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Galvanic Corrosion of TiNW Electro-couple
During Tungsten Chemical Mechanical Polishing

CHEN G Xuan" ", L IN Chang-Jian®
(1. Dept. of Chem. , 2. Dept. of Materials Science & Engineering, State Key L aboratory
for Physical Chemistry of Solid Surfaces, Xiaman Univ., Xiamen 361005, China)

Abstract : Chemical- mechanical polishing (CMP) is a process whereby mechanical
and chemicd forces are combined to remove material from a wafer and polish it to aflat
surface. Tungsten CM P is an important process to gain the globa planarity of dlicon
wafers with tungsten (W) plugs. Tungstenisactualy deposted on athin adhedve layer
of titanium nitride (TiN) on slicon. When close to the finad stage of polishing, TiN
and W will be smultaneoudy exposed to the polishing chemistry , forming a gavanic
ocouple. The corrodon of TiN and W ocouple will result in different polish rate.

This work studied the potentid difference and galvanic currentson particulate con
tamination of the abradve on the patterned surface and on corroson behaviors of TiN
and W. The polarization curves of TiN and W were, regectively , obtained in 0. 01
mol/L KNOsz lutions in the absence and presence of three typica oxidants (H,O,,
K103, Fe(NOj3) 3) by DC polarization technique. The corrosion potentias and galvanic
currentswere measured when TiN and W were placed in a ecidly desgned dectro-
chemicd cell to form eectro-couple. The preliminary results reveded that the corroson
rate of TiN-W dectro-couple Sgnificantly increased in the presence of 4.5 % H,O; at pH
4.0, while reduced to the minimal in the presence of Fe(NOs)s at pH 1.5. Agitation
sgnificantly enhanced the corroson rate of TiN-W couple.
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Introduction

Chemical- mechanical polishing (CM P) has become the planarization technology of choice for
sub-0. 54 m devices. It can reduce interlayer aignment problems with sub-0. 54 m geometry. It
can a0 minimize the troublesome meta thinning over steep topography that is common with old
planarization techniques'*!. CM P requires the use of an applied force on the wafer , and the use of
chemicals as well as abrasvesin the durry. In a typicd polishing process, the wafer is mounted
on a rotating carrier which is held down on a rotating polishing pad in the presence of a polishing
durry. The durry reducesfriction between the waer and polishing pad , and promotes chemically
induced eroson of thefilm. The durry used to polish meta filmsisgeneraly acidic in nature, and
is based on duminaor dlica particles digersed in an agueous lution. An oxidant is added to the
durry in order to provide the chemica action.

Tungsten CM P is an important process to gain the global planarity of dlicon waers with
tungsten pl ugsm. Polishing of tungsten films has become a viable, low cost aternative to thefor-
mation of tungsten plugs studs by etch back techniques. When polishing , an oxidant is added to
passve the low-lying areas, while the mechanical-chemica polish removes materia from the high
soots.” Dishing” can be observed over tungsten plugs caused by polishing very hard to remove the
TiN underlayer between the tungsten and the slicon dioxide. Particle contamination can be mini-
mized in the tungsten plug polishing by keeping the pH high.

The goa of thiswork isto study the effect of the potentia difference of TiN-W on particulate
contamination of the abrasve on the patterned surface and on corroson behavior of TiN and W @
that a particlefree surface with no dishing of . S0y
tungsten can be produced.

Exper imental . _
The testing samples, obtained from Texas . '1. ¥ iy '..' . e W
L e ] W

Instruments Inc. , were patterned dlicon wafers
on which the thicknessesof TiN and W coatings
were a few nanometers. The DC polarization

Polishing pad

measurements were carried out in a conventional
3-dectrode cell. The exposed area was fixed at
1 cm®. The counter and reference eectrodes
were platinum foil and double junction Ag/ AgCl
eectrode. The chemicas used were of semiconductor grade. An EG& G Mode 273A Potentio-
stat , operated by a PC computer , was used for the polarization tests. All measurements were per-
formedat 25 £0.05  with aroom light being turned on.

Results and Discussion
The tungsten CM P process is schematicaly shown in Fig. 1. Tungsten is actually deposted

Fg.1 A schematic representation of the tungsten
chemica- mechanical polishing (CMP) pro-
cess
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?n a thin adhedve layer of TlN-on Slicon. A Yvafer Polishing pad
is placed face down on a polishing pad containing a
durry of abradve particlesin aliquid medium. The I
objective of the CMP is to polish the wafer until it
isflat and a particular insulator thickness or metal-
insulator junction has been reached. However ,
when close to the finad stage of polishing, TiN and Fg. 2  Hectro-cowling formed between TiN
W will be smultaneoudy exposed to the polishing and W during the fina stage of tung-
chemistry, forming a galvanic couple, causes dif- sten CM P process
ferent polishing rate, asdearly illustrated in Fig. 2.

The eectrochemical measurements were then conducted to obtain polarization curvesin the
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absence and presence of variousoxidantsin 0.01 mol/L KNOs lutions, the results are provided
in Fig. 3. It isapparent that the open-circuit potentiasof TiN were more postive than those of
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Fg.3 Typicd polarization curvesof TiN and W in the absence and presence of various oxidantsin
0.01 mol/L KNO; slutions
(a) Nooxidant (b) 4.5% H,0, (c) 2% KIO; (d) 0.1 mol/L Fe(NOs)s(pH 1.5)
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Fg. 4 Gdvanic currents between TiN and W mea
sured in 0. 01 mol/L KNO; slutions at pH L1
i O; luti o] 0.08
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i ~~
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tungsten and the corroson rates of tungsten%s 002 F
were faster as well. In the absence of oxidants, §
the anodic curvesof TiN and W gppeared activar " 0.00
tionpassvation behavior smilar to iron corro- :
son, asevidentin Fig. 3(a). Inthepresenceof  -Giog S
. o 4 200 400 600 800 1000 1200
H,O, (Fig. 3 (b)) , the polarization curves of 1/s '
both TiN and W exhibited dmilar anodic and
Fg. 5 Gdvanic currents and corroson potentids

cathodic behaviors, implying that the reactions
occurred at the surfacesof TiN and W were cor-
regponding to redox reactions of H,O,. In the
presence of 2% KIOz, dmilar cathodic behav-
iors were observed for TiN and W, while their
anodic behaviors were different as can be seenin

measured between TiN and W in 0. 01
mol/L KNO; wlution at pH 4.0 under sta
tionary and agitated conditions

() gdvanic currents (b) ocorrodon po-

tentiads

Fig. 3(c). In Fig. 3(d) , theopen-circuit potentidsof TiN and W were very dose, and their po-

larization behaviors d < appeared to be smilar.

The current and potentia at the intersectionsof anodic curve of W and cathodic curve of TiN
indicate the corroson tendency when TiN and W are in touch with each other. The galvanic cur-
rents were then measured with the cel by replacing the platinum counter electrode with another
working electrode, 2 that both working and counter dectrodes were TiN and W, regpectively ,
but the reference electrode remained unchanged. The results are present in Fig. 4.
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It isevident from Fig. 4 that the galvanic currents measured in the presence of 4.5 % H,O,
were quite large and increased with an increase of time, while those in thepresence of 0.1 mol/L
Fe(NQOs) 3 were very small (near zero) . These results agreed well with those obtained by polariza
tion measurements, as discussed previoudy.

Asshownin Fig. 2, at thefinal stageof W CM P polishing, TiN and W will be 9 multaneous
ly exposed to the polishing chemistry , forming a galvanic couple. Hectrochemical cdls can be st
up between TiN and W, where TiN behaves as a cathode, while W as an anode. In thiscase the
areaof TiN is much larger than that of W, forming harmful“ small anode larger cathode” dtua
tion, resulting in severe corroson behavior and caus ng an increase in the polishing rate of W and
a decrease in the polishing rateof TiN. Therefore, the microroughnessof the patterned wafer will
be increased.

Fig.5 shows galvanic currents and corroson potentials measured between TiN and W ob-
tained under stationary and agitated conditionsin 0. 01 mol/L KNO; slutions at pH 4.0. The
gdvanic currents became more anodic when TiN and W formed electro-cowle. The potentids,
however , dropped rapidly at the beginning then increased efter 100 200 seocondsof galvanic conr
tacts. It is goparent that the vaues of igr and Eg Were larger under agitation. This suggests
that the gavanic interaction between TiN and W is greatly enhanced under agitation when they
form electro-couple. In W CM P process, the mechanica force is goplied , the polishing padis un-
der rotating condition. Therefore, the corrosdon tendency of TiN and W electro-couple in a real
CM P process is much larger than what can be observed in laboratory tests.

Summary and Conclusion

Inthis work , the polarization curves of TiN and W were, repectively , obtained in 0. 01
mol/L KNO; lutions in the absence and presence of various oxidants. The preiminary results
revealed that the corrodon rate of TiN-W eectro-couple dgnificantly increased in the presence of
4.5 % H,O, at pH 4.0, while reduced to the minimal in the presence of Fe(NOg)zat pH 1.5. It
is confirmed that the polishing chemistry playsan important rolein W CM P process, accordingly ,
the global planarity of dlicon wafers will be detrimentaly influenced. The corrosdon tendency of
TiN and W eectro-couple in a real CM P processis expected to be much larger than what can be
observed in laboratory tests.
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