CLAIMS

1. A transistor comprising:

a source region including a first impurity region implanted into a substrate;

aYrain region including a second impurity region implanted into the substrate; and

a ga¥¢ including an oxide layer formed over the substrate and a conductive material
formed over th¢ oxide layer, the oxide layer comprising a first side and a second side, the first
side formed over\ portion of the first impurity region and the second side formed over a
portion of the secony impurity region, the first side having a thickness of less than about
1004, and the second Yjde having a thickness equal to or greater than 125A;

wherein the thickhess of the second side is at least five times the thickness of the first

side.

2, The transistor of claim 1, \yherein the thickness of the first side is about 70A or less.
3. The transistor of claim 1, wher§jn the thickness of the first side is about 35A or less.
4. The transistor of claim 1, wherein thg source further comprises a third impurity

region, the third impurity region being self-aligped.

5. The transistor of claim 4, wherein a maximu¥y doping concentration of the third

impurity region is between about 1x10'7 atoms/cm® an¥, 1x10'® atoms/cm®

6. The transistor of claim 4, wherein a doping concentrition of the third impurity region

at a surface adjacent to the oxide layer is less than about 5x10'\atoms/cm’.

7. The transistor of claim 6, wherein the doping concentration 1§ less than about 3x10"
atoms/cm?.
8. The transistor of claim 4, wherein the third impurity region is positioged in a current

path of the transistor.
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The transistor of claim 1, wherein the second side has a thickness of between

apikroximately 1204 and 800A.

10.
approximably 200A and 400A.

e transistor of claim 9, wherein the second side has a thickness of between

12.

a source region incliding a first impurity region implanted into a substrate;

a drain region includin}y a second impurity region implanted into the substrate; and

a gate including an oxide Wayer formed over the substrate and a conductive material
formed over the oxide layer, the oxi¥g layer comprising a first side and a second side, the first
side formed over a portion of the first Ixypurity region and the second side formed over a
portion
of the second impurity region, the first side Naving a thickness such that a turn-on voltage of
the transistor is less than 0.6V,

wherein the transistor is configured as a poyer switch in a voltage regulator.

13. The transistor of claim 12, wherein the turn-on voldgge of the transistor is between 0.4
and 0.5V.

14. The transistor of claim 12, wherein the source further compyjses a third impurity

region, the third impurity region being self-aligning.

15. The transistor of claim 14, wherein a maximum doping concentratidy of the third

impurity region is between about 1x10'7 atoms/cm? and 1x10'® atoms/cm?.
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16.  The transistor of claim 14, wherein a doping concentration of the third impurity

ion at a surface adjacent to the oxide layer is less than about 5x10'7 atoms/cm?.

18. The traysistor of claim 14, wherein the third impurity region is positioned in a current

path of the transi¥or.
19. The transistor of claim 12, wherein the transistor is a lateral double-diffused metal

oxide semiconductor (L

20. A transistor comprisin

a source region including X first impurity region of a first impurity type implanted into
a substrate and a third impurity regidq of an opposite second impurity type abutting the first
impurity region, and a fourth impurity ¥egion of the second impurity type surrounding the
first impurity region and the third impurity region, the fourth impurity region having a lower
doping concentration than the third impurityNegion;

a drain region including a second impunity region of the first impurity type implanted
into the substrate;
an intrinsic diode between the fourth impuritY region and the drain region; and

a gate including an oxide layer formed over the'gubstrate and a conductive material
formed over the oxide layer, the oxide layer comprising aXirst side and a second side, the first
side formed over a portion of the first impurity region and th\, second side formed over a
portion of the second impurity region, the first side having a thi¢kness such that a turn-on

voltage of the transistor is less than a turn-on voltage of the intrind¢ diode.

21.  The transistor of claim 20, wherein the turn-on voltage of the trdgsistor is between 0.4

and 0.6V.

22. The transistor of claim 20, wherein the fourth impurity region is self-ali
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The transistor of claim 20, wherein a maximum doping concentration of the fourth
ity region is between about 1x10'7 atoms/cm?® and 1x10'® atoms/cm?.
24.  The{ransistor of claim 20, wherein a doping concentration of the fourth impurity
region at a suNace adjacent to the oxide layer is less than about 5x10'7 atoms/cm?.
25.  The transistog of claim 24, wherein the doping concentration is less than about 3x10"
atoms/cm’.
26.  The transistor of claity 22, wherein the fourth impurity region is positioned in a

current path of the transistor.

27. The transistor of claim 20, whigein the transistor is a lateral double-diffused metal
oxide semiconductor (LDMOS).

28. A system comprising:
an input terminal and an output terminal;
a high-side transistor between the input termihal and an intermediate terminal, having
the source connected to the input terminal and the draingonnected to the intermediate
terminal;
an output filter between the intermediate terminal and ¥he output terminal; and
a low-side transistor between ground and the intermediat&\terminal, having the source
connected to ground and the drain connected to the intermediate teriginal, comprising:
a source region including a first impurity region implanied into a substrate;
a drain region including a second impurity region implantey into the substrate;
and
a gate including an oxide layer formed over the substrate and a chnductive
material formed over the oxide layer, the oxide layer comprising a first side and a

side, the first side formed over a portion of the first impurity region and the second si
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formed over a portion of the second impurity region, the first side having a thickness of less
thyn about 1004, and the second side having a thickness equal to or greater than 125A;

wherein the thickness of the second side is at least five times the thickness of

31. The system of claim 28\wherein the source region of the low-side transistor further

comprises a third impurity region,\he third impurity region being self-aligned.
32. The system of claim 31, whereit\a maximum doping concentration of the third
impurity region of the low-side transistor i\between about 1x10'7 atoms/cm? and 1x10'®

ators/cm’.
33.  The system of claim 31, wherein a doping cduicentration of the third impurity region
of the low-side transistor at a surface adjacent to the oNde layer is less than about 5x10"

atoms/cm?.

34.  The system of claim 33, wherein the doping concentratiin is less than about 3x10'7

atoms/cm>.

35.  The system of claim 31, wherein the third impurity region of theNow-side transistor is

positioned in the current path of the transistor.

36.  The system of claim 28, wherein the second side of the oxide layer of theNow-side

transistor has a thickness between approximately 120A and 800A.
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37. The system of claim 36, wherein the second side has a thickness of between
proximately 200A and 400A.

38. The system of claim 28, wherein the low-side transistor is a lateral double-diffused

metal oxNe semiconductor (LDMOS).

390. A systéq comprising:

an input t&minal and an output terminal;

a high-side thgnsistor between the input terminal and an intermediate terminal, having
the source connected td\the input terminal and the drain connected to the intermediate
terminal;

an output filter betwogn the intermediate terminal and the output terminal; and

a low-side transistor beleen ground and the intermediate terminal, having the source
connected to ground and the draim\gonnected to the intermediate terminal, comprising:

a source region includNng a first impurity region implanted into a substrate;

a drain region includingy second impurity region implanted into the substrate;
and

a gate including an oxide layeX formed over the substrate and a conductive
material formed over the oxide layer, the oxide Yayer comprising a first side and a second
side, the first side formed over a portion of the firsy impurity region and the second side
formed over a portion of the second impurity region,Xhe first side having a thickness such

that a turn-on voltage of the transistor is less than 0.6V.

40. The system of claim 39, wherein the tumn-on voltage O the low-side transistor is

between 0.4 and 0.5V.
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2. The system of claim 41, wherein a maximum doping concentration of the third

impurity region of the low-side transistor is between about 1x10'7 atoms/cm? and 1x10'®

43.  Thagystem of claim 41, wherein a doping concentration of the third impurity region
of the low-sidg transistor at a surface adjacent to the oxide layer is less than about 5x10"

atoms/cm?.

44.  The system of\¢laim 43, wherein the doping concentration is less than about 3x10"

atoms/cm?.

45.  The system of claim 4\ wherein the third impurity region of the low-side transistor is

positioned in a current path of thé\transistor.

46. The system of claim 39, wherely the low-side transistor is a lateral double-diffused
metal oxide semiconductor (LDMOS).

47. A system comprising:

an input terminal and an output terminal;

a high-side transistor between the input termiRal and an intermediate terminal, having
the source connected to the input terminal and the draim\connected to the intermediate
terminal;

an output filter between the intermediate terminal and\the output terminal; and

a low-side transistor between ground and the intermedialg terminal, having the source
connected to ground and the drain connected to the intermediate telgninal, comprising:

a source region including a first impurity region of a fixgt impurity type
implanted into a substrate, a third impurity region of an opposite second X\mpurity type
abutting the first impurity region, and a fourth impurity region surrounding\he first impurity
region and the third impurity region, the fourth impurity region having a lowekdoping

concentration than the third impurity region;
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a drain region including a second impurity region implanted into the substrate;

an intrinsic diode between the fourth impurity region and the drain

that a turn-on voltage of the transistor is less than a turn-on voltage of the intrinsic diode.

48. The system of clal
between 0.4 and 0.6V.

47, wherein the turn-on voltage of the low-side transistor is

49, The system of claim 47, whgrein the fourth impurity region is self-aligning.

50. The system of claim 47, wherein ¥y maximum doping concentration of the fourth
impurity region of the low-side transistor is'getween about 1x10'7 atoms/cm? and 1x10®

atoms/cm?,
51.  The system of claim 47, wherein a doping congentration of the fourth impurity region
of the low-side transistor at a surface adjacent to the ox)e layer is less than about 5x10"

atoms/cm>.

52.  The system of claim 51, wherein the doping concentratiolis less than about 3x10"

atoms/cm>.

53.  The system of claim 47, wherein the fourth impurity region of the Yow-side transistor

is positioned in a current path of the transistor.

54.  The system of claim 47, wherein the low-side transistor is a lateral double-

metal oxide semiconductor (LDMOS).
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CLAIMS

1. A transistor comprising:

a source region including a first impurity region implanted into a substrate;

a drain region including a second impurity region implanted into the substrate; and

a gate including an oxide layer formed over the substrate and a conductive material
formed over the oxide layer, the oxide layer comprising a first side and a second side, the first
side formed over a portion of the first impurity region and the second side formed over a
portion of the second impurity region, the first side having a thickness such that a turn-on
voltage of the transistor is substantially 0.4V;

wherein the transistor is configured as a power switch in a voltage regulator.

2. The transistor of claim 1, wherein the source further comprises a third impurity

region, the third impurity region being self-aligning.

3. The transistor of claim 2, wherein a maximum doping concentration of the third

impurity region is between about 1x10'” atoms/cm® and 1x10'® atoms/cm?.

4, The transistor of claim 2, wherein a doping concentration of the third impurity region

at a surface adjacent to the oxide layer is less than about 5x10'7 atoms/cm®.

5. The transistor of claim 4, wherein the doping concentration is less than about 3x10"7
atoms/cm®.
6. The transistor of claim 2, wherein the third impurity region is positioned in a current

path of the transistor.

7. The transistor of claim 1, wherein the transistor is a lateral double-diffused metal

oxide semiconductor (LDMOS).

8. A transistor comprising;
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a source region including a first impurity region of a first impurity type implanted into
a well region, also of the first impurity type, implanted on a substrate and a third impurity
region of an opposite second impurity type abutting the first impurity region, and a fourth
impurity region of the second impurity type surrounding the first impurity region and the
third impurity region, the fourth impurity region having a lower doping concentration than
the third impurity region;

a drain region including a second impurity region of the first impurity type implanted
into the substrate;

an intrinsic diode between the fourth impurity region and the drain region, the
intrinsic diede formed by the fourth impurity region of the second impurity type and the well
region of the first impurity type; and

a gate including an oxide layer formed over the substrate and a conductive material
formed over the oxide layer, the oxide layer comprising a first side and a second side, the first
side formed over a portion of the first impurity region and the second side formed over a
portion of the second impurity region, the first side having a thickness such that a tum-on

voltage of the transistor is less than a tum-on voltage of the intrinsic diode.

9. The transistor of claim 8, wherein the turn-on voltage of the transistor is between 0.4
and 0.6V.

10.  The transistor of claim 8, wherein the fourth impurity region is self-aligning,.

11.  The transistor of claim 8, wherein a maximum doping concentration of the fourth

impurity region is between about 1x10'7 atoms/em?® and 1x10'® atoms/cm®.

12.  The transistor of claim 8, wherein a doping concentration of the fourth impurity

region at a surface adjacent to the oxide layer is less than about 5x10'7 atoms/cm?.

13.  The transistor of claim 12, wherein the doping concentration is less than about 3x10'7

atoms/cm>.
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14.  The transistor of claim 10, wherein the fourth impurity region is positioned in a

current path of the transistor.

15. The transistor of claim 8, wherein the transistor is a lateral double-diffused metal

oxide semiconductor (LDMOS).

16. A system comprising:
an input terminal and an output terminal;
a high-side transistor between the input terminal and an intermediate terminal, having
a source connected to the input terminal and a drain connected to the intermediate terminal;
an output filter between the intermediate terminal and the output terminal; and
a low-side transistor between ground and the intermediate terminal, having the source
connected to ground and the drain connected to the intermediate terminal, comprising:
a source region including a first impurity region implanted into a substrate;
a drain region including a second impurity region implanted into the substrate;
and
a gate including an oxide layer formed over the substrate and a conductive
material formed over the oxide layer, the oxide layer comprising a first side and a second
side, the first side formed over a portion of the first impurity region and the second side
formed over a portion of the second impurity region, the first side having a thickness such

that a turn-on voltage of the transistor is substantially 0.4V,

17.  The system of claim 16, wherein the source region of the low-side transistor further

comprises a third impurity region, the third impurity region being self-aligning.
18.  The system of claim 17, wherein a maximum doping concentration of the third

impurity region of the low-side transistor is between about 1x10'7 atoms/cm? and 1x10'®

atoms/cm?.
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19.  The system of claim 17, wherein a doping concentration of the third impurity region
of the low-side transistor at a surface adjacent to the oxide layer is less than about 5x10"

atoms/cm>.

20. The system of claim 19, wherein the doping concentration is less than about 3x10"’

2
atoms/cm”.

21.  The system of claim 17, wherein the third impurity region of the low-side transistor is

positioned in a current path of the transistor.

22, The system of claim 16, wherein the low-side transistor is a lateral double-diffused
metal oxide semiconductor (LDMOS).

23. A system comprising:

an input terminal and an output terminal,

a high-side transistor between the input terminal and an intermediate terminal, having
a source connected to the input terminal and a drain connected to the intermediate terminal;

an output filter between the intermediate terminal and the output terminal; and

a low-side transistor between ground and the intermediate terminal, having the source
connected to ground and the drain connected to the intermediate terminal, comprising:

a source region including a first impurity region of a first impurity type
implanted into a well region, also of the first impurity type, implanted on a substrate, a third
impurity region of an opposite second impurity type abutting the first impurity region, and a
fourth impurity region surrounding the first impurity region and the third impurity region, the
fourth impurity region having a lower doping concentration than the third impurity region;

a drain region including a second impurity region implanted into the substrate;

an intrinsic diode between the fourth impurity region and the drain region, the
intrinsic diode formed by the fourth impurity region of the second impurity type and the well
region of the first impurity type; and

a gate including an oxide layer formed over the substrate and a conductive

material formed over the oxide layer, the oxide layer comprising a first side and a second
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side, the first side formed over a portion of the first impurity region and the second side
formed over a portion of the second impurity region, the first side having a thickness such

that a turn-on voltage of the transistor is less than a turn-on voltage of the intrinsic diode.

24.  The system of claim 23, wherein the turn-on voltage of the low-side transistor is

between 0.4 and 0.6V.

25.  The system of claim 23, wherein the fourth impurity region is self-aligning.

26. The system of claim 23, wherein a maximum doping concentration of the fourth
impurity region of the low-side transistor is between about 1x10'” atoms/cm” and 1x10"®
atoms/cm’.

27.  The system of claim 23, wherein a doping concentration of the fourth impurity region
of the low-side transistor at a surface adjacent to the oxide layer is less than about 5x10"7

atoms/cm?.

28. The system of claim 27, wherein the doping concentration is less than about 3x10"’

atoms/em?,

29. The system of claim 23, wherein the fourth impurity region of the low-side transistor

is positioned in a current path of the transistor.

30. The system of claim 23, wherein the low-side transistor is a lateral double-diffused

metal oxide semiconductor (LDMOS).
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