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HIGH-VOLTAGE TRANSISTOR WITH 
MULTI-LAYER CONDUCTION REGION 

RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part 
application of Ser. No. 08/744,182, ?led Nov. 5, 1996. This 
application is also related to Ser. No. , ?led concur 
rently herewith, entitled, “Method of Making a High-Volt 
age Transistor With Multiple Lateral Conduction Layers”. 
The related applications are assigned to the assignee of the 
present application. 

FIELD OF THE INVENTION 

[0002] The present invention relates to high voltage ?eld 
effect transistors. More speci?cally, the present invention 
relates to high voltage ?eld-effect transistor structures that 
include an insulated gate ?eld-effect transistor in series With 
a junction ?eld-effect transistor. 

BACKGROUND OF THE INVENTION 

[0003] It is conventional to construct a high-voltage, insu 
lated-gate, ?eld-effect transistor (HVFET) having a high 
breakdown voltage and a loW “on-state” resistance. To 
accomplish this end, practitioners in the art have used an 
insulated gate ?eld-effect transistor (IGFET) placed in series 
With a high-voltage junction ?eld-effect transistor (JFET). 
Such a transistor is capable of sWitching at high voltages, 
has loW values of on-state resistance, and has insulated-gate 
control. Moreover, the HVFET may advantageously be 
fabricated near loW voltage logic transistors on a single 
integrated circuit chip to form What is commonly referred to 
as a poWer integrated circuit (PIC). 

[0004] One goal in the art is to produce a transistor With 
a high breakdoWn voltage (Vbd) using as small a surface area 
as possible. The HVFET must provide a Vbd that is above the 
minimum alloWed for a given application. RealiZing high 
Vbd in a small area reduces the cost of the PIC. Traditional 
HVFET devices With a high breakdoWn voltage require large 
amounts of silicon area and are expensive to fabricate. 

[0005] It is also desirable to fabricate HVFETs that occupy 
as small a surface area as possible to realiZe a given on-state 
resistance. The ?gure of merit often used is knoWn as 
speci?c on-resistance (Rsp), Which is the product of on-state 
resistance and surface area. A loWer RSp alloWs a smaller 
HVFET transistor to be used to meet the on-state resistance 
requirements of a given application, Which reduces the area 
and, respectively, the cost of the PIC. 

[0006] Another goal in the art is to provide a highly 
manufacturable HVFET design that consistently delivers the 
required combination of Vbd and RSp over a range of normal 
process variances. To realiZe this goal, the manufacturing 
process should introduce minimal variance in the critical 
device parameters, and the HVFET should exhibit minimal 
sensitivity to process variations. 

[0007] To try to achieve the aforementioned goals, 
researchers and engineers have experimented With a variety 
of different device structures. For example, a lateral HVFET, 
is disclosed in “High Voltage Thin Layer Devices (RESURF 
Devices),” by Appels and Vaes, IEDM Tech. Digest, pp. 
238-241, (1979). This device is fabricated in accordance 
With the Reduced Surface Field (RESURF) principal, in 
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Which an extended drain region is used to support the high 
off-state voltage. The RESURF principal, hoWever, man 
dates that the charge in the extended drain region, Which 
serves as the channel of a lateral junction ?eld-effect tran 
sistor (JFET), be carefully controlled to obtain high Vbd. To 
keep the maximum electric ?eld beloW the critical ?eld at 
Which avalanche breakdoWn occurs, the amount of charge in 
the JFET channel is typically limited to a maximum of about 
1><1012 cm_2. When the HVFET is in the “on” state, the 
resistance of the JFET channel constitutes a large portion of 
the on-state resistance of the HVFET. Therefore, the limi 
tation on the maximum charge in the JFET channel also sets 
the minimum speci?c on-resistance of the device. 

[0008] A HVFET having an extended drain region With a 
top layer of a conductivity type opposite that of the extended 
drain region is disclosed in US. Pat. No. 4,811,075. The 
’075 patent teaches that this structure approximately doubles 
the charge in the JFET channel of an HVFET, thereby 
loWering the RSp by about 50%. Because this top layer helps 
to deplete the extended drain When the extended drain is 
supporting a high voltage, a high breakdoWn voltage is 
maintained despite the increased charge density. 

[0009] A HVFET in Which tWo JFET channels are 
arranged in parallel to increase charge and reduce RSp is 
described in US. Pat. No. 5,313,082. This structure has 
several draWbacks. First, proper charge balance among the 
layers must be maintained in accordance With the RESURF 
principal discussed above. Secondly, according to the ’082 
patent the N-Well region, the P-type buried region, and the 
upper N-type region are all diffused from the surface. This 
makes it very dif?cult to maintain adequate charge balance 
among the layers. In addition, the heavily doped p-n junction 
betWeen the buried layer and drain diffusion region degrades 
the Vbd of the device. 

[0010] Thus, there still exists a need for an improved 
HVFET and a method of fabricating the same. The HVFET 
should exhibit a loW speci?c on-state resistance, be easily 
integrated on the same chip along With loW voltage logic 
devices, achieve the required minimum breakdoWn voltage 
in the smallest possible surface area, and be relatively 
inexpensive to manufacture. 

SUMMARY OF THE INVENTION 

[0011] In one embodiment, the HVFET of the present 
invention comprises a substrate of a ?rst conductivity type. 
A?rst region of a second conductivity type is disposed in the 
substrate. The ?rst region having a laterally extended portion 
that forms a lateral boundary With the substrate. A drain 
diffusion region of the second conductivity type is disposed 
in the ?rst region and is separated from the lateral boundary 
by the laterally extended portion. A second region of the ?rst 
conductivity type is also disposed in the substrate and 
spaced-apart from the lateral boundary. 

[0012] The HVFET also includes a source diffusion region 
of the second conductivity type disposed in the second 
region. A channel region is formed betWeen the source 
diffusion region and the lateral boundary. An insulated gate 
is disposed above the channel region to control current ?oW 
therein. A buried region of the ?rst conductivity type is 
sandWiched Within the laterally extended portion of the ?rst 
region to form a junction ?eld-effect structure in Which 
current ?oWs in the ?rst region both above and beloW the 
buried region. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention is illustrated by Way of 
example, and not limitation, in the ?gures of the accompa 
nying drawings, Wherein: 

[0014] FIG. 1 is a cross-sectional side vieW of one 
embodiment of the high-voltage, ?eld-effect transistor 
(HVFET) of the present invention. 

[0015] FIG. 2 is a cross-sectional side vieW of another 
embodiment of the present invention. 

[0016] FIG. 3 is a cross-sectional side vieW of still another 
embodiment of the present invention, Which includes a 
plurality of buried layers. 

[0017] FIG. 4 is a cross-sectional side vieW of an alter 
native embodiment of the present invention, Which also 
includes a plurality of buried layers. 

[0018] FIG. 5 is a cross-sectional side vieW of still another 
embodiment of the present invention. 

[0019] FIG. 6 is a cross-sectional side vieW of still another 
embodiment of the present invention. 

[0020] FIG. 7 is a top vieW of a HVFET having inter 
digitated source and drain “?ngertip” regions in accordance 
With one embodiment of the present invention, 

[0021] FIG. 8 is a cross-sectional side vieW of the HVFET 
shoWn in FIG. 7 taken along cut line BB. 

[0022] FIG. 9 is a cross-sectional side vieW of the HVFET 
shoWn in FIG. 7 taken along cut line CC. 

[0023] FIG. 10 is a cross-sectional side vieW of the 
HVFET shoWn in FIG. 7 taken along cut line DD. 

[0024] FIGS. 11a-11i are cross-sectional side vieWs that 
illustrate various processing steps that may be used to 
fabricate a HVFET in accordance With the present invention. 

[0025] FIG. 12 is a plot of a typical impurity concentra 
tion pro?le Within the laterally extended drain portion of the 
HVFET of one embodiment of the invention folloWing the 
process steps illustrated in FIG. 11c. 

[0026] FIG. 13 is a plot illustrating net impurity concen 
tration pro?le after compensation for an HVFET With ?ve 
JFET channels according to one embodiment of the inven 
tion. 

[0027] FIG. 14 is a cross-sectional side vieW of yet 
another embodiment of the present invention. 

DETAILED DESCRIPTION 

[0028] In the folloWing description, numerous speci?c 
details are set forth, such as material types, doping levels, 
structures, processing steps, etc., in order to provide a 
thorough understanding of the present invention. Practitio 
ners having ordinary skill in the semiconductor arts Will 
understand that the invention may be practiced Without 
many of these details. In other instances, Well-knoWn ele 
ments, techniques, and processing steps have not been 
described in detail to avoid obscuring the invention. 

[0029] The present invention relates to a high-voltage 
?eld-effect transistor that provides a loW on-state resistance 
for a given breakdoWn voltage. While n-channel HVFETs 
are presented herein for illustrative purposes, a p-channel 
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HVFET can be fabricated by appropriate reversal of the 
conductivity types associated With the various regions and 
layers. 

Device Structure 

[0030] Referring noW to FIG. 1, an exemplary n-channel 
HVFET is shoWn in accordance With one embodiment of the 
present invention. It should be understood that the present 
invention equally contemplates an analogous p-channel 
HVFET. The p-channel transistor may be realiZed by utiliZ 
ing the opposite conductivity types for all of the illustrated 
diffusion regions. 

[0031] FIG. 1 illustrates an insulated-gate, ?eld-effect 
transistor (IGFET) having a gate 12 (comprised, for 
example, of polysilicon), an insulating layer 20, comprised 
of silicon dioxide or another appropriate dielectric insulating 
material, and an underlying lightly-doped p-type substrate 
region 16. Gate 12, insulating layer 20 and substrate 16 
together form the insulated gate region of the device. In one 
embodiment, the gate region is a metal-oxide semiconductor 
(MOS), and the IGFET is a MOS transistor. 

[0032] An optional p-type region 15 is disposed in sub 
strate 16 spaced-apart from N-Well region 17. Additionally, 
a p-type buried layer 35 may be included beneath P-Well 15. 
A N+ source diffusion region 14 is shoWn formed in region 
15. An IGFET channel region 28 is formed betWeen N+ 
source diffusion region 14 and N-Well region 17. A source 
electrode 10 provides an electrical connection to N+ source 
diffusion region 14. Similarly, a drain electrode 11 connects 
to a N+ drain diffusion region 19. Source and drain elec 
trodes 10 and 11 may comprise a number of Widely used 
metals or metal alloys. Source electrode 10 is shoWn extend 
ing over an insulative layer 27 formed over gate 12 Where it 
functions as a ?eld plate. 

[0033] In the illustrative embodiment, a P+ diffusion 
region 13 is disposed adjacent to N+ source diffusion region 
14. Diffusion region 13 increases the integrity of the source 
to-substrate connection and reduces susceptibility of the 
device to parasitic bipolar effects. 

[0034] The HVFET of FIG. 1 also includes an N-Well 
region 17 having a laterally extended drain portion 23 With 
a lateral boundary 21 formed Within substrate 16. Disposed 
Within N-Well region 17 is a p-type buried region 18, and 
drain diffusion region 19. Buried region 18 is sandWiched 
Within N-Well region 17 in the laterally extended drain 
portion 23. As can be seen, buried region 18 is surrounded 
above, beloW and laterally by N-Well region 17. The 
embodiment of FIG. 1 also shoWs buried region 18 sepa 
rated from N+ drain diffusion region 19 by a portion of the 
N-Well region 17 to improve the breakdoWn voltage of the 
transistor. 

[0035] A drain electrode 11 provides an electrical connec 
tion to N+ drain diffusion region 19. Note that drain elec 
trode 11 also connects to a ?eld plate member 26, Which is 
insulated from the substrate and is located adjacent to drain 
diffusion region 19 over N-Well region 17. Like the extended 
portion of source electrode 10, ?eld plate member 26 acts to 
reduce peaks in the localiZed electric ?eld, thereby increas 
ing the breakdoWn voltage of the transistor. 

[0036] When the HVFET is in the on-state, electron cur 
rent ?oWs from the source diffusion region 14 through the 
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IGFET channel region 28, and then through dual, parallel 
JFET channels, formed by the N-above region 24 and the 
N-beloW region 25, and ?nally to drain diffusion region 19. 
As described beloW, the combined charge in the N-above 
and N-beloW regions 24 & 25 may be about 3><1012 cm_2, 
Which is about three times higher than that of a conventional, 
single JFET channel device. Thus, the resistance of the 
eXtended drain region is reduced to about 1/3 that of a 
conventional device. 

[0037] As Will be described beloW, other embodiments of 
the invention comprise additional JFET channels in the 
N-Well region 17 formed by a plurality of p-type buried 
layers. Thus, the folloWing discussion of features to the 
invention in Which only a single P-buried region lies Within 
the N-Well region applies equally to embodiments possess 
ing a plurality of P-buried regions in the N-Well region. 

[0038] In the off-state, N-above region 24, buried region 
18, N-beloW region 25, and a portion of the substrate 16 are 
mutually depleted of free carriers. In order to keep the 
electric ?eld beloW the critical electric ?eld at Which ava 
lanche breakdown occurs, the charge in each layer is bal 
anced. For eXample, the charge concentration is approXi 
mately 1><1012 cm-2 in N-above region 24, about 2><1012 
cm'2 in buried region 18, and about 2><1012 cm'2 in N-beloW 
region 25. 

[0039] In one implementation, buried region 18 is not left 
?oating (electrically), but instead is connected to substrate 
16 or another region having substantially the same potential. 
Substrate 16 is typically connected to ground, Which pro 
vides the double-sided JFET With enhanced sWitching char 
acteristics. 

[0040] As discussed above, the HVFET of FIG. 1 may 
include an additional region 15 into Which the N+ source 
diffusion region 14 and the P+ diffusion region 13 are 
diffused. One function of region 15 is to reduce the suscep 
tibility of the HVFET to drain-to-source punch-through. 
Another function is to provide an appropriate threshold 
voltage for the IGFET With less variance. Region 15 also 
loWers the base resistance of the parasitic NPN device and, 
thereby increases the safe operating area of the HVFET. 

[0041] The embodiment of FIG. 1 may also include a 
p-type buried layer 35 underlying the N+ source diffusion 
region 14 and the P+ diffusion region 13. Note that this 
region can be formed With the same implant step as p-type 
buried region 18, so as to minimiZe the cost and compleXity 
of the process. Buried layer 35 offers the same advantages 
as those described above for P-region 15. HoWever, buried 
layer 35 can be more heavily doped than region 15 because 
it is removed from the IGFET channel region and, therefore, 
does not affect the threshold voltage of the IGFET. Being 
more heavily doped, this layer is also effective in preventing 
parasitic NPN action. 

[0042] Another embodiment of the invention is shoWn in 
FIG. 2. This embodiment differs from that of FIG. 1 only in 
the thickness of the oXide above the laterally eXtended 
portion 23 of N-Well region 17. In FIG. 1, a uniform, thin 
?lm of oXide 36 is employed. The IGFET gate oXide may be 
used, Which has a typical thickness of 200-1000 angstroms. 
One advantage of using such thin oXide is that it reduces the 
required energy for the p-type buried implant used to form 
region 18. 
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[0043] In contrast, the device of FIG. 2 shoWs a thicker 
oXide layer 40 (typically 5000-15000 angstroms) above 
most of the laterally eXtended drift portion 23 of N-Well 
region 17. One bene?t of thick oXide layer 40 is that it 
provides an additional level When designing the source and 
drain ?eld plates that eXtend from the source and drain 
electrodes. Thick oXide layer 40 may also provide higher 
yield and reliability. It should be understood, hoWever, that 
the inclusion of the overlying oXide layer, or the thickness 
thereof, is not an essential aspect of the present invention. In 
certain embodiments, it may be eliminated entirely, or 
substituted With other suitable materials such as silicon 
nitride, etc. 

[0044] FIG. 3 shoWs another embodiment of the invention 
in Which a plurality of JFET conduction channels 41 are 
formed in the N-Well region 17. Other aspects and features 
of this embodiment are similar to the embodiment With dual 
JFET channels illustrated in FIGS. 1 and 2. For eXample, 
drain electrode 11 connects to a drain diffusion region 19 and 
includes a ?eld plate member 45 that covers part of laterally 
eXtended portion 23. Similarly, source electrode 11 is elec 
trically connected to N+ source diffusion region 14 and P+ 
diffusion region 13. Source electrode also includes a metal 
?eld plate member that eXtends over the channel region of 
the IGFET. Surrounding N+ source diffusion region 14 and 
P+ diffusion region 13, a p-type region 15 is optionally 
included to prevent punch-though. Gate 12 controls current 
How in the IGFET channel region formed betWeen N+ 
source diffusion region 14 and N-Well region 17. 

[0045] A thick oXide layer 40 may optionally overlie 
laterally extended portion 23 of N-Well region 17. The drain 
?eld plate 45, Which may be constructed from polysilicon or 
other suitable materials, is separated from an overlying 
portion of drain metal 11 by the inter-level dielectric layer 
50. 

[0046] With continuing reference to FIG. 3, tWo or more 
p-type buried regions 60 are disposed Within N-Well region 
17. Regions 60 may be formed, for eXample, by high-energy 
ion implantation. This results in an N-Well region 17 that is 
divided into multiple JFET conduction channels (e.g., 
N1-Nk+1) interleaved With the P-buried regions 60. The 
implant energies and doses may be chosen such that the 
maXimum charge in the uppermost conduction channel (N1) 
is limited to about 1><1012 cm2, in order to keep the maXi 
mum electric ?eld at the Nl/PB1 junction beloW the critical 
electric ?eld at Which avalanche breakdoWn occurs. The 
maXimum charge in each P-buried regions (PB1-PB1‘) and 
each of the remaining J FET channels (N2-Nk+1) is limited to 
about 2><1012 cm2 in the embodiment of FIG. 3. 

[0047] Those of ordinary skill in the art Will appreciate 
that to construct a N-Well region 17 With a plurality of JFET 
conduction channels, the doping and implant energy levels 
of the N-Well and the plurality of P-buried regions may be 
chosen to approximate the above-described charge levels. 
Although the uppermost buried region 60 (labeled “PB1”) is 
illustrated as lying beloW the upper surface of the N-Well 
region 17, this particular region may also be disposed at the 
upper surface of the N-Well region 17. 

[0048] With attention directed to FIG. 4, an embodiment 
of the invention is illustrated in Which p-type region 60 
denoted PB1 is formed coincident With, and just beloW, the 
upper surface of the N-Well region 17. In the embodiment of 
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FIG. 4 the number of JFET channels is equal to the number 
of P-buried regions 60. The charge in the uppermost P-bur 
ied layer PB1 is constrained to about 1><1012 cm2, While the 
charge in each of the remaining P-buried regions and the 
charge in each of the JFET channels 41 is constrained to 
about 2><1012 cm2. 

[0049] Because the resistance of the JFET channels 41 is 
inversely proportional to the total charge in these channels, 
each additional P-buried region 60 results in a reduction in 
on-resistance of the HVFET. For example, FIG. 4 shoWs a 
plurality of k buried regions 60 implanted into N-Well region 
17. As a result, there exist k JFET conduction channels 41 
formed in N-Well region 17. Thus, the embodiments illus 
trated in FIGS. 3 and 4 may achieve a much loWer on 
resistance at the same breakdown voltage achieved by prior 
art devices. 

[0050] FIGS. 3 and 4 also shoW the optional inclusion of 
additional p-type buried regions 65 formed vertically 
spaced-apart from one another beneath the source diffusion 
regions 13 and 14. To avoid affecting the splitting of the 
current in the various JFET conduction channels, the addi 
tional buried regions 65 are spaced laterally from buried 
regions 60 formed in the extended portion 23 of N-Well 17. 
The additional regions 65 counteract the penetration of drain 
potential into the IGFET channel region. This means that the 
source diffusion regions 13 and 14 may be fabricated closer 
to the N-Well region 17, advantageously resulting in a 
HVFET With a reduced IGFET channel length. 

[0051] Another embodiment of the invention is illustrated 
in FIG. 5. Similar to the previous embodiments, this struc 
ture comprises an HVFET having a drain electrode 11 
connected to a ?eld plate 26, a drain diffusion region 19, a 
source electrode 10 (also having an extended ?eld plate), 
source diffusion regions 13 and 14, substrate 16, and a 
p-type buried region 18. The embodiment shoWn in FIG. 5 
differs from the previous embodiments in that it does not 
include an N-Well region 17. Rather, the structure of FIG. 5 
comprises a n-type layer 106, Which may be formed by 
epitaxial deposition onto substrate 16. Alternatively, ion 
implantation and diffusion may be utiliZed to form layer 106 
in substrate 16. Layer 106, like previous embodiments, 
includes a laterally extended portion 23 into Which is 
sandWiched a buried layer 18. 

[0052] A p-type diffusion region 110 is formed Within the 
n-type layer 106 and is disposed under source diffusion 
regions 13 and 14. Region 110 provides an IGFET channel 
region 28 disposed under gate 12 betWeen source diffusion 
region 14 and n-type layer 106. Region 110 also provides 
protection from the occurrence of drain-to-source punch 
through. The P-buried region 18 disposed Within n-type 
layer 106 acts as an effective gate for a parallel-con?gured 
JFET having dual current channels. 

[0053] In the case Where layer 106 is formed by epitaxial 
deposition, the HVFET structure may be formed by a single 
high-energy implant to form region 18. AP+ isolation region 
109 may be needed Where layer 106 is formed by epitaxial 
deposition. On the other hand, in the case Where n-type layer 
106 is formed by implantation, P+ isolation region 109 may 
not be required. An additional p-type buried layer 35 may be 
implanted underneath the source diffusion regions 13 and 14 
to prevent punch-through. This permits realiZation of an 
IGFET With reduced channel length; it also reduces the 
susceptibility of the device structure to parasitic NPN action. 
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[0054] FIG. 6 depicts a cross-sectional vieW of another 
embodiment of the present invention Which includes n-type 
layer 106, Which may be formed by epitaxial deposition 
onto, or implantation and diffusion into, p-type substrate 16. 
A p-type diffusion region 111 formed Within n-type layer 
106 serves as the IGFET channel region 120 and provides 
protection from the occurrence of drain-to-source punch 
through. In this embodiment the IGFET channel region 120 
is formed in a circular, rectilinear or hemispherical shape 
betWeen regions 14 and 106. Dual JFET channels are 
provided for current ?oW through the N-above region 24 and 
the N-beloW region 25. 

[0055] The presence of the additional IGFET channel 
region in the embodiment of FIG. 6 provides about tWice the 
IGFET channel Width for a given HVFET Width compared 
to previous embodiments. It also has advantages of loWer 
IGFET channel resistance and higher IGFET saturation 
current compared to other embodiments. While only a single 
p-type buried layer 18 is illustrated, additional p-type buried 
layers may be included as discussed previously. 

[0056] In an alternative embodiment of the present inven 
tion, the buried region may be formed With a plurality of 
openings that vertically connect the above conduction region 
to the beloW region, thereby permitting current to How 
betWeen the above and beloW region through the openings. 
FIG. 14 is a cross-sectional side vieW of this embodiment, 
Which shoWs a p-type buried layer 88 extending through 
N-Well region 17 and under diffusion regions 13 and 14 of 
the device. Buried layer 88 includes openings 81 that 
connect the N-above region 72 to the N-beloW region 73 to 
form dual JFET conduction channels. Note that one of the 
openings is located adjacent to gate 12. Practitioners in the 
art Will appreciate that the embodiment of FIG. 14 advan 
tageously permits the design of short IGFET channel 
lengths. 
[0057] In the embodiment of FIG. 14, buried layer 88 may 
be connected to ground potential via substrate 16 to ensure 
optimal sWitching characteristics for the device. Also, it 
should be understood that the breakdoWn voltage of the 
HVFET can be increased by locating one of the openings 81 
close to the drain diffusion region 19. 

[0058] The location, siZe, shape, and number of openings 
81 may vary considerably in the embodiment of FIG. 14. 
For example, openings 81 may be hexagonal, rectilinear, 
circular, triangular, or some other shape. Individual ones of 
the openings may also vary With respect to each other. 
Additionally, the location, siZe, shape and number of open 
ings may be arranged to create a variety of patterns (e.g., 
checkerboard) in buried layer 88. Those of ordinary skill in 
the art Will further understand that the effective charges in 
the N-above region 72, N-beloW region 73, and buried layer 
88 can be adjusted such that buried layer 88 depletes in a 
three-dimensional fashion. For instance, a spherical p-type 
buried layer can deplete n-type charges around it in a 
three-dimensional fashion. Thus, a spherically or other 
shaped buried layer can be formed to take advantage of 
multi-dimensional depletions. 

[0059] With reference noW to FIG. 7, a top vieW of a 
HVFET 500 having inter-digitated source and drain “?n 
gertip” regions is illustrated. Various cross-sectional side 
vieWs of the device structure are shoWn in FIGS. 3, 8, 9 and 
10. (Note that FIG. 3 is a vieW taken along cut line A:A of 










