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Description

Field of Invention

[0001] This relates to the filling of relatively deep ver-
tical trenches, and more particularly, to such trenches for
use in dynamic random access memories as the storage
capacitors providing the storage node.

Background of the Invention

[0002] There is interest in the use of trench capacitors
for use as the storage node in the memory cells of dy-
namic random access memories (DRAMs). Such capac-
itors offer the potential of relatively large capacitances
with the consumption of relatively little surface area,
which permits a higher density of memory cells in a silicon
chip of a given size. Typically such vertical cells have
been filled with doped polysilicon because of its conven-
ience of use.
[0003] However, as the cross section of the vertical
trench has been shrunk while its depth has been in-
creased to get a desired capacitance with smaller con-
sumption of chip surface area, the resulting increased
resistance has become a matter of concern, since it in-
creases the time to charge/discharge the capacitor,
thereby limiting performance. While it has been recog-
nized that the substitution of a material, such as a metal,
for the doped polysilicon fill, would result in a lower re-
sistance, it has proven difficult to find a suitable metal for
filling trenches with aspect ratios much in excess of 10.
The present invention is addressed to this problem. US
5,328,715 discloses a method for filling vias having an
aspect ratio between 1 and 20 in diamond substrates
with tungsten. In this method tungsten is chemical vapor
deposited, with an optimum temperature for vapor dep-
osition being between 450° C and 750° C.

Summary of The Invention

[0004] The present invention is directed to a process
for filling with tungsten a vertical trench with an aspect
ratio of at least twenty in a silicon substrate that compris-
es heating the silicon chip in a chamber for chemical va-
por deposition to a temperature of about 375°C or less
while flowing into the chamber a tungsten compound suit-
able for chemical vapor deposition.

Detailed Description

[0005] I have found that chemically vapor deposited
(CVD) tungsten can be used as the fill for vertical trench-
es with aspect ratios well in excess of 10-1, for example
at least twenty and as high as thirty to forty. In particular,
for such use it has been found important to deposit the
tungsten at a temperature of about 375°C or less, and
preferably in the range of between about 350°C and
375°C. In the past CVD tungsten has been used to fill

trenches with aspect ratios of as high as about 10, but
with high temperature processes, typically with temper-
atures higher than 400°C.
[0006] The high temperature was thought to be impor-
tant for several reasons. First, sufficiently good fill had
been obtained with such temperature for aspect ratios
as high as 10 and with this success discouraged inves-
tigation of lower temperatures. Second, the deposition
rate is higher the higher the temperature and so reduces
desirably the processing time. Third, the film stress in the
fill is desirably lower the higher the temperature of dep-
osition. As a result, no advantage was thought to reside
in use of lower deposition temperature and there was no
appreciation of its advantages for trenches of high aspect
ratios.
[0007] However, I have found that at a deposition tem-
perature of about 400°C with a vertical trench having an
aspect ratio in the range of 30 to 40, for example a trench
0.18 micron wide and 6.0 microns deep, only about the
top third of the trench is filled because the rapid build-up
of deposit on the walls of the trench near the top of the
trench seal and limits access of the deposit to the lower
portions of the trench. At a deposition temperature of
about 375°C, approximately the top two thirds is filled.
However, at a deposition temperature of 350°C, the
whole trench is filled, albeit with a seam in the middle of
the fill that little affects its use in a capacitor. In particular,
it appears that with trenches of aspect ratios in excess
of 20, and particularly in the range of 30 to 40, there is a
clear advantage in doing the deposition at about 375°C
or lower and preferably at about 350°C. In addition, it is
reasonable to expect that at still higher aspect ratios, it
may be advantageous to go to still lower temperatures
for more complete fills.
[0008] The invention seems best to be best practiced
by using Novellus CVD apparatus designed for deposi-
tion of the tungsten. The silicon wafer that housed the
vertical trenches to be filled was maintained at the desired
operating temperature by maintaining at the desired tem-
perature the heater on which the wafer was supported.
Tungsten hexafluoride WF6 was introduced into the dep-
osition chamber at 9,000 SCCM along with hydrogen gas
at between 5,000-10,000 SCCM and argon at between
10,000 and 15,000 SCCM. It was generally found advan-
tageous to form first over the walls of the trench a nucle-
ation film no more than about 500°A thick by flowing over
the wafer a mixture of silane (SiH4), hydrogen, and tung-
sten hexafluoride.
[0009] Since tungsten has a conductivity about 50
times higher than can normally be obtained in doped poly-
silicon, a substantive decrease in the resistance of the
fill in trenches with aspect ratios above 20 can be realized
with the invention.
[0010] It is expected that other tungsten compounds
that can be used for depositing the tungsten include tung-
sten hexacarbonyl W(CO)6.
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Claims

1. A process for filling with tungsten a vertical trench
with an aspect ratio of at least twenty in a silicon
substrate that comprises heating the silicon chip in
a chamber for chemical vapor deposition to a tem-
perature at about 375°C or less while flowing into
the chamber a tungsten compound suitable for
chemical vapor deposition.

2. A process in accordance with claim 1 in which the
tungsten compound is chosen from WF6 and W
(CO)6.

3. A process in accordance with claim 2 in which the
flow includes hydrogen and argon gases.

4. A process in accordance with claim 2 in which there
is first formed a nucleation film over the walls of the
trench by flowing a mixture of SiH4, H2, and WF6
through the chamber.

5. The process of claim 4 in which the tungsten com-
pound is WF6.

6. The process of claim 1 in which the temperature is
between about 350°C and 375°C.

7. The process of claim 5 in which the temperature is
between about 350°C and 375°C.

Patentansprüche

1. Verfahren zum Füllen eines vertikalen Grabens mit
einem Seitenverhältnis von mindestens 20 in einem
Siliziumsubstrat mit Wolfram, bei dem man den Si-
lizium-Chip in einer Kammer für chemische Dampf-
phasenabscheidung auf eine Temperatur von unge-
fähr 375°C oder weniger erhitzt, während man eine
für die chemische Dampfphasenabscheidung geeig-
nete Wolframverbindung in die Kammer fließen
lässt.

2. Verfahren nach Anspruch 1, bei dem man die Wolf-
ramverbindung aus WF6 und W(CO)6 auswählt.

3. Verfahren nach Anspruch 2, bei dem der Fluss Was-
serstoff- und Argongas enthält.

4. Verfahren nach Anspruch 2, bei dem zuerst eine Be-
keimungsschicht über die Wände des Grabens ge-
bildet wird, indem man eine Mischung aus SiH4, H2
und WF6 durch die Kammer fließen lässt.

5. Verfahren nach Anspruch 4, bei dem es sich bei der
Wolframverbindung um WF6 handelt.

6. Verfahren nach Anspruch 1, bei dem die Temperatur
zwischen 350°C und 375°C liegt.

7. Verfahren nach Anspruch 5, bei dem die Temperatur
zwischen 350°C und 375°C liegt.

Revendications

1. Procédé pour remplir de tungstène un sillon vertical
ayant un rapport d’aspect d’au moins vingt dans un
substrat en silicium, qui comprend le chauffage de
la puce en silicium dans une chambre pour dépôt
chimique en phase vapeur jusqu’à une température
d’environ 375°C ou moins, tout en faisant s’écouler
dans la chambre un composé du tungstène appro-
prié à un dépôt chimique en phase vapeur.

2. Procédé suivant la revendication 1, dans lequel le
composé du tungstène est choisi parmi WF6 et W
(CO)6.

3. Procédé suivant la revendication 2, dans lequel le
courant comprend de l’hydrogène et de l’argon ga-
zeux.

4. Procédé suivant la revendication 2, dans lequel on
forme d’abord un film de nucléation sur les parois du
sillon en faisant s’écouler un mélange de SiH4, de
H2 et de WF6 dans la chambre.

5. Procédé suivant la revendication 4, dans lequel le
composé du tungstène est WF6.

6. Procédé suivant la revendication 1, dans lequel la
température est comprise entre environ 350°C et
375°C.

7. Procédé suivant la revendication 5, dans lequel la
température est comprise entre environ 350°C et
375°C.
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