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(57) ABSTRACT 

A self-aligned dual-oxide UMOSFET device and a method 
for fabricating the same Which includes a gate in the trench 
Which self-aligns the channel body doping region and its 
associated body-drift region junction, the region for depos 
iting the gate insulating layer, and the depth of ledge for the 
?eld layer step for a sideWall of a trench using a multiple 
energy large angle tilt implant (LATid) technique. One of the 
energy levels of the LATid technique is optimized to damage 
a top silicon nitride layer of the LOCOS mask. The other 
energy levels of the LATid technique are for the formation 
of the channel body region in substrate mesas adjacent the 
trench. Implantation occurs using the same tilt angle for the 
implantation of the channel dopant at the multiple-energy 
levels. 
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SELF-ALIGNED DUAL-OXIDE UMOSFET DEVICE 
AND A METHOD OF FABRICATING SAME 

FIELD OF THE INVENTION 

[0001] This invention relates to methods for forming semi 
conductor devices, and more particularly to a method for 
forming a self-aligned dual-oxide UMOSFET device Which 
self-aligns a channel body doping region and its associated 
junction, a region for depositing the gate oxide layer, and a 
depth of the ?eld layer step for a sideWall of a trench With 
implantation of a channel dopant at multiple-energy levels. 

BACKGROUND OF THE INVENTION 

[0002] US. Pat. No. 5,637,898 describes a vertical loW 
voltage MOSFET construction Which has a double oxide 
thickness along a trench sideWall and a non-uniform doping 
pro?le in the drift region. The concept of non-uniform 
doping pro?le in a drain region of a device is ?rst described 
in US. Pat. Nos. 5,300,448 and 5,246,870, and the concept 
and practice of dual-oxide UMOSFET Was ?rst reported by 
Y. Baba et al., IEEE ISPSD symposium proceedings, p. 
300,1992. 
[0003] The utility of a trench UMOS device structure has 
been demonstrated by simulation, but attempts to fabricate 
the structures to achieve the performance advantage have 
been extremely complex, and not self-aligned. 

SUMMARY OF THE INVENTION 

[0004] The present invention contemplates a method for 
forming self-aligned dual-oxide UMOSFET Which includes 
creating the gate by self-aligning the channel body doping 
region and its associated body-drift region junction, the 
region for depositing the gate insulating layer, and the depth 
of the ?eld layer step for a sideWall of a trench With 
implantation of a channel dopant at multiple-energy levels. 

[0005] The present invention further contemplates a self 
aligned dual-oxide UMOSFET Which includes a gate in the 
trench having a region having deposited thereon a gate 
insulating layer and a depth of a ?eld layer step for a 
sideWall of the trench, both of Which are self-aligned With 
the alignment and formation of the channel body doping 
region and the body-drift region junction through implan 
tation of a channel dopant at multiple-energy levels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIGS. 1 to 4 are schematic representation of struc 
tures at various stages during the fabrication of a self 
aligned trench gate UMOS device in accordance With the 
method of the present invention. 

[0007] FIG. 5 illustrates a schematic representation of a 
self-aligned dual-oxide UMOSFET employing the self 
aligned trench gate UMOS device of FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] Referring noW to FIGS. 1, 2, 3 and 4, the method 
of the present invention Will be described in detail in relation 
to the schematic representation of structures at various 
stages during the fabrication of the trench sideWall of a 
UMOS type device 10‘". The gate oxide layer 50 and the 
thick oxide layer 30 are insulating layers made of silicon 
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dioxide, also referred to as “oxide.” HoWever, any insulating 
dielectric With a loW dielectric constant could be used. 

[0009] In general, the method of the present invention 
employs selective oxidation of a part of a trench sideWall 22, 
24 of a UMOS device, and also incorporates self-alignment 
of the channel implant forming P-channel body doping 
regions 55a, 55b and 55b to the selective oxidation geometry 
for the gate 35a or 35b. In the preferred embodiment, a 
multiple-energy large angle tilt implant (LATid) technique is 
used to implant and damage a part of a dielectric mask 
(silicon nitride layer 40 and a thick oxide layer 30) on a 
trench sideWall 22, 24, as Well as implant a P-channel dopant 
through the damaged mask to form a P-channel body doping 
region 55a, 55b, or 55c for the channel formation. The 
resultant structure is a self-aligned trench gate UMOS 
device 10‘" in Which the P-channel body doping regions 55a, 
55b, 55c are self-aligned to gate oxide/?eld oxide ?eld layer 
steps 52a, 52a’of trench 20a and gate oxide/?eld oxide ?eld 
layer steps 52b, 52b’of trench 20b. The thin gate oxide layer 
50 is ?eld-plated by the polysilicon regions 60a and 60b in 
trenches 20a and 20b , respectively, to result in a small 
electric ?eld at the body-drift region junctions J a, Jb and Jc. 
A thicker ?eld oxide (thick oxide layer 30) is used in the 
remainder of the trench to improve voltage handling speci?c 
“on” resistance ?gure-of-merit. A multiple-energy large 
angle tilt implantation (LAT id) process of boron and a 
selective local oxidation of silicon (LOCOS) are used to 
form the self-aligned channel body doping region and its 
associated body-drift region junction, the gate oxide layer 
50, the ?eld layer steps 52a, 52a’of trench 20a and the ?eld 
layer steps 52b, 52b’of trench 20b. 

[0010] As shoWn in FIG. 1, a substrate 12, such as, 
Without limitation, a semiconductor or silicon substrate is 
provided. The substrate 12 is etched to form trenches 20a 
and 20b, each of Which is approximately 4 microns in depth 
and substrate mesas 14a, 14b, and 14c. Then, a thick thermal 
oxide (insulating) layer 30 is groWn and/or deposited on the 
etched substrate 12 including the sideWalls 22, 24 and ?oor 
26 of each trench 20a and 20b and substrate mesas 14a, 14b, 
and 14c. Thereafter, a subsequent silicon nitride layer 40 is 
conformally deposited onto the thick oxide layer 30 result 
ing in a layered trench-etched structure 10 as shoWn in FIG. 
1. The silicon nitride layer 40 and the thick oxide layer 30 
are masking layers used in a local oxidation of silicon 
(LOCOS) process. 

[0011] In the exemplary embodiment, the thick oxide layer 
30 is approximately 1200 angstroms (1200 A). 

[0012] Referring also to FIG. 2, the top silicon nitride 
layer 40 of the layered trench-etched structure 10 is 
implanted With boron (B) using a multiple-energy large 
angle tilt implant (LATid) technique, the resultant formation 
hereinafter sometimes referred to as “the self-aligned struc 
ture 10‘.” The implantation of boron (B), represented by 
parallel ARROWS 11B and parallel ARROWS 11B‘, is 
implanted at an angle tiltot, represented by ARROW 1 or 
ARROW 2, With respect to the normal, represented by 
ARROW N, of the surface of substrate 12. 

[0013] As Will be seen from the description beloW, the 
LATid implantation of boron (B) at multiple-energy levels, 
simultaneously or sequentially self-aligns the P-channel 
body doping region 55a, 55b or 55c and its respective 
body-drift region junction Ja, Jb, or Jc With the region 45a, 
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45b or 45c for depositing the gate oxide layer and the depth 
D of the ?eld layer step 52a, 52a’, 52b, or 52b’for a sideWall 
22 or 24 of a trench 20a or 20b. 

[0014] The LATid implantation of boron (B) damages 
those regions of the silicon nitride layer 40 Which are 
implanted With boron and thereby self-aligning the regions 
45a, 45b and 45c for depositing the gate oxide layer 50 With 
the P-channel body doping regions 55a, 55b, and 55c, 
respectively. In other Words, the LATid implantation of 
boron effectuates Weakening of the silicon nitride layer 40 
and makes the etch rate of the damaged regions increase in 
a Wet chemical etchant. The use of the Wet chemical etchant 
is described in detail beloW in relation to FIG. 3. The LATid 
implantation of boron occurs over the top surfaces of 
substrate mesas 14a, 14b and 14c. Furthermore, the angle 
tiltO. alloWs boron to be implanted a predetermined depth D 
in trenches 20a and 20b along the sideWalls 22 and 24. As 
shoWn, ARROW 5, of ARROWS 11B, is essentially tan 
gential to corner 18a (FIG. 1), de?ned by the junction of 
trench sideWall 22 of trench 20a and mesa 14a, and inter 
sects With the silicon nitride layer 40 along sideWall 24 of 
trench 20a at approximately a depth D in trench 20a and 
penetrates therethrough. Likewise, ARROW 5‘, of 
ARROWS 11B‘, is essentially tangential to corner 18c (FIG. 
1), de?ned by the junction of trench sideWall 24 of trench 
20b and mesa 14c, and intersects With the silicon nitride 
layer 40 along sideWall 22 of trench 20b at approximately 
the depth D in trench 20b and penetrates therethrough. 

[0015] The LATiD implant of boron (B), represented as 
parallel ARROWS 11B and parallel ARROWS 11B‘, is 
implanted through sideWall 24 of trench 20a, sideWall 22 of 
trench 20b and corners 18b and 18b‘ of substrate mesa 14b 
and the top of substrate mesa 14b. HoWever, the LATiD 
implant of boron (B) also occurs along sideWall 22 of trench 
20a, sideWall 24 of trench 20b and corners 18a and 18c of 
substrate mesas 14a and 14c, respectively, and the surfaces 
of substrate mesas 14a and 14c. 

[0016] In the preferred embodiment, implantation on the 
sideWalls 22 and 24 of trenches 20a and 20b occurs simul 
taneously by spinning or rotating the Wafer continuously 
With respect to the surface normal to get complete 360E 
implantation coverage in the third dimension. As the Wafer 
rotates 180E, the implantation sWitches from the right side 
of mesa 14b to the left side of mesa 14b. Alternatively, if the 
Wafer cannot be rotated continuously With respect to the 
surface normal, then quadrant or octant implant stops can be 
used to effectuate the implantation in 360E. Such an alter 
native, discretiZes the implant rotation from continuous to 
selected angular steps. 

[0017] The LATid implantation of boron is performed at 
multiple energy levels. One of the energy levels is optimiZed 
to damage the silicon nitride layer 40. In the exemplary 
embodiment, for boron implantation, an energy level in the 
range of 10-50 ekV is used to damage silicon nitride layer 
40. The other energy levels are for the formation of a 
channel body doping region of a vertical transistor (MOS 
FET). High energy LATid implantation of boron Was done 
through the silicon nitride layer 40 and the thermal oxide 
layer 30, depositing a P-channel dopant (at an energy in the 
range of 150-200 keV) into the substrate mesas 14a, 14b and 
14c for the channel formation. The doping by LAT id implan 
tation of boron gives a continuous P-channel body doping 

Apr. 3, 2003 

(p-base) region 55a, 55b and 55c at the top of substrate 
mesas 14a, 14b and 14c, respectively. Moreover, the doping 
of such p-base regions 55a, 55b and 55c is highest in the 
center of their respective substrate mesa 14a, 14b andl4c. 
The LATid implantation of boron at the multiple-level may 
commence simultaneously so that the P-channel dopant is 
implanted simultaneously as the silicon nitride layer 40 is 
damaged. On the other hand, the energy level implantation 
for the implantation of the P-channel dopant and the energy 
level implantation for damaging the silicon nitride layer 40 
can be performed sequentially. HoWever, With the latter, the 
Wafer does not have to be removed from the LATid implan 
tation system betWeen the sequential implantations. 
Thereby, the same tilt angle is maintained and the integrity 
of the self-alignment is not compromised. 

[0018] Since the high energy LATid implantation of boron 
used to deposit the P-channel dopant and the LATid implan 
tation of boron used to damage the silicon nitride layer 40 of 
the mask are performed at the same angle tiltO. for both 
trenches 20a and 20b and substrate mesas 14a, 14b, and 14c, 
the P-channel body doping regions 55a, 55b or 55c and their 
respective body-drift region junctions J a, Jb, Jc, the regions 
45a, 45b, and 45c for depositing the gate oxide layer 50, as 
best seen in FIG. 3, and the depth D of the ?eld layer steps 
52a, 52a‘, 52b, and 52b’of trenches 20a or 20b are all 
self-aligned. 
[0019] Although, the description herein is directed to the 
use of boron to implant a P-channel dopant, other species 
could be substituted, such as, Without limitation, argon 
Without loss of structural bene?t. More importantly, the 
channel dopant is not limited to P-type dopants. Instead, 
N-type dopants may be used. 

[0020] As illustrated in FIG. 3, after the multiple-energy 
LATid implantation of boron, Wet etching is used to remove 
the damaged region of the silicon nitride layer 40, and that 
portion of the oxide layer 30 juxtaposed thereunder from the 
self-aligned structure 10‘ to expose the self-aligned regions 
45a, 45b and 45c. In other Words, those regions Where the 
nitride layer 30 Was not damaged during the LATid implan 
tation of boron, little or no etching takes place. The resulting 
Wet-etched structure 10“ is shoWn in FIG. 3 Which illustrates 
the resulting structure after removal of the damaged silicon 
nitride layer 30 and the thick oxide layer 40 (the masking 
layers), prior to the selective oxidation groWth for the 
formation of the gate oxide layer 55. 

[0021] The resultant Wet-etched structure 10“ is the result 
of tWo Wet etch processes. First, after the multiple-energy 
LATid implantation of boron (B) (FIG. 2), the self-aligned 
structure 10‘ is Wet etched in phosphoric acid H3PO4, With 
the damaged area of the silicon nitride layer 40 being 
removed, While the undamaged area is slightly thinned. 
Second, after the damaged nitride layer 40 is removed, the 
exposed thick oxide layer 30 is Wet-etched in a diluted 
hydrogen-?uoride solution and removed. As a result, 
the self-aligned regions 45a, 45b and 45c for depositing the 
gate oxide layer 50 are exposed. As shoWn, the silicon 
nitride layer 40 and the thick oxide layer 30 on substrate 
mesas 14a, 14b and 14c and along sideWalls 22 and 24 to 
depth D of trenches 20a and 20b Were removed, giving rise 
to the resulting Wet-etched structure 10“. 

[0022] The nitride/oxide layered pattern, along the side 
Walls 22 and 24 of the trench 20a and 20b, is used for a 
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subsequent LOCOS oxidation mask to form the gate oxide 
layer 50, as shoWn in FIG. 4. As can be readily seen, the 
top-dotted area in each of the substrate mesas 14a, 14b and 
14c is the P-channel body doping region 55a, 55b, and 55c, 
respectively, Which is a result of the multiple-energy LATid 
of boron through the damaged mask (nitride/oxide layers 40 
and 30) into the substrate mesas 14a, 14b and 14c and 
sideWalls 22 and 24 of trenches 20a and 20b. The damaged 
regions of the nitride layer 40 correspond substantially to 
surface portions of the trench sideWalls 22 and 24 and 
substrate mesas 14a, 14b, and 14c Which are juxtaposed to 
the P-channel body doping regions 55a, 55b, and 55c, both 
of Which resulted from of the multiple-energy LATid of 
boron. Hence, the step in the oxide/nitride mask (nitride/ 
oxide layers 40 and 30) With respect to the exposed portions 
of the sideWalls 22 and 24 juxtaposed to the P-channel body 
doping regions 55a, 55b, and 55c becomes the basis for the 
ledges of the ?eld layer steps 52a, 52a’ and 52b, 52b‘, as 
described beloW in FIG. 4, and is automatically self-aligned 
to the implanted P-channel body doping regions 55a, 55b, 
and 55c and their respective body-drift region junctions Ja, 
Jb and Jc and the regions 45a, 45b and 45c. 

[0023] As shoWn in FIG. 4, thermal groWth of a silicon 
dioxide gate dielectric is formed on the substrate mesas 14a, 
14b and 14c and along sideWalls 22 and 24 to depth D of 
trenches 20a and 20b Where the silicon nitride layer 40 and 
the thick oxide layer 30 Were removed (regions 45a, 45b and 
45c), during the Wet etch process described above in relation 
to FIG. 3, to create a gate oxide layer 50. In other Words, the 
gate oxide layer 50 is created over the surfaces juxtaposed 
to the P-channel body doping regions 55a, 55b, and 55c, 
Which includes the top of substrate mesas 14a, 14b and 14c 
and the upper portion to the depth D of sideWalls 22 and 24 
of trenches 20a and 20b. 

[0024] Thereafter, the remaining regions of the silicon 
nitride layer 40 are removed from the trenches 20a and 20b 
using a Wet etched process, Which completes the gate layer 
and ?eld layer oxide processing. The resultant oxide 
includes a thick oxide layer 30 having a thickness T1 Which 
is the ?eld oxide layer and Which lines the bottom of the 
trench beloW the depth D. Furthermore, the resultant oxide 
includes the gate oxide layer 50 having a thickness T2 and 
Which is juxtaposed to the surfaces of the P-channels body 
doping regions 55a, 55b, and 55c. Thickness T1 is greater 
than thickness T2. Thereby, gate oxide/?eld oxide ?eld layer 
steps 52a, 52a’of trench 20a and gate oxide/?eld oxide ?eld 
layer steps 52b and 52b’of trench 20b are created to be 
substantially aligned With the body-drift region junctions J a, 
Jb, and Jc. 

[0025] Then, a polysilicon gate dielectric is conformally 
deposited and planariZed to create polysilicon regions 60a 
and 60b in trenches 20a and 20b, respectively, Which com 
pletes the formation of the gates 35a and 35b and the 
self-aligned trench gate UMOS device 10‘". 

[0026] In general, the groWth of the silicon dioxide gate 
dielectric Will retract the 11B and 11B‘ cusps in doping 
further toWards the surface due to boron (B) consumption 
effectuated during oxidation. The highest P-channel dope is 
in the center of each of the substrate mesas 14a, 14b and 14c, 
resulting in avalanche breakdoWn in the center of each 
substrate mesa 14a, 14b and 14c, rather than the trench 
corners of trenches 20a and 20b, a desirable effect. More 
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over, since the highest P-channel dope is in the center of 
each substrate mesa 14a, 14b, and 14c, the highest vertical 
electric ?eld Will occur in such center. Thus, a high voltage 
avalanche breakdoWn Will be initiated in the center of the 
substrate mesas 14a, 14b, and 14c, rather than at the trench 
corners, Which improves ruggedness. 

[0027] Furthermore, the resultant structure of the self 
aligned trench gate UMOS device 10‘" can be used in a 
MOSFET structure Where gate oxide groWth and polysilicon 
deposition forms the gate. Along the sideWalls 22, 24 of 
trenches 20a and 20b, the selective oxidation gives tWo 
oxide thicknesses T1 and T2. The gate oxide thickness T2 is 
optimiZed for channel performance and the other oxide 
thickness T1 is optimiZed for voltage handling. In the 
exemplary embodiment, the thickness T2 depends on the 
maximum voltage but a good range for selecting the thick 
ness T1 equals 600-2000 A (thick ?eld oxide) and T2 equals 
100-600 A (thin gate oxide). The P-channel doping is 
self-aligned to the ?eld layer steps, to improve channel 
transconductance. The trench MOSFET is self-aligned to a 
gate oxide/?eld oxide ?eld layer step 52a, 52a’of trench 20a 
or gate oxide/?eld oxide ?eld layer step 52b and 52b’of 
trench 20b. The thin gate oxide layer 50 is ?eld-plated by the 
polysilicon regions 60a and 60b in trenches 20a and 20b, 
respectively, to result in a small electric ?eld at the body 
drift region junction Ja, Jb, and Jc. The thicker ?eld oxide 
(thick oxide layer 30) creates a ?eld layer Which lines the 
bottom of the trench to improve voltage handling speci?c 
“on” resistance ?gure-of-merit. 

[0028] In summary, the region 45a, 45b and 45c having 
deposited thereon the gate insulating layer 50 and the depth 
D of the ?eld layer step 52a, 52a’and 52b, 52b’Were self 
aligned With the alignment and formation of the channel 
body doping region 55a, 55b, 55c and the body-drift region 
junction J a, Jb and Jc With the implantation of the P-channel 
dopant at the multiple-energy levels, Whether simulta 
neously or sequentially. 

[0029] It should be noted that rectangular shaped trench 
geometry is predicted, but the method of the present inven 
tion is not limited to a speci?c trench geometry. In the third 
dimension, the trenches 20a and 20b could be square, 
circular, hexagonal, stripes, etc., as vieWed from the surface 
of the substrate 12. 

[0030] Additionally, the self-aligned trench gate UMOS 
device 10‘" is a self-aligned dual-oxide device Which can be 
used With uniform or non-uniform (in the vertical direction) 
mesa doping schemes. 

[0031] Referring noW to FIG. 5, a schematic representa 
tion of a self-aligned dual-oxide UMOSFET 100 employing 
the self-aligned trench gate UMOS device 10‘" of FIG. 4. 
The UMOSFET 100 further includes a drain 102 Which is 
connected by metalliZation to the (thinned) substrate 12. The 
source 104 is a N-type source (75As) Which includes a 
plurality of N+ doped islands 104a, 104a‘, 104b, 104b‘ and 
104c, 104c‘ implanted into the surface of the P-channel body 
doping regions 55a, 55b, and 55c. The mask for this has a 
hole in it at the center of the substrate mesa 14a, 14b, 14c, 
so the P-channel body doping regions 55a, 55b, and 55c can 
be shorted to the source 104. Dielectric islands 106a and 
106b are deposited and patterned With a contact mask to 
provide separation betWeen the gate polysilicon region 60a, 
and 60b, respectively, and the source diffusion/metalliZation 
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layer 108. The dielectric islands 106a and 106b are typically 
SiO2, each of Which is 2000-5000 A thick. Finally, the 
source diffusion/metalliZation layer 108 is >1 micron thick 
and is deposited over the contact dielectric islands 106a and 
106b and the surface of the silicon mesa, providing source 
contact to the plurality of N+ doped islands 104a, 104a‘, 
104b, 104b‘ and 1046, 104c‘ and contact to the P-channel 
body doping regions 55a, 55b, and 55c. 

[0032] The present invention is not limited to the forma 
tion of N-channel transistors or MOSFETs, P-channel tran 
sistors or MOSFETs and other devices can be fabricated by 
proper selection of implant species. 

[0033] Numerous modi?cations to and alternative 
embodiments of the present invention Will be apparent to 
those skilled in the art in vieW of the foregoing description. 
Accordingly, this description is to be construed as illustra 
tive only and is for the purpose of teaching those skilled in 
the art the best mode of carrying out the invention. Details 
of the structure may be varied substantially Without depart 
ing from the spirit of the invention and the exclusive use of 
all modi?cations Which come Within the scope of the 
appended claims is reserved. 

What is claimed is: 
1. Amethod of forming a self-aligned dual-oxide UMOS 

FET, comprising the steps of: 

etching a trench having sideWalls and a ?oor into a 
substrate; 

creating a gate in the trench by self-aligning a channel 
body doping region having a respective body-drift 
region junction, a region for depositing a gate insulat 
ing layer, and a depth of a ?eld insulating layer step on 
a sideWall of the trench through implantation of a 
channel dopant at multiple-energy levels; and 

forming a source and a drain. 

2. The method according to claim 1, further comprising 
the step of depositing in the trench and over the substrate a 
mask that includes an insulating layer having a ?rst thick 
ness, Wherein the self-aligning step includes the steps of: 

implanting the channel doping at a ?rst energy level 
through the mask in a substrate mesa adjacent to the 
sideWall of the trench to create the channel body doping 
region With a body-drift region junction therein; and 

implanting the channel doping at a second energy level to 
damage a portion of the mask along the body-drift 
region junction, Wherein the damaged portion of the 
mask de?nes the region for depositing the gate insu 
lating layer and the depth of the ?eld insulating layer 
step. 

3. The method according to claim 2, Wherein the implant 
ing step at the ?rst energy level and the implanting step at 
the second energy level occur simultaneously at a same 
angle. 

4. The method according to claim 2, Wherein the implant 
ing step at the ?rst energy level and the implanting step at 
the second energy level occur sequentially at a same angle. 

5. The method according to claim 2, Wherein the channel 
doping is highest in a center the substrate mesas. 

6. The method according to claim 5, Wherein the channel 
body region is doped With a P-channel dopant. 
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7. The method according to claim 2, Wherein the implant 
ing steps are performed using a multiple-energy large angle 
tilt implant technique. 

8. The method according to claim 2, further comprising 
the steps of: 

removing the damaged portion of the mask to expose a 
periphery surface of the channel body doping region 
de?ning the region for depositing the gate insulating 
layer While simultaneously creating the ?eld layer step 
at the depth on the sideWall that is substantially self 
aligned With the body-drift region junction; 

forming the gate insulating layer having a second thick 
ness over the exposed periphery surfaces of the channel 
body doping region from the ?eld layer step on the 
sideWall Wherein the second thickness is optimiZed for 
channel performance and the ?rst thickness is opti 
miZed for voltage handling; and 

forming a polysilicon region in the trench Which is 
interfaced With the gate insulating layer and the thick 
insulating layer. 

9. The method according to claim 8, Wherein the step of 
forming the gate insulating layer includes a local oxidation 
of silicon process. 

10. The method according to claim 8, Wherein the remov 
ing step includes Wet etching in phosphoric acid the dam 
aged portion of the mask to remove a silicon nitride layer 
thereby exposing the insulating layer. 

11. The method according to claim 10, Wherein the 
removing step further includes the step of Wet etching in a 
diluted hydrogen-?oride solution the exposed thick insulat 
ing layer to remove the exposed thick insulating layer. 

12. The method according to claim 11, Wherein: 

the mask also includes a silicon nitride layer deposited 
over the thick insulating layer; and 

the removing step includes, after the forming of the gate 
insulating layer, removing remaining portions of the 
silicon nitride layer. 

13. A self-aligned dual-oxide UMOSFET device, com 
prising: 

a trench having sideWalls and a ?oor formed in a sub 

strate; 

a channel body doping region having a body-drift region 
junction formed in a substrate mesa; 

a gate in the trench having a region having deposited 
thereon a gate insulating layer and a depth of a ?eld 
layer step for a sideWall of the trench, both of Which are 
self-aligned With the alignment and formation of the 
channel body doping region and the body-drift region 
junction through implantation of a channel dopant at 
multiple-energy levels; 

a source coupled to the a channel body doping region; and 

a drain coupled to the substrate. 
14. The device according to claim 13, Wherein the implan 

tation of the channel dopant at the multiple-energy levels 
occurs simultaneously at a same angle. 

15. The device according to claim 13, Wherein the implan 
tation of the channel dopant at the multiple-energy levels 
occurs sequentially at a same angle. 
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16. The device according to claim 13, further comprising: 

a ?eld oxide layer lining a bottom of the sideWalls and the 
?oor having a ledge Which forms the ?eld layer step 
Which is substantially aligned With the body-drift 
region junction; and 

a polysilicon region deposited in the trench and Which 
interfaces the ?eld oXide layer and the gate oXide layer. 

17. The device according to claim 16, Wherein: 

the gate oXide layer is juxtaposed to the channel body 
doping region along the upper portion of the sideWalls 
doWn to the ledge and along the substrate mesa; and 
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the ?eld oXide layer has a ?rst thickness and the gate 
oXide layer has a second thickness thinner than the ?rst 
thickness. 

18. The device according to claim 17, Wherein the second 
thickness is optimiZed for channel performance and the ?rst 
thickness is optimiZed for voltage handling. 

19. The device according to claim 13, Wherein channel 
body doping region is formed from a P-channel dopant. 

20. The device according to claim 19, Wherein the P-chan 
nel dopant is highest in a center the substrate mesa. 

* * * * * 


