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(57) ABSTRACT 
Correspondence Address: 
James J. Stipanuk A structure for making a LDMOS transistor (100) includes 
Semiconductor Components Industries, L.L.C. an interdigitated Source finger (26) and a drain finger (21) on 
Patent Administration Dept - MD/AT00 a substrate (15). Termination regions (35, 37) are formed at 
P.O. BOX 62890 the tips of the Source finger and drain finger. A drain (45) of 
Phoenix, AZ 85082-2890 (US) a Second conductivity type is formed in the Substrate of a 

first conductivity type. A field reduction region (7) of a 
(73) Assignee: Semiconductor Components Indus- Second conductivity type is formed in the drain and is 

tries, LLC. wrapped around the termination regions for controlling the 
depletion at the tip and providing higher Voltage breakdown 

(21) Appl. No.: 10/384,144 of the transistor. 
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LDMOS TRANSISTOR WITH ENHANCED 
TERMINATION REGION FOR HIGH 
BREAKDOWN VOLTAGE WITH LOW 

ON-RESISTANCE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates in general to semi 
conductor devices and more Specifically to high Voltage 
lateral-diffused-metal-oxide-semiconductor (LDMOS) tran 
Sistors. 

0002 Many applications use Switching transistors in their 
power Supplies in order to increase efficiency. These appli 
cations often require that the Switching transistors withstand 
high breakdown Voltages and operate at a low on-resistance. 
LDMOS transistors are used in these applications, because 
they can operate with a high efficiency and their planar 
Structure allows for easy integration on a Semiconductor die 
with other circuitry. 

0003) To improve capacity, power-switching transistors 
typically are formed with multiple interdigitated Source and 
drain regions connected in parallel. To avoid routing high 
Voltage metal over an underlying low Voltage Semiconductor 
region, the multiple drain regions are extended to form a 
common region for disposing a drain-bonding pad. AS a 
result, the surface topography of a LDMOS transistor is 
typically configured using interdigitated Source fingers and 
drain fingers with tips at the ends of the fingers. 

0004 One problem that limits the breakdown voltage of 
the LDMOS transistor is the concentration of the electric 
field at the tip of both the source fingers and the drain 
fingerS. Rounding the Source and drain tips are used to 
reduce the concentration of the electric field. 

0005. However, rounding the source and drain tips are 
not adequate at a higher Voltage or when a Smaller tip is 
needed, because a higher Voltage or a Smaller tip further 
increases the concentration of the electric field at the tip. 
Previous transistors use rounded tips with a relatively large 
radius to reduce these electric fields. However, the large 
radius increases the die Size and manufacturing cost of the 
device, while reducing the radius reduces the breakdown 
Voltage. 

0006 Hence, there is a need for a LDMOS transistor that 
can withstand higher breakdown Voltages without increasing 
the die Size and manufacturing cost of the transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a cross-sectional view of a transistor; 

O008) 

0009 FIG. 3 is a cross-sectional view of a portion of the 
transistor including a termination region and a drain region; 

0.010 FIG. 4 is a top-view of a portion of the transistor 
showing Source finger details, and 

0.011 FIG. 5 is a top-view of a portion of the transistor 
showing drain finger details. 

FIG. 2 is a top-view of the transistor; 
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DETAILED DESCRIPTION OF THE DRAWINGS 

0012. In the figures, elements having the same reference 
numbers have Similar functionality. 
0013 FIG. 1 shows a cross-sectional view of a lateral 
diffused-metal-oxide-semiconductor (LDMOS) power tran 
sistor 100 formed on a semiconductor Substrate 15 for use in 
a Switching regulator. Transistor 100 includes a Source 
region 2 and a drain region 45 for electrically coupling to a 
channel Section 51 for conducting a current I. Source region 
2, drain region 45 and channel section 51 are all formed at 
a Surface 16 of Substrate 15 to facilitate the addition of other 
circuitry (not shown) in order to form an integrated circuit 
that contains transistor 100. In one embodiment, transistor 
100 operates with a drain to source and drain to gate 
breakdown Voltage of more than Seven hundred volts. 
0014 Semiconductor substrate 15 has p-type conductiv 
ity and a high resistivity. In one embodiment, Semiconductor 
substrate 15 is lightly doped to provide a high breakdown 
voltage, with a doping concentration in a range of about 
1.0*10 to 2.0*10' atoms/centimeter. 
0015. An implanted high voltage p-well region 4 is 
formed in Substrate 15 to form channel section 51 at Surface 
16. The p-type dopants increase the conduction threshold of 
channel Section 51 in order to increase noise immunity and 
prevent false triggering of transistor 100. P-well region 4 
provides an additional benefit of reducing device Suscepti 
bility to high voltage punch-through between drain region 
45 and Source region 2. In one embodiment, p-well region 4 
is doped with a surface concentration of about 1.5*107 
atoms/centimeter and formed to a depth of about 2.5 
micrometers below Surface 16. 

0016 A contact region 1 is formed within p-well region 
4 and is highly doped with the same conductivity type to 
provide an ohmic contact to the p-well region 4. In one 
embodiment, the contact region 1 has a Surface concentra 
tion of about 5.0*10 atoms/centimeters and a depth of 
about 0.8 micrometers below surface 16. Contact region 1 
reduces the Susceptibility of transistor 100 to parasitic 
bipolar effects. 
0017 A Source region 2 is formed within p-well region 4 
to make electrical contact to channel Section 51. In one 
embodiment, Source region 2 is implanted with n-type 
dopants to have a concentration of about 1.0*10' atoms/ 
centimeter and is formed to a depth of about 0.8 micron 
below Surface 16. 

0018 Drain region 45 includes a first drain portion 6, a 
Second drain portion 9 and a region 8 for making electrical 
contact to drain region 45. First drain portion 6 is lightly 
doped and forms a junction 12 with substrate 15, and a 
junction 29 with the p-well region 4. In one embodiment, the 
first drain portion 6 has a depth of about Six micrometers 
below the surface 16 and is doped to about a 3*10'atoms/ 
cm. 

0019. The second drain portion 9 is heavily doped and is 
formed within the first drain portion 6. The heavy doping of 
Second drain portion 9 improves the current carrying capa 
bility by keeping the on-resistance low. A junction 12 forms 
between the first 6 and second 9 drain portions and the 
substrate 15. In one embodiment, second drain portion 9 is 
formed about ten micrometers further from the channel 
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section 51 than the first drain portion 6. This offset leaves the 
part of the first drain portion 6 that extends laterally from 
Second drain portion 9, i.e., closer to the channel Section 51, 
lightly doped to avoid a premature breakdown near the 
surface 16 in the vicinity of the channel section 51. In one 
embodiment, the second drain portion 9 has a depth of about 
nine micrometers below the Surface 16 of the Substrate 15 
and is doped to about a 1*10' atoms/cm. 
0020 Region 8 is formed within the first 6 and second 9 
drain portions and is heavily doped to about 1*10'atoms/ 
cm. Region 8 provides an ohmic contact for externally 
coupling a drain current via a drain contact 71 to drain 
region 45. 
0021. A field reduction region, or p-top region 7, is 
formed at surface 16 within the drain region 45. The p-top 
region 7 is doped with a p-type conductivity to form a 
junction 10 with the first 6 and second 9 drain portions. The 
depth of p-top region 7 is less than the depth of the first 6 and 
Second 9 drain portions. In one embodiment, the p-top 
region 7 is formed in the first 6 and second 9 drain portions 
to a depth of about two micrometers below the surface 16 
and is doped to about a 3*10'atoms/cm. The location of 
the p-top region 7 relative to the second drain portion 9 
changes the on-resistance and breakdown voltage of the 
transistor 100. For example, it can be shown that forming the 
p-top region 7 further away from the channel section 51 will 
decrease the on-resistance and breakdown Voltage, or form 
ing the p-top region 7 nearer to the channel Section 51 will 
increase the on-resistance and breakdown Voltage. In one 
embodiment, the second drain portion 9 is laterally offset 
about three micrometers closer to the channel section 51 
than the p-top region 7. 
0022. A dielectric layer 13 is formed over the first 6 and 
Second 9 drain portions and p-top region 7 to a thickness, in 
one embodiment, of about 1.2 micrometers. In one embodi 
ment, dielectric layer 13 comprises a thermally grown 
silicon dioxide. In another embodiment, dielectric layer 13 
may be formed using a deposited oxide. 
0023. A gate dielectric layer 52 is formed over channel 
section 51. In one embodiment, gate dielectric layer 52 is 
made of Silicon dioxide grown over Surface 16 to a thickneSS 
of about 600 angstroms. 
0024. A gate 3 is formed over the gate dielectric layer 52 
to function as a control electrode that varies the conductivity 
of channel section 51 within the p-well region 4. In one 
embodiment, gate 3 is made of polycrystalline Silicon. Note 
that gate 3 extends over a portion of the dielectric layer 13 
to redistribute the electric field. 

0025) An interlayer dielectric region 28 (ILD) covers a 
portion of gate 3, gate dielectric layer 52, dielectric layer 13 
and region 8 as shown. Portions of the ILD 28 are opened 
during processing to provide for electrically contacting 
Source electrode 19, gate electrode 18 and drain electrode 
17. In one embodiment, ILD 28 comprises silicon dioxide 
deposited to a thickness of about thirteen thousand ang 
stroms. Also, the ILD 28 provides protection for the tran 
Sistor 100. 

0026. A standard metallization layer is disposed over 
surface 16 to form a source electrode 19 coupled to source 
region 2, a gate electrode 18 coupled to gate 3, and a drain 
electrode 17 coupled to region 8 of drain region 45. Source 
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electrode 19 electrically connects regions 1 and 2 to main 
tain them at the same potential. In one embodiment, Source 
electrode 19 is biased at ground potential. 
0027 FIG. 2 is a top-view of transistor 100 showing 
Selected features in order to generally describe the layout, 
including an interdigitated Source finger 26 and drain fingers 
21 and 23 of region 8. The locations for cross-sectional 
ViewS 1-1 and 2-2 are indicated, and those cross-sectional 
views are shown in FIG. 1 and FIG.3 respectively. 
0028. The source finger 26 includes a device portion 27 
and a termination region 35. The device portion 27 contains 
the source region 2 (not shown). The device portion 27 is 
bounded on each side by junction 29 and is used to couple 
channel sections 31 and 51 of channel 50 for conducting 
currents I and I, respectively. The upper extent of the 
device portion 27, and therefore Source region 2, is generally 
across from the drain tip 37 of the drain finger 21. The lower 
extent of the device portion 27, and therefore Source region 
2, generally lies across from boundary 38 of junction 12. 
0029 Termination region 35 is the shovel-shaped region 
adjacent to the device portion 27 extending generally from 
boundary 38 to the curved portion of junction 12. 
0030 The p-well region 4 is formed through the entire 
length of the device portion 27 and extends from the device 
portion 27 to the perimeter of Substrate 15. 
0031 Drain fingers 21 and 23 are formed as thin, finger 
shaped portions of region 8 that extend upwardly within 
drain region 45 as shown. Drain fingers 21 and 23 are 
electrically coupled by Virtue of region 8 being formed as a 
continuous region. 
0032 Channel sections 31 and 51 of channel 50 lie along 
junction 29 within device portion 27 to electrically couple 
Source region 2 and the drain region 45. From a line 47 
centered within device portion 27 between the first and 
Second currents I and I, the first and Second currents I and 
I flow respectively through channel sections 31 and 51 in 
opposite directions generally perpendicular with respect to 
the line 47. Currents I and I are routed along drain 
electrode 17 (not shown) for Summing at drain bonding pads 
25 to provide a high current capacity. 
0033. The source pads 24 are connected to source region 
2 via metallization (not shown), and the Source pads 24 are 
used to connect to external circuitry. 
0034 FIG. 3 shows a cross-sectional view of transistor 
100 showing the p-top region 7 and the first 6 and second 9 
drain portions formed in the vicinity of the termination 
region 35. This cross-sectional view is distinguished from 
the cross-sectional view illustrated in FIG. 1, because there 
is no p-well, Source region, or channel. The termination 
region 35 is used to distribute the electric field, thereby 
increasing the breakdown voltage of the transistor 100 to 
produce a more robust device. 
0035. As previously mentioned, transistor 100 operates at 
a Voltage of more than of Seven hundred volts. By increasing 
the voltage applied to the drain electrode 17 to seven 
hundred volts with the source electrode 19 grounded, deple 
tion occurs at the termination region 35 and extends outward 
in both directions from junctions 10 and 12. From junction 
12, the depletion extends outward into Substrate 15 and into 
the first 6 and second 9 drain portions. In addition, depletion 
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from junction 10 extends outward into the first 6 and second 
9 drain portions and into the p-top region 7. This additional 
depletion at junction 10 reduces the peak electric field of 
transistor 100, thereby contributing to a more consistently 
high breakdown Voltage and a more robust device. 
0.036 FIG. 4 is a top-view of a portion of the transistor 
100 showing details of Source finger 26, including the lower 
extent of the device portion 27 and termination region 35, 
and showing the location of the p-top region 7. Note that 
p-top region 7 is formed continuously along the drain region 
45. The drain region 45 is formed along both the device 
portion 27 and the termination region 35. 
0037. The p-well region 4 is formed throughout the 
device portion 27. In one embodiment, the lower end of the 
p-well region 4 has a rounded end 36. 
0.038. The contact region 1 is formed along the line 47 
and at the Surface 16 of Substrate 15 and has a rounded end 
32. 

0.039 Source region 2 is shown as having a generally 
Straight Structure. However, Source region 2 may be formed 
in Virtually any shape. For example, in one embodiment the 
Source region 2 comprises two portions 2A and 2B, each 
lying on opposite sides of line 47. Portion 2A to the left of 
the line 47 has a side coupled to channel section 31 of 
channel 50 to conduct the current I, and portion 2B to the 
right of the line 47 has a side coupled to channel section 51 
of channel 50 to conduct the current I. Portions 2A and 2B 
have ends 30A and 30B respectively that define line 53 
generally parallel to the direction of currents I and I2. On 
the other side of the line 53 no channel 50 will form. Below 
the bottom ends 30A and 30B of the source region 2, there 
is no channel formation and or current. In one embodiment, 
the bottom ends 30A and 30B of the source region 2 are the 
edge of the Source region 2 generally closest to the tip 42 of 
the Source finger 26. In one embodiment, the device portion 
27 is the channel forming portion of the Source finger 26, and 
the termination region 35 is the non-channel forming portion 
of the Source finger 26. In one embodiment, the Source 
region 2 is made of a plurality of areas along the length of 
the p-well 4. In another embodiment, the bottom ends 30A 
and 30B of Source region 2 are not rounded and do not 
extend as far as the rounded end 32 of the contact region 1. 
In an alternate embodiment, the bottom ends 30A and 30B 
are rounded. 

0040. The gate 3 is shown with dashed-lines, and in one 
embodiment the lower extent of the gate is rounded. In one 
embodiment, the width of gate 3 extends from Source region 
2 over channel sections 31 and 51 of channel 50 to drain 
region 45. In another embodiment, the gate 3 extends at least 
the length of the device portion 27. 
0041. The termination region 35 is formed to fully 
deplete when the transistor 100 reaches its maximum break 
down Voltage. Termination region 35 is adjacent to the 
bottom ends 30A and 30B of the source region 2 and is 
intersected by an extension or projection 47A of the line 47. 
In the embodiment shown in FIG. 3, no p-well region or 
p-top region is formed within termination region 35. 
0042. Note that the both the portion of drain region 45 
that Surrounds termination region 35 and the portion adja 
cent to device portion 27 contain p-top region 7. Hence, 
p-top region 7 is formed in directions both parallel and 
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perpendicular to the direction of currents I and I2. That is, 
p-top region 7 is formed within the area of drain region 45 
lying adjacent to channel sections 51 and 31 of channel 50, 
and also within the portion of drain region 45 that surrounds 
termination region 35. Hence, a portion of p-top region 7 
intersects projection 47A of line 47 and another portion is 
formed generally perpendicular to line 47. For example, the 
portion of p-top region 7 formed nearly perpendicular to the 
direction of currents I and I is generally below the tip 42 
of the Source finger 26. 
0043. This arrangement results in p-top region 7 being 
formed as a continuous region, thereby allowing termination 
region 35 to be reduced in area to reduce the manufacturing 
cost of transistor 100 without sacrificing its breakdown 
Voltage or increasing its on-state resistance. 
0044) The formation of the p-top region 7 within the 
drain region 45 reduces the degradation of the breakdown 
Voltage and improves reliability by forming the drain region 
45 along the termination region 35 with the p-top region 7 
formed in a continuous fashion within the drain region 45. 
004.5 FIG. 5 is a top-view of a portion of the transistor 
100 showing selected details in the vicinity of the drain tip 
37 at the end of the drain finger 21, and including the p-top 
region 7. 
0046. In one embodiment, the drain finger 21 forms along 
a centerline 48, and a projection 48A of the centerline 48 
intersects the p-top region 7 or field reduction region. The 
junction 10 is formed between the drain region 45 and the 
p-top region 7. Depletion from junction 10 in the vicinity of 
the drain tip 37 of the drain finger 21 provides for a higher 
breakdown voltage at the drain tip 37 and overcomes the 
problem of premature breakdown. 
0047. In summary, the present invention provides a 
LDMOS transistor formed on a Substrate with a Surface for 
forming first and Second channels. A Source region is formed 
at the Surface and along a line centered between the first and 
Second channels. A drain region is formed at the Surface and 
is electrically coupled to the Source region through the first 
and Second channels. In addition, a field reduction region is 
formed within the drain region and intersects a projection of 
the line. 

What is claimed is: 
1. A transistor, comprising: 
a Substrate having a Surface for forming first and Second 

channels, 
a Source region formed at the Surface and along a line 

centered between the first and Second channels, 
a drain region formed at the Surface and electrically 

coupled to the Source region through the first and 
Second channels, and 

a field reduction region formed within the drain region 
and interSecting a projection of the line. 

2. The transistor of claim 1, wherein the drain region is 
extended around a termination region of the Substrate, 
wherein the termination region is adjacent to the Source 
region and intersects the projection of the line. 

3. The transistor of claim 2 further comprising a junction 
formed between the termination region and the drain region, 
wherein a portion of the junction is curved. 
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4. The transistor of claim 1, further comprising a well 
region formed at the Surface and having a first conductivity 
type for forming a channel. 

5. The transistor of claim 1, wherein the field reduction 
region is the first conductivity type. 

6. The transistor 100 of claim 1, wherein the Substrate is 
the first conductivity type. 

7. The transistor of claim 1, wherein the first conductivity 
is p-type. 

8. The transistor of claim 1, further comprising a gate for 
controlling the first and Second channels. 

9. The transistor of claim 1, wherein the source region and 
the drain region are interdigitated. 

10. The transistor of claim 1, wherein a portion of the field 
reduction region is formed in a direction perpendicular to the 
line. 

11. The transistor of claim 1, wherein the drain region 
further comprises a drain finger formed at the Surface and 
along a line, wherein a projection of the line intersects the 
field reduction region. 

12. A high Voltage transistor, comprising: 

a Substrate having a Surface for forming a channel; 

a drain formed at the Surface for conducting a channel 
current flowing through the channel; and 
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a field reduction region formed within the drain and in a 
direction generally perpendicular to a direction of the 
channel current. 

13. The transistor of claim 12 further comprising a Source 
for conducting the channel current. 

14. The transistor of claim 12, wherein the Source and 
drain are interdigitated. 

15. The transistor of claim 12, further comprises a gate for 
controlling the first and Second channels. 

16. The transistor of claim 12, wherein the field reduction 
region has a portion formed in a direction from the channel 
that is parallel to the direction of the channel current. 

17. The transistor of claim 16, wherein the field reduction 
region is formed continuously along the drain. 

18. A transistor, comprising: 
a Substrate having a Surface for forming first and Second 

Source regions having first and Second ends, respec 
tively, defining a line; wherein the first and Second 
Source regions are on a first Side of the line; 

a drain region electrically coupled to the first and Second 
Source regions and on the first and Second Sides of the 
line; and 

a field reduction region formed within the drain region 
and on the first and Second Sides of the line. 

k k k k k 
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