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57] ABSTRACT

A method of forming a via plug in a semiconductor device
1s disclosed. Metal nucle1 are formed on the surface of the
metal layer underlying the via hole. The metal layer, which
1s partially exposed between metal nuclel, 1s etched by
means of a wet etching method, and accordingly, a plurality
of etching grooves 1s formed on the partially exposed
surface of the metal layer. As a result, the formation of such
orooves has the effect of increasing the bottom surface area
of the via hall, thereby increasing the adhesive strength to a
contact surface of the wvia hall and decrecasing the via
resistance.

159 Claims, 2 Drawing Sheets
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METHOD OF FORMING A VIA PLUG IN A
SEMICONDUCTOR DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The invention relates to a method of forming a via plug in
a semiconductor device, more particularly, it relates to a
method of forming a via plug by forming metal nucle1 on the
surface of a metal layer underlying a via hall and then
ctching the metal layer exposed between the metal nucle1 by
the wet etching method so that a plurality of etching grooves
are formed thereupon. The formation of such grooves has
the effect of increasing the bottom surface arca of the via
hall, thereby increasing the adhesive strength to a contact
surface of the via hall and decreasing the via resistance.

INFORMAITION DISCLOSURE STATEMENT

Generally, as integration of a semiconductor device 1s
increased, the size of the via hall diminishes while the aspect
rat1o increases. If the depth of the via halls are different from
cach other, the via plug 1s formed on the via halls using
tungsten. In order to form a uniform and complete via plug,
pretreatment of the via halls 1s important. If the surface of
the via halls 1s not uniform prior to and during application
of the wet etching process, particles, such as a native oxide
layer and polymer, are generated on the surface of the metal
layer underlying the via halls. Accordingly, when the via
plug 1s formed on the via halls, the tungsten 1s deposited with
a luck of uniformity resulting in increased via resistance to;
such increased resistance has a deleterious effect on subse-
quent processes culminating in the lowering of the electrical
connecting characteristic of the semiconductor device.

Therefore, 1t 1s an object of the vention to provide a
method of forming a via plug 1in a semiconductor device by
which a fluorine particle and a native oxide layer formed on
the surface of the metal layer underlying a via hole are
removed and metal nucle1 are formed on the surface of the
metal layer. The metal layer between the metal nuclei 1s then
exposed and etched by the wet etching method so as to
increase the surface areca of the adhesive contact area,
thereby decreasing the via resistance while increasing the
adhesive strength.

SUMMARY OF THE INVENTION

A method of forming a via plug according to the present
invention 1n order to achieve the above object 1s comprised
of the following steps:

A first metal layer 1s formed on a substrate and first,
second and third insulating layers are sequentially deposited
on the resulting substrate; the third mnsulating layer 1s then
planarized;

A desired portion of the third, second and first insulating
layer are etched using a contact mask until the first metal
layer 1s exposed, thereby forming a via hole;

The via hole 1s pretreated by the dry etching method and
then metal 1s selectively deposited on the surface of the first
metal layer underlying the via hole using a metal depositing
reactor, thereby forming metal nuclei;

The first metal layer exposed between the metal nuclei 1s
ctched so that a plurality of etching grooves 1s formed on the
first metal layer.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

For fuller understanding of the nature and objects of the
invention, reference should be made to the following
detailed description taken in conjunction with the accom-
panying drawings 1n which:

FIGS. 1A through 1E are cross sectional views illustrating,
steps forming a via hole 1 a semiconductor device accord-
ing to the present invention.

Similar reference characters refer to similar parts through-
out the several views of the drawings.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1A through 1E are cross sectional views 1llustrating,
steps forming a via hole 1n a semiconductor device accord-
ing to the present invention.

Referring to FIG. 1A, a first metal layers 2 are initially
formed on the substrate 1 1n such a way so as to be 1solated
from each other. The first, second and third insulating layers
3, 4 and 5 are sequentially formed on the resulting substrate
and then the third insulating layer § 1s planarized.

Referring to FIG. 1B, a desired portion of the first, second
and third insulating layers 3, 4 and 3 situated on top of the
first metal layers 2 are sequentially etched using the wet
etching or dry etching method 1n order to connect to a
second metal layer which will be formed 1n a later process,
and thereby forming via holes 6 the aspect ratios of which
are different from each other.

Referring to FIG. 1C, the via holes 6 are pretreated by the
dry etching method in the RIE (Reactive Ion Etch) reactor
during approximately one (1) minute using a NF,, SF . or Ar
sputter. Metal such as a tungsten(W), aluminum(Al), copper
(Cu), molybdenum(Mo), titanium(Ti), cobalt(Co), or
chromium(Cr) is then selectively deposited on the surface of
the first metal layer 2 underlying the via holes 6 for a
duration of approximately one (1) minute in the metal
depositing reactor, thereby forming metal nucle1r 7. The
magnitude of the metal nuclei diameter 1s approximately 500
to 1000 A. When the via holes 6 are pretreated, a fluorine
particle compound and a native oxide layer 1s generated.

Referring to FIG. 1D, the first metal layer partially
exposed between the metal nucle1 7 1s etched by the wet
etchant such as BOE (Buffered Oxide Etchant) in such a way
that the metal nucler 7 remains, and thereby forming a
plurality of etching grooves 8 on the surface of the first metal
layer 2. The wet etchant’s etching selectivity 1s greater for
the first metal layer 2 than it 1s for the metal nucle1 7.

As the wet etching method forms etching grooves 8 on the
surface of the partially exposed metal layer, the contact arca
1s 1ncreased and a fluorine particle compound, and native
oxide layer are removed. As a result, when the via plug is
formed on the via hole, the adhesive strength 1s 1ncreased
while the via resistance 1s decreased.

Referring to FIG. 1E, a via plug 9 i1s formed on the via
holes 6 using a LPCVD reactor, and then a second metal
layer 10 1s formed to connect with the via plug 9.

As described above, according to the present invention,
metal nucle1 are formed on the via hole and then etching
orooves are formed on the partially exposed metal layer
under the via hole to increase the area of contact for
connection with the via plug. Accordingly, the removal of
particles which contribute to the increased via resistance
results 1n a decrease of via resistance and improves the
adhesive strength thereof. As a result, the electrical connec-
tion characteristic of the semiconductor device 1s improved.
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Although this mvention has been described 1n 1ts pre-
ferred embodiment with a certain degree of particularity, one
skilled 1 the art would know that the preferred embodiment
disclosed here 1s only an example and that the construction,
combination and arrangement of its parts may be varied
without departing from the spirit and the scope of the
invention.

What 1s claimed 1s:

1. A method of forming a via plug in a semiconductor
device comprises;

forming a first metal layer on a substrate and sequentially
depositing a first, second and third insulating layer on
the resulting substrate and then planarizing said third
insulating layer;

etching a desired portion of said third, second and first

insulating layer using a contact mask until said first
metal layer 1s exposed, thereby forming a via hole;

pretreating said via hole by the dry etching method and
then, forming metal nucle1l on the surface of said first
metal layer at the bottom of said via hole;

etching said first metal layer exposed between said metal
nucle1 so that a plurality of etching grooves 1s formed
on said first metal layer; and

forming a via plug on said via hole.

2. The method of claim 1, wherein said first metal layer
exposed between said metal nuclei is etched by [the] a wet
etchant which [the] an etching selectivity of said first metal
layer 1s greater than said that of said metal nuclei.

3. The method of claim 1, wherein said via plug 1s formed
in [the] an LPCVD reactor.

4. The method of claim 1, wherein [the] @ magnitude of
cach nuclei 1s 500 to 1000 A.

S. The method of claim 1, wherein said via hole 1s
pretreated in [the] a RIE reactor.

6. The method of claim 1, wherein said via hole 1s
pretreated by a NF,, SF. or Ar sputter.

7. The method of claim 1, wherein said etching grooves
are formed using [the] a buffered oxide etchant.

8. The method of claim 1, wherein said metal nucle1 are
formed by tungsten.

9. The method of claim 1, wherein said metal nucle1 are
formed by aluminum.

10. The method of claim 1, wherein said metal nucle1 are
formed by copper.

11. The method of claim 1, wherein said metal nucle1 are
formed by molybdenum.

12. The method of claim 1, wherein said metal nucle1 are
formed by titanium.

13. The method of claim 1, wherein said metal nucle1 are
formed by cobalt.

14. The method of claim 1, wherein said metal nucle1 are
formed by chromium.

15. A method of forming a via plug in a semiconductor
device comprising.

providing a substrate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming metal nuclei and a plurality of grooves adjacent
to said metal nuclei on said conductive layer within
satd exposed portion of said conductive layer to
increase surface area of said conductive layer, wherein
said plurality of grooves are formed by a buffered oxide
etching process; and
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forming a plug layer overlying said exposed portion in

said via structure.

16. The method of claim 15, further comprising pretreat-
ing said exposed portion of said conductive layer by an
etching method.

17. The method of claim 15, wherein said metal nuclei are
formed by a process including depostiion.

18. The method of claim 15, wherein said insulating layer
comprises a first insulating layer overlying said conductive
laver and a second insulating layer overlying said first
insulating layer.

19. The method of claim 15, wherein said insulating layer
comprises a first insulating layer overlying satd conductive
laver, a second insulating layer overlying said first insulat-
ing laver, and a third insulating layer overlying said second
insulating layer.

20. The method of claim 19, wherein said third insulating
laver is planarized.

21. The method of claim 15, wherein said insulating layer
is planarized.

22. The method of claim 15, wherein said metal nuclei
comprise material selected from a group consisting of
fungsten, aluminum, copper, molybdenum, titanium, coball,
and chromium.

23. The method of claim 15, wherein each of said metal
nuclet has a magnitude of 500 to 1,000 A.

24. The method of clatim 15, wherein said increased
surface area reduces a via resistance.

25. The method of clatim 15, wherein said increased
surface area increases an adhesive strength.

20. A method of forming a via plug in a semiconductor
device comprising.

providing a subsirate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
laver, wherein said insulating layer comprises a first
insulating layer overlying said conductive layer and a
second tnsulating layer overlying said first insulating
layer;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming metal nuclei and a plurality of grooves adjacent
to said metal nuclet on said conductive layer within
said exposed portion of said conductive layer to
increase surface area of said conductive layer; and

forming a plug layer overlying said exposed portion in
said via structure.

27. The method of claim 26, further comprising pretreat-
ing said exposed portion of said conductive layer by an
etching method.

28. The method of claim 26, wherein said plurality of
grooves are formed by a process including wet etching.

29. The method of claim 26, wherein said metal nuclei are

formed by a process including deposition.

30. The method of claim 20, wherein said first insulating
laver is over and in contact with said conductive layer and
said second insulating layer is over and in contact with said

first insulating layer.

31. The method of claim 206, wherein said metal nuclei
comprise material selected from a group consisting of
fungsten, aluminum, copper, molybdenum, titanium, coball,
and chromium.

32. The method of claim 26, wherein each of said metal
nuclei has a magnitude of 500 to 1,000 A

33. The method of claim 26, wherein said plurality of
grooves is formed by a process including etching.
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34. The method of claim 26, wherein said increased
surface area reduces a via resistance.

35. The method of claim 26, wherein said increased
surface area increases an adhesive strength.

36. The method of claim 26, wherein said insulating layer
further comprises a third insulating layer over said second
insulating layer:

37. A method of forming a via plug in a semiconductor
device comprising.

providing a substrate;

forming a conductive layer overlying said subsitrate;

forming an insulating layer overlying said conductive

layer;

forming a via structure in said insulating layer, which

exposes a portion of said conductive layer;

forming metal nuclet and a plurality of grooves adjacent
to said metal nuclet on said conductive layer within
satd exposed portion of said conductive layer to
increase surface area of said conductive layer, wherein
said plurality of grooves is formed by etching; and

forming a plug layer overlying said exposed portion in
said via structure.

38. The method of claim 37, further comprising pretreai-
ing said exposed portion of said conductive layer by a
process tncluding eiching.

39. The method of claim 37, wherein said plurality of
grooves are formed by a process including wet etching.

40. The method of claim 37, wherein said metal nuclei are
formed by a process including deposiiion.

41. The method of claim 37, wherein said insulating layer
comprises a first insulating layer over satd conductive layer
and a second insulating layer over said first insulating layer.

42. The method of claim 37, wherein said insulating layer
comprises a first insulating layer over said conductive layer,
a second insulating layer over said first insulating layer, and
a third insulating layer over said second insulating layer.

43. The method of claim 37, wherein said insulating layer
Is planarized.

44. The method of claim 37, wherein said metal nuclet
comprises material selected from a group consisting of
fungsten, aluminum, copper, molybdenum, fttanium, coball,
and chromium.

45. The method of claim 37, wherein each of said metal
nuclei has a magnitude of 500 to 1,000 A.

46. The method of claim 37, wherein said increased
surface area reduces a via resistance.

47. The method of claim 37, wherein said increased
surface area tncreases an adhesive strength.

48. A method of forming a plug layer in a semiconductor
device comprising.:

providing a substrate;

forming a conductive layer overlying said subsitrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming conductive nuclei and a plurality of grooves
adjacent to said conductive nuclei on said conductive
laver within said exposed portion of said conductive
laver 1o increase surface area of said conductive layer,
wherein said plurality of grooves is formed by a buff-
ered oxide etching process; and
forming a plug layer overlying said exposed portion in
said via structure.
49. The method of claim 48, further comprising pretreat-
ing said exposed portion of said conductive layer by a
process including etching.
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50. The method of claim 48, wherein said conduciive
nuclei are formed by a process including deposition.

51. The method of claim 48, wherein said insulating layer
comprises a first insulating layer overlying said conductive
laver and a second insulating layer overlying said first
insulating layer.

52. The method of claim 48, wherein said insulating layer
Is planarized.

53. The method of claim 48, wherein said conductive
nuclei comprise material selected from a group consisting of

fungsten, aluminum, copper, molybdenum, titanium, coball,
and chromium.

54. The method of claim 48, wherein each of said con-
ductive nuclei has a magnitude of 500 to 1,000 A.

55. The method of claim 48, wherein said increased
surface area reduces a via resistance.

56. The method of claim 48, wherein said increased
surface area increases an adhesive strength.

57. The method of claim 48, wherein said insulating layer
comprises a first insulating layer over said conductive layer,
a second insulating layer over said first insulating layer, and
a third insulating layer over said second insulating layer.

58. The method of claim 57, wherein said third insulating
laver is planarized.

59. A method of forming a plug layer in a semiconductor
device comprising.

providing a substrate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
laver, wherein said insulating layer comprises a first
insulating layer overlying said conductive layer and a
second tnsulating layer overlying said first insulating
layer;

forming a via structure in said nsulating layer, which
exposes a portion of said conductive layer;

forming conductive nuclei and a plurality of grooves
adjacent to said conductive nuclei on said conductive
laver within said exposed portion of said conductive

laver to increase surface area of said conductive layer;
and

forming a plug layer overlying said exposed portion in

said via structure.

60. The method of claim 59, further comprising pretreat-
ing saitd exposed portion of said conduciive layer by a
process tncluding eiching.

601. The method of claim 59, wherein said plurality of
grooves are formed by a process including wet etching.

62. The method of claim 59, wherein said conductive
nuclei are formed by a process including deposition.

63. The method of claim 59, wherein said first insulating
laver is over and in contact with said conductive layer and
said second insulating layer is over and in contact with said
first insulating layer.

64. The method of claim 59, wherein said conductive
nuclei comprise material selected from a group consisting of
fungsten, aluminum, copper, molybdenum, titanium, coball,
and chromium.

65. The method of claim 59, wherein each of said con-
ductive nuclet has a magnitude of 500 to 1,000 A.

00. The method of claim 59, wherein said plurality of
grooves 1s formed by a process including etching.

67. The method of claim 59, wherein said increased
surface area reduces a via resistance.

68. The method of claim 59, wherein said increased
surface area increases an adhesive strength.

69. The method of claim 59, wherein said insulating layer

further comprises a third insulating layer over said second

insulating layer.
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70. A method of forming a plug layer in a semiconductor
device comprising:

providing a substrate;

forming a conductive layer overlying said subsitrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming conductive nuclei and a plurality of grooves
adjacent to said conductive nuclei on said conductive
laver within said exposed portion of said conductive
laver to increase surface area of said conductive layer,
wherein said plurality of grooves is formed by etching;
and

forming a plug layer overlying said exposed portion in

said via structure.

71. The method of claim 70, further comprising pretreat-
ing said exposed portion of said conductive layer by an
etching method.

72. The method of claim 70, wherein said plurality of
grooves are formed by a wet efching process.

73. The method of claim 70, wherein said conductive
nucler are formed by a deposition process.

74. The method of claim 70, wherein said insulating layer
comprises a first insulating layer overlying said conductive
laver and a second insulating layer overlying said first
insulating layer.

75. The method of claim 70, wherein said insulating layer
comprises a first insulating layer overlying said conductive
laver, a second insulating layer overlying said first insulat-
ing layer, and a third insulating layer overlying said second
insulating layer:

76. The method of claim 70, wherein said insulating layer
is planarized.

77. The method of claim 70, wherein said conductive
nuclet comprise material selected from a group consisting of
fungsten, aluminum, copper, molybdenum, fttanium, coball,
and chromium.

78. The method of claim 70, wherein each of said con-
ductive nuclei has a magnitude of 500 to 1,000 A.

79. The method of claim 70, wherein said increased
surface area reduces a via resistance.

80. The method of claim 70, wherein said increased
surface area tncreases an adhesive strength.

81. A method of forming a plug layer in a semiconductor
device, comprising.

providing a substrate;

forming a conductive layer overlying said subsitrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming nucler and a plurality of grooves adjacent to said
nuclet on said conductive layer within said exposed
portion of said conductive layer to increase surface
area of said conductive layer, wherein said plurality of
grooves 1s formed by a buffered oxide etching process;
and

forming a plug layer overlying said exposed portion in

said via structure.

82. The method of claim 81, further comprising pretreat-
ing said exposed portion of said conductive layer by a
process including etching.

83. The method of claim 81, wherein said nucler are
formed by a process including deposiiion.
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84. The method of claim 81, wherein said insulating layer
comprises a first insulating layer overlying said conductive
laver and a second insulating layer overlying said first
insulating layer.

85. The method of claim 81, wherein said insulating layer
Is planarized.

86. The method of claim §1, wherein said nuclei comprise
material selected from a group consisting of tungsten,

aluminum, copper, molybdenum, titanium, cobalt, and chro-
LU,

87. The method of claim 81, wherein each of said nuclei
has a magnitude of 500 to 1,000 A.

88. The method of clatm 81, wherein said increased
surface area reduces a via resistance.

89. The method of clatm 81, wherein said increased
surface area increases an adhesive strength.

90. The method of claim 81, wherein said insulating layer
comprises a first insulating layer over said conductive layer,
a second insulating layer over said first insulating layer, and
a third insulating layer over said second insulating layer.

91. The method of claim 90, wherein said third insulating
laver is planarized.

92. A method of forming a plug laver in a semiconductor
device, comprising.:

providing a substrate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
laver, wherein said insulating layer comprises a first
insulating layer overlying said conductive layer and a
second insulating layer overlying said first insulating
layer;

forming a via structure in said nsulating layer, which
exposes a portion of said conductive layer;

forming nuclei and a plurality of grooves adjacent fo said
nuclei on said conductive layer within said exposed
portion of said conductive layer to increase surface
area of said conductive layer; and

forming a plug layer overlying said exposed portion in

said via structure.

93. The method of claim 92, further comprising pretreat-
ing said exposed portion of said conductive layer by an
etching method.

94. The method of claim 92, wherein said plurality of
grooves are formed by a process including wet etching.

95. The method of claim 92, wherein said nucler are
formed by a process including deposition.

96. The method of claim 92, wherein said first insulating
laver is over and in contact with said conductive layer and
said second insulating layer is over and in contact with said
first insulating layer.

97. The method of claim 92, wherein said nuclei comprise
material selected from a group consisting of rtungsten,
aluminum, copper, molybdenum, titanium, cobalt, and chro-
mium.

98. The method of claim 92, wherein each of said nuclet
has a magnitude of 500 to 1,000 A.

99. The method of claim 92, wherein said plurality of
grooves 1s formed by a process including etching.

100. The method of claim 92, wherein said increased
surface area reduces a via resistance.

101. The method of claim 92, wherein said increased
surface area increases an adhesive strength.

102. The method of claim 92, wherein said insulating
laver further comprises a third insulating layer overlying
said second insulating layer.

103. A method of forming a plug layer in a semiconductor
device, comprising.
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providing a substrate;
forming a conductive layer overlying said subsitrate;

forming an insulating layer overlying said conductive
laver;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming nuclei and a plurality of grooves adjacent to said
nuclet on said conductive layer within said exposed
portion of said conductive layer to increase surface

area of said conductive layer, wherein said plurality of

grooves 1s formed by eiching; and
forming a plug laver overlying said exposed portion in
said via structure.
104. The method of claim 103, further comprising pre-
treating said exposed portion of said conductive layer by a
process including etching.

105. The method of claim 103, wherein said plurality of

grooves are formed by a process including wet etching.

106. The method of claim 103, wherein said nuclei are
formed by a process including deposiition.

107. The method of claim 103, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive layer and a second insulating layer overlying said
first insulating layer.

108. The method of claim 103, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive layer, a second insulating layer overlying said first
insulating layer, and a third insulating layer overlying said
second insulating layer.

109. The method of claim 103, wherein said insulating
laver 1s planarized.

110. The method of claim 103, wherein said nuclei com-
prise material selected from a group consisting of tungsten,
aluminum, copper, molybdenum, titanium, cobalt, and chro-
mLUm.

111. The method of claim 103, wherein each of said nuclei
has a magnitude of 500 to 1,000 A

112. The method of claim 103, wherein said increased
surface area reduces a via resistance.

113. The method of claim 103, wherein said increased
surface area increases an adhestve strength.

114. A method of forming a semiconductor device com-
prising.

providing a substrate;

forming a conductive layer overlying said subsitrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming a plurality of grooves on said conductive layer
within satd exposed portion of said conductive layer to
increase surface area of said conductive layer, wherein
said plurality of grooves is formed by a bujfered oxide
etching process; and

forming a plug laver overlying said exposed portion in

said via structure.

115. The method of claim 114, further comprising pre-
treating said exposed portion of said conductive layer by a
process including etching.

116. The method of claim 114, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive layer and a second insulating layer overlying said
first insulating layer.

117. The method of claim 114, wherein said insulating
laver is planarized.
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118. The method of claim 114, wherein said increased
surface area reduces a via resistance.

119. The method of claim 114, wherein said increased
surface area increases an adhesive strength.

120. The method of claim 114, wherein said insulating

laver comprises a first insulating layer over said conductive
laver, a second insulating layer over said first insulating
laver, and a third insulating layer over said second insulat-
ing layer

121. The method of claim 120, wherein said third insu-
lating layer is planarized.

122. A method of forming a semiconductor device com-
prising.

providing a substrate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
laver, wherein said insulating layer comprises a first

insulating layer overlying said conductive layer and a
second insulating layer overlying said first insulating

layer;
forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming a plurality of grooves on said conductive layer
within said exposed portion of said conductive layer to
increase surface area of said conductive layer; and
forming a plug layer overlying said exposed portion in
said via structure.
123. The method of claim 122, further comprising pre-
treating said exposed portion of said conductive layer by a
process including etching.

124, The method of claim 122, wherein said plurality of
grooves are formed by a process including wet etching.

125. The method of claim 122, wherein said first insulat-
ing layer ts over and in contact with said conductive layer
and said second insulating layer is over and in contact with
said first insulating layer:

126. The method of claim 122, wherein said plurality of
grooves 1s formed by a process including etching.

127. The method of claim 122, wherein said increased

surface area reduces a via resistance.

128. The method of claim 122, wherein said increased
surface area increases an adhesive strength.

129. The method of claim 122, wherein said insulating
laver further comprises a third insulating layer over said

second insulating layer.
130. A method of forming a semiconductor device com-

prising:
providing a subsirate;
forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said nsulating layer, which
exposes a portion of said conductive layer;

forming a plurality of grooves on said conductive layer
within said exposed portion of said conductive layer to
increase surface area of said conductive layer, wherein
said plurality of grooves is formed by eiching; and

forming a plug layer overlying said exposed portion in
said via structure.

131. The method of claim 130, further comprising pre-
treating said exposed portion of said conductive layer by a
process including etching.

132. The method of claim 130, wherein said plurality of
grooves are formed by a process including wet etching.

133. The method of claim 130, wherein said insulating
laver comprises a first insulating layer overlying said con-
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ductive layer and a second insulating layer overlying said
first insulating layer.

134. The method of claim 130, wherein said insulating
laver 1s planarized.

135. The method of claim 130, wherein said increased
surface area reduces a via resistance.

136. The method of claim 130, wherein said increased
surface area increases an adhestve strength.

137. The method of claim 130, wherein said insulating
laver comprises a first insulating layer over said conductive
laver, a second insulating layer over said first insulating
laver, and a third insulating layer over said second insulat-
ing layer

138. A method of forming a semiconductor device com-
PpriSing.

providing a substrate;

forming a conductive layer overlying said subsirate;

forming an insulating layer overlying said conductive

layer;

forming a via structure in said insulating layer, which

exposes a portion of said conductive layer;

forming a plurality of grooves on said conductive layer
within said exposed portion of said conductive layer to
increase adhesive strength of said conductive layer,
wherein said plurality of grooves is formed by a buff-
ered oxide etching process; and

forming a plug layer overlying said exposed portion in

said via structure.

139. The method of claim 138, comprising pretreating
said exposed portion of said conductive layer by a process
including eiching.

140. The method of claim 138, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive layer and a second insulating layer overlying said
first insulating layer.

141. The method of claim 138, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive layer, a second insulating layer overlying said first
insulating layer, and a third insulating layer overlying said
second insulating layer.

142. The method of claim 138, wherein said insulating
laver is planarized.

143. The method of claim 138, wherein said increased
adhesive strength reduces a via resistance.

144. The method of claim 138, wherein said insulating
laver comprises a first insulating layer overlying and in
contact with said conductive layer, a second insulating layer
overlying and in contact with said first insulating layer, and
a third insulating layer overlying said second insulating
laver.

145. The method of claim 144, wherein said third insu-
lating layer is planarized.

146. A method of forming a semiconductor device com-
prising.

providing a substrate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
laver, wherein said insulating layer comprises a first
insulating layer overlying said conductive layer and a
second insulating layer overlying said first insulating
layer;
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forming a via structure in said insulating layer, which
exposes a portion of said conductive layer;

forming a plurality of grooves on said conductive layer
within said exposed portion of said conductive layer to
increase adhestve strength of said conductive layer;
and

forming a plug layer overlying said exposed portion in

said via structure.

147. The method of claim 1406, further comprising pre-
treating said exposed portion of said conductive layer by a
process including etching.

148. The method of claim 146, wherein said plurality of
grooves are formed by a process including wet etching.

149. The method of claim 146, wherein said first insulat-
ing layer 1s over said conductive layer and said second
insulating layer is over said first insulating layer.

150. The method of claim 146, wherein said plurality of
grooves 1s formed by a process including etching.

151. The method of claim 146, wherein said increased
adhesive strength reduces a via resistance.

152. The method of claim 146, wherein said insulating
laver further comprises a third insulating layer over said
second insulating layer.

153. A method of forming a semiconductor device com-
prising:

providing a substrate;

forming a conductive layer overlying said substrate;

forming an insulating layer overlying said conductive
layer;

forming a via structure in said nsulating layer, which
exposes a portion of said conductive layer;

forming a plurality of grooves on said conductive layer
within said exposed portion of said conductive layer to
increase adhesive strength of said conductive layer,
wherein said plurality of grooves is formed by eiching;
and

forming a plug layer overlying said exposed portion in

said via structure.

154. The method of claim 153, further comprising pre-
treating said exposed portion of said conductive layer by a
process including etching.

155. The method of claim 153, wherein said plurality of
grooves are formed by a process including wet etching.

156. The method of claim 153, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive laver and a second insulating layer overlying said
first insulating layer.

157. The method of claim 153, wherein said insulating
laver comprises a first insulating layer overlying said con-
ductive layer, a second insulating layer overlying said first
insulating layer, and a third insulating layer overlying said
second insulating layer.

158. The method of claim 153, wherein said insulating
laver is planarized.

159. The method of claim 153, wherein said increased
adhesive strength reduces a via resistance.

G o e = x



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE. 36,475 Page 1 of 1
DATED : December 28, 1999
INVENTOR(S) : Choi

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 1,
Line 8, insert the following:

-- Notice: More than one reissue application has been filed for the reissue of
patent 5,409,861. The reissue applications are 08/734,784 (the present application),
and 09/293,207, all of which are continuation reissue applications of Patent

No. 5,409,361. --

Signed and Sealed this

Thirtieth Day of September, 2003

JAMES E. ROGAN
Direcror of the United States Patent and Trademark Office




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

