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Etching of the trench and 
buried plate process 
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1201, Deposition of furnace SiO2 
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good suitability for side wall 
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METHOD FOR INCREASING THE CAPACITANCE 
IN A STORAGE TRENCH AND TRENCH 
CAPACITOR HAVING INCREASED 

CAPACITANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. 

[0002] Field of the Invention 

[0003] The invention relates to a method for increasing a 
capacitance in a storage trench and to a trench capacitor 
having an increased capacitance. 

[0004] The invention can be used in memory circuits, such 
as, for example, dynamic random access memories (DRAM) 
and other semiconductor circuits. 

[0005] In trench DRAM modules, a storage of charge is 
based in a capacitor as a storage element, Which is formed 
in a pot-shaped manner. This entails not only a reduction of 
the cell area but also, at the same time, a reduction of the 
probability of alpha particles striking the cell. Such a pot 
shaped capacitor is formed in a trench and is also referred to 
as a trench capacitor. The store of the trench cell has a trench 
that must keep a speci?c quantity of charge stored for a 
speci?c period of time. 

[0006] In order to maintain and increase international 
competitiveness, it is necessary to continually reduce the 
costs that have to be expended to realiZe a speci?c electronic 
function, in order to increase productivity. The guarantee for 
increasing productivity in recent years has been and still is 
CMOS technology or DRAM technology. Trench DRAM 
technology oWes its outstanding position principally to the 
small space requirement of the trench capacitors themselves 
and also to the possibility of disposing the trench capacitors 
in an integrated circuit With an extremely high packing 
density. 

[0007] The continually progressing miniaturiZation of the 
structures is accompanied by a decrease in the diameter of 
the trench and hence its surface area, With the result that less 
charge can be stored in the case of conventional technology. 

[0008] The prior art disclosed in US. Pat. No. 5,876,788 
teaches a method for fabricating a dielectric for the DRAM 
cells. In this case, Si3N4 is used, on account of its relatively 
high dielectric constant, as a dielectric for increasing the 
storage capacitance. The use of this dielectric causes a 
number of problems principally in the case of decreasing 
lateral dimensions. In order to avoid the loss of charge 
associated With a decreasing diameter in DRAM cells, it has 
been proposed to etch the trench more deeply or to reduce 
the thickness of the silicon nitride layer. HoWever, etching a 
deeper trench Would disadvantageously increase the process 
time and the costs for fabrication. Reducing the layer 
thickness of the silicon nitride ?lm can bring about an 
increase in the loss due to the tunnel effect. 

SUMMARY OF THE INVENTION 

[0009] It is accordingly an object of the invention to 
provide a method for increasing the capacitance in a storage 
trench and a trench capacitor having an increased capaci 
tance Which overcome the above-mentioned disadvantages 
of the prior art devices and methods of this general type, in 
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Which, despite an increased packing density, suf?cient 
charge can be stored so that the functionality of a memory 
cell continues to be ensured. 

[0010] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a method for 
increasing a capacitance in a storage trench. The method 
includes the steps of depositing a layer of silicon oxide in the 
storage trench; depositing a layer of silicon over the layer of 
silicon oxide by a deposition method suitable for suf?cient 
coverage of Walls of the storage trench; depositing a layer 
having an oxidiZable metal over the layer of silicon; and 
oxidiZing the layer of silicon and the layer having the 
oxidiZable metal to form a layer having a metal oxide and an 
silicon oxide. 

[0011] In the method for increasing the capacitance in the 
storage trench, the ?rst layer of silicon oxide is deposited in 
the storage trench. The layer of silicon is deposited over the 
?rst layer of silicon oxide by a deposition method Which 
yields a suf?cient coverage of the side Walls of the storage 
trench. The layer having an oxidiZable metal is deposited 
over the layer of silicon. The layer of silicon and the layer 
of oxidiZable metal are oxidiZed to form a layer having metal 
oxide and silicon oxide. 

[0012] In the trench capacitor having the increased capaci 
tance, the inner Wall of the storage trench is covered With the 
?rst layer of silicon oxide. The ?rst layer of silicon oxide is 
covered With the layer having a metal oxide. The layer 
having the metal oxide is covered With a second layer of 
silicon oxide. The remainder of the storage trench is ?lled 
With silicon. 

[0013] Chemical vapor deposition or atomic layer depo 
sition may advantageously be used as the deposition 
method. 

[0014] In the method according to the invention, it is 
advantageous if the second layer of silicon oxide is depos 
ited over the layer having metal oxide and silicon oxide. 

[0015] It is also advantageous if the layer of oxidiZable 
metal has Ti, TiN, W, WN, Ta, TaN, Wsi, TiSi or TaSi. 

[0016] The oxidation is advantageously carried out in an 
oxygen-containing atmosphere. This achieves intensi?ed 
oxidation of the respective metal. 

[0017] Furthermore, it is advantageous to ?ll the storage 
trench With silicon. 

[0018] For the method according to the invention, it is 
advantageous if the storage trench has a Width of less than 
140 nm. 

[0019] In the method according to the invention, it is 
particularly preferred if the ?rst layer of silicon oxide has a 
thickness of approximately 0.3 nm. 

[0020] In the method according to the invention, it is 
likeWise particularly preferred if the second layer of silicon 
oxide has a thickness of approximately 0.3 nm. 

[0021] Furthermore, it is preferred if the ?rst and the 
second layer of silicon oxide are deposited by a chemical 
vapor deposition process. 

[0022] In the method according to the invention, it is 
particularly preferred if the layer of silicon has a thickness 
of approximately 0.5 nm. 
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[0023] In the method according to the invention, it is 
particularly preferred if the silicon used is particularly 
suitable for coverage of the side Wall. 

[0024] It is advantageous for the method according to the 
invention that the layer of oxidiZable metal has a thickness 
of approximately 10 nm. 

[0025] Furthermore, it is advantageous for the method 
according to the invention if the layer having the oxidiZable 
metal is deposited by a chemical vapor deposition process. 

[0026] With the foregoing and other objects in vieW there 
is further provided, in accordance With the invention, a 
trench capacitor having an increased capacitance. The trench 
capacitor contains a substrate having a storage trench 
formed therein and the storage trench is de?ned by side 
Walls and a bottom. A ?rst layer of silicon oxide covers the 
side Walls and the bottom of the storage trench. A layer 
having a metal oxide covers the ?rst layer of silicon oxide. 
A second layer of silicon oxide covers the layer having the 
metal oxide and silicon ?lls in a remainder of the storage 
trench. 

[0027] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0028] Although the invention is illustrated and described 
herein as embodied in a method for increasing the capaci 
tance in a storage trench and a trench capacitor having an 
increased capacitance, it is nevertheless not intended to be 
limited to the details shoWn, since various modi?cations and 
structural changes may be made therein Without departing 
from the spirit of the invention and Within the scope and 
range of equivalents of the claims. 

[0029] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0030] FIG. 1 is a diagrammatic, cross-sectional vieW of 
a trench capacitor prior to being coated according to the 
invention; 
[0031] FIG. 2 is a cross-sectional vieW of the trench 
capacitor after being coating With a silicon oxide layer, a 
silicon layer and a metal layer; 

[0032] FIG. 3 is a cross-sectional vieW of the trench 
capacitor after oxidation of the silicon layer and of the metal 
layer; 
[0033] FIG. 4 is a cross-sectional vieW of the trench 
capacitor With an additional silicon oxide layer; 

[0034] FIG. 5 is a cross-sectional vieW of the trench 
capacitor With a silicon ?lling; 

[0035] FIG. 6 is a cross-sectional vieW of the trench 
capacitor after an etching-aWay process; 

[0036] FIG. 7 is a How chart shoWing individual process 
steps of the method according to the invention in a case 
Where tungsten is used; and 

[0037] FIG. 8 is a How chart shoWing the individual 
process steps of the method according to the invention in the 
case Where titanium is used. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

[0038] In all the ?gures of the draWing, sub-features and 
integral parts that correspond to one another bear the same 
reference symbol in each case. Referring noW to the ?gures 
of the draWing in detail and ?rst, particularly, to FIG. 1 
thereof, there is shoWn in cross section a buried n-type Zone 
1 (buried n-type plate) surrounded by a substrate 2. Astorage 
trench 3 is situated in the substrate 2 and the buried n-type 
Zone 1. 

[0039] FIG. 2 shoWs the storage trench 3 in cross section. 
A surface of the substrate 2 and also an inner Wall of the 
storage trench 3 are coated With a ?rst layer of silicon oxide 
4. 

[0040] The silicon oxide 4 has a smaller layer thickness on 
the Wall of the trench 3 than on a top side of the substrate 2. 
The ratio of the layer thickness on the top side of the 
substrate 2 to the side Walls of the trench 3 may be 2:1. The 
silicon oxide deposition on the top side of the substrate 2 is 
approximately 0.3 nm. The silicon oxide 4 is advantageously 
deposited in a furnace in Which the prepared trench store is 
situated. 

[0041] The ?rst layer of silicon oxide 4 is covered With a 
layer of silicon 5 in a further process step. In the case of the 
layer of silicon 5, too, the layer thickness is larger in the 
horiZontal region than in the vertical region. The silicon 
layer 5 can best be achieved in a furnace at 550 degrees 
Celsius by a loW pressure chemical vapor deposition 
(LPCVD) process. 
[0042] For depositing the layer of silicon 5, a so-called 
atomic layer deposition (ALD) method can also be used 
instead of the CVD method. This involves a deposition 
method for fabricating an extremely thin silicon layer, 
preferably having a thickness of just a feW atomic layers. In 
the ALD method, unlike in the CVD method, use is made 
essentially of the chemical af?nity of the surface for the 
individual molecules or radicals. These are added from a 
vapor phase to a surface to be coated, until all free valences 
are saturated. As a result, the deposition is self-limiting and 
closed. 

[0043] A layer 6 having an oxidiZable metal is deposited 
above the layer of silicon 5. The metal of the layer 6 may 
optionally have Ti, TiN, W, WN, Ta, TaN, Wsi, TiSi or TaSi. 
The layer 6 covers the silicon layer 5 both in the horiZontal 
region and in the vertical region. In this case, too, the layer 
thickness of the metal layer 6 is greater in the horiZontal 
region than in the vertical region. In the horiZontal region, 
the layer thickness of the metal layer 6 is approximately 10 
nm. The layer 6 having the metal is advantageously depos 
ited by a chemical vapor deposition (CVD) process. 

[0044] The layer of silicon 5 serves as a Wetting layer for 
the metal layer 6. This enables or supports the subsequent 
deposition of the metal and ensures suf?cient adhesion of the 
metal on the side Walls. The silicon layer 5 additionally 
increases the capacitance of the dielectric layer through 
oxidation of the metal layer 6 in the trench capacitor. 

[0045] In the text beloW, titanium and tungsten are used by 
Way of example for the oxidiZable metal layer 6. 

[0046] After oxidation of the silicon layer 5 and of the 
titanium or tungsten layer 6, the trench capacitor has a layer 
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structure as shown in FIG. 3. The titanium oxide/titanium 
silicon oxide layer or tungsten oxide/tungsten silicon oxide 
layer 7 is produced from the tWo layers of silicon 5 and 
titanium or tungsten 6, respectively. Whether titanium oxide 
or titanium silicon oxide or both are produced in the layer 7 
depends on the process control. HoWever, a process control 
in Which titanium oxide is produced is preferred, since the 
latter has a higher dielectric constant than titanium silicon 
oxide. The production of silicon oxide should be avoided by 
a suitable process control. 

[0047] The same applies to the production of tungsten 
oxide or tungsten silicon oxide. In this case, too, tungsten 
oxide is preferred since tungsten oxide has a higher dielec 
tric constant than tungsten silicon oxide. This makes it 
possible to increase the storage capacitance of the trench 
capacitor. During the oxidation of the silicon layer 5 and of 
the titanium or tungsten layer 6, the resulting layer 7 groWs, 
as a result of the additionally incorporated oxygen, to a layer 
thickness of approximately 15 nm in the horiZontal region. 
Alayer thickness of the layer 7 of approximately 10 to 20 nm 
can be assumed in the vertical region. In this case, the aim 
is to alloW the layer 7 to become as thick as possible in the 
vertical region of the trench 3. 

[0048] As shoWn in FIG. 4, a surface of the titanium 
oxide/titanium silicon oxide layer or tungsten oxide/tung 
sten silicon oxide layer 7 is covered by a second layer of 
silicon oxide or silicon nitride 8. The second layer of silicon 
oxide or silicon nitride 8 is thinner in the vertical region than 
in the horiZontal region. The horiZontal layer thickness of 
the second silicon oxide layer 8 is approximately 0.3 nm. 

[0049] As shoWn in FIG. 5, the storage trench 3 is 
subsequently ?lled With silicon 9 in a further process step. 

[0050] Finally, in further process steps, the entire layer 
structure is removed again until a structure as shoWn in FIG. 
6 is produced. This can be effected by dry chemical etching 
and subsequent Wet cleaning. The material removal process 
is stopped beloW the upper edge of the buried plate region. 

[0051] FIG. 7 illustrates the fabrication method in the 
form of a structogram. After the etching of the trench 3 and 
the buried plate process, step 100, Wet cleaning of the trench 
3 is carried out, step 110. AfterWard, silicon oxide 4 is 
deposited With a layer thickness of approximately 0.3 nm (as 
shoWn in FIG. 2). The silicon oxide 4 used is also referred 
to as a furnace silicon oxide, step 120. In a further process 
step 130, a furnace silicon 5 is deposited, Which has the 
property of covering the side Walls of the trench 3 Well. 
AfterWard, tungsten 6 (layer thickness 10 nm) is deposited 
by a chemical vapor deposition process, step 140. In the next 
process step 150, the silicon layer 5 and the tungsten layer 
6 are oxidiZed to produce tungsten oxide 7. Finally, the 
second silicon oxide layer or silicon nitride 8 is deposited in 
a furnace, step 160. 

[0052] FIG. 8 shoWs a structogram to specify the method 
for increasing the capacitance in the storage trench using 
titanium. As described above, ?rst the etching of the trench 
3 and the buried plate process are carried out, step 200. 

[0053] AfterWard, the Wet cleaning of the trench is carried 
out in step 210 and, in a further step 220, the deposition of 
furnace silicon oxide is carried out. In a further process step 
230, furnace silicon is deposited in a furnace at 550 degrees 
Celsius by a loW pressure chemical vapor deposition pro 
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cess. AfterWard, titanium 6 (layer thickness 10 nm) is 
deposited by a chemical vapor deposition process, step 240. 
In the next process step 250, the silicon layer 5 and the 
titanium layer 6 are oxidiZed to form the titanium oxide layer 
7. Finally, thW second furnace silicon oxide layer or silicon 
nitride 8 is deposited above that, step 260. 

[0054] The buried plate process serves for insulating the 
trench capacitor from a transistor that is necessary for the 
DRAM memory module. 

[0055] The silicon layer 5 supports the nucleation and also 
the adhesion of the desired metal layer (titanium or tungsten) 
and can be oxidiZed in conjunction With the subsequently 
deposited metal layer 6. 

[0056] The layer thicknesses speci?ed above merely rep 
resent guide values. In the case of further reduction of the 
trench Width, the individual layer thicknesses should be 
adapted accordingly. 

We claim: 
1. A method for increasing a capacitance in a storage 

trench, Which comprises the steps of: 

depositing a layer of silicon oxide in the storage trench; 

depositing a layer of silicon over the layer of silicon oxide 
by a deposition method suitable for sufficient coverage 
of Walls of the storage trench; 

depositing a layer having an oxidiZable metal over the 
layer of silicon; and 

oxidiZing the layer of silicon and the layer having the 
oxidiZable metal to form a layer having a metal oxide 
and an silicon oxide. 

2. The method according to claim 1, Which comprises 
using one of a chemical vapor deposition process and an 
atomic layer deposition process as the deposition method. 

3. The method according to claim 2, Which comprises 
depositing a further layer formed of a material selected from 
the group consisting of silicon oxide and silicon nitride over 
the layer having the metal oxide and the silicon oxide. 

4. The method according to claim 1, Which comprises 
using a metal selected from the group consisting of Ti, TiN, 
W, WN, Ta, TaN, Wsi, TiSi and TaSi as the oxidiZable metal 
of the layer having the oxidiZable metal. 

5. The method according to claim 1, Which comprises 
carrying out the oxidiZing step in an oxygen-containing 
atmosphere. 

6. The method according to claim 1, Which comprises 
?lling the storage trench With silicon. 

7. The method according to claim 1, Which comprises 
forming the storage trench to have a Width of less than 140 
nm. 

8. The method according to claim 1, Which comprises 
forming the layer of silicon oxide to have a thickness of 
approximately 0.3 nm. 

9. The method according to claim 3, Which comprise 
Which comprises forming the further layer to have a thick 
ness of approximately 0.3 nm. 

10. The method according to claim 3, Which comprises 
depositing the layer of silicon oxide and the further layer by 
a chemical vapor deposition process. 

11. The method according to claim 1, Which comprises 
forming the layer of silicon to have a thickness of approxi 
mately 0.5 nm. 
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12. The method according to claim 1, Which comprises 
using silicon in the layer of silicon Which is particularly 
suitable for covering side Walls of the storage trench. 

13. The method according to claim 1, Which comprises 
forming the layer having the oxidiZable metal to a thickness 
of approximately 10 nm. 

14. The method according to claim 1, Which comprises 
depositing the layer having the oxidiZable metal by a chemi 
cal vapor deposition process. 

15. A trench capacitor having an increased capacitance, 
comprising: 

a substrate having a storage trench formed therein and 
said storage trench de?ned by side Walls and a bottom; 
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a ?rst layer of silicon oxide covering said side Walls and 
said bottom of said storage trench; 

a layer having a metal oxide covering said ?rst layer of 
silicon oxide; 

a second layer of silicon oxide covering said layer having 
said metal oxide; and 

silicon ?lling in a remainder of the storage trench. 
16. The trench capacitor having the increased capacitance 

according to claim 15, Wherein said metal oxide is selected 
from the group consisting of Ti, TiN, W, WN, Ta, TaN, Wsi, 
TiSi and TaSi. 


