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Abstract : Hectrochemica characteristicsof ssmiconductor slicon wafers were inves
tigated in dilute hydrofluoric acid solutions usng DC polarization and AC impedance
techniques under both illuminated and dark conditions. Both techniques were extremely
sendtive to the trace amount (10™ ° wt % level) of copper presented in lutions, but
only sendtive to the 10” ®wt % level of norrionic surfactant OHS contained in ol utions.
The results reveded that the eectrochemica reactions took place favorably and became
predominated at slicon/ olution interface under illuminated condition.
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1 Introduction

The group IV eement-dlicon plays an important role in the development of lid state elec
tronics. Microelectronics and slicon chips have d most become the synonymy due to the wide ap-
plications of dlicon materiasin semiconductor device manufacturing.

Slicon etching in hydrofluoric acid syssem isone of the fundamenta stepsin microeectronic
procesd ng g nce aqueous fluoride lutions have been commonly used in chemical etching, lithog
raphy and wet cleani ng[”. Metallic contamination on slicon wafer surfaces during wet cleaning
processes represents the main cause for poor performance and poor rdiability of electronic de
vices? 4. Copper depostion onto slicon surfaces from liquids has been most widely recognized
due to itsfast diffuson rate and deleterious effect on device yields® 1. It is, therefore, impor-
tant to identify and to detect trace amountsof copper in olutions, accordingly , to control metallic
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contamination in device manufacturing.

In thiswork , the electrochemica characteristicsof semiconductor slicon wafersin dilute hy-
drofluoric acid sl utions were investigated by performing DC polarization and AC i mpedance mea
surements at room temperature under illuminated and dark conditions. Different concentrations of
copper and of norrionic surfactant OHS were intentiondly added into sl utions to examine the na
ture of copper contamination and the efect of surfactant on slicon surfaces.

2 Experimentad

2.1 Samples and Chemicals

Bothp(100) (1 10Q-cm) and n(100) (2 4Q-cm) snge crysta dlicon wafers were
provided by Texas Insgruments. All the chemicas used [ H,S04 (98 %) ,H.02(30 %) ,HF (49
%) ,and norrionic surfactant OHS (20 %) ] were of semiconductor grade and provided by Olin
Company. ICP copper standard solutions (1000 10° ®wt %) were purchased from Sgma Chemi-
cas.

2.2 Hectrochemicd Measurements

The electrochemica DC polarization measurements, started from open-circuit potentials to-
wards either anodic or cathodic direction at a scan rate of 0.5 mV/ s, were carried out usng an
EG&G Modd 273 A Potentiostat/ Gavanostat and PC conputer and sftware. The AC
impedance measurements were performed usng an EG& G Modd 6310 frequency andyzer re-
gonse combined with Modd 273A Potentiostat/ Galvanostat and PC conputer , and the related
oftware package. The exciting sgnd used was+5 mV sne wave with frequencies ranging from
10° 10 2 Hz. The 3-electrode cell was modified from an EG& G Model K0235 Flat Cell by using
polypropylene as the cdl body with a volume about 170 ml. The working eectrode was sSlicon
wafer (1.5x1.5 cm?) ,the exposed area to wlutions wasfixed to 1 cn?. The auxiliary eectrode
was Pt flake, and the reference eectrode was Ag/ AgC doublejunction electrode. Before each
measurement the wafer wascleaned in 4 1 by volume H>,SO, H>O, mixture lutionsfor 10 min-
utes, then rinsed by deionized water (18 MQ - cm) followed by dipping the wafer into 2 % HF so-
lutionsfor 30 seconds and rinsed by deionized water , finally dried by carefully praying nitrogen
gas to the wafer surface. The illumination wasprovided by 100 W tungsten , and the dark condi-
tion was under the black box with al lightsin the laboratory being turned off. All the tests were
carried out at room temperature (25+1°C).

3 Experimental Results

Typical polarization and i mpedance curves obtained with p-type and ntype slicon in dilute
HF slutions under both illuminated and dark conditions are shown in Figs. 1 and 2, regective-
ly. It is gpparent that both techniques are extremely senstive to the trace amount (100 10°°
wt %) of copper presented in olutions.

As depicted in Fig. 1, the illumination remarkably influenced the openrcircuit potentias
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( Eop) Of p-type and nrtype slicon. No matter whether copper was present in lutions, the va-
uesof Eyg for p-type became more cathodic , while those of n-type more anodic. When no copper
was added into solutions (Fig. 1(1)) , the illumination had minima influence on polarization re-
dstance ( R,) which is an inverse measure of eectrochemica reaction rate and can be obtained
from the intersection by extrapolating the linear portion of both anodic and cathodic partsat small
overpotentials. However , the postionsof Eeg for each curve were gpparently changed. Converse-
ly , the presence of 100 10” ° wt % copper in lutions sgnificantly increased the reaction rate un-
der illuminated condition, as indicated by the increase in R, vaues, i.e. , the curves had been
shifted to the right direction where the current densities became larger (Fig. 1(11)).
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Fig.1 Typica polarzation curves obtained with p (100) and n(100) slicon wafer eectrodesin the absence and

presence of 100 10° *wt % copper under illuminated and dark condition.

In Fig. 2, the experimental dataobtained by AC impedance measurements were best fitted by
theoretical dmulation lineswith the R, values being indicated on each curve. More detailed analy-

sson the impedance measurements can be found elsewhere”!. Under illuminated condition , typi-
ca s=mi-circular behavior was observed in copper-free lutions, therefore the reaction was under
activation control (Fig.2(a) & Fig. 2(b)) ; when 100 10" ° wt % copper was added into lu-
tions, the semi-circles were shrunk , suggesting the decrease in R, values, and additional induc
tive loops were observed. The gopearance of inductive behavior was characteristic of copper depo-
stiononto slicon surfaces from slutiond”!. However , the Rp values became very large under
dark condition (Fig.2(c) & Fig.2(d)) , implying the electrochemica reactions occurred at the
slicon/ lution interface is not practically feasble under the dark. Infact , both p-type and n-type
are in depletion region and their ssmiconductor properties become predominant under dark condi-
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Fig. 2 AC impedance sectra obtained with p(100) and n(100) slicon wafer dectrodes in copper-free and 100
10" ° wt % copper-contaminated HF olutions. (a) (b) under illumination; (c) (d) under dark.

To examine whether the electrochemica techniques are sendtive to the presence of surfactant
in olutions, the polarization curves of ntype dlicon under illuminated condition when different
concentrationsof norrionic surfactant OHS were added into dilute HF solutions are provided in
Fig. 3. The impedance plotsobta ned with p-type slicon in the presence of various OHS concen
trations under the illumination are shown in Fig. 4. It is noticed that the electrochemical behav
iorsof both mtype (Fig.3) and p-type (Fig.4) slicon sgnificantly varied when the 10™ ®wt %
level of OHS was added into olutions under the illumination. Theincreasein R, values with the
increase of OHS concentrations suggests that the electrochemical reactionsoccurred at slicon/ solu
tion interface when OHS was adorbed on slicon wafer surface become dower. However , the
i mpedance responses were not © senstive to the 10 ° wt % level of OHS presented in wlutions,
asevident in Fig. 4. The polarization measurements made by p-type slicon in the presence of
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Fig. 3 Typicad polarization curves obtained with n Fig. 4 Typicd impedance plots for p (100) slicon

(100) dlicon wafer dectrodes in the absence wafersin the absence and presence of various
and presence of various concentrations of OHS concentrations of OHS surfactant under illumi-
surfactant under illuminated condition. nated condition.

10" ° wt % level of OHS under illumination (data are not shown here) confirmed with thisobser-

vation.

4 Discusson

In genera , the eectrochemical reaction occurred at the dlicon surface in dilute HF lutions

can be represented as

S + 6HF - H,SFs+ 4H" + 4e’ (D
The oxidation of dlicon takes place at the anodic area of dlicon/ solution interface and produces
dectronsor consumes holes. The hydrogen ionsin slutions can be s multaneoudy reduced at the
cathodic area of dlicon/ olution interface.

4H* + 46" - 2H, E°= 0.00V (2
If there are copper ionspresent in lutions, the oxidation of dlicon will be accelerated because the
potentia of copper depodtion is higher than that of hydrogen reduction.

Cu* + 4" - CW E°= + 0.34V (3)

It istherefore expected the decreasein R, and increasein Eqq When copper ispresent in olu-
tions. The experimental results shown in Figs. 1 and 2 agreed well with the above analyss. As
givenin Fig. 1(1) , the cathodic behavior of both p-type and n-type slicon shows a typical Tafd
linear response , indicating that the reaction is under activation control. When 100 10™ ° wt % cop-
per was added into the solutions (Fig. 1(11)) , the linear regponse wasonly valid at low overpo-
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tentials, a trangtion occurred at higher overpotentias,implying that the reaction mechanism has
been changed. Snce the trangoort of copper ionsfrom the lution to the vicinity of electrode sur-
face became an important factor at higher overpotentias, the reaction is under concentration con-
trol , hence, alimited current dendty wasobserved. The ACimpedance resultsgivenin Fig. 2 are
ado consgstent with the DC polarization results, as evident by the decrease in R, values and the
appearance of characteristic inductive loop in the presence of 100 10” ° wt % copper.

Fig. 5 compares the polarization resstance ( Rp) of p-type slicon measured by both DC po-
larization and A C impedance techniques under illuminated conditions as a function of copper con-
centration ([Cu® *]) presented in solutions. Ascan be seenfrom Fig. 5, the valuesof R, sgnifi-
cantly decreased as the increase of copper concentration in solutions, indicating the acceleration of
electrochemical reactionsat the dlicon/ olution interface. It isinteresting to note that an excellent
linear relationship (in aLogarithmic-Logarithmic plot) existed between the polarization res stance
measured by the electrochemical techniques and copper concentration presented in olutions. This
suggests that the electrochemica techniques can be potentialy applied to fast detectionin the 10° °
wt % level of copper contamination during wet processng of dlicon wafers.

As shown in Fig. 5, the vaues of R, mea

sured by DC polarization and AC impedance were

p(100) Si

10?
approximately the same in copper-free lutions,

T T T T TTT

however , they differed from each other in the pres
ence of copper contamination, in particular , deviat-

T

ed as the increase of copper concentration in lu
tions. The valuesof R, measured by DC polariza-

T I

tion were larger than those measured by AC
impedance in copper-contaminated HF slutions.

T

The main factors contributed to this difference in

100 | MR | Ll
clude: (1) the polarization technique requires apply- 0 100 10! 102

ing larger bias potentids (typicaly £ 250 mV) , [Cu?*]/10-%wt %,
this may cause a damage on dlicon wafer surfaces,

while the impedance technique only applies small gy 5 A comparison on polarization resstance as a

exciting potentias (usualy £5 mV) ; and (2) the function of copper concentrationsin HF ol
valuesof R, measured by DC polarization were ob- tion measured by DC polarization and AC
tained by carefully extrapolating the linear portions impedance techniques.

of both anodic and cathodic curves at small overpo-

tentials, through which the dgnificant errors may be introduced when the typicd linear relation-
ship isnot held. The R, valuescan, however , be directly caculated by AC impedance technique.
Hence, the R, valuesobtained by AC impedance technique are more accurate than those obtai ned
by DC polarization technique.
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Concluson
The electrochemical characteristicsof semiconductor slicon wafers were investigated in dilute

HF lutions by DC polarization and AC impedance techniques. Under illuminated condition,
dectrochemica reactions took place favorably at slicon/ solution interface, while the semiconduc
tor properties became predominate under dark condition asindicated by the extremey large val ues
of polarization resstance. It wasfound that the electrochemica techniques are very senstive to
the 10 ° wt % level of copper presented in HF lutions and both techniques can be potentially ap-
plied to wet cleaning processesfor sub-micron technology to detect and to control copper contami-

nation.
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