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NOVEL METHOD OF BODY CONTACT FOR SOI MOSFET 

BACKGROUND OF THE INVENTION 

(1) FIELD OF THE INVENTION 

The present invention relates to the 

fabrication of integrated circuit devices, and more 

particularly, to a method of eliminating floating body 

effects in the fabrication of a silicon-on-·insulator (SOI) 

MOSFET in the fabrication of integrated circuits. 

(2) DESCRIPTION OF THE PRIOR ~RT · 

An isolation technology that depends on 
,_ .. 

. . . . ..... . 

completely surrounding devices by. an insulator is referred to 

as silicon-on-insulator (SOI) technology~ In general, the 

advantages of SOI technology include simple fabrication 

sequence, reduced capacitive coupling between circuit 

elements, and increased packing density. The SOI technology 

is discussed in Silicon Processing for the VLSI Era, Vol. 2, 

by S. Wolf, Lattice Press, Sunset Beach, CA, c. 1990, pp. 

66-67. A disadvantage of SOI technology is inherent floating 
-

body effects due to the limitation in incorporating effective 

contact to the body. In bulk silicon MOSFETs, the bottom of 

the bulk silicon can be connected to a fix~d potential. 

However, in an SOI MOSFET, the body is electrically isolated 
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from the bottom of the substrate. The floating body effects 

result in drain current "kink" effect, abnormal threshold 

slope, low drain breakdown voltage, drain current transients, 

and noise overshoot. The "kink" effect originates from. 

impact ionization. When an SOI MOSFET is operated at a large 

drain-to-source voltage, channel electrons cause impact 

ionization near the drain end of the channel. Holes build up 

in the body of the device, raising body potential and thereby 

raising thr.~shold voltage. This increases the MOSFET current 

causing a "kink" in the current vs. voltage (I-V) curves. It 

is desired to eliminate floating body effects. 

A number of pate:nts present a variety of 

isolation methods for silicon-on-insulator and other types 

of MOSFETs. U.S. Patent 5,504,033 to Bajor et al shows a 

process for forming both deep and shallow trenches in a SOI 

device; however, there is no requirement for the trenches to 

contact the substrate. U.S. Patents 6,063,652 to Kim and 

5,591,650 to Hsu et al show an SOI device having a shallow 

trench isolation (STI) formed entirely through the silicon to 

the oxide layer. U.S. Patent 5,874,328 to Liu et al 
-

discloses trench isolation through a source/drain region. 

U.S. Patent 5,674,760 to Hong discloses an isolation 

structure, but not in SOI technology. U.S. Patent 5,930,605 

to Mistry et al discloses a Schottky diode connection between 

2 



. r CS-99-224 

the body and one of the source/drain regions. 

SUMMARY OF THE INVENTION 

~ccordingly, a primary object of the invention 

is to provide a process for forming a silicon-on-insulator 

MOSFET in the fabrication of integrated circuits. 

A further object of the invention is to 

provide a process for forming a silicon-on-insulator MOSFET 

·.while eliminating floating body effects . 
. . 

Another object of the invention is to provide 

a process for forming a silicon-on-insulator MOSFET while 

.eliminating floating body effects by providing contact to the 

body of the transistor. 

· In accordance with the objects of the 

invention, a method for forming a silicon-on-insulator MOSFET 

while eliminating floating body effects is achieved. A 

silicon-on-insulator substrate is provided comprising a 

semiconductor.substrate underlying an oxide layer underlying 

a silicon layer. A first trench is etched into the silicon 

fayer wherein the first trench extends partially through the 

silicon layer and does not extend to the underlying oxide 
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layer. Second trenches are etched into the s~licon layer 

wherein the second trenches extend fully through the silicon 

layer to the underlying oxide layer and wherein the second 

trenches separate active areas of the semiconductor substrate 

and wherein one of the first trenches lies within each of the 

active are.as. The first and second trenches are filled with 

an insulating layer. Gate electrodes and associated-source. 

and drai~ regions are formed .in and on the silicon layer 

between the second trenches. An interlevel dielectric layer 

is deposit~d overlying the gate electrodes. First .contacts 

are opened through the interlevel dielectric layer to the 

underlying source and drain regions. In the same step,. a 

second contact opening is made through the interlevel 

dielectric layer in each of the active regions wherein the 

second contact opening contacts both the first trench and one 

of the second trenches. The first and second contact 

openings are filled with·a conducting layer to complete 

formation of a silicon-on-insulator device in the fabrication 

of integrated circuits. 
~~ 

Also in accordance with the objects of the 

invention, a silicon-on-insulatqr device in an integrated 

circuit is achieved. The device comprises a silicon layer 

overlying an oxide layer on a silicon semiconductor 

substrate. Shallow trench isolation regions extend ~ully 
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through the silicon layer to the underlying oxide layer 

wherein the shallow trench isolation regions separate active 

areas of the semiconductor substrate. A second isolation 

trench lies within each of the active areas and extends 

partially through the silicon layer wherein the second 

isolation trench does not extend to the underlying oxide 

.layer. Gate electrodes and associated source and drain · 

regions lie in and on the silicon layer between the shallow 

trench isolation regions and covered with an interlevel 

dielectric layer. F.irst conducting lines extend through the 

interlevel dielectric layer to the underlying source and 

drain regions·. A second conducting line within each of the 

active areas extends through the interlevel dielectric layer 

wherein the second conducting line contacts both the second 

trench and one of the shallow trench isolation regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

. " In the accompanying drawings forming a 

material part of this description, there is shown: 

Figs. 1 through 7 are cross-sectional 

representations of a pref erred embodiment of the present 

invention. 
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Fig. 8 is a top-view representation of a 

preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1-7 illustrate a process for making a 

silicon-on-insulator MOSFET while eliminating floating body · 

ef~ects. It should be understood by those skilled in the art 

that the present invention should not be limited to the 

embodiment illustrated herein, but can· be applied and - . 

extended without exceeding the scope of the invention. 

Referring now more particularly to Fig. 1, 

there is shown a semiconductor substrate 10. A silicon-on-

insulator substrate is fabricated according to any of the 

conventional methods, such as SIMOX, silicon implant through 

oxide, or wafer bonding techniques. The resulting SOI 

substrate comprises a layer of oxide 12 over the silicon 

substrate 10 having a thickness of between about 200 and 2500 

Angstroms. A second silicon 1ayer 16 is epitaxially grown, 

for example, on the oxide layer 12 to a thickness of between 

about 500 and 100,000 Angstroms. 

Referring now to Fig. 2, a layer of oxide 18 

is deposited over the silicon layer 16 by low pressure 
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chemical vapor deposition (LPCVD) to a thickness of between 

about 100 and 500 Angstroms. This layer 18 is a stress 

relief layer. A hard mask layer 20 is formed over the oxide 

layer 18 .. This layer is a dielectric, such as silicon 

nitride. The hard mask layer 20 and stress relief layer 18 

are patterned as shown in Fig. 2 for a first shallow trench 

isolation (STI) trench. The hard mask 20 is used to pattern 

a first trench 23 which extends partially into the silicon 

layer 16. The hard D,lask and stress relief laye.rs 18 and 20 

are remov~d, for example by hydrofluoric acid or chemical 

etching. 

The first trench 23, shown in Fig .. 3, is 

etched to a depth of between about 1/2 and 3/4 of the silicon 

16 thickness. This is to insure.no degradation of transistor 

performance. The trench must maintain connection to the 

silicon substrate 16. 

The shallow trench 23 is filled with an oxide 

layer 24. For example, a liner oxide layer, not shown, first 

may be -grown on the sidewalls and bottom of the shallow 

trench, such as by LPCVD to a thickness of between about 100 

and 500 Angstroms. Then an oxide layer, such as high density 

plasma (HDP) oxide may be deposited to fill the trench, as 

shown in Fig. 4. 
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Now, shallow trench isolation regions will be 

formed to separate active areas. A second stress relief 

oxide .layer 26 is deposited over the silicon layer 16 to a 

thickness of between about 100 and 500 Angstroms. A second 

hard mask layer 28.is formed over the oxide layer 24. This 

layer is a dielectric, such as silicon nitride. The hard 

mask layer 28 and stress relief layer 26 are patterned as 

shown in Fig. 4 for second shallow trench isolation {STI) 

trenches. The.hard mask 28 is used to pattern second 
. 

trenches 29 which extend all the way through the silicon 

layer 16 to the oxide layer 12, as shown in Fig. 5. The hard 

mask ·2a and stress relief layer 26 are removed. 

Referring now to Fig. 6, the deep trenches 29 

are filled with an insulating layer by any of the 

conventional fill methods. For example, a liner oxide layer, 

not shown, first may be grown on the sidewalls and bottom of 

the shallow trench, such as by LPCVD to a thickness of 

between about 100 and 500 Angstroms. Then an oxide layer, 
·~:"' .... 

such as high density plasma (HDP) oxide may be deposited to 

fill the trenches. 

Processing continues to form transistors 30 

having associated source and drain regions 32 in and on the 

silicon layer 16, as illustrated in Fig. 7. An interlevel 
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dielectric layer (ILD) 36 is blanket deposited over the 

silicon layer and transistors to a thickness of between about 

6000 to 20,000 Angstroms. The ILD layer may comprise sub-

atmospheric borophosphosilicate glass (BPSG), 

tetraethoxysilane (TEOS) oxide, fluorinated silicate glass 

(FSG), and low dielectric constant dielectrics, for example. 

Contact openings are etched through the ILD 

layer 36 to the underlying source/drain regions-·"32. At the 

same time~ a contact opening is etched through the ILD layer 

36 to contact portions of both the shallow trench 23 and a 
.• 

nearby deep trench .29. 

A conducting layer, such as tungsten or an 

aluminum/copper alloy, is deposited over the ILD layer and 

within the contact openings. The conducting layer may be 

etched back to leave plugs 38 and 39. The conducting plug 39 

contacts both the shallow -trench and the deep trench for 

isolation and to form a large area contact for low contact 

resistance. 

This completes formation of the SOI MOSFET. 

Fig. 8 illlustrates a top view of the device illustrated in 

Fig. 7. The dotted line indicates the footprint of the 

contact 39, showing that the contact extends over the 
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shallow trench 24 and the deeper trench 29. In the present 

invention, the architecture allows for the contact to the 

substrate to overlap both the shallow and deep trenches. 

This is because the contact is allowed to have extensions 

over the two types of trenches with no detrimental effects on 

device performance. In addition, this design also 

accommodates for process window considerations. Positive 

enclosures of the contact over the trenches provides for 

lower contact resistance and, thus, better co·ntact to the 

substrate. 

The process of the present invention results 

in the formation a silicon-on-insulator MOSFET having no 

floating body effects. This is achieved by· providing contact 

to the substrate with minimum loss of silicon real estate 

for optimum device performance. 

Fig. 7 illustrates a silicon-on-insulator· 

device of the present invention. This device avoids floating 

body effects. The device comprises a silicon layer 16 

overlying an oxide layer 12 on a silicon semiconductor 

substrate 10. Shallow trench isolation regions 29 extend 

fully through the silicon layer 16 to the underlying oxide 

layer 12 wherein the shallow trench isolation regions 

separate active areas of the semiconductor substrate. A 
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second isolation trench 24 lies within each of the active 

areas and extends partially through the silicon layer 16 

wherein the second isolation trench does not extend to the 

underlying oxide layer 12. This trench provides contact to 

the silicon substrate. Gate electrodes 30 and associated 

source and drain regions 32 lie in and on the silicon layer· 

16 between the shallow trench isolation regions and covered 

with an interlevel dielectric layer 36. First conducting 

lines 38 extend through the interlevel dielectric layer to 

the under~ying source and drain regions 32. A second 

conducting line 39 within each of the active areas extends 

through the interlevel dielectric layer wherein the second 

conducting line39 extends over both the second trench 24 and 

one of the shallow trench isolation regions 29. 

The silicon-on-insulator.device of the present 

invention avoids floating body effects by providing contact 

to the silicon substrate. Positive enclosures of the contact 

39 over both the shallow trench isolation region 29 and the 

body contact trench 24 provides for lower contact resistance 

and, thus, better contact to the substrate. 

While the invention has been particularly 

shown and described with reference to the preferred 

embodiments thereof, it will be understood by those skilled 
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in the art that various changes in form and details may be 

made without departing from the spirit and scope of the 

invention. 

What is claimed is: 

.... 
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1. A method of forming a silicon-on-insulator device in 

the fabrication of integrated circuits comprising: 

providing a silicon layer overlying an oxide 

layer on a silicon semiconductor substrate; 

etching a first trench into said silicon layer 

wherein said first trench extends partially through said 

silicon layer and does not extend to underlying said 

oxide layer; 

filling said first trench with an insulating laye.r; 

etching second trenches. into said s_~licon layer 

wherein said second trenches extend fully through said 

silicon layer to underlying said oxide layer and wherein 

said second trenches separate active areas of said 

semiconductor substrate and wherein one said first 

15 trenches lies within each of said active areas; 

filling said second trenches with an insulating 

layer; 

thereafter forming gate electrodes and associated 

source and drain regions in and on said silicon layer 

20 between said ~econd trenches; 

depositing an interlevel dielectric layer overlying 

said gate electrodes; 

opening first contacts through said interlevel 

dielectric layer to underlying said source and drain 

25 · regions and opening a second contact opening through 
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said interlevel dielectric layer in each of said active 

regions wherein said second contact opening contacts 

both said first trench and one of said second trenches; 

and 

filling said first and second contact openings with 

a conducting layer to complete formation of said 

silicon-on-insulator device in said fabrication of 

integrated circuits. 

2. The method according to Claim 1 wherein said first 

trench is etched into said silicon layer to a depth of 

between about 1/2 to 3/4 of the thickness of said 

silicon layer. 

3. The method according to Claim 1 wherein said 

insulating layer comprises a liner oxide layer and a 

gap-filling oxide layer. 

······• 

4. The method according to Claim 1 wherein said 
-~- -

interlevel dielectric layer comprises one of the group 

containing sub-atmospheric borophosphosilicate glass 

(BPSG), tetraethoxysilane (TEOS) oxide, fluorinated 

silicate.glass (FSG), and low dielectric constant 

dielectric materials and has a thickness of between 

about 6000 and 20,000 Angstroms. 
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5. The method according to Claim 1 wherein said 

conducting layer comprises one of the group containing 

tungsten and aluminum-copper alloys. 

6. The method according to Claim 1 wherein said contact 

between said first trench and said second trench 

lowers contact resistance and improves body contact. 

7. The method according to Claim 1 wherein said first. 

trench eliminates floating body effects by providing 

contact to said silicon layer. · 

.· 

8. A method of forming a silicon-on-insulator device in 

the fabrication of integrated circuits comprising: 

providing a silicon layer overlying an oxide layer 

on a silicon semiconductor substrate; 

etching· a first trench into said silicon layer 

wherein said first trench extends partially through said 

silicon layer and does not extend to underlying said 
~ 

oxide layer and wherein said first trench is etched into 

said silicon layer to a depth of between 1/2 and 3/4 of 

10 the thickness of said silicon layer; 

etching second trenches into said silicon layer 

wherein said second trenches extend fully through said 

silicon layer to underlying said oxide layer and wherein 
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said second trenches separate active areas of said 

15 semiconductor substrate and wherein one said first 

trench lies within each of said active areas; 

filling said first and second trenches with an 

insulating layer; 

thereafter forming gate electrodes and associated 

20 source and drain regions in and on said silicon layer 

between said second trenches; 

depositing an interlevel dielectric layer overlying 

said_gate electrodes; 
& 

opening first contacts through said interlevel 

25 dielectric layer to underlying said source and drain 

regions and opening a second contact opening through 

said interlev~l d:lelectric layer in each of said active 

regions wherein said second contact opening contacts 

both said first trench and one of said second trenches; 

30 and 

filling said first and second contact openings with 

a conducting layer to complete formation of said 

silicon-on-insulator device in said fabrication of 

integrated circuits. 

9. The method according to Claim 8 wherein said 

insulating layer comprises a liner oxide layer and a 

gap-filling oxide layer. 
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10. The method according to Claim 8 wherein said 

interlevel dielectric layer comprises one of the group 

containing sub-atmospheric borophosphosilicate glass 

(BPSG), tetraethoxysilane (TEOS) oxide, fluorinated 

silicate glass (FSG), and low dielectric constant 

dielectric materials and has a thickness of between 

about 6000 and 20,000 Angstroms. 

11. The method according to Claim 8 wherein said 

cond~cting layer comprises one of the group containing 

tungsten and aluminum-copper alloys. 

12. The method according to Claim 8 wherein said contact 

between said first trench and said second trench lowers 

contact resistance and improves body contact. 

' 

13. The method accordi~g to Claim 8 wherein said first 

tre~ch eliminates floating body effects by providing 

contact to said silicon layer. 
~- -

14. A silicon-on-insulator device in an integrated 

circuit comprising: 

a silicon layer overlying an oxide layer on a 

silicon semiconductor substrate; 

shallow trench isolation regions extending fully 
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through said silicon layer to underlying said oxide 

layer wherein said shallow trench isolation regions 

separate active areas of said semiconductor substrate; 

a second isolation trench lying within each of said 

10 active areas and extending partially through said 

silicon layer wherein said second isolation trench does 

not extend to underlying said oxide layer; 

gate electrodes and associated source and drain 

regions lying in and on said silicon ~ayer between said 

15 shallow trench isolation regions and covered with an 

20 

interlevel dielectric layer; 

first. conducting line·s through said interlevel 

dielectric layer to underlying said source and drain 

regions; and 

a second conducting line within each of said active 

areas through said interlevel diel.~ctric layer wherein 

said second conducting line contacts both said second 

trench and one of said shallow trench isolation regions. 

15. The device according to Claim 1·4 wherein said second 

trench extends into said silicon layer to a depth of 

between 1/2 and 3/4 the thickness of said silicon layer. 

16. The device according to Claim 14 wherein said 

shallow trench isolation regions and said second 
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isolation trench are filled with an insulating layer 

comprising a liner oxide layer and a gap-filling oxide 

layer. 

17. The device according to Claim 14 wherein said 

interlevel dielectric layer comprises one of the group 

containing·sub-atmospheric borophosphosilicate glass 

(BPSG), tetraethoxysilane (TEOS) oxide, fluorinated 

silicate glass (FSG), and low dielectric constant 

dielectric materials and has a thickness of between 

about 6000 and 20,000 Angstroms. 

18. The device according to Claim 14 wherein said 

conducting layer comprises one of the group containing 

tu~gsten and aluminum-copper alloys. 

19. The device according to Claim 14 wherein said 

contact between said-second trench and said shallow 

trench isolation region eliminates floating body effects 
~- -

by providing contact to said silicon layer. 

20. The device according to Claim 14 wherein said 

contact between said second trench and said shallow 

trench isolation region lowers contact resistance and 

improves body contact. 
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