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(57) ABSTRACT 

Provided are 1) a method for forming a ruthenium ?lm under 
a single process condition, Whereby high adhesion of the 
ruthenium ?lm to a loWer layer is maintained, and 2) a 
method for manufacturing an metal-insulator-metal (MIM) 
capacitor using the ruthenium ?lm forming method. The 
method for forming a ruthenium ?lm includes supplying 
bis(isoheptane-2,4-dionato)norbornadiene ruthenium at a 
How rate of 0.2-1 com and oxygen at a How rate of 20-60 
sccm, and depositing the ruthenium ?lm at a temperature of 
330-4300 C. under a pressure of 0.5-5 Torr using chemical 
vapor deposition (CVD). 
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FIG. 7 
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FIG. 9 
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FIG. 12B 
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FIG. 13A 



Patent Application Publication Jul. 6, 2006 Sheet 10 0f 12 US 2006/0148193 A1 

FIG. 13C 
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METHODS FOR FORMING RUTHENIUM FILMS 
WITH BETA-DIKETONE CONTAINING 

RUTHENIUM COMPLEXES AND METHOD FOR 
MANUFACTURING METAL-INSULATOR-METAL 

CAPACITOR USING THE SAME 

[0001] This application is a divisional of US. application 
Ser. No. 10/657,596, ?led Sep. 8, 2003 Which claims priority 
to Korean Patent Application No. 2003-12044, ?led on Feb. 
26, 2003, in the Korean Intellectual Property Of?ce, the 
disclosures of Which are incorporated herein by reference in 
their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to ?lm formation in 
the manufacturing of metal-insulator-metal (MIM) capaci 
tors. 

[0004] 2. Description of the Related Art 

[0005] Recently, due to their excellent electrical properties 
(such as resistivity), ruthenium and ruthenium compounds 
are being used as thin ?lm electrode materials in the pro 
duction of semiconductor devices for Dynamic Random 
Access Memory (DRAM) and Ferroelectric Random Access 
Memory (FeRAM). 
[0006] Ruthenium or ruthenium compound ?lms are usu 
ally formed by sputtering or chemical vapor deposition 
(CVD) methods. In particular, CVD is preferred since thin 
layers With uniform thickness are easily formed. 

[0007] In order to form ruthenium ?lms using CVD, a 
ruthenium source is required. Currently, bis(ethylcyclopen 
tadienyl)ruthenium [Ru(EtCp)2], as shoWn in FIG. 1, is the 
mo st common ruthenium source. Such an organic ruthenium 

compound is obtained by replacing one hydrogen on each of 
tWo cyclopentadiene rings of bis(cyclopentadienyl)ruthe 
nium With an ethyl group. Because the bis(ethylcyclopen 
tadienyl)ruthenium has a loW melting point, it is a liquid at 
room temperature. Therefore, bis(ethylcyclopentadienyl)ru 
thenium possesses good handling properties. 

[0008] HoWever, the bis(ethylcyclopentadienyl)ruthenium 
has problems in its use as a material for ruthenium ?lms. The 
main problem is that it is di?icult to carry out the nucleation 
of the bis(ethylcyclopentadienyl)ruthenium. In order to 
solve this problem, ruthenium ?lms are generally formed 
under increased oxygen ?oW rate and deposition pressure. 
HoWever, if the oxygen ?oW rate and the deposition pressure 
are increased, the nucleation rate per unit area is excessively 
increased. As a result, ruthenium ?lms form in a needle 
shape. Formation of such needle-shaped ruthenium ?lms 
results in surface morphology, increase of a sheet resistance, 
and generation of a leakage current. On the other hand, if 
ruthenium ?lms are formed under decreased deposition 
pressure and oxygen ?oW rate, the nucleation rate is exces 
sively loWered. As a result, ruthenium grains are separated 
from each other. 

[0009] Due to this problem, When bis(ethylcyclopentadi 
enyl)ruthenium is used as the ruthenium source for forming 
?lms, ruthenium ?lms may sometimes be formed using a 
method comprising (a) carrying out nucleation of the bis 
(ethylcyclopentadienyl)ruthenium under increased oxygen 
?oW rate and deposition pressure and (b) depositing the 
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ruthenium ?lms under decreased oxygen rate and deposition 
pressure. In this case, hoWever, due to the different process 
conditions used, the process burden is increased. In addition, 
if the tWo steps are carried out in-situ, the process conditions 
become unstable during the transitional stage betWeen the 
tWo steps. As a result, the reproducibility and reliability of 
the process are loWered. On the other hand, if the tWo steps 
are carried out in tWo separate chambers, a residue may be 
left on the surface of a Wafer When the Wafer is transferred 
from one chamber to the other. In addition, When a gas for 
cooling the Wafer is introduced into a chamber, the Wafer is 
often displaced due to the change in pressure. As a result, the 
ruthenium ?lms on the Wafer do not have uniform thickness. 

[0010] MeanWhile, the bis(ethylcyclopentadienyl)ru 
thenium has another problem in that ruthenium ?lms made 
of bis(ethylcyclopentadienyl)ruthenium have relatively loW 
adhesion to silicon dioxide ?lms Which are commonly used 
as interlayer insulating layers. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a method for form 
ing a ruthenium ?lm under a single process condition, 
Whereby high adhesion of the ruthenium ?lm to a loWer 
layer is maintained. 

[0012] The present invention also provides a method for 
manufacturing a metal-insulator-metal (MIM) capacitor 
using the ruthenium ?lm formation method. 

[0013] The present invention discloses a method for form 
ing a ruthenium ?lm, the method comprising supplying a 
tWo [3-diketones-coordinated ruthenium organic matter as a 
ruthenium source and oxygen onto a substrate and deposit 
ing the ruthenium ?lm using chemical vapor deposition 
(CVD). 
[0014] According to one embodiment of the present inven 
tion, there is provided a method for forming a ruthenium 
?lm, the method comprising supplying a bis-[3-diketones 
coordinated ruthenium complex as the ruthenium source at 
a How rate of 0.2 to 0.1 ccm, and oxygen at a How rate of 
20 to 60 sccm onto a substrate and depositing the ruthenium 
?lm using CVD. 

[0015] According to one preferred embodiment of the 
present invention, the ruthenium source is a tWo [3-diketones 
and one diene-coordinated ruthenium complex, as repre 
sented by the general formula 1: 

Formula 1 
R2 

[0016] wherein R1 and R2 are alkyl groups; the total 
carbon number of R1 and R2 is 3 to 5; and R3, R4 and 
R5 are interconnected to each other to form a chain. 
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[0017] The diene is preferably l,4-cyclohexadiene, nor 
bomadiene, or l,5-cyclooctadiene. Preferably, R1 and R2 are 
asymmetric. 
[0018] In another embodiment, the ruthenium source is a 
tWo [3-diketones and one diamine-coordinated ruthenium 
complex, as represented by the general formula 2: 

Formula 2 

[0019] wherein R1 and R2 are alkyl groups; the total 
carbon number of R1 and R2 is 3 to 5; R6, R7, R8, R9, 
R10 and R11 are independently hydrogen or alkyl 
groups; and the total carbon number of R6, R7, R8, R9, 
R10 and R11 is 2 to 8. 

[0020] The diamine is preferably N,N,N',N'-tetramethyl 
ethylenediamine. Preferably, R1 and R2 are asymmetric. 

[0021] In another embodiment, the ruthenium source is a 
tWo [3-diketones and tWo organic ligands-coordinated ruthe 
nium complex, as represented by the general formula 3: 

Formula 3 
R2 

/ 

[0022] wherein R1 and R2 are alkyl groups; the total 
carbon number of R1 and R2 is 2 to 5; and tWo Rl2 
groups are ole?n, amine, nitrile or carbonyl. 

[0023] As used as the organic ligand, the ole?n is prefer 
ably ethylene, propylene, 2-methylpropylene, butyl, or 1,3 
butadiene; the amine is preferably trimethylamine or triethy 
lamine; and the nitirile is preferably acetonitrile or 
acrylonitrile. The tWo [3-diketones are preferably 2,4-hex 
anedione, 5-methyl-2,4-hexanedione, 2,4-heptanedione, 
5-methyl-2,4-heptanedione, 6-methyl-2,4-heptanedione, or 
2,4-octanedione. 
[0024] The ruthenium source is preferably bis(isoheptane 
2,4-dinato)norbomadiene ruthenium. 

[0025] The ruthenium ?lm is deposited at a temperature of 
330-430° C. under a pressure of 0.5-5 Torr. When the 
ruthenium ?lm is deposited, an inert gas such as nitrogen or 
argon is supplied onto the substrate. 
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[0026] According to another embodiment of the present 
invention, there is provided a method for forming a ruthe 
nium ?lm, the method supplying bis(isoheptane-2,4-di 
onato)norbomadiene ruthenium as the ruthenium source at a 
How rate of 0.2 to l ccm and oxygen at a How rate of 20 to 
60 sccm onto a substrate and depositing the ruthenium ?lm 
using CVD at a temperature of 330-430° C. under a pressure 
of 0.5-5 Torr. 

[0027] According to yet another aspect of the present 
invention, there is provided a method for manufacturing an 
MIM capacitor, the method comprising (a) forming a ?rst 
ruthenium ?lm for a loWer electrode on a semiconductor 
substrate; (b) forming a dielectric layer on the loWer elec 
trode; and (c) forming a second ruthenium ?lm for an upper 
electrode on the dielectric layer. Step (a) comprises supply 
ing a tWo [3-diketones-coordinated ruthenium complex as the 
ruthenium source at a How rate of 0.2-1 ccm and oxygen at 
a How rate of 20-60 sccm onto the substrate and depositing 
the ?rst ruthenium ?lm using CVD. Step (c) comprises 
supplying a tWo [3-diketones-coordinated ruthenium com 
plex as a ruthenium source at a How rate of 0.2-1 ccm and 

oxygen at a How rate of 20-60 sccm onto the substrate and 
depositing the second ruthenium ?lm using CVD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The above and other features and advantages of the 
present invention Will become more apparent by describing 
in detail exemplary embodiments thereof With reference to 
the attached draWings in Which: 

[0029] FIG. 1 is a general formula of a conventional 
ruthenium source for forming ruthenium ?lms; 

[0030] FIG. 2 is a cross sectional vieW of a ruthenium ?lm 
formed on a semiconductor substrate according to the 
present invention; 

[0031] FIGS. 3 to 5 are formulas of ruthenium sources for 
forming ruthenium ?lms according to embodiments of the 
present invention; 

[0032] FIG. 6 is a graph shoWing variation in a deposition 
rate With temperature using a ruthenium source according to 
the present invention; 

[0033] FIG. 7 is a graph shoWing variation in resistivity 
With temperature using a ruthenium source according to the 
present invention; 

[0034] FIG. 8 is a graph shoWing variation in deposition 
rate With pressure using a ruthenium source according to the 
present invention; 

[0035] FIG. 9 is a graph shoWing variation in resistivity 
With pressure using a ruthenium source according to the 
present invention; 

[0036] FIG. 10 is a graph shoWing variation in each of 
resistivity, deposition rate, and step coverage With oxygen 
?oW rate using a ruthenium source according to the present 
invention; 

[0037] FIGS. 11A, 11B and 11C are photographs of 
ruthenium ?lms formed at an oxygen ?oW rate of 16 sccm 
using a ruthenium source according to the present invention; 
(A) a ruthenium ?lm after deposition, (B) a ruthenium ?lm 
that Was annealed at 4500 C. under a hydrogen atmosphere 
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for 30 minutes after deposition, and (C) a ruthenium ?lm 
that Was annealed at 700° C. under a nitrogen atmosphere for 
30 minutes after deposition; 

[0038] FIGS. 12A, 12B and 12C are photographs of 
ruthenium ?lms formed at an oxygen ?oW rate of 40 sccm 
using a ruthenium source according to the present invention; 
(A) a ruthenium ?lm after deposition, (B) a ruthenium ?lm 
that Was annealed at 4500 C. under a hydrogen atmosphere 
for 30 minutes after deposition, and (C) a ruthenium ?lm 
that Was annealed at 7000 C. under a nitrogen atmosphere for 
30 minutes after deposition; 

[0039] FIGS. 13A, 13B and 13C are photographs of 
ruthenium ?lms formed at an oxygen ?oW rate of 70 sccm 
using a ruthenium source according to the present invention; 
(A) a ruthenium ?lm after deposition, (B) a ruthenium ?lm 
that Was annealed at 4500 C. under a hydrogen atmosphere 
for 30 minutes after deposition, and (C) a ruthenium ?lm 
that Was annealed at 7000 C. under a nitrogen atmosphere for 
30 minutes after deposition; 

[0040] FIG. 14 is a graph shoWing variation in deposition 
rate With a How rate of a ruthenium source according to the 

present invention; 
[0041] FIG. 15 is a graph shoWing variation in resistivity 
With a How rate of a ruthenium source according to the 
present invention; 
[0042] FIG. 16 is a graph shoWing variation in leakage 
current density With applied voltage using a ruthenium 
source according to the present invention; and 

[0043] FIGS. 17A and 17B are cross sectional vieWs of a 
semiconductor substrate in successive steps in a method for 
manufacturing a metal-insulator-metal (MIM) capacitor 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] Hereinafter, exemplary embodiments of the present 
invention Will be described With reference to the accompa 
nying draWings. HoWever, the present invention is not 
limited to these embodiments and various modi?cations can 
be carried out. The embodiments of the present invention are 
provided to assist ordinary persons skilled in the art to more 
clearly understand the present invention. In this regard, each 
constitutional element on draWings is graphically expressed 
for proper understanding. The same numerals are used for 
the corresponding constitutional elements in draWings. As 
used herein, the expression “a ?rst layer is formed ‘on’ a 
second layer or a semiconductor substrate” includes the case 
Where the ?rst layer indirectly contacts With the second layer 
due to a third layer betWeen the ?rst layer and the second 
layer, in addition to direct contact of the ?rst layer and the 
second layer. 

[0045] Referring to FIG. 2, ?rst, a semiconductor sub 
strate 100 is placed in a chamber. The substrate 100 may be 
a silicon substrate. An MOS transistor (not shoWn) and an 
interlayer insulating layer (not shoWn) may be formed on the 
substrate. Although not clearly shoWn in FIG. 2, a silicon 
dioxide ?lm as an interlayer insulating layer is formed on the 
uppermost surface of the substrate 100. In accordance With 
the present invention, a ruthenium ?lm 110 is formed on the 
substrate 100 from a ruthenium source of the present inven 
tion using chemical vapor deposition (CVD). 

[0046] In one embodiment of the present invention, a 
ruthenium source for forming the ruthenium ?lm 110 is a 
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tWo [3-diketones and one diene-coordinated ruthenium com 
plex (see FIG. 3). R1 and R2 as substituents of each [3-dike 
tone may be alkyl groups. The total carbon number of R1 and 
R2 is 3 to 5. Preferably, R1 and R2 may be asymmetric. The 
diene may be 1,4-cyclohexadiene, norbornadiene or 1,5 
cyclooctadiene. 

[0047] In another embodiment of the present invention, a 
ruthenium source for forming the ruthenium ?lm 110 is a 
tWo [3-diketones and one diamine-coordinated ruthenium 
complex (see FIG. 4). R1 and R2 as substituents of each 
[3-diketone may be alkyl groups. The total carbon number of 
R1 and R2 may be 2 to 5. Preferably, R1 and R2 may be 
asymmetric. The tWo [3-diketones may be 2,4-hexanedione, 
5-methyl-2,4-hexanedione, 2,4-heptanedione, 5-methyl-2,4 
heptanedione, 6-methyl-2,4-heptanedione, or 2,4-octanedi 
one. R6, R7, R8, R9, R10 and R11 as substituents of the 
diamine are independently hydrogen or alkyl groups. Total 
carbon number of these substituents may be 2 to 8. The 
diamine may be N,N,N',N'-tetramethylethylenediamine. 

[0048] In yet another embodiment of the present inven 
tion, a ruthenium source for forming the ruthenium ?lm 110 
is a tWo [3-diketones and tWo organic ligands-coordinated 
ruthenium complex (see FIG. 5). R1 and R2 as substituents 
of each [3-diketone may be alkyl groups. The total carbon 
number of R1 and R2 may be 2 to 5. TWo Rl2 groups as the 
organic ligands are ole?n, amine, nitrile or carbonyl. As used 
as the organic ligand, the ole?n may be ethylene, propylene, 
2-methylpropylene, butyl, or 1,3-butadiene; the amine may 
be trimethylamine or triethylamine; and the nitirile may be 
acetonitrile or acrylonitrile. 

[0049] Hereinafter, optimal process condition for forming 
a ruthenium ?lm Will be described using bis(isoheptane-2, 
4-dionato)norbornadiene ruthenium [Ru(C7H8)(C7H1lO2)2, 
simply referred to as “bis norbornadiene ruthenium”, here 
inafter] as a ruthenium source. 

[0050] In order to determine a relationship betWeen the 
deposition rate and temperature, the deposition rate of a 
ruthenium ?lm Was measured as a function of temperature 
(330-4400 C.) While varying the ruthenium source ?oW rate 
(0.2-1 ccm) and oxygen ?oW rate (8-100 sccm). As shoWn 
in FIG. 6, the deposition rate shoWed little change over the 
temperature range When the ruthenium source ?oW rate and 
oxygen ?oW rate Was held constant. 

[0051] Under the same variable values as mentioned 
above, the resistivity Was measured as a function of tem 
perature While varying the ruthenium source ?oW rate and 
the oxygen ?oW rate. As shoWn in FIG. 7, it can be seen that 
resistivity does not depend on temperature When the ruthe 
nium source ?oW rate and oxygen ?oW rate are constant. 

[0052] In order to determine a relationship betWeen the 
deposition rate and pressure, the deposition rate of a ruthe 
nium ?lm as a function of pressure (100-700 Torr) Was 
measured While varying the ruthenium source ?oW rate 
(0.2-1 ccm) and the oxygen ?oW rate (8-100 sccm). As 
shoWn in FIG. 8, the deposition rate shoWed little change 
over the pressure range. Rather, the deposition rate varied 
With the ruthenium source ?oW rate and the oxygen ?oW 
rate. 

[0053] Under the same variable values as mentioned 
above, resistivity as a function of pressure Was measured 
While varying the ruthenium source ?oW rate and the oxygen 
?oW rate. As shoWn in FIG. 9, pressure only slightly affects 
resistivity. 
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[0054] Therefore, it can be said that temperature and 
pressure have minimal effects on the physical properties of 
ruthenium sources according to the present invention. HoW 
ever, With reference to the deposition temperature, ruthe 
nium sources according to the present invention, such as the 
bis norbomadiene ruthenium, spontaneously decompose and 
react With other compounds at a temperature range of 
250-500° C. Therefore, preferably, the ?lm deposition is 
carried out at 250-500° C. 

[0055] Next, resistivity, deposition rate and step coverage 
Were measured While varying the oxygen ?oW rate and 
keeping the How rate of the ruthenium source constant. 
Oxygen Was supplied over the range of 0-100 sccm, and the 
ruthenium source Was supplied at a constant rate of 1 ccm. 
The deposition temperature Was 350° C. and the deposition 
pressure Was 1 Torr. In the case of depositing the ruthenium 
?lm under the conditions mentioned above, as the oxygen 
?oW rate Was increased, resistivity Was remarkably 
decreased, but the deposition rate (deposition speed) Was 
increased. Step coverage Was gradually decreased after the 
oxygen ?oW rate exceeded 60 sccm. 

[0056] FIGS. 11 to 13 shoW scanning electron microscope 
(SEM) photographs of ruthenium ?lms of the present inven 
tion. 

[0057] FIGS. 11A, 11B and 11C shoW images of ruthe 
nium ?lms formed at an oxygen ?oW rate of 16 sccm using 
a ruthenium source of the present invention; (A) a ruthenium 
?lm after deposition, (B) a ruthenium ?lm that Was annealed 
at 450° C. under a hydrogen atmo sphere for 30 minutes after 
deposition, and (C) a ruthenium ?lm that Was annealed at 
700° C. under a nitrogen atmosphere for 30 minutes after 
deposition. 

[0058] FIGS. 12A, 12B and 12C shoW images of ruthe 
nium ?lms formed at an oxygen ?oW rate of 40 sccm using 
a ruthenium source of the present invention; (A) a ruthenium 
?lm after deposition, (B) a ruthenium ?lm that Was annealed 
at 450° C. under a hydrogen atmosphere for 30 minutes after 
deposition, and (C) a ruthenium ?lm that Was annealed at 
700° C. under a nitrogen atmosphere for 30 minutes after 
deposition. 

[0059] FIGS. 13A, 13B and 13C shoW images of ruthe 
nium ?lms formed at an oxygen ?oW rate of 70 sccm using 
a ruthenium source of the present invention; (A) a ruthenium 
?lm after deposition, (B) a ruthenium ?lm that Was annealed 
at 450° C. under a hydrogen atmosphere for 30 minutes after 
deposition, and (C) a ruthenium ?lm that Was annealed at 
700° C. under a nitrogen atmosphere for 30 minutes after 
deposition. 

[0060] As shoWn in FIGS. 11 to 13, When a ruthenium ?lm 
is subjected to annealing at 450° C., the ruthenium source is 
su?iciently decomposed by the oxygen, resulting in the 
reduction of impurities in the ruthenium ?lm. In the ruthe 
nium ?lm surfaces from Which impurities are removed, 
grain groWth and agglomeration are partially caused. On the 
other hand, When a ruthenium ?lm is annealed at 700° C., 
surface areas on Which a small amount of oxygen is provided 
have smooth surfaces. In surface areas on Which a large 
amount of oxygen is provided, excess grain groWth and 
agglomeration result (see FIG. 13C). 

[0061] As apparent from the above description, in order to 
form a ruthenium ?lm With optimal resistivity, deposition 
rate and step coverage, the oxygen ?oW rate is preferably 20 
to 60 sccm. 
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[0062] Next, the deposition rate and resistivity as a func 
tion of the ruthenium source ?oW rate according to the 
present invention Will be described. FIG. 14 is a graph 
shoWing variation in deposition rate With the How rate of a 
ruthenium source of the present invention. As shoWn in FIG. 
14, the deposition rate is increased as the How rate of a 
ruthenium source is increased. In particular, as both of the 
oxygen ?oW rate and the ruthenium source ?oW rate are 
increased, the deposition rate is remarkably increased. Simi 
larly, as the How rate of a ruthenium source is increased, 
resistivity is increased (FIG. 15). HoWever, resistivity is 
decreased as the oxygen ?oW rate is increased. Therefore, in 
order to form a ruthenium ?lm With optimal resistivity, 
deposition rate and step coverage, it is preferable to provide 
ruthenium sources of the present invention at a How rate of 
about 0.2 to 1 ccm, and more preferably at 0.4 to 0.8 ccm. 

[0063] In summary, the ruthenium ?lm 110 With optimal 
resistivity, deposition rate, and step coverage according to 
the present invention can be formed under the folloWing 
conditions: an oxygen ?oW rate of 20 to 60 sccm, a ruthe 
nium source ?oW rate of 0.2 to 1 ccm, a deposition tem 
perature of 200 to 500° C. (and preferably 330 to 430° C.) 
and a deposition pressure of 0.1 to 30 Torr (and preferably 
0.5 to 5 Torr). Decomposition of a ruthenium source is 
maximiZed at the aforementioned deposition temperature 
and pressure range. 

[0064] Under the aforementioned conditions, the ruthe 
nium seed is uniformly distributed on the surface of an 
interlayer insulating layer and a high quality ruthenium ?lm 
110 is formed Without altering the process condition. Fur 
thermore, because the aforementioned tWo-step CVD pro 
cess is not used, the process burden is reduced and device 
reliability is improved. In order to improve process effi 
ciency, an inert gas such as nitrogen and argon may be 
supplied onto a substrate. 

[0065] MeanWhile, adhesion of ruthenium ?lms Were 
tested using a ruthenium source of the present invention and 
the conventional bis(ethylcyclopentadienyl)ruthenium. The 
adhesion test refers to a “peeling test”. For the peeling test, 
ruthenium ?lms Were formed on Wafers With a siZe of 20 
cm><20 cm. Each Wafer Was cut into a total of 1600 grids 
With specimen siZes of 5 mm><5 mm. Then, cellophane tapes 
Were attached to the specimens. After the cellophane tapes 
Were removed from the specimens, the number of specimens 
of ruthenium ?lms that Were peeled off from Wafers Was 
measured. In most specimens of the present invention, 
ruthenium ?lms Were not peeled off from Wafers. HoWever, 
in the conventional ruthenium ?lms, 35 specimens Were 
peeled off from Wafers. Based on this test, it can be seen that 
ruthenium ?lms formed using ruthenium sources of the 
present invention have superior adhesion to an interlayer 
insulating layer than those formed using a conventional 
ruthenium source. 

[0066] FIG. 16 is a graph shoWing the leakage current 
density of a ruthenium ?lm according to the present inven 
tion. It can be seen from FIG. 16 that ruthenium ?lms of the 
present invention exhibit stable leakage current. 

[0067] Hereinafter, a method for manufacturing an MIM 
capacitor using the aforementioned ruthenium ?lm forming 
method Will be described in detail. 

[0068] Reference is made to FIG. 17A, an interlayer 
insulating layer 210 in Which a storage node plug 205 is 
contained is formed on a semiconductor substrate 200. A 
mold oxide layer 215 is deposited on the interlayer insulat 
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ing layer 210. An etch stopper (not shown) may be placed 
between the interlayer insulating layer 210 and the mold 
oxide layer 215. 

[0069] Then, the mold oxide layer 215 is etched to expose 
the storage node plug 205, thereby forming a loWer electrode 
area 218. A ?rst ruthenium ?lm 220 is formed on the mold 
oxide layer 215 and the loWer electrode area 218. The ?rst 
ruthenium ?lm is preferably formed by a method comprising 
supplying a ruthenium source at a How rate of 0.2-1 ccm and 
oxygen at a How rate of 8-100 sccm and preferably 20-60 
sccm onto a substrate and depositing the ruthenium ?lm at 
a temperature of 330-4300 C. under a pressure of 0.5-5 Torr 
using CVD. The ruthenium source is a tWo [3-diketones 
coordinated ruthenium complex such as bis norbornadiene 
ruthenium. In the case of using such a ruthenium source 
under the aforementioned single process condition, a ruthe 
nium ?lm of uniform thickness can be formed. 

[0070] Reference is noW made to FIG. 17B. In FIG. 17B, 
the ruthenium ?lm 220 (from FIG. 17A) Was subjected to 
chemical and mechanical polishing (CMP) to expose the 
mold oxide layer 215, resulting in formation of a loWer 
electrode 225. Before the CMP process, a buffer oxide layer 
may be formed on the ?rst ruthenium ?lm 220. Then, the 
mold oxide layer 215 is removed in a conventional manner. 
Then, a dielectric layer 230, for example tantalum oxide 
layer (Ta2O5) is formed on the loWer electrode 225 and the 
interlayer insulating layer 210. A second ruthenium ?lm is 
formed on the dielectric layer 230 in the same manner as 
When forming the ?rst ruthenium ?lm 220 to thereby form 
an upper electrode 235. As a result, capacitor 240 is pro 
duced. 

[0071] Therefore, in case of manufacturing an MIM 
capacitor using the ruthenium ?lm forming method of the 
present invention, a process step is simpli?ed and excellent 
ruthenium electrodes can be obtained. 

[0072] As apparent from the above description, according 
to the ruthenium ?lm forming method of the present inven 
tion, a ruthenium source is a tWo [3-dikentone-coordinated 
ruthenium complex such as bis norbornadiene ruthenium. 
An oxygen ?oW rate, temperature, and pressure are opti 
mally adjusted. Therefore, a ruthenium ?lm Which has 
excellent resistivity, deposition rate and step coverage is 
formed. 

[0073] In addition, homogeneous nucleation occurs and a 
ruthenium ?lm With uniform thickness is formed. 

[0074] Furthermore, because a ruthenium ?lm is formed 
under a single process condition, the process is simpli?ed. 
As a result, process reproducibility and device reliability are 
improved. In addition, because a vacuum is not generated 
during the formation of the ruthenium ?lm due to the 
constant pressure, a ruthenium ?lm With uniform thickness 
is formed. 

[0075] Still furthermore, ruthenium ?lms formed using 
ruthenium sources of the present invention have excellent 
adhesion to an interlayer insulating layer. As a result, the 
leakage current that results from the peeling of a ruthenium 
?lm from an interlayer insulating layer is prevented. 

[0076] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 
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What is claimed is: 
1. A method for manufacturing a metal-insulator-metal 

(MIM) capacitor, comprising: 
(a) forming a ?rst ruthenium ?lm for a loWer electrode on 

a semiconductor substrate; 

(b) forming a dielectric layer on the loWer electrode; and 

(c) forming a second ruthenium ?lm for an upper elec 
trode on the dielectric layer, step (a) comprising sup 
plying a tWo [3-diketones-coordinated ruthenium com 
plex as a ruthenium source at a How rate of 0.2-1 ccm 

and oxygen at a How rate of 20-60 sccm onto the 
substrate and depositing the ?rst ruthenium ?lm using 
CVD, and step (c) comprising supplying a tWo [3-dike 
tones-coordinated ruthenium complex as a ruthenium 
source at a How rate of 0.2-1 ccm and oxygen at a How 
rate of 20-60 sccm onto the substrate and depositing the 
second ruthenium ?lm using CVD. 

2. The method according to claim 1, Wherein the ruthe 
nium source is a tWo [3-diketones and one diene-coordinated 
ruthenium complex as represented by the formula 1: 

(1) 

R1 5 

wherein R1 and R2 are alkyl groups; the total carbon 
number of R1 and R2 is 3 to 5; and R3, R4 and R5 are 
interconnected to each other to form a chain. 

3. The method according to claim 2, Wherein the diene is 
l,4-cyclohexadiene, norbornadiene, or l,5-cyclooctadiene. 

4. The method according to claim 2, wherein R1 and R2 
are asymmetric. 

5. The method according to claim 1, Wherein the ruthe 
nium source is a tWo [3-diketones and one diamine-coordi 
nated ruthenium complex as represented by the formula 2: 

(2) 

wherein R1 and R2 are alkyl groups; the total carbon 
number of R1 and R2 is 2 to 5; R6, R7, R8, R9, R10 and 
R11 are independently hydrogen or alkyl groups; and 
the total carbon number of R6, R7, R8, R9, R10 and R11 
is 2 to 8. 
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6. The method according to claim 5, wherein the diamine 
is N,N,N',N'-tetramethylethylenediamine. 

7. The method according to claim 5, wherein R1 and R2 
are asymmetric. 

8. The method according to claim 1, Wherein the ruthe 
nium source is a tWo [3-diketones and tWo organic ligands 
coordinated ruthenium complex as represented by the for 
mula 3: 

(3) 
R2 

wherein, R1 and R2 are alkyl groups; the total carbon 
number of R1 and R2 is 2 to 5; 

and tWo R12 are ole?n, amine, nitrile or carbonyl. 
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9. The method according to claim 8, Wherein the ole?n is 
ethylene, propylene, 2-methylpropylene, butyl, or 1,3-buta 
diene. 

10. The method according to claim 9, Wherein the amine 
is trimethylamine or triethylamine. 

11. The method according to claim 10, Wherein the nitirile 
is acetonitrile or acrylonitrile. 

12. The method according to claim 9, Wherein the tWo 
[3-diketones are 2,4-hexanedione, 5-methyl-2,4-hexanedi 
one, 2,4-heptanedione, 5-methyl-2,4-heptanedione, 6-me 
thyl-2,4-heptanedione, or 2,4-octanedione. 

13. The method according to claim 1, Wherein the ruthe 
nium source is bis(isoheptane-2,4-dionato)norbornadiene 
ruthenium. 

14. The method according to claim 1, Wherein the ruthe 
nium ?lm is deposited at a temperature of 330-4300 C. 

15. The method according to claim 1, Wherein the ruthe 
nium ?lm is deposited under a pressure of 0.5-5 Torr. 

16. The method according to claim 1, Wherein the depos 
iting of the ruthenium ?lm includes supplying an inert gas, 
including nitrogen and argon, onto the substrate. 


