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Method for Forming a Lightly Doped Source and Drain Structure · 

Using an L-Shaped Spacer 

Background of Invention 

1) Field of the Invention 

. This invention relates generally tQ fabrication of a semiconductor device and more · 

particularly to a method for forming a lightly doped s0urce and drain (Lon) structure· 

s . using an L-shaped spacer. 

2) Description of the Prior Art 

As semiconductor technology co~ues to advance, the physical geometry of 

10 semiconductor devices continually shrinks and the fabrication processes for forming· 

semiconductor devices continually becomes more complex, significantly increasing 
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manufacturing cost and cycle time. . The number of masking and ion implant steps is an 

important factor in the manufacturing co.st and cycle time of semiconductor fabrication. 

Conventional CMOS fabrication processes require four masking steps and four ion 

s implant steps to form source and ckain regions with source and drain exten8ions (LDDs) 

that meet the penonnance requirements for modern CMOS devices. FolloWing gate 

definintion in a typical CMOS process, a PLOD (P-type lightly doped source and drain, P-. 

type source and drain extension) mask is formed ofphotoresist, .. covering the area for the 

N-type transistor. P~fype fons are iniplanted through the PLOD mask for the P-type 

10 source and· drain exten~ons (PLOD), and the PLOD mask is removed. ·An NLDD (N­

type lightly doped source and drain, N~type source and drain extension) mask is formed of 

photoresist, ·covering the area for the P-type transistor. N-type ions are implanted through . 

. ·. the NLDD for the N-type source and drain extensions (NLDD), and the NLDD mask is 

removed. After .sidewall spacer! are fqnned on the P-type gate and on.the N~type gate, a 

1s P+ source and drain (P-type heavily doped source and drain) implant mask is formed over 

the area for the N-type transistor. ·A heavy dose of P-type ions are implanted through .the 
. . 

P+ source and drain implant mask, and the P+ source and drain implant mask is removed. 

N+ source and drain (N-type heavily doped 8ource and drain) implant mask is formed over 

the area for the P-type transistor. A heavy dose ofN-type ions are implanted through the 

20 N+ source and drain implant mask, and the N+ source and drain implant mask is removed. 
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A need exists for a process for forming source and drain regions and source and. drain 

extensions with a reduced number of masking steps and ion implant steps. 

The importance of overcoming the various deficiencies noted above is evidenced 

s by the eXtensive technological development directed to the subject, as doci.unented by the 

relevant patent and technical literature. The closest atid apparently more relevant technical 

developments in the patent literature can be gleaned by considering the following patents. 

tlS. 4,908,326 (Ma et al.), U;S. 5,783,475 (Rmrulswami), and U.S. 5,863,,824 

10 (Gardner et al.) show.L-shaped spacers and separate ion implant processes for the source 

and drain extensions ( eg lightly doped so1.irce and drain; I.DD) and the source and dfain 

( eg so~ and drain regions, junction regions). 

U.S. 5,501,997 (Lin et al.) shows an ion implant process which produces a lightly 

15 doped region where a sidewall spaeer patially blocks the implant and a heavily doped 

region where the spacer does not overlie the substrate. However, the single layer spacer 

does not provide the thickness control that would be required for source and drain · 

extensions. 

20 U.S. 5,234,850 (Liao) ·shows an L-shaped spacer with nitride and separate LDD 
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and source and drain implants. 

U.S. 5, 770,508 (Yeh et al.) shows a process for fonning an L-shaped spacer using 

an oxide layer and an overlying nitride layer, anisotropically etching to form spacers, then 

s removing the nitride layer, leaving an L-shaped oxide spacer. Ions are implanted through 

the L-shaped spacer to form shallow source and drain extensions under the L-shaped . 

spacer ~d moderate-depth source and drain extensions beyond the L-shaped spacer. 

However, the silicon nitride top layer etch does not provide the thickness control required 

to simultaneously form source and drain extensions and source and drain jUnctlon regions. 

10 

Summary of the Invention 

It is an object of the present invention to provide a method for form.Uig an L­

shaped· spacer using an organic top coating and to implant lightly doped source and drain 

15 extensions through the L-shaped spacer simultaneously with the (heavily doped) source . 

and drain (junction region) implant. 

It is another object of the present ~ention to provide a method for source and. 

drain regions and lightly doped source and drain extensions with a reduced number of ion 

20 implant steps. 
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It is yet another object of the present invention to provide an economical method 

for fomung source and drain regions and lightly doped source and drain ~ensions with a 

reduced cycle time. 

5 To accomplish the above objectives, the present invention provides a method for 

fonning an L-shaped spacer using a sacrificial. organic top. coating, and simt.tltaneously 

implanting lightly doped source and drain extensions through the L-shaped spacer, and 

implanting (heavily doped) source and drain regions beyond the L-sha.ped spacer. A 

semiconductor structure is provided having a gate structure thereon. A liner oxide ·1ayer is 

10 formed on the gate structure. A dielectric spacer layer is formed on the liner· oxide layer. 

In the preferred embodiments, the dieiectrlc spacer layer comprises a silicon nitric:ie layer 

or a silicon oxynitride layer. A sacrificial organic layer is formed on the dielectric spacer. 

layer. The sacrificial orgailic layer and the dielectric spacer layer are anisotropically 

etched to form .spacers comprising a triangle-shaped sacrificial organic struCture and an L-

15 shaped dielectric spacer. The liner oxide layer·can act as an etch stop for the anisotropic 

etch process. The triangle-shaped sacrificial organic structure is removed using an etch . 

selective to the L-shaped dielectric spacer, leaving an L-shaped dielectric spacer. Impurity 

ion8 are implanted through the L:shaped spacer to. form source and drain extensions 

simultaneosly with the source and drain (junction region ) implant. 

20 
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The present invention provides considerable improvement over the prior art. 

A lightly doped source and drain extension and a (heavily ~oped) source and drain region 

can be formed simultaneously using one implant mask and one ion implant step. A CMOS 

process can be performed using one P-type implant mask and ion implant_step and one N-

s type implant mask and ion implant step, instead of four inplant masks and four implant 

steps. 

The key to forming a lightly doped source and drain extension and a (heavily 

doped) source and drain region simultaneously is an L-shaped spacer whose thickness can 

10 · be repeatably controlled. Because the sacrificial organic structure can be completely 

removed u$ing a selective etch, without damaging the resulting L-shaped dielectric 

spacers, the thickness of the L.shaped spacer is very repeatable. Also, the spacer·which . 

results from the process of the present invention is less susceptible to post-etch wet 

chemical processing than an oxide layer, resulting ·in a more uniform spacers, both across 

15 the IC and between IC's. 

. . . 
The present invention achieves these benefits in the context of known process 

·technology. However, a further understanding of the nature and advantages of the present 

invention may be realized by reference to the latter portions of the specification and 

20 attached drawings. 
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Brief Description of the Drawings 

The features and advantages of a semiconductor device acoording to the present 

invention and further details of a process of fabricating s\ich a semiconductor device in 
. . 

s accordance with the present invention will· be more clearly understood from the following 

description taken in conjunction with the accompanying drawings in which like reference 

numerals designate similar or corresponding elements, regions and portions and in which: 

Figs. 1 through S illustrate sequential sectional views of a method for 'forming L-

10 shaped spacers using a sacrificial organic iop coat, ~d simultaneously implanting ions for · · 

a lighlty doped souree and drain extenSion and a (heavily doped) source and dram regi~ 

15 

. according to the present invention; 

Detailed Description of the Invention 

. The present invention will be described in detail with reference. to the 

accompanying drawings. A·preferred embodiment of the present invention is described 

with referen~ to Figs. 1 through S. The preferred embodiment· provides a method for 

fomling an L-shaped spaeer using an organic top coating and simultaneouslt implanting· 

20 ions for a lightly doped sot1rce and drain extension through.the L-shaped spacer and 
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implanting ions for a (heavily doped) source and drain region beyond the L-shaped spacer. 

The present invention provides a consistently controllable opening which is adequate .for 

good gap-fillins characteristics. Also, the orgaruc top coat can be formed faster than an 

oxide layer uSing a lower thermal budget. 

Referring to Fig. l, the preferred embodiment of the present invention begins by 

providing a semiconductor structure (1 l). Semiconductor substrate (11) is understood to 

possibly include a substrate comprising a wafer of semiconductor material such as silicon 

or geniumium or a like substrate Structure such as silicon-on-insulator (SOI) as is known· 

10 in the art. Semiconductor structure (11) should be understood to possibly further include 

one or more conductive and/or insulating layers and passive and/or active devices formed 

on or over said substrate.· The semiconductor strucb:U'e (11) has one or more gate 

structures (20) thereon. The gate structure (20) typically comprises· a gate dielectric layer 

(21)and a gate electrode (22) as is knowri in the art. The gate electrode (22) typically 

· . 15 comprises doped polysilicon. · 

Still referring to Fig, l, a dielectric spacer layer ( 40) is formed over the gate 

structure (20). The dielectric spacer layer ( 40) can comprise silicon dioxide, or more 

preferably a silicon nitride layer or a silicon oxynitride. The dielectric layer can be formed 

20 using a chemical vapor deposition process, ~ plasina enhanced chemical vapor deposition 
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process, or a JET CVD process arid preferably has a thickness of between about .100 

Angstroms and 500 Angstroms .. 

If the dielectric spacer layer (40) comprises a silicon nitride layer, a.liner oxide 

s layer (not shown) can be formed on the gate structure (20), prior to fonning the dieleCtric 

spacer layer ( 40). The liner oxide layer Can be composed· of silicon dioxide thermally 
. . 

grown or deposited (using chemical vapor deposition or plasma enhanced chemical vapor 

deposition) to a thickness of betWeen about 50 Angstroms and 200 Angstroms. · The liner 

oxide layer (30) is important to prCvent outdiffusion of dopant ions from the gate 

10 electrode and also to _provide an etch stop for a subsequent silicon nitride etch. 

. . 

Referring again to Fig. 1, a sacrificial organic layer (SO) is formed on the dielectric· 

spllcerlayer (40). The sacrificial organic layer (SO) is preferably composed of a semi­

conformal organic material such as propylene glycol monomrthyl ether. The sacrificial 

15 · organic layer (SO) can be formed using spin coating, and preferably has a thickness of 

between about 300 Angstroms and 1000 Angstroms. 

Referring to Fig. 2, the sacrificial orgamc layer (50) and the dielectric spacer layer 

(40) are anisotropically etched to form spacers comprising·a triangle-shaped sacrificial 

20 organic structure (SOA) and an L-shaped dielectric spacer (40A): The anisotropic etch is 
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preferably perfonned using a plasma etch process with a CF JHBr/02 or Cl/02 chemistry 

for the organic layer (50) and a SF JHBr or CF 4'HBr chemistry for the dielectric spacer 

layer ( 40). The liner oxide layer (30) can act as an etch stop for the dielectric spacer layer 

etch. The triangle-shaped sacrifidal organic structure (50A) preferably has a thickness of 

s between about 200 Angstroms and 900 AngStroms at its base and a height dependant 

upon the height of the electrode (typically between about 1000 Ang$troms and 3000. 

Angstroms). ·ne L-shaped dielectric spacer (40A) has a horizontal leg (44) and a vertica1.· · 

· leg (47). The horizontal leg (44) preferably has a thickness (45) of between aboUt 100 

Angstroms and 500 Angstroms and a width ( 46) of between about 200 Angstroms and 

10 900 Angstroms .. The vertical leg (47) preferably has a thickness (48)ofbetweeh 

about 100 Angstroms and SOO Angstroms and a height ( 49) dependant upon the ~eight of 

the electrode. 

Referring to Fig. 3, the triangl~shaped sacrificial organic structure (50A) is 

15 removed leaving an L-shaped dielectric spacer (40A) .. The triangle-shaped sacrificial 

organic structure (50A) is preferably removed using an etch selective to the dielectric . 

spacer layer such as an 0 2 plasma stripping process. The etch preferably has a selectivity 

io the dielectric spacer layer of 100: 1 or greater. 

20 A key advantage of the present invention is that the thickness (45) of the 
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horizontal leg (44) of the L-shaped dielectric spacer (40A) can be precisely and repeatably 

controlled. For example, the process of the present invention can provide an L-shaped 

dielectric spacer (40A) with a horizontal leg (44) having a thickness (45) of about 300 

Angstroms with a 3-sigma v8.riability ofless than 20 Angstroms. 

Still referring to Fig. 3, impurityions are implanted into the swface of the 
. . 

semiconductor structure (11) for both the lightly doped source and drain extensions and· 

the (heavily doped) source and drain regions. For example, for an N.:.type gate with an L­

shaped spacer having a horizontal leg (44) with a thickness (45) of between about 100 

10 Angstroms and 5~ Angstroms, arsenic or antimony ions can be implanted at an energy of 

between about 30 KeV and 70 KeV and a dose of between about 1E15 atm/cm2 and 5E15 

atm/cm2
• The ions are driven in at a temperature ofbetween about 9S0°C and·1100°c for. 

a ~e of between about: O seconds and 60 seconds. Adjascent to the gate structure (20), 

where the ions must pass through ·the horizontal leg (44) of the L-shaped .dielectric spacer 

IS· ( 40A) prior to entering the semiconductor structure (11 ), the As/Sb ions penetrate to a 
depth of between about 300 Angstroms and 800 Angstroms at a con~tration ofbetween 

about 1El8 atm/cm3 and IE20 ~cm3, forming N-type lightly doped.source and drain 

extensions (64). Beyond the horizontal leg ( 44) of the L-shaped dielectric spacer ( 40A), 

where the ions enter the surface of the semiconductor structure without passing through 

20 the L-shaped spacer (40A), the As/Sb ions penetrate to a·depth ofbetween about 800 
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Angstroms and 1500 Angstroms at a concentration ofbetween about 1E20 atm/cm3 and 

1E21 atm/cm3
, forming N-type.(heavily doped) source and drain re$ions (66). 

For devices having both N-type gates and P-type gates, such as CMOS devices, a 

s ·first photoresist mask (70) is formed over the area where the P-type gate structure is to be 

formed prior to implanting N-type ions. Following the ion implant, the first photoresist 

mask (70) is removed. 

Referring to Fig. 4, for devices having both N-type gates and P-type gates, a 

10 second photoresist mask (72) is formed over the N-type gate ·after forming the N-type 

lightly doped source and drain extensions (60) and the N-type (heavily doped) source and 

drain regions (62). For a P~type gate with an L-shaped spacer having a horizonial leg (44) 

with a thickness (45) ofbetween about 100 Angstroms and 500 Angstroms, 

boron ions can be implanted at an energy ofbetween about 2 KeV and. 10 KeV and a dose 

.15 ofbetween about IBIS atm/cm2 and SEIS atinlcm2• The ions are driven in at a 

temperature of between about 9S0°C and l 100°C for a time of between about 0 seconds 

and 30 seconds. Adjacent to the gate structure (20), where the ions must pass through the 

horizontal leg (44) of the L-shaped dielectric spacer ( 40A) prior to entering the 

semioonductor structure (11), the B iOns penetrate to a depth of between about 300 

20 Angstroms and 800 Angstroms at a concentration of between about 1El8 atm/cm3 and 
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1E20 atm/cm3
, forming P-type lightly doped source and drain extensions (60). Beyond 

the horizontal leg (44) of the L-shaped dielectric spacer (40A), where the ions enter the 

swface of the semiconductor structure without passing through the L-shaped spacer 

(40A), the Bio~ penetrate io a depth of between about 800 Angstroms and 1500 

s Angstroms at a concentration of between about 1E20 atm/crrf and 1E21 atm/cm3
, forming 

P-type (heavily doped) source and drain regions (62). 

Referring to Fig. 5, the second photoresist mask (72) is removed. The device can 

then be completed using processes known in the art. The ion drive in step can be 

IO performed once to drive in both ion species following both ion implantS, instead of 

perfonning separate ion drive in steps~ 

The key .advantages of the present invention are that lightly doped source and drain 

regions and (heavily doped) source and drain regions can be formed simultaneo~sly, 

15 thereby requiring just ·one implant mask and just one implant step to form each type (N or 

P) of gate. The invention thereby reduces fabrication cost and cycle time. 

While the invention bas been partfoularly shown and described with reference to 

the preferred embodiments thereof; it will be understood by those skilled in the art that 

20 various changes in form and details may be made without departing from the spirit and 
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scope of the invention. 
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CLAIMS 

1 l. A method for fonning a lightly doped source and drain structure and source and 

2 drain regions using an L-shaped spacer, comprising the steps of: 

3 a. providing a semiconductor structure having a gate structure thereon; 

4 b. forming an L-shaped dielectric spacer; said L-shaped dielectric spacer having a 

s horizontal leg with a thickness of between about 100 Angstroms and 500 Angstroms; and 

6 c. implanting impurity ions into the· surface of said semiconductor stnicture; 

7 whereby lightly doped source and drain extensions are formed by ions implanted through 

8 said horizontal leg of said L-shaped spacer, and source and drain regiollS are fontjed by 

9 ions implante<Hnto the surfaee of said semiconductor structure not covered by said L-

10 shaped spacer. 

2. The method of claim 1 wherein the 3-sigma variability of said thickness of said 

horizontal leg of said L-shaped ·spacer is le8s than 20 Angstroms. 

. . 

· 3. The method of claim 1 wherein said L-shaped dielectric spacer comprises a silicon 

nitride or silicon oxynitride having a thickness of between about 100 Angstroms and 500 

Angstroms. 
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4. The method of claim I wherein said lightly doped source and drain extensions and 

said source atid drain regions are P-type lightly doped source and drain extensions and P­

type source and drain regions formed by unplanting boron ions at an energy of between 

about 2 KeV and IO KeV and at a dose of between about IBIS atm/cm2 and SBIS 

S. The method of claim 3 wherein said lightly doped source and drain extensfons aild 
. . . . 

said source and drain regions are P-type lightly doped source and drain extensions and P-

type source and ~regions formed by implanting boron ions at an energy of between 

about 2 KeV and IO KeV and at a dose of between about IBIS atm/cm2 and SBlS 

6. . The method of claim I wherein said lightly doped source and drain eXten$ions and 

said source and drain regions are N-type lightly doped source and drain extensions and N-

type source and drain regions funned by.implanting arsenic or antimony ions at an energy 

ofbetween about 30 KeV and 70 Ke\T and at a dose ofbetween about IBIS atm/cm2 and 

SEIS atm/cm2
• 

7. The method ofclaim.3 wherein said lightly doped source and drain extensions ap.d 

said source and drain regions are N-type lightly doped source and drain extensions and N-
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type source and drain regions fonned by implanting arsenic or antimony ions at an energy 

of between about 30 KeV and 70 KeV and at a dose of between about IBIS atm/cm2 and 

SEIS atm/cm.2• 

· 8. The method of claim 4 wherein said P-type lightly doped source and drain 

extension has a concentration of boron iOns ofbetweeli. about 1E18 atm/cm3 and 1E20 

atm/cm3 and a depth of between about 300 Angstroms and 800 Angstroms and said P-type 

source and drain regiori has .a concentration of boron ions of between about 1E20 atm/cm3 

and IE21 atm/cm.3 and a depth of between about 800 Angstroms and 1500 Angstroms. 

9. The method of claim 6 wherelli said N-type lightly.doped source and drain 

extension has a concentration of arsenic or antimony ions of between about IEI8 atm/cm3 

and 1E20 atm/cm3 and a depth of between about 300 Angstroms and 800 Angstroms and 

said N-type source and drain region has a concentration of arsenic or antimony ions of 

between about IE20 atm/cm3 and iE21 atm/cm3 and a depth of between about 800 

Angstroms and 1500 Angstroms. 

· 1 IO. A method fonn forining lightly doped source and drain extensions for a CMOS 

2 device using L-shaped spacers, comprising the steps of: 

17 



• 

l lllllll llllll 1111111111111111 
* C L M S * 

3 a. providing a semiconductor structure having a P-type gate structure and an N-

4 type gate structure thereon; 

s b .. forming a liner oxide layer on said gate structures; 

6 c. forming a dielectric spacer layer on said liner oxide layer; 

7 d .. fanning a saCrificial organic layer on said dielectric spacer layer; 

g e. anisotropically etching $1\id sacrificial organic layer and said dielectric spacer 

9 layer to fonn spacers comprising a triangle-shaped sacrificial organic structure ~d an·L-

10 shaped dielectric spacer; · 

11 f. removing said triangle-shaped sacrificial organic structure; 

12 g. fanning a first photoresist mask over said P-type gate; 

13 h. implanting N-type impurity ions into the surface of said semiconductor 

14 structure; whereby N-type lightly doped source and drairi extensions are fonned by ions 

15 implanted through said horizontal leg of said L-shaped spacer, and N-type source and 
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16 drain regions ·are formed by ions implanted into the sui-face of said semiconductor 

17 structure not covered by said L-shaped spacer; 

18 i. removing said first photoresist mask and forming a second photoresist mask 

19 over said N-type gate; 

20 j. implanting P-type impurity ions into the surface of said semiconductor structure; 

21 whereby P-type lightly doped source and drain extensions are formed by ion8 implanted 

22 through said horizorital leg of said L-shaped spacer, and P-type source and drain regions 

23 are formed by ions implanted into the surface of said semiconductor structure ·not covered 

24 by said L-shaped spacer; and 

2s k. removing said second photoresist mask. 

1 i. The method of claim. IO wherein the 3-sigma. variability of said thickness of said 

horizontal leg of said L-shaped spacers .is less than 20 Angstroms. 

12. The method. of claim 10 wherein smd L-shaped. dielectric spacers comprise a 

silicon nitride layer or a silicon oxynitirde layer having a thickness of between about 100 

Angstroms and 500 Angstroms. 
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13. The method of claim I 0 wherein said '.P-type lightly doped source and drain 

extensions ~d said P-type source and drain regions are formed by implanting boron _ions 

at an energy of between about 2 KeV and 1 O KeV and at a dose of between about 1E15 

atm/cm2 and.SE15 atm/cm2, and said N-type lightly doped source and drain extensions and . . . . . 

said N-type source and drain regions are formed_by implanting arseni~ or antimony ions at 

an energy ofbetween about 30 KeV and 70 KeV and at a dose of between about lElS 

atm/cm2 and SElS atm/cm2• 

14. The method of clai~ 10 wherein said P-type lightly doped source and drain· 

extensions have a con~ntration of boron ions of between about IE18. atm/cm3 and IE20 

atm/cr.rf and a depth of between about 300 AngStroms and 800 Angstroms; said~-type 
. .. 

source and drain regions have a concentrati,on of boron ions of between about IEiO 

atm/cm3 and 1E21 atm/cm3 and a_depth ofbetween about 800 Angstroms and 1500 

Angstroms; said N-type lightly doped source and drain extensions have a concentration of 

arsenic or antimony ions of between about IE18 atm/cm3 and lE20 atm/cm.3 and a depth. 

ofbetween about 300 Angstroms and 800 Angstroms; and said N-type source and drain 

·regions have a eoncentration· of arsenic or antimony ions of between about IEiO atm/cm3 

and 1E21 atrn/cr€ and a depth of between about 800 Angstroms and 1500 Angstroms. 
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