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METHOD FOR FABRICATING A FIELD-EFFECT 
TRANSISTOR HAVING AN 

ANTI-PUNCH-THROUGH IMPLANTATION 
REGION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a method for fabricating a 
?eld-effect transistor having an anti-punch-through implan 
tation region. The invention also relates an improved tran 
sistor structure for DRAM one-transistor memory cells 
having feature siZes of less than 0.15 pm. 

[0003] When fabricating large-scale integrated memory 
devices such as DRAM memories, it becomes increasingly 
dif?cult, With feature siZes or structure siZes of less than 0.15 
pm, to produce transistors having not only an excellent 
leakage current behavior With IOEE<1O fA per transistor, 
Which is essential for the charge retention time, or retention 
time, in a one-transistor memory cell but it becomes also 
dif?cult to produce transistors having a suf?cient ON current 
for charge storage of >30 pAper transistor. At the same time, 
it is desirable to realiZe loW threshold voltages of approxi 
mately 0.8 V in conjunction With an external voltage supply 
of just 1.6 V, for example. 

[0004] FIGS. 1a and 1b shoW a simpli?ed sectional vieW 
of essential method steps for fabricating a ?eld-effect tran 
sistor having an anti-punch-through implantation region in 
accordance With the prior art, as is disclosed for example in 
US. Pat. No. 5,686,321. 

[0005] Since the so-called punch-through effect is a major 
problem particularly When fabricating large-scale integrated 
?eld-effect transistors, anti-punch-through implantation 
regions are increasingly used, particularly in the case of 
short-channel transistors. These anti-punch-through implan 
tation regions reduce an excessive expansion of a depletion 
region or space charge Zone in the channel region and 
thereby increase a punch-through voltage. 

[0006] By Way of example, anti-punch-through implanta 
tion regions of this type are implanted in a self-aligning 
manner locally betWeen respective source/drain regions, as 
a result of Which feature siZes of <0.15 pm can be realiZed. 

[0007] In accordance With FIG. 1a, in such a conventional 
method for fabricating a ?eld-effect transistor having an 
anti-punch-through implantation region, ?rst of all a gate 
insulation layer 20 is formed over the Whole area of a 
semiconductor substrate 10. Subsequently, a nitride layer 30 
is deposited as a mask layer and patterned accordingly in 
order to form respective gate regions GB. Furthermore, 
polysilicon spacers 50 are formed on the edge regions of the 
cut-out for the gate region GB, and act as additional masking 
for the subsequent implantation I1. In this case, in the course 
of the implantation I1 using the polysilicon spacers 50 and 
the nitride mask layer 30, impurities are introduced locally 
into a channel region of the semiconductor substrate 10, 
thereby forming the anti-punch-through implantation region 
40. 

[0008] In accordance With FIG. 1b, in subsequent steps of 
the conventional method for fabricating a ?eld-effect tran 
sistor having an anti-punch-through implantation region 40, 
the spacers 50 are removed and the cut-out for the gate 
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region GB is ?lled With a gate layer in order to form a gate 
electrode or control electrode 60. Subsequently, the nitride 
mask layer 30 is removed and, using the gate electrode 60, 
a further implantation I2 is carried out in order to form 
source/drain regions S and D in the semiconductor substrate 
10. 

[0009] A ?eld-effect transistor having improved short 
channel properties Which can be fabricated in a self-aligning 
manner is obtained in this Way. A disadvantage of this 
conventional fabrication method, hoWever, is in particular 
the use of additional method steps for forming the masking 
spacers 50 and the implantation through the gate insulation 
layer 20. The implantation through the gate insulation layer 
20, in particular, can adversely effect the quality of the gate 
insulation layer, thereby impairing the transistor properties 
of the short-channel transistor. 

SUMMARY OF THE INVENTION 

[0010] It is accordingly an object of the invention to 
provide a method for fabricating a ?eld-effect transistor 
having an anti-punch-through implantation region Which 
overcomes the above-mentioned disadvantages of the here 
tofore-knoWn methods of this general type and Which can be 
realiZed cost-effectively and yields improved transistor 
properties in combination With reduced feature siZes. 

[0011] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a method for 
fabricating a ?eld-effect transistor having an anti-punch 
through implantation region, the method includes the steps 
of: 

[0012] forming a mask layer on a surface of a semi 
conductor substrate; 

[0013] selectively removing a given region of the 
mask layer for forming a gate region; 

[0014] forming an implantation mask layer on a 
surface of the mask layer in a region including the 
gate region; 

[0015] forming an anti-punch-through implantation 
region in the semiconductor substrate at the gate 
region by implanting impurities; 

[0016] removing the implantation mask layer; 

[0017] forming, at the gate region, a gate insulation 
layer on the surface of the semiconductor substrate; 

[0018] forming a gate layer in the gate region; 

[0019] removing the mask layer; and 

[0020] forming source/drain regions in the semicon 
ductor substrate by using the gate layer as a mask. 

[0021] In other Words, the method according to the inven 
tion includes the folloWing steps: 

[0022] a) formation of a mask layer on the surface of 
a semiconductor substrate; 

[0023] b) selective removal of predetermined regions 
of the mask layer in order to form gate regions; 

[0024] c) formation of an implantation mask layer on 
the surface of the mask layer With the gate regions; 
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[0025] d) implantation of impurities in order to form 
the anti-punch-through implantation region in the 
semiconductor substrate of the gate region; 

[0026] e) Whole-area removal of the implantation 
mask layer; 

[0027] f) formation of a gate insulation layer on the 
surface of the semiconductor substrate in the gate 
region; 

[0028] g) formation of a gate layer in the gate region; 

[0029] h) removal of the mask layer; and 

[0030] i) formation of source/drain regions in the 
semiconductor substrate using the gate layer as a 
mask. 

[0031] As a result, in particular, of the formation of an 
implantation mask layer, Which can be easily realiZed, for 
the formation of the anti-punch-through implantation region 
and the subsequent formation of a gate insulation layer, a 
short-channel ?eld-effect transistor having improved prop 
erties is obtained since the gate insulation layer is spared the 
bombardment of impurities during an implantation. 

[0032] The implantation mask layer is preferably pro 
duced by depositing a homogeneous insulating layer from 
the vapor phase, resulting in a particularly cost-effective 
method for forming the implantation mask layer, Which, in 
particular, enables the reliable fabrication of planar transis 
tors having a feature siZe of less than 0.1 pm. As a result, it 
is possible to achieve a further reduction in a cell area of 
large-scale integrated one-transistor memory cells, such as 
eg in DRAMs. Also, an alternative solution Which is 
complicated in terms of production engineering, such as eg 
vertical transistors, can be avoided. 

[0033] The implantation of impurities for the purpose of 
forming the anti-punch-through implantation region is pref 
erably effected vertically or in an oblique or inclined man 
ner. Thus a local channel implantation for a central or a 
slightly offset channel region of the ?eld-effect transistor is 
achieved through the use of self-aligning masking technol 
ogy. In this Way, it is possible to further reduce high local 
?eld strengths in source/drain regions and to realiZe high 
saturation currents in the turned-on ?eld-effect transistor. 

[0034] According to another mode of the invention, an 
SiO2 layer is used as the implantation mask layer. 

[0035] According to yet another mode of the invention, 
the gate insulation layer is formed by thermally oXidiZing 
the semiconductor substrate. 

[0036] According to a further mode of the invention, an 
SiO2 layer is used as the gate insulation layer. 

[0037] According to another mode of the invention, 
Weakly and heavily doped source/drain regions are formed. 
The heavily doped source/drain regions are formed by using 
spacers disposed laterally at the gate layer. 

[0038] According to yet another mode of the invention, 
the step of forming the source drain regions includes 
implanting further impurities. 

[0039] According to another mode of the invention, an 
Si3N4 hard mask is used as the mask layer. 
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[0040] According to a further mode of the invention, a 
polysilicon layer and/or a WSiX layer is used as the gate 
layer. 

[0041] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0042] Although the invention is illustrated and described 
herein as embodied in a method for fabricating a ?eld-effect 
transistor having an anti-punch-through implantation region, 
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. 

[0043] 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 

[0044] FIGS. 1a and 1b are partial, diagrammatic sec 
tional vieWs of semiconductor structures for illustrating 
essential method steps for fabricating a ?eld-effect transistor 
having an anti-punch-through implantation region in accor 
dance With the prior art; and 

[0045] FIGS. 2a to 2g are partial, diagrammatic sectional 
vieWs of semiconductor structures for illustrating essential 
method steps for fabricating a ?eld-effect transistor having 
an anti-punch-through implantation region in accordance 
With the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] The invention is described With reference to the 
?gures of the draWings, in Which identical reference sym 
bols indicate identical or similar elements or operations. In 
the method step in accordance With FIG. 2a, ?rst of all a 
mask layer 2 is formed on the surface of a semiconductor 
substrate 1 and patterned or structured accordingly, thereby 
producing gate regions GB. The semiconductor substrate 1 
is preferably composed of Si, SiGe, SiC, SOI, GaAs or some 
other III-V semiconductor. Ahard mask such as e. g. a nitride 
layer is preferably used for the mask layer 2, a so-called 
inverse gate hard mask being produced as a result of the 
patterning or the formation of the gate regions GB. As an 
alternative to the preferred Si3N4 layer, it is also possible to 
use other mask layers for the purpose of forming the gate 
regions GB. 

[0047] In a subsequent method step in accordance With 
FIG. 2b, a relatively thin implantation mask layer 3 is then 
formed over the Whole area. The implantation mask layer 3 
is preferably formed by depositing a homogenous insulating 
layer from a vapor phase, as a result of Which the implan 
tation mask layer 3 of the uniform thickness, as illustrated in 
FIG. 2b, is obtained. The implantation mask layer 3 is 
preferably composed of an SiO2 layer and is formed using a 
conventional vapor phase deposition method not described 
in any speci?c detail beloW. HoWever, the implantation mask 
layer 3 may also be composed of further materials and/or be 
deposited through the use of other conventional methods. 
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[0048] In a method step in accordance With FIG. 2c, a 
vertical implantation I1 or optionally an inclined implanta 
tion I1S then takes place in order to implant impurities in the 
semiconductor substrate 1. In this case, using the mask layer 
2 and the overlying implantation mask layer 3, the anti 
punch-through implantation region 4 is formed centered or 
laterally offset in the semiconductor substrate 1 at the 
location of the gate region GB or a corresponding channel 
region. On account of the homogenous layer thickness of the 
implantation mask layer 3, the implantation mask layer 3 
running vertically in the gate region GB along the edges of 
the mask layer 2 acts like an additional mask, as a result of 
Which the anti-punch-through implantation region 4 or 4s is 
formed centered or slightly laterally offset only in a local 
region of the gate region GB in the semiconductor substrate 
1 or the corresponding channel region. 

[0049] In this case, the implantation mask layer 3 running 
horiZontally in the gate region GB or in the cut-out formed 
through the mask layer 2 does not constitute a signi?cant 
obstacle to the implantation I1 or I15, for Which reason, 
relatively loW implantation energies can be used. Accord 
ingly, the masking effect outside the gate region GB is 
realiZed essentially by the mask layer 2. Since it is relatively 
simple to fabricate such an implantation mask layer 3, a 
cost-effective method for fabricating a short-channel ?eld 
effect transistor for feature siZes of less than 0.1 pm is 
achieved. 

[0050] In order to improve the anti-punch-through behav 
ior or in order to further prevent a punch-through effect, as 
a result of the inclined implantation I15, the anti-punch 
through implantation region 4s can, depending on the drain/ 
source voltages used, be moved or displaced toWards a 
drain/source region that is de?ned or formed later. As a 
result, local ?eld strengths can be further compensated and 
improved saturation currents are obtained for the ?eld-effect 
transistor. 

[0051] In a subsequent method step in accordance With 
FIG. 2d, the implantation mask layer 3, Which is essentially 
used as a sacri?cial layer, is then removed over the Whole 
area through the use of a conventional etching method. 

[0052] In a method step in accordance With FIG. 26, a gate 
insulation layer 5 is then formed locally on the surface of the 
semiconductor substrate in the gate region GB. This local 
formation of the gate insulation layer 5 is preferably imple 
mented With a thermal oxidation method using the mask 
layer 2 as a mask. In this case, by Way of example, 
conventional thermal oxidation is carried out to oxidiZe the 
semiconductor substrate 1 locally in the gate region GB, as 
a result of Which an SiO2 gate insulation layer 5 is formed, 
for example, When Si is used as the semiconductor substrate 
1. 

[0053] In this case, particularly in contrast to the conven 
tional method described above, this gate insulation layer 5 
has outstanding electrical properties, and therefore may also 
be used as a tunnel oxide for so-called non-volatile one 
transistor semiconductor memory cells (e.g. ?ash memo 
ries). In this case, a slight oxidation under the mask layer 2 
is not a disadvantage since it is compensated particularly in 
the course of a subsequent formation of source/drain 
regions, preferably through the use of spacer technology. 

[0054] In contrast to the conventional method, moreover, 
all options are equally available With regard to a selection of 
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dopants, since a respectively different damage to a gate 
insulation layer by the respective dopants is irrelevant in 
vieW of the subsequent formation of the gate insulation layer 
in accordance With the invention. The degree of freedom in 
realiZing the anti-punch-through implantation regions, in 
particular, is thereby greatly improved. 

[0055] In accordance With FIG. 2f, in subsequent method 
steps, a gate layer or gate electrode 6 is formed in the gate 
region GB. In this case, a polysilicon layer is preferably 
deposited over the Whole area and removed using a selective 
etching method doWn to the mask layer 2, thereby produc 
ing, in the ?rst instance, a half-?lled cut-out in the gate 
region GB. Subsequently, if the gate layer 6 is provided as 
a multilayer structure, a WSiX layer, for example, may be 
deposited over the Whole area and once again planariZed for 
example through the use of CMP (chemical mechanical 
polishing) doWn to the mask layer 2, thereby obtaining the 
sectional vieW illustrated in FIG. 2f. 

[0056] HoWever, the gate electrode or gate layer 6 may 
also be composed of a single electrically conductive material 
and/or be formed selectively in the cut-out for the gate 
region GB. What is essential to the present invention, 
hoWever, is the mask layer 2, Which is still present and in this 
Way enables self-aligning processes for all essential implan 
tation and patterning operations With regard to the gate 
region GB. 

[0057] In accordance With FIG. 2g, in subsequent steps, 
?rst of all the mask layer 2 is removed and, by Way of 
example, using the gate electrode or gate layer 6 as a mask, 
Weakly doped source/drain regions S/D (LDD, lightly doped 
drain) are formed in the semiconductor substrate 1. Prefer 
ably, in a subsequent step, spacer layers 7 are formed on the 
side Walls of the gate electrode or gate layer 6 and a further 
(heavy) doping is carried out for the self-aligning formation 
of heavily doped source/drain regions (HDD, highly doped 
drain). 
[0058] This doping of the source/drain regions S/D is 
preferably effected through the use of one or more further 
ion implantations I2, but diffusion methods are also possible, 
in principle. 

[0059] In order to improve the transistor properties further, 
it is possible, moreover, to carry out a side Wall oxidation 
and a so-called “junction annealing” in order to anneal 
respective pn junctions. A short-channel ?eld-effect transis 
tor having improved electrical properties is obtained in this 
Way. Such a transistor can be realiZed simply and cost 
effectively in particular for large-scale integrated circuits 
With a feature siZe of <0.15 pm. 

[0060] The invention has been described above With ref 
erence to a ?eld-effect transistor for a DRAM one-transistor 

memory cell. HoWever, it is not restricted thereto but rather 
encompasses all applications of short-channel ?eld-effect 
transistors, as can also be used, for example, in non-volatile 
semiconductor memory cells With a charge-storing layer 
(?ash, EEPROM, EPROM) and other circuits having short 
channel ?eld-effect transistors. 

[0061] The present invention has been described, in par 
ticular, With reference to an n-channel MOSFET yet it is not 
restricted thereto but rather encompasses all other ?eld 
effect transistor structures and combinations and, in particu 
lar, also the p-channel MOSFET. 
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We claim: 
1. A method for fabricating a ?eld-effect transistor having 

an anti-punch-through implantation region, the method 
Which comprises: 

forming a mask layer on a surface of a semiconductor 

substrate; 
selectively removing a given region of the mask layer for 

forming a gate region; 

forming an implantation mask layer on a surface of the 
mask layer in a region including the gate region; 

forming an anti-punch-through implantation region in the 
semiconductor substrate at the gate region by implant 
ing impurities; 

removing the implantation mask layer; 

forming, at the gate region, a gate insulation layer on the 
surface of the semiconductor substrate; 

forming a gate layer in the gate region; 

removing the mask layer; and 

forming source/drain regions in the semiconductor sub 
strate by using the gate layer as a mask. 

2. The method according to claim 1, Which comprises 
forming the implantation mask layer by depositing a homo 
geneous insulating layer from a vapor phase. 

3. The method according to claim 1, Which comprises 
using an SiO2 layer as the implantation mask layer. 

4. The method according to claim 1, Which comprises 
forming the gate insulation layer by thermally oXidiZing the 
semiconductor substrate. 
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5. The method according to claim 1, Which comprises 
using an SiO2 layer as the gate insulation layer. 

6. The method according to claim 1, Which comprises 
forming the anti-punch-through implantation region cen 
tered in the gate region by implanting the impurities verti 
cally With respect to the mask layer. 

7. The method according to claim 1, Which comprises 
forming the anti-punch-through implantation region later 
ally offset in the gate region by obliquely implanting the 
impurities. 

8. The method according to claim 1, Wherein the step of 
forming the source/drain regions includes: 

forming Weakly doped source/drain regions; and 

forming heavily doped source/drain regions by using 
spacers disposed laterally at the gate layer. 

9. The method according to claim 1, Wherein the step of 
forming the source drain regions includes implanting further 
impurities. 

10. The method according to claim 1, Which comprises 
using an Si3N4 hard mask as the mask layer. 

11. The method according to claim 1, Which comprises 
using a polysilicon layer as the gate layer. 

12. The method according to claim 1, Which comprises 
using a WSiX layer as the gate layer. 

13. The method according to claim 1, Which comprises 
using a polysilicon layer and a WSiX layer as the gate layer. 


