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(57) 
The present invention relates to a method for producing a 
vertical transistor, and to a vertical transistor. A sacri?cial 
gate oxide and a sacri?cial gate electrode are used during the 
production of the vertical transistor to makes it possible to 
considerably reduce or entirely avoid negative e?cects that 
normally result from the production of insulation structures 
between the vertical transistors. In particular, broadening of 
the gate oxide at the edge of the gate electrode can be 
prevented, and the edge of the gate electrode can be in?u 
enced deliberately. This alloWs vertical transistors to be 
produced having a current/voltage characteristic that can be 
adjusted speci?cally. In particular, vertical transistors can be 
produced having a pronounced corner e?‘ect. 
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FIG 1-1 
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METHOD FOR PRODUCING A VERTICAL 
TRANSISTOR 

[0001] This is a divisional application of application Ser. 
No. 10/615,567, ?led Jul. 8, 2003; the application also 
claims the priority, under 35 U.S.C. §119, of German patent 
application DE 102 30 715.6, ?led Jul. 8, 2002; the prior 
applications are herewith incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The invention relates to the ?eld of semiconductor 
technology, and in particular, to the ?eld of technology for 
semiconductor memories. The invention even more particu 
larly relates to a method for producing a vertical transistor. 

[0003] Structure Widths F (ground rules) of less than 100 
nm Will be used for future generations of semiconductor 
products. The expression, “a structure Width” in this case 
means the minimum lithographically achievable resolution. 
With progressive improvements in the lithography methods 
that are used, increasingly smaller structure Widths can be 
achieved although these pose ever more stringent require 
ments on the overall production process. 

[0004] The increasing miniaturization of the structure 
Widths in the case of dynamic semiconductor memories 
(DRAM) is leading to the expectation of a transition from 
planar selection transistors to vertical selection transistors, 
Which may be integrated in the upper part of the trench 
capacitor. In the case of a vertical transistor and in contrast 
to a lateral transistor, the transistor channel runs in the 
vertical direction With respect to the main plane of the 
semiconductor substrate. This change in the arrangement of 
the energy storage capacitor and selection transistor is on the 
one hand governed by the physical limits that occur for 
planar transistors With channel lengths of less than 100 nm. 
Such small channel lengths provide, for example, the risk of 
increased leakage currents. Furthermore, the small cross 
section of the channel limits the magnitude of the maximum 
current that can ?oW. On the other hand, the change to a 
vertical cell concept takes account of the desire to achieve 
memory cells that are as compact as possible, that is to say, 
memory cells Whose lateral extent is small. 

[0005] A further problem Which leads to the appearance of 
the desirability of changing to vertical cell concepts is the 
need to form the selection transistor from the connection 
(buried strap) of the inner electrode of the trench capacitor, 
since this connection has a certain extent because of the 
outWard diffusion of dopants, thus intrinsically providing the 
risk of crosstalk betWeen adjacent memory cells. Further 
more, memory cells With a vertical transistor have the major 
advantage that the channel length of the selection transistor 
in them can be set independently of the structure Width F that 
is used. 

[0006] Methods for producing a vertical transistor in a 
trench are described, for example, in US. Pat. No. 6,093,614 
and in US. Pat. No. 5,365,097. In both methods, an epitaxial 
semiconductor layer is deposited on one sideWall of the 
capacitor trench, in order to form the vertically running 
channel region. OutWard diffusion of dopants from the 
trench, Which is ?lled With doped polysilicon, results in a 
drain region in the epitaxial semiconductor layer. 
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[0007] One problem With regard to the design of vertical 
transistors is the production of transistors With a satisfactory 
current/voltage characteristic, in particular in the area of the 
transistor threshold. It is desirable to have transistors Whose 
so-called OFF current is as small as possible. This means 
that, When the gate of the transistor has a blocking voltage 
applied, it shall be as completely closed as possible and as 
much as possible should not have any leakage currents 
Which, for example, could lead to a creeping discharge from 
the energy storage capacitor Which is connected to that 
transistor. In the case of memory cells, the discharge time 
When the capacitor is in the closed state should be as long as 
possible in order to make it possible to avoid frequent 
recharging of the energy storage capacitors (refreshing). 
Furthermore, it is desirable to have transistors, Which have 
an ON current Which is as large as possible, in order that the 
energy storage capacitor can be charged and discharged 
suf?ciently quickly. 

[0008] Furthermore, in the region of the transistor thresh 
old, the current level in the transistor should decrease as 
quickly as possible as the voltage on the gate decreases. This 
current/voltage characteristic is also referred to as the sub 
threshold slope. When the current/voltage curve in the 
region of the threshold value has a gradient, Which is as steep 
as possible, this means that the voltage range, Which sepa 
rates the closed state of the transistor from the open state is 
small, so that the transistor can be opened or closed by just 
a minor change in the gate voltage. Since a large number of 
transistors are generally controlled by a common gate path 
in integrated circuits, it is also important for this gate path 
to have a current/voltage characteristic Which is as standard 
as possible. 

SUMMARY OF THE INVENTION 

[0009] It is accordingly an object of the invention to 
provide a method for producing a vertical transistor, Which 
overcomes the above-mentioned disadvantages of the prior 
art apparatus and methods of this general type. 

[0010] In particular, it is an object of the invention to 
provide a vertical transistor, Which has a satisfactory current/ 
voltage characteristic. 

[0011] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a method for 
producing a vertical transistor having a gate electrode, a gate 
oxide, an upper source/drain region, and a loWer source/ 
drain region. The method include steps of: producing at least 
one ?rst trench in a substrate; producing a sacri?cial gate 
oxide on at least a ?rst trench Wall; producing a sacri?cial 
gate electrode on the sacri?cial gate oxide; producing an 
insulation structure for insulation betWeen different vertical 
transistors; removing the sacri?cial gate electrode from the 
trench; removing the sacri?cial gate oxide from the trench; 
at least at a location of the sacri?cial gate oxide, producing 
the gate oxide on the trench Wall; producing the gate 
electrode on the gate oxide; and producing the upper source/ 
drain region and the loWer source/drain region. 

[0012] With the foregoing and other objects in vieW there 
is also provided, in accordance With the invention, a vertical 
transistor including: at least one trench Wall; a plurality of 
source/drain regions; a channel region running essentially 
vertically on the trench Wall; a gate electrode; a gate oxide 
insulating the gate electrode from the channel region; and at 
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least one insulation structure for insulating between different 
vertical transistors. The insulation structure bounds the gate 
electrode. The gate electrode has an internal angle 0t of 90° 
or less With the insulation structure. 

[0013] For the purposes of the present invention, it has 
been found that the conventional production of vertical 
transistors at the gate edge generally results in broadening of 
the gate oxide, frequently in the form of What is referred to 
as a bird’s beak. This broadening is evident, for example, as 
a side effect of the production of trench insulation in the 
immediate vicinity of the vertical transistor. During the 
thermal oxidation Which is normally carried out during the 
production of trench insulation, the gate is likeWise partially 
oxidiZed on the boundary surface betWeen the gate and the 
gate oxide, as a result of Which the gate oxide is broadened 
in this area, With the broadening decreasing as the distance 
from the trench edge increases, thus forming a structure 
Which is similar to a bird’s beak in the gate oxide. Formation 
of the bird’s beak leads to rounding of the edge of the gate, 
Which is de?ned by the trench edge, the gate and the gate 
oxide. 

[0014] Such edge rounding at the gate is often regarded as 
being desirable in conventional, horiZontally aligned tran 
sistors since this avoids What are referred to as comer effects, 
Which are produced by increasing the electrical ?eld strength 
in the region of the edge of the gate and may have a 
disadvantageous effect on the characteristics of a transistor. 
The idea on Which the present invention is based is the 
avoidance of corresponding broadening and the production 
of a vertical transistor With corner effects. 

[0015] The use of a sacri?cial gate oxide and of a sacri 
?cial gate electrode makes it possible to considerably reduce 
or entirely avoid negative effects, Which normally result 
from the production of insulation structures betWeen the 
vertical transistors. In particular, it is possible to prevent 
broadening of the gate oxide of the edge of the gate 
electrode, and to deliberately in?uence the edge of the gate 
electrode. This makes it possible to produce vertical tran 
sistors With a deliberately adjustable current/voltage char 
acteristic. In particular, it is possible to produce vertical 
transistors With a pronounced comer effect. 

[0016] For the purposes of the present invention, there is 
no need for the insulation structure to be produced com 
pletely before the sacri?cial structures are removed. It is 
su?icient for major steps, or the steps Which normally have 
effects on the gate electrode and/or the gate oxide to be 
carried out during the production of the insulation structure 
before the sacri?cial structures are removed. Accordingly, 
these production steps act only on the sacri?cial structures 
and not on the ?nal structures, so that the component 
characteristic of the vertical transistor can be improved 
considerably. 
[0017] There is also no need for all of the steps in the 
inventive method to be carried out in the stated sequence. 
For example, the source/drain regions may be at least 
partially formed even after the production of the trench. The 
loWer source/ drain region is preferably produced before the 
deposition of an insulation layer on the base of the ?rst 
trench. Both the upper source/drain region and the loWer 
source/drain region can be produced in the substrate by 
conventional doping methods. 
[0018] The substrate in Which the vertical transistor is 
structured is normally composed of silicon, Which may be 
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doped With boron, phosphorous or arsenic. Conventional 
etching methods, Which are used for etching silicon, may be 
used to produce the ?rst trench, in particular, chemical/ 
physical dry etching methods. The shape of the basic outline 
of the trench may in this case be chosen as required. 

[0019] In order to insulate the gate electrode from the 
loWer source/drain region, a ?rst insulation layer is prefer 
ably deposited onto the base of the trench. In one particular 
preferred variant of the method, the insulation layer is a 
silicon nitride layer. This has the advantage that this layer 
can be used as a mask for protection of the loWer source/ 
drain region during the subsequent removal of the sacri?cial 
gate electrode and of the sacri?cial gate oxide. Conventional 
methods such as CVD (Chemical Vapor Deposition) meth 
ods or thermal oxidation in an atmosphere containing 
ammonia may be used to produce the silicon nitride layer. 

[0020] Both the sacri?cial gate oxide and the gate oxide 
may be produced on the trench Wall using conventional 
methods for producing thin oxide layers. In one particularly 
preferred embodiment of the present invention, the sacri? 
cial gate oxide and/ or the gate oxide are/ is produced at least 
on the trench Wall by using thermal oxidation. The produc 
tion of the gate oxide and/or of the sacri?cial gate oxide is 
also preferably carried out by deposition, preferably confor 
mal deposition, of an oxide layer on at least the trench Wall. 

[0021] Any suitable electrically conductive material may 
be used as the material for using the sacri?cial gate electrode 
and/or the gate electrode. It is particularly preferable to use 
polysilicon as the gate electrode material. In order to struc 
ture the sacri?cial gate electrode and/or the gate electrode, 
the ?rst trench may be ?lled completely or only partially 
With the gate electrode material. In a further particularly 
preferred embodiment of the method, polysilicon is used as 
the material for the sacri?cial gate electrode and/or for the 
gate electrode. By Way of example, the gate electrode may 
be produced by conformal deposition of polysilicon in the 
?rst trench, With subsequent anisotropic etching of the 
deposited polysilicon layer. Furthermore, the gate electrode 
may be formed from different layers of materials, for 
example, from a polysilicon layer on Which a metal layer, for 
example, a tungsten layer, is applied, and Which can be 
isolated from the polysilicon by a barrier layer, for example, 
a tungsten nitride layer. 

[0022] According to one preferred embodiment of the 
present invention, trench insulation is used as the insulation 
structure. A second trench is preferably produced for this 
purpose. The second trench, in Which the trench insulation 
is produced, may be produced immediately adjacent to one 
trench Wall of the ?rst trench, or such that it overlaps the ?rst 
trench. Conventional lithography and etching methods may 
be used for producing the second trench. In order to produce 
the second trench, a mask is preferably deposited and 
structured on the substrate, and the second trench is then 
etched by a chemical/physical dry etching method. 

[0023] The trench insulation is then produced, for its 
purpose the base and the Walls of the second trench are 
thermally oxidiZed in a ?rst step. In the course of this 
thermal oxidation, the silicon of the substrate is oxidiZed 
starting from one source/drain edge at the boundary surface 
betWeen the ?rst trench Wall and the sacri?cial gate oxide, 
thus forming What is referred to as a bird’s beak. This bird’s 
beak has a negative effect on the current/voltage character 
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istic of the vertical transistor. The second trench is then ?lled 
With an insulating material, for example, silicon dioxide. In 
this case, a ?rst trench insulation Wall forms an edge With the 
?rst trench Wall. Further steps for producing the trench 
insulation may then be carried out. 

[0024] In order to avoid the negative in?uences of the 
bird’s beak on the current/voltage characteristic, the sacri 
?cial gate electrode and the sacri?cial gate oxide are 
removed in the inventive method. Conventional methods 
may be used for this purpose. Chemical/physical dry etching 
methods are preferably used for removing the sacri?cial gate 
electrode. 

[0025] In one particularly preferred embodiment of the 
method, the sacri?cial gate oxide is removed by isotropic 
etching. It is particularly preferable in this case for the 
sacri?cial gate oxide to be removed by Wet-chemical etch 
mg. 

[0026] The subsequent production of the gate oxide is 
achieved by thermal oxidation in one preferred variant of the 
method. This oxidation results in the formation of an oxide 
layer, Which forms the gate oxide, on the substrate on the 
exposed areas of the trench Walls of the ?rst trench. 

[0027] The reproduction of the gate electrode and of the 
gate oxide after the thermal oxidation of the second trench 
results in it not having any bird’s beak on its common 
boundary surface. The gate electrode produced using the 
method has a comparatively sharp, ?rst gate electrode edge. 
In this case, it is particularly preferable for the ?rst gate 
electrode edge to have an internal angle 0t of 90° or less. The 
internal angle 0t is in this case the angle With Which the gate 
electrode, in particular the boundary surface betWeen the 
gate electrode and the gate oxide, meets the edge of the gate 
electrode on the insulation structure. In comparison to 
conventionally structured gate electrodes, the gate electrode, 
Which has been produced using the inventive method, has a 
pronounced comer effect. 

[0028] In a further particularly preferred variant of the 
method, the insulating material of the trench insulation is 
removed in the area of the ?rst trench insulation Wall during 
the removal of the sacri?cial gate oxide, so that at least one 
substrate edge is exposed. In this case, it is furthermore 
preferable for the exposed substrate edge then also to be 
covered by the gate oxide and/or the gate electrode. This 
results in corner effects occurring to an even more consid 
erable extent. 

[0029] If the insulating material is removed from the 
trench insulation by performing the isotropic etching as 
described above, then the gate electrode edge has a shape 
Which runs in a particularly pointed manner, in Which the 
corner effect is pronounced to a particularly major extent. 
The geometry and position of the gate electrode can be 
in?uenced by the duration of the isotropic etching process. 
If the etching time is correspondingly long, this results after 
structuring the gate electrode as a gate electrode that passes 
around the source/drain edge of the upper source/drain 
region, thus resulting in a particularly pronounced comer 
effect. 

[0030] In one particularly preferred variant of the method, 
the vertical transistor is structured as part of a memory cell 
above an energy storage capacitor. It is particularly prefer 
able for the vertical transistor to be structured as part of a 
DRAM memory cell. 
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[0031] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0032] Although the invention is illustrated and described 
herein as embodied in a method for producing a vertical 
transistor, 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. 

[0033] 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 

[0034] FIGS. 1-1 to 1-14 are cross-sectional vieWs for 
illustrating a ?rst embodiment of the method for producing 
a vertical transistor; 

[0035] FIGS. 2-1 to 2-7 are cross-sectional vieWs for 
illustrating a second embodiment of the method for produc 
ing a vertical transistor; and 

[0036] FIG. 3 is a graph of current/voltage curves for a 
vertical transistor produced using the inventive method and 
for a conventional vertical transistor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] Referring noW to the ?gures of the draWing in 
detail and ?rst, particularly, to FIG. 1-1 thereof, there is 
shoWn a substrate 10, in Which a ?rst trench 19 has been 
produced using a chemical/physical dry etching method. 
The substrate 10 is, for example, monocrystalline silicon 
doped With boron. An insulation layer 15 composed of 
silicon nitride has been deposited on the trench base 13. The 
loWer source/drain region 11 Was produced in the substrate 
10, underneath the trench base 13, by an appropriate doping 
process. 

[0038] FIG. 1-2 shoWs a section through the substrate 10 
along the dashed line 1-2 shoWn in FIG. 1-1. This vieW 
illustrates the rectangular basic outline of the ?rst trench 19. 
In a corresponding Way, the ?rst trench 19 has a ?rst trench 
Wall 1411, a trench Wall 140 opposite the ?rst trench Wall 14a, 
and further mutually opposite trench Walls 14b and 14d. The 
?rst trench Wall 1411 has a length L1 and a height H1. As can 
be seen from FIG. 1-2, part of the ?rst trench 19 projects 
into the upper source/drain region 12, Which has already 
been produced in the substrate 10 by using an appropriate 
doping process. Alternatively, hoWever, the relative position 
of the ?rst trench 19 With respect to the upper source/drain 
region 12 could also be con?gured such that the ?rst trench 
19 is adjacent to the upper source/drain region only along its 
trench Wall 14d. 

[0039] As is shoWn in FIGS. 1-3, the sacri?cial gate oxide 
16 is then produced on the trench Walls of the ?rst trench 19 
by thermal oxidation. In order to avoid oxidation of the 
substrate surface aWay from the ?rst trench 19, it may be 
necessary to protect this substrate surface With an appropri 
ate mask. This mask can then be removed after the produc 
tion of the sacri?cial gate oxide 16. 
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[0040] In a next step, Which is shown in FIG. 1-4, the 
sacri?cial gate electrode 17 is produced on the sacri?cial 
gate oxide Within the trench 19. This is done by the con 
formal deposition of a polysilicon layer on the substrate 10 
and in the ?rst trench 19 and by subsequent anisotropic 
etching of the polysilicon, Which is thus removed selectively 
in the vertical areas of the substrate surface and of the trench 
base 13, and/or of the insulation layer 15. In order to produce 
the trench insulation, a mask 18 is then deposited on the 
substrate and/or in the ?rst trench 19, and is subsequently 
structured (FIG. 1-5). This may be done, for example, using 
a suitable lithography technique. Methods such as these are 
knoWn to those skilled in the art and do not need to be 
described any further here. After structuring the mask 18, a 
second trench 20 is etched by one or more etching methods 

(FIG. 1-6). 

[0041] The second trench 20 has a trench insulation base 
21, the ?rst trench insulation Wall 22a and further trench 
insulation Walls 22b, of Which only the ?rst Wall 22a and the 
Wall 22b opposite it are shoWn in FIG. 1-6. The illustration 
in FIG. 1-6 does not shoW all the trench insulation Walls. 
The ?rst trench insulation Wall 2211 has a height H1. As is 
shoWn in FIG. 1-7, the second trench 20 is then subjected to 
thermal oxidation, as a result of Which, the trench base 21 as 
Well as the trench Walls 22a, 22b are oxidiZed, provided that 
they are formed by the substrate 10, and an oxide layer is 
formed in these areas. This oxide layer forms trench insu 
lation 23 that assists the subsequent deposition of silicon 
dioxide in the second trench 20. The trench insulation 23 is 
then planariZed, With the mask 18 then being removed so 
that this results in the structure as shoWn in FIG. 1-8. FIG. 
1-9 shoWs a section through the substrate along the line 1-9 
from FIG. 1-8. FIG. 1-9 does not shoW the entire length L2 
of the trench insulation 23. The method steps described so 
far result in a vertical transistor, Which extends along the 
trench Walls 14a, 14c and 14d, being produced in the 
substrate 10. The second trench Wall 14b of the ?rst trench 
19 is formed in the region of the length L3 by means of a 
subregion of the ?rst trench insulation Wall 22a. 

[0042] The ?rst source/drain edge 24 is formed on the cut 
surface betWeen the second trench Wall 14b, or the ?rst 
trench insulation Wall 22a, and the ?rst trench Wall 1411. The 
second source/drain edge 25 is formed in a corresponding 
manner on the cut surface betWeen the second trench Wall 
14b or the ?rst trench insulation Wall 2211 and the trench Wall 
140. The ?rst gate electrode edge 29 is de?ned by that area 
in Which the sacri?cial gate oxide 16 and the sacri?cial gate 
electrode 17 are bounded by the second trench Wall 14b of 
the ?rst trench. A corresponding situation applies to the 
second gate electrode edge 30. 

[0043] FIG. 1-9 includes a separate enlarged vieW of the 
area that is enclosed by the dashed circle. This enlargement 
shoWs that the ?rst gate electrode edge 29 produced in this 
Way is not a sharply de?ned essentially rectangular edge but 
that, because of the thermal oxidation of the second trench 
20 on the boundary surface betWeen the sacri?cial gate 
electrode 17 and the sacri?cial gate oxide 16, What is 
referred to as a bird’s beak 26 is formed. Since it has 
surprisingly been found in the course of the present inven 
tion that the formation of such a bird’s beak has a disad 
vantageous effect on the current/voltage characteristic of the 
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vertical transistor, both the sacri?cial gate electrode 17 and 
the sacri?cial gate oxide 16 are removed from the ?rst trench 
19. 

[0044] The ?rst trench 19 that is noW provided has a 
shorter length than the originally structured ?rst trench 19, 
since the second trench Wall 14b is formed by a subregion 
of the ?rst trench insulation Wall 22a. The sacri?cial gate 
electrode 17 may, for example, be removed by a suitable 
chemical/physical dry etching method, for example using 
etching gases containing ?uorine or chlorine. Wet chemical 
etching, preferably using an etching liquid containing 
hydro?uoric acid, is used to remove the sacri?cial gate oxide 
16. This isotropic etching also results in part of the trench 
insulation 23 (Which, like the sacri?cial gate oxide 16 is 
likeWise composed of silicon dioxide) being removed in the 
area of the second trench Wall 14b, as Well. Since the etching 
process is carried out isotropically, the ?rst and the second 
source/drain edges 24, 25 are exposed by this etching 
process. Once the sacri?cial gate oxide 16 and the sacri?cial 
gate electrode 17 have been removed, the gate oxide 27 is 
produced in a next step, Which is illustrated in FIG. 1-11, by 
thermal oxidation on the trench Walls 14a, 14c and 14d. To 
do this, it may once again be necessary to use an appropriate 
mask to protect those parts of the substrate Which are not 
intended to be oxidiZed. This mask can then be removed. 
The gate electrode 28 is then structured, as already described 
With reference to FIG. 1-4. 

[0045] FIG. 1-13 shoWs a section through the substrate 
along the line 1-13 in FIG. 1-12. The isotropic etching of the 
sacri?cial gate oxide 16 results in the vertical transistor 
together With its second trench Wall 14b being pushed into 
the previously structured trench insulation, With the second 
trench Wall 14b noW having a length L4, Which is longer 
than the original length L3, as a result of the isotropic 
etching. That area of the vertical transistor that is annotated 
using the dashed circle is shoWn enlarged in the second 
circle in FIG. 1-13. As can be seen from this enlargement, 
the ?rst gate electrode edge 29 has been passed around the 
?rst source/drain edge and has a very narroW internal angle 
0t, Which is considerably less than 90°. This shape of the ?rst 
gate electrode edge 29 is achieved by the combination of the 
isotropic etching of the sacri?cial gate oxide 16 and the 
subsequent production of the gate oxide 27 by thermal 
oxidation. The described shape of the gate electrode results 
in this vertical transistor having a pronounced comer effect, 
Which considerably improves its current/voltage character 
istic. Finally, contact is made With the upper and the loWer 
source/drain regions 11, 12, as is shoWn in FIG. 1-14. To do 
this, a second insulating layer 31 is deposited on the sub 
strate surface and in the ?rst trench 19, With this second 
insulating layer at the same time having a planariZing effect. 
A suitable photolithographic method may noW be used to 
structure contact holes in the phosphor glass layer, and then 
to ?ll them With an electrically conductive material, thus 
forming the ?rst contact 32 and the second contact 33. 

[0046] FIGS. 2-1 to 2-7 shoW a further embodiment of the 
method, in Which the vertical transistor forms a part of a 
DRAM memory cell. 

[0047] FIG. 2-1 shoWs a substrate 10, for example, a 
boron-doped monocrystalline silicon, in Which a number of 
energy storage capacitors have already been structured. The 
energy storage capacitors have not been formed completely 
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in FIG. 2-1. Only the upper area of the energy storage 
capacitors is shown. The inner electrode 34 of the energy 
storage capacitors is isolated from the substrate 10 by the 
insulator collar 35. There is an adjacent contact area above 
the insulator collar 35, Which is bounded at the top by the 
?rst insulation layer 15 that is deposited on the trench base 
13 of the ?rst trench 19. The contact area ensures an 
electrical connection betWeen the loWer source/ drain region 
11 and the inner storage electrode 34. As is shoWn partially 
in FIG. 2-1, the sacri?cial gate oxide 16 and the sacri?cial 
gate electrode 17 have already been produced in the ?rst 
trench 19 With the trench Walls 14a to 14d. The upper 
source/drain region 12 has been produced in the substrate 
10, for example, by a suitable doping process, on the 
substrate surface, adjacent to the sacri?cial gate oxide 16. 
Conventional methods Which are knoWn to those skilled in 
the art and Which in some cases have already been partially 
described in conjunction With the already described embodi 
ments of the present invention can be used to produce the 
structures shoWn in FIG. 2-1. 

[0048] FIG. 2-2 shoWs a section through the substrate 10, 
along the line 2-2 from FIG. 2-1. As can be seen from FIG. 
2-2, the basic outline of the ?rst trench 19, Which at this time 
is ?lled by the sacri?cial gate electrode 17 and the sacri?cial 
gate oxide 16, is rectangular, so that the ?rst trench 19 
includes the ?rst trench Wall 1411, the trench Wall 140 
opposite it, the second trench Wall 14b and the trench Wall 
14d opposite it. As can also be seen from FIG. 2-2 the trench 
insulation 23 has been structured along the trench Walls 14b 
and 14d. The structuring of the trench insulation 23 may in 
this case be carried out as has already been described in 
conjunction With the ?rst embodiment of the present inven 
tion. 

[0049] In FIG. 2-2 the ?rst and the second source/drain 
edges 24/25 are likeWise de?ned by the ?rst trench Wall 1411 
and the ?rst trench insulation Wall 2211 of the respective 
trench insulation 23. The ?rst and second gate electrode 
edges 29, 30 are de?ned in a corresponding manner by the 
second trench Wall 14b and the trench Wall 14d opposite it, 
and by the boundary surface betWeen the sacri?cial gate 
oxide 16 and the sacri?cial gate electrode 17. 

[0050] FIG. 2-2 shoWs a dashed circle With a region of the 
vertical transistor and shoWs an enlarged vieW of that region 
in a second circle. The enlargement once again shoWs that 
the thermal oxidation for producing the sacri?cial gate oxide 
means that a sharp, that is to say essentially right-angled, 
?rst gate electrode edge 29 is not formed, but that a bird’s 
beak 26 is formed here. In order to avoid the disadvanta 
geous effects associated With this, the sacri?cial gate elec 
trode 17 and the sacri?cial gate oxide 16 are removed from 
the ?rst trench 19 in a subsequent step, Which is shoWn in 
FIG. 2-3. This can once again be accomplished by a 
chemical/physical etching method for the sacri?cial gate 
electrode 17. On the other hand, the sacri?cial gate oxide 16 
is once again removed by isotropic, Wet-chemical etching. 

[0051] As has already been described in conjunction With 
the ?rst embodiment of the method, the ?rst and the second 
source/drain edges 24, 25 are exposed by the isotropic Wet 
chemical etching, since, in this case as Well, the etching 
results in the removal of an area adjacent the second trench 
Wall 14b, With a length L4 Which is longer than the original 
length L3 of the second trench Wall 14b, of the trench 
insulation 23. 
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[0052] As is shoWn in FIG. 2-5, the gate oxide 27 is then 
produced by thermal oxidation of the corresponding trench 
Walls of the ?rst trench. As already described above, it may 
be necessary during the thermal oxidation process to use a 
suitable mask to protect those areas of the substrate Which 
are not intended to be oxidiZed, and this mask can be 
removed after the oxidation. The ?rst trench 19 is then ?lled 
With polysilicon, thus resulting in the production of the gate 
electrode 28. 

[0053] FIG. 2-6 shoWs a section through the substrate 
along the line 2-6 in FIG. 2-5. That area Which includes the 
?rst gate electrode edge 29 and the ?rst source/drain edge 24 
and Which is bounded by the dashed circle is illustrated 
enlarged in the larger circle from FIG. 2-6. 

[0054] Due to the isotropic etching of the sacri?cial gate 
oxide 16 and the subsequent production of the gate oxide 27 
by thermal oxidation of the substrate, the resultant gate 
electrode edge 29 likeWise has an internal angle 0t of 
considerably less than 90°. In contrast to the already 
described embodiment of the method, the isotropic etching 
has been carried out here for a shorter time period, so that 
less material has been removed from the trench insulation 23 
during the etching process and, in consequence, the ?rst gate 
electrode edge 29 has not been passed around the ?rst 
source/drain edge 24, but has just been shifted in the 
direction of the ?rst source/drain edge 24. This geometry of 
the gate electrode edge 29 also results in a pronounced 
corner effect, Which considerably improves the current/ 
voltage characteristic of the vertical transistor. 

[0055] Finally, further method steps, Which do not need to 
be discussed in detail here, are used to complete the memory 
cell. For this purpose, as is illustrated in FIG. 2-7, the gate 
electrode is completed by varying the shape and by the 
addition of the barrier layer 36, for example, a tungsten 
nitride layer, the metal layer 37, Which is for example, a 
tungsten layer, and the insulation cap 38. At the same time 
as the completion of the gate electrode structure, Whirled 
lines Which run past and are located above the upper 
source/drain regions can be structured, as Well as the bit line 
39 that is associated With the described memory cell. Con 
ventional processes and methods Which are knoWn to those 
skilled in the art may be used for all of these structuring 
steps. 

[0056] FIG. 3 in each case shoWs a current/voltage curve 
for a conventional vertical transistor and for a vertical 
transistor produced using the method, With the tWo vertical 
transistors having the structure shoWn in FIGS. 2-1 to 2-7. 
The conventional vertical transistor has the bird’s beak 
betWeen its gate oxide and its gate electrode While, in 
contrast, the vertical transistor constructed according to the 
invention has the described, considerably more pointed, gate 
electrode edge Without any bird’s beak. 

[0057] As can be seen from the curves in FIG. 3, both the 
vertical transistors have a comparable, very loW residual 
current When switched off. In contrast to the conventional 
transistor, the transistor constructed according to the inven 
tion has a considerably steeper drop in the current level as 
the voltage on the gate electrode decreases. The vertical 
transistor produced according to the invention thus has a 
considerably improved so-called sub threshold slope. 
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[0058] The current/voltage curves illustrated in FIG. 3 
also show that the vertical transistor produced according to 
the invention has a considerably higher so-called on current 
When sWitched on. 

We claim: 
1. A method for producing a vertical transistor having a 

gate electrode, a gate oxide, an upper source/drain region, 
and a loWer source/drain region, the method Which com 
prises: 

producing at least one ?rst trench in a substrate; 

producing a sacri?cial gate oxide on at least a ?rst trench 

Wall; 
producing a sacri?cial gate electrode on the sacri?cial 

gate oxide; 

producing an insulation structure for insulation betWeen 
different vertical transistors; 

removing the sacri?cial gate electrode from the trench; 

removing the sacri?cial gate oxide from the trench; 

at least at a location of the sacri?cial gate oxide, produc 
ing the gate oxide on the trench Wall; 

producing the gate electrode on the gate oxide; and 

producing the upper source/drain region and the loWer 
source/drain region. 

2. The method according to claim 1, Wherein the step of 
removing the sacri?cial gate oxide is carried out by an 
isotropic etching. 

3. The method according to claim 1, Wherein the step of 
removing the sacri?cial gate oxide is carried out by a 
Wet-chemical etching. 

4. The method according to claim 1, Which comprises 
using trench insulation as the insulation structure. 

5. The method according to claim 4, Which comprises: 

producing at least one second trench for generating the 
trench insulation; and 
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?lling the second trench With an insulating material such 
that a ?rst trench insulation Wall forms an edge With the 
?rst trench Wall. 

6. The method according to claim 5, Which comprises, 
during the step of removing the sacri?cial gate oxide, 
removing the insulating material from the trench insulation 
in a region of the ?rst trench insulation Wall such that at least 
one substrate edge is exposed. 

7. The method according to claim 6, Wherein the gate 
oxide is also applied to the substrate edge. 

8. The method according to claim 6, Which comprises 
forming a gate electrode having an internal angle 0t of 90° 
or less With the ?rst trench insulation Wall. 

9. The method according to claim 1, Which comprises, 
before performing the step of producing the sacri?cial gate 
oxide, producing an insulation layer on a base of the ?rst 
trench. 

10. The method according to claim 9, Wherein the insu 
lation layer is a silicon nitride layer. 

11. The method according to claim 1, Which comprises 
performing at least one step selected from a group consisting 
of the step of producing the sacri?cial gate oxide and the 
step of producing the gate oxide by a thermal oxidation. 

12. The method according to claim 1, Wherein the insu 
lating structure includes an insulating material produced 
from silicon dioxide. 

13. The method according to claim 1, Which comprises 
using polysilicon as a material of at least one electrode 
selected from a group consisting of the sacri?cial gate 
electrode and the gate electrode. 

14. The method according to claim 1, Wherein the vertical 
transistor is produced over an energy storage capacitor and 
forms a part of a memory cell. 

15. The method according to claim 1, Wherein the vertical 
transistor forms a part of a DRAM memory cell. 


