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Method for Forming a Lightly Doped Source and Drain Structure -
| Uslng an L-Shaped Spacer |
| Background of Invention
1) Field of the Invention

" This invention relates generally to fabncatlon of a sennconductor device and more -

particularly to a method for formmg a hghtly doped source and drain (LDD) structure-

_usmg an L-shaped spacer

. 2) Description of the Prior Art

As sermconductor technology continues to advance, the physwal geometry of
semiconductor devices continually shrinks and the fabncatlon processes for formmg

semiconductor devices continually becomes more complex, s1gn_1ﬁcantly increasing
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manufacturmg cost and cycle time, The number of masking and ion implant steps is an

| 1mportant factor in the manufacturmg cost and cycle time of semiconductor fabncatlon

Conventlonal CMOS fabncatron processes requ:re four masking steps and four ion

implant steps to form source and dram regions wrth source and dram extensrons (LDDs)

that meet the performance requlrements for modern CMOS devices. Followmg gate _

definintion in a typical CMOS process, a PLDD (P-type lightly doped source and dram, P- -
type source and drain extensron) mask is fonned of photoresist, covering the area for the o
N-type transistor. P-type ions are lmplanted through the PLDD mask for the P-type

source and drain extenslons (PLDD), and the PLDD mask is removed. - An NLDD (N-

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

phototesist,'coVering the area for the P-_typ_e transistor.' N-typ_e ions are itnplanted-through -'

* the NLDD for the N-type source-_and drain extensions (NLDD), and the NLDD mask is

removed. After sidewall spacers are formed on the P-type gate and on the N-type gate, a

P+ source and drain (P-type heavily doped source and drain) implant mask is fonned over

the area for the N-type tra‘nsistor “A'heavy dose of P-type ions are iniplanted through the -
P+ source and dram implant mask, and the P+ source and drain implant mask is removed
N+ source and drain (N-type heavily doped s source and drain) implant mask is fonned over
the area for the P-type transrstor A heavy dose of N-type ions are nnplanted through the -

N+ source and _dram implant mask, and the N+ source and dram 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 ina_sking steps and jon implant steps.

The lmportanee of overcormng the vanous deficiencies noted. above is ewdenced

' by the extenswe technologreal development directed to the subject, as documented by the

relevant patent and techmcal literature. The closest and apparently more relevant techmcal

developments in the patent hterature can. be gleaned by consldermg the followmg patents

U.S. 4,908,326 (Ma et al); US. 5,783,475 (Ramaswami), and U.S. 5,863,824 -
(Gardner et al.) show L-shaped spaoers and separate ion implant processes for the source )

and dram extensions (eg lightly doped source and drain, LDD) and the source and drain

(eg souroe and dram regions, Junctlon reglons).

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

' _d_ope_d region'where a sidewall spacer patially blocks the_ implant and a heavily doped

reglon where the spacer does not overhe the substrate However the smgle layer spacer

does not prov1de the tluckness control that would be required for source and drain

exte_nsrons. _

- 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 form';ng an-L-shaped spacer using

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

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

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

spacer and moderate-depth source and drain extensions beyond the L-shaped -sp'a;ce'r :

' However the s1hcon nitride top layer etch does not prov1de the thickness control requlred

to slmultaneously form source and dram extensmns and source and dram Junctlon reglons. _

Summary of the Invention |

It is an object of the present invention to provide a method for forming an L-

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

' extensions through thé L-shaped 'spader simultaneously with the (heavily dope_d) source |

and drain (junction region) impla_nf.

Cltis another object of the present invention to provide a mgthdd for source _and'

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

implant Steps; |
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It is yet another object of the present invention to provide an economical-method

 for forming source and drain regions and lightly doped source and drain extensions witha

reduced cycle time. _

To acccrrlpllsh the above objectives, the preseht invention provides a‘metho.d for
forming an L-shaped spacer using a sacriﬁcial'organ_icltop, ccating,' and Simrrltaneously
implanting lightly d_ohed source and dram extensicns through the _L-shar)'ed spacer, and '
implanting (heavily doped) source and drain regions beyond the L-shaped spacer. A |

semiconductor structure is provided having a gate stmcture thereon. A liner oxlde'layer is

formed on the gate structure. A drelectnc spacer layer is formed on the liner oxlde layer. "

In the preferred embodiments, the dielectric spacer layer compnses a snhcon mtnde layer

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

layer. The sacrificial organic layer and the dielectric spacer layer are an_isotropically'_
etched to form spacers comprising a -triangle-shaped sacrificial orga'nic structure and an L-

shaped dxelectnc spacer The liner oxide layer can act as an etch stop for the anisotropic

| etch process. The tnangle-shaped sacnﬁcral organic structure is removed usmg an etch .

selectrve to the L-shaped drelectnc spacer leavmg an L-shaped dlelectnc spacer Impunty

ions are nnplanted through the L-shaped spacer to form source and drain extensions

sm_lultaneosly with the source and drain (junctxon region ) implant.
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The present invention provides considerable improvement over the prior art.

A llghtly doped source and dram extensron and a (heavrly doped) source and drain region

~ can be formed srmultaneously using one nnplant mask and one ion implant step. A CMOS

process can be performed using one P-type nnplant mask a.nd ion unplant step and one N-

:type 1mp1ant mask and i 1_on unplant step, instead of four inplant masks and four implant

steps.

The key to formmg a lrglrtly doped source and drain extensron and a (heavrly
doped) source and dram region srmultaneously is an L-shaped spacer whose thickness can
be repeatably controlled Because the sacrrﬁcral orga.mc structure can be completely

removed using a selective etch, without damagmg the resultmg L-shaped drelectnc

| spacers, the thlck_ness of the L-shaped spacer is very repeatable. Also, the spacer which -

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

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

* the IC and between IC's.

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

'technology However a further understandmg of the nature and advantages of the present_

invention may be reahzed by referenee to the latter portrons of the specrﬁcatron and

attached drawmg_s.
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Brief Description of the Drawings

The features and adventages ofa Sernieonductor device according to the present
mventron and further detarls of a process of fabricating such a semiconductor device i in.

accordance w1th the present invention wnll be more clearly understood from the followmg

'_ descnpnon taken in conjunction with the accompanying drawmgs in whlch hke reference |

‘numerals desrgnate- snmlar or corresponding elements, regions and portxons and in whxch:

Figs. 1 through 5 illustrate sequential sectional views of a method for forming L-
shaped spacers using a sacrificial organic top coat, and simultaneOusly implanting ions for

a lighity doped source and drain_extens_ion and a (heavily doped) source and drain region

.according to the present invention.-

Detai_led Description of the Invention -

., The present invention will be described in detail with reference to the |
aecompanymg drawmgs A preferred embodxment of the present mventlon is descnbed
with reference to Flgs 1 through 5, The preferred embodnnent prov1des a method for |

for_mmg an L-shaped spacer using an organic top coating and simultaneouslt implanting

 ions for a lightly doped source and drain extension through the L-shaped spacer and
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impia.nting ions for a (heavily doped) source and drain region beyond the L-shaped spacer.
The present invention provides a consistently controlleble opening which is adequate for - "
good gap-ﬁlling characteristics, Also, the orga'nic top coat can be formed faster than an

oxide layer using a lower thermal budget.

Refernng to Fig. 1, the preferred embodrment of the present mventron begms by

_ provrdmg a sennconduetor structure (1 1) Semiconductor substrate (11)is understood to '

possrbly rnclude a substrate compnsrng a wafer of semrconductor material such as srhcon

. or germanium or_a like substrate structure such as silicon-on-insulator (SOI) as is known- _

in the art. Semiconducl_:or stmcture ¢ l)'sho'uld be understood to possibly further include

one or more conductrve and/or msulatmg layers and passrve and/or active devrces formed

: on or over said substrate.. The semrconductor structure (11) has one or more gate

| structures (20) thereon, The gate structure (20) typically compnses-a gate drelectnc iayer

(21) and a gate electrode (22) as is known in the art The gate electrode (22) typrcally

o ompnses doped polysrhoon '

| Strll refemng to Frg 1,a drelectnc spacer layer (40) is formed over the gate

structure (20) The drelectnc spacer layer (40) can compnse srhcon droxrde or more

preferably a srhcon mtnde layer or a silicon oxymtnde The dielectric layer can be formed' o

usrng a chemical vapor deposrtron process, a plasma enhanced chemrcal vapor deposition
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process, or a JET CVD process and preferably has a thickness of between about 100

Angstroms and 500 Angstroms

If the drelectnc spacer layer (40) compnses a silicon nitride layer, a liner ox1de

layer (not shown) can be formed on the gate structure (20), pnor to formmg the drelectnc

- spacer layer (40). The liner oxide layer can be composed of s1hcon dlox1de thermally

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

| deposition) to & thickness of between about 50 Angstroms and 200 Angstroms.  The liner

oxide layer (30) is 1mportant to prevent outdiffusion of dopant ions from the gate

electrode and also to provrde an etch stop for a subsequent silicon nitride etch

Refernng again to F1g 1, a sacnﬁcral orgamc layer (50) is formed on the dlelectnc -

a spacer layer (40). The sacrificial organic layer (50)is preferably composed ofa setm

conformal organic matenal such as propylene glycol monomrthyl ether- The sacnﬁclal

' orgamc layer (50) can be formed using spin coatmg, and preferably hasa tluckness of

between about 300 Angstroms and 1000 Angstroms.

Referring to Fig. 2' the sacrificial organic layer (50) and the dielectric 'spacer' layer

: (40) are amsotroplcally etched to fonn spacers comprising a triangle-shaped sacnﬁclal

organic structure (SOA) and an L-shaped dielectric spacer (40A) The amsotroplc etchis
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preferably performed using a plasma ..etch process with a CF,/HBr/O, or CL,/O, chemistry

for the organi¢ layer (50) and a SF¢/HBr or CF,/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 tnangle-shaped sacnﬁcxal orgamc structure (SOA) preferably has a tlnckness of

between about 200 Angstroms and 900 Angstroms at lts base and a helght dependant

upon the helght of the electrode (typxcally between about 1000 Angstroms and 3000

Angstroms). The L-shaped dxelectnc spacer (40A) has a horizontal leg (44) and a verucal_- '

' leg 47). The horizontal leg (44) preferably has a thJckness (45) of between about 100

Angstroms and 500 Angstroms and a w1dth (46) of between about 200 Angstroms and
900 Angstroms The vertical leg (47) preferably has a thlckness (48) of between
about 100 Angstroms and 500 Angstroms and a helght (49) dependant upon the helght of

the electrode

-'Referﬁng-to Fig. 3, the'triangle-s'shaped sacrificial organic structure (50A) is |

 removed leaving an L-shaped dielectn’c spacer (40A). ‘The triangle-shaped sacrificial B

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

‘spacer layer such as an O, plasma stripping process; The etch preferably has a selectivity

to the dielectric_ spacer layer of 100:1 or greater.

A key advantage of the present lnvention ls that the thickness (45) of the

10
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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 mventxon can provrde an L-shaped

dielectric spacer (40A) wrth a honzontal leg (44) having a tluckness (45) of about 300

Angstroms with a 3-s1gme variability o_f less than 20 Angstroms.

Still referring to Fig. 3, impurity ions are implanted into the surface of the

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

. the (heavily doped) source and drain regions. For exaniple? for an N-type gate withan L~

~~_shaped spacer hav'ing'a'horizontal' leg (44) with a thickness (45) of between about 100

Angstroms and 500 Angstroms, arsenic o antimony ions can be inrplarlted at'an energy.of '
between about 30 KeV and 70 KeV and a dose of between about 1E15 atm/cm? and SE15

atm/cm®. The ions are drivern in at a terhperattrre of between about 950°C and 1 lOO"C for .

o a time of between about 0 'Mnd and 60 s'econds. Adjascent to the gate structure (20),

where the ions must pass through the horizontal leé (44) of the L-shaped dielectric spacer
(40A) pnor to entering the setmconductor structure (1 1), the As/ Sb ions penetrate to a
depth of between about 300 Angstroms and 800 Angstroms ata concentratlon of between
about 1E18 atm/cm’ and 1E20 atm/cm’, forming N—type hghtly doped source and dram |
extensions (64). Beyond the horizontal leg (44) of the L-shaped d_l_elecmc spacer (40A),
where the ions. enter the surface -of the cenﬁconductor structure without passing through

the L-shaped spacer (40A), the As/Sh ions penetrate to a depth of between about 800

i
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~ Angstroms and 1500 Angstroms at a concentration of between about 1E20 atm/cm® and

1E21 atm/cm®, forming N-type (heavily doped) source and drain regions (66).

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

'ﬁrst photoreslst mask (70) is formed over the area where the P-type gate structure istobe
formed pnor to nnplantmg N-type ions. Followmg the ion implant, the ﬁrst photores1st

~mask (70) is removed

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

. dram regrons (62). Fora P—type gate wrth an L-shaped spacer - having a horizontal leg (44)

| with a thlckness (45) of between about 100 Angstroms and 500 Angstroms

boron ions can be nnplanted at an energy of between about 2 KeV and 10 KeVanda dose

-'of between about 1E15 atm/cm and 5E15 atrn/e‘m2 The ions are driveninata

temperature of between about 950°C and 1100°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 drelectnc spacer (40A) prior to entenng the
sermconductor structure (1 1), the B ions penetrate toa depth of between about 300

Angstroms and 800 Angstroms at a concentration of between about 1E18 atm/cm® and

12
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1E20 atm/cm®, formmg P-type hghtly doped source and drain extensions (60) Beyond

the horizontal leg (44) of the L-shaped drelectnc spacer (40A), where the ions enter the
surface of the semrconductor structure w1thout passing through the L-shaped spacer
(40A), the B 1ons penetrate toa depth of between about 800 Angstroms and 1500
Angstroms at a concentratron of between about 1E20 atrn/cm3 and 1E21 atm/cm , forming

(heavrly doped) source and dram 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. Thei ion dnve in stcp can be
performed once to drive in both ion specres followmg both ion unplants, mstead of

performmg separate ion dnve in steps

The key advantages of the present invention are that lightly doped SOurce and drain
regrons and (heavﬂy doped) source and drain regrons can be forrned srmu]taneously,
thereby requiring Just one implant mask and just one unplant step to form each type (Nor

P) of gate. The mventron thereby reduces fabncatron cost and cycle t1me

Whrle the invention has been partrcularly shown and described with reference to

the preferred embodlments thereof, it will be understood by those skilled in the art that

- various changes in form and details may be made wrthout departmg from the spmt and

13
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CLAIMS

- L A method for forming a iightly deped source and drain structure and source and

drain regions using an L-shaped spacer, eomprisirlg the steps of:
a. providing a semiconductor structure having a gate structure thereon, |

b. forming an L-shaped dielectric spacer; said L-shaped dlelectnc speeer having a |

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

c. 1mplantmg rmpunty jons mto the surface of said sermconductor structure
whereby hghtly doped source and dram extensrons are fonned by ions xmplanted through |
said horizontal leg of said L-shaped spacer, and source and drain reglons are formed by '
mns implanted into the surfaee of sard semiconductor structure not covered by smd L-

sh_é.ped spacer.

2. The method of claim 1 wherem the 3-sigma variability of saxd tlnckness of said

honzonta] leg of said L-shaped spacer is less than 20 Angstroms.

3. The method of claim 1 whereil__r said L—shaped dielee_tric spacer compri_ses a silicon .
. nitride or silicon oxynitride having a thickness of between about 100 Angstroms and 500

Angstroms.

15




—_—

[

4. The method of claim 1 wherein said lightly doped source and drain extensions and |
' said source and drain-regions are P-type lightly doped sourcé and drain extensions and P-
| type source and drain regions formed by implanting S_oron ions atan energy of between
about 2 KeV'and iO KeV and .at_ a dose of between #Béui_ 1E15 atm/¢m’” and SE15 --'

atm/cm®.

‘5. Themethod of claiin 3 wherein said hghtly do;ied sourc_e- and drain e:ctensiAhs a‘nc-I :
said source and drain regi_ong.aré P-typé; lighﬂ& doped source and drain extensions and P-
type so’urﬁe and dram regions formed by implanting boron i6n§ at an énergy of between
about 2 KeV and 10 KeV and at a déée of l_ietween'abouf 1E15 atm/cm’ and 5E15

atm/cm?.

6. The method of claim 1 wherein said ightly doped source and drein extensions and "
smdsouroe and drain regions are N—type'ﬁghﬂj; doped source and drain extensions and'N- |
 type source and drain regions formed by.implanting arsenic or antimony ions at an eﬁergy

of between about 30 KeV and 70 KeV and at é dose Qf befwéen about iElS atx.n/c,_:m2 #n_d _

5E15 atm/cm?.

7. The method of claim 3 wherein said lightly doped source and drain extensions and
said source and drain regions are N-typé lightly doped source and drain extensions and N-

16
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'type source and drain regions formed by implanting arsenic or antimony ions at an energy
of between about 30 KeV and 70 KeV and at a dose of between about 1E15 atm/cm? and

SE15 atm/cm?.

3. The methed of claim 4 wherein seid P.type lightly doped source and drain
extensxon has a concentration of boron ions of between about lEl 8 atm/cm and 1E20
atm/cm and a depth of between about 300 Angstroms and 800 Angstroms and said P-type |
source and drain regnon has a concentratlon of boron ions of between about 1E20 atm/cm®

and 1E21 atm/cm® and a depth of between about 800 Angstroms and 1500 Angstroms. -

9. The method of c_l_aim_6 wherein sald _I.~I-t'y.pe.lightl:y'doped source and dram

| extension has a eoneetttration ot‘ arsenic bt antimony .i‘ons of between about 1E1_8-‘ atm/cm’
- and 1E20 atm./cnll3 anda débth of between about 300 Angstr-oms'.and 800 Angstrome_ and
said N-type source and drain tegibh hasa _coﬁcentrétion of arsenic or antimony ions of _
between about 1E20 atm/cm® and 1E21 .atm/cms_ and a depth of between about 800

Angstroms and 1500 Angstroms.

- 10. A method form forming lightly doped source and drain extensiotls for a CMOS

deVlce using L-shaped spacers, ct)mpxising the steps of -

.17 .
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a. providing a semiconductor structure having a P-type gate structure and an N-

type gate structure thereon;

b. forming a liner oxide layer on said gate structures,

- C. fqrming-a dielectric spacer la_yef on said liner oxide layer;
d._formihg_ a sacrificial organic layer on said dielectric spacer layer;

‘e. anisotropically etching said sacrificial organic layer and said dielectric spacer
layer to form spacers éom'_pxisirig a triangle-shaped sacrificial organic structure and an'L-
shaped dielectric spacer; - |

.. removing said tfiangle-éhéped sacriﬁcia] brganic structure;

g formmg a first photoresiét mask over said P-type gate;

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

;trdctul_'e; whereby N-type iightly doped_ sour_cé and. drain extensions are forméd 'by ions.

implanted through said horizontal leg of said L-shape_d spacér, and N-type source and

18
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' drain regions are formed by ions implanted into the surface of said semiconductor

structure not covered by sald L-shaped spacer;

i mmdﬁng said first. photoresist mask and forming a second phoforesisi mask -

" over said N-type gate;

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

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

through said horizontal leg of éaid I_,f-shaped spacer, and P-type source and drain regions '_

are formed by ions implanted into the surface of said s_erniconductor_stfucuxre"not covered -

by sald L-shaped spacer; and

k. removing said second photoresist mask.

1L ' The method of claim 10 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 said L-shaped dielectric spacers comprise a

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

 Angstroms and 500 Angstroms.

19
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13. The method of claim 10 wherein said P-type lightly doped source and drain

extensions and said P-type source and dtain regions are formed by implanting boron jons

~atan energy of between about 2 KeV and 10 KeV and at a dose of between about 1E15

atm/cm? and. SE15 atm/cm2 and said N-type hghtly doped source and drain extensions and B

'sald N-type source and dram reglons are formed by nnplantmg arsemc or antlmony ions at

an energy of between about 30 KeV and 70 KeV and at a dose of between about 1E15

~ atm/cm? and 5E15 atm/cm2

' 14 _ The method of cla:m 10 Wherein said P-type lightly doped source and drain-

extensions have a concentration of boron i ions of between about 1E18 atm/cm and 1E20
atm/cm'" and a depth of between about 300 Angstroms and 800 Angstroms said P-type

_source and drain regions have a concentratl_on of boron ions of between about 1E20

| atm/cm’ and 1E21 atm/em?® and a depth of between 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 1E18 atm/cm® and 1E20 atm/cm® and a depth

of between about 300 Angstroms and 800 Angstroms, and said N-type source and dram

'reglons have a concentration of a arsenic or antxmony ions of between about 1E20 atm/cnn3 -

and 1E21 atm/cm and a depth of between about 800 Angstroms and. 1500 Angstroms

20



