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In this letter, we demonstrated the impact of illumination on the differential capacitance variation of
a strontium bismuth tantalite(SBT) capacitor during scanning capacitance microscopy
measurements. It was found that illumination with a stray light of laser in an atomic force
microscope could perturb thaC/dV signals of the samples. We attribute this phenomenon to the
generation of free carriers by the photon absorptions via defect traps in the SBT thin film. Therefore,
this present work suggests that the effect of laser illumination must be carefully taken into
consideration whenever a field-sensitive technique is employed to analyze the properties of a
ferroelectric material. @005 American Institute of PhysidDOI: 10.1063/1.1879089

Scanning capacitance microscofyCM) has attracted ferent effective light intensities were created on the scanned
much interest for profiling the two-dimensional carrier dis-region from Setup 1 by deliberately aligning the laser beam
tribution of both devices and memories, by determining theon either the middi¢Fig. 1(b), Setup 2 or the bottomFig.
interface defect distribution at the SiSi interface, and by 1(b), Setup 3 of the cantilever arm. Figure(d) shows a
monitoring the local trapping in SiZSi and 1lI-V nitride  schematic of the setup and dimension of the cantilever and
systems through its high sensitivity and high spatialholder. Figure d) displays the micrograph of the case illu-
resolution*™ In spite of all its advantages, it was recently minated with an externally guided green laser, superimposed
discovered that SCM suffers severely from the illuminationon Setup 1.
issue, i.e., photovoltaic effect, which has been demonstrated The AFM and the corresponding SCM images of the
seriously impact upon the SCM signal outfut. SBT films acquired under theT conditio_n of.Setup 1 are shown

In our previous work, SCM was introduced for visualiz- in Figs. 2a) and 2b), respectively, while Figs.(2) and 2d)
ing the domain patterns in Stfia,0, (SBT) thin films, with show th_e results of the analysis for Setup 2. F_or_the sake of
the advantage of a nanoscale resolufi@Many photoelec- convenience, the markersi+*, were added to indicate the
tronic effects, such as photoconduction, photoassisted d¢2Me sample position in both AFM and SCM images. When
main switching, photoexcited space charge, and photovoltait®™pParing the SCM images between Setups 1 and 2, it is
phenomena, have frequently been reported in ferroelectric
materials->*° Our concern is, to what extent can laser illu-
mination influence the accuracy of an extracted SCM signal?
In this study, we have demonstrated that a laser illumination
incident across the cantilever onto the SBT thin film does
affect the outcome of the SCM signals. By changing the
incident position along the cantilever arm, it was found that
the image contrast improved when the focus of the laser spot
was moved away from the tip site.

An SBT ferroelectric thin film, with a thickness of about
210 nm on top of a PUTigSIiO,/Si substrate was studied in

(©)

the present work. The sample preparation process has beer cantllever
reported previouslﬁf The details of the SPNDigital Instru- T
ments D500D system used fodC/dV signal extraction are holder
described in Ref. 8. The wavelength of the atomic force mi- 220 um

croscopgAFM) laser is 670 nn{~1.85 eV}, and the output
power is 1 mW(intensity ~50 W/cn?). Several of the me-
Chamcal settings for this examination are shown in Fig. leg 1 (@ and(b) The three setups for the AFM laser beam illumination.

Figure Xa) shows the standard setup for the AFM laser beansites 1, 2, and 3 are located at the tip, the middle, and the holder of the

alignment on the cantilever tip si(@etup ). Next, two dif- cantilever, respectivelyc) Schematic diagram displaying the setups and the

dimensions of the cantilever. The tip position is indicated by the marker,
“+". (d) A green laser light spot aligned and superimposed externally on the
¥Electronic mail: lcc@mail.ndl.org.tw tip of the cantilever.
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FIG. 2. Simultaneously obtained AFM and SCM images of a fresh SBT thin
film for Setup 1[(a) and(b)] and Setup 2(c) and(d)] under a voltage of 0
V.

evident that the contrast in Fig(d is sharper than that in
Fig. 2(b). This suggests that the effective light intensity on
the scanned region does have an influence ondb&lV
values. An even more significant improvement in the clarity
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of SCM image can be acquired by moving the laser beam <280./ s

further onto Site 3(not shown herg but in that case, the -0.95+ LG L :
corresponding AFM morphology image became greatly de- 0 100 200
teriorated. As a result, it was concluded that the red laser nm

illumination does have a considerable influence on the ex-
traction of the SCM image, and that the image quality deFIG. 3. (a) and (b) The AFM and SCM images of SBT thin film for the
grades with the increase in incident light intensity, evenAFM typical setup(Setup 1, respectively(c) The SCM image obtained in

i same region with a green laser illumination. After turning off the green
though the photon energy is much less than the energy gap gﬁer, the SCM image is acquired again and is showidjn All of the

SBT (E9~4'2 e\o'ﬂ'lsA plaUSible explanation is the gen- images are obtained with bias at 0(8) Cross-sectional signal spectra along
eration of excited free carriers by photon absorption via thehe 00’ line marked on SCM imagé#), (c), and (d)]. Variations of the
traps located inside the band gap of SBT. difft_erential capac_itance‘vs the green laser intensity inside one negative do-
To verify the point, an externally guided green laser with Main are shown in the inset.
a photon energy of 2.34 eVWwavelength is 532 ninand
output power of 13.6 mWintensity~4.8 W/cn?f) was used surements on SBT films have been published previously and
for further study. The results, with and without green laserhave shown a close relationship between the photovoltic re-
illumination, are shown in Fig. 3. Figure€a and 3b) dis-  sponse and the photoenergies of illuminatibrsince, the
play the AFM and the corresponding SCM images withoutphotovoltaic effect is due to photoexcitation charges, the
the green laser illumination, respectively. A domain patternphotovoltaic response implies the possibility to excite the
with a sharp contrast was apparent. However, the contrast dfee charges from material by illuminatidh®The resulting
the SCM image degraded significantly once the green laserurve showed a threshold energy of about 1.8 eV and a sig-
was introduced, as is demonstrated in Fir)3and the ex- nificant increase in photovoltaic responge40 mV) near
tent of the change was much greater than in Fig).2tis 2.2 eV*® This suggests that there are plenty of excess Bi
worth noting that the contrast of the image was almost fullytraps located near the level of 2.2 eV above the valence band.
recovered once the green laser had been turned off, as sho@onsequently, in this study, the abundance of free charges
in Fig. 3(d). In order to examine thdC/dV signal variation could be generated through the green 148634 e\j excita-
in detail, the cross-sectional signal spectra along the linéion of Bi traps. Therefore, the free charges generated by
marked as OO’ on the SCM images of Figgb)3-3(d) are illumination can compensate for the depolarization field of
shown in Fig. 8e). It is apparent that the green laser illumi- SBT and lead to a deterioration of the image conttaghe
nation induced the decrease of tH€/dV value by more change of differential capacitance as a function of the green
than 50% in both the positive and negative polarities. Aftedaser intensity was also investigated inside one negative do-
turning off the laser, thelC/dV value recovered to almost main, as shown in the inset of Fig(e3. The linear relation-
the original level, except for a tiny shift. This indicates that ship between differential capacitance and illumination inten-
this photoeifect is not permanent. Surface photovoitaic measity is similar to the photovoltaic behavior n
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0.4 region. With regard to the reduction of the coercive field, a
03 g = similar trend has also been observed in previous repofts.
: e g > 4 In conclusion, the differential capacitance variation in-
0.2 =k § —a—(b)+ > — duced by laser illumination was investigated. It was observed
S o4 P ‘ | —e—(b)- > + that the red laser does affect tH€/dV signal output, even
; i a \ o though the photon energy of the laser light is less than the
T \ ‘ band gap of SBT. This phenomenon is believed to be closely
% -0.14 ) E related to the photogenerated free charges with the absorp-
02d ‘ _Q._ =0 tion of a stray laser light across the cantilever via the traps in
\ the SBT. This result implies that the photoelectric effect may
s I I _____ _ %J possibly appear in the SPM measurements and cause a sig-
-0.4 1 O Dﬁ"'@ nificant impact on those field-sensitive detection methods.
-0.5 T T T The authors would like to thank Dr. Peer Lehnen for the

useful discussions. This project was sponsored by the Na-
tional Science Council, the Republic of Chifaontract No.

o _ , 93A050).
FIG. 4. The variations ofiC/dV vs V without and with the green laser
illumination are indicated a&) and (b) hysteresis loops, respectively. dc
bias (bottom electrodeis applied in the steps from 9 V te 9 V, and then
increased again up to 9 V.
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