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Comparison of Novel Cleaning Solutions With
Various Chelating Agents for Post-CMP Cleaning on
Poly-Si Film

Tung Ming Pan, Tan Fu Lei, Fu Hsiang Ko, Tien Sheng Chao, Tzu Huan Chiu, Ying Hao Lee, and Chih Peng Lu

Abstract—in this study, various cleaning solutions containing the most effective method on removing particles after the CMP
chelating agents with carboxyl acid group (~COOH), such as process [3]. CMP is employed to reduce the surface roughness of
ethylenediaminetetraacetic acid, citric acid and oxalic acid, were deposited poly-Si film [4] and shows the improvement on poly-

developed for post-poly-Si CMP cleaning. The chelating agentand . . .
tetramethylammonium hydroxide (TMAH) were simultaneously oxide quality. However, the wafer surface after CMP processis se-

added into 2% ammonium hydroxide alkaline solution to promote I’IOUSIy contaminated with part|Cles and metallic Impurities from
the removal efficiency on particles and metallic impurities. The polishing slurry. The particles will affect ULSI patterns. In ad-
effectiveness of various cleaning recipes and their interaction dition, the fast diffusing metallic impurities such as copper, iron
mechanism with poly-Si surface were studied. We could explain g4 chromium, even the least bit of contamination, will induce

the surface behavior of various cleaning solutions by the different s .
molecular size and charge of chelating agents. Based on theMany crystal defects in Siwafer during thermal process [S].

mechanism, the behavior of surface particle and metallic impurity The particle deposition on a hydrophilic wafer surface is a
can be realized. The co-existence of TMAH with citric acid or strong function of the pH value in the solution. Larger than pH

oxalic acid in the alkaline cleaning solutions can significantly 10 results in low particle deposition [6]. Numerous methods
enhance the electrical property for the capacitor. have been developed to improve the efficiency of removing par-
Index Terms—Chelating agents, citric acid, CMP, EDTA, oxalic ticle. The most effective commercial method is the megasonic

acid, particles and metallic impurities, TMAH. cleaning process [7]. The SC-1 solution in coupling with the
megasonic cleaning process can remove organic and inorganic
I. INTRODUCTION particles from surface at specific temperature ranging from

] . ) 25 °C to 75 °C in the semiconductor industry. The particle

A S THE geometry of devices continues to shrink and thgeaning process is very useful in cleaning after CMP process

complexity of circuits continues to grow, the miniaturizayg remove the slurry on the poly-Si surface. In megasonic
tion of modern integrated circuits demand a higher device yie:l,?fstems, the energy is produced by an array of piezoelectric
and lower defect density in the active region of silicon devicggystals or transducers. These wafers carried with cassettes are
[1]. For the reliability issue of nonvolatile memory devices, Su%mersing in the clean tank, such as SC-1 solution. The impact
as EPROM, EEPROM, and Flash memory, the requirement gfhigh-frequency (700-1000 kHz) sonic pressure waves on the
polyoxide quality with higher breakdown electric field and loweyyafers enhances the cleaning ability for the cleaning solutions.
leakage currentwould be necessary forlonger dataretention chgda force required to remove a particle from the wafer surface
acteristics. Non-uniform thickness and surface roughness of thgst pe equal to (or exceed) the force of particle adhesion. In
poly-Siwould lead to defect formation on the poly-Si/polyoxid@qgition to particle removal, the megasonic process with SC-1
interface andthus deteriorating its electrical properties. Recentlyso demonstrates the capability to remove the copper contam-
chemical-mechanical polishing (CMP) process has become {h&tion [7]. This observation is due to the readily exchange of

mainstream planarization technique in miniaturization and intggpper jons with ammonia (NH, and the metallic impurities
gration of ULSI[2]. Asthe device dimension scales down, the sigan pe rinsed off.

nificance to raise cleanliness of the wafer surface after polishinga previous paper has reported the following problem for
becomes more stringent than ever before. Brush scrubbing teghst-cMP cleaning on poly-Si film [8], both abrasive and
nology has been employed for many years and considered tqR&alic contaminant were left on the hydrophobic poly-Si

surface and could not be removed with high efficiency in
alkaline cleaning solutions. Up to now, the most effective way
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TABLE |
VARIOUS CLEANING SOLUTIONS USED FORPOST-CMP QLEANING
solution | NH,OH | NH,OH : TMAH (2.38%) Chelating agent pH
0) 3% 0 0 11.51
A 2% 0 0 11.40
B, 2% 100:1 EDTA 100ppm 11.49
B, 2% 100:1 ETDA 200ppm 11.48
C, 2% 100:1 Citric acid 100ppm 11.51
C, 2% 100:1 Citric acid 200ppm 11.50
D, 2% 100:1 Oxalic acid 100ppm | 11.50
D, 2% 100:1 Oxalic acid 200ppm | 11.50

simultaneous spiking of TMAH and chelating agents in thand then doped with POght 875 °C for 17 min, which re-
cleaning solutions can effectively prevent the contaminaticulted in a resistivity of 40—8Q/C. The poly-Si-l CMP exper-
problem of various metallic impurities on the poly-Si surfacanents were performed on a Westech-372M polisher with di-
[9], [10]. The removal efficiency of particles and metalliduted CABOT SC-1 slurry. A 500 A poly-Si was removed during
impurities and the electrical characteristic after cleaning can BMP process. After CMP process, the 2% NBPH solution
significantly improved by using this novel solution. was sprayed onto the wafer by 0.95 MHz megasonic, followed
In silicon wafer cleaning, the metallic impurity is usually reby dispensing various cleaning solutions (in Table 1) with PVA
moved in the acid step (i.e., SC-2), while the particle and ligbtush. After the cleaning operation, the RCA cleaning was per-
organic are removed in the alkaline step (i.e., SC-1). Due formed. Then, a 120-A interpolyoxide was deposited on the sur-
the difficulty of metallic impurity removal on the poly-Si sur-face of the poly-Si-I films by tetra-ethyl-ortho-silicate (TEOS)
face after CMP process in the alkaline cleaning solution, a néwLPCVD system. These samples were rapidly annealed in an
cleaning method to overcome this problem remains to be devdl; ambient at 950 C for 30 sec within the rapid thermal re-
oped. In this study, various chelating agents containing carboxytor. Subsequently, a 3000 A poly-Si-Il film was deposited and
acid group (-COOH) were investigated because chelating agdnoped with a 40-8Q/ resistivity. After poly-Si-ll was defined
can react with metallic impurities to form stable metal-chelatnd etched by wet chemical solution, all samples were thermally
complexes. This reaction prevents metal re-adhesion onto grewn to 1000 A thickness by wet oxidation. Contact holes were
poly-Si surface in alkaline cleaning solution. The removal effthen opened, and a 5000-A Al film was deposited and patterned
ciency of surface particle, organic contaminant and metallic inte form capacitors. Finally, all samples were sintered for 30 min
purity was carefully evaluated. The interaction mechanism af 400 °C in an N, ambient.
the chelating agent and the poly-Si surface was discussed. Fur-
thermore, the particle, metallic impurities and electrical charaC- Instrumental Analysis and Electrical Characterization

teristics were also analyzed to evaluate the clean efficiency forrg stydy the effectiveness of various wet wafer cleaning

the developed solutions. recipes, various surface analytical methods were used. The
particle number with size higher than QuZn was counted by
[l. EXPERIMENTAL the Tencor surfscan Model 4500 system. The residual organic
A. Materials and Cleaning Solutions on the poly-Si surface was determined with Hitachi thermal

Pt 100 f th 6-in di ; din thi desorption system (Model UG-21) and atmospheric pressure
“ype <. . > warers wi -In diameter were used In i, i, ation mass spectrometer (Model UG-400P). The desorp-
stud_y (resistivity 15-2%2-cm). All reagents were of electrom_ction temperature of the TDS-APIMS was ramped from room
or higher grade from Merck (Darmsadt, Germany). Table | |ISE§ perature to 600°C at 10 °C/min. The surface out-gassing
recipes of various water-based cleaning solutions that are te%?ﬁ analyzed at m/z 30, 44, and 58. The metallic impurity (K
to fino_l the best cIe_anin_g efficiency_for poly—Si surface. The ", Cr, Fe, Cu, and Zn) V\’/as aetermined using RIGAKU Model’
spective ethylenediaminetetraacetic acid (EDTfME6OsN2, 370 tota) reflection X-ray fluorescence spectrometer (TXRF).

MW = 292), citric acid (GHsO7, MW = 192) and oxalic acid Th -
. i . e surface roughness of the silicon wafer was measured b
(C2H204, MW = 90) are used in the cleaning solution. Anothe, g y

Atomic force microscopy (AFM). The poly-oxide thickness
reagent, tetramethylammonium hydroxide (TMAH, M¥91), as obtained by using Keithlev C-V svstem. The electrical
is also spiked into cleaning solutions of B, C;, C,, Dy, and W ! y using ferthiey y ; !

roperties of the poly-oxide of the J-E and time dependent
D,.The EDTA has four pKavaluesof1.99,2.67,6.16,and 10.26. | . K _
TDDB) ch m
The citric acid has three pKa values of 3.14, 4.77, and 6.39, iglectric breakdown ( ) characteristics were measured

. . using the Hewlett-Packard (HP) 4156B semiconductor
the oxalic acid has only two pKa values of 1.23 and 4.19[11]. paramet?ar analyzer (HP)

B. Capacitor Fabrication Process and the Cleaning Procedure
lll. RESULTS AND DISCUSSION

The capacitor structure and manufacturing steps are shown in ) .
Fig. 1. A 5000-A buffer oxide is thermally grown on the Si sub® The Effect of Cleaning Solutions on Surface Roughness
strate. A 3000-A poly-Si-1 film was deposited on an oxide layer The importance of surface roughness on breakdown proper-
in low pressure chemical vapor deposition (LPCVD) systetres of thermal grown oxide layers has been previously demon-
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Fig. 1. The capacitor structure and processing steps of the poly-oxide capacitors using CMP process.

strated [12], [13]. Our previous report [10] also indicated the 06 T T ' '
etching rate should show the positive relationship with the sur
face roughness of poly-Si film. Despite the suitable cleaning is
beneficial for the device yield, the long time cleaning on silicon
wafer has the detrimental effect due to surface roughness.
Fig. 2 illustrates the roughness of poly-Si film for various
cleaning recipes. Except for cleaning with 3% NBH (recipe
0), the surface roughness of other recipes is within 0.31 an %
0.34 nm. The resemblance of roughness for these recipes sug %3 [ 7 7 7 7 7 7

(53
gests the etching rate of the cleaning solution is still alike. Henc«&

except for recipe O, the surface roughness is not the decisivf: 02
reason for affecting the electrical performance. The most roughﬁ
ness of wafer surface after cleaning with recipe O will be pre-s
dicted to exhibit the worse electrical behavior. This prediction‘L 0.1
will be discussed in latter section.
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B. The Physical and Chemical Properties of Poly-Si Surface 0.0 O A B

After CMP and Cleaning !

. . ..., . Fig.2. The surface roughness of polished poly-Si after post-CMP cleaning in
The types of contamination after CMP can be classified m{;a%ious solutions. 9 P pov P 9

particle, organic and metal. In this study, after CMP process and
subsequent cleaning with various solutions, the particle nuis-analyzed with TDS-APIMS and TXRF to investigate the
bers on the poly-Si surface is determined. In addition, the waf@etallic and organic contamination. Fig. 3 shows the number of

B, ¢ ¢ D D
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1800 the ratio of charge to molecular weight (size), citric acid and ox-
alic acid have higher ratio than EDTA. This observation suggests
the G, C,,D;,and D recipeshave better performance onparticle
removal than EDTA-containing recipes.

The intensity of surface organic is determined with TDS-
APIMS measurement. The peak intensities (obtained at 30, 44,
and 58 m/z) for cleaning solutions (recipeg B-, C;, C;, Dy,
and ;) are about in the range 1-2 fold than solution A. After
succeeding RCA cleaning, the organic residuals on the wafers
show the same intensity from TDS-APIMS measurement. The
latter electrical result demonstrates the level of residual organic
has no degrading effect. Another important indicator to check
the cleaning efficiency is the metallic contamination. The 1999
ITRS (International Technology Roadmap for Semiconductors)
indicates the control limit of surface metal is about*£6ld
more critical than that of the organic component. The metal
contamination is also a decisive factor on influencing the de-
vice yield. Verhaverbeket al. [15] have reported that metal
Fig. 3. Particle numbers on the polished poly-Si surface after post—CI\/ﬁQmamination can degrade the oxide breakdown properties by
cleaning in different solutions. generating silicon surface roughness or by the formation of de-

fect spots during oxidation. As if the concentration of residual

particles on the wafer surface after post-poly-Si CMP cleanirigetallic contamination on the silicon surface becomes higher,
for various solutions. It is found that these novel solutiorf$e oxide reliability (charge-to-breakdown) gradually decreases.
(recipes B, By, C;, Co, Dy, and ) exhibit higher particle Fig. 5 shows the metal concentrations measured with TXRF
removal efficiency than control recipe (only 2% NEH instrument. It is very clear that the metallic contaminants are
solution). This observation is dependent on two reasorfgnificantly removed by using the novel solutions, especially
Firstly, the TMAH can behave like a surfactant. The surfactaffr the removal of K, Ti, Cr, and Fe ions. The chelating agent
usually contains the organic main chain, and the hydrophiigacts with metal ion as in the forms of metal-chelate complex.
and hydrophobic parts are in different sides of the main chaifis reaction prevents the precipitate on the poly-Si surface in
Here, we assume the TMAH behaved like a surfactant daeform of metal hydroxide during high pH solution. It clearly
to its hydrophobic part (methyl group) and hydrophilic pafi€émonstrates that cleaning solutioniB not suitable to remove
(positively charge of nitrogen). These tetramethylammoniuti€ metals of K and Ti. This finding can be also explained from
cations can adsorb on the hydrophobic Si—H surface via van d¢ mechanism appearing in Fig. 4 that the bulky EDTA can
Waals force. According to the prediction of our previous repof@rdly react with the trap metal ion on poly-Si surface due to
[10], the surface state becomes hydrophilic after post-poly-tie lower ratio of charge to size. Solution €hows the better
CMP cleaning with TMAH-containing solution. This changgemoval efficiency on metal than,Cindicating the concentra-
of surface state can prevent the direct approach of partidi@n effect of chelating agent. Fig. 5 demonstrates the higher
and facilitate the particle removal by the cleaning solutio@mount of chelating agent is beneficial for metal removal. How-
The second one to affect the particle removal is the co-existifger, the cost and the chelating agent contamination need further
chelating agent. Here, we propose the effects of charge a¥@luation.
size (or molecular weight) to explain the mechanism of particle On considering roughness, particle, organic and metal effects,
removal. This model is based on Stern model [14]. Fig. tpe cleaning solutions with additives of citric acid and oxalic
depicts the interaction of hydrophilic particle with the surfacacid have significant efficiency on particle and metal removal.
tetramethylammonium cations at alkaline condition (pH The next section will demonstrate their electrical behaviors.
11.4). Chelating agents, such as EDTA, citric acid, and oxalic ) ) ) )
acid, appear in anion forms at solution pH higher than thdi- Electrical Property for Various Cleaning Solutions
pKa values. The penetration ability of the chelating agent into Fig. 6 shows Weibull distributions of electric breakdown
the interfacial region of particle and tetramethylammoniureld, it is demonstrated that polished poly-Si-I films with
layer can absolutely influence the particle removal. Fig. dsing solution A (only 2% NHOH) show a lower electric
demonstrates the formation of surface double layer by theeakdown distribution than other solutions. However, using
proposed cleaning solution. cleaning solution € on polished poly-Si-I film shows the
Asinsuchbasiccondition(pH11.4),theacidhydrogencanbehighest electric breakdown distribution for these chelating
fully desorbed. The net negative charges are 4, 3, and 2 for EDBents. This observation is attributed to the enhancement of
citric acid and oxalic acid, respectively. On considering the pengeaning efficiency by combining the TMAH and citric acid
tration of chelatingagentillustratedin Fig. 4,the higherchargefon the removal for particle and metallic impurity debris. The
chelating agent facilitates the interaction with the tetramethylamemoval efficiency of metallic impurity and particle residual on
moniumcations. Onthe contrary, thelarge size (molecularweigthe poly-Si surface has some relative with the concentration of
of chelating agent will face penetrating hindrance. If we considehelating agents.
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Fig. 4. The interaction mechanism of hydrophilic particle in the TMAH and chelating agent containing solutions.

1012 T

10"

Metallic Impurity Concentration ( atoms/cmz)

}OM

Fig. 5. The metal concentration on poly-Si surface after post-CMP cleaning

for different solutions.

T T T
LIS
Ti
T8 Cr
Fe
R Cu
n

(3]

-3

- v A o P]
Sl

L b v { oS

L § o ]

_ - ;f«« —
—e— B,
—- G,

i —a— D, ]
—o-- D,

12 1I3 — 1|4 - 15

Electric Breakdown Field (MV/cm)

Fig.6. The breakdown field distribution of capacitors after the CMP-processes
To investigate the poly—oxide reliability, charge-to-breakWim using different cleaning solutions for top gate applied positive bias.
down (y4) measurements were performed on capacitors. In
Fig. 7, the Weibull distributions are shown under positive cotfier capacitor using cleaning solution,Cfor poly-Si film
stant current density at20 mA/cm? stress. The distribution after CMP process shows a slightly high@g,. This result is
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Fig. 7. The charge-to-breakdow€y{.) of capacitors under positive constant

current density stress.
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In the paper, various cleaning solutions containing chelating
agents with carboxyl acid group (-COOH) were explored fc~ Tung Ming Pan was born in Taipei, Taiwan, R.O.C.,

their influences on the surface roughness of poly-Si-1. We foul
the removal efficiency of particle and metallic impurity and th
electrical characteristic can be significantly improved for pos

in 1970. He received the B.S. degree from the
Department of Electronics Engineering, National
Chiao-Tung University (NCTU), Hsinchu, Taiwan,
R.O.C., in 1997 and the Ph.D. degree from the

poly-Si CMP cleaning by using these novel solutions. By addir 5 Institute of Electronics, NCTU, in 2001.
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