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LATERAL POWER MOSFET FOR HIGH 
SWITCHING SPEEDS 

FIELD OF THE INVENTION 

[0001] The present invention relates to semiconductor 
devices fabricated in a silicon substrate. More speci?cally, 
the present invention relates to a high voltage ?eld effect 
transistor With an improved gate design. 

BACKGROUND OF THE INVENTION 

[0002] A common type of integrated circuit device is a 
metal-oxide-semiconductor ?eld effect transistor (MOS 
FET). A MOSFET is a ?eld effect device that includes a 
source region, a drain region, a channel region eXtending 
betWeen the source and drain regions, and a gate provided 
over the channel region. The gate includes a conductive gate 
structure disposed over and separated from the channel 
region With a thin oXide layer. 

[0003] Lateral ?eld-effect transistors are Widely used for 
high voltage circuit applications, e.g., greater than 200 volts. 
Examples of traditional lateral MOSFET device structures 
for poWer applications include US. Pat. Nos. 5,869,875, 
5,821,144, 5,760,440, and 4,748,936. Each of these devices 
has a source region and a drain region separated by an 
intermediate region. A gate structure is disposed over a thin 
oXide layer over the metal-oXide-semiconductor (MOS) 
channel of the device. In the on state, a voltage is applied to 
the gate to cause a conduction channel to form betWeen the 
source and drain regions, thereby alloWing current to ?oW 
through the device. In the off state, the voltage on the gate 
is suf?ciently loW such that no conduction channel is formed 
in the substrate, and thus no current ?oW occurs. In this 
condition, high voltage is supported betWeen the drain and 
source regions. 

[0004] Lateral poWer transistors are generally designed 
With source and drain regions that are elongated, or much 
longer than they are Wide, and interdigitated. Such a device 
structure is disclosed in US. Pat. No. 6,084,277, Which is 
assigned to the assignee of the present application. The ’277 
patent teaches a lateral poWer MOSFET or transistor having 
an improved gate design that provides a large safe operating 
area (SOA) performance level and high current capability 
With moderate gate speed to suppress sWitching noise. This 
is achieved by providing a metal gate electrode in parallel 
With the polysilicon gate structure along the length of the 
poWer MOSFET ?nger. The metal and polysilicon of the 
gate electrode and structure, respectively, are connected 
using metal contacts that are spaced apart along the gate 
structure. In one embodiment, the ’277 patent teaches locat 
ing contacts at multiple locations betWeen the gate electrode 
and gate structure along the poWer MOSFET ?nger to 
improve the propagation of the gate signal along the length 
of the ?nger for high sWitching speeds. 

[0005] One draWback associated With the lateral poWer 
transistor structure taught by the ’277 patent is high gate 
to-drain capacitance due to the proXimate location of the 
gate and drain electrodes. The drain electrode serves as a 
drain ?eld plate and the gate and/or source electrodes serve 
as source ?eld plates to improve the breakdoWn voltage of 
these devices. Therefore, the eXtent and spacing of these 
electrodes is determined largely by breakdoWn voltage 
requirements. For instance, the ’277 patent teaches an 
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eXample device capable of sustaining 700 volts betWeen the 
source and drain in the off state. Accordingly, this device 
includes a relatively large spacing betWeen the drain and 
gate or source metal lines. 

[0006] But in the case Where the device is designed for a 
much loWer voltage, the closer spacing betWeen the drain 
electrode and the gate electrode results in high gate-to-drain 
capacitance. A MOSFET designed With a breakdoWn volt 
age of 200 volts, for example, might have a spacing of less 
than 5 microns betWeen the drain and gate electrode. 
Because these electrodes are commonly very long (e.g., 
300-400 mm) the capacitance betWeen the drain electrode 
and the gate or source electrode can be very large. This large 
capacitance degrades the high-speed sWitching performance 
of the transistor. High gate-to-drain capacitance is especially 
problematic because it is ampli?ed by the gain of the 
transistor. 

[0007] Therefore, What is needed is a high voltage poWer 
transistor structure that achieves fast sWitching at high 
current conduction levels With good propagation of gate 
signal. Such a device should minimiZe drain-to-gate capaci 
tance Without increasing overall device siZe or cell pitch 
(i.e., silicon “footprint”). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention is illustrated by Way of 
eXample, and not limitation, in the ?gures of the accompa 
nying draWings, Wherein: 

[0009] FIGS. 1A-1C are three different topological vieWs 
of an interdigitated lateral poWer MOSFET in accordance 
With one embodiment of the present invention. 

[0010] FIG. 2 is a cross-sectional side vieW taken through 
cut lines A-A‘ in the embodiment of FIG. 1A. 

DETAILED DESCRIPTION 

[0011] A high-voltage lateral poWer MOSFET With 
reduced gate-to-drain capacitance for high sWitching speeds 
is described. In the folloWing description, numerous speci?c 
details are set forth, such as material types, dimensions, 
structural features, etc., in order to provide a thorough 
understanding of the present invention. Practitioners 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 elements, techniques, 
and processing steps have not been described in detail to 
avoid obscuring the invention. 

[0012] The ?eld effect transistor of the present invention 
includes a metal gate electrode coupled With an insulated 
gate disposed over a channel region that separates elongated 
source and drain regions of the poWer MOSFET. In one 
embodiment the gate comprises polysilicon, and the gate 
electrode is coupled to the polysilicon gate using metal 
contacts (also knoWn as vias) that are located at opposite 
ends of a portion of the insulated gate adjacent one side of 
the elongated source region. The source electrode includes 
tWo segments: a Wide segment that carries most of the 
current ?oWing When the device is in the on state, and a 
narroW segment interposed betWeen the drain electrode and 
the gate electrode that greatly reduces the drain-to-gate 
capacitance of the device. 
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[0013] FIGS. 1A-1C are a topological vieW of an inter 
digitated lateral power MOSFET in accordance With one 
embodiment of the present invention. FIG. 1A provides a 
vieW of the upper portion of the device, FIG. 1B is a vieW 
of the middle portion of the device, and FIG. 1C shoWs the 
loWer portion of the same transistor device. Each of these 
vieWs illustrates a computer-aided design (CAD) layout of 
the drain, gate and source electrodes, the location of the 
polysilicon gate structure, and the placement of a select 
number of contacts or vias. It should be understood that the 
drain and source contacts are not shoWn and the underlying 
substrate diffusion regions are also omitted from FIGS. 
1A-1C in the interest of clarity. (During the folloWing 
description, FIGS. 1A-1C should be vieWed together With 
FIG. 2, Which is a side vieW of the transistor taken through 
cut lines A-A‘, for a more comprehensive understanding.) 

[0014] FIG. 1A illustrates the layout of the upper end of 
one embodiment of the interdigitated lateral poWer device of 
the present invention. The ?eld-effect transistor of FIG. 1A 
includes an N-type source region 44 disposed in a semicon 
ductor substrate and connected to a source electrode 21 by 
contacts (not shoWn in FIG. 1). Source electrode 21 com 
prises source electrode segments 21A and 21B. Source 
region 44 is interposed in the semiconductor substrate 
betWeen tWo drain regions 42, each of Which is connected to 
a drain electrode 22 by contacts (see FIG. 2). 

[0015] Both of the source electrode segments 21A & 21B 
are located betWeen drain electrode segments 22A and 22B. 
FIG. 1C shoWs the segments 22A and 22B merging into a 
single piece of metal at the bottom of the transistor. It is 
appreciated that the device layout structure of FIGS. 1A-1C 
only shoWs a portion of the complete transistor in this 
embodiment. The full and complete device comprises a 
repeated pattern of the interdigitated source/drain/ gate struc 
tures illustrated in the Figures. It is understood that since the 
drain and source structures are much longer than they are 
Wide, they are often referred to as drain and source “?ngers”. 

[0016] The polysilicon material 28 that comprises the gate 
of the transistor is depicted in FIGS. 1A-1C by dashed lines. 
The gate itself comprises tWo parallel members 28A and 
28B disposed over channel region 49, extending the length 
of the source ?nger. FIG. 1C shoWs the polysilicon gate 28 
Wrapping around the far end, or ?ngertip, of the source 
region Where the member 28A merges With member 28B. 
Members 28A and 28B many also be connected in the 
middle portion of the transistor, as shoWn in FIG. 1B. 

[0017] At the upper end of the transistor, the polysilicon 
material of the gate eXtends under source electrode 21 and 
connects to metal line 29 through a plurality of contacts 30. 
Metal line 29 couples With control or sWitching circuitry 
used to drive the transistor. 

[0018] As shoWn in FIG. 2, the tWo polysilicon gate 
members 28A & 28B are insulated from the underlying 
semiconductor material by a gate dielectric layer 48. Dielec 
tric layer may comprise silicon dioXide, but other insulating 
materials, such as silicon nitride, may also be used. Aportion 
of each member 28A and 28B eXtends over a thicker ?eld 
oXide layer 41 for ?eld plating purposes. Each of the 
polysilicon gate members 28A and 28B is covered With an 
interlayer dielectric 40 that insulates the gate from the 
overlying metal gate and source electrodes, as can be seen 
in the cross-sectional side vieW of FIG. 2. 
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[0019] The gate electrode 25 contacts one end of the 
polysilicon gate adjacent the base of the source ?nger 
through contact 31, as shoWn in FIG. 1A. In the illustrated 
embodiment, gate electrode runs lengthWise from one end of 
gate member 28A to the opposite end adjacent the ?ngertip 
of the source region. FIG. 1C shoWs gate electrode 25 being 
connected to the opposite end of gate member 28A through 
a pair of contacts 34. Note that gate electrode 25 ends 
adjacent the ?ngertip of the source and does not eXtend over 
gate member 28B, Which runs alongside the opposite side of 
source region 44. 

[0020] It is appreciated that the connection of gate elec 
trode 25 in parallel With insulated gate member 28A advan 
tageously distributes the applied gate signal along the length 
of each ?nger for improved high sWitching speed perfor 
mance. Depending on the length of the source, drain, and 
gate ?ngers, one or more additional contacts may be located 
at intermediate points or regions of the insulated gate 
betWeen the opposite ends of the ?nger. For eXample, FIG. 
1B illustrates an optional additional contact 33 connecting 
gate electrode 25 to gate member 28A at an intermediate 
point approximately halfWay betWeen the tWo ends of gate 
member 28A. Gate member 28B may also be connected to 
gate member 28A in proXimity to contact 33 to provide the 
same advantage in distribution of the gate signal along 
member 28B. 

[0021] To accommodate the placement of contact 33 the 
Width of the gate electrode 25 metal is made slightly Wider 
to adequately surround contact 33. To maintain design rule 
separation betWeen the source and gate electrodes, source 
electrode segment 21B is made slightly narroWer by a 
corresponding dimension. Note that no change in the Width 
of source electrode segment 21A (or drain electrodes 22A & 
22B) is needed to accommodate the placement of additional 
contact 33. 

[0022] The gate electrode 25 is completely surrounded by 
source electrode 21. The Wider, current-carrying portion of 
the source electrode is denoted as source electrode segment 
21B in FIGS. 1A-1C. Segment 21B carries the vast majority 
of the source current to the source bond pads (not shoWn) 
located at the upper end of the source ?nger. The source 
electrode segment 21B also includes a laterally eXtended 
portion that overlaps gate member 28B. This laterally 
eXtended portion is located on the side of the ?nger opposite 
gate electrode 25 and functions as a ?eld plate. The main 
source electrode segment 21B is disposed substantially over 
and contacts the substrate source region 44. 

[0023] The narroWer portion of the source electrode is 
denoted as source electrode segment 21A in FIGS. 1A-1C. 
Source electrode segment 21A is interposed betWeen gate 
electrode 25 and drain electrode 22A. In the embodiment of 
FIGS. 1A-1C, source electrode segment 21A has no contacts 
to the underlying source diffusion, and does not carry a 
signi?cant amount of source current. It functions as a source 
?eld plate and also reduces the drain-to-gate capacitance of 
the transistor. It should be understood that in other embodi 
ments, source electrode segment 21A may include contacts 
to the source diffusion region and/or may carry more sig 
ni?cant amounts of source current. 

[0024] In addition, although each of the source, drain, and 
gate electrodes are shoWn in FIGS. 1 & 2 as comprising a 
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single layer of metal, alternative embodiments may utilize 
multiple levels of conductor material for each or all of the 
electrodes. 

[0025] FIG. 1C illustrates source electrode segment 21A 
Wrapped around the source ?ngertip region of the transistor 
and connected to source electrode segment 21B. It should be 
understood that the connection betWeen segments 21A and 
21B at this end of the source ?nger is optional. That is, these 
tWo segments need not connect at this point. HoWever, 
source electrode segment 21A should be connected to seg 
ment 21B at some point in the layout so that both remain at 
substantially the same potential during device operation. 
This is consistent With the purpose of source segment 21A 
to serve as a source ?eld plate interposed betWeen the gate 
electrode 25 and the drain electrode 22. 

[0026] FIG. 2 shoWs a cross-sectional vieW of the lateral 
poWer transistor of FIGS. 1A-1C taken through cut lines 
A-A‘. This diagram shoWs that drain electrode 22A eXtends 
doWn through interlayer dielectric 40 to contact N+drain 
region 42. Drain electrode 22A also includes a ?eld plate 
portion that eXtends laterally over interlayer dielectric 40 
toWard the source electrode segment 21A. In the illustrated 
embodiment, the distance betWeen the drain electrode 22A 
and the source electrode segment 21A is the same as the 
distance (e.g., 3 microns) betWeen the gate electrode 25 and 
source electrode segment 21A. The same distance separates 
the gate electrode 25 from the source electrode segment 
21B, Which eXtends doWn to the surface of the substrate to 
contact N-type source region 44 and P+diffusion region 45. 
This spacing is consistent With minimum design rules for an 
eXemplary lateral poWer transistor having a 200V break 
doWn voltage. 

[0027] Drain diffusion region 42 is disposed in N-Well 
region 51, Which itself is a deep diffusion formed in P-sub 
strate 60. Source diffusion region 44 is disposed in a P-Well 
50 formed adjacent to N-Well 51 in substrate 60. The channel 
region 49 is de?ned betWeen the boundaries of the N-Well 
region 51 and source region 44. The polysilicon gate mem 
bers 28A and 28B are formed over a thin gate oXide 48 above 
channel region 49. Note that each of gate members 28A and 
28B include ?eld plating that eXtends over thicker ?eld 
oXide layer 41. The region betWeen N+drain region 42 and 
channel 49 is commonly referred to as the extended drain 
region of the device. 

[0028] It is appreciated that the foregoing details of the 
various regions formed in the semiconductor material 
beneath the top surface of the substrate are speci?c to the 
embodiment shoWn and are not deemed essential to the 
present invention. In other Words, the layout structure of the 
metal electrodes and gate members may be utiliZed in 
transistors having different doped semiconductor regions of 
the device. 

I claim: 
1. A ?eld-effect transistor comprising: 

elongated source and drain regions separated by a channel 
region; 

an insulated gate disposed over the channel region; 

a drain electrode coupled to the drain region; 

a gate electrode coupled to the insulated gate through ?rst 
and second contacts located at respective ?rst and 
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second contact regions of the insulated gate, the ?rst 
and second regions being separated by a contact-free 
region; and 

a source electrode coupled to the source region, the source 
electrode including ?rst and second segments, the ?rst 
segment being interposed betWeen the drain electrode 
and the gate electrode. 

2. The ?eld-effect transistor according to claim 1 Wherein 
the second segment of the source electrode is disposed 
substantially over the source region. 

3. The ?eld-effect transistor according to claim 2 Wherein 
the drain electrode is disposed substantially over the drain 
region. 

4. The ?eld-effect transistor according to claim 3 Wherein 
the source and drain electrodes each include a ?eld plate 
portion. 

5. The ?eld-effect transistor according to claim 1 Wherein 
the ?rst and second segments are disposed on opposite sides 
of the gate electrode. 

6. The ?eld-effect transistor according to claim 1 Wherein 
the ?rst and second segments surround the gate electrode. 

7. The ?eld-effect transistor according to claim 1 Wherein 
the second segment is Wider than the ?rst segment. 

8. The ?eld-effect transistor according to claim 1 Wherein 
the source and drain regions are interdigitated. 

9. The ?eld-effect transistor according to claim 1 Wherein 
the insulated gate has a ?rst end and second end opposite the 
?rst end, the ?rst contact region being located at the ?rst end 
and the second contact region being located at the second 
end. 

10. The ?eld-effect transistor according to claim 1 
Wherein the insulated gate has a ?rst end and second end 
opposite the ?rst end, the ?rst contact region being located 
at the ?rst end and the second contact region being located 
at an intermediate point betWeen the ?rst and second ends, 
and Wherein the gate electrode is further coupled to the 
insulated gate through a third contact located at a third 
contact region of the insulated gate, the third contact region 
being located at the second end. 

11. A lateral ?eld-effect transistor comprising: 

elongated source and drain regions separated by a channel 
region; 

an insulated gate disposed over the channel region, the 
insulated gate having a ?rst end region and a second 
end region opposite the ?rst end region; 

a drain electrode coupled to the drain region; 

a gate electrode coupled to the insulated gate through ?rst 
and second contacts located at the ?rst and second end 
regions of the insulated gate, respectively; and 

a source electrode coupled to the source region, the source 
electrode including ?rst and second segments, the ?rst 
segment being interposed betWeen the drain electrode 
and the gate electrode. 

12. The lateral ?eld-effect transistor according to claim 11 
Wherein the second segment of the source electrode is 
disposed substantially over the source region. 

13. The lateral ?eld-effect transistor according to claim 12 
Wherein the drain electrode is disposed substantially over the 
drain region. 
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14. The lateral ?eld-effect transistor according to claim 11 
wherein the source and drain electrodes each include a ?eld 
plate portion. 

15. The lateral ?eld-effect transistor according to claim 11 
Wherein the ?rst and second segments are disposed on 
opposite sides of the gate electrode. 

16. The lateral ?eld-effect transistor according to claim 11 
Wherein the ?rst and second segrnents surround the gate 
electrode. 

17. The lateral ?eld-effect transistor according to claim 11 
Wherein the second segment is Wider than the ?rst segment. 

18. The lateral ?eld-effect transistor according to claim 11 
Wherein the source and drain regions are interdigitated. 

19. The lateral ?eld-effect transistor according to claim 11 
Wherein the ?rst segment of the source electrode is spaced 
equidistant from the gate and drain electrodes. 

20. The lateral ?eld-effect transistor according to claim 11 
Wherein the insulated gate has an intermediate region 
betWeen the ?rst and second end regions, and Wherein the 
gate electrode is further coupled to the insulated gate 
through a third contact located at the intermediate region. 

21. A lateral poWer MOSFET comprising: 

an elongated source region interdigitated betWeen a pair 
of drain regions, the source region being separated 
from the pair of drain regions by a channel region, the 
elongated source region having a ?rst and second ends; 

an insulated gate disposed over the channel region, the 
insulated gate having a ?rst portion that extends from 
adjacent the ?rst end to adjacent the second end along 
one side of the elongated source region and a second 
portion that extends from adjacent the ?rst end to 
adjacent the second end along an opposite side of the 
elongated source region; 

a drain electrode coupled to the drain region; 

a gate electrode coupled to the insulated gate through ?rst 
and second contacts located at opposite ends of the ?rst 
portion of the insulated gate; and 
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a source electrode coupled to the elongated source region, 
the source electrode including ?rst and second elon 
gated segrnents, the ?rst elongated segrnent being inter 
posed betWeen the drain electrode and the gate elec 
trode. 

22. The lateral poWer MOSFET according to claim 21 
Wherein the second segment of the source electrode is 
disposed substantially over the source region. 

23. The lateral poWer MOSFET according to claim 21 
Wherein the drain electrode is disposed substantially over the 
drain region. 

24. The lateral poWer MOSFET according to claim 21 
Wherein the source and drain electrodes each include a ?eld 
plate portion. 

25. The lateral poWer MOSFET according to claim 21 
Wherein the ?rst and second elongated segments are dis 
posed on opposite sides of the gate electrode. 

26. The lateral poWer MOSFET according to claim 21 
Wherein the ?rst and second elongated segrnents surround 
the gate electrode. 

27. The lateral poWer MOSFET according to claim 21 
Wherein the second elongated segment is Wider than the ?rst 
elongated segment. 

28. The lateral poWer MOSFET according to claim 21 
Wherein each of the pair of drain regions is elongated. 

29. The lateral poWer MOSFET according to claim 21 
Wherein the ?rst segment of the source electrode is spaced 
equidistant from the gate and drain electrodes. 

30. The lateral poWer MOSFET according to claim 21 
Wherein the ?rst portion of the insulated gate has an inter 
mediate region betWeen the opposite ends, and Wherein the 
gate electrode is further coupled to the insulated gate 
through a third contact located at the intermediate region. 


