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Abstract—The electrolyte stirring method of anodization aigh
process for manufacturing porous silicon (PS)perted in this work.
Two experimental setups of nature air stirring @&SM) and
electrolyte stirring (PS-ESM) are employed to dlatfie influence of
stirring mechanisms on electrochemical etching @secCompared to
traditional fabrication without any stirring appara (PS-TM), a large
plateau region of PS surface structure is obtafrad samples with
both stirring methods by the 3D-profiler measurembtoreover, the
light emission response is also improved by botppsed electrolyte
stirring methods due to the cycling force in elelgtie could
effectively enhance etch-carrier distribution white electrochemical
etching process is made. According to the analgéistatistical
calculation of photoluminescence (PL) intensitywéo standard
deviations are obtained from PS-samples with stusliering methods,
i.e. the uniformity of PL-intensity is effectivelymproved. The
calculated deviations of PL-intensity are 93.2, 574and 64,
respectively, for PS-TM, PS-ASM and PS-ESM.

Keywords—Porous  Silicon,
Carrier Stirring Method

Photoluminescence, Uniformity

|. INTRODUCTION

[15]-[16], spark erosion [17], stain etching [18]9], sol-gel
[20] and vapor etching methods [21]-[22]. Espewialihe
electrochemical anodization etching is the most upap
method for PS manufacture.

It is because of the low-cost and convenience ¢fetehing
process. In general, the illustrative equation e bverall
process during PS electrochemical etching process be
expressed as [23]:

Si + 2HF + 2" > SiF, + 2H' 1)

Sle + 4HF—> H2 + HZS”:G (2)
According to the chemical reaction equation, theme two
major parameters to affect the etching rate ofitabed PS film;
one is the hole() concentration of used Si-wafer, and another
is the electrolyte concentration of HF-based sonlti
According to the reaction mechanism bf, an improved
manufacturing process of PS film with the applicatiof
Hall-effect was firstly proposed by Ligt al [16]. Based on its
extra magnetic field, not only film uniformity of$film but

POROUS silicon (PS) consisted of many nano pores an@lso a pattern-able profile is achieved in thisorep

pillars has been demonstrated to be a possibtesibbased

material to yield efficient visible photoluminescenat room
temperature [1]-[2]. Such optical property of lighrhission is
attributed to the electron confinement in the naystals that
constitute the PS membrane [3]-[5]. Based on itgusporous
nanostructure, PS material could simultaneouslybéxa high
impendence, wide band-gap energy and high surfageltime
ration (SVR) that are larger than conventional bk
Therefore, many researches have widely carriedtioaitPS
technique development of electronic device desigiuiding
the bio-sensor [6]-[7], hydrogen gas/photo deted&#[9],
thermal sensor/isolator [10]-[12] and integratedcuit (IC)
[13]-[14].

For PS manufacture, there are many techniques Iheee
developed including electrochemical anodization [1]
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Thus, it should be found that the third interesfiagameter
of the etching carrier distribution surrounding thegion
between Si-surface and electrolyte is emerges dwing to the
total current path of applied bias for electrocheahietching
process is constituted by above two parameters @nd HF
concentration. Therefore, we report the stirringthod of
anodization process for PS manufacture in this wditke
experimental setup and procedures of our stirrieghad will
be described in following section. In the sectioi o
experimental results, the statistic calculatioreisployed to
analyze the influence of stirring process on PS ufeture.
Finally, conclusions are made.

Il. EXPERIMENTS

In the present study, a vertical-design of expenitalesetup
is employed to fabricate PS film (referred to tlkeatcal-part of
Fig. 1(a) or (b)). The Teflon materials are adopteébrm the
main-body of HF-based electrolyte container. Har@ixture
of HF : GHsOH =1 : 3 is used as the etching solvent for all
studied PS samples. A copper (Cu) disk is set asatiode,
while the cathode is made of platinum (Pt). It dddwe noted
that the bottom reaction area was about A.@1". Here, the
vertical arrangement of setup design could effetyiveduce
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Fig. 1 Schematic diagram of experimental setup {@}mature air stirring (ASM) and (b) electrolgtirring (ESM) for preparing PS film

the hydrogen bubbles accumulation on PS surfacéewhe
electrochemical etching is made, and therefore owgrthe
uniformity of fabricated PS samples. On the othand) the
(100)-oriented n-type Si-wafer with a resistivifyle10Qcm is

used for preparing all studied PS samples. Befdre t

electrochemical anodization etching process, amialum (Al)
film is deposited on the backside of Si-wafer asoatact
electrode and annealed as ohmic-contact to allow
homogeneous anodization current flow. The anodirati
etching current is supplied by an external constamtent
source which is kept at 60 mA.

To investigate the stirring influence on PS mantufis; two
apparatus designs of nature air stirring (ASM) alettrolyte
stirring (ESM) are added into the traditional seaigpshown in
fig. 1 (&) and (b), respectively. The employee wfling pump
is the key part used to create an extra force inrbbi$ed
electrolyte, and therefore induce a stirring dsttion of hole
etching carrier.

To optimize the electrochemical etching process B film
made by traditional method (TM) with a fixed anditin
current (I =60 mA) and various etching times fir@0 min to
30 min with 5 min/step) is firstly performed. F@shows the
measured PL-spectra of fabricated PS films. ObWoube
obtained peak value of PL-intensity is depended tloa
electrochemical etching time in this work. The esponding
wavelength of intensity peak for all PS-TM sampleih
different etching time are around 600 nm.

Such optical properties of orange-red light emissare
believed to that the quantum confinement effect the
nanostructure of fabricated PS film. The relateteaf for
illustrating the luminescence on PS structure lessreported
by [4], [24]. On the other hand, the increase iakpealue is
with the increase in etching time. Especially, theximum
intensity is obtained from PS-TM sample with etgchtime of
30 min. It is attributed to the deep size effectadfricated PS
film [24].

RESULTSAND DISCUSSION
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Fig. 2 The measured PL-spectra of PS samples &bdc

by traditional method with various etching time8 (tin to

30 min, 5 min/ step) at fixed anodization curreih®@ mA
Based on this optimum etching time condition ofiil with
fixed etching current of 60 mA, the stirring metsoaf ASM
and ESM are following performed to comprehend #lated
influences. Fig. 3 shows the measured PL-spectrB$ films

400

300

fabricated with methods of TM, ASM and ESM. Here, a

blue-shift and red-shift of light emission propesti are

observed from PS-ASM and PS-ESM, respectively. Such

behavior is believed to the etching reaction iseffoy the
stirring forces of both studied methods. For PS-E8M force
is mainly created by cycling electrolyte. Then, thiehing
carrier distribution between the electrolyte andw&fer is
enhanced without any concentration loss.
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Fig. 3 The measured PL-spectra of PS-TM, PS-ASM and

PS-ESM (excitation wavelength of 325 n He-Cd laseng

etching condition are fixed at T = 10 min and IGréA
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Fig. 4 The measured 3D profiles of studied sampld3S-TM,

Therefore, a more complete anodization etching gntygds
obtained from sample with electrolyte stirring moath

On the contrary, the manufacture of PS-ASM woulichdpr
the some extra nature air into the electrolyte thang induce a
loss in electrolyte concentration that compared WiS-ESM.
However, the carrier distribution of anodizatiorrremt is still
stronger than PS-TM. Based on such mechanism, a f&/?
differences in deep-size of PS nanostructure aceiroed on
studied samples with different etching method. Th
corresponding wavelength of PL-intensity peak a@& &m,

distribution  of
corresponding wavelength of PL-intensity peak &9& &m,
560 nm and 609 nm for PS-TM, PS-ASM and PS-ESM,
respectively. Experimental
uniformity improvements of structure profile and-Ritensity
are obtained from studied PS sample with proce#sSdfl or
M. The calculated deviations of PL-intensity 882, 74.5
and 64, respectively, for PS-TM, PS-ASM and PS-E&bt.
e further applications of PS-based material sachlectronic
evice, optical device and biosensor, the propostédng

PS-ASM and PS-ESM (T = 10 min and | =n6A)

electrochemical etching process. eTh

results demonstrate thiz

560 nm and 609 nm for PS-TM. PS-ASM and F,S_ESM‘nethods could provide an interesting approach etdya high

respectively. To further clarify the influence ofs Psampl
with/without stirring method, the statistic calclibas of
obtained PL-spectra are utilized to analyze uniftym

as below:

n . —.2
(X=X
S= Z:'Zl(—) (3)

n (1
Where S is the roughness of PL intensity, Xi iswaelength

of intensity peak,X is the mean value of PL intensity and n id2]
the sampling number. In general, the smaller S mdhe
uniformity of PL intensity of studied PS samplebitter. The |3
calculated S values are 93.2, 74.5 and 64 for PSHBAASM
and PS-ESM, respectively. Calculated results inditéhat the 4]
obtained S of PS samples with both stirring metadlower
than traditional method. Therefore, the uniformity PL [5]
property could effectively improved by stirring atipation
method. On the other hand, the 3D-profiler is z¢dll to (4
observe the surface roughness of PS sample witigutit
stirring method. Obviously, a flattest PS surfaseobtained
from PS-ESM. It's attributed that there is no ampecessary
parameter such as a loss of electrolyte concenmtratppeared
during the etching reaction. i8]
IV. CONCLUSION

The comparative study of stirring anodization pescr PS  [9]
fabrication by using the nature air stirring anec#lolyte
stirring were present in this work. It is found tttae proposed
stirring methods could effectively create an extyaling force
in electrolyte, and therefore enhance the hdi® Carrier
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o duality PS film.
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