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SEMICONDUCTOR DEVICE HAVING A 
VERTICALLY-ORIENTED CONDUCTIVE 

REGION THAT ELECTRICALLY CONNECTS 
A TRANSISTOR STRUCTURE TO A 

SUBSTRATE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough indi 
cates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

RELATED U.S. APPLICATION DATA 

[The present application is] This application is a continu 
ation reissue ofand claims bene?t under 35 U.S.C. §120 to 
US. application Ser. No. 13/659,077, now US. Pat. No. Re. 
44,547, which is an applicationfor reissue of US. Pat. No. 
7,902, 601 (US. application Ser. No. 12/335,730). More than 
one reissue application has been?ledfor US. Pat. No. 7,902, 
601. US. Pat. No. 7,902,601 issued from a divisional appli 
cation based on prior US. application Ser. No. 11/582,889 
now US. Pat. No. 7,482,220 ?led on Oct. 19, 2006, which is 
a continuation-in-part application based on US. application 
Ser. No. 11/057,140 now US. Pat. No. 7,176,524 ?led on Feb. 
15, 2005. [Both of these documents] US. application Ser. 
Nos. 13/659,077, 11/582,889, and 11/057,140 are hereby 
incorporated by reference, and priority thereto for common 
subject matter is hereby claimed. 

BACKGROUND OF THE INVENTION 

This invention relates generally to semiconductor devices, 
and more speci?cally to power switching devices and meth 
ods of their manufacture. 

Metal-oxide semiconductor ?eld effect transistors (MOS 
FETs) are a common type of power switching device. A 
MOSFET device includes a source region, a drain region, a 
channel region extending between the source and drain 
regions, and a gate structure provided adjacent to the channel 
region. The gate structure includes a conductive gate elec 
trode layer disposed adjacent to and separated from the chan 
nel region by a thin dielectric layer. 
When a MOSFET device is in the on state, a voltage is 

applied to the gate structure to form a conduction channel 
region between the source and drain regions, which allows 
current to ?ow through the device. In the off state, any voltage 
applied to the gate structure is suf?ciently low so that a 
conduction channel does not form, and thus current ?ow does 
not occur. During the off state, the device must support a high 
voltage between the source and drain regions. 

Today’ s high voltage power switch market is driven by two 
major parameters: breakdown voltage (BVdss) and on-state 
resistance (Rdson). For a speci?c application, a minimum 
breakdown voltage is required, and in practice, designers 
typically can meet a BVdss speci?cation. However, this is 
often at the expense of Rdson. This trade-off in performance 
is a major design challenge for manufacturers and users of 
high voltage power switching devices. 

Recently, superjunction devices have gained in popularity 
to improve the trade-off between Rdson and BVdss. In a 
conventional n-channel superjunction device, multiple 
heavily-doped diffused n-type and p-type regions replace one 
lightly doped n-type epitaxial region. In the on state, current 
?ows through the heavily doped n-type regions, which lowers 
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2 
Rdson. In the off or blocking state, the heavily doped n-type 
and p-type regions deplete into or compensate each other to 
provide a high BVdss. Although superjunction devices look 
promising, signi?cant challenges still exist in manufacturing 
them. 

Another problem with present high voltage power switch 
products is that they typically require a large input (e.g., gate 
or control electrode) charge for switching from one state to 
another. This requirement places, among other things, an 
extra burden on peripheral control circuitry. 

Accordingly, high voltage power switching device struc 
tures and methods of manufacture are needed that provide 
lower Rdson, high BVdss, and that reduce input charge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an enlarged partial cross-sectional view 
of a switching device in accordance with the present inven 
tion; 

FIGS. 2-7 illustrate enlarged partial cross-sectional views 
of the switching device of FIG. 1 at various stages of fabri 
cation; 

FIG. 8 is graph showing a breakdown voltage characteristic 
for the switching device of FIG. 1; 

FIG. 9 is a graph showing on-state resistance characteristic 
for the switching device of FIG. 1; 

FIG. 10 illustrates an enlarged partial top view of a cell 
structure suitable for a switching device in accordance with 
the present invention; 

FIG. 11 illustrates an enlarged partial cross-sectional view 
of a switching device and edge termination structure in accor 
dance with the present invention; 

FIG. 12 illustrates an enlarged partial top view of an alter 
native trench isolation structure in accordance with the 
present invention; 

FIG. 13 illustrates an enlarged partial cross-sectional view 
of the trench isolation structure of FIG. 12 taken along refer 
ence line 13-13 at an early stage of fabrication; 

FIG. 14 illustrates an enlarged partial cross-sectional view 
of the structure of FIG. 13 after further processing; 

FIG. 15 illustrates an enlarged partial cross-sectional view 
of a further trench isolation structure in accordance with the 
present invention; 

FIG. 16 illustrates an enlarged partial cross-sectional view 
of an alternative embodiment of a charge compensation 
trench structure; and 

FIG. 17 illustrates an enlarged partial cross-sectional view 
of a further embodiment of a charge compensation trench 
structure. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

For ease of understanding, elements in the drawing ?gures 
are not necessarily drawn to scale, and like element numbers 
are used where appropriate throughout the various ?gures. 
While the discussion below describes an n-channel device, 
the invention also pertains to p-channel devices, which may 
be formed by reversing the conductivity type of the described 
layers and regions. 

In addition, the device of the present invention may 
embody either a cellular design (where the body regions are a 
plurality of cellular regions) or a single body design (where 
the body region is compromised of a single region formed in 
an elongated pattern, typically in a serpentine pattern). How 
ever, the device of the present invention will be described as 
a cellular design throughout the description for ease of under 



US RE45,365 E 
3 

standing. It should be understood that it is intended that the 
present invention encompass both a cellular design and a 
single base design. 

FIG. 1 shows an enlarged partial cross-sectional view of an 
insulated gate ?eld effect transistor (IGFET), MOSFET, 
superjunction device, or switching device or cell 10 in accor 
dance with the present invention. By way of example, device 
10 is among many such devices integrated with logic and/or 
other components into a semiconductor chip as part of a 
power integrated circuit. Alternatively, device 10 is among 
many such devices integrated together to form a discrete 
transistor device. 

Device 10 includes a region of semiconductor material 11, 
which comprises for example, an n-type silicon substrate 12 
having a resistivity in a range of approximately 0.001 to about 
0.005 ohm-cm, and may be doped with arsenic. In the 
embodiment shown, substrate 12 provides a drain contact. A 
semiconductor layer 14 is formed in or on substrate 12, and in 
accordance with the present invention is lightly doped n-type 
orp-type, or contains negligible amounts of impurities (i.e., is 
intrinsic). In an exemplary embodiment, layer 14 is formed 
using conventional epitaxial growth techniques. In an exem 
plary embodiment suitable for a 750 volt device, layer 14 is 
p-type with a dopant concentration of about l.0><10l3 atoms/ 
cm3 to about 5.0><10l3 atoms/cm3, and has a thickness on the 
order of about 40 microns. The thickness of layer 14 is 
increased or decreased depending on the desired BVdss rat 
ing of device 10. It is understood that other materials may be 
used for body of semiconductor material 11 or portions 
thereof including silicon-germanium, silicon-germanium 
carbon, carbon doped silicon, or the like. 

Device 10 also includes an n-type region or blanket layer 
17 formed in or adjacent to upper or major surface 18 of 
region of semiconductor material 11. N-type region 17 pro 
vides a low resistance current path for device 10 as will be 
described in more detail below. In an exemplary embodiment, 
n-type region 17 has a maximum concentration on the order 
of about 6.0><10l6 atoms/cm3, and a depth of about 0.4 
microns. Optionally, a p-type region or blanket layer 19 is 
formed in or adjacent to major surface 18, and is below or 
adjacent to n-type region 17. P-type region 19 provides better 
control of the pn junction between n-type region 17 and 
semiconductor layer 14, and provides charge compensation 
for n-type region 17 under full depletion conditions. In an 
exemplary embodiment, p-type region 19 has surface concen 
tration of about 5.0><1015 atoms/cm3, and a depth of about 0.8 
microns. 

Device 10 further includes ?lled trenches, semiconductor 
material ?lled trenches, epitaxial ?lled regions or trenches, 
charge compensating trench regions, deep trench charge 
compensation regions, charge compensating ?lled trenches 
or charge compensation regions 22 in accordance with the 
present invention. Charge compensating ?lled trenches 22 
include a plurality of layers or multiple layers of semicon 
ductor material, including layers of opposite conductivity 
type, which are preferably separated by an intrinsic or buffer 
semiconductor layer or layers. The intrinsic layer functions, 
among other things, to prevent intermixing of the opposite 
conductivity type layers (i.e., the two charge layers), which 
would negatively impact the conduction efficiency of device 
10 in the on state. 

In an exemplary embodiment, ?lled trenches 22 include 
multiple layers or stacked layers of semiconductor material 
formed using epitaxial growth techniques. For example, ?lled 
trenches 22 include an n-type layer 23 formed on, over, or 
adjoining the trench walls or surfaces adjacent to body of 
semiconductor material 11. An intrinsic semiconductor or 
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4 
buffer layer 24 is formed on, over, or adjoining n-type layer 
23, a p-type layer 26 is formed on, over, or adjoining intrinsic 
semiconductor layer 24, and an intrinsic semiconductor or 
buffer layer 27 is formed on, over, or adjoining p-type layer 
26. Intrinsic layer 24 functions, among other things, to pre 
vent the mixing of layers 23 and 26, which, as stated previ 
ously, improves the conduction ef?ciency of device 10. 
Intrinsic layer 27 functions, among other things, to ?ll the 
remainder of the trench. For an n-channel device and in accor 
dance with the present invention, n-type layers 23 provide a 
primary vertical low resistance current path from the channel 
to the drain when device 10 is in an on state. When device 10 
is an off state, n-type layers 23 and p-type layers 26 compen 
sate each other in accordance with the present invention to 
provide an increased BVdss characteristic. It is understood 
that additional n-type and p-type layers may be used, and 
preferably separated by additional intrinsic or buffer layers. 
By way of example, n-type layers 23 and p-type layers 26 

each have a dopant concentration on the order of about 2.0x 
101 6 to about 4.0><10l 6 atoms/cm3 , and each have a thickness 
of about 0.1 microns to about 0.3 microns. In an exemplary 
embodiment, intrinsic semiconductor or buffer layers 24 and 
27 are undoped or very lightly doped p-type with a dopant 
concentration of less than about 2.0><10l4 atoms/cm3, and 
each has a thickness of about 0.5 microns to about 1.0 
microns. The thickness of layer 27 is adjusted, for example, to 
?ll the balance of the trench. 
A body or doped region 31 is formed in semiconductor 

layer 14 between and in proximity or adjacent to ?lled 
trenches 22, and extends from major surface 18. In an exem 
plary embodiment, body region 31 comprises p-type conduc 
tivity, and has a dopant concentration suitable for forming an 
inversion layer that operates as conduction channels 45 of 
device 10 as described below. Body region 31 extends from 
major surface 18 to a depth of about 1.0 to about 5.0 microns. 
An n-type source region 33 is formed within or in body region 
31 and extends from major surface 18 to a depth of about 0.2 
microns to about 0.5 microns. A p-type body contact or con 
tact region 36 is also formed in body region 31, and provides 
a lower contact resistance to body region 31 at major surface 
18. In addition, contact region 36 lowers the sheet resistance 
of body region 31 under source region 33, which suppresses 
parasitic bipolar effects. 
A ?rst dielectric layer 41 is formed over or adjoining por 

tions of major surface 18. In an exemplary embodiment, 
dielectric layer 41 comprises a thermal oxide layer having a 
thickness of about 0.1 microns to about 0.2 microns.A second 
dielectric layer 42 is formed over dielectric layer 41. In an 
exemplary embodiment, second dielectric layer 42 comprises 
silicon nitride, and has a thickness of about 0.1 microns. 

Gate dielectric layers 43 are formed over or adjoining other 
portions of maj or surface 18 adjacent to body region 31. In an 
exemplary embodiment, gate dielectric layer 43 comprises 
silicon oxide, and has a thickness of about 0.05 microns to 
about 0.1 microns. In alternative embodiments, gate dielec 
tric layer 43 comprises silicon nitride, tantalum pentoxide, 
titanium dioxide, barium strontium titanate, or combinations 
thereof including combinations with silicon oxide, or the like. 

In accordance with an embodiment of the present inven 
tion, a doped polycrystalline semiconductor layer, conductive 
layer, or ground plane layer 46 is formed over dielectric layers 
41 and 42, and contacts p-type layers 26 through openings 47 
formed in dielectric layers 41 and 42. In an exemplary 
embodiment, conductive layer 46 comprises a polysilicon 
layer, has a thickness of about 0.1 microns, and has p-type 
conductivity for an n-channel device. When heat treated, 
p-type dopant from conductive layer 46 diffuses into ?lled 
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trenches 22 to form p-type doped regions 52, which enhance 
ohmic contact to p-type layers 26. In an alternative embodi 
ment, conductive layer 46 comprises amorphous silicon, a 
metal, a silicide, or combinations thereof including combina 
tions with polysilicon. If a metal is used for conductive layer 
46, p-type dopant is ?rst implanted or deposited through 
openings 47 to form p-type doped regions 52 to enhance 
ohmic contact to p-type layers 26. Conductive layer 46 pref 
erably is tied or coupled directly or indirectly to a conductive 
contact or source contact layer 63 as shown in FIG. 1. 

In accordance with the present invention, conductive layer 
46 functions, among other things, as a ground plane to pro 
vide a path for minority carriers to be swept from or out of the 
device faster and more ef?ciently, which reduces the input 
charge required for switching device 10 from one state to 
another and enhances switching speed. Additionally, as will 
be explained in more detail below, conductive layer 46 is 
further used as part of an edge termination structure in accor 
dance with the present invention. 
A third dielectric layer 48 is formed over conductive layer 

46, and a fourth dielectric layer 51 is formed over third dielec 
tric layer 48. In an exemplary embodiment, dielectric layer 48 
comprises silicon nitride (e.g., about 0.05 microns in thick 
ness), and dielectric layer 51 comprises a deposited silicon 
oxide (e.g., about 0.7 microns in thickness). A conductive 
layer 53 is formed over dielectric layer 51, and comprises for 
example, n-type polysilicon (e. g., about 0.3 microns in thick 
ness). 

Conductive spacer gate regions, vertical spacer gate 
regions, or spacer de?ned gate regions 57 are formed over 
gate dielectric layers 43, and are isolated from conductive 
layer 46 by dielectric spacers 59. Conductive spacer gate 
regions 57 together with gate dielectric layers 43 form a 
control electrode or gate structure 58. Conductive spacer gate 
regions 57 comprise, for example, n-type polysilicon, and are 
about 0.8 microns in thickness. In an exemplary embodiment, 
dielectric spacers 59 comprise silicon nitride, and are about 
0.1 microns in thickness. Spacer gate regions 57 are coupled 
to conductive layer 53 to provide a conductive gate structure, 
which controls the formation of channel 45 and the conduc 
tion of current in device 10. In the embodiment shown, a 
conductive connective portion 77 couples spacer gate regions 
57 to conductive layers 53. Conductive connective portions 
77 comprise for example, n-type polysilicon. A spacer gate 
region refers to a control electrode formed with gate material 
deposited on one surface to control a channel formed on 
another perpendicular surface. In the case of device 10, chan 
nels 45 are formed at surface 18, which is considered a hori 
zontal surface. The control electrode ?lm used to form spacer 
gate regions 57 is deposited along vertical surfaces 68, which 
are perpendicular to surface 18. 

Conductive spacer gate regions 57 in accordance with the 
present invention provide a minimal gate to drain overlap 
compared to conventional devices, thereby signi?cantly 
reducing gate charge. Additionally, in device 10 the electrical 
routing for the gate is provided by conductive layer 53, which 
is elevated above major surface 18 thereby further reducing 
gate charge. Further, conductive layer 46 functions, among 
other things, as a ground plane interposed between the gate 
and drain regions to further reduce gate to drain capacitance. 
These features of the present invention provide enhanced 
switching speed and reduced input charge requirements. 
A ?fth dielectric layer 61 is formed over portions of device 

10, and comprises for example, silicon nitride having thick 
ness of about 0.05 microns. An interlayer dielectric (ILD) 
layer 62 is formed over portions of device 10, and comprises 
for example, a deposited silicon oxide having a thickness of 
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6 
about 0.8 microns. An opening is formed in the dielectric 
layers to provide a contact to device 10 for source contact 
layer 63. As shown, a portion of maj or surface 18 is etched so 
that source contact layer 63 makes contact to both source 
regions 33 and body region 36. In an exemplary embodiment, 
source contact layer 63 comprises an aluminum silicon alloy 
or the like. A drain contact layer 66 is formed on an opposing 
surface of region of semiconductor material 11, and com 
prises, for example, a solderable metal structure such a tita 
nium-nickel-silver, chrome-nickel-gold, or the like. 
The operation of device 10 proceeds as follows. Assume 

that source terminal 63 is operating at a potential VS of zero 
volts, spacer gate regions 57 receive a control voltage VGIS .0 
volts, which is greater than the conduction threshold of device 
10, and drain terminal 66 operates at drain potential VD:5.0 
volts. The values of VG and VS cause body region 31 to invert 
under spacer gate regions 57 to form channels 45, which 
electrically connect source regions 33 to layer 17. A device 
current I S ?ows from source terminal 63 and is routed through 
source regions 33, channel 45, layer 17, n-type layers 23 to 
drain terminal 66. Hence, current I S ?ows vertically through 
n-type layers 23 to produce a low on resistance. In one 
embodiment, IS:1.0 amperes. To switch device 10 to the off 
state, a control voltage VG of less than the conduction thresh 
old ofdevice is applied to spacer gates 57 (e.g., VG<5.0 volts). 
This removes channels 45, I S no longer ?ows through device 
10, and conductive layer 46 sweeps minority carriers out of 
the device. In the off state, n-type layers 23 and p-type layers 
26 compensate each other as the depletion region from the 
primary blocking junction spreads, which enhances BVdss. 
In one embodiment, the primary blocking junction is formed 
by body region 31 and semiconductor layer 14 when layer 14 
is n-type. In another embodiment, the primary blocking junc 
tion is formed by semiconductor layer 14 and substrate 12 
when layer 14 is p-type. 

Turning now to FIGS. 2-7, a process for forming device 10 
in accordance with the present invention is described. FIG. 2 
shows an enlarged partial cross-sectional view of device 10 at 
an early stage of fabrication. In an early step, a dielectric layer 
40 is formed over major surface 18, and optional p-type 
region 19 is ion implanted into semiconductor layer 14 
through dielectric layer 40. In an exemplary embodiment, 
boron is implanted at a dose of about 5 .0><10l l atoms/cm2 and 
an implant energy of 600 KeV to form p-type layer 19. Next 
n-type layer 17 is ion implanted into semiconductor layer 14 
through dielectric layer 40. In an exemplary embodiment, 
phosphorous is implanted at a dose of about 2.0><1012 atoms/ 
cm2 and an implant energy of 600 KeV to form n-type layer 
17 . 

Masking layer 71 is then formed over major surface 18 and 
patterned to form openings 72. Dielectric layer 40 is then 
etched using conventional techniques to expose portions of 
body of semiconductor material 11 through openings 72. By 
way of example, openings 72 have a width 74 on the order of 
about 3.0 microns to about 5.0 microns. Next, trenches 122 
are etched through layers 17, 19, and 14. In an exemplary 
embodiment, trenches 122 extend into at least a portion of 
substrate 12. The depth of trenches 122 is determined by the 
thickness of semiconductor layer 14, which is a function of 
BVdss. In an exemplary embodiment, Deep Reactive Ion 
Etching (DRIE) etching with a ?uorine or chlorine based 
chemistry is used to form trenches 122. Several techniques 
are available for DRIE etching including cryogenic, high 
density plasma, or Bosch DRIE processing. In an exemplary 
embodiment, trenches 122 have substantially vertical side 
walls. In an alternative embodiment, trenches 122 have a 
tapered pro?le where the width of the trench at the trench 
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lower surface is less than width 74. Masking layer 71 is 
removed after trenches 122 are formed using conventional 
etch techniques. Although trenches 122 are stated as plural, it 
is understood that trenches 122 may be a single continuous 
trench or connected trench matrix (e. g., such as that shown in 
FIG. 10 and described below). Alternatively, trenches 122 
may be a plurality of individual trenches with closed ends and 
separated by portions of body of semiconductor material 11. 

FIG. 3 shows an enlarged partial cross-sectional view of 
device 10 at a further stage of processing. At this point, layers 
of semiconductor material are formed, grown, or deposited in 
trenches 122 as a ?rst stage in forming ?lled trenches 22. In an 
exemplary embodiment, semiconductor epitaxial growth 
techniques are used to ?ll trenches 122. 

In a ?rst step, a thin thermal oxide is formed on the side 
walls of trenches 122 to remove any surface damage caused 
by the DRIE step. The thin thermal oxide is then removed 
using conventional isotropic etching techniques. Next, body 
of semiconductor material 11 is placed into an epitaxial 
growth reactor and pre-cleaned as a ?rst step of the epitaxial 
growth process. When silicon is the selected semiconductor 
material for the ?ll layers (e.g., layers 23, 24, 26, and 27), 
silicon source gases such as SiHCl3, SiH2C12, SiH4 or Si2H6 
are suitable for forming these layers. In the embodiment 
shown, blanket layers are grown (i.e., the layers are grown 
over major surface 18 in addition to trenches 122). In an 
alternative embodiment, selective epitaxial growth tech 
niques are used to form layers 23, 24, 26, and 27 so that these 
layers are not formed over dielectric layer 40. 

N-type layer 23 is grown ?rst along the surfaces of trenches 
122, with arsenic being a suitable dopant source. In an exem 
plary embodiment, n-type layer 23 has a dopant concentration 
on the order of about 2.0><10l6 to about 4.0><10l6 atoms/cm3, 
and a thickness of about 0.1 microns to about 0.3 microns. 

Next, intrinsic or buffer layer 24 is grown over n-type layer 
23, and is either undoped (except for those trace impurities 
typically present in the silicon source material and/or residual 
dopant gases remaining in the reactor chamber after the pre 
vious growth step), or is very lightly doped p-type with a 
dopant concentration of less than about 2.0><10l4 atoms/cm3. 
Layer 24 has a thickness of about 0.5 microns to about 1.0 
microns. P-type layer 26 is then grown over layer 24, with a 
boron dopant source being suitable. In an exemplary embodi 
ment, p-type layer 26 has a dopant concentration on the order 
of about 2.0><10l6 to about 4.0><10l6 atoms/cm3, and a thick 
ness of about 0.1 microns to about 0.3 microns. Intrinsic or 
buffer layer 27 is then grown over p-type layer 26, and is 
either undoped (except for those trace impurities typically 
present in the silicon source material and/or residual dopant 
gases remaining in the reactor chamber after the previous 
growth step), or is very lightly doped p-type with a dopant 
concentration of less than about 2.0><10l4 atoms/cm3. Layer 
27 has a thickness of about 0.5 microns to about 1.0 microns. 
It should be understood that the thicknesses of layers 23, 24, 
26, and 27 are adjusted depending on the width of trenches 
122. In an exemplary embodiment, the thicknesses of these 
layers are such that the resultant epitaxial layers over?ll 
trenches 122. When a blanket epitaxial growth process is 
used, layers 27, 26, 24, and 23 are subsequently planarized 
with chemical mechanical polishing techniques, etch-back 
techniques, combinations thereof, or the like. During the pla 
narization process, epi layers 27, 26, 24, and 23 are planarized 
down or back to major surface 18 to form ?lled trenches 22. 
In an exemplary embodiment, the planarization process 
removes dielectric layer 40 as well. An additional etching step 
may be used to further remove any residual dielectric material 
from layer 40. If selective epitaxial growth or selective etch 
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8 
back techniques are used, dielectric layer 40 may remain, and 
would replace layer 41 as described hereinafter. 

FIG. 4 shows an enlarged partial cross-sectional view of 
device 10 after further processing. First dielectric layer 41 is 
formed over major surface 18, and comprises for example, a 
silicon oxide about 0.1 microns to about 0.2 microns thick. A 
thermal oxide grown at about 750 degrees Celsius is suitable. 
In an optional step, a sputter etch step is used to smooth the 
upper or exposed surface of ?rst dielectric layer 41. Next, 
second dielectric layer 42 is formed over dielectric 41, and 
comprises, for example, about 0.1 microns of silicon nitride. 
A contact photolithography and etch step is then used to form 
openings 47 through second dielectric layer 42 and ?rst 
dielectric layer 41. This exposes a portion of maj or surface 18 
above ?lled trenches 22 as shown in FIG. 4. In an exemplary 
embodiment, opening 47 has a width 49 on the order of about 
0.5 microns to about 1.0 microns. 

Conductive layer 46 is then formed over second dielectric 
layer 42 and contacts or couples to ?lled trenches 22 through 
openings 47. In an exemplary embodiment, conductive layer 
46 comprises about 0.1 microns of polysilicon, and is either 
deposited doped or undoped. If conductive layer 46 is depos 
ited initially undoped, conductive layer 46 is subsequently 
dopedusing, for example, ion implantation techniques. In this 
exemplary embodiment, conductive layer 46 is doped with 
boron to provide a contact to p-type layer 26. A boron ion 
implant dose ofabout 5.0><1015 to about l.0><10l6 atoms/cm2 
with an implant energy of about 60 KeV is suf?cient for 
doping conductive layer 26. During a subsequent heat treat 
ment step, dopant from conductive layer 46 diffuses into ?lled 
trenches 22 to form p-type regions 52. 

Next, third dielectric layer 48 is formed over conductive 
layer 46, and fourth dielectric layer 51 is formed over third 
dielectric layer 48. Third dielectric layer 48 comprises, for 
example, silicon nitride (e.g., about 0.05 microns in thick 
ness), and dielectric layer 51 comprises a deposited oxide 
(e.g., about 0.7 microns in thickness). Conductive layer 53 is 
then formed over fourth dielectric layer 51, and comprises for 
example, n-type polysilicon (e. g., about 0.3 microns in thick 
ness). A protective layer 54 is formed over conductive layer 
53, and comprises for example, about 0.15 microns of silicon 
nitride. 
A photolithographic and etch step is done to etch through 

portions oflayers 54, 53, 51, 48, 46 and 42 to provide opening 
70. This also forms pedestal stack structures 56, which are 
comprised ofportions oflayers 42, 46, 48, 51, 53 and 54. In 
an exemplary embodiment, opening 70 has a width 73 on the 
order of about 5.0 microns to about 8.0 microns. 

FIG. 5 shows an enlarged partial cross-sectional view of 
device 10 after additional processing steps that form dielec 
tric spacers 59. In an exemplary embodiment, a silicon nitride 
?lm is deposited over pedestal stack structures 56 and ?rst 
dielectric layer 41. By way of example, a silicon nitride ?lm 
about 0.1 microns thick is deposited using chemical vapor 
deposition techniques. Next, a conventional anisotropic etch 
back step is used to remove portions of the silicon nitride layer 
over pedestal stack structures 56 and ?rst dielectric layer 41 
while leaving portions of the silicon nitride layer on sidewalls 
or vertical surfaces 68 of pedestal stack structures 56 to form 
dielectric spacers 59. 
A silicon oxide wet etch is then used to remove portions of 

dielectric layer 41 within opening 70. By way of example, a 
diluted hydro?uoric acid (e.g., 50:1) is used to etch dielectric 
layer 41. In an exemplary embodiment, the etch time is pro 
longed (e. g., 8 to 15 minutes) in order to undercut or remove 
material from dielectric layer 41 from beneath dielectric 
spacers 59 to form recessed portions 74. Recessing dielectric 










