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The inductively coupled plasma etching of platinum with AyGas chemistries is described. X-ray
photoelectron spectroscogPS) is used to investigate the chemical binding states of the etched
surface with various AfAr+Cl,) mixing ratios. Atomic percentage of Cl element increases with
increasing Ar{Ar+Cl,) mixing ratio with the exception of A¢Ar+Cl,) mixing ratio of 1. At the

same time, the peaks that seem to be subchlorinated Pt at XPS narrow scan spectra are found and
Cl-Pt bonds rapidly increase at A +Cl,) mixing ratio of 0.62. Quadrupole mass spectrometry
(QMS) is used to examine the variations of plasma characteristics with various ,Age
chemistries. QMS results show that,@holecules are converted to Cl radicals with adding Ar gas

to Cl, plasma. QMS results support the increased atomic percentages of Cl elements on the etched
Pt surface. Single Langmuir probe measures ion current density with various ga€plasma. lon
current densities are used to investigate the ion bombardment effects on the etched surface. Thin
film thickness measuring system, scanning electron microscope and a four-point probe are used to
extract the Pt etching characteristics. The maximum etch rate of Pt is approximately 140 nm/min at
the Ar[(Ar+Cl,) mixing ratio of 0.9. These results are consistent with XPS, QMS, and Langmuir
probe data. ©1998 American Vacuum Socief$s0734-210098)01505-X

[. INTRODUCTION Plasma process utilizing inductively coupled plasma
) _ ) (ICP) has emerged as a promising technique to meet the
Giga bit dynamic random access memdBRAM) re-  jycreasingly stringent requirements in  microelectronics

quires the capacitor of high dielectric films. Many researCh'fabrication7'8

The high plasma density produced by ICP
ers have been interested in the formation of high dieIeCt”CSOUI’CGS is articulagrl F;ttractive for yDIgAM a Iic)r:\tion
thin films. P4Zr,_,Ti,)O3, Ba_,Sr,O; and SgTiO; have P y PP )

been promising candidates as high dielectric matetidln Some anantages in using this tephmque for etching is ',n'
order to preserve the high dielectric constant, the crysta‘FIUdEd higher etch rate and lower ion bombardment energies

structure of dielectric materials has to be a perovskite phaseSompared with conventional reactive ion etching.
The formation of a perovskite phase depends on the crystal In this study, the effects of additive Ar gas to,Gllasma
structure of substrate materials and requires nonoxidized su@n the Pt etch characteristics were investigated. The dry etch-
face of substrate materials. It is well known that the promis-ing technology using ICP sources was applied to etch Pt as a
ing candidate to meet these requirements of substrate matsubstrate material for the high dielectric capacitor. The
rials is Pt because of its chemical stability and goodchemical reaction on the etched surface, plasma characteris-
crystallinity. In DRAM processes, the fabrication of a ca- tics, and Pt etch characteristics with Arj@Jas chemistries
pacitor consists of thin film deposition and dry etching. Al- ywere discussed.
though the technology to deposit the high dielectric films has
been di;tinctly developed, very little work hz_as been QOne i_n Surface reaction of Pt etching was investigated with
developing the etlc:)r%’stechnology.for patterning the high di-p;c). gas plasma using x-ray photoelectron spectroscopy
g!ectnc.ﬂlms and Pt." However, in order to form the high (gXPS) and quadrupole mass spectrometry. lon current den-
ielectric capacitor, the plasma etch technology of Pt has to. . . :
Sity was measured with Ar/@€lgas plasma using single

be developed first. i =2
Langmuir probe. For the application to DRAM processes, Pt

dauthor to whom correspondence should be addressed; electronic maif'?t_Chmg CharaCter_'St'Cs were also eXtraCteq using thin film
cikim@cau.ac.kr thickness measuring system, and a four-point probe.
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Fic. 1. Schematic diagram of experimental apparatus.
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IIl. EXPERIMENTAL DETAILS Ar / (Ar+Cl,) ratios

The 5 in. Si substrates used for this study were doped with
B (0.85-1.15Q cm), oriented(100), and chemically etched Fic. 2. XPS atomic counts of Pt surface with #&f+Cl,) gas mixing ratio.
for 60 s using 1% HF:KO prior to chemical vapor deposi-
tion (CVD) growth. The substrates were coated with a 600
nm-thick layer of SiQ grown by low pressure CVD (SiH To observe the etch profile, @300 nm thick plasma en-
+0O,, 420 °C, 240 mTou To enhance the adhesion of Pt on hanced chemical vapor deposition film was deposited as a
the oxide layer, a 75 nm-thick TiW90% was deposited masking layer during Pt etching.
prior to Pt deposition. Deposition of the Pt films was per-  After removing the plasma etched samples from the etch-
formed using a Varian 3180 dc sputtering system equippethg system, the samples had been exposed to the atmospheric
with a 7 in. conical magnetron sputtering source. The Penvironment for approximately one day prior to XPS analy-
sputtering target was specified at 99.999% purity. Sputteringis. Compositional analysis of the Pt surface was performed
was performed in research-grade Ar at a pressure of 8 mTorusing a VG Scientific ESCALAB 200R XPS with MK «
and the distance from source to substrate w8s3 in. Typi-  (1253.6 eV radiation operating at 250 W. A narrow scan
cal sputtering power was 9.6 kW. These conditions resultedpectra of all regions of interest was recorded with 20 eV
in a nominal deposition rate 6f1000 nm/min. During depo- pass energy in order to quantify the surface composition and
sition, the substrate was grounded and the substrate tempeidentify the chemical binding state.
ture was held at 200 °C using a gas conduction heating. The The plasma characteristic was extracted from QMS and
final thickness of the sputtered Pt film was200—-300 nm, single Langmuir probe. A quadrupole mass spectrometer
and ~95% uniform across the surface of the 5 in. wafers.(QMS; Balzers QMG/E 12blocated at the sidewall of the
Film thickness was measured using a Tencor Madgstep  process chamber was used to monitor species such as disso-
200 surface profiler. ciated radicals in the plasma. The hole of 1 mm diam was
Plasma etching of the Pt films was performed using dormed to the wall of etching chamber and connected to the
home-made ICP mode etching system. Figure 1 is a schalifferential pumped system. The pressure of the port attached
matic diagram of experimental apparatus. A planar ICP etchto QMS was maintained under 19 Torr. Single Langmuir
ing equipment having a 3.5 turn spiral copper coil on the toprobe was also inserted at the center of the chamber to mea-
of the chamber separateg & 1 cm-thick quartz window was sure the ion current density in the plasma. lon current was
used in this experiment. Note 13.56 MHz rf power was ap-saturated at approximatety20 V and was extracted at40
plied to the coil to induce inductively coupled plasma. An-V. lon current density was calculated by dividing ion current
other 13.56 MHz rf power was applied to the substrate tdnto probe ared.
induce bias voltage to the wafer. Wafers were placed on a
bottom electrode. Substrate holder temperature during the Pt
etch was held at-50 °C using the circulation of cooling [Il. RESULTS AND DISCUSSION
water. A Balzers turbo pump reduced residual gas pressure to
below 5x 10 ° Torr before the processing step. The/@r
gas mixture was used for Pt etch and the total gas flow was XPS analysis was carried out to investigate the etched Pt
53 sccm. The AfAr+Cl,) mixing ratio was changed from O surface modification by using Ar/€lgas plasma. O, Pt, C,
to 1. ICP source power was constant at 600 W. Bias voltagand Cl atoms were detected on the etched surface. However,
was at—125 V and bias power was controlled to maintain Ar did not exist on the etched surface. O and C were ob-
the constant bias voltage. Etch rate was measured usingsarved and were caused by air exposure of the etched
four-point probe and thin film thickness measuring systemsamples prior to XPS analysis.

A. Chemical binding states of etched surface
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Fic. 4. Cl 2p narrow scan spectra at various @/+Cl,) mixing ratio.

Fic. 3. Pt 4 narrow scan spectra at Adr+Cl,) ratios of (a) 1 and (b)
0.62.
binding energy compared to Pt—O bond because Cl atom is
Figure 2 represents the XPS atomic counts of the Pt sumore electronegative than O atom. Meanwhile, these peaks
face with Ar/Ch gas mixing ratio. In Fig. 2, the atomic per- result from subchlorinated Pt because 73.5 and 75.3 eV bind-
centage of chlorine has the maximum value atAr#Cl,) ing energies are observed for normal Pt—Cl binding states of
of 0.62. Under Ar{Ar+Cl,) ratio of 0.62, chlorine increased PtCl, and PtCJ, respectively.
with increasing Ar flow rate in spite of decreasing @hrtial Figure 4 represents Cl@2narrow scan spectra with vari-
pressure in the plasma. At the same time, the atomic percentus Ar{Ar+Cl,) mixing ratios. Cl 2 spectrum is entirely
age of Pt has the minimum value at 6&f+Cl,) ratio of  composed of single component as CI-Pt. CI-Pt bond is ob-
0.62. This means that the residual layer formed on the etcheskrved at 198 eV and formed as a doublet. At(ArA-Cl,)
surface at 0.62 of AtAr+Cl,) is thicker than those at other ratio of 0.62, CI—Pt bond increases significantly and this re-
etching conditions. sult agrees with Fig. 2. This means that the majority of ClI
XPS narrow scan analysis was carried out to examine thatoms combine with Pt. Meanwhile, CI-O bond was not de-
chemical binding states of each element on the Pt surfacected.
with Ar/(Ar+Cl,) ratio. Figure 2 shows Pt narrow scan spec-
tra. Figures 8) and 3b) represent the Ptf4spectra with
Ar/(Ar+Cl,) ratios of 1 and 0.62, respectively. Figuréa@ B. Plasma characteristics

shows that the Pt # spectrum can be resolved into tWo  |n order to examine the cause of Fig. 2, the plasma spe-
chemical components as Pt—Pt and Pt—O. The peaks at ¢les densities were obtained by QMS. Table | shows the
and 74.4 eV binding energies correspond to P{Aand Pt re|ative density of plasma species with various(Ar-Cl,)

4f5), of elemental Pt, respectively. Atthe same time, PiA  gas mixing ratio. In this table, Ar species increase with in-
due to suboxided Pt is also found at the binding energy of 7%reasing Ar{Ar+Cl,) ratio. This seems to be due to the
and 75.5 eV because 74 and 75 eV binding energies aliicrease of Ar partial pressure in the plasma. At the same
observed for normal Pt—O bonds in PtO and R¥respec- time, Cl, species density decreases rapidly at(Ar#Cl,)

tively. This implies that Pt atoms on the surface mainly existmixing ratio of 0.9. However, Cl radical density insignifi-

as the chemical state of elemental Pt. It is also found in thi%an“y decreases between 0 and 0.9. These indicate that the
figure that the peak intensities of Pt—O bonds are small. Thigissociation of Gl molecules was enhanced by additive Ar

the Pt & narrow spectra was obtained at the (Ar/+Cl,)

mixing ratios of 0, 0.2, and 1 were nearly same. This implies

that Cl atoms exist insignificantly on the etched surface inrag.e 1. Relative plasma species density with various(Ar#Cl,) mixing
these gas mixing conditions. However, it is found that Fig.ratio.

3(b) is changed. In comparison to Fig(aB, it is found that

. . . L. . (Arb. unit)
the peak intensities cor_respondmg to the bmdmg energies of Ar(Ar+Cly) Cl radicals C} molecules Ar species
72.8 and 76.3 eV were increased. These peak increases seem
to result from the bond with a high electronegative element 0.0 3.8 3.4 0.0
such as chlorine. This can be inferred since CI atomic per- 8'513 ‘31'2 g'g é'g
centage rapidly increases but O is insignificantly changed in 10 00 00 95

Fig. 2. At the same time, Pt—Cl bond is detected at the highet
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Fic. 5. lon current density as a function of various (Ar'+Cl,) gas mixing

ratio and ICP source power. _ ) _
as mentioned. Meanwhile, the decrease of oxide etch rate
seems to be resulted from the decrease ofgalrtial pres-

means that the additive Ar has an effective role of the CI| Sure.
dissociation and an important effect on Pt reaction with ClI
elements. IV. CONCLUSION

Figure 5 represents the ion current density with various , - . .
gas mixing ratio and ICP source power by single Langmuir The chemical b'!“‘?"”g stgtes of etghed gurface with var-
probe. This figure shows that ion current density increas@YS ArkAr+Cl,) mixing ratios were |nvest|ga_ted by using
with increasing AAr+Cl,) ratio. This result can be ex- XPS. The peaks were found due to sub_chl_orlnated Ptin _the
plained by the fact that Ar makes a role of neutral scatt€rer. _XPS narrow scan spe(_:tra and Cl-Pt 'f?'r_‘d'”g s_tates rapidly
This implies that ion bombardment effects on the etched suf/'créased with increasing Afr+Cly) mixing ratio. QMS
face are enhanced with increasing (A+Cl,) ratio. The results showed that €molecules were converted to Cl radi-

enhanced ion bombardment effects increase the reaction GRS With additive Ar gas in thg ¢lplasma. These results

Cl species with Pt. Therefore, in Fig. 2, it is confirmed that_sUpport the. cause thaF the atomic percgntages ,Of Cl elements
Cl atomic percentage at AAr+Cl,) ratio of 0.62 is higher Ncrease with increasing A#r+Cl,) mixing ratio on the
than that at other AfAr+Cl,) ratios because ion bombard- etched Pt surface. Single Langmuir probe results shqwed that
ment effects and Cl radical density are increased with in-th_e 1on boml_)ardment effects on the et_ched surfac«_a increased
creasing AfAr+Cl,) ratio. At the same time, it is also Wlth_lncreasmg Ar{Ar+Cl,) mixing ratio. Meanw_hﬂe, the
found that ion current density increases with increasing"@ximum  etch rate of Pt was 140 nm/min at the
source power. This seems to be caused by the increased eléotr—/(Ar”%CIZ) mixing ratio Of, 0.9. .

tron density. Thus, the increased electron density enhances In this study, it was confirmed that the increase of Pt etch

the collision with neutral species and increases the ionizatioft€ resulted from increasing the ion bombardment effects
of neutral species. and the reactive Cl radicals with additive Ar gas to, Cl

plasma.

. Pt etch ch teristi
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