
CLAIMS 

I. A transistor comprising: 

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

a rain 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 

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 secon impurity region, the first side having a thickness ofless than about 

lOOA, and the second "de having a thickness equal to or greater than 125A; 

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

side. 

2. The transistor of claim 1, herein the thickness of the first side is about 70A or less. 

3. The transistor of claim 1, wher · n the thickness of the first side is about 3 SA or less. 

4. The transistor of claim 1, wherein tH source further comprises a third impurity 

region, the third impurity region being self-ali ed. 

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

impurity region is between about lx1017 atoms/cm2 an lxl018 atoms/cm2
• 

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

at a surface adjacent to the oxide layer is less than about SxlO atoms/cm2
. 

7. The transistor of claim 6, wherein the doping concentration 1 less than about 3xl017 

atoms/cm2
. 

8. The transistor of claim 4, wherein the third impurity region is positio 

path of the transistor. 
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10. 

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

oximately 120A and sooA. 

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

approxima ly 200A and 400A. 

11. The tran · tor of claim 1, wherein the transistor is a lateral double-diffused metal 

12. 

ing a first impurity region implanted into a substrate; 

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

a gate including an oxide yer formed over the substrate and a conductive material 

formed over the oxide layer, the oxi e layer comprising a first side and a second side, the first 
side formed over a portion of the first 1 purity region and the second side formed over a 

portion 

of the second impurity region, the first side ving a thickness such that a tum-on voltage of 

the transistor is less than 0.6V; 

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

13. The transistor of claim 12, wherein the tum-on vol ge of the transistor is between 0.4 

and 0.5V. 

14. The transistor of claim 12, wherein the source further comp · ses a third impurity 

region, the third impurity region being self-aligning. 

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

impurity region is between about !xi 017 atoms/cm2 and lx1018 atoms/cm2
. 
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The transistor of claim 14, wherein a doping concentration of the third impurity 

r ·on at a surface adjacent to the oxide layer is less than about 5x1017 atoms/cm2
. 

17. The transistor of claim 16, wherein the doping concentration is less than about 3xl017 

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

19. claim 12, wherein the transistor is a lateral double-diffused metal 

oxide semiconductor (L 

20. A transistor comprisin 

first impurity region of a first impurity type implanted into 

a substrate and a third impurity regi of an opposite second impurity type abutting the first 

impurity region, and a fourth impurity gion of the second impurity type surrounding the 

first impurity region and the third impurit region, the fourth impurity region having a lower 

doping concentration than the third impurit 

a drain region including a second impu · ty region of the first impurity type implanted 

into the substrate; 

an intrinsic diode between the fourth impurit 

a gate including an oxide layer formed over the ubstrate and a conductive material 

formed over the oxide layer, the oxide layer comprising a rst 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 th1 kness such that a tum-on 

voltage of the transistor is less than a tum-on voltage of the intrin · c diode. 

21. The transistor of claim 20, wherein the tum-on voltage of the tr sistor 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 

"tyregion is between about lxl017 atoms/cm2 and lxl018 atoms/cm2
. 

24. Th transistor of claim 20, wherein a doping concentration of the fourth impurity 

region at a su ace adjacent to the oxide layer is less than about 5xl 017 atoms/cm2
• 

25. of claim 24, wherein the doping concentration is less than about 3xl017 

atoms/cm2
. 

26. 22, wherein the fourth impurity region is positioned in a 

current path of the transistor. 

27. The transistor of claim 20, wh ein 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 termi 1 and an intermediate terminal, having 

the source connected to the input terminal and the drain 

terminal; 

an output filter between the intermediate terminal and e 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 te 

a source region including a first impurity region implan d into a substrate; 

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

and 

a gate including an oxide layer formed over the substrate and a c ductive 

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 ofless 

tH n about lOOA, 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 

29. The s tern of claim 28, wherein the thickness of the first side of the oxide layer of 

the low-side tr 

30. The system of aim 28, wherein the thickness of the first side of the oxide layer of 

the low-side transistor is out 35A or less. 

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, wherei maximum doping concentration of the third 

impurity region of the low-side transistor i between about lxl017 atoms/cm2 and lxl018 

atoms/cm2
. 

33. The system of claim 31, wherein a doping c centration of the third impurity region 

of the low-side transistor at a surface adjacent to the o 'de layer is less than about 5xl017 

atoms/cm2
. 

34. The system of claim 33, wherein the doping concentra!i n is less than about 3xl017 

atoms/cm2
• 

35. The system of claim 31, wherein the third impurity region of the 

positioned in the current path of the transistor. 

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

transistor has a thickness between approximately 120A and 800A. 
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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 ox e semiconductor (LDMOS). 

39. compnsmg: 

inal and an output terminal; 

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

terminal; 

an output filter betw n the intermediate terminal and the output terminal; and 

a low-side transistor be een ground and the intermediate terminal, having the source 
connected to ground and the drairr onnected to the intermediate terminal, comprising: 

a source region inclu ·ng a first impurity region implanted into a substrate; 

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

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

material formed over the oxide layer, the oxide yer comprising a first side and a second 
side, the first side formed over a portion of the fir impurity region and the second side 

formed over a portion of the second impurity region, e first side having a thickness such 

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

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

between 0.4 and O.SV. 

41. The system of claim 39, wherein the source region of the low- "de transistor further 

comprises a third impurity region, the third impurity region being self-a · 
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The system of claim 41, wherein a maximum doping concentration of the third 

urity region of the low-side transistor is between about lxl017 atoms/cm2 and lx1018 

43. Th system of claim 41, wherein a doping concentration of the third impurity region 

transistor at a surface adjacent to the oxide layer is less than about 5x!017 

atoms/cm2
. 

44. The system o !aim 43, wherein the doping concentration is less than about 3xl017 

atoms/cm2
• 

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

positioned in a current path of th transistor. 

46. The system of claim 39, where 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 term1 al and an intermediate terminal, having 

the source connected to the input terminal and the drain 

terminal; 

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

a low-side transistor between ground and the intermedia terminal, having the source 

connected to ground and the drain connected to the intermediate te inal, comprising: 

a source region including a first impurity region of a t impurity type 

implanted into a substrate, a third impurity region of an opposite second · purity type 

abutting the first impurity region, and a fourth impurity region surrounding e first impurity 

region and the third impurity region, the fourth impurity region having a !owe 

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 

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

ed over the oxide layer, the oxide layer comprising a first side and a second 

side, the first "de formed over a portion of the first impurity region and the second side 

formed over a p ion of the second impurity region, the first side having a thickness such 

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

48. 47, wherein the tum-on voltage of the low-side transistor is 

between 0.4 and 0.6V. 

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

50. The system of claim 47, wherein maximum doping concentration of the fourth 

impurity region of the low-side transistor is etween about lxl017 atoms/cm2 and lx1018 

atoms/cm2
• 

51. The system of claim 4 7, wherein a doping co entration of the fourth impurity region 

of the low-side transistor at a surface adjacent to the ox1 e layer is less than about 5x1017 

atoms/cm2
• 

52. The system of claim 51, wherein the doping concentratio is less than about 3x1017 

atoms/cm2
. 

53. The system of claim 47, wherein the fourth impurity region of the w-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). 

21 



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 tum-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 lxl017 atoms/cm2 and lxl018 atoms/cm2
• 

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 5xl017 atoms/cm2
• 

5. The transistor of claim 4, wherein the doping concentration is less than about 3xl017 

atoms/cm2
• 

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 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 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 tum-on voltage of the transistor is between 0.4 

and 0.6V. 

I 0. 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 lxl017 atoms/cm2 and Ix! 018 atoms/cm2
• 

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 5xl017 atoms/cm2
• 

13. The transistor of claim 12, wherein the doping concentration is less than about 3x!017 

atoms/cm2
• 
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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 tum-on voltage of the transistor is substantially 0.4V. 

I 7. 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 !ow-side transistor is between about !xi 017 atoms/cm2 and lxl018 

atoms/cm2
. 
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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 5xl017 

atoms/cm2
• 

20. The system of claim 19, wherein the doping concentration is less than about 3xl017 

atoms/cm2
• 

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 tenninal; 

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 lxl017 atoms/cm2 and lx!018 

atoms/cm2
. 

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 5xl017 

atoms/cm2
• 

28. The system of claim 27, wherein the doping concentration is less than about 3x I 017 

atoms/cm2
• 

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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