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NOVEL THICK OXIDE MOS DEVICE USED IN ESD PROTECTION CIRCUIT 

BACKGROUND OF THE INVENTION 

(1). FIELb OF THE INVENTION 

The present·· invention relates to the 

fabrication of integrated circuit devices, and more 

particularly, to a method of forming an electrostati.c 

discharge device using shallow trench isolation technology in 

the fabrication of integrated circuits. 

(2) DESCRIPTION OF THE PRIOR ART 

Electrostatic discharge (ESD) refers to a high 

voltage accidentally applied to an integrated circuit. ESD 

can result. from either automated or human handling. If the 

voltage applied to the gate insulator becomes excessive, the 

gate oxide can break down. MOSFET devices are particularly 

vulnerable to ESD damage. Because of this danger, ESD 

protection transistors are fabricated to direct ESD current 

away from the circuit it is protecting. 

Shallow trench isolation (STI) is widely used 

in integrated circuit manufacturing. One conventional STI 

process is illustrated in Figs. 1-3~ Referring to Fig. 1, 

there.is shown a trench etched into the semiconductor 
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stlbstrate 10. The trench is filled with a dielectric layer 

12 by any of a variety of gap-filling methods. In order to 

avoid dishing of the STI region during polishing, such as by 

chemical mechanical poli~hing (CMP)., a reverse trench mask 15 

is formed over the trench. Most of the dielectric layer 12 

is etched away where it is not covered by the mask 15. The 

mask is removed and the dielectric layer is planarized to the 

surface of the substrate, as shown in Fig. 3. 

The present invention uses a method similar to 

this STI technology to form an ESD device. 

A nUmber of patents present a .. variety of 

methods to form ESD devices. U.S. Patent 5,629,544 to 

Voldman et al teaches forming an ESD gate partially over an 

S~I region. u~s. Patent 5,744,841 to Gilbert et al shows a 

halo region arolind the source and/or drain to optimize 

breakdown voltage and shows an ESD gate over a field oxide 

regions. U.S. Patent 5,918,117 to Yun shows a method of 

forming an ESD device. U.S. Patent 5,885,875 to Hsu 

discloses an ESD device over a field oxide region and an ESD 

.implant under the field oxide region. 
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SUMMARY OF THE INVENTION 

Accordingly, the primary object of the 

invention is to provide a process for forming an 

electrostatic discharge· device in the fabrication of. 

integrated circuits. 

A further object of the invention is· to 

provide a process for forming an electrostatic discharge 

device using shallow trench isolation technology. 

Another object of the invention is to provide 

a process for forming a novel thick oxide electrostatic 

discharge device using shallow trench isolation technology. 

In accordance with the objects of the 

invent"ion, a method for forming a novel thick oxide 

electrostatic discharge device using shallow trench isolation 

technology is achieved. A trench is etched into a 

semiconductor substrate. An oxide layer is deposited 

overlying the semiconductor substrate and filling the trench. 

The oxide within the trench is partially etched away leaving 

the oxide on the sidewalls and bottom of the trench. The 

oxide is polished away to the surface of the semiconductor 

substrate wpereby oxide remains only on the sidewalls and 

3 



-~ 

bottom of the trench. A gate is formed within the trench 

whereby the gate is surrounded by the oxide. First ions are 
. . 

implanted into the semiconductor substrate adjacent to the 

trench to form N-wells. Second ions are implanted into the 

semiconductor substrate in a top portion of the N-wells to 

form source/drain regions. Thir~ ions are implanted into 

the semiconductor substrate underlying the trench. 

Optionally, ions are implanted underlying the N-wells to form 

electrostatic discharge trigger taps. This completes 

formation of an electrostatic discharge device in the 

fabrication of integrated circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a 

· material part of this description, there is shown: 

Figs. 1 through 3 are cross-sectional 

representations of a shallow trench isolation process of the 

prior art. 

Figs. 4 through 13 are cross-sectional 

representations of a preferred embodiment of the present 

invention. 

4 



Figs. 7A and 7B are cross-sectional 

representations of a two alternatives in a pre~erred 

embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED.EMBODIMENTS 

Figs. 4-13 illustrate a process for making a 

.. thick oxide ESD device using shallow trench isolation 

technology. It should be understood by those skilled in the 

art that the process of the invention can be used in any 

application in which it is desired to have a thick oxide 

surrounding a gate. This is particularly important in the 

case of an ESD device, but is n~t limited to _that 

application. 

Referring now more particularly to Fig. 4, 

there is shown a semiconductor substrate 10. A layer of pad 

silicon oxide 13 is grown on the surface of the semiconductor 

substrate to a thickness of between about 50 and 400 

Angstroms, and preferably about 200 Angstroms. A layer of 

silicon nitride 14 is deposited over the pad oxide layer 13 

to a thickness of between about 500 and 3000 Angstroms, and 

preferably about 1700 Angstroms. 
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A photoresist mask, not shown, is formed over 

the surface of the nitride layer with_an opening where the 

shallow trench isolation region is to be formed. Using 

conventional photolithography and etching techniques, the 

nitride layer is etched to leave an opening where the 

isolation region is. to be formed. Using the silicon nitride 

as a hard mask, the pad oxide layer and the semiconductor 

substrate exposed within the opening are etched into to a 

depth of between about 2000 and 6000 Angstroms, and 

preferably about 3500 Angstroms, to form a trench 17. 

Referring now to Fig. 5, an oxide layer 18 is 

deposited over the nitride layer 14 and fi~ling the trench 

17. The oxide layer may comprise tetraethoxysilane (TEOS) 

oxide or high density plasma (HDP) oxide deposited by 

.chemical vapor deposition to a thickness of between about 

6000 and 8000 Angstroms, and preferably about 7000 Angstroms. 

The thickness of the oxide layer 18 over the nitride layer hl 

should be approximately equal to the thickness of the oxide 

within the trench h2. 

In the shallow trench isolation process 

described above with reference to Figs. 1-3, a reverse trench 

mask was .formed over the substrate to cover the trench 

region. In the process of the present invention, a modified 
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reverse·mask process is used. That is, a mask, not shown, is 

formed to cover the substrate with an opening over the ESD 

transistor area. The- entire portion of the wafer in the 

figures comprises the ESD transistor area, so the photoresist 

mask is not formed in this area. 

Referring now to Fig. 6, the oxide layer 18 is 

partially etched away where it is not covered by the mask in 

the ESD area. This will leave the oxide layer 18 on 

the sidewalls and bottom of the trench. Now, the thickness 

of the oxide layer 18 over the nitride layer hl and the 

thickness of the oxide layer within the trench h2 are both 

about 1000 Angstroms. 

The mask is removed and the nitride and-pad 

oxide as well as the oxide layer overlying the nitride are 

polished away, for E!Xample, by chemical mechanical polishing 

(CMP) resulting in Fig. 7A or 7B.. Fig. 7A illustrates the·· 

case where a TEOS oxide was used as layer 18. Fig. 7B 

illustrates the case where an HDP oxide layer 18 was used. 

The remaining figures follow Fig. 7A, but it is to be· 

understood that the process following Fig. 7B will be the 

same. 
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The oxide layer 18 is left only within the 

trench on the sidewalls and bottom of the trench. The oxide 

on the bottom of the trench has a thickness of between about 

500 and 2000 Angstroms and the oxide on the sidewalls of the 

trench has a width of between about 0 and 0.5 microns, 

depending upon the trench filling material, as shown in Figs. 

7A and 7B. 

Now the electrostatic discharge (ESD) device 

will be fabricated within the trench. Referring now to Fig.; 

8, a conventional N-well mask 23 covers the-central portion 

of the trench. An ion implant 25 forms N-wells 30 within the 

substrate adjacent to the trench oxide 18. This may be an 

angled implant. The N-wells 30 have a junction depth of 

about 1.3 microns. Phosphorus ions are implanted 25 at a 

.. dosage of between about 1013 and 1014 atoms/cm2 at an energy 

of 400 to 600 Kev to form the N-wells 30. Depending upon the 

device specifications, P-wells could be formed instead using 

a boron ion implant at a dosage of about 1013 atoms/cm2 at an 

energy of about 220 Kev. 

Now, a gate material is deposited over the 

substrate and within the oxide trench 18. This may be 

polysilicon deposited by low pressure chemical vapor 

deposition (LPCVD) at 600 to 700 °C to a thickness of between 

8 



about 2000 and 2500 Angstroms. Alternatively, the gate 

material may be a stack comprising tungsten/silicon/ 

germanium, or the like. The gate material is now patterned 

to form the gate 34 as shown in Fig. 9. The gate is 

cqntained completely within the oxide trench so that the gate 

has better control to turn on the ESD device. 

Referring to Fig. 10, arsenic ions are 

implanted at a dosage of between about 1015 and 5 x· 1015 

atoms/cm2 at an energy of 50 to 100 Kev to form source and 

drain regions 32 in top portions of the N-wells 30~ using a 

self-aligning implant. 

Referring now to Fig. 11, a dielectric layer 

36, such as oxide, undoped silicate glass (USG), or 

borophosphosilicate glass (BPSG), for example, is deposited 

over the substrate to a thickness of between about 9000 and 

14,000 Angstroms. Openings are etched through the dielectric 

layer 36 to the gate 34 and to the source/drain regions 32. 

Fig. 12 illustrates an ESD implant 39 made 

through the contact openings. The implanted region 42 under 

the oxide trench 18 forms a P-well in the channel area • 
. . · 

Optional N- regions 40 are implanted under the N-wells using 

a phosphorus implant at about 101 s·atoms/cm2 at 400 to 500 
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Kev. These optional implants provide a low tripper tap for 

the ESD device to improve performance. 

Fig. 13 illustrates the formation of 

interconnection lines 44. A conducting layer is deposited 

over the substrate and within the contact openings and 

patterned to form connection lines 44. 

This completes formation of the electrostatic 

discharge device. The process of the present invention 

results in the formation a thick oxide electrostatic 

discharge device. The use of shallow trench isolation 

technology provides the thick oxide surrounding the gate. 

Since the gate is completely within the oxide-lined trench, 

the gate has better control to turn on the ESD device. The 

·optional low trigger tap implants under the N-wells further 

improve the performance of the ESD device in terms of lower 

snapback voltage and hence, lower trigger voltage. 

While the invention has been particularly 

shown and described with reference to the preferred 

embodiments thereof, it will be understood by those skilled 

in the art that various c~nges in form and details may be 

made without departing from ~he spirit and scope of the 

invention. 
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CLAIMS 
1. A method of forming an electrostatic discharge device 

in the fabrication of integrated circuits comprising: 

etching a trench into a semiconductor substra~e; 

depositing an oxide layer overlying said 

5 semiconductor substrate and filling said. trench; 

partially etching. away said oxide within said 

trench leaving said oxide on the sidewalls and bottom of 

said trench; 

polishing away said oxide to the surf ace of said 

10 semiconduct~r substrate whereby said oxide remains only 

on the sidewalls and bottom of said tr~nch; 

implanting first ions into said semiconductor 

substrate adjacent to said .. trench to form N-wells; 

forming a gate within said trerich whereby said gate 

15 is surrounded by said oxide; and 

implanting second ions into said semiconductor 

substrate in a top portion of said N-wells to form 

source/drain regions to complete formation of said 

electrostatic discharge device in the fabrication of 

20 integrated circuits. 

2. The method according to Claim 1 wherein said trench 

has a depth of between about 3000 and 3500 Angstroms. 
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3. The method according to Claim 1 wherein said oxide 

layer remaining on said sidewalls and bottom of said 

trench has a thickness of between about 500 and 2000 

Angstroms. 

4. The method according to Claim 1 wherein said gate 

comprises polysilicon having a thickness of between 

about 2000 and 2500 Angstroms. 

s. The method according to Claim 1 wherein said gate 

comprises tungst~n/polysilicon/germanium having a 

thickness of between about 2500 and 3000 Angstroms. 

6. The method according to Claim 1 wherein said step of 

implanting first ions comprises implanting phosphorus 

ions at a dosage of between about 1013 and 1014 

atoms/cm2 at an energy of 400 to 600 K~V. 

7. The method according to Claim 1 wherein said step of 

implanting second ions comprises implanting arsenic ions 

at·a dosage of between about 1015 and Sxl015 atoms/cm2 

at an energy of 50 to 100 Kev. 

8~ The method according to Claim 1 further comprising 

implanting phosphorus. ions at a dosage of between about 
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1~14 and 1015 atoms/cm.2 at an .energy of 400 to 500 KeV 

to form electrostatic discharge trigger taps underlying 

said N-wells. 

9 •. The method according to Claim 1.furthe,r comprising: 

depositing a diel~ctric layer overlying said 

substrate; 

providing openings through said dielectric layer to 

5 underlying said source/drain regions and to said gate; 

depositing a conducting layer overlying said 

dielectric layer and filling said openings; and 

patterning said conducting layer to form leads in 

the fabrication of said integrated circuit. 

10.· A method of forming an electrostatic discharge 

device in the fabrication of integrated circuits 

comprising: 

depositing a pad oxide layer on the surface of a 

5 semiconductor substrate; 

10 

depositing a nitride layer overlying said pad oxide 

layer; 

patterning said nitride layer to provide an opening 

to said pad oxide layer; 

etching a trench through said pad oxide layer 

within said opening and into said semiconductor 
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depositing an oxide layer overlying said nitride 

layer and filling said trench; 

partially etching away said oxide within said 

trench leaving said oxide on the sidewalls and bottom of 

said trench; 

polishing away said oxide, said nitride layer and 

s~id pad oxide layer to the surf ace of said 

20 semiconductor substrate whereby said ox'ide rema_ins only 

on the sidewalls and bottom of said trench; 

implanting first ions into said semiconductor 

substrate adjacent to said trench to form N-wells; 

forming a gate within said trench whereby said gate 

25 is surrounded by said oxide; 

implan~ing second ions into said semiconductor 

substrate in a top portion of said N-wells to form 

source/drain regions; and 

implanting third ions into said semiconductor 

30 substrate underlying said N-wells to form electrostatic 

discharge trigger taps to complete formation of said 

electrostatic discharge device in the fabrication of 

integrated circuits. 

11. The method according to Cla_im 10 wherein said trench 

has a depth of between about.3000 and 3500 Angstroms. 
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12. The method according to Claim 10 wherein said oxide 

layer remaining on said sidewalls and bottom of said 

trench has a thickness of between about 500 and 2000 

Angstroms. 

13. The method according to Claim 10 wherein said gate 

comprises polysilicon having a thickness of between 

about 2000 and 2500 Angstroms. 

14. The method according to Claim 10 wherein said gate 

comprises tungsten/polysilicon/germanium having a 

thickness of between about 2000 and 3000 Angstroms. 

15. The method according to Claim 10 wherein said step 

of implanting first ions comprises implanting 

phosphorus ions at a dosage of between about 1013 and 

1014 atoms/cm2 at an energy of 400 to 600 Kev. 

16. The method according to· Claim 10 wherein said step 

of implanting second ions comprises implanting arsenic 

ions at a dosage of between about 1015 and 5xl015 

atoms/cm2 at an energy of 50 to 100 KeV. 

17. The method according to Claim 10 wherein said step 

of implanting third ions comprises implanting 
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phosphorus ions at a dosage of between about 1014 an:d 

1015 atoms/cm2 at an energy of 400 to 600 KeV. 

18. The method ·according to Claim 10 further comprising: 

depositing a dielectric layer overlying s·aid 

substrate; 

providing openings through said dielectric layer ·to 

5 underlying said source/drain regions and to said gate; 

depositing a conducting layer overlying said 

dielectric layer and filling said openings; and 

patterning $aid conducting layer to form leads in 

the fabrication of said integrated circuit. 

19. A method of forming an electrostatic discharge 

device in the fabrication of integrated circuits 

comprising: 

depositing a pad oxide layer on the surface of a 

5 · semiconductor substrate; 

depositing a nitride layer overlying said pad oxide 

layer; 

patterning said nitride layer to provide an opening 

to said pad oxide layer; 

10 etching a trench through said pad oxide layer 

within said opening and into said semiconductor 

substrate; 
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depositing an oxide layer overlying said nitride 

layer and filling said trench; 

partially etching away sa_id oxide within said 

trench leaving said oxide on the sidewalls and bottom of 

said trench; 

polishing away said oxide, said nitride layer and 

. said pad oxide layer to the surf ace of said 

20 semiconductor substrate whereby said oxide remains only 

on the sidewalls and bottom of said trench; 

implanting first ions into said semiconductor 

substrate adjacent to said trench to form N-wells; 

forming a gate within said trench whereby said gate 

25 is surrounded by said oxid~; 

implanting seco~d ions into said semiconductor 

substrate in a top portion of said N-wells to form 

source/drain.regions; 

implanting third ions into said semiconductor 

30 substrate underlying said N-wells and underlying said 

trench to form electrostatic discharge trigger taps; 

depositing a dielectric layer overlying said 

substrate; 

providing openings through said dielectric layer to 

35 underlying said source/drain regions and to said gate; 

depositing a conducting layer overlying said 

dielectric layer and filling said openings; and 
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patterning said conducting layer to form leads 

completing formation of said electrostatic discharge 

40 device in the fabrication of integrated circuits. 

20. The method according to Claim 19 wherein said trench 

has a depth of between about.3000 and 3500 Angstroms. 

21. The method according to Claim 19 wherein sai~ oxide 

layer remaining on said sidewalls and bottom of said 

trench has a thickness of between ab.out 500 and 2000 

Angstroms. 

22. The method according to Claim 19 wherein said gate 

comprises polysilicon having a thickness of between 

about 2000 and 2500 Angstroms. 

23. The method according to Claim 19 wherein said gate 

comprises tungsten/polysilicon/gerinani\llll having a 

thi_ckness of between about 2500 and 3000 Angstroms. 

24~ The ·method according to Claim 19 wherein said step 

of impl~ting first ions comprises implanting 

phosphorus ions at a dosage of between about 1013 and 

1014 atoms/cm2 at an energy of 400 to 600 Kev. 

18 



.. 

Hf I/Ill: 1111111111111111111111 · 
C ... L /II s . * . 

25~ The method according to Claim 19 wherein said step 

of implanting second ions comprises implanting arsenic 

ions at a dosage of between . .about 1015 and Sxl015 

atoms/cm2 ~t an energy of 50 to 100 Kev. 

26. The method according to Claim 19 wherein said step 

of implanting third ions comprises implanting 

phosphorus ions at a dosage of between about 1014 and 

1015 atoms/cm2 at an energy of 400 to 600 Kev. 
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