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seem smore convenient to use a tip of needle shape, just as theone used in STM. Since the
feedback current used to control d. s in SEQM w ill be less sensitive to the distance changes
of the needle-shaped tip, an electrochemical scanning tunneling microscopy (ECSTM ) sys
ten may be used to direct the tip movement and to control the tip-substrate separation
W ork aming at this goal is currently in progress

Key w ords Confined etchant layer technique (CEL T), Silicon, High resolution
etching
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Im proved Etching Resolution on Silicon
by the Confined Etchant L ayer Techn ique

Zu Yanbing XieLei M aBingvei M uJigian Xie Zhaoxiong Tian Zhaowu"

(StateKey Lab for Phys Chem. o theSolid Surf. , Dept o Chen. , X iamen U niv. , X ianen 361005)

SunL ining

(Robost Inst , Univ. of Tech o H arbin, H arbin 150001)

M icro- and nano-fabrication techniques are of great mportance in miniaturizing man-
made systems The scanning electrochemical microscopy (SEQM ) has been introduced re-
cently as a very promisingw et etching technique for modifying metal and san iconductor sur-
faces’ *. However, the highest achievable relution of etched patternson the surface by
SECM depends not only on the tip diameter from w hich etching gecies are generated but al-
2 the radial diffusion of the etchant under the SEOM configuration It has been show n that
etching process takes place on surfaces such as GaP, CdT e and Si in amuch larger area than
the actual tip dianeters®®. Obviously, this limitation of SECM due to the diffusion of
etchant hampers its gpplicability in high resolution fabrication of surfaces

How ever, a confined etchant layer technique (CEL T) recently proposed by Tian et al
overcome the problan s by confining the etchant to a certain distance from the tip w here it is
generated Furthemore, theprinciple of CEL T will also lead to a new electrochem ical w et
etching technique for real three-dimensional replication w ith high resolution'*®.

In the etching process using CEL T, the active etchant generated at an electrode surface
can be rapidly consumed through homogeneous reaction w ith other redox coupleson itsw ay
of diffusing to the substrate Thus, the etchant can be confined w ithin a very thin diffusion
layer surrounding the tip electrode surface, and a replication of 3 patternw ith high resolu-
tion can be realized The thickness of the confined etchant layer (CEL ) can be represented
by the gecific thicknessof the diffusion layer (1), which is given by

u= (D /k)" (1)
w hereD is the diffusion coefficient of etchant in lution, and ks is the rate constant of the
pseudo-first-order scavenging reaction
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In this letter, we reportwork on improved etching resolution on Si by CEL T. CEL T experi-
mentsw ere conducted w ith a controlled micropositioning device assambled in our laborato-
ries For comparison, the experimentsw ere first conducted based on the SEQM etching prin-
ciple in a lution of 5mmol- dn” ® HBr, Q 5mol- dn” ®* HF and Q 5mol- dn ° H.D.

CEL T etching experimentsw ere then conducted in a different place and in the same olution

w ith the addition of 50mmol- dm” > HsA D2 as the scavenger for brom ine generated at the
microelectrode

Resultsand D iscussion s
In the SECM etching process, apositive feedback current appeared as the tip approach-
es the silioon surface The SEQM feedback mechanisn w as extensively studied by Bard and

co-workers The positive feedback current observed in this experiment w as the result of the
bromine recycling betw een the tip and the substrate T he electron transfer betw een bromine
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Fig 1 APRM surfaceplot and section analysisof an n-type Si< 111> surface etchedw ith a 60 ym diame-
ter platinum microelectrode (a) for 10min in a ©lution of 5mmol- dm”™* HBr, Q 5mol- dm™?
H2904 and @ 5mol- dn ® HF, and (b) for 20min in above lution with the addition of 50
mmol- dn” ® HaA D3
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gecies and silicon leads to the etching at the silicon surface Fig 1 istheA PM surface plot
and section analysis of a typical etching ot on Si surface obtained after etching using the
platinum microelectrode of 60 ym in diameter. Theouter size of the etching pattern is about
110 ym, amost doubled that of the microelectrode diameter. This result indicates that the
etching resolution isnot detemm ined by the size of the tip only. For the etching processw here
the heterogeneous electron transfer is not fast enough, the etching resolution can be even
more seriously low ered due to the thick radial diffusion layer of the etchant

In the etching process based on CEL T, a scavenger chanical of HsA 3 was added into
the electrolyte olution to consume the etchant rgpidly and homogeneously. T he etching res
olution w ill dominantly depend on the rate of the scavenge reaction of bromine High lateral
relution of the etching pattern is expected for a large reaction rate constant (ks). The ho-
mogeneous brom ine consum ing reaction is as follow s

Bro+ HA ODs+ HO - Br + HA Os+ 2H' (2)

The second-order rate constant of reaction (2) in sulfuric acid has been detem ined to be
around 3 6x 10° L- mol > s ' Thepseudo-first-order reaction rate constant ks is about
1 8x 10' s % The thicknessof confined brom ine layer can be calculated from equation (1)
w ith the result of about Q 25 pm. The brom ide gpeciesoxidized at microelectrode surface re-
generated rapidly due to the homogeneous reaction (2), and consequently, evenw hen the tip
was far from the substrate, the tip current was several times larger than that absent of
HA D3 A s the microelectrode approaches the substrate to within several hundreds of
nanometers, amuch snaller positive feedback current appeared than in oridnary SECM ex-
periments and the etching reaction took place.

The etching result obtained with the 60 um-diameter platinum microelectrode w ith
CELT ispresented in Fig 1b The upper Iimit of thew idth of the etched gpot w ith clear "
cut off " edge is around 60 ym, matching precisely the microelectrode dianeter. The high
etching reslution gives an evidence for the effective confinement of the diffusion layer of
etchant T he silicon surface not right beneath the tip survived, therefore, from the attack of
short-life bromine gpecies A 100 pm-diameter platinum electrode has also been used for sili-
oon etching, and the dianeters of etching patterns obtained w ith and w ithout using CEL T
are about 100 ym and 180 um regectively.

The resultsof thiswork show that the radial diffusion of the etchant species can affect
significantly the silicon etching resolution TheCEL T isable to confine the etchant to a very
thin layer around the electrode surface, and the etching resolution is thus greatly mproved
It can be expected thatw ith a very snmall tip ( from several tenth of micrometer dow n to sev-
eral tens of nanometers ) and a very thin CEL ( around several tens of nanometers ),
achievament of microstructuresw ith much higher reslution is feasible In this case, the
high resolution etching process needsmore precise control of d« s It should be noted that it
is very difficult to bring a disk electrode precisely to the substrate surface as close as several
hundredsor even tensof nanometers Inmost cases, the glasswall surrounding the Pt disk
electrode touches the substrate and results in the failure of the d+ s control Therefore, it



