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FORMING OF THE PERPHERY OF A SCHOTTKY 
DODE WITH MOS TRENCHES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 To improve the reverse breakdown voltage of vari 
ous components, especially of Schottky diodes, it has been 
provided to insert in a Semiconductor layer forming one of 
the portions of the component conductive trenches insulated 
from this layer. Such so-called TMBS-type components as 
well as manufacturing processes thereof are described, for 
example, in article “The Trench MOS Barrier Schottky” by 
M. Mehrotra and B. J. Baliga in Electron Devices Meeting, 
1993, Technical digest., International Washington D.C., 
USA Dec. 5-8, 1993, New-York, N.Y., USA, IEEE, Dec. 5, 
1993, pages 675-678, XP010118313, ISBN 0780314506, as 
well as in U.S. Pat. No. 6,388,286 by B. J. Baliga. Both of 
these documents are incorporated herein by reference. 
0003 FIGS. 1A to 1G illustrate, in partial simplified 
cross-section view, different steps of the forming of a TMBS 
diodes according to a known method. 
0004) The forming of a TMBS Schottky diode starts with 
the forming, on a semiconductor Substrate (N) 1 typically 
made of N-type heavily-doped Single-crystal Silicon, of a 
lightly-doped N-type Single-crystal Silicon layer 2. 

0005. Then, as illustrated in FIG. 1B, a thick silicon 
oxide layer 3 (SiO2) is formed on layer 2. 
0006. At the next steps, illustrated in FIG. 1C, a window 
4 is opened in oxide layer 3 by means of a first mask, not 
shown, to partially expose Silicon layer 2 in the region where 
the Schottky diode is to be formed. The remaining portion of 
oxide layer 3 will be called the field oxide hereafter. Then, 
a thin Silicon oxide layer 6 intended to protect the Surface of 
layer 2 in Subsequent Steps is formed at the bottom of 
window 4 on layer 2. 
0007. Then, as illustrated in FIG. 1D, trenches 8 of the 
component and a trench 10 peripheral to the component are 
Simultaneously opened in window 4 by means of a Second 
mask, not shown. Peripheral trench 10 enables giving the 
component a Sufficient breakdown Voltage. 
0008. Theoretically, the alignment of the second mask 
should be such that peripheral trench 10 follows the contour 
of field oxide 3. In practice, there inevitably exists a mis 
alignment of the Second mask with respect to the first mask, 
which translates as an offset of peripheral trench 10 with 
respect to field oxide 3. Two possible extreme defects have 
been shown in FIG. 1D. To the left of FIG. 1D, trench 10 
exhibits a nominal maximum width W, but a wide portion 12 
of layer 2 is maintained between the limit of field oxide 3 
and peripheral trench 10. To the right of FIG. 1D, trench 10 
exhibits a reduced width W1. 

0009. At the next steps, illustrated in FIG. 1E, a thin 
silicon oxide insulating layer 15 is formed at the bottom and 
on the walls of all trenches 8 and 10. Then, a polysilicon 
layer 16 is deposited to fill trenches 8 and 10. For this 
purpose, a polysilicon layer 16 having a thickness at least 
equal to half the nominal width of the trenches is deposited. 
0010. At the next step, illustrated in FIG. 1F, polysilicon 
16 is etched to only be left in place in the trenches of 
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component 8 and in peripheral trench 10. In this etching, a 
Spacer 17 is left in place on the entire internal periphery of 
field oxide 3. After etching of the polysilicon, the exposed 
portions of oxide layer 6 are removed from the upper Surface 
of Silicon layer 2. 
0011. Then, as illustrated in FIG. 1G, a layer 18 of a 
material capable of forming a Schottky diode with the 
Silicon forming the previously-exposed portions of the Sur 
face of layer 2 is deposited. For example, layer 18 is a metal 
Silicide layer. 
0012. The method carries on with steps not shown of 
deposition and etch of a conductor in window 4 to form the 
diode anode. 

0013 The above-mentioned misalignment of the second 
mask with respect to the first mask may pose problems. 
0014) Thus, to the left of FIGS. 1F and 1G, spacer 17 
does not reach peripheral trench 10. A portion of Surface 12 
of layer 2 comprised between field oxide 3 and peripheral 
trench 10 is then exposed by etching of insulating layer 6. A 
contact is then formed in unwanted fashion beyond periph 
eral trench 10, between this portion 12 and barrier layer 18. 
Peripheral trench 10 no longer plays its protection role and 
the device breakdown voltage is Significantly reduced. 
0015) To the right of FIGS. 1F and 1G, in region 13, 
spacer 17 however extends beyond peripheral trench 10 and 
bears against layer 2. The junction between barrier layer 18 
and layer 2 is then reduced with respect to its desired 
nominal dimension. The device Still operates, but not with 
the desired performance. 

SUMMARY OF THE INVENTION 

0016. The present invention aims at providing a method 
for manufacturing a TMBS component comprising insulated 
conductive trenches, among which a peripheral trench, 
which overcomes the previously-described disadvantages. 
0017. The present invention more specifically aims at 
providing a method for forming a Schottky diode which 
overcomes the disadvantages of known methods. 
0018. The present invention aims at providing such a 
method which enables Simultaneously forming trenches of 
the component and a peripheral trench of the same width. 
0019. The present invention also aims at providing a 
periphery of a component comprising insulated conductive 
trenches which is an insulated conductive trench of uniform 
width. 

0020. To achieve these and other objects, the present 
invention provides a method for forming a component of 
TMBS type having its periphery formed of a trench with 
insulated walls filled with a conductor, comprising the Steps 
of depositing, on a Semiconductor Substrate, a thick layer of 
a first insulating material; depositing a thin layer of a Second 
material; Simultaneously digging the peripheral trench and 
the trenches of the component into the Stacking of the layers 
of the Second and first materials as well as into an upper 
portion of the Substrate, isotropically etching the first mate 
rial to remove the portions of the thick layer of the first 
material between two trenches, whereby the thin layer of the 
Second material only remains in place beyond the peripheral 
trench and forms a cap overhanging a receSS; forming a thin 
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insulating layer on the Surface of the portions of the Semi 
conductor layer exposed by the previous etch, depositing a 
layer of a conductive material to fill the trenches and Said 
receSS, and etching the layer of the conductive material and 
the underlying thin insulating layer to expose the Surface of 
Said Semiconductor layer between two trenches and maintain 
the conductive material in the trenches and the receSS. 

0021 According to an embodiment of the present inven 
tion, the layer of the first material is a Silicon oxide layer of 
a thickness ranging between 0.8 and 1 lum. 
0022. According to an embodiment of the present inven 
tion, the layer of the Second material is a Silicon nitride layer 
of a thickness ranging between 100 and 200 nm. 
0023. According to an embodiment of the present inven 
tion, the thin insulating layer is a Silicon oxide layer. 
0024. According to an embodiment of the present inven 
tion, the conductive material is doped polysilicon. 
0.025 According to an embodiment of the present inven 
tion, the trenches have a width ranging between 0.5 and 2 
tim and the interval between two trenches ranges between 
0.5 and 2 um. 
0026. According to an embodiment of the present inven 
tion, the layer of the conductive material deposited to fill the 
trenches and the receSS has a thickness ranging between 0.8 
and 1.2 um. 
0027. The present invention also aims at a method for 
forming a Schottky diode, comprising the Steps of forming 
a periphery according to the above-mentioned method, and 
forming a layer of a material capable of forming a Schottky 
junction with the Semiconductor layer. 
0028. The present invention also aims at a periphery of a 
TMBS type component, the periphery being formed of a 
trench with insulated walls filled with a conductor. The 
trench forming the periphery exhibits a width which is 
uniform in transverse cross-section view and equal to the 
width of the component trenches, and is at a constant 
distance from an opening in a field oxide. 
0029. The foregoing objects, features, and advantages of 
the present invention will be discussed in detail in the 
following non-limiting description of Specific embodiments 
in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIGS. 1A to 1G are partial simplified cross-section 
views which illustrate different steps of the forming of a 
Schottky diode according to a known method; and 
0.031 FIGS. 2A to 2H are partial simplified cross-section 
views which illustrate different steps of the forming of a 
Schottky diode according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

0.032 For clarity, the same elements are designated with 
the same reference numerals in the different drawings and, 
further, as usual in the representation of integrated circuits, 
the various drawings are not to Scale. 
0033. As illustrated in FIG. 2A, the method according to 
the present invention Starts with the forming, in a Semicon 
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ductor Substrate (N) 21, for example, made of Single-crystal 
Silicon, of a Surface region 22 more lightly doped of the 
Same type N as Substrate 21. Layer 22, for example, results 
from an epitaxy. 
0034) Then, as illustrated in FIG. 2B, a thick layer 23 of 
a material Selectively etchable with respect to layer 22 is 
formed. For example, layer 23 is a Silicon oxide layer having 
a thickness ranging between 0.8 and 1 lum. 
0035) Then, as illustrated in FIG. 2C, a thin layer 24 of 
a material Selectively etchable with respect to underlying 
layer 23 is deposited. For example, thin layer 24 is a Silicon 
nitride layer having a thickness ranging between 100 and 
200 nm. 

0036). At the next steps, illustrated in FIG. 2D, the 
Stacking of layerS 24 and 23, as well as an upper portion of 
layer 22, are Successively opened by means of the same 
mask to form trenches 26. Trenches 26 are uniform and all 
have the same width. Trenches 26 have a width from 0.5 to 
2 um and are separated by a width Substantially equal to the 
width of a trench. The trenches are dug into layer 22 so that 
a portion of layer 22 is kept between the bottom of the 
trenches and Substrate 21 underlying layer 22. 
0037. Then, as illustrated in FIG. 2E, the material form 
ing thick layer 23 is isotropically etched. The etching is 
performed So that the portions of layer 23 Separating layer 22 
from layer 24 are removed between trenches 26. The cor 
responding Superposed portions of layer 24 are then also 
removed. Layer 22 is then exposed between two trenches. At 
the periphery, layer 23 is etched under layer 24 forming a 
recess 28 with a depth on the order of half the interval 
separating two trenches 26. A cap 29 of layer 24 is formed. 
0038. At the next steps, illustrated in FIG. 2F, a thin 
insulating layer 30 is formed on the exposed portions of 
layer 22, that is, on the walls and at the bottom of trenches 
26 as well as between said trenches and in recess 28. Layer 
30 results from the deposition of an insulator or a thermal 
oxidation of the silicon. Then, a conductive material 32, for 
example, polysilicon, Selectively etchable with respect to 
insulator 30 and to layers 23 and 24, is deposited. Conduc 
tive material 32, for example, doped polysilicon, is depos 
ited over a thickness at last equal to half the width of 
trenches 26 to ensure the complete filling thereof. It should 
be noted that the presence of cap 29 enables material 32 to 
fill recess 28 in the same way as it fills trenches 26. 
0039. Then, as illustrated in FIG. 2G, layer 32 is etched 
to only be maintained in place in trenches 26 of FIG.2E and 
to expose between two trenches insulating layer 30 which is 
in turn removed to partially expose layer 22 between two 
trenches. 

0040. In the anisotropic etch of the material forming layer 
32, layer 24 is used as an etch Stop. A Spacer 34 which 
laterally bears on the portion of material 32 filling recess 28 
of FIG. 2E is then formed at the periphery. Spacer 34 bears 
against the peripheral trench and does not extend beyond it. 
The presence of cap 29 results in that the peripheral portion 
of silicon layer 22 coated with insulating layer 30 is in Sure 
fashion covered with spacer 34. 
0041 At the next step, illustrated in FIG. 2H, a layer 36 
of a material capable of forming a Schottky junction with 
layer 22 is deposited. For example, layer 36 is a thin metal 
Silicide layer. 
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0.042 An advantage of the present invention is to enable 
forming of trenches of uniform width of minimum dimen 
Sions. This enables reducing the Silicon Surface area taken up 
by the diode. This also enables simplifying the forming 
proceSS by reducing to a minimum the peripheral trench 
width instead of widening it to overcome the above-men 
tioned misalignment riskS. 
0.043 Generally, the present invention advantageously 
enables obtaining structures of TMBS type which exhibit 
more homogeneous electric characteristics than known 
StructureS. 

0044) Of course, the present invention is likely to have 
various alterations, modifications, and improvements which 
will readily occur to those skilled in the art. In particular, it 
will be within the abilities of those skilled in the art to adapt 
the materials to a considered technological process. In 
particular, layer 24 used as a Self-alignment and etch mask 
of material 32 may be chosen to be of any appropriate 
material, provided that it is Selectively etchable with respect 
to underlying layer 23 and that its presence has no incidence 
upon the Subsequent StepS Such as the forming of thin 
insulating layer 30 (FIG. 2F). 
0.045 Similarly, it has been previously considered that 
trenches 26 are dug So that a portion of layer 22 is main 
tained in place at the bottom of the trenches. However, the 
trenches could extend to reach Substrate 21. 

0046) Further, it will be within the abilities of those 
skilled in the art to adapt the doping levels of layer 22 and 
of Substrate 21 to the desired electric performance. Simi 
larly, it will be within the abilities of those skilled in the art 
to dope in any appropriate fashion the polysilicon used as 
conductive material 32 for filling trenches 26. It should be 
noted that “Substrate' is used to designate a uniformly 
doped Silicon trench as well as epitaxial areas and/or areas 
Specifically doped by diffusion/implantation formed on or in 
a Solid Substrate. 

0047 Generally, although the present invention has been 
described in the context of a Silicon process, it applies to any 
Semiconductor circuit manufacturing process. 
0.048 Such alterations, modifications, and improvements 
are intended to be part of this disclosure, and are intended to 
be within the Spirit and the Scope of the present invention. 
Accordingly, the foregoing description is by way of example 
only and is not intended to be limiting. The present invention 
is limited only as defined in the following claims and the 
equivalents thereto. 
What is claimed is: 

1. A method for forming a component of TMBS type 
having its periphery formed of a trench with insulated walls 
filled with a conductor, comprising the Steps of: 

depositing on a Semiconductor Substrate a thick layer of a 
first insulating material; 
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depositing a thin layer of a Second material; 
Simultaneously digging the peripheral trench and the 

trenches of the component into the Stacking of layers of 
Second and first materials as well as into an upper 
portion of the Substrate, all the trenches having a same 
width; 

isotropically etching the first material to remove the 
portions of the thick layer of the first material between 
two trenches, whereby the thin layer of the second 
material only remains in place beyond the peripheral 
trench and forms a cap overhanging a receSS; 

forming a thin insulating layer on the Surface of the 
portions of the Semiconductor layer exposed by the 
etching Step; 

depositing a layer of a conductive material to fill the 
trenches and Said recess, and 

etching the layer of the conductive material and the 
underlying thin insulating layer to expose the Surface of 
Said Semiconductor layer between two trenches and 
maintain the conductive material in the trenches and 
Said receSS. 

2. The method of claim 1, wherein the layer of the first 
material is a Silicon oxide layer of a thickneSS ranging 
between 0.8 and 1 lum. 

3. The method of claim 1, wherein the layer of the second 
material is a Silicon nitride layer of a thickness ranging 
between 100 and 200 nm. 

4. The method of claim 1, wherein the thin insulating 
layer is a Silicon oxide layer. 

5. The method of claim 1, wherein the conductive material 
is doped polysilicon. 

6. The method of claim 1, wherein the trenches have a 
width ranging between 0.5 and 2 um and the interval 
between two trenches ranges between 0.5 and 2 um. 

7. The method of claim 6, wherein the layer of the 
conductive material deposited to fill the trenches and the 
receSS has a thickness ranging between 0.8 and 1.2 lim. 

8. A method for forming a Schottky diode, comprising: 
forming a periphery according to claim 1; and 
forming a layer of a material capable of forming a 

Schottky junction with the Semiconductor layer. 
9. A TMBS type component, having a periphery formed 

of a trench with insulated walls filled with a conductor, 
wherein the trench forming the periphery exhibits a width 
which is uniform in transverse cross-section view and equal 
to the width of the component trenches, and is at a constant 
distance from an opening in a field oxide. 

10. The component of claim 9, wherein the trench width 
ranges between 0.5 and 2 um. 
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