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TRENCH SEIMCONDUCTOR DEVICES REDUCED 
TRENCH PITCH 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates in general to semi 
conductor technology, and in particular, to increasing the 
density of trenches for applications such as poWer Metal 
Oxide Semiconductor Field Effect Transistors (MOSFETs). 

[0002] Integrated circuit manufacturers continually strive 
to increase the number of devices that can be formed across 
a single Wafer. PoWer MOSFETs, due to their required large 
gate areas, typically occupy the entire area of a die on a 
semiconductor Wafer. In conventional poWer MOSFETs, 
these required large gate areas pose a limit on the number of 
dies that can be realiZed per Wafer(i.e. “die density”). One 
Way to overcome this limit is to form a trench into the Wafer 
and use its recess to form a three-dimensional gate. A three 
dimensional gate reduces the tWo-dimensional surface 
dimensions of a die (ie the “die siZe”) Without sacri?cing 
gate area. PoWer transistors of this type are often referred to 
in the art as “PoWer Trench MOSFETs.” A cross-sectional 
vieW of a typical trench MOSFET 10, Which can be used for 
poWer applications, is shoWn in FIG. 1. It includes an n-type 
substrate 102 upon Which an n-type epitaxial layer (not 
shoWn in FIG. 1) is typically groWn. The substrate 102 
embodies the drain of the trench MOSFET 10. Ap-type body 
layer 108 covers the epitaxial layer. A pair of trenches 100 
extend through the body layer 108 and into the epitaxial 
layer. Dielectric layers 104 are formed on the Walls of the 
trenches 100. The dielectric layers 104 have inner Walls 
facing toWards the centers of their respective trenches 100 
and outer Walls. N+ source regions 110 ?ank the outer Walls 
of the dielectric layers 104 and extend into the body layer 
108. Heavy body regions 112, also Within the body layer 
108, are positioned betWeen the source regions 110. Con 
ductive layers 106 (e.g., polysilicon) substantially ?ll the 
trenches 100 and embody the gate of the trench MOSFET 
10. Finally, dielectric caps 114 cover the ?lled trenches 100 
and also partially cover the source regions 110. 

[0003] During fabrication of the trench MOSFET 10 an 
anisotropic etch step is typically performed to form the 
trenches 100. An anisotropic etch is used, as opposed to an 
isotropic etch, since an anisotropic etch etches substantially 
in one direction, Which in this case, is vertical and doWn 
Ward. The substantially vertical trenches 100 help to main 
tain the Width de?ned by the trench patterns, a characteristic 
that is bene?cial in maintaining a predetermined distance 
betWeen the centers of the trenches 100 (i.e., trench pitch). 

[0004] After the trenches 100 are formed, a rounding etch 
is typically performed to round corners, Which form at the 
top and bottom of the trenches 100 during the trench etch 
step. Another step that is typically performed just prior to 
groWing the gate oxide for the trench MOSFET 10, is the 
groWing of a sacri?cial oxide, Which is groWn and then 
stripped to remove defects from the Walls of the trenches. 

[0005] To increase the trench density, it is desirable to 
minimiZe the trench Width as Well as the trench pitch. 
HoWever, both of these dimensions are limited by con 
straints imposed by manufacturing equipment as Well as 
device operational requirements. The minimum reliably 
manufacturable trench Width is generally dictated by the 
capability of the photolithography equipment. Further, the 
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minimum Width of the mesa formed betWeen trenches is 
de?ned by the source and heavy body regions and the source 
contact areas. 

[0006] What is needed, therefore, is a method that can 
overcome limitations on the minimum achievable trench 
Width and trench pitch to provide electronic devices, such as 
trench MOSFETs, With a higher trench density despite limits 
imposed by minimum lithographic print dimension capa 
bilities, and Without violating the minimum alloWable mesa 
Width. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a method of 
increasing the trench density of a trench MOSFET by 
reducing the effective pitch betWeen adjacent trenches of a 
trench MOSFET. Pitch reduction is accomplished by ?rst 
patterning adjacent trenches so that the mesa betWeen the 
trenches has a Width less than the minimum alloWable mesa 
Width. After the trenches are formed, a silicon layer is groWn 
on the Walls of the trenches, to a thickness that effectively 
Widens the mesa betWeen adjacent trenches to a Width that 
is greater than or equal to the minimum alloWable mesa 
Width. Preferably, the thickness of the silicon layer is 
selected such that the ?nal Width of the mesa approaches the 
minimum alloWable mesa Width. By doing this, a maximum 
reduction in trench pitch can be realiZed. 

[0008] In one aspect of the method of the present inven 
tion, selective areas (or “trench opening accesses”) of a 
substrate are de?ned. Through these trench opening 
accesses, trenches are formed into the substrate, preferably 
by using an anisotropic etch. Once the trenches are formed, 
the trenches are optionally annealed, preferably using hydro 
gen gas at elevated temperatures and sub-atmospheric pres 
sures so that corners at the tops and bottoms of the trenches 
become rounded and so that the defect density on the Walls 
of the trenches is reduced. This anneal process is described 
in commonly-assigned patent application Ser. No. 
(Attornney Docket No. 018865-003600), entitled “Hydro 
gen Anneal for Creating an Enhanced Trench for Trench 
MOSFETs.” Finally, a layer of silicon is formed on the 
trench Walls, preferably by epitaxial deposition, to ensure 
that the mesa Width is greater than or equal to the minimum 
alloWable mesa Width. 

[0009] In yet another aspect of the invention, the method 
of the present invention is used to fabricate a trench MOS 
FET characteriZed by a reduced trench pitch. The method 
comprises the steps of: providing a substrate of a ?rst 
dopant charge type; (ii) groWing a base silicon layer of the 
same ?rst dopant charge type on the substrate; (iii) forming 
at least tWo trenches into the base silicon layer, each trench 
de?ned by a ?rst end in a plane de?ned by a major surface 
of the substrate and by Walls that extend to a second end at 
a trench-terminating depth into the base silicon layer; (iv) 
annealing the trenches to (a) reduce the number of defects on 
the Walls of the trenches and (b) round corners at the ?rst and 
second ends of the trenches; (v) groWing a second layer of 
silicon on the trench Walls, preferably by epitaxial deposi 
tion, to ensure that the Width of the mesa betWeen adjacent 
trenches of the trench MOSFET is greater than or equal to 
the minimum alloWable mesa Width; (vi) groWing a dielec 
tric layer over said second layer of silicon; (vii) forming a 
conductive layer over said dielectric layer, said conductive 
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layer embodying the gate of the trench MOSFET; (viii) 
patterning and implanting a dopant of a second charge type 

to form Wells interposed betWeen adjacent trenches; and patterning and implanting a dopant of the ?rst charge type to 

form regions that embody the source regions of the trench 
MOSFET. 

[0010] Other features and advantages of the invention Will 
be apparent from the following detailed description and the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a cross-sectional vieW of a typical trench 
MOSFET, Which can be utiliZed in poWer applications; 

[0012] FIG. 2 is a How diagram shoWing an exemplary 
process How for manufacturing trenches having a reduced 
trench pitch, according to the method of the present inven 
tion; 
[0013] FIG. 3A is a cross-sectional vieW of a semicon 
ductor substrate; 

[0014] FIG. 3B is a cross-sectional vieW of the result of 
groWing a base silicon layer on the substrate of FIG. 3A; 

[0015] FIG. 3C is a cross-sectional vieW of the result of 
groWing a masking layer on the base silicon layer of FIG. 
3B; 
[0016] FIG. 3D is a cross-sectional vieW of the result of 
patterning and etching through the photo resist and masking 
layers of FIG. 3C to de?ne trench opening accesses; 

[0017] FIG. 3E is a cross-sectional vieW of the result of 
performing an anisotropic etch into the trench opening 
accesses and through the base silicon layer to form trenches; 

[0018] FIG. 3F is a cross-sectional vieW of the result of 
stripping the photo resist layer of FIG. 3E; 

[0019] FIG. 3G is a cross-sectional vieW of the result of 
removing the masking layer of FIG. 3F; 

[0020] FIG. 3H is a cross-sectional vieW of the result of 
performing an anneal to round corners at the tops and 
bottoms of the trenches; 

[0021] FIG. 3I is a cross-sectional vieW of the result of 
groWing a second layer of silicon on the Walls of the trenches 
and on the mesas betWeen trenches; 

[0022] FIG. 4 is a cross-sectional diagram of a pair of 
trenches shoWing the pitch, p, betWeen trenches, the Width, 
W, of the second silicon layer, and the patterned and ?nal 
mesa Widths, InP and mf; and 

[0023] FIG. 5 is a cross-sectional vieW of a trench MOS 
FET fabricated in accordance With the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0024] Referring to FIG. 2, there is shoWn a How diagram 
illustrating an exemplary process How for manufacturing a 
pair of trenches characteriZed by a reduced trench pitch, 
according to the present invention. The folloWing descrip 
tion of the steps in the process How is only exemplary and 
it should be understood that the scope of the invention is not 
limited to this particular example. In particular, processing 
conditions such as temperature, pressure, layer thicknesses, 
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and the like could be varied, Without departing from the 
spirit of the invention. The process How of FIG. 2 Will noW 
be described in connection With FIGS. 3A through 3I. 

[0025] The ?rst step 200 in the process How (See FIG. 2) 
is to provide a semiconductor substrate 10. (See FIG. 3A.) 
In this description, the substrate 10 is taken to be, for the 
sake of example, n-type and having a standard thickness of 
about 500 pm. 

[0026] Next, in step 204, a base silicon layer 20 is groWn 
on the substrate 10, preferably by epitaxial deposition and 
preferably to a thickness of from about 4 to 10 pm. (See 
FIG. 3B.) The resistivity of the base silicon layer 20 is 
typically from about 0.1 Q-cm to 3.0 Q-cm. 

[0027] In step 208, a masking layer 30 is groWn over the 
base silicon layer 20, as shoWn in FIG. 3C. Preferably, the 
masking layer 30 is a material made of silicon dioxide 
(SiO2) and is groWn to a thickness of around 1000 A. 

[0028] In step 212, the masking layer 30 is patterned and 
then selectively etched using, for example, a buffered oxide 
etch (e.g. hydro?ouric acid buffered With ammonium 
?uoride (NH4F)). Trench opening accesses 40 are thereby 
formed into the masking layer 30 to a depth that just reaches 
the surface of the base silicon layer 20. The minimum 
obtainable trench opening access Width, x, (refer to FIG. 
3D) is determined by the optical capabilities of the photo 
lithogaphy equipment. Using standard ultraviolet lithogra 
phy, a typical Width of the trench opening access is, x~0.45 
pm. Nevertheless, the patterned Width, mp, betWeen adjacent 
trench opening accesses 40 is patterned to a dimension that 
is less than the minimum alloWable mesa Width. Later in the 
process, When a second layer of silicon is groWn on the Walls 
of the trenches and on the mesas betWeen trenches, the mesa 
Width Will increase to a ?nal Width, mf, Which is greater than, 
but preferably approximate to, the minimum alloWable mesa 
Width. 

[0029] In step 216, an anisotropic etch is performed. An 
anisotropic etch, as it is meant here, is a dry etch that etches 
substantially in one direction, as compared to an isotropic 
etch, Which etches in more than one direction. Hence, the 
anisotropic etch step 216 is used to etch substantially 
vertical trenches 50 into the base silicon layer 20. Typically, 
the dry etch is in the form of a plasma, Which is an almost 
neutral mixture of energetic molecules, ions and electrons, 
Which have been excited in a radio-frequency electric ?eld. 
Different gases are used in a plasma etch, depending on the 
material to be etched. The principal consideration is that the 
reaction products be volatile. For etching silicon, the pre 
ferred reactants are Cl, HBr, HeO2, the preferred pressure is 
150 mTorr (or ~20 Pa) and the duration of the etch is 
approximately 235 seconds. 

[0030] The depth, y, of the trenches 50 (refer to FIG. 3E) 
is preferably about 1.5 pm and the Width, x‘, of the trenches 
50, is approximately 0.42 pm at approximately 0.25 pm deep 
into the trenches 50. 

[0031] In step 220, the patterned photoresist is stripped 
and the trenches 50 are Wet-cleaned to remove debris left 
over from the previous steps. The end result is shoWn in 
FIG. 3F. 

[0032] In step 224, the masking layer 30 is removed using, 
for example, a Wet etch process. The end result of this step 
is shoWn in FIG. 3G. 
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[0033] In step 226, an anneal is performed. Preferably, the 
anneal is performed using hydrogen gas at a temperature of 
approximately 1100° C. and a pressure of approximately 100 
Torr (or 1.3><104 Pa). The anneal step has the effect of not 
only reducing the defect density of the base silicon layer 20 
but it also has the effect of causing the upper and loWer 
corners 52 and 53 of the trenches 50 to become rounded, as 
shoWn in FIG. 3H. Other temperatures and pressures can 
also be used in the anneal process. For example, the process 
can also cause the altering of the shape of the corners of the 
trenches 50 at temperatures Within the range of 1060 to 
1160° C. and pressures Within the range of 40 to 240 Torr (or 
5.3><103 to 3.2><104 Pa). 

[0034] A more detailed account of the anneal step 228 and 
the bene?ts it provides are described in commonly-assigned 
patent application Ser. No. (Attornney Docket No. 
018865-003600), entitled “Hydrogen Anneal for Creating an 
Enhanced Trench for Trench MOSFETs.” Which is hereby 
incorporated by reference in its entirety. 

[0035] In step 228, a high-quality second layer of silicon 
60 is groWn on the Walls of the trenches 50 and on the mesas 
betWeen the trenches, preferably by epitaxial deposition. 
Preferably, the thickness, x“, of the second silicon layer 60 
is betWeen 500 to 1000 A, as shoWn in FIG. 31, although 
other thicknesses may be used as needed to insure that the 
minimum alloWable mesa Width is complied With. GroWing 
the second silicon layer 60 functions to heal defects in the 
trenches 50 so that it lends itself as an undamaged silicon 
surface primed for gate oxide groWth. 

[0036] FIG. 4 illustrates the extent to Which the trench 
pitch, p, is reduced in accordance With the present invention. 
The addition of the second silicon layer 60 increases the 
patterned mesa Width, mp, to a ?nal Width, mf, Which is tWo 
times the second silicon layer 60 thickness, ie 2 W. The 
trench pitch, p, is correspondingly reduced by 2 W. Prefer 
ably, the Width of the second silicon layer 60 is chosen so 
that the ?nal mesa Width, mf, is approximately equal to the 
minimum alloWable mesa Width so that trench pitch reduc 
tion can be maximiZed. 

[0037] Comparing FIG. 3E to FIG. 31, it is seen that the 
?rst trench Width of, x‘~0.42 pm, is reduced to a second 
trench Width of x“~0.35 pm at approximately 0.25 pm deep 
into the trenches 50. This reduction in trench Width reduces 
the surface area and volume of the trench, Which may result 
in increased gate resistance for trench MOSFET applica 
tions. Nevertheless, this problem can be overcome by using 
a loW resistance gate material such as, for example, a silicide 
or a metal plug (e.g. tungsten). Methods for manufacturing 
trench MOSFETs having trench gates made of loW resistiv 
ity materials are described in greater detail in commonly 
assigned patent application Ser. No. 09/343,330, entitled 
“Trench Structure Substantially Filled With High Conduc 
tivity Material,” by Mo et al., Which is hereby incorporated 
by reference in its entirety. 

[0038] FIG. 5 shoWs a simpli?ed cross-section of a por 
tion of a trench MOSFET 400 manufactured using the 
method of the present invention. The trench MOSFET 400 
includes an n-type substrate 402 upon Which an n-type base 
silicon layer (not shoWn in FIG. 5) is typically groWn. The 
substrate 402 embodies the drain of the trench MOSFET 
400. A p-type body layer 408 covers the base silicon layer. 
A pair of trenches 403 extend through the body layer 408 
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and into the base silicon layer. A second silicon layer 416, 
having a Width W, covers the Walls of the trenches 403 and 
comprises parts of the sources 410 and heavy body regions 
412. Dielectric layers 404 are formed on the Walls of the of 
the second silicon layer 416. The dielectric layers 404 
comprise the gate oxide of the trench MOSFET 400 and 
have inner Walls facing toWards the centers of their respec 
tive trenches 403 and outer Walls. N+ source regions 410 
?ank the outer Walls of the dielectric layers 404 and extend 
into the body layer 408. Heavy body regions 412, also Within 
the body layer 408, are positioned betWeen the source 
regions 410. Conductive layers 406 substantially ?ll the 
trenches 403 and embody the gate of the trench MOSFET 
400. Next, dielectric caps 114 cover the ?lled trenches 403 
and also partially cover the source regions 410. Finally, a 
conductive layer 418 is formed over the upper surface of the 
trench MOSFET 400 to form contacts for the trench MOS 
FET 400. A contact opening 420, de?ned by the ?nal mesa 
Width, mf, and spacing, L, betWeen the corners of dielectric 
caps 114, is optimiZed so that the contact resistance of heavy 
body 412 and source 410 are minimiZed and so that adequate 
step coverage can be achieved during formation of conduc 
tive layer 418. The Widths, s, from the corner of the 
dielectric caps 414 to the nearest metal contacts are opti 
miZed so that the gate-to-source leakage current, Igs, and 
gate-to-source capacitance, Cgs, are minimiZed. 

[0039] The present invention, When used to fabricate a 
trench MOSFET such as that shoWn in FIG. 5, provides 
method for reducing the trench pitch by tWo times the 
thickness of the silicon layer 416. This is the same dimen 
sion at Which the mesa Width changes from its patterned 
Width, mp, to its ?nal Width, mf. In other Words, the 
reduction in pitch is Ap=2 W=mf—mp. 

[0040] The trench MOSFET 400 of FIG. 5 is also pref 
erably fabricated using the hydrogen anneal step 226 
described above. Other processing details of the trench 
MOSFET of FIG. 5 are described in commonly-assigned 
US. patent application Ser. No. 08/970,221, entitled “Field 
Effect Transistor and Method of Its Manufacture,” Which is 
hereby incorporated by reference in its entirety. 

[0041] Although the invention has been described in terms 
of a preferred method and structure, it Will be obvious to 
those skilled in the art that many modi?cations and alter 
ations may be made to the disclosed embodiment Without 
departing from the spirit of the invention. For example, 
Whereas the method of the present invention can be utiliZed 
to fabricate trench MOSFETs characteriZed by a reduction in 
trench pitch, the trench pitch reducing method of the present 
invention should not be vieWed as being limited to fabrica 
tion of such devices. 

What is claimed is: 
1. A method of reducing the pitch betWeen a pair of 

trenches formed in a substrate, said method comprising the 
steps of: 

patterning a pair of trench opening accesses on said 
substrate, said pair of trench opening accesses being 
separated by a mesa de?nition having a patterned mesa 
Width that is less than a target mesa Width; 

forming said pair of trenches, through said pair of trench 
opening accesses and into said substrate, so that said 
pair of trenches are separated by said patterned mesa 
Width; and 
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growing a layer of silicon inside said pair of trenches to 
increase said mesa Width to a ?nal mesa Width that is 
greater than or equal to said target mesa Width. 

2. The method of claim 1, Wherein said step of patterning 
comprises the steps of: 

groWing a hard mask on said surface of said substrate; and 

photolithographically de?ning said pair of trench opening 
accesses in said hard mask. 

3. The method of claim 2 Wherein said step of forming is 
performed using an anisotropic etch. 

4. The method of claim 3, further comprising a step of 
annealing Walls of said pair of trenches using hydrogen gas, 
prior to said step of groWing a layer of silicon, to reduce a 
defect density on said Walls of said pair of trenches and to 
cause upper and loWer corners at the tops and bottoms of 
said pair of trenches to become rounded. 

5. The method of claim 4, Wherein said step of annealing 
is performed Within a temperature range of about 960 to 
1160° C. and Within a pressure range of about 40 to 240 Torr. 

6. The method of claim 5, Wherein said method is used to 
fabricate a trench ?eld effect transistor. 

7. A method of making a trench ?eld effect transistor, 
comprising the steps of: 

providing a semiconductor substrate of a ?rst dopant 
charge type, 

groWing a base silicon layer of the same ?rst dopant 
charge type on said substrate; 

forming tWo or more trenches into said base silicon layer, 
each trench de?ned by a ?rst end in a plane de?ned by 
a major surface of said substrate and by Walls extending 
to a second end at a ?rst predetermined depth into said 
base silicon layer, Wherein mesas separating adjacent 
trenches have initial Widths that are smaller than a 
target Width; and 

groWing a second layer of silicon on said Walls of said 
trenches and said mesas so that said mesa Widths 
conform to a ?nal Width that is greater than or equal to 
said target Width. 

8. The method of claim 7, further comprising the step of: 

annealing said trenches, prior to said step of groWing a 
second layer of silicon, to: 

reduce the number of defects on said Walls of said 
trenches, and 

round corners at said ?rst and second ends of said 
trenches. 

9. The method of claim 8, Wherein said annealing step is 
performed using hydrogen gas, Within a temperature range 
of 960 to 1160° C., and Within a pressure range of 40 to 240 
Torr. 

10. The method of claim 9, further comprising the steps 
of: 

groWing a dielectric layer over said second layer of 
silicon; 

forming a conductor over said dielectric layer, said con 
ductor embodying the gate of said trench ?eld effect 
transistor; 
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patterning and implanting a dopant of a second charge 
type to form Wells interposed betWeen said trenches; 
and 

patterning and implanting a dopant of said ?rst charge 
type to form regions that embody the source regions of 
said ?eld effect transistor. 

11. A trench ?eld effect transistor, comprising: 

a semiconductor substrate of a ?rst dopant charge type, 
said substrate embodying the drain of said trench ?eld 
effect transistor; 

a body layer of a second dopant charge type, formed over 
a major surface of said substrate; 

at least tWo or more trenches de?ned by Walls extending 
through said body layer and into said substrate to a 
trench termination depth, the trenches having ?rst ends 
at a major surface of the body layer and a second end 
at said trench termination depth; 

a layer of silicon covering said Walls of said at least one 
trench; 

a dielectric layer covering inner Walls of said layer of 
silicon; 

a conductor covering inner Walls of said dielectric layer, 
said conductor embodying the gate of said trench ?eld 
effect transistor; and 

source regions of said ?rst dopant charge type ?anking 
outer Walls of said dielectric layer and extending from 
said major surface of said body layer to a ?rst prede 
termined depth Within said body layer. 

12. The ?eld effect transistor of claim 11, further com 
prising a heavy body layer of said second dopant charge type 
interposed betWeen said source regions and recessed to a 
second predetermined depth Within said body layer, said 
heavy body layer having a doping concentration that is 
higher than a doping concentration of said body layer. 

13. A method of making a trench ?eld effect transistor, 
comprising the steps of: 

providing a semiconductor substrate of a ?rst dopant 
charge type, 

groWing a base silicon layer of the same ?rst dopant 
charge type on said substrate; 

forming tWo or more trenches into said base silicon layer, 
each trench de?ned by a ?rst end in a plane de?ned by 
a major surface of said substrate and by Walls extending 
to a second end at a ?rst predetermined depth Within 
said base silicon layer, Wherein mesas separating adja 
cent trenches have initial Widths that are smaller than a 
minimum alloWable mesa Width; 

annealing said trenches, prior to said step of groWing a 
layer of silicon in order to: 

reduce the number of defects on said Walls of said 
trenches, and 

round corners at said ?rst and second ends of said 

trenches; 

groWing a second layer of silicon on said Walls of said 
trenches and on said mesas betWeen said trenches so 
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that said mesa Widths conform to a ?nal Width that is 
approximately greater than or equal to said minimum 
allowable mesa Width; 

growing a dielectric layer over said second layer of 
silicon; 

forming a conductive layer over said dielectric layer, said 
conductive layer embodying the gate of said trench 
MOSFET; 

patterning and implanting a dopant of a second charge 
type to form Wells interposed betWeen trenches; and 

patterning and implanting a dopant of said ?rst charge 
type to form regions that embody the source regions of 
said MOSFET. 
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14. The method of claim 13, Wherein said annealing step 
is performed using hydrogen gas, Within a temperature range 
of 960 to 1160° C., and Within a pressure range of 40 to 240 
Torr. 

15. A method of forming tWo or more trenches that are 

separated by mesas in a substrate, said method comprising 
the step of: 

groWing a layer of silicon on Walls that de?ne the trenches 
so that the Width of said mesas is increased from a 
Width beloW a target mesa dimension to a Width that is 

greater than or equal to said target mesa dimension. 


