemiaonduotor a~ea (p- well) 

2, in ~hich foX"med are a dl:'ain area 3 and a source area 
+ . 

4 both of an n -type semiconductor, and a sub area 5 

-for ohmic connection Of the p well 2 with an electrode. 

Above a channel area in the p- well 2, there is provided 

a gate electroc1e 6 across a gate insulation film, and an 

25 n-channel MOSFET is thus formed. A drain electrode 7 

and a source electrode 8 respectively contact with the 

drain area 3. and with the source and sub 11reas 4, 5 

831 
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l through contact holes formed in iill1 insulation layer 9. 

Multi-terminal elements, such as functional 

elenents, are often used with a fixed potential at a 

terminal. The above-explained MOSPRT is used with 

s the source and sub areas thereof maintained at a same 

potential. For this purpoac, the s1.IQ area 5 is 

positioned horizontally next to the source area 4 

across a field ins~l~~ion·film 10, and said aource 

area 4 and sub area s are short-circuited by the source 

10 electrode 8 connected through the contact holes. 

Such structure requires a plurality of field 

insulation films 10 and cont:act holes positioned in the 

horizontal direction, thgs occupy1ng a larqe area, and 

Qannut achieve a sufficiently hiqh level of integration 

15 even if a fine geomet;ry oan be raalizad. 

For resolving the above-mentioned drawback, 

there is proposed a semiconductor aevice as shown in 

Pigs. 2A and 2B, which a.re respec~ively a schematic 

plan view ana a schematic cross-sectional view alonq a 

2 O line B-B' in Fig. 2A. In this structure, the source 

area 4 and the sub area ~ are positioned in mutually 

contacting manner, thereby di$pensinq with the field 

insulation film therebetween and requiring only one 

contact hole for said two areas. instead of one contact 

25 bola for each area. 

However, oven in this structure, the horizontal 

positioning of the source area 4 and the sUb area 5 
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l requires an e~cessivc surface area. Also the conta~t 

hole requi~ea a certain large diameter for achieving 

sufficient short-circuiting of the source area 4 and 

the oub area 5,. so thai: the design freedom of the 

S production process is difficut to increase. 

10 

In the following there will be exp1ained an 

example of the planar CMOS transistor. 

The 109ic circuit in an integTate~ circuit . 
requires fw1ctional elements with featUJ:es such as 

possibi~ity for a high level of integration,. a.high­

speed operation, a low power consumption etc., ancS the 

planar CMOS transistors are ~ecently used as the 

elements meeting such requirements for const1.tuting the 

logic circuit. Fig. 3 •~hematically illustrates 1:he 

15 structure of an inversion 1ogtr. circuit composed of 

convemLional planar CMOS ·transistor~. 

on a p-type aubotrate 501, there are £o~ed an 

n layer 502. a p- layer ·503, a LOCOS oxide film 504, 

and an interlayer insulation film 505. The PMOS 

20 transistor includes an n+ layer 506 for obtaining the 

substrate potential, a p+ drain layer 507 and a p+ 

source layer 508, while the NMOS transistor includes 
+ + an n source layer 509, an n drain layer 510 and a 

p+ layer 511 for obtaining the substrate potential. 

25 There are further provided a gate oxide film 512, a 

gate electrode 513 for the PMOS transistor and a gate 

electrode 514 for the NMOS transistor. 
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The drain 507 and the n+ layer 506 of -the PMOS 

~:ran&istor are given a bj.ghest potential, while t.he 

drain 510 and the p+ layer 511 of the NMOS transistor 

ere qiven a lowest potential. The gate electrodes 513, 

5 514 o! the· PMOS and NMOS transistors are mutually 

10 

connected by a metal wiring to constitute an input 

terminal, while the sources soe, 509 of •aid transistors 

are mutually connected by a metal wiring to constitute 

an output terminal, w~reby an inversion logic circuit 

is constructed. 

When a voltage equal to or higher than Vth of 

the NMOS transistor, for example the highest potential, 

ls applied to the qatc electrodes 513, 514, a chunnel 

is formed below the gate of the NMOS transistor, whereby 

15 the drain 510 and the source ·509 are connectea. Thus 

20 

an electron current flows throuqh said channel, thus 

maintaining the output terminal at the lowest potential. 

~hen, when a voltage equal to or lower than 

(hiqhest potential+ vth of PMOS transistor), for 

example the lowest potential, is applied to the gate 

electrodes 513, 514, a channel is formed below the 

gate of the PMOS transistor, whereby the drain 507 ana 

the source 508 thereof are connected. Thus a hole 

current flows through said channel, thus maintaining 

25 the output terminal at the highest potential. 

~he inverter function is thus realized, as the 

output teJ:minal is maintained at the lowest or highest 

lliiuiir1f 
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1 po~ential respectively When the highest or lowest 

potential is given to the input teJ:JDinal-

In such conventional CMOS transistors, the 

device dimension is reduced by miniaturization of the 

5 qate lenqth, contact holes and wiring width. However 

such ~onventlonal structure requires formation of qate 

areas on t.he surf ace, and isol~tion of the 'NMOS and 

PMOS transistors by a LOCOS oxide film, so that 'th.a 

device dimension has a limitation and a further reduction 

10 in size is difficult to achieve. 

SUMMARY OF 'lIIE !~VENTION 

In consideration of the foregoing, an object o! 

the present invention is to provide a semiconductor 

15 device suitable fox achieving a fine geometry and a 

higher 1evel of integ£ation. 

20 

25 

Another object of the present invention is to 

provide a semiconductor device includinq very sm.all­

sized functional elements. 

St11l another object of the preaeilt invention 

1s to provide ~ eemiconoucto: device in which the 

number of electrodes is reduced.and the element 

isolation area can be reduced in size, that the 

dimension of the .element can be further. radu~ed. 

Still another object of the present invention 

is to provide a method for produein9 a semiconductor 

device suitable for achieving a fine geometry and 

----TU1iiiniiF 
... ...:._.: 
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l a hlgher level of integration. 

Still another object of the present invention 

is to provide a method for producing a semiconductor 

device capable of f 1llinq a f inc contact hole or a 

5 fine, deep trench, thereby realizing satisfactory 

electrical connection. 

Still another objec~ of the present invention 

is to provide a method for producing • semiconductor 

device, capable of significantly improving tbe 

10 electrical characteristics of the above-mentioned 

semi~onductor device and of improving the production 

yield. 

~·or attainJ..ag Lhe above-mentioncct objects, 

the present invP.ntion is feaLured by the following 

15 struc~ure. The semiconductor device of the present 

invention, provided with a first semiconductor area of 

a first conductive type, and a second semiconductor 

area, formed on said firs~ se~iconductor area, of a 

20 

25 

second conductive typo different from said first 

conductive, is featured by facts that an electrode 

eiectrically connected to said first semiconductor 

area is formed lhrough said second eem:l.conductor area, 

and that said firs~ and second semiconductor areas are 

electrically shgrt-circuitQd by said electrode. 

The above-explained structure is additionally 

featured by facts tl'1at said. second semiconductor area 

is a source or drain area of a field effect transistor, 
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1 and that said electrode is composed of aluminum or il 

conductive material princJpally composed·of aluminum. 

Said struotuTe is further featured by fac~s 

lhat the field effect transistor·has a·buried drain 

5 area and a buried qatc area, that a PMOS transistor 

and an NMOS lransistor are.formed on respective sides of 

said buriad gate, that said second semiconductor area 

constitutes said burl~d drain area, and that said 

electrode re~ching the di-aln area is provided in at 

10 least eithe~ of said PMOS and NMOS transistors. 

Said struci:ure is furthe_r fea:t.ured. J::ly a fact 

that said electrode is composed of aluminum or a 

conductive material principally composed of aluminum. 

An additional fe~turc is that said semiconductor. 

15 device ls a NOT cireui~ element, a NOR circuit elament 

or a NAND circuit element. 

20 

Also the semiconduclor device producing method 

of the present invention is featured by a first step 

for forming an aperture in said second semiconauctor 

areil thereby exposing a part of said first semicunductor 

area, and A occond step for depositing a conductive 

material in said aperture, wherein said second step is 

to deposit aluminum or a conductive material principally 

composed o! aluminum into Silid aperture by a ~VD method 

25 utilizing alkylaluminum hydride gas and hydrogen. 

Said method is further featured by a fact that 

said alkylaluminum hydride is dimethylaluminum hydride. 
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The semiconductor device· producing method of 

the present invention is furLhermore featured by: 

a step for burying drain ai:eas of·PMOS 

transistor and an NMOS transistor in a semiconductor 

.substrate: 

a step for forming an aperture ao as to 

penetrate the junction portion between the dra·J.n area 

of said PMOS transistor and the drain area of said 

NMOS transistor; 

a step for forming an insula~ion film covering 

the internal surface of said aperLure; 

a step for depositing, in said aperture, a 

common gate for said PMOS and NMOS transiators1 and 

a step for formin9 a ~uried elactrode reachin~ 

15 at least either of the buried drain area of said PMOS 

20 

25 

t~ansiaLor and the buried drain area of saiC NMUS 

transistor. 

Said methoa is further featured by a fact that 

said buried electrode is fo~d by formation of an 

apertw:e reaching at least either of said two buried 

drain areas, and by selective deposition of aluminum in 

said aperture by a CVD method utilizing dimethylalundnum 

hyQride and hydroqen. 

'l'he present invention can provide a semiconducLor 

device including very small functional elements which 

can be formed with necessary minimum components without 

unnecessary planar areas, thereby being capable of 

iiiiiii1nr 
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1 significantly reducinq the layout area and adapted for 

achieving a !ine geometry and a hiqh leve~ of integration. 

Also the present lnve.ntion allows to reduce 

the n\1Dlber of electrodea and reduce the element 

5 isolation area ~n size, thereby further decreasing 

the dimension of the element. 

Furthermore, the present invention ut:.J li.~es 

aluminum electrode formation by low-temperature aluminum 

deposiLion by a CVD method utilizing alkylaluminum 

lO hyaricle gas and hydroqen, thereby significantly 

improving the electrical characteristics and the 

production yield. 

l~ 

·BRIEF DESCRIPTION OF THE ORAWINGS 

Figs. lA and lB il!ustrate an example of the 

conventional semiconductor device, wherein Fig. lA is a 

schematic plan view thereof and Fig. lB is a schematic 

cross-secLional view along a line.A-A' in Fi9. lA; 

Figs. 2A and 2B illustrate another example 

20 of the conventional semiconductor device, Wherein 

Fig. 2A is a schematlc plan view thereof and Pig. 2B is 

a schematic ~ross-sectlonal view along a line B-B' in 

Pig. 2AJ 

Fig. 3 is a schematic cross-sectional view of 

25 a oonventi.onal CMOS transistor; 

Pigs. 4A; 48, 4C and 40 are cross-sectional 

views showing ~eatures of the semiconductor aevice 0¥ 

1iii~f 
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l the present invention and 1llustra1.inq variations thereof 1 

Fig. SA is a cross-sectional view of a preferred 

elllbodiment of the present invent1on1 

Fig. SB is· an equivalent eireuit diagram 

s thereo:C-; 

10 

Figs. 6 to 17 are views showing steps for 

producing the a.true ture shown in Fig. 51 

Pigs. 18 to 20 are schematic views of continuous 

metal film forming apparatus sui.tablc for formin9 a 

CVD-Ai film or a metal film principally composed of 

aluminunu 

Fig. 21 is a view showing the function of the 

apparatus shown in Fig. 20: 

Pigs. 22A; 22B and 22C are schematic perspective 

15 views showing film fo%:lltin9 procedure for forming 

20 

25 

electrodes and wirings by the Ai-cVD mothod1 

~i9. 23A is a scheinatic plan view of a MOSFE'l' 

constitutinq a first embodiment o! the present 

invention; 

Fig. 23» is a schematic cross-seclionai view 

along an x-x• line in Fig. 23A~ 

Figs. 24A to 24E are schematic cross-sectional 

views showing the method for pro4ucing the MOSFET shown 

in Figs. 23A and 23BJ 

Fiq. 25A is a schematic cross-sectional view ot 

a semiconductor device, constituting a second embodilllent 

o! the present invention and applied to a CMOS inverter 
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1 circuit; 

Fig. 25B is a circuit diagram of said embodlment; 

Fiq. 25C is a schematic croos-sectianal view 

of a device by the prior art, as a cOJUparative example 

5 to the Above-mentioned embodilnent..1 

10 

Fig. 26A is a schematie plan view of_ a 

semicondu~tor device constituting a thlrd embodiment o= 
the present invention and applied to a CMOS inve~ter 

circuit: 

Fig. 26B is a schematic cross-sec:tional view 

along a linP. Y-Y' ill Fig~ 26A; 

~ig. 26C is a circuit diagram of said 

embodiment1 

Fig. 27A :Ls a schematic plan view of a 

15 semiconduct.or device constituting • fuQrth exnbodiment 

20 

of the present invention and applied to a NAND circuit 

aomposed of vertical MOS. transistora1 

Flg. 27B is a schematic cross-sectional view 

along a line z-z• in Fig. 27A: 

Fig. 27C is a circuit diagram of said 

embodiment~ 

Fig. 28 is a echematie cross-soctional·view of 

a fifth embodiment of the present inventionJ and · 

Fig. 29 is a schematic cross-sec~ional view of 

2.5 a sixth embodiment of the present invention.· 

r·~~~~~~~~--.: 

· This Sheet Has Been R 
1 

11111111 ~I I Jf 
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l DETAILRD DESCRIPTION OF THE PREFERRED EMBODIME~TS 

Now the present ~nvention will be clarified in 

d.etail by preferred embodilllents thereof. 

A preferred embodiment ot the present invention 

5 is constructed in the following 111anner. In functional 

elements such as field eftect tTansistorw bipolar 

tr~nsist.o.r, diffuaion resistor eto., terminals t.o be 

used ln an electrically abort-circuited state are 

formed by fo.cming, on a first semiconductor area of 

10 a first conductive ~ype, a second semiconductor area of 

a second conductive typew and forming an electrode 

contacting said ftrst semiconductor area through said 

second semiconduct9r area. 

Figs. 4A to 4D are AChP..matic cross-sectional 

15 views showing various moaes of the prP.sent invention. 

20 

In an example shown in Fig. 4A, there is 

formed an electrode 120 which reaches a first 

semiconductor area 102, penetrating the center of a 

second semiconductor area 104. 

!n an example shown in Fig. 4B, the electrode 

120 reaches t:he flTst. semlconductor area 102 through 

an end portion of the second seirdcond11etor area 104. 

In an example shown in Fig. 4C, t:he electrode 

120 does not sink into t~e first semiconductor area 

25 102, as in the caaa of Fig. 4A, but merely contacts 

the upper surface thereof. 121 indicates a source 

electrode wiring. 

1iiili1Uf 
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Figs. 4A to 4C do not show the sub area. Such 

s~ area can be dispensed with if the materi~l of the 

electrode 120 can make ohmic contact with the first 

semiconauctor area 102. If necessary; a sul:> area 105 

5 111ay be formod, as shown in Fig• 4D 1 at a position 

where the electrode contact.a 1*e first semiconductor 

area 102. The electrode 120 is preferably provided ~ith 

an insulation f ilJll on a large part of the lateral wall 

thereof and contaots the area 104 throu9h a sili"con 

10 area exposea in said insulation film. 

Fig. s~ is a schematic crosa-sectioanl view of 

another embodiment of the p~esent invention, and Fig. 

SB is an equivalent c:frc:uit diagram-thereof. 

In Fig. SA there are shown a p-type·substrate 

15 57, ~ n- diffuoion layer ·56, a buried drain area 51 

of a PMOS transistor, a channel area 52 o! the PMOS 

transistor, a source area 53 thereof, a qate oxide 

film 54 common for PMOS and NMOS transistor, a poly­

silicon qate SS, an insulation film 58, a source area 

20 201 of an NMOS transistor, a channel area 202 thereof, 

a buried drain area 203 ~hereof, a buried elec~rode 60 

common for the drain and well of the PKOS transistor, 

a buried electrode 61 common for the drnin and well of 

the NMOS transistor, source electrodes 62, 63 

25 respectively of the PMOS anc!I NMOS transistors, and a 

common gate electrode 64. 

As shown in the equivalent circuit in Fig. SB, 

____ j 
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i a highest potential is given to the drain 51 and the 

well 52 of the PMOS tr~nsistor 30, While a lowest 

potential is given to the drain 203 and the well 202 

of the MMQS translator 31. The common gate 55 of the 

s P.MOS and HMOS transistors constitutes an input terminal, 

while the sources 53, 201 uf ~he PMOS and 'NMC>S 

Lransistors are It1Utually connected to constitute an 

output terminal, whereby an invarsion logic circuit is 

constituted. When the highest potential is applied to 

10 the input lerminal, the NMOS transistor 31 !s rendered 

conductive tu p~ovide the output terminal with"the 

lowest potential. When the lowest. potential is applied 

to the input terminal, lhe PMOS transistor 30 is 

rendered coiiductive to provide the output terminal 

15 with the highest potential. The inversion logic 

opera~ion is thus realized. 

rn the present invention, as shown in Fiq. SA, 

fine buried electrodes 60, 61 are buried deep 1nLo 

the semiconductor substrate. In the prior art, it 

20 has been difficult to fill, even a contact bole of a 

large aspect ratio, completely with a con4uctive 

material, and it has ))een impossible ·to form a deep 

buried electrode as shown in Pig. SA by metal 

deposition. 

25 The present invention is based on a finding 

that a metal of satisfactory quality can be deposited 

with extremely good selectively by a novel CVD method 
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to be explained later. 

In the following there will be explained. the 

px-ocess for producing the CMOS transist.ox shown in 

Fig. 5, with reference to Figs. 6 to 17 •. 

At first, in the p-type subst.rate 57, the n 

diffusion layer SG was formed by ion implantation and 

an annaalinq step (Fiq. 6). 

Then then+ arain layer 203 in the substrate 

57 and the p~ drain layer Sl in the n- layer 56 were 

10 formed respectively by ion implantation and annealing 

(Fig. 7). 

The n- layer 52 was Rubsequently !oJ:med. ove: 

the entire surface by CVD (Fiq. 8). 

Then an etching process was conduct.ad to form 

15 an aperture penetrating the n - layer 52, p + layer 51 

and n+ layer 203 and reaching then- layer 56 (Fig. 9). 

20 

Ion implantation was conducted in an area for 

forming- the NMOS transistor in the n- layer, followed 

by annealinq, the toi:m the p- layer 202 (Fig. 10) • 

Then the p+ source area 53 and the n+ layer 

59 for electrode connection were formed in then- layer 
+ + 52, .,nd the n source area 201 and the p area 204 for 

electrode connection were formed in the p- la~er 202, 

respectively by ion implantation and annealing (Fig. 

25 11). 

Then the gate oxide film 54 was formed by the:r:mal 

o~idation (Fiq. 12). 
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SUl'.lsequently polysilicon was deposited in the 

aperture by CVD, followed by an etch-back process, t.o 

form the buried polysilicon laye~ (Fig. 13~. 

The interlayer insulation film 58 waa deposited 

5 by cvo (Fig. 14), and the contact holes tor the drains 

10 

51, 203 and the wells 52, 202 were formed by etching 

{Fig. 15)". 

Then Al was deposited in the contact holes by 

the above-mP.ntioned CVD utilizing DMAH and a2 , thereby 

foxminq the electrodes 60. 61 common for the dr~ins . 
ond wells (Pig. 16). 

Contact holes for the source and the qate 

~ere formed by etohinq (Fig. 17). 

Finally Al was deposited in the contact holes 

15 by CVD, and the source electrodes lll, 112 and the 

qate electrode GJ were formed to complete the 

structure ~lluw in Fiq. SA. The inversion 1o9'ic: 

circuit waa formed by patterning the Al wiring• in 

such a manner that the source electrodes of the PMOS 

20 and NMOS transistors are mu~ually connected. 

Wben a v9ltage equal to or hiqper than vth of 

the NMOS transistor, for example the highest potential, 

is applied to the gate electrode 55, a channel is 

fol:ll\ed below the gate of the NMOS transistor, whereby 

25 the drain 203 and the source 201 thereo:F. are connected. 

Thus an electron current flow through said channel to 

maintain the output terminal at the lowest potential. 
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Then, when a voltage equal to or lower than 

(highest potontial + Vth of PMOS transistor)w !or 

example the lowest potential, is appljed to the gate 

elect~ode 55, a channel is formed below the PMOS 

5 transistor, whereby the drain 51 and the source 53 

thereof are connected. Thus a hole current flows throuqh 

said channel to maintaln the output terminal at the 

highest potential. 

Thus the inverter operation is realized, as 

10 the output terminal is maintaSnad at the lowest or 

highest potential respectively when the input terminal 

is given the hiqhest or lowest potential. 

The present embodiment can be constructeO with 

only ~ne gate electrode, and does not require an 

15 isolation arear as the gate serves to separate the 

PMOS and ~MOS transistors. lt is t:herefore rendered 

20 

25 

possible to reduce the number of electrodes and to 

reduce the isolation area in size, thereby obtaining 

a logic circuit of a reduced dimension. 

~he source electrodes 62, 63 and the qate 

electrode 64 may be composed, like the electrode 120 

ln lhe aforementioned first example or the buried 

electrodes 60, 61 in the sacond example, of 

polycrystalline silicon, At, w, Mo, cu, A.t.-Ci. 

At-Cu, AJl.-Ti, Al. •Si-Ti, At-Si-Cu, WSi2, MoSi2 or 

'l'iSi2 , but, in consideration of the production process, 

they are preferably composed of aluminum or a material 

_,-------_ 
.. --
~s Sheet Has Been R . I . . 

. {Mfl//8/lllif. 
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1 principally composed of aluminum such as At.•S1, At. -cu, 

AJ,!-IJ:i, Af.-Si-Ti or A!-Si-cu. Besides such material is 

preferably deposited by a depositing method to be 

explained in the following. 

S (Film forming method) 

10 

In the following there will be explained a 

film forming method suitable !or electrode !o:r:mation 

.accordin9 to the present invention. 

Said method is adapted for fJll~nq an aperture 

with a conductive material, for forming the alactrode 

of the above-explained structure. 

Said film forming method consists of formiug a 

deposited film by a surface reaction on an electron 

donating suJ:>strate, utili~inq alkylaluminum ~ydride 

15 gas and hydrogen gas (said melbod being hereinafter 

called .u.-cvo method}. 

An aluminum film 0£ satisfact.ory quality can 

be deposited by heating the surface of the substrate 

·..._, in the presence of a gaseous mixture particula~ly 
.. 

20 consistiAg of monomethylaluminum. hydride {MMAH) or 

dimethvlaluminum hydride (DMAH) as the raw material 

gas and hydrogen as the reaction qas. At the selective 

·A£ deposition, the substrate.surface is preferabiy 

maintained a~ a temperature at least equal to tha 

25 decomposition temperature of alkylaluminum hydride 

but lower than 450°C, more preferably between 260°C 

and_4,D°C, ~y direct or indirect heating. 

... 

' ' 
' 
-~ 
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~e heating of the substrate in the above­

mentionec:S temper-ature range may be achieved by direct 

or indirect heating, but fortaat.ion of an Al. film of 

satisfactory q~lity can be achieved with a hiqh 

5 deposiLion speed, PaJ:tioularly by direct heating. For 

example, wi~h the more preferred temper~ture range of 

260° - 440°C. a satisfactory film can .be obtained with 
0 

a deposition speed of 300 - 5000 A/min. which ia higher 

than in the resiatance heating. such direct heating 

10 (substrate being heated by direct transmission of 

ener9y from 'l:he heating means) can be achieved by 

heating with a lamp such as a haloqen la.mp or a xenon 

lamp. Also indirect hP.atin9 may be.achieved for 

example by resistance heat1nq, conducted by a heat 

15 generating member provided jn a sUbstrate su.PPort 

member, for supportinq the substrate to be subjecteC. 

to film deposition, provided in a film depositing 

space. 

This methoa, if applied to a substrate having ·-.r. 

20 both an electron donating surface area and an electron 

non-donating surface area, allows to form sinqle 

crystal of aluminum. with satisfactory selectively 

solely on the electron donating surface area. Such 

aluminum is excellent in all the properties required 

25 fer the eleeLrode/wirinq material, including a low 

hillock frequency and a low alloy spike fr~quency. 

This is presumably beQause the semiconductive 

" . 
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l o~ conductive surface constituting ~n electron donating 

surface can selectively develop an aluminum film o! 

satisf~ctory quali~y and excellent crystalline diaracter 

of sai~ Ai film excludes or oiqnifican~ly reduceA ~he. 

5 a.lloy spike formati.on etc::. resulting-· from an eut:eetic 

:reaction with the underlyinq silicon.. Such Al. film, 

when employed as an electrode of a semiconductor device, 

provides the advantages far exeeding the eoncept of the 

conventional At. electrode and not a!lticipated in the 

10 prior technology. 

As explained above, the A1 deposited in an 

aperture with an electron donating surface, for 

example an aperture formed in an insulating tilm an4 

exposing the surface of a semiconductor substrat.e 

lS therein, has a monocrystalline structure. Besides said 

A!-CVD method can achieve.selective deposition of 

following metal films principally composed of aluminum, 

with likewise satisfactory quality. 

For example, the electrode may be formed by 

20 selective depos~tion ot various conduc~iYe materials 

such as A&-Si, A.1-Ti, AJ.-cu, A'·Si-Ti or ~£-Si-Cu by 

t:he use of a m1xea gaseous atmosphere employin~, in 

addition to alkylalU1Dinum hydride qas and hydrogen, a 

suitable combination of; 

25 Si-containing gas such as six4 , S12B6 , s13x8 , 

Si(CB3) 4 , SiC14 , SiR2cl2 or SiHCl3 : 

Ti-containing gas such as TiCl4, Tisr4 .or 

ilHO 
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1 Ti(CH3l 4; and/or 

Cu-containing gas such as copper 

bisacetyleeetonate CuCC5H7o2>2, coppe~ 

bisdipyvaloylmethanite cucc11u19o212 or copper 

5 bishexafluoroacetylacetonate cu(CsBF602) 2• 

Also since said Ai-cvo method.is excellent in 

selectivity arid provides satisfactory surfaoe 

characteristics on the deposited film, there can be 

obtained a metal film suitable and widely usable for 

10 the wirin9s of a semiconductor device, by employing a 

non-selective film forminq method in a next deposition 

step to form a metal film composed solely or principally 

of aluminum not only on the selectively deposited 

aluminum film mentioned above but also on the Si02 

15 insulation fillll. 

20 

Examples of such metal films include combinations 

of selec:ti vely deposi te4 AL , Al.-Si, Al-'li, At.-Cu, 

Air-Si-Ti or At-Si-Cu and non-selectively depos~ted Al., 

U-Si, At-Ti, Af.-Cu, Al.-61-Ti or At.-Si-Cu. 

Said non-selective film d.eJ?OSition may be 

achieved by CVD other than the aforementioned At.-CVD, 

or by sputtering. 

(Film £0.z:ming apparatus) 

In the following there will he explained a film. 

25 forming apparatus suitable for the electrode fo:cmation 

ac90rdinq to the present invention. 

Piqs. 18 to 20 schematically illustrate a 
.. 

1:11is Sheet Has B --

18 llU !ihilt 
... ... .. 
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1 eontinuous metal film fo:cming ~pparatus suitable for 

executing the film forming method explained above. 

Aa shown in Pig. 2, said apparatus is composed 

of a loading chamber 311, a CVD reaction chamber (first 

5 film forming chaniber) 312, an Rf etching chamber 313, 

a sputtering chamber (second film forminq chamber) 314 

and an unloading chamber 315, which are rendered 

sealahle froui the external atmosphere and mu~ually 

communicatable by means of gate valves 3l0a - 310£ and 

10 can be ~espective1y made vacuum or reduced in pressure 

by vacuum systems 316a - 316e. The loading chamber 

311 is used for eliminating the atmosphere of substrate 

anti replacing it with a2 pr:ior 'Lo the deposition, in 

orde~ to improve the throughput. ~. next CVD reaction 

15 chamber 312, for selective daposition onto the substrate 

20 

under noxmal or reduced pressure, is provided therein 

with a S\ll:)strate holder 318 witb a resistance heater 317 

for heating the substrate surface subjected to film 

fo%mation at least within a temperature ranqe of 200° -

4SO•c, and receives the raw material gas such as of 

alkylaluminum hydride, which is gasified by bubbling 

with hydrogen in a bubblec 319-1, through a raw 

material gas supp1y line 319, an4 hydrogeft as the 

reaction gas through a gas line 319'. ~he Rf etching 

25 chamber 313, for cleaning (etchinq) cf the substrate 

surface in Ar atmosphere after the selective deposition, 

is pro~ided therein with a substrate holder ~20 capable 

·' 
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1 of heating the sullstrale at least within a range of 

100° - 2so•c and an :af etching electrode line 321, 

and is connected to an Ar gas supply line 322. The 

sputterinq chamber 314, for non-selective deposition of 

5 a metal film by sputte:rinq in Ar atmosphere, is provided 

therein with a substrate ho1der 323 to be heated at 

least within a range of 200° - 2so•c and a target 

electrode 324 for mounting a sputterinq target 324a, 

and is connected to an Ar gas supply line 325. The 

. 10 final unloading chamber 315, for aajustment of the 

substrate after metal film deposition and prior to the 

exposure to the external atmosphere, is designed to be 

capable of replacing the atmosphere with N
2

• 

Fig. 19 shows another example of the continuous 

15 metal film fo:::ming apparatus, '7herein same components as 

those in Fig. 18 are represented by same nuiDbers. The 

apparatus in Fig. 19 is different from that in Fig. 18 

in that the substrate surface is directly heated by 

halogen lamps 3301 and, fer this purpose, the subs~ate 

20 

25 

holder 312 is provided wi~h projections 331 for supporting 

the su]:)strate in a floatinq state. 

Direct heating .of the substrate surface with 

auch structure further increases the deposition speed 

as explained before. 

The continuous metal fil.Ja formin9 apparatus of 

the above-explained structure is equivalent, in 

practice, to a structure shown 1n Fig. 20, in which 

------·--:--
· B · n Roeplaced •" .. 

T"1 i\~il i~\ \\\\ I•' • • ,••*"••' 
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l the loading chamber 311, CVD reaction chamber 312, Rf 

etching ehamber 313, sputterinq chamber 314 and unloading 

c:hamber 315 are mutually combined by a transport chanmer 

326. In this structure, the loadinq chamber 311 serves 

5 also as the chamber 315. In said transport chamber 326, 

there is provided an a~ 327 constituting transport 

means, rotatable in both directions A-A and extendable 

and retractab1e in direction B-8, whereby the substrate 

can be transferred in suocession from the loading ~bmnber 

10 311 to the CVD reaction chamber 312, Rf etching chamber 

313,· sputtering chamber 314,-and finaiiy to the unloading 

chamber 315 without exposure to the e~ternal atmosphere, 

as indicated by arrows ln Fig. 21. 

15 

(Film forming process) 

Now 1:here will be explained the film torminq 

process for forming the electrodes and wirings according 

to the present invention. 

Fig. 22 illustrates the fil.Jn fonning procedure 

·...._; for forming the electrodes and wirings accorcUng to 

20 the pz:esent invention, in schematic perspective views. 

At first the outline of the procedure will be 

deseribed. A semiconductor substrate with an insu:La~g­

film having apertures therein is placed in the film 

forming chamber. and the surface t:hereof is inaintained 

25 for example at 250° - 450 9 C. Thermal CVD conducted in 

a mixed atmosphere of DMJ\B gas as alkylaluminum hydride 

and hy4rogen gas causes selective deposit.ion of AJ..on 
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l the semiconductor exposed in the apert:ures. There may 

naturally be conducted selective deposition of a metal 

film principally composed of At, for example Al~Si, 

by introduction for example of Si-containinq gaa, as 

5 explained before. Then a metal film composed solely 

or principally of At is non-selectively formed by 
I 

sputtering, on the selectively deposited A~ and on the 

insulation film. Subsequently the non-selectively 

deposited metal f 1lm is patterned into the ab.ape of 

10 desired wirings, thereby obt:aining the electrodes and 

the wirings. 

~is procedure will be explained in greater 

detail with reference to Figs. 19 and 22. At first 

prepared ia a substrate, consisting for example of a 

15 monocryetalline silicon wafer bearing thereon grooves 

of different sizes, and covered by an insulation film 

except for the bottoms of said grooves •. 

Fiq. 22A schematically shows a part of said 

.._. substrate, wherein shown are a monocrystall,ine silicon 

20 substrata 401. constituting a conductive substrate1 a 

thermal silicon oxide film 402 ccnstitutin~ an 

insulation £il.mr apertures 403, 404 of different aizes1 

and a groove 410. 

The fol:lllation of A& film, constituting a first 

25 wiring layer, on the suJ::>strate is oonaucted in the 

following manner, with the apparatus shown in Pig. 19. 

At first the above-explained sU};)strate is 

851 
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1 placed in the loading chamber 311, in which a hydra~en 

atmosphere is established by int~oduction of hydraqen 

as explained before. Then the reaction chamber 312 

5 

.10 

is evacuated by the vacuum system 316b approximately 
-

to 1 x io-8 Torr, though Al. film 'formation is still 

possible with a higher pressure. · 

Then DMAH gas obtained by bubbling is 

supplied from the gas line 319, utilizing H2 as 'the 

carrier gaa • 

Also hydrogen as the reaction gas is introduced 

from ·the second gas line 31~ ' , and the interior of the 

reaction chamber 312 is maintained at a predetermined 

pressure, by the adjustment of an unrepresented slow leak 

valve. A typical pressure is about 1.5 Torr. DMAB is 

15 int:r:oduced into the reaction chui.ber from the DDB 

20 

line. with a total pressure of about 1.5 Torr and a 

DMAB partial pressure of &Dout s.o x 10-3 'l'Drr. 'l'hen 

the halogen lamps 330 are energized to directly heat 

i:.he wafer, thereby causing selective At ·deposition. 

After a predetermined deposition t.ime, t:he 

DMAH supply is interrupted. Said deposition time is so 

selected. that the Ai film on Si Cmonccrystalline silicon 

substrate 1) becomes equally thick as Si02 (thermal 

silicon oxide film 2), and· can be experimentally 

25 determined in advance. 

In this process, the substrate surface is heated 

to ca. 27o•c by direct heating, and t.he procedure 

.·-:· . 

.... 

858 
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l explainea above causes selective depcaition of an AJ. 

film 405 in the aperture, as shown in Fig. 22B-

5 

10 

The foregoing is called a first film forming 

step for forming an electrode in an aperture. 

After said first film fo.rmi.ng step, the CVD 

reaction chamber 312 is evacuated, by tl1e vacuUJD 

system 316b, to a pressure not exceeding 5 x l0-3 'l'Orr.· 

Simultaneously the Rf etching chamber 313 is evacuated 

to a pressure not exaeeding S x 10-6 Torr. After 

confirt11ation of said evacuations of the chambers, the 

gate valve 310c is opened, then the substrate is moved 

from the CVD reaction chamber 312 to the Rf etching 

chamber 313 by the transport. means, ape! said gate valve 

is closed• The Rf etching chamber 313 is evacuated to 

15 a pressure not exoeedinq l0-6 Torr, and is then 

maintained in argon atmosphere of 10-l - l0-3 'l'orr by 

argon supply from the supply line 322. · The substrate 

holder 320 is maintained at ca. 2ooac, and an Rf power 

of 100 w is supplied to the Rf etching electrode 321 

20 for ab°'1t 60 seconds to generate an argon discharge· in 

aaid chamber 313, Whereby the substrate surface 1.a 

•tched with argon ions and the unne~ssa%y.surfacial 

layer of the CVO deposition film can be eliminated • 
• The eteh depth in 1:hia case is about 100 A, · 

25 corresponding to the oxide film. Said surface 

•tching, of the CVD aeposition film, conducted in the 

Rf .etching chamber, may be dispensed with since said 

This Sh~et ~s Beerl Replac~d .· . 

. . f llllllf llllllllllJfi 1111 . 
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l su~facial layer ia free from oxygen etc. as the 

substrate is transported in Vilcuum. In such case, the 

Rf ctehing chamber 3!3 may serve for varying the 

temperature within a short ~ime 1£ the temperature 

5 is significantly different between the· CVD reaction 

chmnber 312 and the sputtering chamber 314. 

10 

After said Rf etching, the argon suppl.y is 

tenninated, and·the Rf etching chamber 313 is 

evacuated to 5 x io-6 Torr. Then the sputtering 

chamber ie also evacuated to S x lo-6 Torr or lower, 

and the gate valve 310d is opened. Tbe auJ:>atrate 

is transferred from the Rf etching chamber 313 to 

the sputtering chaml:ler 314 by the transpgrt means, 

and said gate valve 310d is closed. 

15 Subsequently the sputtering chUlber 1 A 

maintained at argon at!n.Osphere of 10-1 - lD-3 ~rr 

as in the Rf etching chamber 313, and the substrate 

holdar 323 is maintained at 200° - 2so•c. Argon 

discharge is induce<l by a DC power of 5 - 10 kW to 

20 scrape the target of A! or At-Si (Si: 0.5,) with argon 

ions, thereby depositing AL. or AJ.-Si onto the substrate 
• with a daposition speed of.ca. 10000 A/min. ~hie is a 

non-selective deposition step, and is called a second 

film £ormin9 step far forming wirings connected to the 

25 electrodes. 

After the formation of the metal film o:f about 
Ill 

5000 A on the substrate, the argon supply and the DC 

,j 

858 
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i power application are terminated. "rhe loading chamber 

311 is evacuated to a pressure of 5 x 10-J Torr or 

lower, then the gate valve llOe is opened and the 

sUbstrate is moved. After the gate valve 3l0e is 

5 closed, the load:S.ng chamber 311 is supp1ied with 

nitroqen gas to tbe atmospheric pressure. Subsequcm.tly 

the gate valve 310f is opened and the substrate i• 

taken out. 

The second Af. film deposition step explained 

10 above forms an M film 406 on the Sio2 film 402, as 

shown in Fig. 22c. 

15 

Subsequently said AL film 406 is patterned 

to obtain the wirings of desired shape. 

(Experimental examples) 

In the following there will be shown experimental 

resu1ts xndicating the superiority of the above-explained 

.M-CVD method and the satisfactory quality cf the M. 

film deposited by said method in the apertures. 

There ~ere prepared plural substrates, each 

20 consist:ing of an N-type inonocrystalline silicon ~afer, 

provided thereon with a the1:11lillly oxidized Sio2 film 
• of a thickness of 8000 A, in which grooves of different 

sizes £ram o.2s x 0.25 µm to 100 ~ 100 ~m were fo%1llad 

~Y patterning to expose the underlying monocrystalline 

25 silicon (aamples 1-l) • 

These samples were sunjected to the AR. film 

formation by the At-CVD method, employing DMAH as 

·1iiiifllf · .. 
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l tho raw material gas ·and hydrogen as tha reac:tion 

gas, with a total pressure of l..5 Torr and a DMAH 

partial pressure of s.o x io-3 Torr, and with the 

substrate surface temperatures selected in a range of 

200• - 490°C by direct heating under the regulation 

of electric power supplied to the halogen lamps. 'J.'he 

obtained results are summarized in Table l. 

10 

lS 

20 

25 

•! •• 
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Si linear 
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As will' be apparent from '.rcble 1, aluminum was 

depoeited in tbe apertures with a deposition speed as 
• high as 3000 - sooo A/min. at thv ~ubstrate surface 

temperature of 2&o•c or higher obtainea by 4ireot 

s heating. 

10 

'rhe Al. t'ilm in the apertures, obtained in a 

sUl'>strate surface temperature range of 260° - 440°C, 

showed satisfactory characteristics, with no carbon 

eonten~, a resistivity- cf 2.a - 3.4 µQom, a reflectance 

of 90 - 9St, a hillock (~ 1 pm) density of o - 10 cm-2, 

and an almost zero spike formation (frequency of 

destruction Of 0.15 ~m jwiction). 

On the other hand, though the- film qual:U:.y 

obtained in a surface temperature range of 200° -

15 250°C was somewhat inferior to that obtained in the 

20 

25 

temperature range of 260° - 440°c, it is considerably 

better than that obtainable with the conventional 

technol09Y, but the deposition speed could not exceed 
a 

1000 - 1500 A/min • 

At the subatrate surface temperature equal t.o 

or higher than 450°C, the quality of the Af. film in 

the apertures were deterioraLea, with a reflectance of 

601 or lower, a hillock (~ l ~m) density of 10 - 104 

C!ln-
2 and an alloy spiRe formation of O - 30•· 

Zn tbe followin9 there will be explain~d how 

the above-explained met.hod can be advantageously applied 

to the t'illing of the grooves. 

i11iii1iinr 
.. "'. 
• ':,,9 •C 

... .. ·.· 
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said method can be advantaqeously applied to 

the grooves ccmposed of the materials explained in the 

. following. 

The At film formation was conaucT.ed on the 

s fol.lowing substrates (samples) unCler the same conditions 

as in the A1 film foniation on the above-mentioned 

samples 1-J.. 

Samples l-2 were p~eparea by.forroing, on 

monoerystalline silicon constituting a first subs~ate 

10 surface material, a silicon oxide film constituting a 

aecona substrate surface material by means of CVD 

method, and forming grooves by a photolithographic 

process to locally expose thP. surfac• of manocrystalline 

silicon in the bottoms of said grooves. The thermal 
Ct 

15 Sio2 film was 8000 A thick, and the exposed areas of 

20 

monocrystalline silicon were sizes from 0.25 x o.2s µm 

to 100 x 100 11m, with a groove depth of 2 um. (Such 

samples will hereinafter be represented as •cvn Sio2 
(or simply Si02)/monocrys~alline silicon•.) 

'!'here were also prepare4: 

a sample 1•3 o! boron-doped oxide !ilm formed 

by normal presaure CVD (hereinafter wr~tten as SSG)/ 

monocrystal11ne silicon; 
. . 

a sample 1-4 of phosphor-doped oxide film formed 

25 by norma1 pressure CVD (PSG) /monocrysta1line silicon 1 

a smaple 1-5 of boron- and phosphor-doped oxide 

film formed by normal pressure CVD (BSPG)/monocrysta11ina 
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1 ailicon1 

a sample 1-& of ni~ride film fo%Dled by plasma 

CVD (P-SiN)/monocrystalline silicon; 

a sample l-7 o.C Lhermal nitride film (T-Sin) I 

5 monocrystalline siliconJ 

.. 10 

a sample 1-B of nitride film formed by l.ow 

pressure CVD (LP-SiN)/monocrystalline silicon; and 

a sample 1-9 of nitride fil.m formed by ECR 

(BCR-SiN)/monocrystalline silicon. 

Further, samples 1-11 to 1-179 were prcparcd·by 

takinq all the combinations of the first surf ace 

material.a of 18 kinds .n4 the aeeond surface material& 

of 9 kinds shown in the·followin9. {It is to be noted 

that the sample numbers 1-10, 20, 30, 40, SO, 60, 70, 

15 80, 90, 100, 110, 120, 130, 140, 150, 160 and 170 are 

lacking, ) '!'he first sur:tace materials employed were 

monocryai:.alli.ne silicon (mono-Si), po1ycrystalline 

silicon. (poly-Si), amorphous silicon (a-Si), tungsten· 

(W) , molybdenum (Mo) , tantalum (Ta) , tungsten si1ic::ide 

20 (WSi), titanium silicide (TiSi), aluminUlll (Al), alumin\"llU 

silicon (AJ. .. Si), titanium aluminum (AJ.-'l'i), titanium 

nitride (Ti-NJ, copper (Cu), aluminUIQ silicon c;:epper 

(Al.-Si-C!u), aluminum. palladium (Alt-Pd), titanium (Ti), 

molybdenmn silicide (Mo-Si), and tantalum silicide 

25 (~a-Si). The second substrate s~face materials employed 

were T-Si02 , Si02 , BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN 

and ECR-SiN. In all these samples, there could :be 

-~----------~ 

., 
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l obtained satisfactory Al films comparable to those in 

the aforementioned samples 1-1. 

Subsequently, the AJ. was non-selectively 

deposited by sputt:ering on the substrates subjected. to 

5 the selective At. deposition as explained a~ove, and was 

then patterned. Such deposited film is effective for 

three-dimensional connections of buried wirings. 

'l'be Al film obtained by sputtering and the 

selectively deposited Al film in the apertures showe4 

10 electriea.lly and mechanically satisfactory contact, 

because of the improved surface state of the Al film .in . . 

the apertures. 

Embodiment 1 

In the following there will be explained a 

15 MOSFET constituting a ·first embodimant of the present 

invention. 

F~~. 23~ is a schematic plan view of a MQSFET 

of •aid fil:st anbodiment, and Fig. 23B is a schematic 

· ..... : cross-sectional view along a line x-x• in Fig. 23A. 

20 There arc shown a silieon substrate 101 of n-type 

semiconductor; a p- well 1021 a drain area 103 of n+ 

type forate4 in the p- well 102; a source area 104 formea 

similarly to the drain area 103; a p+ sub area 105 for 

making ohmic contact between the p well 102 and the 

25 source electrode1 a pol.ycrystalline silicon g"ate 

electrode 106J a gate electrode wiring 106' connected 

to said gate elect::ode 106 by a through-holes an 

li1iU1iiUf 
·I 

,'. 
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1 insulation film 109 of silic:on oxidar ana a field 

insulation film 110 with birq's beak fo:z:med by selective 

oxidation. 

An electrode 120, constituting the most 

5 charac-teristie ai:ructure of t:he present invention, is 

composea of monocrystalline aluminum, and penetrates 

the contact hole in the insulation layer 109 and the 

source area 104 ana reaches the sub area 105 buried in 

the p- well 102. A source electrode wiring 121, formec 

10 on the insulation layer 109 and the electrode 120, is 

composed of aluminum. A drain electrode 122, buried 

in the contact hole on the drain are• 103, i.s composecS 

of monocrystalline aluminum. There is also provided ll 

15 

.. 
drain e1ectroda wirinq 123. 

In the following explained is the method for 

producing the MOSPE'r of the above-explained structure, 

with reference to Figs .. 24A to 24E. 

On the silicon sUbstrate, there were conducted, 

~..J by already known manufacturing process, formation of 

20 the p- well 102, drain area 1031 source area 104 and 

field insulation film 110, then formation of the 

.insulation layer 109 thereon, and formation of the 9ate 

el.eotroda 106 in said insulation layer 109.. 'l'hen a 

photolithoqraphic process utilizinq photoresist was 

25 applied to form a hole, as a ph9tores1st image, cu 

the insulation layer 109 above the source area 104. 

':rhen dry etching- with CBP3 - c21'6 wa.a·conduc:t.ed to :!orm 

----
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l a hole in the insulation layer 109 down to the source 

area aa showzl in ~ig.· 24A (hole opening step). 

Subsequently dry etching with c12 - CBrP3 was 

conducted without removal of the photoresist. thereby 

5 forming a hole penetrating the source area 104 and 

entez:inq the p- well 107. (etching step), and t.he sub 

area l.05 was forzne.d at the bottom of thus fonied hole, 

+ as shown in Fig. 24B (p forming step). 

Then, as shown in Fig. 24C, aluminum was 

10 deposited to the uppe~ surface of the insulation film 

109 by the aforementioned AJ.-CVD method utilizing 

DMAD and hydroqen, with the substrate surfac:e 

maintained at 270°C (CVD-A! foJ:ming .step). 

'l'hen the contact hol.e is formed in the 

15 insulation layer 109 on the arain area 103 ~Y a known 

process as shown in Pig. 24D (hole opening step), and 

aluminum was deposited by the above-mentioned Al-CVD 

method.. The device was completed then by fo::cminq the 

source electrode wiring 121 and the drain electrode 

20 wiring 123 respectively on said electrode 102 and on 

the drain area 103 by sputtering as shown in Pig. 24E 

(Al wiring step). 

As ezplaine4 in the foreqoing, the present 

invention.allows to constitute a MOSFE'l'; which ia to ba 

25 used with the source area and the· sub area thereof in 

an electrically ahortcircuited state, with necessary 

minimum components and without any unnecessary surface 

area. 

.I 
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1 Embodiment 2 

Fig. 25A illustrates a second embodiment of 

the present invention. 

In 11a14 second.embod'i.mAnt:, t:he present. invention 

5 is applied t:o a CMOS inverter circuit·. ':rhe production 

method will not be explained as it is basically same as 

that of the first embodiment • 
. 

Pi9. 2SB is a circuit diagram of the present 

embodiment, and Fiq. 25C is a similar device obtained 

10 by the prior art, for the purpose of comparison. As 

will be apparent from the comparison ol Pig. 25C 

representing the prior art and Fig. 25A representing the 

present invention, the layout area of the device can be 

significantly reduced by the use of the electrode 

15 structure of the present invention in tlle connecting 

part 9f the source area and the sub area in the 

inverter circuit. 

Embodiinent 3 

A third embodiment of the present invention ia 

20 illust%ated in Piqs. 26A and 26B, and in a circuit 

diagram in P1q. 26C. The producinq process of the 
present embo41ment will not be explained as it is 

basically same as that of the foregoing first 

embodiment .. 

25 The p~esent third embodiment also provides a 

CMOS inverter, but is different :f'rom the second 

elQbodiui.ent in that the MOS transistor• have a vertical 

This Sheet Has Been Replaced . 
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1 structure. As will be apparent from the illustrations. 

the e1ectroda structure of the present invention is 

even more effective for. reducinq the layout area in a 

circuit employing vertical MOS transistors. 

5 EmbOdiment 4 

A fouxth embodiment of .the present invention is 

illustrated in Pigs. 27A and 27B, and ~hown in a 

circuit diagram in Fig. 27C. The producing process 

of tha preaeni: embodiment wil,1 not be explained, as it 

10 is basicall7 same as that of the foregoing first 

emboc!ment. 

In ·the present fourth embodiment, the present 

invention i.s applied to a NAND circuit composed aqain 

with vertical MOS transistors. As will be apparent 

15 from the illustrations, the electrode structure of the 

present invention ia ef~eci:ive, also in this embodiment, 

xor reducinq the layout are&. 

Embodiment 5 

Fig. 28 is a schematic cross-sectional view 0£ 

20 a NOR. cucuit element consti.tuting a fifth embodiJaent 

of the present invention. 

In Fig. 28 there are shown polysilicon qates 

205, 207 respectively of PMOS and NMOs transiators1 
+ gate insulation films 206, 208; a p drain layer 209 

25 · of ~he PMOS transistor; an n+ source layer 210 of the 

NMOS transistor; and electrodes 211, 212, 213, 214 

respectively for the drain 209, source 210, and" 
.. 

This Sheet Has Been Replaced 
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l polysilicon gates 205, 207. Also in this embodiment, 

the source 53 of the ·PMOS trailSistor and the sources 

201, 210 of the NMOS transistor are mutually 

connec~ed. At the NMOS side there is formed a buried 

5 electrode 61 reaching the n+ drain layer 203, and, at 

the PMOS side, there is formed an electrode 211 for 

the p + drain layer 59. These two electrodes 61, 211 

are foZ'IR.ed by selective deposition by the a£oreuientioued 

Ai-CVD method. 'l'he structure shown in l!'ig. 28 can be 

10 formed _by steps similar to those shown in Fiqs. 6 to 

A first input te:cminal 215 of the NQR circuit 

is connected to the qate 207 of the 'NMOS transistor and 

the qate 205 of t.he PMOS transistor. A second input 

15 te%Dlina1 216 of the NOR c1rcui.t is connected to the 

common gate 55 of the NMOS and PMOS transistors. 

Tile present device functions in the following 

:naanner. When t.he first input tez:minal 215 reoeives a 

vo1tage equal to or larger than Vth of the HM.OS 

20 transistor, for example a highest potential and the 

second input terminal 216 receives a voltage euqal to 

or lower than [highest p0tential + v1:h of P.MOS 

transistor], for example a lowest potential, a channel 

ia ~ormecS below the NMOS transistox-, whereby the drain. 

25 203 and the source 210 thereof are connected and tha 

01.1tput terminal 217 is maintained at the lowest 

potential. Xn the PMOS transistor in tllis state, the 

:. . .. !. 

111iiirn1: 1nr· · 
,j 

:· 
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+ 1 p layer 101 and the source area 53 arc conneci:ed 

'through the channel, but the source 53 is nqi:. connected 

to the power supply since a channel is not f oJ:med between 

the drain 209 and the p + layer 51. When the voltages 

5 applied to the first and aecand input teX'Jl\inala 215, 

216 are interchanged, the drain 203 and the source 

201 of the. NMOS transist-.or are coMected throuqh- the 

channel, Whereby the output terminal is maintained at 

the lowest potential. Zn this state the drain .209 and 

+ 10 the p layer Sl of the PMOS transistor are connected 

t.hrough the channel, but the source 53 is not connected 

to the power supply, sinoe a channel is not £o::c"JQeCl 
+ . 

between the source 53 and i:he p layer 51 of Uie PMOS 

transistor. Then, when the first ·and second input 

15 terminals 215, 216 both receive a voltage equal to or 

higher than Vth of the NMOS transistor, for example the· 

highest potential, a channel 1a foJ:med beloW the m!OS 

transistor, whereby the drain 203 is connected with the 

..._, sources 201, 210 through said channe1 and the output 

20 te~inal 217 is maintained a~ the lowest potential. 

The source 53 is not connected to the power supply, 

since a channel is not fo:t::med be1ow the PMOS transistor. 

'l'hen., when the first and second input terminals 215, 216 

both receive a voltage equal to or lower than [highest 

25 potential+ Vth of ·PMOS transistor], for example the 

lowest potential, a channel is formed below the PMOS 

transistor, whereby the source 53 is eonneeted to 
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1 the drain 209 through the p+ layer 51 and the output 

terminal 217 is maintained at the highest potential. 

l:n this state the sources 201, 210 are not connected· 

t.a the power supply, since a channel is not foz:Died 

5 below the N.MOS transistor. 

Tha NOR function is achie'178d as explained above, 

since the output terminal is maintained at the highest 

potential only when the first and second input termianls 

are given the" lowest potential and at the lowest 

10 potential in other combinations of the input potentials. 

15 

Also the present embodiment can reduce the 

number of electrode and the dimension of the element, 

as in the example shown in Fig. S. 

Embodiment 6 

Fig. 29 is a schematic cross-sectional view of 

a NAND circui.t device constituting a sixth embodiment 

of the present invention. 

+ In Fig. 29, there are shown a p source 

layer 218 of the PMOS trqsistor, and an n+ drain 

20 layer 219 of the NMOS transistor. In the present 

device, a buried electrode 60 reaching a p+ drain 

layer 51 is formed at the PMOS side, and an electrode 

220 for the n+ drain 219 is formed at the NMOS side. 

Said electrode 220 is also formed by selective 

25. aluminum deposition utilizing DMAH and hydrogen. ~he 

structure shown in Fig. 29 can be prepared by steps 

similar to those in Figs. 6 to 17. 
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A first input te:cminal 221 of the HAND circuit 

i• connected to the gate 207 of the NMOS transistor 

and the gate 205 of the PMOS transisto~. A second 

input terminal 222 of the NAND circuit 1s connected 

5 to the common gate SS of the NMOS and PMOS transistors. 

The device of the present embodiment functions 

-in the followinq manner. When the first input teriainal 

221 receives a voltage equal to or higher than Vth of 

the NMOS transis~or, for example a highest potential, 

10 and the second input tei:minal 222 receives a voltage 

equal to or lower than (highest potential + vth of 

PMOS transistor], for example a lowest potential., a 

channel ie formed below the PMOS transistor whereby the 

drain Sl and 1:he source 53 thereof are connected and an 

15 output te:cmin~l 223 is maintained at the highest 

potential. In the NMOS transistor in this state,. the 

n+ layer 203 is connected·w1th the drain 219 through 

the c:hannel, but the source 201 i.s not connected to 

the power source since a channel is not formed between 

20 + tbe source 201 and the n layer 203. When the voltages 

.applied to the first and second input terminals 221, 

222 are.interchanged, tha drain 51 and the source 218 

of the PMOS transistor are connected through the channel 

whereby the output terminal 223 is maintained at the 

25 highest potential. In this state the source 201 is noi: 

connected to the power source since a channel is not 

formed betw.-en the drain ll9 and the n+ layer 203 of 

___ ::.....--~---,---- , .. · 
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l the NMOS transistor. Then, when the first and seoonC. 

input terminals both receive a voltage equal to or 

lower than [highest potential+ Vth of PMOS transia~r], 

for example th.a lowest potential. a channel is formed 

S below the PMDS t.ransistor, Whereby the drain 51 is 

connected. with the source 53, 218 through said channel 

and the output teminal 223 is maintained at the highest 

po~ential. In this state the source 201 is not 

connacted·to the power source, since a Ohannal is not 

10 formed below the NMOS transistor. 'rhen, when the first 

and seco11d. inpuL tel:minals both receive a voltage equal 

to or higher than Vth of the NMOS transistor, for 

example the highest potential, a channel is fo::cmed 

below the NMOS transistor, whereby the drain 219 is 

15 connected witb the source 200 throuqh the n+ layer 203 

.and ti;ie output terJDinal is maintained at the lowest 

potential. Xn this state the sources SJ, 218 are not 

connected to the power source, since a channel -is not 

"-~ formed below the PMOS transistor. 

20 The NANO funot1on is thus achieved, as the 

output teJ:minal is maintained at the 1.owest poten1;ial 

only when the first and aecond input terminals are 

given the highest potential, but is maintained:at 1:he 

highest potential at other combinations of the input 

25 potentials. 

A1so this NA.ND circuit device is provided wit~ 

a reduced number of electrodes and can therefore 

.· 
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1 reduce the dimension of the device. 

5 

In the foregoing embodiments S and. 6, sim.il.ar 

advantaqes can be obtalned even if the semiconductors 

of n- and p-type are interchanged. 

Similar advantages can be obtained also when 

the polyeilicon electrooe is r.eplaced by a metal or 

silicide electrode. 

AS explained in the foregoing, the present 

invention allows to obtain a semiconductor device 

10 providf::d with very small functional elements, which 

can be constructed by necessary minim\1Dl components 

without any unnecessary surface area, thereby being 

capable of significantly reducing the layout area and 

adapted for achieving a fine geometry and a high level 
' 

lS of integration. 

20 

25 
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.l CLA'DIS: 

1. A semiconductor device provided with a first 

semiconductor area of a fir$t condllCtive type and a 

second 11emiconducto:r area, fo%111ed on ox- under said first 

5 semiconductor area, of a second conductive type different 

frOlll said first conductive type, wherein: 

10 

an electrode electrically connected to said 

first semiconductor area is formed through said second 

semiconductor area: and 

sai4 first and second semiconductor areas are 

electrically sho~tcircuited by said electrode. 

2. A semiconductor device according to claim 1, 

wherein said second seniiconductor area is a source or 

15 drain area of a field effect transistor. 

3. A semiconductor device ac:cordinq to claim 2, 

wherein: 

said field effect transistor includes a buried 

20 · drain area and a buried gate area; 

25 

a PMOS transistor and an NMOS transistor are 

formed on respeQtive sides of said buried qate1 

said second semiconauctor area constitutes 

said buried drain arear and 

an electrode reaching said drain area is 

proviaea in at leas~ ei~her of said PMOS and NMOS 

transistors. 

This Sheet Has Been Replac.:>.~ :. 
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4. A semiconductor device acQOroi"g to any of 

claims 1 to 3, wherein said electrade is composed of 

aluminum or a conductive material principally composed 

of aluminum. 

s. A semiconductor device according to cla:im 

3, constituting a NOT circuit element. 

6. A semiconductor device accordinq to clailll 

3, constituting n NOR circuit element.-

7. A seJRioonductor device according to claiJll 

3, constituting a NA.ND circuit element. 

8. A method for prod.ucting a semiconductor 

device provided with a first semiconductor area of a 

first conductive type, a second. semiconductor area 

formed on said first semiconductor area anc! having a 

second conduct.ive type different from sa:l.d first 

20 conductive type, an4 an e1ectrode for short•cirouiting 

25 

said first and second semiconductor areas, CQlllprising: 

a first step for foz:ming an aperture in said 

second semiconductor area thereby exposing a part of 

said first semiQonductor area; and 

a seaond step for depoeitinq a oonductive 

material in said aperture; 

wherein said second step includes a step for 
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1 depositinq aluminum or a conductive material principally 

oomposea of alwainUJU in said aperture by a CVD metbod 

u,tilizin9 alkylalUlllinWft h~ide gas and hydroqen·. 

s 9. A method for producing" a semiconductor device 

according to claim 8, wherein said alkylalUll\inum hydride 

is dimethylaluminwn hydride. 

10. A method ~or producing a semiconductor 

10 device,. Qomprisinq steps of: 

forming buried drain areas of a PM.OS transistor 

and ot a NMOS transistor on a semiconductor substrateJ 

forming an·aperture so as to penetrate a junction 

part of the drain area of said PMOS transistor and that 

15 of said NMOS transistor1 

forming an insulation film covering the internal 

surface of said aperture; 

depositing, in said aperture, a common gate for 

... ~ said PMOS and NMOS 1:ransistors1 and 

20 forming a buried electrode reaching at least 

eitheT of the buried drain area of said PMOS transistor 

and that of •id DOS transistor. 

11. A method for producing a semiconductor 

25 devic:e n.ccorainq to claim 10, wherein said buried 

electrode ia formed by forming an apertu~e reaching 

at least either of said two buried drain areas, an4 

. "- .. 
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l selectively depositing aluminUJR in said aperture by 

a CVD method utilizing dimethylaluminum hydride and 

hydrogen. 

5 
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