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in reliability. 2) Furthermore, polycrystalline silicon, which Is This
invention relates to a semiconductor inte-     the gate electrode member
material generally grated circuit device such as memory, photoelectric
used in TTC, cannot be made with resistivity of 1 converting device, signal
processing device, etc. to   5  [err] or lower, even if impurity is
diffused to the be mounted on various electronic instruments, partic-
maximum extent, whereby it is impossible to re- ularly an insulated gate
transistor thereof.            duce the propagation delay time which
determi- In recent years, as an effortfor higher integration,  nes the
speed of the transistor. Even if a sillcide it has been desired to develop
practically finely       (Si metal alloy) Is employed in place of polycrys-
worked functional devices such as MOS transistors  10   talline silicon,
the resistivity is about 100 to 200 with a gate length of submicron order.
[err] and a transistor of high speed, high yield Fig. 1 to Fig. 3 are
schematic sectional views      and high reliability cannot be obtained.
showing the structure of MOS transistors of the prior   3) Furthermore,
generally speaking, the gate art. Fig. 1 is N-MOS transistor with a single
drain     electrode is deposited on the semiconductor de- structure having
a gate 201, an oxidised film 202, a   15  vice surface uniformly and
therefore the surface source 203 and a drain 204, which is the simplest
of the gate electrode reflects the unevenness it- structure, and its
production process is also simple.   self of the groove, as opposite to
flattening. However, with the progress of finer formation of the    Shortly
speaking, for maintaining high reliability device, when the gate length
becomes 1.2 um or less,    of the wiring deposited on the gate electrode,
an deterioration of the actuation of the MOS transistor  20  insulation
film must be deposited on the gate will occur. Fig. 2 has low concentration
regions 205    electrode, and flattened using rf plasma etch- and 206
provided for relaxing the electrical field be-  back. This method is a
method which leaves the tween the source and the drain for preventing such
resist thickly only at the concavity and etches si- deterioration, and is
called a LDD (lightly doped drain)  multaneously the insulation film at the
resist con- structure. Further, for DRAM, which is most ad-   25    cavity
in rf plasma, and since the influence of rf vanced in finer formation, a
thin Transistor cell (TTC)  exerted on the MOS transistor is extremely
great, as shown in Fig. 3 has been proposed. TTC has a         the risk of
impairing yield and reliability has been groove provided in the
semiconductor substrate 211,     very great. and a transistor and a
capacitor are formed at the      IBM Disclosure Bulletin, vol. 29, No. 10,
pages same time. More specifically, it has a gate oxidised   30   4305-4307
describes a 3-D structure trench MOS- film 213, with a channel 214 located
on the side face  FET having deep implant source and drain regions of the
gate oxidised film. In the groove at the lower  each side of an insulated
buried gate electrode. partofthe gate212, polycrystalline Si215 isfilledand
United States Patent 4,910,564 describes an- deposited to form an electrode
of the capacitor for  other structure having deep source and drain regions
memory, with its surface being oxidised to form an in-  35   of n-type and
of p-type with n & p channels each side sulator film 216 for capacitor. A
buried source 217 is  of an insulated buried gate electrode. formed at the
upper part of the polycrystalline Si 215.  International Patent Application
WO 86/03341 Further, it is equipped with a word line 218 of poly-
describes a multi-gate trench transistor having a thin crystalline Si, an
[err] diffusion layer as a drain and bit  film gate electrode extending
along the sidewalls and line, and is separated electrically by oxidised
film 220   40  floor of adjacent recesses. from the adjacentcells. On
insulation film 221, and in-  Of particular note Patent Abstracts of Japan,
terlayer insulation film 222 are respectively formed  vol.9, No. 102 and
JP-A-59 228 762 discloses an in- wiring patterns 223 and 224. The TTC,
having the     sulated gate transistor comprising an insulated gate MOS
transistor and capacitor formed in the vertical  transistor comprising:
direction, has such advantages that it is smaller in  45  a semiconductor
body having a recess therein; area, and also erroneous actuation due to
influence       a gate electrode filling the recess; of a-ray will
occurwith difficulty, and further it is free  an insulating film between
the gate electrode from parasitic transistor.                           and
the sidewall periphery of the recess; However, the groove type transistor
cell as de-        first and second semiconductor regions in the scribed
above has still room to be improved in the fol-  so  surface of the
semiconductor body, positioned each lowing respects:
side of the gate electrode, and defining a source and 1) In the
semiconductor device shown in Fig. 3,  a drain, respectively, only with
respect to the transistor portion, the as-   a first channel means between
the source and pect ratio (groove depth/opening diameter) is   the drain
providing a first current path which at least about 2, and therefore the
yield is lowered by de-  55  in part is in directions substantially
perpendicular to feats which occur in Si etching, and further it is  the
surface of the semiconductor body; and difficult to form insulation film of
uniform and       a second channel means between the source good quality in
the groove, thus posing a problem  and the drain providing a second current
path in a di- 2    



3                   EP 0 460 918 B1                      4 rection
substantially parallel to the surface of the  view. semiconductor body.
The source 4 and the drain 5 of the present The present invention is
intended to overcome    NMOS transistor are arranged each side of a recess,
the problems described above.                        and adjacent to the
source 4 and the drain 5 are re- Thetransistoraccording to the present
invention,   5   spectively arranged a gate oxide film 11,12 which ex-
while having the features of JP-A-59 228 762 descri-  tends in the vertical
direction from the surface to a bed above, is characterised by a high
impurity doped  lower part of the substrate, and adjacent to the gate
region, located immediately below the gate electrode,  oxide film 11,12
there is buried from the substrate disposed to lie in the first current
path and thereby  surface the gate electrode 7 extending deeply below
providing part of the first channel means.      10  the source 4 and the
drain 5. Between the source 4 Preferably, the gate electrode is of a
composite  and the drain 5 a channel for flowing current is pro- structure
comprising a metal filling and a polycrystal-  vided. This includes a high
impurity doped region ([err]) line silicon film located between the metal
filling and  13 provided immediately below the gate electrode 7. the
insulating film. The metal filling may be of single  The surface of the
present transistor is approxi- crystalline aluminium or aluminium alloy,
one of the   15   mately flat because the control electrode region Is
alloys AI-Si, AI-Ti, Al-Cu, AI-Si-Ti, Al-Si-Cu.      buried. Since the gate
electrode is buried at the surface   The transistor is covered on the
surface with an to a lower part of the semiconductor substrate, an
interlayer insulation film 2', and metal wiring ofAl (not MOS transistor
with small area and a flat surface can  shown). Contact holes are provided
in the interlayer be realised, and an MOS transistor having high reli-  20
insulation film 2' for making contact to the source 4, ability can be
obtained.                             the drain 5 and the gate electrode 7.
Also in the for- In the accompanying drawings:                    mation
step of the metal wiring there may be em- Figs. 1 to 3 are each a sectional
view of an MOS  ployed a method in which Al, etc. is deposited selec-
transistor of the prior art;                    tively within each contact
hole, namely only on the Figs. 4A and 4B are a plan view and a sectional
25  semiconductorsubstrate and then a wiring material is view of an example
of the present invention;     deposited on the whole surface of the
insulation film, Figs. 5A to 5G are schematic sectional views for  and
wiring is formed by patterning. illustrating preparation of the example
shown in     Next, actuation is described. Fig. 4;
The MOS transistor according to the present in- Fig. 6 is a schematic view
showing an example of  30  vention is a device which controls the
conductance of a film forming apparatus which can be used for   the channel
between the source electrode 4 and the preparation; and
drain electrode 5 by the gate electrode 7. When a vol- Figs. 7A to 7D are
schematic views for illustrating  tage [err] is applied between the source
electrode 4 film forming used in gate electrode production   and the drain
electrode 5, if a voltage [err] is applied to and for wiring .
35  the gate electrode 7, current flows based on the fol- So that this
invention may be better understood,  lowing formulae, namely: a preferred
embodiment will be described below,     when [err] making reference to the
drawings. The following de-             [err] scription Is given by way of
example only.                   [err] Figs. 4A and 4B illustrate a
preferred embodi-  40   when [err] ment of the present invention.
[err] The gate electrode 7 of this MOStransistoris bur-
[err] led and thus extends from the surface into the body  (Cox: gate
capacity, u: carrier mobility, W: channel of the semiconductor substrate 1.
A part of the chan-  width, L: channel length, [err]: threshold value
voltage). nel for effecting transistor actuation of the MOS tran-  45  The
current from the source 4 to the drain 5 flows sistor is below the surface.
in the direction of the arrowhead 14 to flow into the Further, a part or
all of the gate electrode is  high impurity region ([err]) 13 provided
immediately be- formed by selective deposition using a chemical gas  low
the gate electrode 7. Further, the current flows In phase reaction, and so
can be formed flush with the  the direction of the arrowhead 15 by passing
through surface of the semiconductor device. For forming the   50  the
channel 12 to flow into the drain electrode 5. In gate electrode in a
recess and also accomplishing    the current, there exists a current
component which flatness of the semiconductor device surface, the    flows
in thevertical direction tothesurface, andatthe metal system film selective
deposition method of Al,  same time a component which flows in the
direction etc. described below is effective.                   shown by the
arrow head 16 in Fig. 4Aand parallel to Figs. 4A and 4B show an NMOS
transistor as an   55  the surface. example of the present invention. Fig.
4A is a plan     At present, what is demanded for MOS transis- view of the
NMOS transistor which is surrounded by  tors is 1) to make the transistor
of small area, and 2) a P well 1 and a field oxide film 2. Fig. 4 is a
sectional  to perform transistor actuation at high speed. 3    



5                   EP 0 460 918 B1                 6 The present example
has made improvements to    drain diffusion layer 110 of the MOS
transistor, arsen- a great extent concerning the two points as men-   ic is
ion injected at 5 x 1016 ions/[err]. Arsenic is also tioned above, and the
area of the transistor can be re-  injected into the polycrystalline Si
film 109 to play a duced to 80% of that of the prior art. Concerning  role
of lowering specific resistance of the polycrystal- speed, the resistance
of the gate electrode is an im-   5   line Si. Next, for activating
electrically the source and portant factor. In the case of polycrystalline
Si gate  drain diffusion layer 110, heat treatmentwas carried electrodes
which have been used in the prior art, the  out at [err] for 15 seconds
according to the RTA resistance is 300 to 80 [err], and 2 to 5 [err] has
(rapid thermal annealing) method. (Fig. 5E). been accomplished by silicide
formation, while in the  Next, Al 111 is deposited on the polycrystalline
SI case of this example a low resistance of 1 x 10-5  10  film 109 to fill
the recess. [err] can be realised if single crystalline Al is used  The
deposition method is described below. First, as a metal filling.
the substrate is placed in a reaction chamber of a In the present example
the gate electrode 7 is a  CVD apparatus, and the reaction chamber is
internal- composite of polycrystalline Si film 109 and metal fill-  ly
evacuated to 1.3 x [err]Pa (1 x [err] Torr). Through ing 111. The
polycrystalline crystalline film 109 is lo-  15  a feeding gasline, DMAH is
fed. For the carrier gas, cated between the metal filling 111 and the
sidewalls  He is employed. Further, through anothergasline, H2, of the
recess so that the channel will not contact the  as the reaction gas, is
permitted to flow onto the sub- metal filling 111 of the gate electrode 7
through the in-  strate which is heated to [err] Atypical pressure in
sulation film 11,12(108). Also by using polycrystalline  this case is ca.
2.0 x [err] Pa (1.5 Torr), and the partial silicon Si, which is used in the
process of the prior art,  20   pressure of DMAH ca. 6.7x [err] Pa (5x
[err]Torr). Ac- and thus without involving the work function of the
cording to this method, Al is deposited selectivelyonly gate electrode
filling 111, an MOS transistor having  on the electroconductive
polycrystalline Si film 109 the same characteristics as in the prior art
can be ob-  and not deposited on the oxidised film 108 and the tained.
Further, because the direct resistance of the  field oxidised film 107.
Hence, Al filling 111 forms the gate electrode is reduced, a fine MOS
transistor of  25  rest of the gate electrode of the MOS transistor (Fig.
high speed can be obtained.                        5F). Next, the process
for preparing the transistor     Next, borophosphosilicate glass (BPSG) is
de- shown in Fig. 4 will be described. Fig. 5A to 5G show  posited as an
interlayer insulation film 112, contact sectional views.
holes are opened and Al 114 is buried within the con- First, a P well 102
is formed in an N type Si sub-  30  tact holes by the AI-CVD method as
described above strate 101, and an oxidised film 103 with a thickness  to
produce electrode contacts 113, 114 to the gate of 1200 nm (12000 A) on the
substrate surface is   electrode 111,thesource 110andthedrain (Fig. 5G).
formed and then partially removed to produce a pat-    The preferred film
forming method is one forming terned mask.
the deposited film by a surface reaction on an eleo- Next, using the
oxidised film 103 as a mask, the   35  tron-donative substrate and in which
a gas of an al- substrate is etched by RIE (reaction ion etching) us-
kylaluminium hydride and hydrogen gas (hereinafter ing gases of [err], to
form a recess 104. The  called the AI-CVD method) are used as gaseous re-
etching depth of the substrate is 3 um (Fig. 5B).  agents. Next, the above
oxidised film 103 is removed       Particularly, by use of
monomethylaluminium hy- then a thermally oxidised film 105 is produced and
an   40  dride (MMAH) as the starting gas or dimethylalumini- SIN film 106
with a thickness of 100 nm (1000 A) on  urn hydride (DMAH) as the starting
gas, and H2 as the the whole substrate surface, followed by partial re-
reactive gas, and heating the substrate surface in a moval of the SiN film
(Fig. 5).                    mixture of these gases, an Al film of good
quality can Using the known LOCOS method, a field oxidised  be deposited.
Here, during the selective deposition of film 107 is formed only at
portions where the SiN film   45  Al, it is preferable to maintain the
surface temperature 106 has been removed. The formation conditions are  at
the decomposition temperature of the alkylalumini- [err]: 2
liter/min.,[err] liter/min., oxidation temperature  urn hydride or
higherand less than [err], more pre- [err]., film thickness 800 (8000 A).
Then, the SIN  ferably [err]. film 106 is removed (Fig. 5D).
As the method for heating the substrate to the Next, after the oxidised
film 105 on the substrate  50  above-mentioned temperature range, there are
direct is completely removed in HF atmosphere, a gate in-  heating and
indirect heating. Particularly, by main- sulation film 108 Is formed. The
formation tempera-  taining the substrate at the above-mentioned temper-
ture is [err]., and the film thickness 18 nm (180A).  ature by direct
heating, an Al film of good quality can As a part of the gate electrode of
the MOS transistor,  be formed at high deposition speed. For example, a
polycrystalline Si film 109 is formed on the whole  55   when the substrate
surface 43 temperature during Al surface of the gate insulation film 108 by
pyrolysis of  film formation is made [err] which is the SiH4 and is
partially removed by RIE in a [err] at-  more preferable temperature range,
a film of good mosphere. Further, for formation of the source and  quality
can be obtained at higher deposition speed of 4    



7                   EP 0 460 918 B1                 8 30 to 500 nm/min (300
to 5000 A/min) which is higher  non-selective film forming method to the
next depos- than in the case of resistance heating. As such direct  ition
step, Al or a metal film composed mainly of Al heating method (substrate
itself is heated by direct  also can be formed on the Al film selectively
deposit- transmission of the energyfrom the heating means to  ed as
described above and [err], etc. as the insulating the substrate), for
example, lamp heating by means   5   film, whereby a metal film having high
usability for of halogen lamps, xenon lamps, etc. may be included.  general
purpose as the wiring of semiconductor de- As the method for indirect
heating, there is resistance  vice can be obtained. heating, by which
heating can be performed by use      Specific examples of such metal film
include the of a heat-generating body, etc. provided at the sub-
following. There may be included combinations of Al, strate supporting
member for supporting the sub-  10   Al-Si, AI-Ti, AI-Cu, AI-Si-Ti,
AI-Si-Cu, etc. deposited strate toform deposited film arranged in the space
for  selectively with Al, Al-Si, Al-TI, Al-Cu, Al-Si-Ti, AI-Si- formation
of the deposited film.                   Cu, etc. By applying the CVD
method to a substrate hav-     As the film forming method for non-selective
de- ing an electron-donative surface portion and a non-  position, there
are other CVD methods than the Al- electron donative surface portion both
present there-  15  CVD method as described above, the sputtering on, a
single crystal of Al can be formed only on the  method, etc. (Film forming
Apparatus). electron-donative substrate surface portion with       Next,
the preferred film forming apparatus for good selectivity. The Al thus
formed will have many  forming electrodes will be described. excellent
characteristics desirable for electrode/wir-  Fig. 6 shows schematically a
sequential metal ing material. A reduction of generation probability of  20
film forming apparatus for applying the film forming hillocks and reduction
of generation probability of al-  method as described above. loy spikes is
accomplished.                            The sequential metal film forming
apparatus, as This may be considered to be due to the fact that  shown in
Fig. 6, is constituted by a loadlock chamber substantially no formation of
alloy spikes on account  311 connected mutually communicated under shield-
of the eutectic reaction with underlying subbing sili-  25  ing from outer
air through gate valves 31 Oa to 310f, a con, is seen, because Al of good
quality can be    CVD reaction chamber 312 as the first film forming formed
on the surface comprising a semiconductor or  chamber, an Rf etching
chamber 313, a sputtering an electroconductive member as the electron-dona-
chamber314 as the second filmforming chamberand tive surface, and also the
Al is excellent in crystallin-  a loadlock chamber 315. The respective
chambers ity. And, when employed for the electrode of a semi-  30  are
evacuated by evacuation systems 316a to 316e. conductor device, an effect
surpassing the concept of  Here, the above loadlock chamber 311 is a
chamber the Al electrode which has been contemplated in the  for replacing
the substrate atmosphere before depos- prior art, and could not be even
expected in the prior  ition treatment with H2 atmosphere after evacuation
art can be obtained.                               in order to improve
throughput characteristics. The The Al deposited on the electron-donative
sur-  35  next CVD reaction chamber 312 is a chamber for se- face, for
example, within the recess extending from  lective deposition on the
substrate according to the the semiconductor substrate surface has a single
Al-CVD method as described above under normal crystalline structure, when
produced by the AI-CVD  pressure or reduced pressure, in which halogen
method. Metal film composed mainly of Al as descri-  lamps 330 are provided
as a direct heating means. A bed below also can be selectively deposited,
and its  40  substrate holder318 is providedwith pins 331 forsup- film
quality also exhibits excellent characteristics.  porting the substrate.
Starting gases such as alkyla- For example, in addition to a gas of an
alkylalu-  luminium hydride etc bubbled and gasified in a bub- minium
hydride and hydrogen,                       bler 319-1 are introduced into
the chamberthrough a a gas containing Si atoms such as [err]  starting gas
introducing line 319 and also hydrogen [err], or the like,    45  gas as a
reactive gas is introduced through a gasline a gas containing Ti atoms such
as [err],      319'. The next Rf etching chamber 313 is a chamber [err],
etc., a gas containing Cu atoms such as cop-  for carrying out cleaning of
the substrate surface af- per bisacetylacetonate [err], copper bisdipi-
ter selective deposition or etching under Ar atmos- valoylmethanite [err],
copper bishexafluor-  phere, and internally thereof are provided at least a
oacetylacetonate Cu(C6HF602)2, etc.           50  substrate holder 320
capable of heating thesubstrate may be introduced to form a gas mixture at-
to a range of [err] and an electrode line for mosphere, to form electrodes
by selective deposition  Rf etching 321, and also an Argas feeding line 322
Is of electroconductive material such as Al-Si, Al-Ti, Al-  connected. The
next sputtering chamber 314 is a Cu, Al-Si-Ti, Al-Si-Cu, etc.
chamber for depositing non-selectively a metal film TheAI-CVD method as
described above is a film  55   by sputtering under Ar atmosphere on the
substrate forming method excellent in selectivity, and also the  surface,
and internally thereof are provided a sub- surface characteristic of the
film formed has good  strate holder 323 heated within a range of [err] to
surface characteristic. Hence, by application of a  [err] and a target
electrode 324for mounting a sput- 5    
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324a, and also an Ar gas feeding  Torr). Through the DMAH line, DMAH is
introduced line 325 is connected. Thefinal loadlockchamber315  into the
reaction tube. The total pressure is made is a control chamber before
taking out the substrate  about 2 x 102 Pa (1.5 Torr), and the DMAH
pressure after completion of the metal film deposition into the  6.7x [err]
Pa (5.0x [err] Torr). Then, current is passed outer air, and constituted
sothatthe atmosphere may   5   to the halogen lamps 330 to heat directly
the wafer. be replaced with N2.                               Thus, Al is
selectively deposited. Fig. 7 is a schematic perspective view for illustra-
After elapse of a predetermined deposition time, tion of a film forming
procedure for formation of elec-  feeding of DMAH is stopped. The
predetermined de- trodes and wiring.
position time of the Al film deposited in this process First, an outline is
described. A semiconductor  10  is the time taken forthe thickness of the
Al film on the substrate, having openings formed in an insulating  Si
(single crystalline silicon substrate 401) to become film, is prepared,
which substrate is arranged in a film  equal to the film thickness of the
S102 (thermally oxi- forming chamber, and its surface is maintained at, for
dised silicon film 402), and can be determined previ- example, [err]. to
deposit selectively Al at  ously by experimentation. the portions where the
semiconductor is exposed ac-  15  The temperature of the substrate surface
by di- cording to the hot CVD method in a mixed atmos-    rectheating
atthistimeismadeabout [err].Accord- phere of DMAH, as the alkylaluminium
hydride,and  ing to the steps up to this stage, the Al film 405 is se-
hydrogen gas. Of course, as described above, a metal  lectively deposited
within the openings and the film composed mainly of Al such as Al-Si, etc.
instead  grooves as shown in Fig. 7B. may be deposited selectively by
introducing a gas  20  All of the steps as described above are referred
containing Si atoms, etc. Next, on the selectively de-  to as the first
film forming step for formation of elec- posited Al and on the insulating
film, Al, or an alloy  trodes within contact holes. film composed mainly of
Al, is non-selectively formed  After the above first film forming step, the
CVD by sputtering. Then, by patterning of the non-selec-  reaction chamber
312 is evacuated until reaching a tively deposited metal film to a desired
wiring shape,  25  vacuum degree of 6.7 x [err] Pa (5 x [err]Torr) orlower
electrodes and wiring can be formed.               by the evacuation system
316b. At the same time, the Referring nextto Fig. 6 and Fig. 7, a more
detailed  Rf etching chamber 313 is evacuated to 6.7 x [err] Pa description
is given. First, substrate is prepared. As  (5 x [err] Torr) or lower.
After confirmation that both the substrate, for example, a single
crystalline Si wa-  chambers have reached the above vacuum degree, fer
having an insulating film provided with different  30  the gate valve 310c
is opened, the substrate moved size openings is prepared.
from the CVD reaction chamber 312 to the Rf etching Fig. 7A is a schematic
view showing a part of the  chamber 313 by the conveying means, and the
gate substrate. Here, 401 is a single crystalline silicon sub-  valve 310c
closed. The substrate is conveyed to the strate 402 a thermally oxidised
silicon film. 403 and  Rf etching chamber 313, and the Rf etching chamber
404 are openings different in size from each other.  35  313 is evacuated
by means of the evacuation system 410 denotes the bottom of a recess where
Si is ex-  316c until reaching a vacuum degree of [err] Pa posed.
([err] Torr) or lower. Then, argon is fed through the ar- The
procedureforforming thefirstwiring layeron  gonfeedingline 322forRfetching,
andthe Rf etching the substrate will now be described with reference to
chamber 313 maintained underan argon atmosphere Figs. 6 and 7.
40  of 10 to [err] Pa ([err] Torr). The substrate hold- First, the
substrate as described above is ar-  er 320 of Rf etching is maintained at
about [err], Rf ranged in the loadlock chamber 311. Hydrogen is in-  power
of 100W supplied to the electrode for Rf etch- troduced Into the
loadlockchamber 311 to make it un-  ing 321 for about 60 seconds, and
discharging of ar- derhydrogen atmosphere. The reaction chamber 312   gon
is caused to occur within the Rf etching chamber is Internally evacuated to
approximately 1.3 x [err] Pa   45  313 for about 60 seconds. By doing so,
the surface of (1 x [err] Torr) by the evacuation system 316b. How-  the
substrate can be etched with argon ions to re- ever, Al film can be formed
even if the vacuum within  move unnecessary surface layer of the CVD depos-
the reaction chamber 312 is lower than 1.3 x [err] Pa  ited film. The
etching depth in this case is made about (1 x [err]Torr).
10 nm (100 A) in terms of the oxide. Here, surface The gas of DMAH is
bubbled from the gasline   50  etching of the CVD deposited film is
effected in the Rf 319. For the carrier gas for the DMAH line, H2 is em-
etching chamber, but since the surface layer of the ployed.
CVD film of the substrate conveyed through vacuum The second gasline 319'
is for H2 as the reaction  contains no oxygen, etc., no Rf etching may be
effect- gas, and by flowing H2 through the second gas line  ed. In that
case, the Rf etching chamber313 functions 319' and controlling theopening
of the slow leakvalve  55  as a temperature changing chamber for effecting
(not shown) to adjust the pressure within the reaction  temperature change
within a short time, when the chamber312toa predetermined value. Atypical
pres-  temperatures in the CVD reaction chamber 12 and sure in this case is
preferably about 2 x 102 Pa (1.5  the sputtering chamber 314 are greatly
different. 6    
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chamber 313, after completion    said recess; of Rf etching, flowing of
argon is stopped, and the ar-     first and second semiconductor regions
gon within the Rf etching chamber 313 is evacuated.   (4,5) in the surface
of said semiconductor body After the Rf etching chamber 313 is evacuated to
6.7  (1), positioned each side of said gate electrode x 104 Pa (5 x [err]
Torr) and the sputtering chamber   5  (7), and defining a source (4) and a
drain (5), re- 314 to 6.7 x [err] Pa (5 x [err]Torr) or lower, the gate
spectively, valve 31 Od is opened. Then, the substrate is moved         a
first channel means between said from the Rf etching chamber 313 to the
sputtering      source (4) and said drain (5) providing a first cur-
chamber 314 by means of a conveying means, fol-       rent path (14,15)
which at least in part is in direc- lowed by closing of the gate valve
310d.     10      tions substantially perpendicularto the surface of After
the substrate is conveyed to the sputtering  said semiconductor body (1);
and chamber 314, the sputtering chamber 314 is made             a second
channel means between said under an argon atmosphere of 10 to [err] Pa
([err] to   source (4) and said drain (5) providing a second [err] Torr)
similarly as in the Rf etching chamber 313,  current path (16) in a
direction substantially par- and the temperature of the substrate holder
323 for  15  allel to the surface of said semiconductor body mounting the
substrate set to about 200 to [err].     (1); And discharging of argon is
effected at a DC power of       said transistor being characterised by: 5
to 10 kw to cut a target material such as Al or Al-Si     a high impurity
doped region (13), located (Si: 0.5%) and effectfilm formation of a metal
such as  immediately below said gate electrode (7), dis- Al, A1-Si, etc. as
a deposition speed of about 100   20  posed to lie in said first current
path (14,15) and nm/min (10000 A/min.) on the substrate. This step is
thereby providing part of said first channel a non-selective deposition
step. This is called the sec-  means. ond film forming step for formation
of the wiring to be connected to the electrode.                        2. A
transistor as claimed In claim 1 wherein said After formation of a metal
film of about 500 nm   25  gate electrode (7) comprises a metal filling
(111) (5000A), flowing of argon and application of DC pow-   and a
polycrystalline silicon film (109) located be- er are stopped. After
evacuation of the loadlock      tween said filling (111) and said
insulating film chamber 311 to 6.7 x 10-1 Pa (5 x [err] Torr or lower),
(11,12; 108). the gate valve 310e is opened and the substrate moved. After
the gate valve 31 Oe is closed, N2 gas is  30  3. A transistor as claimed
in claim 2 wherein said permitted to flow into the loadlock chamber 311
until  metal filling is single crystalline and of aluminium, reaching
atmospheric pressure, the gate valve 310f     or one of the aluminium
alloys AI-SI, Al-TI, Al-Cu, opened and the substrate taken out of the
apparatus.   AI-Si-Ti, AI-Si-Cu. According to the second Al film deposition
step as described above, the Al film 406 can be formed on   35 the [err]
film 402 as shown in Fig. 16C.            Patentansprilche By patterning
the Al film 406 as shown in Fig. 7D, wiring with a desired shape can be
obtained.       1. Transistor mit isoliertem Gate mit: As a result, the Al
film formed by the sputtering        elnem Halbleiteraufbau (1) mit elner
Aus- method, and the Al film selectively applied to the   40  nehmung
darin, openings are each found to be in good contact with          einer
Gateelektrode (7), die die Ausneh- both electrically and mechanically high
durability due  mung ausfullt, to good surface characteristics of the Al
films.            einem Isolationsfilm (11,12) zwischen der Since the
control electrode is buried in the sur-  Gateelektrode (7) und der
Seitenwand-Umge- face of the semiconductor substrate, an insulation   45
bung der Ausnehmung, gate type transistor with small area and flat surface
ersten und zweiten Halbleiterbereichen (4, can be realised, and an
insulation gate type transistor  5) an der Oberflache des Halbleiteraufbaus
(1), of high speed and high reliability can be obtained.    die sich an
jeder Seite der Gateelektrode (7) be- finden undjeweils elnen
Source-AnschluS (4) so- 50      wie einen Drain-AnschluB (5) definieren,
Claims                                                      einer ersten
Kanaleinrichtung zwischen dem Source-AnschluB (4) und dam Drain- 1. An
insulated gate transistor comprising:            Anschlull (5), die einen
ersten Strompfad (14,15) a semiconductor body (1) having a recess
bildet, der zumindestteilweise in der Richtung im therein;
55      wesentlichen senkrecht zu der Oberflache des a gate electrode (7)
filling said recess;     Halbleiteraufbaus (1) let, und an insulating film
(11,12) between said            einer zweiten Kanaleinrichtung zwischen
gate electrode (7) and the sidewall periphery of   dem  Source-AnschluB
(4) und dem  Drain- 7    



EP 0 460 918 B1 In the Rf etching chamber 313, after completion     said
recess; of Rf etching, flowing of argon is stopped, and the ar-      first
and second semiconductor regions gon within the Rf etching chamber 313 is
evacuated.    (4,5) in the surface of said semiconductor body After the Rf
etching chamber 313 is evacuated to 6.7   (1), positioned each side of said
gate electrode x [err] Pa (5 x [err] Torr) and the sputtering chamber   5
(7), and defining a source (4) and a drain (5), re- 314 to 6.7 x [err] Pa
(5 x [err] Torr) or lower, the gate  spectively, valve 31 Od Is opened.
Then, the substrate is moved          a first channel means between said
from the Rf etching chamber 313 to the sputtering      source (4) and said
drain (5) providing a first cur- chamber 314 by means of a conveying means,
fol-        rent path (14,15) which at least in part is In direc- lowed by
closing of the gate valve 31 Od.      10      tions substantially
perpendicular to the surface of After the substrate is conveyed to the
sputtering   said semiconductor body (1); and chamber 314, the sputtering
chamber 314 is made              a second channel means between said under
an argon atmosphere of 10 to [err] Pa ([err] to    source (4) and said
drain (5) providing a second [err] Torr) similarly as in the Rf etching
chamber 313,  current path (16) in a direction substantially par- and the
temperature of the substrate holder 323 for  15  allel to the surface of
said semiconductor body mounting the substrate set to about 200 to [err].
(1); And discharging of argon is effected at a DC power of        said
transistor being characterised by: 5 to 10 kw to cut a target material such
as Al or AI-Si      a high impurity doped region (13), located (Si: 0.5%)
and effectfilm formation of a metal such as  immediately below said gate
electrode (7). dis- Al, Al-Si, etc. as a deposition speed of about 100   20
posed to lie in said first current path (14,15) and nm/min (10000 A/min.)
on the substrate. This step is  thereby providing part of said first
channel a non-selective deposition step. This is called the sec-  means.
ond film forming step forformation of the wiring to be connected to the
electrode.                         2. A transistor as claimed in claim 1
wherein said After formation of a metal film of about 500 nm   25  gate
electrode (7) comprises a metal filling (111) (5000 A), flowing of argon
and application of DC pow-  and a polycrystalline siliconfilm (109) located
be- er are stopped. After evacuation of the loadlock       tween said
filling (111) and said insulating film chamber 311 to 6.7 x [err] Pa (5 x
[err] Torror lower),  (11,12; 108). the gate valve 310e is opened and the
substrate moved. After the gate valve 310e is closed, N2 gas is  30  3. A
transistor as claimed in claim 2 wherein said permitted to flow into the
loadlock chamber 311 until  metal filling is single crystalline and of
aluminium, reaching atmospheric pressure, the gate valve 310f     or one of
the aluminium alloys Al-Si, AI-Ti, Al-Cu, opened and the substrate taken
out of the apparatus.   Al-Si-Ti, Al-Si-Cu. According to the second Al film
deposition step as described above, the Al film 406 can be formed on  35
the [err] film 402 as shown in Fig. 16C.             Patentansprrche By
patterning the Al film 406 as shown in Fig. 7D, wiring with a desired shape
can be obtained.        1. Transistor mit isoliertem Gate mit: As a result,
the AI film formed by the sputtering        einem Halbleiteraufbau (1) mit
einer Aus- method, and the Al film selectively applied to the   40  nehmung
darin, openings are each found to be in good contact with           elner
Gateelektrode (7), die die Ausneh- both electrically and mechanically high
durability due  mung ausfrllt, to good surface characteristics of the Al
films.             einem lsolationsfilm (11, 12) zwischen der Since the
control electrode is buried in the sur-   Gateelektrode (7) und der
Seitenwand-Umge- face of the semiconductor substrate, an insulation   45
bung der Ausnehmung, gate type transistor with small area and flat surface
ersten und zweiten Halbleiterbereichen (4, can be realised, and an
insulation gate type transistor  5) an der OberflAche des Halbleiteraufbaus
(1), of high speed and high reliability can be obtained.    die sich an
jeder Seite der Gateelektrode (7) be- f inden und jeweils elnen
Source-AnschluB (4) so- so      wie einen Drain-Anschlull (5) definieren,
Claims                                                       einer ersten
Kanaleinrichtung zwischen dem  Source-Anschlul (4) und dem  Drain- 1. An
insulated gate transistor comprising:            AnschluB (5), die einen
ersten Strompfad (14,15) a semiconductor body (1) having a recess
bildet, der zumindest teilweise in der Richtung im therein;
55       wesentlichen senkrecht zu der Oberfilche des a gate electrode (7)
filling said recess;     Halbleiteraufbaus (1) ist, und an insulating film
(11,12) between said             einer zweiten Kanaleinrichtung zwischen
gate electrode (7) and the sidewall periphery of    dem  Source-Anschlull
(4) und dem  Drain- 7    



* C   L   14   S Anschlul (5), die einen zweiten Strompfad (16) in  2.
Transistor selon la revendication 1, dans lequel einer Richtung bildet, die
im wesentlichen paral-    ladite 6lectrode (7) de grillecomprend un
remplis- ld. zu der Oberfliche des Halbleiteraufbaus (1)       sage (1 11)
m6tallique et un film (109) de silicium ist,
polycristallin situ6 entre ledit remplissage (111) et raw    gokonnzelchnot
durch                         5        ledit film (11, 12; 108) isolant.
einen stark storstellendotierten Bereich (13),  der  sich   unmittelbar
unter  der        3. Transistor selon la revendication 2, dane lequol
Gateelektrode (7) befindet, zum Liegen in dem         led it remplissage
m6tallique est monocristallin et ersten Strompfad (14, 15) angeordnet ist
und da-      est constitue d'aluminium ou de l'un des alliages durch einen
Tell der ersten Kanaleinrichtung bil-  10  d'aluminium Al-Si, A-, Al-Cu,
Al-Si-Ti, Al-SI-Cu. dot 2. Transistor nach Anspruch 1, dadurch gekenn-
zelchnet, dafl die Gateelektrode (7) eine Metall- filhlung (111) und einen
polykristallinen Silizium-   1C film (109) aufweist, dersich zwischen
derFillung (111) und dem Isolationsfilm (11, 12; 108) befin- det 3.
Transistor nach Anspruch 2, dadurch gekenn-   20 zelichnet, daA die
Metallfullung einkristallin ist und ausAluminium oder aus
einerderAluminium- legierungen Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu
besteht. 2C Revendlcations 1. Transistor A grille isolee comprenant: un
corps (1) semiconducteur ayant un 6vi-  30 dement; une 6lectrode (7) de
grille remplissant ledit 6videment; un film (11,12) isolant entre ladite
6lectro- de (7) de grille et la periph6rie de la paroi laterale  35 dudit
evidement; des premiere et seconde regions (4,5) so- miconductricos dans la
surface dudit corps (1) semiconducteur, plac6es de part at d'autre de la-
dite electrode (7) de grille, et definissant respec-   40 tivement une
source (4) et un drain (5),. un premier moyen A canal entre ladite source
(4) at ledit drain (5) produisant un premier trajet (14, 15) de courant au
moins en partie dans des directions sensiblement perpendiculaires ala  45
surface dudit corps (1) semiconducteur; et un second moyen A canal entre
ladite source (4) etledit drain (5) formant un second tra- jet (16) de
courant dans une direction sensible- ment parallble a la surface dudit
corps (1) semi-  5o conductour; ledit transistor etant caract6rise par: une
regbon (13) a fort dopage par des im- puretis, situ6e immediatement en
dessous de la- dite electrode (7) de grille, dispos6e de facon A   85 se
trouversurledit premier trajet (14, 15) de cou- rant et fournissant ainsi
une partie dudit premier moyen A canal. 8    


