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1 ·nevice Separation Structure and Semiconductor 

Device Improved in wiring Structure ., 

BACKGROUND OF THE INVENTION 

5 F:i..el.d of the Invention 

This invention relates to a semicon4uctor 

circuit device such as memory, photoelectric 

converting device, signal processi~~ device, etc. 

' to be mounted on various e1ectronic instruments, 

,_1 10 particularly to a meta1 wiring structure and a 

semiconductor device improved in device separation 

structure. 

Related Background Art 

Conventionally, device separation in 

15 semiconductor device has been constituted as shown 

20 

in Fig. 1. In the Fig. 1, the symbol 1 is metal 

wiring, 2, 3 are device regions where transistor, 

FET; resistance, condense~, photosensor, etc. are 

formed, and electricai insuiation thereof is effected 

by the- device separation region, namely the Si 

substrate 4 doped with an impurity or the Si layer 5 

doped with the same impurity. The potentials of the 

· device separation regions of 4, 5 are fixed by the 

metai ~iring 1 or 6. 

25 For example, the device separation region of 

a solid image pick-up device is constituted as shown in 

lPo.5 
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i Fig •. 7. In the Figure, the symbol 4 is a P type 

5 

10 

• 
' .,. 

substrate, 5' an n buried 1ayer, 2 an n ep~taxia1 
9 

growth layer (hereinafter epitaxial growth is written 

as epi), 5 an n+ layer. The above n- epi laye~ 2 is 

a photoelectric converting region, and the n+ buried 

1ayer 5' and ~he n+ 1ayer 5 are device regions. 

The n- epi layer 2 is maintained at a certain 

positive potentia1 through the n+ buried layer 5' and 

the n.,. layer 5. By the build-in e1ectrical field 

through junction between the n- epi layer 2 and the 

n+ layer 7, the electrons fo:rmed by photoirradiation 

are absorbed in the n+ buried layer 2 and the n~ 

layer 7, and the positive holes cannot be diffused to 

the confinea adjacent picture elements, whereby 

15 cross-talk can be prevented. 

However, prior art examp1es had the technical 

tasks as follows. 

(1) There was an impedance of about some ten 

to some hundred Q /D • For this reason, c:u:rrent 

20 flowed into the region 5, and when the potential is 

elevated, parasitic transistor turned on between the 

device regions 2 and 3, whereby iatch-up or unstable 

actuation of function ~as caused to occur. 

(2) On account of the impedance in the 

25 region 5, cross-talk in the device regiotls 2 and 3 

was gene~ated to cause unstaQle actuation. 

P6rticularly in the ease of a solid image 
-----·-----------·--- ---
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l pick-~p aevice, 

s 

10 

(3) The positive holes having acquired 

• thermally high energy will be diffused to the 

adjacent p1cture elements. 

(4) Since the device separation region is 

also a semiconductor, carriers will be generated when 

1ight is irradiated. 

(5) The width of the n+-si device separation 

cannot be made narrow in process to obstruct 

re~uction of picture e1ement, whereby higher 

resolviog power 0£ solid image pick-up device has 

been obstructed. 

On the other hand, as the metal wiri.ng 

structure in a highly integrated semiconductor 

15 device# fo~ example, there has been known one having 

an interlayer insulating film 52 comprising sil1con 

20 

oxidew etc. formed on the surface of a semiconductor 

subst~ate 51 comprising silicon and a metal wiring 

layer 53 comprising Al, Al-Si, etc. formed on the 

interlayer insulating film 52 as shown in Fig. 2A. 

In the semiconductor device equipped with the 

metai wiring of such structure, the sectional area of 

wiring has been increased by enlargement of the width 

dimensions of the respective wirings, thereby 

25 ensuring necessa.z::y current tolerant capacities for 

the respective wirings, and therefore the flat area 

of wiring will be increased and improvement of wiring 
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l wit4out making greater the device size is limited. 

For this reason, for improvement of wiring 

d i . • d . f ens ty, for example, a semiconductor ev~ce o a 

wiring structure having the respective wirings 

5 laminated in multiple layer$ as shown in Fig. 2B has 

10 

been known. 

tn this semiconductor device, two layers of 

metal wiring are laminateo through an insuiating 

film • 

ln the following, the outline of the proeess 

for prepar1ng the semiconductor device shown in 2B is 

described .. 

First, after formation of various necessary 

functiona1 devices such as bipolar transistor, MOS 

15 transisto~, MOS d~ode, etc. on .a part of the surface 

20 

of the semiconductor substrate 1, on the remaining 

surface of the semiconductor substrate 51 is formed a 

first interlaye~ insulating film 52 comprising PSG 

(Phospho silicate g1ass}, etc. according to the 

normal pressure CVD method with a thickness of 0.5 to 

1.0 µm, and the first inter1ayer insulating film. 52 

is applied with annealing. 

Next1 patterning by use of a resist is 

applied on the first interlayer insulating film 52 as 

25 <lescribed above to form openings 52a for taking out 

electrodes of ~arious functionai devices. 

Subsequently, according to the s~uttering method, 

.... ---------·····-··-·---···-·· 
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1 after deposition of a wiring material comprising~ for­

example, Al-Si accordi.ng to the sputtering method on 

• the surface of the first interlayer insulating film 

52 and interna11y of the openings 52a, the fi:rst 

5 wiring layer 53 is formed by patterning by use of a 

resist. 

Next 1 on the first wiring iayer 53 and the 

first interlayer insulating film 52 are formed a 

second interlayer insulating film 54 comprising PSG 

10 with a thickness of about 0.5 to 1.0 ~m according~to 

the normal pressure CVD method, openings 54a for 

connecting the f ixst wiring layer and the upper 

wiring layer as described be1ow to a part of the 

second interlayer insulating film 54 corresponding to 

15 the upper portion of the first w~ring layer 53 are 

formed. 

20 

Next, on the second insulating film 54 and 

inte:rnal1y of tbe openings 54a, a wiring comprising, 

for exainp1e1 A1-Si is deposited, £o11owed by 

formation of tne second wiring layer 55 for 

connecting the second wiring 1ayer 55 for connecting 

the first wiring layer 52 through the portion of the 

openings 54a by patterning. 

Next, on the second interlayer insulating 

25 film 54 and the second wiring layer 55, a passivation 

film 6 can be formed with a thickness of 0.5 to 1.0 

~m according to the plasma CVD 1nethod to prepare a 

This Sheel H?.s Bee.n Replaced :/ 
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1 semiconductor device with a metai double 1ayer wiring 

structure shown in Pig4 2B. 

• In the semiconductor device having a multi-

layer wiring structure of sucb constitution~ a wiring 

s with wiring density by far higher than the 

10 

semiconducto~ device with the mono1ayer wiring 

structure shown 2A can be realized. 

However, in the semiconductor device having a · 

multi-1ayer wiring st:i:ucture as described above, 

since an interlayer insulating film is provided 

between the wiring at the lower.part BDd the wiring at 

the upper part, the surface stepped difference due to 

the wiring portion wi11 become greater as the number 

of the J.amination is more, whereby the degree of 

15 freedom i.n design in the wiring ·~tructure is 

regul.ated because· of movement of the position 

(migration) of the wiring portion relative to the 

semiconductor substrate at the wiring portion or the 

shape of the contact hole necessary for connection 

20 between the respective insulet1ng layers. Thus, aiso 

io th~s case, improvement of wiring dens~ty is 

limited and it has been difficuit to ennance wiring 

density more than a certain level. 

Further. in a semiconductor device with a 

25 multi-layer structure, surface unevenness becomes 

greate:r as the layer is U!)per 1 and therefore slippage 

in alignment becomes greater duri.ng mask .registration 
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l in p~tterning when 1aminating furtber wiring, whereby 

wiring could not be fo:aned with good precision at the 

• predete~mined position relative to the semiconductor 

substrate, thus invo1ving the problem with respect to 

5 reliability of wiring. 

10 

15 

20 

SUMMARY OF THE INVENTION 

A primary object of the present invention is 

to provide a semiconductor device having a wiring 

structure more excellent than in the prior art. 

Another primary object of the present 

invention is to provide a semiconductor aevice having 

more excellent device separation function than in the 

prior art. 

Fi.rst.1 an object of the ·present invention is 

to provide a semiconductor device having a device 

separation structure with a device region being 

forroed on a substrate doped w-ith an impurity, a 

device separation region doped with the same impurity 

as in the above substrate formed in the device region 

and a metal wiring formed on the surface of the above 

device region or on the back of the above substrate. 

wherein an aluminum deposited layer extending in the 

longitudinal direction connected to the above metal 

25 wiring is formed within the above device sepe~ation 

region. 

Another object of the p~esent invention is to 
----·--··- ·----··----------------
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l prov.ide a semiconductor device which can reduce tbe 

impedance of the device separation region of 

semiconductor device, prevent gineration of latch-up 

5 

10 

or cross-talk and give stability in actuation. 

Still another object of the present invention 

is to provide a semiconductor device equipped with a 

w~ring structure Which can ensure necessary current 

tolerable quantity even 1f the wiring flat area roay 

be emal.l • 

Still another object of the present invention 

is to provide a sem1conduetor device comprising a 

device region formed on a substrate, and also a first 

device separation region fo:rrned doped with an 

impurity formed between these substrate and device 

15 region, with the respective end~ being connected to 

the both ends of the above-mentioneo first device 

separation region, and the respectiYe other ends 

expose~ on the surface of the above-mentioned device 

regions, tbus fo:rmi.ng a t~ench metal layer of 

20 aluminum or composed mainly of aluminum. 

still another object of the present invention 

is to provide a semiconductor device comprising a 

device region formed on an insulating substrate, 

having a t~ench metal layer of aluminum or composed 

25 mainly of aluminum which becomes the device 

separation region extend.ing in the longitudinal 

direction with its one end being in contact with the 
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1 abov~-mentioned insuiating substrate and its other 

end being formed e~posed on the surface of the above-

mentioned device region. 
,, 

stil..l another object of the present invention 

5 ~s to provide semiconductor device which removed 

10 

cross-ta1k b~~een the pictu~e elements and enab1es 

higher densitication of picture elements by using a 

trench metai 1ayer constituted by selective growth 

deposition of aluminum or a metal composed mainly of 

aluminum within the trench for forming the device , 

separation iayer. 

Still another object of the present invention 

is to provide a semiconductor device which can also 

reduce the lay-out, because the trench meta1 1ayer 

15 can be used as the wiring line. ., 

Still another object of the present invention 

is to provide a semiconductor device comprisinq a 

metai wiring layer fo~ connecting at least two 

functiona1 devices to the inner portion of a 

20 semiconductor substrate having at least functiona1 

devices as ment1oned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA~ lB, 2~, 2B are constitut~onal views 

25 for illustration of the semiconductor device of the 

prior art. 

Fig. 3 is a constitutional view of the 

·-------, 
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l pert1nent portion of the semiconductor device showing 

a rirst e~ample of the present invention • 

• Fig. 4 1s a constitutiona1 v~ew 0£ the 

pertinent portion of the semiconductor po~tion 

5 showing a second example of the present invention. 

10 

Fig •. s is a constitutional view of the 

pertinent po~tion of the semiconductor portion of the 

semiconductor device appiied to the present 

invention. 

Fig. 6A is a constitutiona1 view of the 

semiconductor device applied to the present 

invention, ~ig. 6B is a circuit diagram 0£ the same 

device. 

Figs. 7A to 70 are diagrams of the steps for 

15 preparing the semiconductor dev~ce applied to the 

20 

present invention. 

Fig. S is a constitutional view of the 

pertinent portion of th.e semiconductor device showing 

a third examp1e of the present invention. 

Fig. 9 is a constitutional view of the 

semiconductor device showing a fourth example of the 

present invention. 

Figs. lOA and lOB are schematic views far 

illustration of the iagic circuit according to the 

25 present invention. 

Fig. 11 is an upper view showing the logic 

circuit according to the present invention. 

··~:~HS SHEET HAS BEEN 
•·

1 
REPLACED 



, · . 
.......... 

en s 213 1 ~ sc 

1. 

5 

10 

- 11 -

Fig. 12 is a schematic sectional view showing 

the wir1ng structure intended to app1y a posit~ve 

potential. • 
Fig. 13 is a schematic sectional view showing 

the wiring structure intended to app1y a negative 

potential. 

Fig. 14 is a schematic sect~onal view showing 

an example of a multi-layer wiring structure in the 

semiconductor device of the present invention. 

Figs. 15A to 15C are schematic views for_ 

illustration of the preparation method of the wiring 

structure in ~ig. 14. 

Figs. 16 1 17 are schematic view showing an 

example of the f11m £orming device to be used for 

15 practicing the film fo:an.ing me~hod suitable for 

formation of the wiring layer in the semiconductor 

device according to the present invention. 

Fig. 18 is a schematic plan constitutional 

view of the device shown in Pigs. 16, 17. 

20 Fig. 19 is a schematic constitutionaL view 

with the movement order shown by arrowheads in Fig. 

18. 

Figs .. 20A to 200 are schematic view for 

iliustration of the film forming method suitable for 

25 formation of the wiring layer in the semiconductor 

device according to the present inventicn. 
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l D~TAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

10 

one preferred embodiment of the present 

invention has a longitudinal1y 'iengthy buried region 

comprising a metal in the device separation region. 

When the predetexmined region which is a part 

of the semiconductor substrate and the longitudinally 

iengthy buried region of a metal are electrica11y 

connected, the following embodiment is taken. 

For example, when the metal is electrica:Ll.y 

connected to a predetermined region only at bottom, 

the who1e sioe wali should be preferably coated with 

an insulating £i1m. 

On the other hand, when the metai is 

insulated from a part of the side groove or bottom of 

15 the groove, only said part is coated with an 

insulating f i1m. 

Fig. 3 is a drawing representing best the 

specific feature of the first examp1e of the present 

20 invention, in which the symbol is the de~ice 

separation wiring formed in the longitudinal 

direction within the device separation region 5 as 

described below according to the Al-CVD method as 

described below, 2 the first device region 1 3 the 

25 second device region, 4 the Si substrate doped with 

an impurity, 5 the device separation region doped 

with an impurity of the same type as in the substrate 

J. J J. 
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1 4. 

As shown in the drawing, by deposition the 

device ~eparation wiring 1 deet>iy in the iongitudinal 

direction with an aspect ratio of 1.0 or more, 

s preferably 2.0 or more, optimally 3.0 or more, the 

impedance of.the device region 5 can be reduced 

~ithout bringing about increase of chip area. By 

reduction of impedance, the fol1owing effects can be. 

obtained: 

10 (1) Prevention of latch-UPI 

(2) Improvement for functional 1owering due to 

mutuai interference between devices (reduct1on 

of cross-tal.k). 

Next, the process for preparing a 

15 semiconductor device having the. aevice separation 

structure with the above constitution is described~ 

i) On a mono-eiectroconductive semiconductor 

substrater for example. a ~-type Si substrate 4. an 

n-type epi-1ayers 2, 3 are formed by epitaxial growth 

20 as the layer having the impurity of the reverse 

conduction type to the substrate 4. 

ii} Next, after formation of the oxidized film 

to 0.5 to l.O µm on a surface of above-mentioned epi-

layers 2, 3 by thermal o~idation, impurities (e.g. P 

25 type) with the reverse conduction ty!)e to the epi-

layers 2, 3 are fo:nned on the device sep~ration 

region 5 by patterning by ion injection ~ith the 

THlS SHEET HAS BEEN 
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l above-mentioned oxidized film as the.mask. The .. 

diffusion layer·~s made so as to reach the subbing 

semiconductor substrate 4. • 

iii) Next, after the o~idized films on the 

5 surfaces of the epi-layers are removed, again 
.. 

oxidized films with a thickness of 100 to 1000 A are 

formed. Then, the above-mentioned device separation 

region 5 is internally opened by regist patterning, 

and the oxidized film and the epi-layer are etched 

,_. 10 in two steps with the resist as the mask to fonn 

15 

20 

25 

grooves. In this case, the depth of the groove is 

made to reach the subbing semiconducto~ substrate 4. 

After completion of etching, the resist is removed. 

iv) Next, by use of DMAH and hydrogen as 

the A1-CVI> method as described a~ove, Al is buried 

in the grooves provided within the epi-1ayers 2. 3. 

Here, the material to be buried within the grooves 

is not 1imite to A1, but Ai-si, Ai-Ti may be a1so 

used as the metai materia1 as described above. 

Example 2 

Fig. 4 shows a drawing representing best the 

specific feature of the second example, wherein the 

symbol 1 ~s the device separation wi~ing of the 

buried type with a large aspect ratio, 2 the first 

device region, 3 the second device ~egion, 4 the Si 

substrate doped with an impurity, 5 the device 

---------------
]iiiiJUJii 
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1 sepa~ation Si doped with the impurity of the same 

type as in 4, and 6 the back metal. wiring. 

By fixing of the potential. in the device 
• separation region 5 with the device separation wiring 

5 1 and the back metal wiring 6, no wiring from the 

chip upper su!face will be ~eguired to result in 

reduction of chip area. 

10 

Next, the process for preparing the 

semiconductor device having the device separation 

structure having the above-mentioned structure is 

described. 

~he steps i) - ii) are practiced in tne same 

manner as in Example 1, and hence description thereof 

is omitted. iii) Next. after formation of an 

15 oxidized film on the back surface of the 

semiconductor substrate 4 ~Y ·~he:r:mal ox~dation, 

patterning is effected so as to form openings only on 

the back surf ace of the semiconductor substrate 4 

immediately below the above device separat1on region 

20 5. 

Then, continuously to the oxidized film from 

the back surface 0£ the semiconductor subst~ate 4, 

the semiconductor substrate 4 is etched to provide 

grooves on the back surface of the semiconductor 

25 substrate 4. The depth of the grooves is made to 

extend through the semiconductor substrate 4 until 

reaching the above.-roentioned diffusion l.ayer s for -----------This Sheet Has B 
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1 deviqe separation. iv) Next, as the Al-CVD method, 

Al is aeposited selectively at the groove portions 

similarly as in Example 1 to bu~y Al within the 

grooves. Then. according to the sputtering method of 

5 the non-selective mode, an Al film is formed on the 

who1e back surface of the semicon~uctor substrate 4. 

Example 3 

Ne~t, the semiconductor £unctional devices 

fo:x::med in the device region 2 or 3 is described by 

10 referring to Fig. s ana Fig. 6. The semiconductor 

functionai device is characterized by f onning a 

device wiring 12 with a 1arge aspect ratio for fixing 

the back gate of the MOS type transistor (P well 

region 10 of nMOSr and n-epi or n-well region 11 of 

15 pMOS) at any desired potential in; the P-well regi~n 

10 the n-epi or n-well region in the longitudinal 

direction according to the Al-CVD method as described 

above. 

Example 4-

20 Fig. 6A is a sectional constitutional vie~ of 

another semiconductor functional device, and Fig. 6B is 

the circuit diagraro of the same device. The device 

is characterized by forming the device separation 

wiring 12 for reducing the resistance in the back 

25 gate when the P-well 10 which is the back gate of the 

MOS t~,'pe transistor and the n-epi or n-well 11 are 

at the same potential as the source region (or drain 
---··---·--- --------------

:···----------, 
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1 region) in the source (or drain} region 13 according 

to the A1-CVD method as described above. 

In the MOS type transistor of the prior art, 

the resistance of the back gate has been a cause for 

5 latch-up or lowering in function. A1so, since the 

device regio~ and the wiring region have been 

increased in order to reduce this prob1em, increase 

10 

o~ layout area has been brought about. 

In contrast, in the above-mentioned device, 

as shown ~n Fig. s and Fig. 6A, by depositing the__ 

device wiring 12 deeply in the longitudina1 direction 

according to the Al-CVD method, the resistance of the 

back gate can be reduced with $ma11er wiring area to 

ame1iorate iatch-up or iowering in function which has 

15 been the problem in the prior art. Particularly, in 
•4. 

20 

25 

the logical circuit (e.g. invertor) as shown in Fig. 

6. the wiring structure can be made as shown in the 

figure in the region where the power source and the 

source (or drain) are at the same potential, ~hereby 

less wiring area is required and the probiems of the 
-

prior art can be improved. 

Next, the process for preparing the device 

shown in Fig. 5 is descrioed by referring to Fig. 7A 

to Fig. 7D. 

First. according to the known c-MOS 

preparation technique, working is practiced to the 

state immediately before formation of contact holes 

-·-----·~-- ·----·--. 

THIS- SHEET UAS 
n BEEN 

REPLACED 



•"1gr ~.-K1 i; ~ , • : ·I . ,- , 
~ •• .i.I L • • - " .. 

- 18 -

1 (Fig. 7 A) • 

Ne~t 1 according to the photolithography by 

use of a resist. a resist image ~orresponding to the 

openings to be fox:-med of about 0. S µ m at the P-well 

S portion of n-MOS, the n-epi or n-well portion ll of 

P-MOS ( Fig • 7B ) • 

Next 1 by use of the CHF3-c2F6 type dry 

etching. openings 22 extending through· the two layers 

0£ tbe .interlayer insu1ation layer 20 and the £ield 

.... _, 10 oxidized film 21 are formed. Then, w:Lthout removaj. 

of the resit, the silicon substrate is etched 

vertical.ly to about l ii m by the Cl2 •PCBrF 3 type dry 

etching. 

Next, by use of the Ai-cvo method as 

15 described in Example 1, aluminum 12 is buried to the .... 

upper surf ace of the interlayer insuiation film. The 

total. amount buried is made 2. 5 \J m as the total. 

with the silicon substrate groove being l pm, 
.. 

the field oxidized film 21 being 8000 A, and the· 
• 

20 interl.ayer insulation layer 20 being 7000 A. (Fig. 7C}. 

Employing subsequently known techniques 

contact opening fo:rmation, aluminum wiring formation, 

etc. can be practice to complete the sample. 

Preparation of the example shown in Fig. 6 

25 can be also practiced according to the same procedure 

as in Fig. 5. The difference is only that the 

THIS SHEET HAS BEEN 
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i opening fo:rmation site becomes the ·source (or drain) 

poxtion of the MOS transistor, and the interlayer 

insuiation laye~-gate oxidized •film is extended 

through instead of extending through of the 

s interlayer insulation layer-field oxidized film 

10 

15 

during openi~g fonnation~ 

As described above, by depositing Al in the 

longitudina1 direction by uae of the Al-CVD method 

within tbe device separation region, reduction of 

chip area can be effected as compared with the case 

when obtaining the s&ne effect without use thereof, 

whereby Al wiring portion can be made smaller, with 

the result that the production cost can be made 

lower. 

Example 5 

Fig. S is a drawing showing best the specific 

feature of the present example of the present 

invention, in which the symbol 4 is a P substrate, 5 1 

.. 
an n buried layer, 2 an n epi-1ayer, and 1 a trench 

20 metal layer formed according to the CVD method. The 

above trench metal layer 1 has its one end exposed on 

the above n epi-1ayer surface 2 with other end being 

connected to the above n+ buried layer 5 1
• 

The n- epi-layer 2 is a photoe1ectric 

25 converting region (called device region or activation 

region), and then+ buried regions• and the trench 

metal layer 1 are device separation regions. The 
--------. 
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tre~ch metal layer l also a wiring ~ine. 

The n- epi-1ayer 2 is maintained at a certain 

potential through the n+ buried 1ayer s• and the 

trench metal 1ayer 1. 

ln the abOV'e-mentioned st:r:ucture. the 

electrons formed by photoi~radiation are absorbe~ 

primariiy into the n+_buried layer 5 1 through the 

bui1t-in electrical by the junction of the n+ buried 

layer S' and the n· epi-l.ayer 2. The positive holes 

are closed within the picture elements by the built­

in electrical. field. 

The positive holes which tend to be di£fused • 
to the adjacent picture elements will be all absorbed 

in the trench metal layer 1, and therefore there can 

be no cross-talk between picture elements. 

The device separation~region 1 is formed by 

forming the trench (groove) by etching, and then 
-

depositing a1uminum or a meta1 composed main1y of 

aluminum on the groove according to the selective CVD 

20 method as described above, whereby the device 

separation region width can be reduced as compa~ed 

with the prior art, enabling higher densification of 

picture elements. 

The trench metal layer l has a low resistance 

2S and therefore can be also utiiized as the wiring 

line, whereby reduction of the layer is rendered 

possible. 
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l Next 1 a process for preparing the device 

separation structure semiconductor deviee of the 

above constitution is describedd 

i} On a rnonoconduction type semiconductor, 

5 for example a P type Si substrate 4 are formed 

grooves with.wide width sha1low1y on a part thereof. 

ln the grooves 1 n+ buried layer S' containing 

impurities of the opposite conduction type to the 

substrate 4 according to the epitax1al growth by use 

10 0£ as mask .. 

15 

20 

ii) On the substrate 4 hav1ng the n+ buried 

layer 5• foX'tned as described above, an n- epi-layer 2 

which becomes the photoelectric converting region is 

fanned by epitaxia1 growth. 

iii) Next, afte~ formation of oxide flms 

'"" with a thickness of 0.5 to 1.0 um on the surface of 

the above n- epi-layer 2 by thennal oxidation, 

opening are fo:cmeo internaily of the above n- epi-

1ayer at the both ends of the above-mentioned n+ 

ouried iayer by resist patterning, foliowed by 

etching with the resist as the ask to form a trench. 

1 • In this case, the depth of the trench is made the 

depth which reached the subbing n+ buried layer S'. 

After completion of etching, the resist was removed. 

25 iv) Next. by use of the Al-CVD method as 

described oeiow using DMAH and hydrogen as the 

selective CVD method, the substrate surface 
----------------
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l temperature was maintained at 270 •c, and Al is 

buried in the trench provided within the n- epi­

layer. Here, the material to ~ buried in the trench 

is not ~imited to Al., but Al-Si, Al-Ti, etc. may be 

5 al.so employed as the metal. material.. 

10 

Example 6 

Fig. 9 is an examp1e in which the present 

invention ia appiied to a semiconductor device having. 

an insulating substrate. 1 is a trench metal layer, 

4' an insulation substrate and 2 a semiconductor-· 

substrate layer. 

The above semiconductor layer 2 is a 

photoeieotric converting region, and the trench metal 

laye~ 1 is a device separation region and a wiring 

15 1ine. By the trench metal layef l, it becomes 

possible to obtain a semiconductor with nigh density 

without cross-talk. 

Next, a process for preparing a device 

separation structure semiconductor structure of the 

20 above constitution is described. 

i) On an insulation suostrate 4' comprising 

sapphire, a semiconductor layer 2 compr~sing a 

photoelectric com.rerting region (device ~egion) is 

formed by epitaxial growth. 

25 ii} Next, after fo.r:mation of an oxidized 

film to 0.5 to 1.0 ~m on the surface of the above 

semiconductor layer 2 by thermal oxidation, opening 
-----·-··-------~--------
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l are fp:rrn.ed interna11y the above semiconductor layer 

by resist patterning, and etching eftected with the 

resist as the mask to fo:rm a treaich. In this case, 

the depth of the trench is made the depth which 

5 ~eaches the subbi..~g insulating substrate 4'. After 

10 

comp1etion of .etching, the resist is removed. 

iii) Next, by U$e of OM.AH and hyd~ogen as 

the selective cVD method as described above, the 

substrate surface temperature is maintained at 270 °C, 

and aluminum is ·buried in the trench provided within 

the semiconductor Layer 6. Here~ as the metal 

material, aluminum is not limitative, but Al-Si, Al-

Ti, etc. may be a1so used as mentioned abo~e. 

As described above 1 by use of the trench 

15 metai 1ayer as the device separation region, it 

20 

.\ 

becomes possible to obtain a semiconductor device 

with high picture element ~ensity and reduced chip 

size without cross-talk between the picture eiements. 

Another preferred embodiment of the present 

invention has a part of the metai wiring for 

connecting a pJ.urality of devices formed not on the 

insulating filnl on tlle semiconductor substrate but 

within the groove formed on the semiconductor 

substrate. 

25 Example 7 

Fig. lOA is a ci:c-cuit diagram showing a part 

of the logic circuit of the CMOS constitution, and 

------·------
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1 Fig •. lOB a schem~tic view showing the lay-out 

thereof. 

Thus, the power source line Vee and the 

• earthline GND are commonly ar~anged for the 

5 respective cel1s. In these lines, reduction of the 

10 

impedance, avoidance of erroneous actuation and 

further avoidance of lowering in reliability by 

migrationr etc. are particularly demanded. 

aencer by use of buried wirings in these 

lines, in addition to functional aspect# improvements 

in physica1 aspect such as reduction of occupied~ 

area, reduction of stepped diffe~ence, etc. can be 

effected. 

Similarly1 the buried wiring has also the 

15 effect even by use of the clock-line for transmitting 

the clock signals. In this case. after formation of 

the groove £or forming such wiring in the 

semiconductor substrate, the who1e inner surface of 

tbe groove is covered with an insulating layer. And, 

20 by depositing a semiconductor material or an 

electroconductive material within the groove, a 

subbing layer for selective deposition 0£ a metal 

is formed. And, by bu;cying a metal within the 

groove, the semiconductor device of the present 

25 embodiment is formed. 

Fig. 11 is a schematic view for i1lustratin~ 

in more detail Fig. lOB, and 63 is the same inverter ---------This Sheet Has Been R 
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1 as tbe CMOS in Fig. 6. 

Here, the line Vee and tbe line· GND are both 

buried wirings connected to the
9

source region and the 

well region of the two MOSFET's, forming the common 

5 line for the both adjacent cells 61, 62. 

10 

a is ~he polycrystalline gate electrode which 

becomes the input of the inverter, out is the drain 

wiring which becomes the output of tbe invertor. ln 

this e~ample, as different from the prior art, the 

power source lines Vee and the earthline GND are -

wirings of the lower layers than the gate electrode 

a. 

In the semiconductor device of the present 

embodiment, since ·the metai wiring iayer is provided 

15 within the substrate, a p~edete:i=mined current 

toierant capacity can be ensured by making larger the 

depth dimension without increasing the pian area of 

the rnetai wiring layer, end also the unevenness of 

the device surface can be inh~bited minimUIT1, whereby 

20 the rel:ative movement of the wiring la.yer rel.ative to 

the substrate can be removed to improve the precision 

of the formation position of the wi~ing layer. 

Example a 

Fig~ 12 and Fig. 13 are both Figures 

25 representing the chaTacteristic portions of tne 

wiring structures in the semiconductor devices of the 

present invention. Here, Fig. 12 shows the wiring 

iliii~lii1f THIS SHEET HAS SEEN 
REPLACED 

. .:.-: 



...._,.: 

- 26 -

1 structure constituted for the purpose of applying a 

positive voltage as the power source 1ine, and Fig • 

• 13 the wiring structure constituted for the purpose 

of applying a negative voltage as the earth line. 

5 These wiring structuree are the embodiments of the 

present inve~tion in that they are constituted on the 

10 

15 

basis of tbe technical thought of the present 

invention except that tbe kinds of the materials for · 

fo:cming the res~ective portions are different 

concerning the appl~cation.method of voltage. 

Therefore, the constitution of the fo:rmer and the 

preparation method thereof are described before 

description of the constitution and the preparation 

method thereo£ in difference from the form.er. 

In Fig. 12. the symbol 7-1 O is a p.:;' ·::type 

semiconductor substrate comprising 1 for examp1e, 

si1icon, etc. On the sur£ace of the substrate 710 

is formed a groove 711 by conventional means such as 

etching, etc., and the inner surface e~cluding the 

20 bottom surface of tbe groove 711 and the surface of 

the substrate 710 is formed an insulation 1ayer 712 

comprising oxidi2ed silicon. etc. formed by the 

thermal oxidation method or the CVD method. etc. 

continuously. From the bottom surface of the groove 

25 711 to internally of the substrate 710 as described 

above, ·if necessary, an N+ type diffusion layer 713 

is provided, whicl1 is formed by the:onal diffusion as 
--··-··-------·--- ---
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1 the ~emiconductor region doped with an impurity of 

the oppO$ite type to the conduction type of the 

5 

10 

,, 
semiconductor such as si1icon forming the substrate 

710. 

lnternal1y of such groove 7111 a metal wiring 

1ayer 714 co~prising a metal such as Al, etc~ is 

provided. The metal wiring 1ayer 714 may be also 

formed by use of a conventional method such as bias 

sputte~.i:ngr etc •• but preferably it can be ·also 

formed by use of the Al-CVD method as described 

belo~. The Ai-cvo method is a film forming method 

with good reproducibility which can form a metal film 

of Al, etc. se!ectively on the substrate 710, namely 

tne bottom of the groove 711 in this case w~thout 

15 formation on the insulation layer 712 comprising 

silicon oxide. 

The wiring film thus formed is used for 

connection between tbe predetermined e1ectrode 

termina1s mutually bet~een two £unct1onal dev~ces or, 

20 if necessary, 3 or more functional devices, to 

constitute an electrical circuit. For example, it 

may be used suitably used for connection between two 

source-drains of MOSFET or collectors of .a bipolar 

transistor, or between MOSFET or a bipolar transistor 

25 and a diffusion resis~ance, between MOSFET or a 

bipolar transistor and a capacity device, etc. 

Next, an example for preparing the wiring 
- ----- ---- -····-·---··--------: 

: .• ~ b 

--------=--·-1 
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1 stru~ture with such constitution is· described. 

5 

10 

First, as shown in F1g. 12, a P- type silicon 
ti 

substrate 710 is prepared as the semiconductor 

substrate. 

Subsequently, on the surface of the substrate 

710, after application of a patterning by use of a 

resist, a groove 711 for foxmat1on of a wiring 1ayer 

is formed by application of etching. 

Then, an insulation layer 712 with a film 

thickness of 0.5 to 1.0 ~m is formed according to the 

the:rma1 o~idation method or the cvo method on the 

surface of the substrate 710 and the inner surface of 

the groove 711. 

Next, after application of a patterning by 

15 use of a resist on the whole surface of the substrate 

711 excLuding the bottom of the groove 711, the 

oxidized fi1m iayer formed on the bottom of the 

groove 711 is removed by anisotropic etching such as 

20 

RIE (reactive ion etching) to have the silicon 

portion of the substrate 710 exposed. 

Next, at the siiicon e~posed portion of the 

bottom of the g~oove 711, an impurity of the type 

opposite to the conduction type of the material for 

forming the substrate 710 is doped according to the 

25 ion injection method of the thermal diffusion method, 

followed by diffusion to form an N+ type diffusion 

layer 713. 
------·-----
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Subsequent1y, on the N+ type diffusion 1ayer 

7l3, according to a conventiona1 film fonning method 
IJ 

$Uch as sputtering or the Al-CVD tn.ethod, a metal 

wiring layer 714 comprising Al, etc. is fonned. The 

5 metal wiring iayer 714 shoulo be desirably formed so 

10 

that its upp~r may be coplanar with the upper 

surface of the insulation 1ayer 712 formed on the 

surface of the substrate 710 around the groove 711 in 

accomplish1ng surface f1attening 0£ the se.~iconductor 

device. In such metal wiring layer 714, electrical 

separation is effected from the P- type silicon 

substrate 710 through the insulation layer 712 as the 

insulation f il.m formed on the inner surface of the 

groove 71~ arid the N+ type diffusion layer 713 as 

15 the P-N separation l.ayer fo:c:m.ed-.1&on th.e bottom of the 

groove 711 .. 

According to the selective A1-CVD method as 

described above. the A1 film is deposited selectively 

.on the N+ type diffusion layer 713 comprising silicon 

20 as described abo~e. but not on the insulation layer 

712 comprising silicon oxide. 'l'herefo:re. by use of 

the se1ective Ai-cvD metnod, there is the advantage 

that no patterning with resist, etc. as required in 

the case of a conventional film fanning method such 

25 as sputtering, etc. need be applied. Also, the depth 

dimension of the groove 711 as descr~bed above is 

relatively longer than the width dimension, and even 

i11i1iii11nr THIS SHEET HAS BEEN 
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1 in t~e case when the ~idth dimension itseif is short, 

there is the advantage that an Al film of good 

quality can be formed from thefbottom of the groove 

711. Therefore, it is sufficiently applicable to a 

5 fine structure with an aspect ratio of 1.0 or more as 

e matter of course, even 1.s or more. further 2.0 or 

10 

more. Furthe~r because an Al film of good quality 

can be also formed interna1ly of a deep groove 711 

easily, the current tolerance of tbe metai wiring 

layer 714 can be easily increased by enlarging tire 

depth a.imens1on w~thout en1arging the width dimension 

of the metal wiring 1ayer 714. 

Next, the wiring structure shown in Fig. 13 

is described. In Fig. 13r the same portions as the 

15 constitution in Fig. 12 are aff2xed with the same 

aymbo1s for brevity of the desc~iption. 

In Fig. 13, the syrnbo1 720 is an N- type 

semiconductor substrate comprising, for example, 

si1icon, as the substrate. on the surface of the 

20 subst~ate 720 is formed a groove 711 by conventional 

means such as ethcing, etc. and on the inner surface 

excluding tne bottom internally of the groove and the 

surface of the substrate 720 is formed continuously 

an insulation film 712 comprising silicon oxide, etc. 

25 according to the the.:rroal oxidation method or the CVIl 

method. Internally of the substrate of the substrate 

720 f;rom the bottom of the groove 711 as described 

THIS SHEET HAS BEEN 
REPLACED 

!.lL 



- 31 -

1 above.1 an irnpuri ty of the conduction .type opposite 

to that of the semiconductor such as si1icon, etc. 

for forming the substrate 720 tg provide a P+ type 

diffusion layer 21 as the semiconductor region fanned 

s by thermal diffusion. 

lnter~a11y of such groove 711, a metai wiring 

layer 7l4 comprising a·meta1 such as ~l, etc_ is 

provided. ln such meta1 wiring 1ayer 714, eiect~ical 

separation is effected from the N- type silicon 

............ 10 substrate 720 through the insulation 1aye:i:- 712 as··the 

15 

20 

insulation film formed on the i.nner surface of the 

groove 711 and the P-N separat~on layer formed on the 

bottom of the groove 711. Therefore, substantial1y 

no 1eak current from the meta1 wiring 1ayer 714 to 

the substrate will occur. 

The wiring structure of the present invention 

with such constitution can be uti1ized for a11 

functional devices, namely field effect transistors, 

bipolar transistors, diffusion resistances, etc. 

Fig. 14 is an examp1e of the wiring structu~e 

of the present invention, wbich is a schematic 

sectional view showing a ~iring structure of two 

metal J.ayers. 

In Fig. 14, the symboi 730 is an N- type 

25 semiconductor substrate comprising, for exampie, 

silicon. On the surface of Lhe substrate 730 is 

formed a groove 731 according to conventional means 
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l. such as etching, etc •• and on the inner surface 

excluding the bottom internally of the groove 731 and 
fl 

on the surface of the substrate 730 are formed 

continuous1y an oxidized £ilm layer 732 comprising 

5 si1icoin oxide. etc. according to the thermal 

oxidation method or tbe CV1> metnod. From the bottom 

of the groove 731 as described above to internal1y of 

the substrate 730 is doped an impurity of the 

conduction type opposite to that of the semiconductor 

10 such as silicon, etc. forming the substrate 730 to~ 

provide a P+ diffusion 1ayer 733 fanned by thermal. 

dif fus i.on. 

Internally of such groove 731, a first wiring 

layer 734 comprising, for examp1e, A1, etc. is formed 

15 according to the selective A.1-CVI>method as described 

below. The first metal wiring iayer 734 has its 

upper surface coplanar with the surface of the 

substrate 730. 

On a part of the oxidized fi.lm layer 732 as 

20 desc ·ibed above, openings 735 for taking out the 

e1e~~rode of the semiconductor device reaching the 

su~f~ce of the substrate 730 are fanned. 

on the surf ace of the oxidized film layer 732 

together with the inner portion of the openings 735 

25 and. the inner portion of the groove 731 at upper 

po~~~~n of the first metal wiring layer 734, a second 

metal wiring J.ayer 736 comprising d m ~tal such as Al., 
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1 etc. is ~ormed. A passivation film 737 comprising, 

for examp1e. silicon nitride, etc. is formed on the 

second metal wiring layer 736 a~d the oxidized film 

5 

10 

15 

732. 

Referring next to Fig. lSA to Fig. 15C. a 

method for preparing a semiconductor device having 

the wiring structure with the constitution shown in 

Fig. 3. 

First, as shown in Fig. 14A, an N- type 

silicon substrate 730 is prepared. 

Next 1 after appiication of a patterning by 

use of a resist on the surface of the substrate 730, 

a groove 731 fo~ formation of a first metal wi~ing 

layer is formed. 

Ne~t, an oxidized film layer 732 with a film 

thickness of about 0.5 to 1.0 µm is formed on the 

surface of the substrate.730 the inner surface of the 

groove 731 according to the therma1 oxidation method. 

Next, a£ter app1ication of a patterning by 

20 use of a resist on the whole surface of the substrate 

730 excluding the bottom of the groove 731, the 

oxidized film layer formed on the groove 731 is 

removed by anisotropic etching of RIE (reactive ion 

etching) to have the silicon portion of the substrate 

25 730 exposed. 

Next, the silicon exposed portion at the 

bottom of the groove 731 is doped with B as the 
-----:-----__ ------ ~--·--
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i impu;ity of the conduction type oppo~ite to that of 

the material for forming tne substrate 730 according 
fl 

to the ion injection method, followed by diffusion to 

5 

10 

fo:an a P+ diffusion 1aye~ 733. 

Next, on the p+ type diffusion layer 733 is 

formed a first meta1 wiring iayer 734 comprising Al, 

etc. according to the se1ective Al-CVD method as 

described above. The first meta1 wiring 1ayer 734 is 

formed so that its uppe~ surface became coplanar 

with the upper su~face 0£ the substrate 730 around 

the groove 731- The first metai wiring layer 734 is 

separated electrically from the N- type s1licon 

substrate 730 through the oxidized film layer 732 as 

the insulation film formed on the inner surface of 

15 the groove 731 and the PT type diffusion layer 733 as 

the P-N separation layer formed on the bottom of the 

groove 731. And, it is confirmed that there is 

substantiaily no leak of current from the first 

wiring layer 734 to the substrate 730. 

20 Next, a£ter application of a patterning by 

use of a ~esist on the surface of the oxidized film 

layer 732.r openings 735 for taking out the electrode 

of the semiconductor dev1ce reaching the surface of 

the substrate 730 are fonned in a part of the 

25 oxidized film layer 732 (Fig. 15B). 

Next. internally of the openings 735 and 

internally of the groove 731 at the upper portion of 
---------
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1 the first metal wiring layer 734 is formed by 

depositing a second metai wiring lower 1ayer 736a 

comprising Al utilizing DMAH a«d hydrogen as the Al-

CVD method at a substrate surface temperature of 270 •c. 

5 The second method wiring lower layer 736a is 

fo:r:med so that its surface may be coplanar with the 

upper surface of the oxidized film layer 732. Next. 

on the respective upper surfaces of the second metal 

wiring lower layer 736a and at the predete~inea 

10 positions on the surface of the oxidized film layer 

732 are formed the upper second metal ~iring 1ayer 

736b comprising ~l according to the sputtering method 

(see Fig. 15C) .. 

Further, on the second metal wiring layer 736 

15 and the oxidized film layer 732~ a passivation film 

737 comprising silicon nitride with a fi.lm thickness 

of about 0.5 to 1.0 µm is forteted according to the 

plasma CVD method to obtain a semiconductor device 

equipped with the meta1 doub1e layer wiring structure 

2 O as sho~ in r"ig. 1-4: • 

Also in the semiconductor device with such 

constitution. the first metal wiring layer 734 

provided internaiiy of the N- type silicon substrate 

730 is separated from the N- type ail.icon substrate 

25 730 through the oxidize~ film l.ayer 732 as the 

insulation film on the inner surface of the groove 

731 and the P+ type diffusion layer 733 as the P-N 
-----·---·-----
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l separation 1ayer at the bottom of the groove 731, and 

there wi11 be substantial1y no leak current f~om the 
(I 

first metal wiring 1ayer 734 to the substrate 730. 

In the first metal ~iring 1ayer 734. the desired 

s current tolerance can be ensured by enlarging the 

depth climension without enlarging its fl.at area. 

10 

Also, since the unevenness of the surface of the 

semiconductor device can be inhibited minimum, there 

is no relative movement 0£ the first metai wiring 

iayer 734 to the substrate 730 to effect improvement 

of the precision 0£ the fopnation position of the 

first metal wiring layer 734, and also the number of 

the multiple layers of wiring can be increased within 

the range of a 1imited thickness of the device. 

15 Furthe~, since no inter1ayer insulation fi1m is 

required between the first meta1 wiring layer and the 

second metal wiring layer, the surface stepped 

difference cari be reduced in the case of providing 

wiring layers of the third metal wiring 1ayer et seq, 

20 whe~eby reliability of the wiring layers of the third 

layer et seq can be improved. 

As described above, according to the present 

invention. a wiring structure capable of ensuring 

necessary cu~rent tolerance can even witb a small 

25 wiring flat area and also capable of being formed at 

a high positional precision can be obtained. 

The. film forming method suitable for the 
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1 pres~nt invention is to form a deposited film by the 

surface reaction on an e~ectron-donative substrate 

by use of a gas of an alkylalum!num hydri~e and 

hydrogen gas (hereinafter called the Al-CVD methoa). 

5 

lO 

15 

Particularly, by use of mcnomethylalurninum 

hydride (MM~H} as the starting gas or 

dimethyla1uminum hyd~ide (DMA~) es the starting gas. 

and H2 gas as the reaction gas. and heating the 

substrate surface under the mi~ture of these gases, 

an Al film of good quality can be deposited. Here·, 

during the selective deposition of Al, it is 

pref erab1e to maintain the surface temperature at tbe 

decompositio11 temperature of the alkyl.aluminum 

hydride or higher and less than 450 °Cr more 

preferably 260 °c to 440 •c. ., 
As the method for heating the substrate to 

the above-mentioned temperature range. there are 

direct heating and indirect heating. Pa~ticularly, 

by maintaining the substrate at the above-mentioned 

20 temperature by direct heating, an Al film of good 

quality can be formed at high deposition speed. Far 

example, ~hen the substrate surface temperature 

during Al film formation is made 260 °C to 440 °C 

which is more preferable temperature range, a film of 

25 good quality can be obtained at higher deposition 
" 0 

speed of 300 A to 5000 A/miri. which i$ higher than 

in the case of resistance heating. As such direct 
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i heat~ng method (substrate itself is heated by direct 

transmission of the energy from the heating means to 

the substrate), for example1 l~p heating by means 

of haiogen iamp, xenon lamp, etc. may be ·included. 

5 As the method for indirect heating, there is 

res~stance heating, by which heating can be performed 

10 

by use of a heat-generating body, etc. provided at 

the substrate sµpporting member for supporting the 

substrate to form deposited film arranged in the 

space for fonnation of the deposited film. 

By app~ying the CVD method to the substrate 

having the electron-donative surface portion and the 

non-e1ectron donative surface portion co-present 

thereon, a sing1e crystal of Al is fo:aned under good 

15 selectivity only on the electroni:-donative substrate 

surface portion. The A1 thus formed will have a11 

of excellent characteristics desirable for the 

electrode/wiring material. That is, reduction of 

generation probabi1ity of hillock, reduction of 

20 generation probability of alloy spike wili be 

accomplished. 

This may be conside~ed to be due to the fact 

that substantiaiiy no or extremely sma1l formation of 

alloy spike, etc. on account of the eutectic reaction 

25 with the subbing silicon, etc. is seen, because Ai 

of good quality can be formed on the surface 

comprising a semiconductor or an electro-condu(:tive 
-----·-------~ 
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1. member as the electron-donative surface. and also the 

A~ is excellent in cr}"stal~inity. And,. when employed 

. d" d . for the electrode of a sem~con uctor ev~ce, an 

effect surpassing the concept of the Al electrode 

5 which has been contemplated in the prior art, and 

coul.d not be ~ven expected in the prior art can be 

obtained. 

10 

Having described above about the fact that 

the Al deposited on an e1ectron-donative surface, for 

exampie, within the opening with the semiconductor 

substrate surface exposed becomes to have a single 

c:cystalline structure, according to the A1-CVD 

method, a metal fi1m composed mainly of Al as 

described below can be a1so se1ectiveiy deposited, 

15 and its film quality a1so exhib~ts excellent 

20 

characteristics. 

For example, in addition to a gas of an 

alky!aluminum hydride and hyd~oqen, 

a gas containing Si atoms such as SiH4 , 

Si2tt 6, Si3H8 , Si(CH3 ) 4 , SiCl4 , Sitt2c12 , SiHC13 • or 

the 1ike. 

a gas containing Ti atoms such as Tic14 • 

Tiar4 , Ti(CH3 )4 , etc., 

a gas containing Cu atoms such as coppex-

25 bisacetylacetonate cucc
5

H
7
o2 ), copper 

bisdipivaloylrnethanite cucc11H19o2 ) 2 • copper 

bishexafluoroacetylacetonate cucc5HF6o2 )2, etc. 

I 
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may be introduced in a suitable combination 

to form a gas mixture atmosphere, thereby forming an 

i .. f e1ectrode by selective depos tion o an 

electroconductive material such as A1-Si, Al-Ti, Al-

5 cu, Al-Si-Ti, Al-Si-cu, etc. 

10 

The Al-CVD method as described above is a 

fi1m forming method excellent in selectivity, and 

also the surface characteristic of the f ilrn formed 

has good surface characteristic. Hence, _by 

appl~cation of a non-selective film forming method to 

the next deposition step, Al or a metal. film composed 

mainly of Al can be also fo:cmed on the A1 film 

selectively deposited as described above and Sio2 • . 
etc. as the insu~ating film, whereby a suitable rneta1 

15 film having bigh useabi11ty £or. general purpose as 

the wiring of semiconductor device can be obtained. 

Specific examp1es of such metal film include 

the following. There may be included combinations of 

A1, Al-Si, Al-Ti, A1-Cu, A1-Si-Ti, Al-Si-cu, etc • 

20 deposited selectively with Al, Al-Si, Al-Ti, Al~cu, 

Al-Si-Ti, Al-Si.-Cu, etc. 

As the film forming method fo~ non-se1ective 

deposition, there are other CVD methods than the Al-

CVD method as described above, the sputtering methodr 

25 etc. 

(Pilm Forming Apparatus) 

···---- Next, a suitable film terming apparatus fQr 

THIS SHEET 1-I 
R AS BEEN 

'-·- EPLACED 



· ... .._,· 

- 4\1. -

1 form~ng the e1ectrode according to·the present 

invention is described. 

Fig. 16 to Fig. 18 sho: schematically a 

sequential meta1 filro forming apparatus suitable for 

5 app1ying the film forming method as described above. 

~he ~equential metal film forming apparatus, 

as shown in Fig. 16, is constituted of ioadlock 

chamber 311 connected mutual1y communicated under 

10 

shielding from outer air through the gate valves 

310a to 310f, a CVD reaction chamber 312 as the first 

film fo:cming chamber, an Rf etcing chamber 313, a 

sputtering chamber 314 as the second fil.m fanning 

chamber and a 1oadlock chamber 315, and the 

respective chambers are constituted redueib1e in 

lS pressure by ev·acuation with the:r. evacuation systems 

316a to 316e. Here, the above 1oad1ock chamber 311 

is a chamber for rep1acing the substrate atmosphere 

before deposition treatment with a2 atmosphere after 

evacuation in order to improve the throughput 

20 ch9racteristic. The next CVD reaction chamber 312 

is a chamber fo~ selective deposition on the 

substrate according to the Al-CVO method as described 

above under nonnal pressure or reduced pressure, 

in which a subst~ate holder 318 having a neat-

25 generating member 317 which can heat the.substrate to 

be formed to a range of 200 °C to 450 ·c is provided 

internally, and starting gases such as alkylaluminum 
----·----·----.. ----
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i hydr~de bubbled and gasified in the· bubbler 319-1 are 

introduced into the chamber through the starting gas 

introducing line 319 for CVD, aRd also hydrogen gas 

10 

as the reactive gas is introduced through the gasline 

319 1
• The next Rf etchinq chamber 313 is a chamber 

for carrying ?ut cleaning of tne substrate surface 

after selective deposition (etching) under Ar 

atmosphere, and internally thereof are provided at 

1east a substrate holder 320 capable of heating the 

substrate to a range cf 100 °C to 250 °C and an 

electrode line for Rf etching 321, and also an Ar gas 

feeding line 322 is connected.. •rhe next sputtering 

chamber 314 is a chamber fo:r depositing non­

selectively a metal film by sputtering under Ar 

15 atmosphere on the substrate eurf~ce, and internaiiy 

thereof are provided a substrate holder 323 heated 

within a range of 200 •c to 250 •c and a taxget 

electrode 324 for mounting a sputter target material. 

324a. and also an Ar gas feeding line 325 is 

20 connected. The f ina1 1oad~ock cbamber 315 is a 

25 

control chamber before taking out the substrate after 

completion of the metal film deposition into the 

outer air, and constituted so that the atmosphere may 

be replaced with N2 • 

Fig. 17 shows another constitutional example 

of a sequential metal film for:ming apparatus $Uitabie 

for applying the film forming method as described 
·------- -----------
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l aoov~, and the same portions as descTibed above in 

Fig. 16 are made the same symbols. ~he difference 

of the apparatus in Fig. 17 fro: that in Fig. 16 

resides in that a halogen lamp 330 is provided as the 

5 direct heating means and the substrate surface can be 

directly heated, and for that purpose, the substrate 

holder 312 is p~ovided with a naii 331 for holding 

the substrate under suspended state. 

10 

Sy heating directiy the substrate surface 

witn such coDstitution, the deposition speed can ae 

further improved as described above. 

The sequential rnetai £ilm forming apparatus 

with the above constitution, as shown in Fig. 18, is 

substantially equivalent to one with the structure 

15 having the above 1oadlock chamber 311, the CVD 

reaction chamber 312, the Rf etching cbamber 313, the 

sputtering chamber 314, the loadlock chamber 315 

connected mutually to one another with the conveying 

chamber 326 as the relay chamber~ With this 

20 constitution, the 1oadlock chamber 311 functions 

also as the loadlock chamber 315. In the above 

conveying chamber 326, as shown ~n the Figure, an arm 

327 as the conveying means reversibly rotatable in 

the 'AA direction and stretchable in the BB direction 

25 is provided, and with the arm 327, as shown in the 

arrowhead in Fig. 19, the substrate can be moved 

following the ~teps successively from tbe loadlock 
--~.~~~~~~~-
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1 chamber 311 to the CVD chamber 312,'the Rf etching 

chamber 313. the sputtering chamber 314, the ioadlock . -
chamber 315 witnout exposure to outer air. 

5 

10 

(Film Fox:ining 2rocedure) 

The £ilm ~o:aning p~ocedure for forming the 

eiectrode and.wiring according to the present 

invention is described. 

Fig. 20 is a schematic perspective view for 

illustration of the film forming procedure for 

formation of the electrode and wiring according to 

the present invention. 

First, the outline is described. A 

semiconductor substrate having openings formed on an 

insulating film i$ prepared, which substrate is 

15 arranged in a film forming chambe~, and its surface 

is maintained at, for examp1e, 260 °C to 450 °c to 

deposit se1ective1y Al at the portion where the 

semiconductor is exposed accor~ing to the hot CVD 

method in a mixed atmosphere of DMAH as the 

20 alkylaluminwn hydride and hyd:rogen gas. Of course, 

as described above, a metal film composed mainly of 

Al sucn as Ai-Si, etc. may be also deposited 

se1ectively by introducing a gas containing Si atoms, 

etc~ Ne~t. on the Al selectiveiy deposited by the 

25 sputtering method and the insulating f il.m. 6 Al or a 

metal f~lm composed mainly of A1 is non-se1ective1y 

formed. Then, by patterning of the metal film 
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1 non-~electively deposited to a des±red wiring shape, 

electrodes and wirings can be £ormed. 

Referring next to Fig. "J.7 to Fig. 20, 

description is made in more detail. First, a 

s substrate is prepared. As the substrate, for 

example, a single crystalline Si wafer having an 

insuiating film provided with openings with 

respective apertures provided thereon is prepared. 

Fig 20A is a schematic view showing a ~art of 

10 the substrate. Here. 401 is a single crystalline· 

silicon substrate as a conductive substrate, 402 a 

the.rma.1.1.y OJCidized si1icon film as the insu1ating 

fi1m (layer). 403 and 404 are openings (exposed 

portions), having apertures different from eacn 

15 other. 410 is the groove bottom with Si exposed. 

The procedure for fonning Al film which 

becomes the e1ect~ode as the first wiring 1ayer on 

the subst~ate is as fol1ows with Fig. 20. 

First, the substrate as described above is 

20 arranged in the 1oadlock chamber 311. Hydrogen is 

introduced into the loadlock chamber 311 to make it 

under hydrogen atmosphere. And, the reaction chamber 

312 is internal1y evacuated to approximately 1 x 10-8 

Torr by the evacuation system 316b. However, Al film 

25 can be formed even if the vacuum degree within the 

reaction chamber 312 may be worse than l x 10-8 Torr. 

And, the gas of OMAR bubbled from the gas 

THIS SHEET HAS BEEN 
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1 1ine ~19 is fed. For the carrier gas for the DMAH 

line, a2 is employed. 

• The second gas iine 319' is for H2 as the 

reaction gas, and by flowing H2 througf1 the second 

5 gas line 319' and controlling the opening degree of 

the slow leak va1ve not shown to adjust the pressure 

10 

15 

within the reaction chamber 312 to a predetez:mined 

vaiue. A typical pressure in this case is preferably 

about 1.5 Torr. Through the DMAH line, DMAH is 

introduced into the reaction tube. The totai 

pressure 1s made about 1.5 Torr, and the OMAH pressure 

s.o x 10-3 Torr. Then, current is passed to the 
. 

halogen lamp 330 to heat directly the wafer. Thus, 

Al is selectively deposited. 

After e1apse of a predete.:cnined deposition 

time, feeding of DMAH is once stopped. The 

predetennined deposition time of tbe Al £ilm 

deposited in this process is the time until the 

thickness of the Al film on the Si (single 

20 crystal1ine silicon substrate 1) becomes equal to the 

film thickness of the Sio
2 

(the:ana11y oxidized 

silicon film 2), and can be determined previously by 

experimentation. 

The temperature of the substrate surface by 

25 direct heating at this time is made about 270 °c. 

According to the steps up to this stage, the Al film 

405 is selectively deposited within the openings and 

i THIS SHEET HAS BEEN 
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the grooves as shown in Fig. 208. 

All of the steps as desc~ibed above are ,, 
.referred to as the first film forming step for 

formation of electrode within contact hole. 

After the above first film forming step, the 

CVD reaction chamber 312 is evacuated until reaching 

a vacuum degree of S x 10-3 Torr or lo~er by the 

evacuation system 316b~ At the same time, the Rf 

etching chamber 3l.3 is evacuated to 5 x 10-6 Torr or 

lower. After confirmation that the ooth chambers 

have reached the above vacuum degree, the gate valve 

310c is opened, the aubstrate moved from the CVD 

reaction chamber 312 to the Rf etching chamber 313 

by the conveying means, and the gate vaive 310c 

15 c1osed. The substrate is conveyed to the Rf etching 

chamber 313, and the Rf etchi~g chamber 313 is 

20 

evacuated by means of the evacuation system 316c 
-6 unti1 reaching a vacuum degree 0£ 10 Torr or lower. 

Thenr argon is fed through the argon feeding line 

322 for Rf etchingr and the Rf etching chamber 131 

maintained under an argon atmosphe~e of 10-l to 10-3 

Torr. The substrate bolder 320 of Rf etching is 

maintained at about 200 °c 1 Rf powe~ of 100 W 

supplied to the electrode for Rf ethcing 321 for 

25 a'bout 60 sec~onds, and discharging of argon is caused 

to occ~r ~ithin the Rf etching chamber 313 for about 

60 seconds. By doing so, the surface of the 

r--------------~--. 
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substrate can be etched with argon.ions to remove 

unnecessary surface 1ayer 0£ the CVD deposited film. 

'I'he etchi.ng depth in this case9 is made about 100 i.. in 

terms of the oxide. Here, surface etching of the CVD 

oeposited film is effected in the Rf etching chamber, 

but since the surface layer of the CVD fiJ.m of the 

substrate conveyed through vacuum contains no oxygen, 

etc., no Rf etching may be effected. In that case, 

the Rf etcbing chamber 313 function as the 

temperature changing chamber for effecting 

temperature change within a short time, when the 

tempe~atures in the CVD reaction chamber 12 and the 

sputtering chamber 314 are greatly different. 

In the Rf etching chamber 313, after 

15 comp1etion 0£ Rf etching, f1owi~g of argon ~s 

stopped, and the argon w~thin the Rf etching chamber 

313 is evacuated.. After the Ri: etching chamber 313 

is evacuated to 5 x 10-6 Torr and the sputtering 

chamber 314 to 5 x 10-6 Torr or iower, the gate va1ve 

20 310d is opened. Thenr the substrate is moved from 

the Rf etching chamber 313 to the sputte~ing chamber 

314 by means of a conveying means, followed by 

ciosing of the gate valve 3100. 

After the substrate is conveyed to the 

25 sputtering chamber 314, the sputtering chamber 314 is 

made under an argon atmosphere of 10-l to 10-3 Torr 

similarly as in the Rf etching chamber 313, and the 
:------ --------------
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l temperature of the substrate boider 323 for mounting 

the substrate set to about 200 to 250 °c. And 

discharging of argon is ef fect'd at a DC power of 5 

to 10 KW to cut a target material such as Al or Al-Si 

s (Si: o.s %) and effect film fo:cmation of a metal 

such as Al, Al-Si. etc. at a deposition speed of 

10 

0 

about 10000 A/min. on the substrate. This step is 

a non-selective de~osition step. This ~s called the 

second £ilm forming step for format~on of the wiring 

to be connected to the e1ectrode. 

Afte~ formation of a metal film of about 5000 
0 

At flowing of argon and application of DC power are 

stopped. After evacuation of the loadlock chamber 

311 to 5 ~ l0-3 Torr or 1ower, the gate vaive 310e is 

15 opened and the substrate moved •. ~ After the gate valve 

310e is closed. N2 gas is permitted to flow into the 

ioadloek chamber 311 until reaching atmospheric 

pressure, the gate valve 3l0f opened and the 

substrate taken out of the apparatus. 

20 According to the second A1 film deposition 

step as described above, the ~1 film 406 can be 

formed on the Si02 film 402. 

Ano, by patterning the Al film 406 as shown 

in Fig. 200. a wiring with a desired shape can be 

25 obtained. 

(E~perimental Examples} 

In the following, how excellent is the 
----·--------
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a~ove-described Al-CVD method is and how qood of the 

quality the Al film deposited within the openings is 

• are described based on the experimental results. 

First~ as the substrate, a plurality of N­

type single crysta1line silicon wafers were prepared, 

which are thermally oxidi2ed on the surface to form 
0 

Sio
2 

of 8000 Ar and have various openings with 

various apertures from 0.25 µm x 0.25 µm square to 

100 µm x 100 µm square patterned to have the subbing 

Si single crysta1 exposed (Samp1e l-l). 

These are subjected to formation of A1 films 

~ccording to the Al-CVD method under the conditions 

as described below. Under the common conditions by 

use of PMAH as the starting gas, and hydrogen as the 

reaction gas, a total pressure o~ 1.5 Torr, a DMAH 

partial presure of 5.0 x 10-3 To~r, the power amount 

passed through the halogen lamp is adjusted and the 

substrate surface temperature set within the range of 

200 °C to 490 °C to form films. 

The results are shown in Table 1. 
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As can be seen from Table l, at a substrate 

surface temperature by direct heating of 260 °C or 

higher, A1 is deposited select!vely at a high 
0 

deposition speed of 3000 to 5000 A/min. within the 

5 openings. 

10 

When the characteristics of the Al £i1m 

within the openings at substrate surface temperature 

range of 260 °c to 440 °C are examined1 they are 

found to be excellent such that no carbon is 

contained, with resistivity being 2.a to 3.4 µUezti~ 

reflectance 90 to 95 %, hillock density of 1 µm or 

higher O to 10 and substantially no spike generation 

(destruction probability of 0.15 µm junction). 

In contrast, at substrate surface 

15 temperatures of 200 °C to 250 °G, the film is found 

to be cons~derably good as compared with the prior 

art a1though the film quality is slightly worse as 

compared with the case of 260 °C to 440 •er but the 
<lo 

deposition speed is 1000 to 1500 A/min., which can 

20 never be said to be sufficiently high. 

When tbe substrate surface temperature 

becomes 450 •c or higher, the characteristics of the 

Al film with the openings are ~owered with the 

reflectance becoming 60 % or lessr hi1lock density 

25 of l lJID or more 10 to 104 cm-2 , alloy spike 

generation 0 to 30 %. 

Next, description is made about how suitably 
---~---~~-----
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1 the method as described above can be used openings 

such as contact hole or thru-hole. 

That is, it can·be also•preferab1y applied 

to the contact hole/thru-hoie structure comprising 

5 the materia1 as described below. 

On the $-ample 1-1 as described above, an Al 

film is formed on a substrate (sample) as described 

below unoer the same conditions as when the Al fiJ.m 

:i.s formed. 

10 on a single crystalline siiicon as the first 

substrate surface material is formed a silicon oxide 

film according to the CVD method as the second 

substrate surface materia1, and patterning effected 

according to the photolithographic steps to have the 

15 si.ngie crystaiiine silicon surface partially exposed. 

The fill11 thickness of the therma1ly oxidized 
Cl 

sio2 film has a fil.m thickness of 8000 A, the exposed 

portion of the single crystalline si1icon a size of 

o. 25 µ m x O .. 25 um to 100 -µm x 100 µm. Thus, Sample 

20 1-2 is prepared (hereinafter such sampies are 

represented as "CVD Sio2 (hereinafter abbreviated 

as Sio2 )/single crystalline silicon"}. 

Sample 1-3 is boron doped oxide fi1m formed 

by normal pressure CVD (hereinafter abbreviated as 

25 BSG)/single crystalline silicon, 

Sample 1-4 phosphorus doped oxide film forrne~ 

by nonnal pressure CVD (hereinafter abbreviated as 
---·····----------
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1 PSG}/singie c:cysta11ine si1icon, 

5 

10 

15 

20 

25 

sample 1-5 phosphorus and boron doped oxide 

film formed by normal pressure•cvo (hereinafter 

abbreviated as BSPG))single crystalline silicon, 

Sample 1_-6 nitride film formed by plasma CVO 

(hereinafter abbreviates es P-SIN)/single crystalline 

si1icon, 

Sample 1-7 hot nitride film (hereinafter 

abbreviated as T-SiN)/single Cl:'Ystalline silicon, 

Sample 1-8 nitride film formed by low 

pressure CVP (hereinafter abbreviated as LP-SiN}/ 

single crystalline silicon, 

sample 1-9 nitride film formed by means of an 

ECR apparatus {hereinafter abbreviated as ECR-SiN") I 

single crysta~line silicon. 

rurther. according to all combinations of the 

first substrate surface materials (18 kinds) and the 

second substrate surface materials (9 kinds), 

Samnpies l-11 to l-179 (note~ Sample Nos. 1-10, 20, 

30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 

150, 160. 170 are lacking} are prepared. As the 

first substrate surface material, single crystalline 

silicion (singie crystaiiine Si), po1ycrystailine 

silicon (polycrystalline Si), amorphous silicon 

{amorphous Si) , tungsten ( W) , mol.ybdenum (Mo) , 

tantalum {Ta). tungsten silicide {WSi), titanium 

silicide (TiSi), aluminum (Al). alumiauffi silicon 

! TI·ns· SHEET HAS BEEN 
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1 (A1-Si) # titanium aluminum (Al-Ti), t?--tanium nitride 

(Ti-N), copper (CU), aluminum silicon copper (A1-Si­

Cu) r aluminum palladium' {Al-:ed) I ftitanium (Ti), 

molybdenum silicide (Mo-Si), tantalum silicide (Ta-

5 Si) are employed. As the second substrate surface 

material, T-Si02 f Si02 , BSG, PSG, BPSG, P-SiN, T-SiN, 

LP-SiNr ECR-SiN are employed. For all of the samples 

as described above, good Al films comparable with the 

10 

sample 1-1 could be formed. 

Next, on the substrate having A1 deposited~ 

selectively as described above, Al is deposited non­

se1ectively accord!.ng to the sputtering method as , 

desc~ibed abOYe, followed by patterning. 

As the result, the Al film formed according 

15 to the sputtering method, and th~-Al film seiectively 

selected within the openings are found to be under 

20 

25 

the con·tact state with both electrical.ly and 

mecnanically high durability due to good surface 

character~stie of the Al film. 

{Experimenta1 Examples) 

Samples of semiconductor device are trially 

made according to the methods as described in 

ExampJ.es 1 to 8, _and as the result of 

expe~imentation. good characteristics as expected 

can be obtained .. 
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1 WHAT IS CLAIMED IS; 

1. A semiconductor device hav.ing a device 

region and a device separation9 region formed on a 

semiconductor substrate doped with impuritiesr and 

5 the device separation region having a metal wiring 

formed on the surface of said device region or the 

10 

back surface of said substrate, 

characterized in that an aluminum region 

extending in the longitud1nal direction connected to 

said metal wiring is formed within said device 

separation region~ 

2. A semiconductor device having device 

separation region, which device having a device . 

15 region and a metal region compo~ed mainly of aluminu.~ 

which becomes the device separation region extending 

out in the longitudinal direction formed on an 

insu1ating substrate. one end of the metai region 

being in contact with said insulating substrate aod 

20 the other end with the surface expoGed. 

3. A semiconductor device according to Claim 

1. wherein said semiconductor device is a 

sol~d image pick up device. 

25 

4. A semiconductor device. comprising a 

semiconductor substrate having at least two 
-·---------
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i fun~~ional devices1 and having a buried metai wiring 

layer for connecting said at least two functional 

devices provided internally of •said semiconductor 

5 

10 

15 

25 

substrate. 

5. A semiconductor device according to Claim 

4, wherein furthe~ at least one metal wiring layer is 

iarninated on said metai wiring layer. 

6. A sem~conductor device according to Claim 

4, wherein the metai wiring layer provided 

within said semiconductor substrate is formed of a 

single crystal1ine aluminum. 

7. A semiconductor eevj.ce according to Claim 

6, wherein said semiconductor substrate and the metal 

wiring layer provided within .said substrate are 

electrically separated with a layer region of the 

conduction type opposite to that of said substrate. 

S. A semiconductor device according to Claim 

4, wherein said semiconductor device includes a logic 

circuit. 

9. A semiconductor device according to Claim 

2, wh.erel.n said semiconductor device is a 

solid irnage pick up device. 

.-·-:;:;;:::-::::=-----­
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10·. A semiconduct:OX' device according to Clai.m 

5, wherein the metai wiring iayer P.rovided ,, 
witb~n said semiconductor substrate is fo:rmed of a 

$1ngle c~ystalline aiuminum. 

11. A semiconductor device, comprising a plurality 

of active regions each separated one from the othel: by a 

device separation region, which device is characterised 

in that: 

each device separation region is provided with a metal or -

metallic filling. 
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DEVICE S~PARATION STRUCTURE AND SEMICONDUCTOR DEVICE 
l IMPROVED IN WIRING STRUCTURE 

A semiconductor device has a device region, 
fl 

and a device separation region formed on a 

semiconductor subetrate doped •ith impurities. 

5 And, the device separation region has a metal ~iring 

formed on the surface of the device region or the 

10 

15 

20 

25 

back surface of the substrate. An aluminum region 

extending in the longitudinal direction connected 
. 

to the metal wiring is fo.rined within the device 

separation region • .. 
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oevice separation Structure and Semiconductor 

Device Improved in Wiring Structure 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a semiconductor 

-circuit device such as memory, photoelectric 

converting device, signal processing device, etc. 

to be mounted on various electronic instruments, 

particularly to a metal wiring structure and a 

semiconductor device- improved in device separation 

structure. 

Related Background Art 

conventionally, device separation in 

semiconductor device has been constituted as shown 
. - .. 

in Fig. 1. In the Fig. l, th~ symbol 1 is metal 

wiring, 2, 3 are device regions where transistor, 

FET, resistance, condenser, photosensor, etc. are 

formed, and electrical insulation thereof is effected 

by the device separation region, namely the Si 

substrate 4 doped with an impurity or the Si layer 5 

doped with the same impurity. The potentials of the 

device separation regions of 4, 5 are fixed by the 

metal wiring 1 or 6 • 
. . ·;·~ .. 

!lo. · 'For example, the device separation region of 

a solid image pick-up device is constituted as shown in 
.:·~. ·:·· 

... 
. ~j·.···-

:.-"'!>'. ,,. .· ................... ...... .,. .· 
,_,: 

::, __ ~ 
' -

.·> 
.,... ·,, ~· 
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fig. 2. In the Figure, the symbol 4 is a P type 

substrate, 5 1 an n+ buried layer, 2 an n epitaxial 

rowth layer (hereinafter epitaxial growth is written 
g 

as epi), 5 an n+ layer. The above n- epi layer 2 is 

a photoelectric converting region, and the n+ buried 

layer 5' and the n+ layer 5 are device regions. 

The n epi layer 2 is maintained at a certain 

positive potential through the n+ buried layer s• and 

then+ layer 5. By the build-in.electrical field 

through junction between the n epi layer 2 and the 

n+ layer 7, the electrons formed by photoirradiation 

are absorbed in the n+ buried layer 2 and the n+ 

layer 7, and the positive holes cannot be diffused to 

the confined adjacent picture elements, whereby 

cross-talk can be prevented. 

However, prior art examples had the technical 

tasks as follows. 

(1) There was an impedance of about some ten 

to some hundred n /O . For this reason, current 

flowed into the region 5, and when the potential is 

elevated, parasitic transistor turned on between the 

device regions 2 and 3, whereby latch-up or unstable 

actuation of function was caused to occur. 

(2) On account of the impedance in the 

region 5, cross-talk in the device regions 2 and 3 

was generated to cause unstable actuation. 

Particularly in the case of a solid image 
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(3) The positive holes having acquired 

thermally high energy will be diffused to the 

adjacent picture elements. 

(4) Since the device separation region is 

also a semiconductor, carriers will be generated when 

light is irradiated.· 

( 5) The width of the n + -Si device separation 

cannot be made narrow in process to obstruct 

reduction of picture element, whereby higher 

resolving power of solid image pick-up device has 

been obstructed. 

On the other hand, as the metal wiring 

structure in a highly integrated semiconductor 

device, for example, there has been known one having 

an interlayer insulating film 52 comprising silicon 

oxide, etc. formed on the surface of a semiconductor 

substrate 51 comprising silicon and a metal wiring 

layer 53 comprising Al, Al-Si, etc. formed on the 

interlayer insulating film 52 as shown in Fig. 2A. 

In the semiconductor device equipped with the 

metal wiring of such structure, the sectional area of 

wiring has been increased by enlargement of the width 

dimensions of the respective wirings, thereby 

ensuring necessary current tolerant capacities for 

the respective wirings, and therefore the flat area 

of wiring will be increased and improvement of wiring 
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without making greater the device size is limited. 

For this reason, for improvement of wiring 

density, for example, a semiconductor device of a 

wiring structure having the respective wirings 

laminated in multiple layers as shown in Fig. 28 has 

been known. 

In this semiconductor device, two layers of 

metal wiring are laminated through an insulating 

film. 

In the following, the outline of the process 

for preparing the semiconductor device shown in 28 is 

described. 

First, after formation of various necessary 

functional devices such as bipolar transistor, MOS 

transistor, MOS diode, etc. on a part of the surface 

of the semiconductQr substrate l, on the remaining 

surface of the semiconductor substrate 51 is formed a 

first interlayer insulating film 52 comprising PSG 

(Phospho silicate glass), etc. according to the 

normal pressure CVD method with a thickness of 0.5 to 

1.0 µm, and the first interlayer insulating film 52 

is applied with annealing. 

Next, patterning by use of a resist is 

applied on the first interlayer insulating film 52 as 

described above to form openings 52a for taking out 

electrodes of various functional devices. 

Subsequently, ~ccording to the sputtering method, 
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after deposition of a wiring material comprising, for 

example, Al-Si according to the sputtering method on 

the surface of the first interlayer insulating film 

52 and internally of the openings 52a, the first 

wiring layer 53 is formed by patterning by use of a 

resist. 

Next, on the first wiring layer 53 and the 

first interlayer insulating film 52 are formed a 

second interlayer insulating film 54 comprising PSG 

with a thickness of about 0.5 to 1.0 ~m according to 

the normal pressure CVD method, openings 54a for 

connecting the first wiring layer and the upper 

wiring layer as described below to a part of the 

second interlayer insulating film 54 corresponding to 

the upper portion of the first wiring layer 53 are 

formed. 

Next, on the second insulating film 54 and 

internally of the openings 54a, a wiring comprising,. 

for example, Al-Si is deposited, followed by 

formation of the second wiring layer 55 for 

connecting the second wiring layer 55 for connecting 

the first wiring layer 52 through the portion of the 

openings 54a by p~tterning. 

Next, on the second interlayer insulating 

film 54 and the second wiring layer 55, a passivation 

film·6 can be formed with a thickness of 0.5 to 1.0 

Um according to the plasma CVD method to prepare a 
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·conductor device with a metal double layer wiring 
sem.i 

structure shown in Fig. 2B. 

In the semiconductor device having a multi-

layer wiring structure of such constitution, a wiring 

with wiring density by far higher than the 

semiconductor device with the monolayer wiring 

structure shown 2A can be realized. 

However, in the semiconductor device having a 

multi-layer wiring structure as described above, 

since an interlayer insulating film is provided 

between the wiring at the· lower-part and the wiring at 

the upper part, the surface stepped difference due to 

the wiring portion will become greater as the number 

of the lamination is more, whereby the degree of 

freedom in design in the wiring structure is 

regulated because of movement of the position 

(migration) of the wiring portion relative to the 

semiconductor substrate at the wiring portion or the 

shape of the contact hole necessary for connection. 

between the respective insulating layers. Thus, also 

in this case, improvement of wiring density is 

limited and it has been difficult to enhance wiring 

density more than a certain level. 

Further, in a semiconductor device with a 

multi-layer structure, surface unevenness becomes 

greater as the layer is upper, and therefore slippage 

in alignment becomes greater during mask registration 
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in patterning when laminating further wiring, whereby 

wiring could not be formed with good precision at the 

predetermined position relative to the semiconductor 

substrate, thus invo~ving the problem with respect to 

reliability of wiring. 

SUMMARY OF THE INVENTION 

A primary object of the present invention is 

to provide a semiconductor device having a wiring 

structure more excellent than in the prior art. 

Another primary object of the present 

invention is to provide a semiconductor device having 

more excellent device separation function tha.n in the 

prior art. 

Fir~t. an object of the present invention is 

to provide a semiconductor .device having a device 

separation structure with a device region being 

formed on a substrate doped with an impurity, a 

device separation region doped with the same impurity 

as in the above substrate formed in the device region 

and a metal wiring formed on the surf ace of the above 

device region or on the back of the above substrate, 

wherein an aluminum deposited layer extending in the 

longitudinal direction connected to the above metal 

wiring is formed within the above device separation 

region. 

Another object of the present invention is to 
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semiconductor device which can reduce the 
provide a 

of the device separation region of impedance 

·conductor device, prevent generation of latch-up 
semi 

or cross-talk and give stability in actuation. 

still another object of the present invention 

is to provide a semiconductor device equipped with a 

wiring structure which can ensure necessary current 

tolerable quantity even if the wiring flat area may 

be small. 

Still another object of the present invention 

is to provide a semiconductor device comprising a 

device region formed on a substrate, and also a first 

device separation region formed doped with an 

impurity ·formed between these substrate.and.device 

region, with the respective ends being connected to 

the both ends of the above-mentioned first device 

separation region, and the respective other ends 

exposed on the surface of the above-mentioned device 

regions, thus forming a trench metal layer of 

aluminum or composed mainly of aluminum. 

Still another object of the present invention 

is to provide a semiconductor device comprising a 

device region formed on an insulating substrate, 

having a trench metal layer of aluminum or composed 

mainly of aluminum which becomes the device 

separation region extending in the longitudinal 

direction with its one end being in contact with the 
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above-mentioned insulating substrate and its other 

· formed exposed on the surface of the above­end being 

mentioned device region. 

still another object of the present invention 

is to provide semiconductor device which removed 

cross-talk between the picture elements and enables 

higher densif ication of picture elements by using a 

trench metal layer constituted by selective growth 

deposition of aluminum or a metal composed mainly of 

aluminum wi"t~in the trench for forming the device 

separation layer. 

Still another object of the present invention 

is to provide a semiconductor device which can also 

reduce the lay-out, ·because the trench metal layer 

can be used as the wiring line. 

Still another object of the present invention 

is to provide a semiconductor device comprising a 

metal wiring layer for connecting at least two 

functional devices to the inner portion of a 

semiconductor substrate having at least functional 

devices as mentioned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA, lB, 2A, 2B are constitutional views 

for illustration of the semiconductor device of the 

Prior art. 

Fig. 3 is a constitutional view of the 
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portion of the semiconductor device showing 
pertinent 

example of the present invention. 
a first 

Fig. 4 is a constitutional view of the 

t portion of the semiconductor portion 
per tin en 

second example of the present invention. showing a 

Fig. 5 is a constitutional view of the 

pertinent portion of the semicon.ductor portion of the 

semiconductor device applied to the present 

invention. 

Fig. GA is a constitutional view of the 

semiconductor device applied to the present 

invention, Fig. GB is a circuit diagram of the same 

device. 

Figs. 7A to 7D are diagrams of the steps for 

preparing the semiconductor device applied to the 

present invention. 

Fig.· 8 is a constitutional view of the 

pertinent portion of the semiconductor device showing 

a third example of the present invention. 

Fig. 9 is a constitutional view of the 

semiconductor device showing a fourth example of the 

present invention. 

Figs. lOA and 108 are schematic views for 

illustration of the logic circuit according to the 

present invention. 

Fig. 11 is an upper view showing the ~ogic 

circuit according to the present invention. 
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Fig. 12 is a schematic sectional view showing 

W
iring structure intended to apply a positive 

the 

potential. 

Fig. 13 is a schematic sectional view showing 

the wiring structure intended to apply a negative 

potential. 

Fig. 14 is a schematic sectional view showing 

an example of a multi-layer wiring structure in the 

semiconductor device of the present invention. 

Figs. lSA to lSC are schematic views for 

illustration of the preparation method of the wiring 

structure in Fig. 14. 

Figs. 16, 17 are schematic view showing an 

example of the film forming device to be used for 

practicing the film.forming method suitable for 

formation of the wiring layer in the semiconductor 

device according to the present invention. 

Fig. 18 is a schematic plan constitutional 

view of the device shown in Figs. 16, 17. 

Fig. 19 is a schematic constitutional view 

with the movement order shown by arrowheads in Fig. 

18. 

Figs. 20A to 200 are schematic view for 

illustration of the film forming method suitable for 

formation of the wiring layer in the semiconductor 

device according to the present invention. 
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ILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

oE'fA 
~ 

one preferred embodiment of the present 

t ion has a longitudinally lengthy buried region inven 

~ . comprising a metal in the device separation region. 

whep the predetermined region which is a part 

of the semiconductor substrate and the longitudinally 

lengthy buried region of a fuetal are electrically 

connected, the following embodiment is taken. 

For example, when the metal is electrically 

.connected to a predetennined region only at bottom, 

the whole side wall should be preferably coated with 

an insulating film. 

On the other hand, when the metal is 

insulated from a part of the side groove or bottom of 

the groove, only said part is coated with an 

insulating film. 

Example 1 

.Fig. 3 is a drawing representing best the 

specific feature of the first example of the ·present 

invention, in which the symbol is the device 

separation wiring formed in the longitudinal 

direction within the device separation region 5 as 

described below according to the Al-CVD method as . 

described below, 2 the first devic.e region, 3 the 

second device region, 4 the Si substrate d~ped with 

an impurity, 5 the device separation region doped 

~ith an impurity of the same type as in the substrate 
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.t • 
As shown in the drawing, by deposition the 

device separation wiring 1 deeply in the longitudinal 

direction with an aspect ratio of 1. 0 or more, 

preferably 2.0 or more, optimally 3.0 or more, the 

impedance of the device region 5 can be reduc; .. ed 

W'ithout bringing about increase of chip area. By 

reduction of impedance, the following effects can be 

obtained: 

(1) Prevention of latch-up; 

(2) Improvement for functional lowering due to 

mutual interference between devices (reduction 

of cross-talk). 

Next, the process for preparing a 

semiconductor device having the device separation 

structure with the above constitution is described. 

i) On a mono-electroconductive semicond~ctor 

substrate, for example, a P-type Si substrate 4, an 

n-type epi-layers 2, 3 are formed by epitaxial growth 

as the layer having the impurity of the reverse 

conduction type to the substrate 4. 

ii) Next, after formation of the oxidized film 

to 0.5 to 1.0 ~m on a surface of above-mentioned epi-

layers 2, 3 by thermal oxidation, impurities (e.g. p 

type) with the reverse conduction type to the epi-

layers 2, 3 are formed on the device separation 

region 5 by patterning by ion injection with the 
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diffusion layer is made so as to reach the subbing 

·conductor substrate 4. 
semi 

iii) Next, after the oxidized films on the 

of the epi-layers are removed, again surf aces 
0 

oxidized films with a thickness of 100 to 1000 A are 

formed. Then, the above-mentioned device separation 

region 5 is internally opened by regist patterning, 

and the oxidized film and the epi-layer are etched 

in two steps with the resist as the mask to form 

grooves. In this case, the depth of the groove is 

made to reach the subbing semiconductor substrate 4. 

After completion of etching, the resist is removed. 

iv) Next, by use of DMAH and hydrogen as 

the Al-CVD method as described above, Al is buried 

in the grooves provided within the epi-layers 2, 3. 

Here, the material to be buried within the grooves 

is not limite to Al, but Al-Si, Al~Ti may be also 

used as the metal material as described above. · 

Example 2 

Fig. 4 shows a drawing representing best the 

specific feature of the second example, wherein the 

symbol 1 is the device separation wiring of the 

buried type with a large aspect ratio, 2 the first 

device region, 3 the second device region, 4 the Si 

substrate doped with an impurity, 5 the device 
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Pa.r:atiOn 
se 

si doped with the impurity of the same 

in 4, and 6 the back metal wiring. 
tvPe as 

BY fixing of the potential in the device 

sepa.r:ation region 5 with the device separation wiring 

d tbe back metal wiring 6, no wiring from the 
l an 

chiP upper surface will be required to result in 

reduction of chip area. 

Next, the process for preparing the 

semiconductor device having the device separation 

structure having the above-mentioned structure is 

described. 

The steps i) - ii) are practiced in the same 

manner as in Example 1, and hence description thereof 

is omitted. iii) Next, after format:ton of an 

oxidized film on the back surf ace of the 

semiconductor substrate 4 by thermal oxidation, 

patterning is effected so as to form openings only on 

the back surface of the semiconductor substrate 4 

immediately below the above device separation region 

5. 

Then, continuously to the oxidized film from 

the back surface of the semiconductor substrate 4, 

the semiconductor substrate 4 is etched to provide 

grooves on the back surface of the semiconductor 

. substrate 4. The depth of the grooves is made to 

extend through the semiconductor substrate 4 until 

reaching the above-mentioned diffusion layer 5 for 



-- REPLACEivrENT SHEET ------ ·1 "1 NUV 1996 

- 16 -

device separation. iv) Next, as the Al-CVD method, 

Al is deposited selectively at the groove portions 

similarly as in Example 1 to bury Al within the 

grooves. Then, according to the sputtering method of 

the non-selective mode, an Al film is formed on the 

whole back surface of the semiconductor substrate 4. 

Example 3 

Next, the semiconductor functional devices 

formed in the device region 2 or 3 is described by 

referring to Fig. 5 and Fig. 6. The semiconductor 

functional device is characterized by forming a 

device wiring 12 with a large aspect ratio for fixing 

the back gate of the MOS type transistor (P well 

region 10 of nMOS, and n-epi or n-well region 11 of 

pMOS) at any desired potential in the P-well region 

10 the n-epi or n-well region in the longitudinal 

direction according to the Al-CVD method as described 

above. 

Example 4 

Fig. 6A is a sectional constitutional view of 

another semiconductor functional device, and Fig. 68 is 

the circuit diagram of the same device. The device 

is characterized by forming the device separation 

wiring 12 for reduding the resistance in the back 

gate when the P-well 10 which is the back gate of the 

MOS type transistor and the n-epi or n-well 11 are 

at the same potential as the source region (or drain 
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in the source (or drain) region 13 according region) 

Al-CVD method as described above. to the 

In the MOS type transistor of the prior art, 

the resistance of the back gate has been a cause for 

latch-UP or lowering in function. _Also, since the 

device region and the wiring region have been 

increased in order to reduce this problem, increase 

of layout area has been brought about. 

In contrast, in the ab_ove-mentioned device, 

as shown in Fig. 5 and Fig. 6A, by depositing the 

device wiring 12 deeply in the longitudinal direction 

according to the Al-CVD method, the resistance of the 

back gate can be reduced with smaller wiring area to 

ameliorate latch-up or lowering in function which has 

been the problem in the prior art. ·Particularly, in 

the logical circuit (e.g. invertor) as shown in Fig. 

6, the wiring structure can be made as shown in the 

figure in the region where the power source and the 

source (or drain) are at the same potential, whereby 

less wiring area is required and the problems of the 

prior art can be improved. 

Next, the process for preparing the device 

shown in Fig. 5 is described by referring to Fig. 7A 

to Fig. 70. 

First, according to the known C-MOS 

preparation technique, working is practiced to the 

state immediately before formation of contact heres 

.. 
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Next, according to the photolithography by 

use of a resist, a resist image corresponding to the 

openings to be formed of about 0. 8 µ m at the P-well 

portion of n-MOS, the n-epi or n-well portion 11 of 

P-MOS (Fig. 7B). 

Next, by use of the CHF
3
-c

2
F

6 
type dry 

etching, openings 22 extending through the two layers 

of the interlayer insulation layer 20 and the field 

oxidized film 21 are formed. Then, without removal 

of the resit, the silicon substrate is etched 

vertically to about 1 µ m by the cl2-cBrF 3 type dry 

etching. 

Next, by use of the Al-CVD method as 

described in Example 1, aluminum 12 is buried to the 

upper surface of the interlayer insulation film. The 

total amount buried is made 2.5 µm as the total 

with the silicon substrate groove being 1 pm, 
0 

the field oxidized film 21 being 8000 A, and the· 
0 

interlayer insulation layer 20 being 7000 A. (Fig. 7C). 

Employing subsequently known techniques 

contact opening formation, aluminum wiring formation, 

etc. can be practice to complete the sample. 

Preparation of the example shown in Fig. 6 

can be also practiced according to the same procedure 

as in Fig. 5. The difference is only that the 
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formation site becomes the source (or drain) 
opening 

of the MOS transistor, and the interlayer 
portion 

· n layer-gate oxidized film is extended insulatio 

Ugh instead of extending through of the thrO 

interlayer insulation layer-field oxidized film 

during opening formation. 

As described above,· by depositing Al in the 

longitudinal direction by use of the Al~CVD method 

within the device separation region, reduction of 

chip area can be effected as compared with the case 

when obtaining the same effect without use thereof, 

whereby Al wiring portion can be made smaller, with 

the result that the producti0n cost can be made 

lower. 

Example 5 

Fig. S is a drawing showing best the specific 

feature of the present example of the present 

invention, in which the symbql 4 is a P substrate, S' 

+ 
an n buried layer, 2 an n epi-layer, and 1 a trench 

metal layer formed according to the CVD method. The 

above trench metal layer 1 has its one end exposed on 

the above n epi-layer surface 2 with other end being 

connected to the above n+ buried layer S'. 

The n epi-layer 2 is a photoelectric 

converting region (called device region or activation 

region), and the n+ buried region S' and the trench 

metal layer 1 are device separation regions. The 



- 20 -

metal layer 1 also a wiring line. 
crench 

The n- epi-layer 2 is maintained at a certain 

po 

+ · l through the n buried layer 5' and the tentia 

trench metal layer 1. 

In the above-mentioned structure, the 

electrons formed by photoirradiation are absorbed. 

primarily into then+ buried.layer 5' through the 

built-in electrical by the junction of the n+ buried 

layer 5' and the n epi-layer 2. The positive holes 

are closed within the picture elements by the built-

in electrical field. 

The positive holes which tend to be diffused . 
to the adjacent picture elements will he all absorbed 

in the trench metal layer 1, and therefore there can 

be no cross-talk between picture elements. 

The device separation region 1 is formed by 

forming the trench (groove) by etching, and then 

depositing aluminum or a metal composed mainly of 

aluminum on the groove according to the selective CVD 

method as described above, whereby the device 

separation region width can be reduced as compared 

with the prior art, enabling higher densification of 

picture elements. 

The trench metal layer 1 has a low resistance 

and therefore can be also utilized as the wiring 

line, whereby reduction of the layer is rendered 

possible. 

. ' 
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· Next, a process for preparing the device 

separation structure semiconductor device of the 

above constitution is described. 

i) On a monoconduction type semiconductor, 

for example a P type Si substrate 4 are formed 

grooves with wide width shallowly on a part thereof. 

In the grooves, n + buried la"yer 5' containing 

impurities of the opposite conduction type to the 

substrate 4 according to the epitaxial growth by use 

of as mask. 

ii) On the substrate 4 having the n+ buried 

layer 5' formed as described above, an n epi-layer 2 

which becomes the photoelectric converting region is 

formed by epitaxial growth. 

iii) Next, after formation of oxide flms 

with a thickness of 0.5 to 1.0 µm on the surface of 

the above n- epi-layer 2 by thermal oxidation, 

opening are formed internally of the above n epi-

+ layer at·tqe both ends of the above-mentioned n 

buried layer by resist patterning, followed by 

etching with the resist as the ask to form a trench. 

In this case, the depth of the trench is made the 

depth which reached the subbing n+ buried layer S'. 

After completion of etching, the resist was removed. 

iv) Next, by use of the Al-CVD method as 

described below using DMAH and hydrogen as the 

selective cvo method, the substrate surface 
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i) On a monoconduction type semiconductor, 

for example a P type Si substrate 4 are formed 

grooves with wide width shallowly on a part thereof. 

In the grooves, n + buried lay.er 5' containing 

impurities of the opposite conduction type to the 

substrate 4 according to the epitaxial growth by use 

of as mask. 

ii) On the substrate 4 having the n+ buried 

layer 5' formed as described above, an n- epi-layer 2 

which becomes the photoelectric converting region is 

formed by epitaxial growth. 

iii) Next, after formation of oxide flms 

with a thickness of 0.5 to 1.0 µm on the surface of 

the above n epi-layer 2 by thermal oxidation, 

opening are formed internally of the above n epi-

+ layer at the both ends of the above-mentioned n 

buried layer by resist patterning, followed by 

etching with the resist as the ask to form a trench. 

In this case, the depth of the trench is made the 

depth which reached the subbing n+ buried layer 5'. 

After completion of etching, the resist was removed. 

iv) Next, by use of the Al-CVD method as 

described below using DMAH and hydrogen as the 

selective CVD method, the substrate surface 
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temperature was maintained at 270 °c, and Al is 

buried in the trench provided within the n- epi­

iayer. Here, the material to be buried in the trench 

is not limited to Al, but Al-Si, Al-Ti, etc. may be 

also employed as the metal material. 

Example 6 

Fig. 9 is an example in' which the present 

invention is applied to a semiconductor device having 

an insulating substrate. 1 is a trench metal layer, 

4 1 an insulation substrate and 2 a semiconductor 

substrate layer. 

The above semiconductor layer 2 is a 

photoelectric converting region, and the trench metal 

layer 1 is a device separation region and a wiring 

line. By the trench metal layer 1, it becomes 

possible to obtain a semiconductor with high density 

without cross-talk. 

Next, a process for preparing a device 

separation structure semiconductor structure of the 

above constitution is described. 

i) On an insulation substrate 4' comprising 

sapphire, a semiconductor layer 2 comprising a 

photoelectric converting region (device region) is 

formed by epitaxial growth. 

ii) Next, after formation of an oxidized 

film to 0.5 to 1.0 µm on the surface of the above 

semiconductor layer 2 by thermal oxidation, opening 
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are formed internally the above semiconductor layer 

by resist patterning. and etching effected with the 

resist as the mask to form a trench. In this case. 

the depth of the trench is made the depth which 

reaches the subbing insulating substrate 4'. After 

completion of etching, the resist is removed. 

iii) Next, by use of DMAH and hydrogen as 

the selective CVD method as described above, the 

substrate surface temperature is maintained at 210· 0 c, 

and aluminum is buried in the trench provided within 

the semiconductor layer 6. Here, as the metal 

material, aluminum is not limitative, but Al-Si, Al-

Ti, etc.· may be also used as mentioned above. 

As described above, by use of the trench 

metal layer as the device separation region, it 

becomes possible to obtain a semiconductor device 

with high picture element density and reduced chip 

size without cross-talk between the picture elements. 

Another preferred embodiment of the present 

invention has a part of the metal wiring for 

connecting a plurality of devices formed not on the 

insulating film on the semiconductor substrate but 

within the groove formed on the semiconductor 

substrate. 

Example 7 

Fig. lOA is a circuit diagram showing a part 

of the logic circuit of the CMOS constitution. and 
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Fig. 108 a schematic view showing the lay-out 

thereof. 

Thus, the power source line Vee and the 

earthline GND are commonly arranged for the 

respective cells. In these lines, reduction of the 

impedance, avoidance of erroneous actuation and 

further avoidance of lowering in reliability by 

migration, etc. are particularly demanded. 

Hence, by use of buried wirings in these 

lines, in addition to functional aspect, improvements 

in physical aspect such as reduction of occupied 

area, reduction of stepped difference, etc. can be 

effected. 

Similarly, the buried wiring has also the 

effect even by use of the clock-line for transmitting 

the clock signals. In this case, after formation of 

the groove for forming such wiring in the 

semiconductor substrate, the whole inner surface of 

.the groove is covered with an insulating layer. And, 

by depositing a semiconductor material or an 

electroconductive material within the groove, a 

subbing layer for selective deposition of a metal 

is formed. And, by burying a metal within the 

groove, the semiconductor device of the present 

embodiment is formed. 

Fig. 11 is a schematic view for illustrating 

in more detail Fig. !OB, and 63 is the same inverter 



-------------

as the CMOS in Fig. ·6 • 

- 25 -

REPLACEMENT SHEET 

.19 NOV 1996 

Here, the line Vee and the line GND are both 

buried wirings connected to the source region and the 

well region of the two MOSFET's, forming the common 

line for the both adjacent cells 61, 62. 

a is the polycrystalline gate ·electrode which 

becomes the input of the inverter, out is the drain 

wiring which becomes the output of the inverter. . In 

this example, as different from the prior art, the 

power source lines Vee and the earthline GND are 

wirings of the lower layers than the gate electrode 

a. 

In the semiconductor ·device of the present 

embodiment, since the metal wiring layer is provided 

within the substrate, a predetermined current 

tolerant capacity can be ensured by making larger the 

depth dimeqsion without incre~~ing the plan area of 

the metal wiring layer, and also the unevenness of 

the device surface can be inhibited minimum, whereby 

the relative movement of the wiring layer relative to 

the substrate can be removed to improve the precision 

of the formation position of the wiring layer. 

Exampl·e 8 

Fig. 12 and Fig. 13 are both Figures 

representing the characteristic portions of the 

wiring structures in the semiconductor devices of the 

present invention. Here, Fig. 12 shows the wiring 



- 26 -

structure constituted for the purpose of applying a 

positive voltage as the power source line, and Fig. 

13 the wiring structure constituted for the purpose 

of applying a negative voltage as the e~rth line. 

These wiring structures are the embodiments of the 

present invention in that they are constituted on the 

basis of the technical thought.of the present 

invention except that the kinds of the materials for 

forming the respective portions are different 

concerning the application method of voltage. 

Therefore, the constitution of the former and the 

preparation method thereof are described before 

description of the constitution and the preparation 

method thereof in difference from the former. 

In Fig. 12, the symbol 710 is a p:C .~ype 

semiconductor substrate comprising, for example, 

silicon, etc. On the surface of the substrate 710 

is formed a groove 711 by conventional means such as 

etching, etc., and the inner surface excluding the 

bottom surface of the groove 711 and the surface of 

the substrate 710 is formed an insulation layer 712 

comprising oxidized silicon, etc. formed by the 

therm~l oxidation method or the CVD method, etc . 
. . 

continuously. From the bottom surface of the groove 

711 to internally of the substrate 710 as described 

above, + if necessary, an N type diffusion layer 713 

is provided, which is formed by thermal diffusion as 

.. 
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region doped with an impurity of 

to the conduction type of the 

. nductor such as silicon forming the substrate 
:;ellllco 

Internally of such groove 711, a metal wiring 

714 comprising a metal such as Al, etc. is 
iayer 

"d d The metal wiring layer 714 may be also pro"J. e • 

formed by use of a conventional method such as bias 

sputtering, etc., but preferably it can be also 

formed by use of the Al-CVD method as described 

below. The Al-CVD method is a film forming method 

with good reproducibility which can form a metal film 

of Al, etc •. selectively on the substrate 710, namely 

the bottom of the groove 711 in this case without 

formation on the insulation layer 712 comprising 

silicon oxide. 

The ~iring film thus formed is used for 

connection between the predetermined electrode 

~erminals mutually between two functional devices or, 

if necessary, 3 or more functional devices, to 

constitute an electrical circuit. For example, it 

may be.used suitabli used for connection between two 

source-drains of MOSFET or collectors of a bipolar 

transistor, or between MOSFET or a bipolar transistor 

and a diffusion resistance, between MOSFET or a 

bipolar transistor and a capacity device, etc. 

Next, an example for preparing the wiring 
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structure with such constitution is described. 

First, as shown in Fig. 12, a P type silicon 

substrate 710 is prepared as the semiconductor 

substrate. 

Subsequently, on the surface of the substrate 

710, after application of a patterning by use of a 

resist, a groove 711 for formation of a wiring layer 

is formed by application of etching. 

Then, an insulation layer 712 with a film 

thickness of 0.5 to 1.0 µm is formed according to the 

thermal oxidation method or the CVD method on the 

surface of the substrate 710 and the inner surface of 

the groove 711. 

Next, after application of a patterning by 

use of a resist on the whole surface of the substrate 

711 excluding the bottom of the groove 711, the 

oxidized film layer formed on the bottom of the 
' 

groove 711 is removed by anisotropic etching such as 

RIE (reactive ion etching) to have the silicon 

portion of the substrate 710 exposed. 

Next, at the silicon exposed portion of the 

bottom of the groove 711, an impurity of the type 

opposite to the conduction type of the material for 

forming the substrate 710 is doped according to the 

ion injection metho~ of the thermal diffusion method, 

followed by diffusion to form an N+ type diffusion 

layer 713 .• 
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in the case when the width dimension itself is short, 

there is the advantage that an Al film of good 

quality can be formed from the bottom of the groove 

711. Therefore, it is sufficiently applicable to a 

fine structure with an aspect ratio of l.O or more as 

a matter of course, even 1.5 or more, further 2.0 or 

more. Further, because an Al film of good quality 

can be also formed internally of a deep groove 711 

easily, the current tolerance of the metal wiring 

layer 714 can be easily increased by enlarging the 

depth dimension without enlarging the width dimension 

of the metal wiring layer 714. 

Next, the wiring structure shown in Fig. 13 
' . 

is described. In Fig. 13, the same portions as the 

constitution in Fig. 12 are affixed with the same 

symbols for brevity of the description. 

In Fig. 13, the symbol 720 is an N type 

semiconductor substrate comprising, for ex~mple, 

silicon, as the substrate. On the surface of the 

substrate 720 is formed a groove 711 by conventional 

means such as ethcing, etc. and on the inner surface 

excluding the bottom internally of the groove and the 

surface of the substrate 720 is formed continuously 

an insulation film 712 comprising· silicon oxide, etc. 

according to the therma1·oxidation method or the CVD 

method. Internally of the substrate of the substrate 

720 from the bottom of the groove 711 as described 
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n impurity of the conduction type above, a opposite 

to that of the semiconductor such as silicon, etc. 

fo rming the substrate 720 to provide a p+ for type 

diffusion layer 21 as the semiconductor region formed 

by 
thermal diffusion. 

Internally of such groove 711, a metal wiring 

iayer 714 comprising a metal such· as Al, etc. is 

provided. In such metal wiring layer 714, electrical 

separation is effected from the N- type silicon 

substrate 720 through the insulation layer 712 as the 

insulation film formed on the inner surface of the 

groove 711 and the P-N separation layer formed on the 

bottom of the groove 711. Therefore, substantially 

no leak current from the metal wiring layer 714 to 

the substrate will occur. 

The wiring structure of the present invention 

with such constitution can be utilized for all 

functional devices, namely field effect transistors, 

bipolar transistors, diffusion resistances, etc. 

Fig. 14 is an example of the wiring structure 

of the present invention, which is a schematic 

sectional view showing a wiring structure of two 

metal layers. 

In Fig. 14, the symbol 730 is an N type 

semiconductor substrate comprising, for example, 

Silicon. on the surface of the substrate 730 is 

formed a groove 731 according to conventional means 

·-· , 
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such as etching, etc., and on the inner surface 

excluding the bottom internally of the groove 731 and 

on the surface of the substrate 730 are formed 

continuously an oxidized film layer 732 comprising 

silicoin oxide, etc. according to the thermal 

oxidation method or the CVD method. From the bottom 

of the groove 731 as described above to internally of 

the substrate 730 is doped an impurity of the 

conduction type opposite to that of the semiconductor 

such as silicon, etc. forming the substrate 730 to 

provide a P+ diffusion layer 733 formed by thermal 

diffusion. 

Internally of such groove 731, a first wiring 

layer 734 comprising, for example, Al, etc. is formed 

according to the selective Al-CVD method as described 

below. The first metal wiring layer 734 has its 

upper surface coplanar with the surface of the 

substrate 730. 

On a part of the oxidized film layer 732 as 

desc~ibed above, openings 735 for taking out the 

elec·trode of the semiconductor device reaching the 

surf .. 1ce of the substrate 730 are formed. 

On the surf ace of the oxidized film layer 732 

together with the inner portion of the openings 735 

and the inner portion of the groove 731 at upper 

po~~ion of the first metal wiring layer 734, a second 

metal wiring layer 736 comprising d m~tal such as Al, 
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etc. is formed. A passivation film 737 comprising, 

for example, silicon nitride, etc. is formed on the 

second metal wiring layer 736 and the oxidized film 

732. 

Referring next to Fig. lSA to Fig. lSC, a 

method for preparing a semiconductor device having 

the wiring structure with the constitution shown in 

Fig. 3. 

First, as shown in Fig. 14A, an N type 

silicon substrate 730 is prepared. 

Next, after application of a patterning by 

use of a resist on the surface of the substrate 730, 

a groove 731 for formation of a first metal wiring 

layer is formed. 

Next, an oxidized film laye~ 732 with a film 

thickness of about 0.5 to 1.0 µm is formed on the 

surface of the substrate 730 the inner surface of the 

groove 731 according to the thermal oxidation method. 

Next, after application of a patterning by 

use of a resist on the whole surface of the substrate 

730 excluding the bottom of the groove 731, the 

oxidized film layer formed on the groove 731 is 

removed by anisotropic etching of RIE (reactive ion 

etching) to have the silicon portion of the substrate 

730 exposed. 

Next, the silicon exposed portion at the 

bottom of the groove 731 is doped with B as the 
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impurity of the conduction type opposite to that of 

the material for forming the substrate 730 according 

to the ion injection method, followed by diffusion to 

form a P+ diffusion layer 733. 

Next, on the P+ type diffusion layer 733 is 

formed a first metal wiring layer 734 comprising Al, 

etc. according to the selective Al-CVD method as 

described above. The first metal wiring layer 734 is 

formed so that its upper surface became coplanar 

with the upper surface of the substrate 730 around 

the groove 731. The first metal wiring ~ayer 734 is 

separated electrically from the N- type silicon 

substra~e 730 through the oxidized film layer 732 as 

the insulation film formed on the inner surface of 

the groove 731 and·the P+ type diffusion layer 733 as 

the P-N·separation layer formed.on the bottom of the 

groove 731. And, it is confirmed that there is 

substantially no leak of current from the first 

wiring layer 734 to the substrate 730. 

Next, after application of a patterning by 

use of a resist on the surface of the oxidized film 

layer 732, openings 735 for taking out the electrode 

of the semiconductor device reaching the surf ace of 

the substrate_ 730 are formed in a part of the 

oxidized film layer 732 (Fig. 15B). 

Next, internally of the openings 735 and 

internally of the groove 731 at the upper portion of 
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the first metal wiring layer 734 is formed by 

depositing a second metal wiring lower layer 736a 

comprising Al utilizing DMAH and hydrogen as the Al-

cvo method at a substrate surface temperature of 270 °c. 

The second method wiring lower layer 736a is 

_formed so that it~ surface may be coplanar with the 

upper surface of the oxidized film layer 732. Next, 

on the respective upper surfaces of the second metal 

wiring lower layer 736a and at the predetermined 

positions on the surface of the oxidized film layer 

732 are formed the upper second metal wiring layer 

736b comprising Al according to the sputtering method 

(see Fig. lSC}. 

Further, on the second metal wiring layer 736 

and the oxidized film layer 732, a passivation film 

737 comprising silicon nitride with a film thickness 

of about 0.5 to 1.0 µm is formed according to the 

plasma CVD method to obtain a semiconductor device 

equipped with the metal double layer wiring structure 

as shown in Fig. 14. 

Also in the semiconductor device with such 

constitution, the fi~st metal wiring layer 734 

provided internally of the N type silicon substrate 

730 is separated from the N type silicon substrate 

730 through the oxidized film layer 732 as the 

insulation film on the inner surface of the groove 

731 and the p• type diffu~ion layer 733 as the P-N 
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separation layer at the bottom of the groove 731, and 

there will be substantially no leak current from the 

first metal wiring layer 734 to the substrate 730. 

rn the first metal wiring layer 734, the desired 

current tolerance can be ensured by enlarging the 

depth dimension without enlarging its flat area. 

Also, since the unevenness of the surface of the 

semiconductor device can be inhibited minimum, there 

is no relative movement of the first metal wiring 

layer 734 to the substrate 730 to effect improvement 

of the precision of the formation position of the 

first metal wiring layer 734, and also the number of 

the multiple layers of wiring can be increased within 

the range of a limited thickness of the device. 

Further, since no interlayer insulation film is 

required between the first metal wiring layer and the 

second metal wiring layer, the surface stepped 

difference can be reduced in the case of providing 

wiring layers of the third metal wiring layer et seq, 

whereby reliability of the wiring layers of the third 

layer et seq can be improved. 

As described above, accord~ng to the present 

invention, a wiring structure capabi~ of ensuring 

necessary current tolerance can even with a small 

wiring flat area and also capable of being formed at 

a high positional precision can be obtained. 

The film forming method suitable for the 
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present invention is to form a deposited film by the 

surface reaction on an electron-donative substrate 

bY use of a gas of an alkylaluminum hydride and 

hydrogen gas (hereinafter called the Al-CVD method). 

Particularly, by use of monomethylaluminum 

hydride (MMAH) as the starting gas or 

dimethylaluminum hydride (DMAH) as the starting gas, 

and H
2 

gas as the reaction gas, and heating the 

substrate surface under the mixture of these gases, 

an Al film of good quality can be deposited. Here, 

during the selective deposition of Al, it is 

preferable to maintain the surface temperatur~ at the 

decomposition temperature of the alkylaluminum 

hydride or higher and less than 450 °c, more 

preferably 260 °c to 440 °C. 

As the method for heating the substrate to 

the above-mentioned temperature range, there are 

direct heating and indirect heating. Particularly, 

by maintaining the substrate at the above-mentioned 

temperature by direct heating, an Al film of good 

quality can be formed at high deposition speed. For 

example, when the substrate surface temperature 

during Al film formation is made 260 °C to 440 °c 

which is more preferable temperature range, a film of 

good quality can be obtained at higher deposition 
0 D 

speed of 300 A to 5000 A/min. which is higher than 

in the case of resistance heating. As such direct 
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method (substrate itself is heated by direct 11eating 

transmission of the energy from the heating means to 

the substrate), for example, lamp heating by means 

of halogen lamp, xenon lamp, etc. may be ·included. 

AS the method for indirect heating, there is 

resistance heating, by which heating can be performed 

by use of a heat-generating body, etc. provided at 

the substrate supporting member for supporting the 

substrate to form deposited film arranged in the 

space for formation of the deposited film. 

By applying the CVD method to the substrate 

having the electron-donative surf ace portion and the 

non-electron donative surface portion co-present 

thereon, a single crystal of Al is formed under good 

selectivity only on the electron-donative substrate 

surface portion. The· Al thus formed will have all 

of excellent characteristics desirable for the 

electrode/wiring material. That is, reduction of 

generation probability of hillock, reduction of 

generation probability of alloy spike will be 

accomplished. 

This may be considered to be due to the fact 

that s~bstantially no or extremely small formation of 

alloy spike, etc. on account of the eutecti~ reaction 

with the subbing silicon, etc. is seen, because Al 

of good quality can be formed on the surface 

comprising a semiconductor or an electro-conductive 
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ber as the electron-donative surf ace and also the mem • 
~l is excellent in crystallinity. And, when employed 

for the electrode of a semiconductor device, an 

effect surpassing the concept of the Al electrode 

which has been contemplated in the prior art, and 

could not be even expected in the prior art can be 

obtained. 

Having described above about the fact that 

the Al deposited on an electron-donative surface, for 

example, within the opening with the semiconductor 

substrate surface exposed becomes to have a single 

crystalline structure, according to the Al-CVD 

method, a metal film composed mainly of Al as 

described below can be also selectively deposited, 

and its film quality also exhibits excellent 

characteristics. 

For example, in addition to·a gas of an 

alkylaluminum hydride and hydrogen, 

a gas containing Si atoms such as SiH4 , 

Si2H6' Si3Ha, Si(CH3>4· SiC14' SiH2Cl2, SiHCl3, or 

the like. 

a gas contai'ning Ti atoms such as TiC1 4 , 

TiBr4 , Ti(CH 3 ) 4 , etc., 

a gas containing cu atoms such as copper 

·~ bisacetylacetonate Cu(C
5

H
7
o

2
J, copper 

bisdipivaloylmethanite Cu(c
11

tt
19

o
2

J
2

, copper 

bishexafluoroacetylacetonate Cu(C
5

HF
6
o

2
J

2
, etc. 
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may be introduced in a suitable combination 

to form a gas mixture atmosphere, thereby forming an 

electrode by selective deposition of an 

eiectroconductive material such as Al-Si, Al-Ti, Al-

Cu Al-Si-Ti, Al-Si-Cu, etc. 
I 

The Al-CVD method as described· above is a 

film forming method excellent· in selectivity, and 

also the surf ace characteristic of the film formed 

has good surface characteristic. Hence, by 

.19 NOV 1996 

application of a non-selective film forming method to 

the next deposition step, Al or a metal film composed 

mainly of Al can be also formed on the Al film 

selectively deposited as described above and Sio2 , 

etc. as the insulating film, whereby a suitable metal 

film having high useability for general purpose as 

the wiring of semiconductor device can be obtained. 

Specific examples of such metal film include 

the following. There may be included combinations of 

Al, Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu, etc. 

deposited selectively with Al, Al-Si, Al-Ti, Al-Cu, 

Al-Si-Ti, Al-Si-Cu, etc. 

As the film forming method for non-selective 

deposition, there are other CVD methods than the Al-

CVD method as described above, the sputtering method, 

etc. 

(Film Forming Apparatus) 

Next, a suitable film forming apparatus for 
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f orming the electrode accordinq to the present 

invention is described. 

Fig. 16 to Fig. 18 show schematically a 

sequential metal film forming apparatus su't bl 
J. a e for 

applying the film forming method as described above. 

The sequential metal film forming apparatus, 

as shown in Fig. 16, is constituted of loadlock 

chamber 311 connected mutually communicated under 

shielding from outer air through the gate valves 

JlOa to 310f, a CVD reaction chamber 312 as the first 

film forming chamber, an Rf etcing chamber 313, a 

sputtering chamber 314 as the second film forming 

chamber and a loadlock chamber 315, and the 

respective chambers are constituted reducible in 

pressure by evacuation with the evacuation systems 

316a to 316e. Here, the above loadlock chamber 311 

is a chamber· for replacing the substrate atmosphere 

before deposition treatment with H2 atmosphere after 

evacuation in order to improve the throughput 

characteristic. The next CVD reaction chamber 312 

is a chamber for selective deposition on the 

substrate according to the Al-CVD method as described 

above under normal pressure or reduced pressure, 

in which a substrate holder 318 having a heat-

generating member 317 which can heat the substrate to 

be formed to a range of 200 °C to 450 °C is provided 

internally, and starting gases such as alkylaluminum 
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'de bubbled and gasified in the bubbler 319-1 are 
hyJrl. 

duced into the chamber through the starting gas 
; rt trO ,. 

Oducing line 319 for CVD, and also hydrogen gas 
iotr 

the reactive gas is introduced through the gasline 
as 

319 
•• The next Rf etching chamber 313 is a chamber 

for carrying out cleaning of the substrate surface 

after selective deposition (etching) under Ar 

atmosphere, and internally thereof are provid~d at 

ieast a substrate holder 320 capable of heating the 

substrate to a range of 100 °c to 250 °c and an 

electrode line for Rf etching 321, and also an Ar.gas 

feeding line 322 is connected. The next sputtering 

chamber 314 is a chamber for depositing non-. 

selectively a metal film by sputtering under Ar 

atmosphere on the substrate surface, and internally 

thereof are provided a substrate holder 323 heated 

within a range of 200 °c to 250 °c and a target 

electrode 324 for mounting a sputter target material 

324a, and also an Ar gas feeding line 325 is 

connected. The final loadlock chamber 315 is a 

control chamber before taking out the substrate after 

completion of the metal film deposition into the 

outer air, and constituted so that the atmosphere may 

be replaced with N
2

• 

Fig. 17 shows another constitutional example 

of a sequential metal film forming apparatus suitable 

for applying the film forming method as described 
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and the sa;ne portions as descri· bed 
4bo"e, above in 

16 are made the same symbols. 
p-ig· The difference 
. the apparatus in Fig. 17 from that . 

"' in Fig. 16 
·aes in that a halogen lamp 330 is resi Provided as the 

and the substrate surface . ect heating means d1r can be 

dl.·rectly heated, and for that purpose, the substrate 

holder 312 is provided with a nail 331 for holding 

the substrate under suspended state. 

By heating directly the substrate surface 

with such constitution, the deposition speed can be 

further improved as described above. 

The sequential metal film forming apparatus 

with the above constitution, as shown in Fig. 18, is 

substantially equivalent to one with the structure 

having the above loadlock chamber 311, the CVD 

reaction chamber 312, the Rf etching chamber 313, the 

sputtering chamber 314, the loadlock chamber 315 

·connected ~utually to one another with the conveying 

chamber 326 as the relay chamber. With this 

constitution, the loadlock chamber 311 functions 

also as the loadlock chamber 315. In the above 

conveying chamber 326, as shown in the Figure, an arm 

327 as the conveying means reversibly rotatable in 

the AA direction and stretchable in the BB direction 

is provided, and with the arm 327, as shown in the 

arrowhead in Fig. 19, the substrate can be moved 

following the steps successively from the loadlock 
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chamber 311 to the CVD chamber 312, the Rf etching 

chamber 313, the sputtering chamber 314, the loadlock 

chamber 315 without exposure to outer air. 

(Film Forming Procedure) 

The film forming procedure for forming the 

electrode and wiring according to the present 

invention is described. 

Fig. 20 is a schematic perspective view for 

illustration of the film forming procedure for 

formation of the electrode and wiring according to 

the present invention. 

First, the outline is described. A 

semiconductor substrate having openings formed on an 

insulating film is prepared, which substrate is 

arranged in a film forming chamber, and its surface 

is maintained at, for example, 260 °C to 450 °C to 

deposit selectively Al at the portion where the 

semiconductor is exposed according to the hot CVD 

method in a mixed atmosphere of DMAH as the 

alkylaluminum hydride and hydrogen gas. Of course, 

as described above, a metal film composed mainly of 
. . 

Al such as Al-Si, etc. may be also deposited 

selectively by introducing a gas containing Si atoms, 

etc. Next, on the Al selectively deposited by the 

sputtering method and the insulating film, Al or a 

metal fil~ composed mainly of Al is non-selectively 

formed. Then, by patterning of the metal film 
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000
-selectively deposited to a desired wiring shape, 

electrodes and wirings can be formed. 

Referring next to Fig. 17 to Fig. 20, 

description is made in more detail. First, a 

substrate is prepared. As the substrate, for 

example, a single crystalline Si wafer having an 

insulating film provided with openings with 

respective apertures provided thereon is prepared. 

Fig 20A is a schematic view showing a part of 

the substrate. Here, 401 is a single crystalline 

silicon substrate as a conductive substrate, 402 a 

thermally oxidized silicon film as the insulating 

film (layer). 403 and 404 are openings (exposed 

portions), having apertures different from each 

other. 410 is the groove bottom with Si exposed. 

The procedure for forming Al film which 

becomes the electrode as the first wiring layer on 

the substrate is as follows with Fig. 20. 

First, the substrate as described above is 

arranged in the loadlock chamber 311. Hydrogen is 

introduced into the loadlock chamber 311 to make it 

under hydrogen atmosphere. And, the reaction chamber 

312 is internally evacuated to approximately 1 x 10-B 

Torr by the evacuation system 316b. However, Al film 

can be formed even if the vacuum degree within the 

reaction chamber 312 may be worse than 1 x 10- 8 Torr. 

And, the gas of DMAH bubbled from the gas 



":. 

- 46 -

REPtACEMENT SHEET 

_19 NOV 1996 

l 1·ne 319 is fed. For the ca · 
rrier gas for the DMAH 

line, H2 is employed. 

The second gas line 319' is for 
H2 as the 

reaction gas, and by flowing H2 through the second 

line 319' and controlling th gas e opening degree of 

the slow leak valve not shown to adjust the pressure 

within the reaction chamber 312 to a predetermined 

value. A typical pressure in this case is preferably 

about 1.5 Torr. Through the DMAH line, DMAH is 

introduced into the reaction tube. The total 

pressure is made about 1.5 Torr, and the DMAH pressure 

5.0 x 10- 3 Torr. Then, current is passed to the 

halogen lamp 330 to heat directly the wafer. Thus, 

Al is selectively deposited. 

After elapse of a predetermined deposition 

time, feeding of DMAH is once stopped. The 

predetermined deposition time of the Al film 

deposited in this process is the time until the 

thickness of the Al film on the Si (single 

crystalline silicon substrate 1) becomes equal to the 

film thickness of the sio
2 

(thermaliy oxidized 

silicon film 2), and can be determined previously by 

experimentation. 

The temperature of the substrate surface by 

direct heating at this time is made about 270 °c. 

According to the steps up to this stage, the Al film 

405 is selectively deposited within the openings and 
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the grooves as shown in Fig. 208 _ 

All of the steps a d s esc·ribed above are 
referred to as the first film f 

arming step for 
formation of electrode within contact 

hole. 
After the above first film forming 

step, the 
cVD reaction chamber 312 is evacuated until . 

· reaching 

a Vacuum degree of 5 x 10- 3 Torr l or ower by the 

evacuation system 316b. At the same time, the Rf 

etching chamber 313 is evacuated to 5 x 10-6 Torr or 

lower. After confirmation that the both chambers 

have reached the above vacuum degree, the gate valve 

310c is opened, the substrate moved from the· cvo 

reaction chamber 312 to the Rf etching chamber 313 

by the conveying means, and the gate valve 310c 

closed. The substrate is conveyed to the Rf etching 

chamber 313, and the Rf etching chamber 313 is 

evacuated by means of the evacuation system 316c 

until reaching a vacuum degree of 10~ 6 Torr or lower. 

Then, argon is fed through the argon feeding line 

322 for Rf etching, and the Rf etching chamber 131 

-1 -3 maintained under an argon atmosphere of 10 to 10 

Torr. The substrate holder 320 of Rf etching is 

maintained at about 200 °c, Rf power of 100 W 

supplied to the electrode for Rf ethcing 321 for 

about 60 seconds, and discharging of argon is caused 

to occur within the Rf etching chamber 313 for about 

60 seconds. By doing so, the surface of the 

I 
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substrate can be etched with argon ions to remove 

unnecessary surface layer of the CVD depos·ited film. 

fhe etching depth in this case is made about 100 A in 

terms of the o~ide. Here, surface etching of the cvo 

deposited film is effected in the Rf etching chamber, 

but since the surface layer of the CVD film of the 

substrate conveyed through vacuum contains no oxygen, 

etc., no Rf etching may be effected. In that case, 

the Rf etching chamber 313 function as the 

temperature changing chamber for effecting 

temperature change within a short time, when the 

temperatures in the.CVD reaction chamber 12 and the 

sputtering chamber 314 are greatly different. 

In the Rf etching chamber 313, after 

completion of Rf etching, flowing of argon is 

stopped, and the argon within the Rf etching chamber 

313 is evacuated. After the Rf etching chamber 313 

is evacuated to S x 10-6 Torr and the sputtering 

chambe.r 314 to 5 x 10- 6 Torr or lower, the gate valve 

3l0d is opened. Then, the substrate is moved from 

the Rf etching chamber 313 to the sputtering chamber 

314 by means of a conveying means, followed by 

closing of the gate valve 310d. 

After the substrate is conveyed to the 

sputtering chamber 314, the sputtering chamber 314 is 

.made under an argon atmosphere of 10-l to 10- 3 Torr 

similarly as in the Rf etching chamber 313, and the 
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temperature of the substrate holder 323 for mounting 

the substrate set to about 200 to 250 °c. And 

discharging of argon is effected at a DC power of s 

to 10 KW to cut a target material such as Al or Al-Si 

(Si: o.5 %) and effect film formation of a metal 

such as Al, Al-Si, etc. at a deposition speed of 
0 

about 10000 A/min. on the substrate. This step is 

a non-selective deposition step. This is called the 

second film forming step for formation of the wiring 

to be connected to the electrode. 

After formation of a metal film of about 5000 
0 

A, flowing of argon and application of DC power are 

stopped. After evacuation of the loadlock chamber 

311 to 5 x 10-3 Torr or lower, the gate valve 310e is 

opened and the substrate moved. After the gate valve 

310e is closed, N2 gas is permitted to flow into the 

loadlock chamber 311 until reaching atmospheric 

pressure, the gate valve 310f opened and the 

substrate taken out of the apparatus. 

According to the second Al film deposition 

step as described above, the Al film 406 can be 

formed on the Sio
2 

film 402. 

And, by patterning the Al film 406 as shown 

in Fig. 200, a wiring with a desired shape can be 

obtained. 

(Experimental Examples) 

In the following, how excellent is the 
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above-described Al-CVD method is and how good of the 

quality the Al film deposited withi·n the · openings is 

are described based on the experimental results. 

First, as the substrate, a plurality of N­

type single crystalline silicon wafers were prepared, 

which are thermally oxidized on the surf ace to form 
0 

sib
2 

of 8000 A, and have various ·openings with 

various apertures from 0.25 µm x 0.25 µm square to 

100 µm x 100 µm square patterned to have the subbing 

si single crystal exposed (Sample 1-1). 

These are subjected to formation of Al films 

according to the Al-CVD method under the conditions 

as described below. Under the common conditions by 

use of DMAH as the starting gas, and hydrogen as the 

reaction gas, a total pressure of 1.5 Torr, a DMAH 

partial presure of 5.0 x 10-3 Torr, the power amount 

passed through the halogen lamp is adjusted and the 

substrate surface temperature set within the range of 

200 °c to 490 °c to form films. 

The results are shown in Table 1. 

. . 



Table 1 

Substrate 

1 
surf ace 200 230 250 260 270 280 300 350 400 440 450 460 470 480 490 
temperature(°C) 

.• : 

Deposition 
~ 1000 - 1500, ~ 3000 - 5000 -speed (A/min) ' / 

j .. 
Line defect • 

~ Not recognized ..... 
of Si / .. 
Carbon 

~ Not detected ~ 

content / 
I 

Resistivity I.JI 

~2.7 - 3.3 .... / 2.8 - 3.4 - .... 
( n µcm) . - , 

I 

Reflectance 
~ 85 - 95 ~ 90 - 95 ~ ... - 60 ... 

( % ) - ~ .r ~ / 

Hillock ·density f(- 1 - 102 .... / 0 - 10 ~ ... 10 - 104 -of 1 µm or more , ..... ,, ,; 

Spike generation 
(destruction ~ 0 .... ~ 0 - 30 . 
probability of 

I'\ , - ~ 
i;:g 

0.15 µm junction) 
~ 

~ 

.. '° f; 
:z tr.I 
0 ~ 
< ~ 
-31. ~ '° '° en 
°' ffi 

-3 
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As can be seen from Table 1, at a substrate 

surface temperature by direct heating of 260 °C or 

higher, Al is deposited selectively at a high 
0 

deposition speed of 3000 to 5000 A/min. within the 

openings. 

When the chara.cteristics of the Al film 

within the openings at substrate surface temperature 

range of 260 °c to 440 ~c are examined, they are 

found to be excellent such that no carbon is 

contained, with resistivity being 2.8 to 3.4 µOcm, 

reflectance 90 to 95 %, hillock density of 1 µm or 

higher 0 to 10 and substantially no spike generation 

(destruction probability of 0.15 µm junction). 

In contrast, at substrate surface 

temperatures· of 200 °c to 250 °C, the film is found 

to be considerably good as compared with the prior 

art although the film quality is slightly worse as 

compared with the case of 260 °c to 440 °C, but the 
0 

deposition speed is 1000 to 1500 A/min., which can 

never be said to be sufficiently high. 

When the substrate surface temperature 

becomes 450 °c or higher, the characteristics of the 

Al film with the openings are lowered with the 

reflectance becoming 60 % or less, hillock density 

f 4 -2 . o 1 µm or more 10 to 10 cm , alloy spike 

generation 0 to 30 %. 

Next, description is made about how suitably 



•/ 

- 53 -

REPLACEMENT SHEET 

[}9 NOV~6 J 

the method as described above can be used openings 

such as contact hole or thru-hole. 

That is, it can be also preferably applied 

to the contact hole/thru-hole structure comprising 

the material as described below. 

On the Sample 1-1 as described above, an Al 

film is formed on a substrate (sample) as described 

below under the same conditions as when the Al film 

is formed. 

On a single crystalline silicon as the first 

substrate surface material is formed a silicon oxide 

film according to the.CVD method as the second 

substrate surface material, and patterning effected 

according to the photolithographic steps to have the 

single crystalline silicon surface partially exposed. 

The film thickness of the thermally oxidized 
0 

sio2 film has a film thickness of 8000 A, the exposed 

portion of the single crystalline silicon a size of 

0. 25 l.J m x 0. 25 µm to 100 1.Jm x 100 1.Jm. Thus, Sample 

1-2 is prepared (hereinafter such samples are 

represented as "CVD Sio
2 

(hereinafter abbreviated 

as Sio
2

)/single crystalline silicon"). 

Sample 1-3 is boron doped oxide film formed 

by normal pressure CVD (hereinafter abbreviated as 

BSG)/single crystalline silicon, 

Sample 1-4 phosphorus doped oxide film formed 

by normal pressure CVD (hereinafter abbreviated as 
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pSG)/single crystalline silicon, 

REPLACEMENT SHEET 

.19 NOV 1996 

Sample 1-5 phosphorus and boron doped oxide 

film formed by normal pressure CVD (hereinafter 

abbreviated as BSPG)/single crystalline silicon, 

Sample 1-6 nitride film formed by plasma CVD 

(hereinafter abbreviates as P-SIN)/single crystalline 

silicon, 

Sample 1-7 hot nitride film (hereinafter 

abbreviated as T-SiN)/single crystalline silicon, 

Sample 1-8 nitride film formed by low 

pressure CVD (hereinafter· abbreviated as LP~SiN)/ 

single crystalline silicon, 

Sample 1-9 nitride film formed by means of an 

ECR apparatus (hereinafter abbreviated as ECR-SiN)/ 

single crystalline silicon. 

Further, according to all combinations of the 

first substrate surface materials.(18 kinds) and the 

second substrate surface materials (9 kinds), 

Samnples 1-11 to 1-179 (note: Sample Nos. 1-10, 20, 

30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 

150, 160, 170 are lacking) are prepared. As the 

first substrate surface material, single crystalline 

silicion (single crystalline Si), polycrystalline 

silicon (polycrystalline Si), amo~phous silicon 

(amorphous Si), tungsten .(W}, molybdenum (Mo), 

tantalum (Ta), tungsten silicide (WSi), titanium 

silicide (TiSi), aluminum (Al), aluminum silicon 
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1_sil, titanium aluminum (Al-T' . 
(~ l.), titanium nitride 
.. ~) copper (Cu), aluminum 51· 1 . 

( r1-~ , l.con copper (Al-Si-

l aluminum palladium (Al-Pd) t't . cu, • l. anium (Ti), 
lybdenum silicide (Mo-Si), tantalum .

1 
.. 

1110 Sl. l.CJ.de (Ta-

. ) are employed. As the seco~d subs trat 51 · - · e surface 

~aterial, T-Si02 , Si02 , BSG, PSG, BPSG, P-SiN, .,. T-SiN, 

Lp-SiN, ECR~S~N are employed. For all of the samples 

as described above, good Al films comparable with the 

sample 1-1 could be farmed. 

Next, on the substrate having Al deposited 

selectively as described above, Al is deposited non­

selectively according to the sputtering method as 

described above, followed by p~tterning. 

As the result, the Al film formed according 

to the sputtering method, and the Al film selectively 

selected within the openings ~re found to be under 

the contact state with both electrically and 

mechanically high durability due to good surface 

characteristic of the Al film. 

(Experimental Ex.amples) 

Samples of semiconductor device are trially 

made according to the methods as described in 

Examples 1 to 8, and as the result of 

experimentation, good characteristics as expected 

can be obtained. 
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WHAT IS CLAIMED IS: 

1. A semiconductor device having a device 

region and a device separation region formed on a 

semiconductor substrate doped with impurities,' and 

the device separation region having a metal wiring 

formed on the surf ace of said device region or the 

back surface of said substrate, 

characterized in that an aluminum region 

19 NOV 1996 

extending in the longitudinal direction connected to 

said metal.wiring is formed within said device 

separation region. 

2. A semiconductor device ·having device 

separation region, which device having a device 

region and a metal region composed mainly of aluminum 

which becomes the device separation regi~n extending 

out in the longitudinal direction formed on an 

insulating substrate, one end of the metal region 

being in contact with said insulating substrate and 

the other end with the surface exposed. 

3. A semiconductor device according to Claim 

1. wherein said semiconductor device is a 

solid image pick up device. 

4. A semiconductor device, comprising a 

semiconductor substrate having at least two 
----·-----------
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functional devices, and having a buried metal wiring 

layer for connecting said at least two functional 

devices provided internally of said semiconductor 

substrate. 

5. A semiconductor device according to Claim 

4, wherein further at least one metal wiring layer is 

laminated on said metal wiring layer. 

6. A semiconductor device according to Claim 

4, wherein the metal wiring layer provided 

within said semiconductor substrate is formed of a 

single crystalline aluminum. 

7. A semiconductor device according to Claim 

6, wherein said semiconductor substrate and the metal 

wiring layer provided within said substrate are 

electrically separated with a layer region of the 

conduction type opposite to that of said substrate. 

8. A semiconductor device according to Claim 

4, wherein said semiconducfor device includes a logic 

circuit. 

~. A semiconductor device according to Claim 

2, wherein said semiconductor device is a 

solid image pick up device. 
------·--·---- ·-------··--
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10·. A semiconductor device according to Claim 

5, wherein the metal wiring layer provided 

within said semiconductor substrate is formed of a 

single crystalline aluminum. 

11. A semiconductor device, comprising a plurality 

of active regions each separated one from the other by a 

device separation region, which device is characterised 

in that: 

each device separation region is provided with a metal or 

metallic filling. 
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DEVICE SEPARATIOO S'IRUC'IURE AND SEMICDNDUCIUR DEVICE IMPROVED IN 
WIRING Sl'RucrbRE 

ABSTRACT OF THE DISCLOSURE 

A semiconductor device has a device region, 

and a device separation region formed on a 

semiconductor substrate doped with impurities. 

And, the device separation region has a metal wiring 

formed on the surf ace of the device ·region or the 

back surface of the substrate. An aluminum region 

extending in the longitudinal direction connected 
. 

to the metal wiring is formed ·within the device 

separation reg~on. 

(Fig. 3) 

1 9 t-\O'I m6 . ... 
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What is claimed i3: 
1. A semiconductor device comprising: 
a semiconductor body; 
a plurality of element regions formed within said 

semiconductor body; 
an isolating region for making each of said clement 

regions electrically independent; 
wherein said isolation region comprises (i) a conduc­

tive region formed of single crystalline aluminum 
filling a groove at· one surface side of said body, (ii) 

a c;toped region provided on a bottom of said 
groove aod farmed of a semiconductor material 
doped with an impurity to form a pu junction with 
said element region, and (ill) an insulating region 
disposed at side surfaces of said groove and said 
doped region. 

2. A semiconductor device comprising: 
a semiconductor body; 
a plurality of element regions formed within said 

semiconductor body; and 
an isolating region for making each of said element 

regions elect....-?cally independent; 
wherein said isolating region comprises a conductive 

region formed of single crystalline aluminum filling 
·a groove formed at one surface side of said semi­
conductor body, a region doped with an impurity 
disposed on side: surfaces and bottom of said 
groove, and said doped region forms a p:a junction 
with said element region. 

3. A semiconductor device a.ccording to claim 1. 
wherein said scmieonductor de._ice is a solid-state 
image pick-up device. 

4. A semiconductor device a.ccording to cl.aim 1. 
Nrther comprising at least two functional devices, and 
comprising a buried metal wiring layer for CODIIccting 
said at least two functional devices provided within said 
semiconductor substrate. 

5. A semiconductor device according to claim 4, 
fbrther comprising at least a first metal wiring layer 

. Jam;nated on said metal wiring I.ayer. 
6. A semiconductor device according to claim 4, 

wherein said metal wiring layer within said semicon­
ductor substrate is formed of a single crystall.inc: alumi­
num. 

REPLACEMENT SHEET . i----------·-·· ....... _, ____ _ 
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7. A semiconductor device according to claim 6, 
wherein said semiconductor substrate and said metal 
wiring layer within said substrate are electrically sepa­
rated by a layer region of a conduction type opposite to 
that of said substrate. 

8. A semiconductor device according to claim 4, 
wherein said semiconductor device comprises a logic 
circuit. 

9. A semiconductor device according to claim 2, 
wherein said semiconductor device is a solid-state 
image pick-up device. 

10. A semiconductor device according to claim 5, 
wherein said metal wiring layer within said semicon­
ductor substrate is formed of a single crystalline alumi­
num. 

••••• 
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subsequently, on the N+ type diffusion layer 

713, according to a conventional film forming method 

such as sputtering or the Al-CVD method, a metal 

wiring layer 714 comprising Al, etc. is formed. The 

metal wiring layer 714 should be desirably formed so 

that its upper may be coplanar with.the ·upper 

surface of the insulation layer 712 formed on the 

surface of the substrate 710 around the groove 711 in 

accomplishing surface flattening of the semiconductor 

device. In such metal wiring layer 714, electrical 

separation is effected from the P- type silicon 

substrate 710 through the insulation layer 712 as the 

insulation film formed on the inner surface of the 

groove 711 and the N+ typ~ diffusion layer 713.as 

the P-N separation lay.er formed on the bo.ttom of the 

groove 711. 

According to the selective Al-CVD method as 

described above, the Al film is deposited selectively 

on the N+ type diffusion layer 713 comprising silicon 

as described above, but not on the insulation layer 

712 comprising silicon oxide. Therefore, by use of 

the selective Al-CVD method, there is the advantage 

that no patterning with resist, etc. as required in 

the case of a conventional film forming method such 

as sputtering, etc. need· be applied. Also, the depth 

dimension of the groove 711 as described above is 

relatively longer than the width dimension, and even 
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DEVICE SEPARATIOO S'IRUClURE AND SEMICDNIXJCK.R DEVICE IMPROVED m 
WIRING STRUCI.'URE 

ABSTRACT OF THE DISCLOSURE 

A semiconductor device has a device region, 

and a.device separation region formed on a 

semiconductor substrate doped with impurities. 

And, the device separation region has a metal wiring 

formed on the surf ace of the device region or the 

back surface of the substrate. An aluminum region 

extending in the longitudinal direction connected 
. 

to the metal wiring is formed within the device 

separation region. 
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(Fig. 3) 


