Title METHOD FOR FORM NG AN OFFSET SPACER OF A MOS DEVI CE Background of the
Invention |I. Field of the Invention The invention relates to a nethod for
form ng an offset spacer of a netal -oxide sem conductor (MO3S) device. 2.
Description of the Prior Art As MOSFET and CMOS device characteristic sizes
are scaitléd bel ow 0.13 microns including below 0.1 nmicron, the process
w ndow for wet and dry etching processes are increasingly difficult to
cont r oMETH @D @Y EORNS ING ch N OFFB EdI SPANTRER OIFoaMOFOENEKE ™l e, in form ng
dielectric offset spacers, also referred to as sidewall spacers, the
requi r sackwréling oFthd efdnset spacer is increasingly snaller. For exanple,
the width of the offset spacer may be as small as 100 Angstroms (10
nanomef %%‘QO% élﬁ%@ntl J4 65 nanoneter char acterl stl c di rren5| oned CMOS
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Summary of the Invention

It is therefore among the objects of the present invention to provide an improved method for

dielectric offset spacer formation to overcome the shortcomings of the prior art.

According to a preferred embodiment of the present invention, a method for forming an offset
spacer of'a MOS device is disclosed. The method includes the steps of: providing a
substrate having a gate structure thereon; forming a dielectric stack on the substrate and the
gate structure, wherein the dielectric stack comprises a first dielectric layer, a second
dielectric layer, a third dielectric layer, and a fourth dielectric layer; and performing an
etching process on the dielectric stack to form an offset spacer around the gate structure.

According to another aspect of the present invention, a method for forming an offset spacer of
a MOS device is disclosed. The method includes the steps of: providing a substrate having a
gate structure thereon; forming a dielectric stack on the substrate and the gate structure,



wherein the dielectric stack conprises a first dielectric |ayer, a second
dielectric layer, a third dielectric layer, and a fourth dielectric |ayer;
performng a first etching process for removing a portion of the fourth
dielectric layer; perform ng a second etching process for renoving a
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drawi ngs. Brief Description of the Drawings Figs. 1-4 illustrate a nethod
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whi ch Aetailed Pesgripph t he scope of the present invention. A photo-etching
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20 is PVeHEably an oxide-nitride-oxide-nitride (ONON) diel ectric stack.
Hence, the first dielectric layer 22 is conposed of silicon oxide, the
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Next, a dielectric stack 20 preferably composed of a first dielectric layer 22, a second
dielectric layer 24, a third dielectric layer 26, and a fourth dielectric layer 28 is formed on the
substrate 12 and the gate structure 14.  In this embodiment, the four dielectric layers of the
dielectric stack 20 are deposited in-situly and the dielectric stack 20 is preferably an
oxide-nitride-oxide-nitride (ONON) dielectric stack. Hence, the first dielectric layer 22 is
composed of silicon oxide, the second dielectric layer 24 is composed of silicon nitride, the
third dielectric layer 26 is composed of silicon oxide, and the fourth dielectric layer 28 is
composed of silicon nitride.

As shown in Fig. 2, a dry etching process is performed by removing a portion of the fourth
dielectric layer 28, such as the top silicon nitride layer of the ONON dielectric stack 20 for



dielectric layer 28, such as the top silicon nitride |ayer of the ONON
dielectric stack 20 for formng a silicon nitride spacer 32. The dry
etching process is controlled to have a high selectivity on SiN Si O such
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invention first deposits an ONON dielectric stack on a substrate and a gate
structure, partially renoves the top silicon nitride |layer fromthe ONON

di el ectric stack through a plasma dry etching process, and then partially
renoves the first silicon oxide |ayer and second silicon nitride [ayer from



Those skilled in the art will readily observe that numerous nodifications
and alterations of the device and nethod may be nmade while retaining the
teachings of the invention. Cainms Wat is clained is: |I. A nethod for
form ng an offset spacer of a MOS device, conprising the steps of:
provi dixide Rysulsitsdagpesdidvicngerdhgatbetraierldend tlee sithevadband top of flergaieng a
di el ecttnicours il dekiilonhd fist uhspadad lecoamdtridbéaygad & asd thecteond, L-vigeé siticbihe
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et chi ngarRAIRERBfved through two separate wet etching processes, the profile of the bottom

stlicon oxide layer from the ONO stack is maintained throughout the fabrication and silicon

loss 1n the substrate is also prevented.

Those skilled in the art will readily observe that numerous modifications and alterations of the
device and method may be made while retaining the teachings of the invention.



5. The method of claim3, wherein the first wet etching process conprises
using diluted hydrofluoric acid (DIU) for renoving a portion of the third
dielectric layer. 6. The nmethod of claim3, wherein the second wet etching
process conprises using sulfuric peroxide m xtures (SPM for renoving a
porti oflaphst he second dielectric layer. 7. The nethod of claiml, wherein
after formng the offset spacer around the gate structure conprises:

per f or Whagisahiin@t id: npl ant ation in the substrate adjacent to two sides of
the offset spacer for formng a lightly doped drain. 8 A nmethod for
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third ghatepieedtviec | ayer; and performing a third etching process for
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spacer 2 drfleunethtdef daine 1 svhareihuheetchidg pidresseinlyeteof cl ai m 8, wherein the
first etchefgmphgaesscehimpprerss fr diyowhg hipdgioproadiesHurth Aelattongeet chi ng
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second dielectric layer compnses silicon nitride, the third dielectric layer comprises silicon
oxide, and the fourth dielectric layer comprises silicon nitride.

4. The method of claim 2, wherein the dry etching process comprises a plasma etching
process.

5. The method of claim 3, wherein the first wet etching process comprises using diluted
hydrofluoric acid (DHF) for removing a portion of the third dielectric layer.

6. The method of claim 3, wherein the second wet etching process comprises using sulfuric
peroxide mixtures (SPM) for removing a portion of the second dielectric layer.

7. The method of claim 1, wherein after forming the offset spacer around the gate structure
comprises:

performing an ion implantation in the substrate adjacent to two sides of the offset spacer
for forming a lightly doped drain.

8. A method for forming an offset spacer of a MOS device, comprising the steps of:

providing a substrate having a gate structure thereon;

forming a dielectric stack on the substrate and the gate structure, wherein the dielectric
stack comprises a first dielectric layer, a second dielectric layer, a third dielectric layer, and a
fourth dielectric layer;

performing a first etching process for removing a portion of the fourth dielectric layer;

performing a second etching process for removing a portion of the third dielectric layer;
and

performing a third etching process for removing a portion of the second dielectric layer
for forming an offset spacer around the gate structure.

9. The method of claim 8, wherein the first etching process comprises a dry etching process,
the second etching process and the third etching process comprise wet etching processes.
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12. The method of claim 10, wherein the second etching process conprises
using diluted hydrofluoric acid (DHF) for renoving a portion of the third
dielectric layer. 13. The nethod of claim 10, wherein the third etching
process conprises using sulfuric peroxide m xtures (SPM for renoving a
portion of the second dielectric layer. 14. The nethod of claim8, wherein
af ter f@riemgethdiofofldiae?, vipade theafiudidictiie 1gat eospriststsilicen oaidey thees:

per f or s8ch@d aRlec@it lay@lcompaibésailidon nitfide SHbBiiFfedieleaic 38R LohPrifesRilibdes of
the of §5ak, SRALHUERGdQEMR RYereobi@ht! Midapadigrain. 15, A netal - oxi de
sem conductor (MOS) device, conprising: a substrate; a gate structure

di spos , . : : f J 0 he gate
str uctgﬂgﬁ’g\%ég?%dlséﬁ%@a%f hseg%m g%andcrgr9 &%g{rﬁﬁr Pgeggﬁ%ﬂéﬁ%géﬁg%@aa&ngﬂgési licon
nitride Spacer sitting on the ONO stack; and a lightly doped drain disposed

inthe s stra]it}g? %d' acent tot si des, of the offset spacer. ,é}G. The MOS
thadyof I

devi celof el IR Hb wherdi thener S iR RS 8BRS ¢ WHigrHateNO st ack.
17. TheyduwinasacdF coargmasng herienpef theehird disheséiic @ st ack conpri ses a
first L-shaped silicon oxide |ayer, a first L-shaped silicon nitride |ayer,
and a Skddwdndthaheipeans]), ivdercinstiedbirdl aiebimg prd@ss ThepddeSusiegiselduraf cl ai m 17,
wher ei perbide fnirtsitesl(SBRA pexdremiolingapotodef thayetond dwdecsrit hgeisubstrate, the
sidewal |l and the top of the gate structure.

14. The method of claim 8, wherein after forming the offset spacer around the gate structure

comprises:

performing an ion implantation in the substrate adjacent to two sides of the offset spacer

for forming a lightly doped drain.

15. A metal-oxide semiconductor (MOS) device, comprising:

a substrate;

a gate structure disposed on the substrate;

an offset spacer disposed around the gate structure, wherein the offset spacer comprises a
ONO stack and a silicon nitride spacer sitting on the ONO stack; and

a lightly doped drain disposed in the substrate adjacent to two sides of the offset spacer.

16. The MOS device of claim 15, wherein the ONO stack comprises an L-shaped ONO stack.
17. The MOS device of claim 16, wherein the L-shaped ONO stack comprises a first
[-shaped silicon oxide layer, a first L.-shaped silicon nitride layer, and a second L-shaped

silicon oxide layer.

18. The MOS device of claim 17, wherein the first 1.-shaped silicon oxide layer covers the
substrate, the sidewall and the top of the gate structure.



