US 20090261429A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2009/0261429 A1

Jeong Ho 43) Pub. Date: Oct. 22, 2009
(54) TRANSISTOR AND METHOD FOR Publication Classification
MANUFACTURING THEREOF
(51) Imt.CL
(75) Inventor: Park Jeong Ho, Echun-shi (KR) HOIL 29/78 (2006.01)
Correspondence Address: (52) US.Cl ..cccovieeiincrecnce 257/413; 257/B29.255
FINNEGAN, HENDERSON, FARABOW, GAR-
EE;T & DUNNER (57) ABSTRACT
901 NEW YORK AVENUE, NW A transistor includes a gate insulating layer over a semicon-
WASHINGTON, DC 20001-4413 (US) ductor substrate; a first insulating layer on both sides of the
gate insulating layer; first spacers over the first insulating
(73) Assignee: Dongbu Electronics Co., Ltd. layer and being spaced apart from each other; and a gate
conductive plug between the first spacers. A method for
(21) Appl. No.: 12/491,590 manufacturing a transistor includes sequentially depositing a
) first insulating layer and a second insulating layer over a
(22) Filed: Jun. 25, 2009 semiconductor substrate; etching the second insulating layer;
L. implanting impurity ions; depositing and etching a layer of
Related U.S. Application Data spacer material to form first spacers; removing a first portion
(62) Division of application No. 11/302,137, filed on Dec. of the first insulating layer between the first spacers; depos-
14. 2005. now Pat. No. 7.560.444. iting a gate insulating layer the place of the first portion of the
’ ’ T first insulating layer; forming a gate conductive plug on the
(30) Foreign Application Priority Data gate insulating layer; forming second spacers on sidewalls of
the gate conductive plug; and forming a silicide on an upper
Dec. 15,2004  (KR) oo 10-2004-0106054 surface of the gate conductive plug.
160 /
o <\ 180
N \\\\\\\/
\ . 200
W ( 1102
AUMINIINININNN P2 RN
171 --=F ' A ,.1,«>~. _____________________
170} o, T H LN
172 -t e o S ;
\\‘ ——-100
A




Patent Application Publication

FIG. 1

FIG. 2

FIG. 3

PRIOR ART

’/4/

Oct. 22,2009 Sheet1 of 5

60 50

/

: 4
/////

40

20

US 2009/0261429 Al

70

T ———r
I ; =,
HR e H

SN

10

——115

~~—110

115

110




Patent Application Publication  Oct. 22,2009 Sheet 2 of 5 US 2009/0261429 A1
FIG. 4
140
——115
110
100
FIG. 5
140
——115
T I a-"-‘i 10
100
FIG. 6
140 160
(¢
W\’ 115
A "\.—1 ‘0
——100

150



Patent Application Publication  Oct. 22,2009 Sheet 3 of 5 US 2009/0261429 A1

FIG. 7

p2zzze] ——110

171---1T 7 N

e e e s mmm e m——— ] e . ————— -

—~-100

FIG. 8

il

| A
1d

171 et > \

e v wmsmsaesnw? | Thecceesssessecccscscvcecsecseey

150

FIG. 9

171 -1 "' "\

L LT TP e T L L - . -




Patent Application Publication  Oct. 22,2009 Sheet 4 of 5 US 2009/0261429 A1

FIG. 10

140 160

- . S
170470 & J .~

T L T Ty

FIG. 11

160 200

\ _
140>/“N\\\(180
. \W ( 1108 ?00

B NN s R .
170E 1?1 S . }-"’ - "’I'J “-v\ ———————————————————————
172 -+ N N e 1

A ——100




Patent Application Publication  Oct. 22,2009 Sheet S of 5 US 2009/0261429 A1

FIG. 12




US 2009/0261429 Al

TRANSISTOR AND METHOD FOR
MANUFACTURING THEREOF

RELATED APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from the prior Korean Patent Application No.
10-2004-0106054, filed Dec. 15, 2004, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a transistor, and
more particularly, to a transistor capable of improving short
channel effect, and a method for manufacturing thereof.
[0004] 2. Description of the Related Art

[0005] To achieve a higher integration of a semiconductor
devices, the size of the semiconductor devices needs to be
reduced. For example, a linewidth of a gate electrode in a
metal oxide semiconductor field effect transistor (MOSFET)
needs to be reduced, which also reduces the width of the
channel of the MOSFET due to lateral diffusion of source/
drain regions. However, as a result of reduced channel length,
short channel effects increase.

[0006] FIG.1is across-sectional view illustrating a related
art method for manufacturing a transistor.

[0007] Referring to FIG. 1, a layer of gate insulating mate-
rial, a polysilicon layer, and a hard mask layer 40 are sequen-
tially formed on a semiconductor substrate 10 in which a field
oxide layer (not shown) with a predetermined height is
formed in advance.

[0008] After hard mask 40 is patterned into a shape of a gate
electrode, the polysilicon layer and the layer of gate insulat-
ing material are patterned into the shape ofhard mask layer 40
by an etch process, to thereby form a gate 50 including gate
dielectric 20 and gate electrode 30.

[0009] Thereafter, hard mask 40 may be removed and gate
spacers 60 are formed on sidewalls of gate 50 by a conven-
tional method. Then, impurities are implanted into the semi-
conductor substrate 10 using gate 50 and gate spacers 60 as a
mask to form source/drain regions 70.

[0010] However, according to the related art method for
manufacturing the transistor, there is a problem that an addi-
tional purchase of a device should be needed in order to
fabricate the transistor.

[0011] In addition, as the gate length is reduced, a narrow
line effect gives rise to problems such as formation of'silicide
contacts being difficult and gate resistance being higher.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present invention is directed to a
transistor and a method for manufacturing thereof that sub-
stantially obviates one or more problems due to limitations
and disadvantages of the related art.

[0013] An object of the present invention is to provide a
transistor capable of improving short channel effect, and a
method for manufacturing thereof.

[0014] Another object of the present invention is to provide
atransistor capable of reducing a gate resistance with respect
to a gate area on which a silicide is formed using a damascene
process, and a method for manufacturing thereof.

[0015] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
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ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

[0016] Consistent with embodiments of the present inven-
tion, there is provided a transistor including a gate insulating
layer over a semiconductor substrate; a first insulating layer
over the semiconductor substrate on both sides of the gate
insulating layer; first spacers over the first insulating layer, the
first spacers being spaced apart from each other by a prede-
termined distance; and a gate conductive plug between the
first spacers, wherein the first spacers are formed before the
gate insulating layer is deposited.

[0017] Consistent with embodiments of the present inven-
tion, there is also provided a method for manufacturing a
transistor that includes sequentially depositing a first insulat-
ing layer and a second insulating layer over a semiconductor
substrate; etching a predetermined portion of the second insu-
lating layer; implanting impurity ions; depositing a layer of
spacer material, and forming first spacers by etching the layer
of spacer material; removing a first portion of the first insu-
lating layer exposed between the first spacers by wet etching
process; depositing a gate insulating layer in a region where
the first portion of the first insulating layer is removed; form-
ing a gate conductive plug on the gate insulating layer; form-
ing second spacers on sidewalls of the gate conductive plug;
and forming a silicide on an upper surface of the gate con-
ductive plug.

[0018] Consistent with embodiments of the present inven-
tion, there is further provided a method for manufacturing a
transistor that includes depositing a first insulating layer and
a second insulating layer on a semiconductor substrate in
sequence, and forming a photoresist pattern on the second
insulating layer; etching the second insulating layer by dry
etching process using the photoresist pattern as a mask;
removing the photoresist pattern after etching the second
insulating layer; implanting first impurity ions; forming first
spacers by depositing and etching a first layer of spacer mate-
rial; removing a portion of the first insulating layer using wet
etching process; depositing a gate insulating layer on a region
where the portion of the first insulating layer is removed;
forming a gate conductive plug on the gate insulating layer;
removing the second insulating layer using wet etching pro-
cess; implanting second impurity ions after removing the
second insulating layer; forming second spacers by deposit-
ing and etching a second layer of spacer material; implanting
third impurity ions; and forming a silicide on an upper surface
of the gate conductive plug.

[0019] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:
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[0021] FIG. 1 is a cross-sectional view illustrating a con-
ventional method for manufacturing a transistor;

[0022] FIGS.2to 11 are cross-sectional views illustrating a
method for manufacturing a transistor consistent with
embodiments of the present invention; and

[0023] FIG. 12 is an enlarged view of the transistor consis-
tent with embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The invention may,
however, be embodied in many different forms and should not
be construed as being limited to the embodiments described
herein. Other embodiments through modifications and varia-
tions which may be apparent to those skilled in the art also fall
within the scope of the present invention.

[0025] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Like reference numerals in the
drawings denote like elements. It is also to be understood that
when one layer is said to be “on” another layer or substrate,
the one layer can be directly on the other layer or substrate, or
intervening layers may also be present.

[0026] FIGS.2to11 are cross-sectional views illustrating a
method for manufacturing a transistor according to embodi-
ments of the present invention.

[0027] Referring to FIG. 2, after depositing a first insulat-
ing layer 110 and a second insulating layer 115 on a semi-
conductor substrate 100 in sequence, a photoresist pattern
120 is formed on the resultant structure.

[0028] First insulating layer 110 acts as an etch stop layer
for preventing a surface of semiconductor substrate 100 from
being damaged during a subsequent etching process. First
insulating layer 110 may be formed using a deposition
method such as a chemical vapor deposition (CVD), a low
pressure CVD (LPCVD), a plasma enhanced CVD
(PECVD), a semi-atmospheric CVD (SACVD), a sputtering,
an atomic layer deposition (ALD), or the like. First insulating
layer 110 may have a thickness of 20£5 A so that first insu-
lating layer 110 may act as an effective etch stop layer in later
formation of a gate insulating layer and a silicide.

[0029] Second insulating layer 115 may be formed of a
material which has a different etching rate from that of first
insulating layer 110 under the same etchant. For instance,
second insulating layer 115 may be formed oftetra ethyl ortho
silicate (TEOS), medium temperature deposition of oxide
(MTO), undoped silicate glass (USG), or silane (SiH,)-rich
oxide. Furthermore, second insulating layer 115 may be
formed using a CVD method, a sputtering method, and so
forth.

[0030] Referring to FIG. 3, second insulating layer 115 is
etched using photoresist pattern 120 as a mask layer. Particu-
larly, portions of second insulating layer 115 not masked by
photoresist pattern 120 are removed to expose the underlying
first insulating layer 110.

[0031] Second insulating layer 115 may be etched using a
conventional dry etching process. After the etch of second
insulating layer 115, photoresist pattern 120 may be removed
through an ashing or a strip process.

[0032] After photoresist pattern 120 is removed, a first ion
implantation process is performed to implant impurity 130
into semiconductor substrate 100, which will contribute to
form halo/pocket implants (not shown in FIG. 3) together
with subsequent ion implantations.
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[0033] First insulating layer 110 serves as a buffer for pre-
venting the lattice of semiconductor substrate 100 from being
damaged during the formation of the halo/pocket implants.
[0034] Referring to FIG. 4, a nitride layer (not shown) is
deposited on first and second insulating layers 110 and 115
and then etched to form first spacers 140 on sidewalls of
second insulating layer 115. Because a gate will be formed in
the opening in second insulating layer 115, first spacers 140
serve to reduce a width of the gate and thereby reduce a
resistance of the gate.

[0035] Referring to FIG. 5, the portion of first insulating
layer 110 between first spacers 140 is removed using wet
etching process. A predetermined portion of first insulating
layer 110 under first spacers 140 is also etched so that a gate
insulating layer to be formed later may be formed partially
under first spacers 140.

[0036] Referring to FIG. 6, a gate insulating layer 150 is
deposited in the region of the portion of first insulating layers
110 previously removed. As noted above, because a predeter-
mined portion of first insulating layer 110 under first spacers
140 is also removed, gate insulating layer 150 also extends
under first spacers 140. Subsequently, gate insulating layer
150 is planarized using CMP process. Gate insulating layer
150 may have the same thickness as first insulating layer 110.
[0037] Thereafter, a gate conductive plug 160 is formed on
gate insulating layer 110 and an upper surface of gate con-
ductive plug 160 may be planarized by performing CMP
process. Gate insulating layer 150 may be formed using
CVD, physical vapor deposition (PVD), or ALD method.
Gate conductive plug 160 may be formed of polysilicon.
[0038] Referring to FIG. 7, second insulating layer 115 is
removed by wet etching process using a solution of dilute
hydrofluoric acid (HF(49%):H,0) or buffered oxide etchant
(BOE, NH_F:HF). Afterwards, a second ion implantation
process for lightly doped drain/source (LDD) is performed
using first spacers 140 and gate conductive plug 160 as a mask
layer, to form shallow source/drain extension regions 171.
[0039] Referring to FIG. 8, after forming shallow source/
drain extension regions 171, second spacers 180 are formed
onsidewalls of gate conductive plug 160 and first spacers 140.
Second spacers 180 may be formed by depositing a layer of
nitride or oxide and etching the same.

[0040] Referring to FIG. 9, portions of first insulating layer
110 exposed on both sides of second spacers 180 and gate
conductive plug 160 are removed to expose an upper surface
of semiconductor substrate 100. As a result, a portion of first
insulating layer 110 remains underneath first spacers 140,
second spacers 180, and gate conductive plug 160. The
remaining portion of first insulating layer 110 is referred to as
third insulating layer 110a. The layer of nitride or oxide for
forming spacers 180 and first insulating layer 110 may be
etched using the same etchant. In other words, spacers 180
and third insulating layer 110¢ may be formed through the
same etching process.

[0041] Referring to FIG. 10, a third ion implantation pro-
cess is performed second spacers 180 as a mask to form deep
source/drain regions 172. Therefore, there are formed source/
drain regions 170 each with a shallow source/drain extension
region 171 and a deep source/drain region 172.

[0042] Referringto FIG. 11, asilicide 200 is formed on gate
conductive plug 160 and on shallow source/drain extension
region 171. Silicide 200 may comprise Ti-silicide, Co-sili-
cide, or Ni-silicide. A thickness of silicide 200 depends on the
thickness of the gate insulating layer 150 or the third insulat-
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ing layer 110a. For example, when third insulating layer 110a
has a thickness of 20£5 A thick, silicide layer 200 may be
10020 A thick. FIG. 11 also shows halo/pocket implants 220
formed as a result of the first, second, and third ion implan-
tations.

[0043] FIG.12 is an enlarged view of the transistor accord-
ing to embodiments of the present invention. Referring to
FIG. 12, gate insulating layer 150 and third insulating layer
110a are formed on semiconductor substrate 100. Silicide
layer 200 is formed on both sides of second spacers 180 and
third insulating layer 110. In one aspect, a ratio between the
thickness a of third insulating layer 110qa and the thickness b
of'silicide layer 200 is in a range of 1:4 to 1:6.

[0044] Consistent with embodiments of the present inven-
tion, silicide layer 200 is formed in coincidence with the
fabrication of the transistor in virtue of a damascene process
so that it is possible to fabricate the transistor using an exist-
ing device without employing additional device. Moreover,
since the gate area can be reduced, the present invention is
effective for decreasing the gate resistance.

[0045] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1. A transistor comprising:

a gate insulating layer over a semiconductor substrate;

a first insulating layer over the semiconductor substrate on
both sides of the gate insulating layer;

first spacers over the first insulating layer, the first spacers
being spaced apart from each other by a predetermined
distance;

Oct. 22, 2009

a gate conductive plug between the first spacers; and

a silicide layer over an upper surface of the gate conductive

plug,

wherein a thickness ratio between the first insulating layer

and the silicide layer is in a range of about 1:4 to 1:6.

2. The transistor according to claim 1, wherein at least one
of'the gate insulating layer and the first insulating layer has a
thickness of 20+5 A.

3. (canceled)

4. The transistor according to claim 1, wherein the silicide
layer has a thickness of 10020 A.

5-20. (canceled)

21. The transistor according to claim 1, wherein the first
spacers are formed before the gate insulating layer is depos-
ited.

22. The transistor according to claim 1, wherein the gate
insulating layer and first insulating layer have an equal thick-
ness.

23. The transistor according to claim 1, further comprising
a halo/pocket region under the gate insulating layer.

24. The transistor according to claim 1, further comprising
second spacers formed on side walls of the gate conductive
plug and having the first spacers formed thereon.

25. The transistor according to claim 1, wherein the first
spacers comprise nitride.

26. The transistor according to claim 1, wherein the gate
conductive plug comprises polysilicon.

27. The transistor according to claim 24, wherein the sec-
ond spacers comprise one of nitride and oxide.

28. The transistor according to claim 1, wherein the silicide
layer comprises a silicide material selected form the group
consisting of Ti, Co, and Ni.
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