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(57) ABSTRACT 

A method of forming medium breakdown voltage vertical 
transistors (11) and lateral transistors (12, 13) on the same 
substrate (14) provides for optimizing the epitaxial layer 
(16) for the lateral transistors (12, 13). The vertical transistor 

tries, LLC, (11) is formed in a Well (18) that has a loWer resistivity than 
the epitaxial layer (16) to provide the required loW on 

(21) Appl. No.: 10/464,971 resistance for the vertical poWer transistor (11). 
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METHOD OF FORMING A VERTICAL POWER 
SEMICONDUCTOR DEVICE AND STRUCTURE 

THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates, in general, to elec 
tronics, and more particularly, to methods of forming semi 
conductor devices and structure. 

[0002] In the past, the semiconductor industry utiliZed 
various structures and methods to form vertical poWer 
transistors on the same substrate With lateral loW breakdown 
voltage transistors. Forming both a vertical poWer transistor 
and a lateral transistor on the same semiconductor die Was 
highly desirable and offered designers the ?exibility to 
combine various functions on a single semiconductor die. 
The vertical poWer transistor usually had a higher break 
doWn voltage than the lateral transistors. In order to obtain 
the higher breakdoWn voltage, the vertical transistor Was 
formed in a thick epitaxial layer that had a high resistivity. 
One accepted ?gure of merit for the resulting on-resistance 
of the vertical transistor Was the on-resistance area product. 
The vertical transistors typically had an on-resistance area 
product that Was no less than one (1.0) milli-ohm-cm2. The 
lateral transistor had to be formed in a Well in the epitaxial 
layer. The large thickness of the epitaxial layer provided 
sufficient depth to form the high resistivity Well for the 
lateral transistor Within the epitaxial layer. 

[0003] In some applications it Would have been advanta 
geous to build medium or loW breakdoWn voltage vertical 
poWer transistors on the same die With lateral transistors. 
Medium and loW breakdoWn voltage vertical poWer transis 
tors generally had a breakdoWn voltage no greater than 
about forty volts (40 V). HoWever, medium and loW break 
doWn voltage vertical transistors used a thinner epitaxial 
layer than the high breakdoWn voltage vertical transistors. A 
thinner epitaxial layer generally did not alloW suf?cient 
room to form the Well in Which the lateral devices Were built. 
Consequently, it Was dif?cult to combine any lateral tran 
sistors on the same semiconductor die With medium or loW 
breakdoWn voltage vertical poWer devices. 

[0004] Accordingly, it is desirable to have a method of 
forming a medium or loW breakdoWn vertical poWer tran 
sistor and lateral transistors on the same semiconductor die. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 schematically illustrates a cross-sectional 
portion of an embodiment of semiconductor device in accor 
dance With the present invention; 

[0006] FIG. 2 schematically illustrates an embodiment of 
a portion of the semiconductor device of FIG. 1 at a stage 
of manufacturing in accordance With the present invention; 

[0007] FIG. 3 schematically illustrates an embodiment of 
a portion of the semiconductor device of FIG. 1 at another 
stage of manufacturing in accordance With the present 
invention; and 

[0008] FIG. 4 schematically illustrates an embodiment of 
a portion of the semiconductor device of FIG. 1 at still 
another stage of manufacturing in accordance With the 
present invention. 

Dec. 23, 2004 

[0009] For simplicity and clarity of illustration, elements 
in the ?gures are not necessarily to scale, and the same 
reference numbers in different ?gures denote the same 
elements. Additionally, descriptions and details of Well 
knoWn steps and elements are omitted for simplicity of the 
description. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 schematically illustrates a cross-sectional 
portion of a semiconductor device 10 that includes a lateral 
transistor 12, another lateral transistor 13, and a high current 
vertical poWer transistor 11 that has a loW on-resistance. 
Transistor 11 typically has a medium breakdoWn voltage but 
may also have a loW breakdoWn voltage. Transistor 11 
typically has an on-resistance area product that is no greater 
than about 0.7 milli-ohm-cm2. The method of forming 
transistors 11, 12, and 13 facilitates forming various types of 
lateral transistors, other active elements, and passive ele 
ments on the same semiconductor die With vertical poWer 
transistor 11. Transistors 11, 12, and 13 are identi?ed in a 
generally Way by arroWs. In the preferred embodiment, 
transistors 11 and 12 are N-channel transistors and transistor 
13 is a P-channel transistor. HoWever, a person of ordinary 
skill in the art Will appreciate that it is possible to form 
transistors 11 and 12 as P-channel devices and transistor 13 
as an N-channel device. 

[0011] Semiconductor device 10 includes a substrate 14 
that has an epitaxial layer 16 formed on a surface of 
substrate 14. Layer 16 typically is formed as an epitaxial 
layer that has a loWer doping concentration and higher 
resistivity than substrate 14. Layer 16 is formed to have a 
thickness 15 and a resistivity that are suitable for forming 
lateral transistors 12 and 13. The resistivity of layer 16 
generally is much higher than the resistivity needed to form 
a loW on-resistance vertical poWer transistor. Thickness 15 
generally is no greater than ?ve (5) microns and the resis 
tivity of layer 16 usually is no greater than about 0.8 
ohm-centimeter. In the preferred embodiment, layer 16 is 
N-type semiconductor material that has a resistivity betWeen 
about 0.6 and 0.8 ohm-centimeter and has a thickness that is 
no greater than about four to ?ve microns. Such a resistivity 
and thickness of layer 16 facilitates forming transistors 12 
and 13 in layer 16. Previously, such a resistivity and thick 
ness Were not suitable for forming a loW on-resistance high 
current vertical poWer transistor. Substrate 14 preferably has 
a resistivity that is no greater than approximately 0.005 
ohm-centimeter. 

[0012] As Will be seen in more detail hereinafter, the 
method of forming device 10 also facilitates forming tran 
sistor 11 Within a ?rst doped region or ?rst Well 18 that is 
formed in layer 16. Well 18 is formed to have a conductivity 
type that is the same as the conductivity type of substrate 14 
and a resistivity that is less than the resistivity of layer 16 
and that is greater than the resistivity of substrate 14. Lateral 
transistor 12 is formed to include a source region 31 and a 
drain region 32 that are formed in a second doped region or 
second Well 19. A gate insulator 33 and a gate conductor 34 
of transistor 12 are formed on the surface of layer 16 and 
interposed betWeen regions 31 and 32. Lateral transistor 13 
is formed to include a high voltage drain region 42, a drain 
43 formed Within region 42, and a source region 41. A gate 
insulator 44 and a gate conductor 46 of transistor 13 are 
formed on the surface of layer 16 and interposed betWeen 
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regions 41 and 42. Vertical power transistor 11 is formed to 
also include a plurality of third Wells or drift regions 21 that 
each have a fourth Well or body region 22 formed therein. A 
plurality of source regions 23 are formed in drift regions 21 
and intersect body regions 22. A gate insulator 24 and gate 
conductor 26 are formed on the surface of layer 16 adjacent 
to each source region 23. It should be noted that regions 21 
could also be formed as one continuous region such as 
stripes that all converge at one end into one common doped 
region. Insulator 24 and conductor 26 are a portion of a gate 
structure that is overlying a portion of region 21 and adjacent 
to one of the plurality of gate structures. As is Well knoWn 
in the art that the number of regions 21 and 23 affect the 
current capacity of transistor 11, and also that transistor 11 
could be formed With a single drift region 21 and source 
region 23. A drain contact 17 is formed on a surface of 
substrate 14 opposite to layer 16. 

[0013] In the preferred embodiment, transistor 11 is a 
vertical N-channel poWer ?eld effect transistor having a 
breakdown voltage of about ?fteen volts (15 V) to forty volts 
(40 V), and an on-resistance area product that is about 0.5 
milli-ohm-cm2. In this preferred embodiment, substrate 14, 
layer 16, Well 18, and regions 23 are N-type semiconductor 
material While regions 21 and 22 are doped P-type. Also, 
transistor 12 is an N-channel lateral transistor thus Well 19 
is doped P-type and regions 31 and 32 are N-type. Transistor 
13 is a P-channel lateral transistor thus drain 43 and regions 
41 and 42 are doped P-type. 

[0014] FIG. 2 through FIG. 4 schematically illustrate an 
embodiment of a portion of device 10 at various stages of 
manufacturing. This explanation Will have references to 
FIG. 1 through FIG. 4. A portion of layer 16 is doped to 
form ?rst doped region or ?rst Well 18. Typically, Well 18 is 
doped to have a resistivity that is no greater than approxi 
mately 0.3 ohm-centimeter and preferably is about 0.15 
ohm-centimeter. Well 18 typically extends from the surface 
of layer 16 through layer 16 to electrically contact substrate 
14. Well 18 preferably is formed by ion implantation of 
phosphorus but may be formed by other doping materials 
and doping techniques. 

[0015] As shoWn by FIG. 3 after Well 18 is formed, 
second doped region or second Well 19 is formed in another 
portion of layer 16 juxtaposed to Well 18. Well 19 is formed 
to have a doping type that is opposite to the doping type of 
substrate 14 and a resistivity that is less than the resistivity 
of Well 18 but greater than the resistivity of substrate 14. 
Typically the resistivity of Well 19 is about one thousand 
(1000) to three thousand (3000) ohms per square, and 
preferably is about tWo thousand (2000) ohms per square. 
Well 19 has a thickness or depth into layer 16 that is less than 
thickness 15 and typically does not electrically contact 
substrate 14. Also, high voltage drain region 42 of transistor 
13 is formed in another portion of layer 16 Where transistor 
13 is to be formed. Additionally, plurality of third Wells or 
drift regions 21 are formed in Well 18. Well 19, regions 21, 
and region 42 are of the same conductivity type and could 
be formed at the same time thereby saving masking and 
implantation steps and the associated costs. 

[0016] Referring to FIG. 4, fourth Well or body region 22 
is formed in each region 21. Preferably source region 41 and 
drain 43 of transistor 13 are formed at the same time as each 
region 22 in order to loWer manufacturing costs since all 
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have the same conductivity type. Regions 21, 41, and 43 are 
formed by ion implantation or other Well knoWn doping 
techniques. 
[0017] Referring back to FIG. 1, subsequently, source 
regions 23 are formed in each region 21, and source region 
31 and drain region 32 are formed in Well 19 by Well knoWn 
techniques such as ion implantation. As is Well knoW in the 
art, transistor 11 may include many regions 21 although only 
tWo are illustrated in FIG. 1 through FIG. 4 for simplicity 
of the illustration. Regions 21 that are adjacent to the edges 
of Well 18 are positioned or formed to intersect the sides of 
Well 18, as illustrated by dashed lines 25, to provide a stable 
breakdoWn voltage around the edges of Well 18. 

[0018] In vieW of all of the above, it is evident that a novel 
device and method is disclosed. Included, among other 
features, is forming a vertical poWer transistor in a Well that 
has a loW resistivity and high current capacity and is the 
same conductivity type as an epitaxial layer that has a 
thickness and resistivity that are optimiZed for forming 
lateral transistors. Doping a portion of the epitaxial layer to 
form the Well facilitates forming the medium breakdoWn 
voltage vertical transistor on the same semiconductor die 
With numbers of lateral transistors and other types of elec 
trical elements. The lateral transistors have a higher on 
resistance than the poWer transistor and are formed in the 
same epitaxial layer. 

[0019] While the invention is described With speci?c 
preferred embodiments, it is evident that many alternatives 
and variations Will be apparent to those skilled in the 
semiconductor arts. More speci?cally the invention has been 
described for a particular N-channel vertical poWer transis 
tor structure, although the method is directly applicable to 
other poWer devices such as IGBT’s and P-channel MOS 
FETs. 

1. A method of forming a vertical poWer transistor com 
prising: 

providing a substrate of a ?rst conductivity type having a 
?rst resistivity; 

forming a layer of the ?rst conductivity type on the 
substrate, the layer having a second resistivity that is 
greater than the ?rst resistivity; 

forming in the layer a ?rst Well having the ?rst conduc 
tivity type including forming the ?rst Well having a 
third resistivity that is less than the second resistivity; 

forming another Well having a second conductivity type 
Within the ?rst Well; 

forming a second Well having the second conductivity 
type in the layer and adjacent to the ?rst Well; 

forming a vertical active device in the another Well; and 

forming a lateral active device external to the another 
Well. 

2. The method of claim 1 Wherein forming the lateral 
active device external to the another Well includes forming 
the lateral active device in the second Well. 

3. The method of claim 1 Wherein forming the lateral 
active device external to the another Well includes forming 
the lateral active device in the layer. 

4. The method of claim 1 Wherein forming in the layer the 
?rst Well having the ?rst conductivity type including form 
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ing the ?rst Well having the third resistivity that is less than 
the second resistivity includes forming the ?rst Well to have 
a resistivity no greater than 0.3 ohrn-crn. 

5. The method of claim 4 wherein forming the layer of the 
?rst conductivity type on the substrate includes forming the 
layer to have a resistivity no greater than 0.8 ohrn-crn. 

6. The method of claim 1 wherein forming the layer of the 
?rst conductivity type on the substrate includes forming the 
layer to have a thickness no greater than about 5 .0 microns. 

7. The method of claim 1 wherein forming the layer of the 
?rst conductivity type on the substrate includes forming the 
layer to have a thickness betWeen 4.0 and 5.0 microns. 

8. The method of claim 1 wherein forming the another 
Well having the second conductivity type Within the ?rst 
Well includes forming a plurality of another Wells Within the 
?rst Well. 

9. The method of claim 1 wherein forming the another 
Well having the second conductivity type Within the ?rst 
Well includes positioning an edge of the another Well to at 
least touch an edge of the ?rst Well. 

10. The method of claim 1 wherein forming in the layer 
the ?rst Well having the ?rst conductivity type includes 
forming at least a portion of the ?rst Well to eXtend through 
the layer and intersect the substrate. 

11. The method of claim 1 wherein forming the second 
Well having the second conductivity type in the layer and 
adjacent to the ?rst Well includes forming the second Well to 
have a thickness that is less than a thickness of the layer. 

12. The method of claim 1 wherein forming the layer of 
the ?rst conductivity type on the substrate include forming 
an epitaxial layer on the substrate. 

13. A semiconductor device structure comprising: 

a substrate of a ?rst conductivity type; 

a layer of the ?rst conductivity type on the substrate, the 
layer having a ?rst resistivity and a ?rst thickness; 

a ?rst Well of the ?rst conductivity type in the layer, the 
?rst Well having a second resistivity that is less than the 
?rst resistivity; 
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a second Well of a second conductivity type in the ?rst 
Well Wherein the second Well is a portion of a vertical 

transistor; and 

a third Well of a second conductivity type in the layer and 
outside of the ?rst Well Wherein the third Well is a 
portion of a lateral transistor. 

14. The semiconductor device structure of claim 13 
Wherein the layer of the ?rst conductivity type on the 
substrate includes the layer having a thickness no greater 
than 5 .0 microns. 

15. The semiconductor device structure of claim 13 
Wherein the layer of the ?rst conductivity type on the 
substrate includes the layer having a thickness no greater 
than 4.0 to 5.0 microns. 

16. The semiconductor device structure of claim 13 
Wherein the layer of the ?rst conductivity type on the 
substrate, the layer having the ?rst resistivity includes hav 
ing the ?rst resistivity no greater than 0.8 ohrn-crn. 

17. The semiconductor device structure of claim 13 
Wherein the layer of the ?rst conductivity type on the 
substrate, the layer having the ?rst resistivity includes hav 
ing the ?rst resistivity betWeen 0.6 ohrn-crn and 0.8 ohrn-crn. 

18. The semiconductor device structure of claim 13 
Wherein the ?rst Well of the ?rst conductivity type in the 
layer, the ?rst Well having the second resistivity includes 
having the second resistivity no greater than 0.3 ohrn-crn. 

19. The semiconductor device structure of claim 13 
further including forming a plurality of second Wells Within 
the ?rst Well, forming a plurality of source regions Within 
each second Well, and forming a gate structure overlying a 
portion of one of the plurality of second Wells and adjacent 
to one of the plurality of source regions. 

20. The semiconductor device structure of claim 13 
Wherein the layer of the ?rst conductivity type on the 
substrate includes an epitaXial layer. 


