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ABSTRACT

Research related to semiconductor devices oftéesreh wafer fabrication. The fabrication of Silic(Si)
based devices by anisotropic wet etching can bectaffi by many etching parameters such as etching
temperature, crystal orientation and percent of masition. Most of the anisotropic wet etchings b@ K
solution done before were conducted at temperaiuez 70°C. We found that the temperatures are not
suitable to fabricate ring waveguide as the wawguiall will collapse at such high temperature.sThi
study reports the etching characteristics of Si0=lh KOH solution with 35% concentration at the
temperature below 70°C. The etched wafer is tadgtiebe the basic structure for Microring Resorsator
(MRRs) based devices. This technique provides nlgtlower cost as compared to other etching teakiq
but also simple preparation. We found that low terapure manage to mold a good ring waveguide with
low tendency to form rectangular structure due tgstal orientation. At 40°C, the best waveguide
formation was obtained with a smooth waveguideamf experiencing an etching rate of 0.g6in "

and an appreciable ring waveguide structure. Theciebf the low temperature on the fabrication lué t
MRRs devices has been investigated and studied.

Keywords. Optical Waveguide Fabrication, Silicon Photonicsigstropic Chemical Etching, Microring
Resonator, Optical Filters

1. INTRODUCTION commonly used in MRRs filter. The rib waveguide thid
for the circular waveguide, ¥ and the straight
Microring Resonators (MRRs) are of great interest waveguide, W designed in this study areu# and the
for integrated optoelectronic applications due to agap distance between the straight and circular
number of reasons; compact size, simple design andvaveguides is im.
high wavelength selectivity. Its application in dige
field such as optical communications system,
biochemical sensing and laser systems make itraepri
selection in the design of optoelectronic devices.
Among the devices that can be designed using the
MRRs is filters, modulators and delay line (Hazefral.,
2010; Shaaret al., 2010). Most of these devices can be
realized by optical waveguides where it forms thsi®
structure for device construction. The simplest
configuration of a MRRs device consists of oneighta
waveguide and one circular waveguide, also known asrig. 1. Schematic diagram of the MRR illustrated the
ring resonator as shown Fig. 1. This configuration is cross-section of the MRR waveguide
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Fig. 2. Transmission spectra of MRRs filter

A typical transmission spectrum of MRRs is depicted
in Fig. 2. Resonances occur when the resonant condition
as given below is satisfied (Schweb, 2004):

neff L=m (1)

o

where, Ry, m and A, represent the effective refractive
index of the mode guided inside the ring, resomadér
and resonant wavelength, respectively. ik the
circumference of the ring and can be calculate@risy.

If Eq. 1 is not satisfied, the microring will as a
condition known as OFF resonance. At OFF-resonance
state, the guided wave will bypass the ring andtechiat
the output port. Upon the occurrence of resondm, t
guided wave in the bus waveguide will be coupleth®
ring and eventually the power observed at the duipct
will be depleted. This condition can be explaineahf

the simulated result obtained from commercially Fig.

available software by RSoft Inc. as presenteléign 3.
Theoretically, power transmission at the output por
through port can be predicted by Eq. 2 (X#al., 2007;
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3

The power coupling coefficient between the
straight waveguide and the circular waveguide

2008): K," = The propagation power loss coefficient per round
trip in the microring resonator
212+ PSR ? s FSR is one of the key parameters of the
. B (-2,) “an (k5) @ microresonator filters, which can be calculatedEoy 3:
through — 2
. y2,(FSR 2, .2\? 2 2
0-%0) +( an j (26 +) FSR =" =~ Ao (3)
ngL ng (2R +2L.)
Where: where, Lc is the coupler length. From the transmission
Ao = The resonant wavelength spectrum as irFig. 2, the FSR can be estimated by
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observing the difference between two consecutivewere cleaned using standard cleaning procedure.
resonant peaks. Since we will only focus on the Approximately 1200 A oxide layer was formed on the
fabrication process, FSR will be not discusseddtaits ~ Si wafers using dry oxidation furnace by Carbolite
in this study. after being exposed for 180 min. The temperature fo

To ensure the functionality of MRRs, both two the SiQ growth was 1000°C. Through previous study
waveguide structures must be formed properly. (Hazuraet_al., 2Q12), the thickness is sufficient as a
Fabrication of these devices on single-crystalcgiti ~ Mask for Si photolithography process. _

(S|) wafer can be imp|emented using three main Positive photc_)reS|st PR1-1000A was then spln(_:oated
methods; wet etching, dry etching and laser writing ~ on top of the oxide layer at 3000 rpm for 40 selisT

Depending on the applications and specifications Process followed by UV exposure where MRRs designs
of the proposed device, each method has its owntransferred onto the Si wafers. Afterwards, thevafer
advantages and disadvantages. Fabrication based offéré immersed in RD6 developer from Futurex to
anisotropic wet etching was selected in our study'®Move unwanted resist and rinsed. The etchingavisd

were formed by removing Silicon Dioxide (SiQusing
Buffer Oxide Etch (BOE).

The wet etching process was then carried out using
35wt % KOH aqueous solution at temperature of 83, 4
50, 60 and 70°C without any agitation. Temperature
33°C is the minimum temperature measured when KOH
solution was cooled down to room temperature. The
etching process for all temperatures was perforfoed
15 min. Once completed, Si wafer were cleaned with
deionized water to remove any residues of the poce
and dried using nitrogen gas.

because of low cost factor and easy preparation.

Wet etching is a process where the substrate igbei
immersed into etchant solutions. Typically used
etchants for Si include Potassium Hydroxide (KOH),
thylenediamine-pyrocatechol-water (EDP) and
hydrazine-water (Seidedt al., 1990). Hydrazine water
and EDP handling must be done with special precauti
because of its toxicity and instability. Despiteirge
easily affected by several parameters such asatsyst
orientation, etching temperature and etchant
concentration, KOH has excellent etching properties
and nontoxic. For Si wafers with <100> orientatitime
rib waveguide with trapezoidal cross-section angte
54.74°C will be formed when soaked in KOH solution.

In this study, the etching process are conducted at
temperature of 32, 40, 50, 60 and 70°C to study the
effect of temperature on the surface roughness$jragc
rate and waveguide structures.

There are many research has been conducted
previously to understand KOH wet etching, but most
study performed at high temperature (over 60°C)
(Canaveset al., 2007). The purpose of this study is to
discuss the characterization and the main issusm@r
in the Si waveguide fabrication process in the

(a) Si substrate

..... — (e)Develop

(b) $i0; Deposition

construction of MRRs device. Our focused is on the (c) Resist coating
fabrication of MRR on Si using KOH wet etching at
temperatures close to room temperature. l ,l, i l l (2)KOH Etching

Si waveguide fabrication for MRRs device using KOH
is the first in our best knowledge. The optical
characterization of the device will not be discdssethis
study. It should be emphasized that throughout this
research, we assume that other parameters suctpasty (d)UV Exposure
concentration, bath condition and other contangnatiare

(h)Final clcaning

lightly influenced the fabrication performance. Fhotccsint
810, layer
2. MATERIALSAND METHODS [ &ificon watis

. - . m=— Polymeric mask
An n-type, <100>-oriented silicon wafer with

1~200.cm resistivity was used as our substraftégure 4 Fig. 4. Schematic diagram showing the fabrication process
illustrated the fabrication process. First, Si stdiss via KOH wet etching of Si <100>
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Jovicet al., 2007

Fig. 5. Flow chart of the fabrication process

AMveset al., 2005

3 Table 1. Dependence of Etching rate on KOH temperature
-S‘tart ° ; =l
Soak in developer T(°C) Etching ratey( min™)
(= 3 min) 33 0.037
40 0.066
Standard wafer cleaning
Post-baked (100°C 50 0.181
for 90 min) 60 0.322
$10: deposition on i 70 0.531
top of $1 wafer BOE (window opening
l for KOH) 4.1
Photoresist spin-coating i 2.14
(3000 rpm for 40 sec ] ]
KOH etching i 1
=2 4
Soft-baked (120°C i E 0.8
for 120 min) , ) = 0.6 4
Final cleaning =
0.4
UV exposure (10 sec) i 0.2 4
‘ FESEM 0
O
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work =] = =]
= = =
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= 3
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Kociubinski ef @f., 2009 |

The morphological characterizations of the etcheéd S
surfaces were then evaluated by means of ZeissaSupr

Field Emission Scanning Electron Microscope (FESEM) Fig. 6. Etch rate reported before with various etching
The fabrication flow-chart of MRR is shown Fig. 5. parameters setup

Figure 7 depict the results of the side-wall surface
3.RESULTS roughness observed from the straight waveguid84i,3
50 and 70°C, respectively. It was found that armjadee

Approximately 2crfi silicon substrates were used in syrface roughness drop is observed at lower terpera
these experiments. The wafers were soaked in KOH  Qptical microscopy pictures dfig. 8 were taken by

solution (concentration 35%) for 15 min at 33,%M,60 and  observing the circular waveguide pattern from togw
70°C. Etch depth for the straight waveguide wassoneal It is shown that a well formed, acceptable circular
using FESEM and the etching rate was calculatedwaveguide structure can be mold at T = 33°C. Howeve
Summary of the silicon etching rate is showiable 1. the Si structure collapse gradually with an inceca$
Table 1 depicts the relationship of Si<100> etching etching temperature. The waveguide structure téads
rate with KOH temperature. As the temperature SN@Pe into a rectangular at 40°C. Since KOH etching
increases, the etch rate is also raised. dependable on the crystal orientation, this phemame

. . is understandable. At 50°C, half of the waveguide
We also compare the etgh rate _obtalned with theroth structure destroyed and the waveguide edge Wm&?/tot
re§earchers works as depu;ted Fig. 6 (plez.a-se refer  preak up at 60°C due to overetching.
Wilke et al.,, 2005; Branislav and Marija, 2010;
Kociubinskiet al., 2009; Alveset al., 2005; Soin and 4. DISCUSSION
Majlis, 2006). It was found that the etching rate o

silicon was dependable on many parameters including Table 1 depicts the relationship of Si<100> etching
the bath condition, the KOH concentrations. rate with KOH temperature. We found that, higher
Temperature is only one of the contributing factors temperature has the ability to etch Si faster, xasnple
affecting the etch rate. Therefore, in our studiheos the etching rate improves 93% as we increase the
factors are kept constant. temperature from T = 32°C to T = 70°C.
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Fig. 7. FESEM photographs of straight waveguides at (aL389) 50°C and (c) 70°C
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(a) (b)
() (d)

Fig. 8. Microscope pictures of circular waveguides at @) (b) 40°C (c) 50°C and (c) 60°C for 15 min etghtime

Figure 6 portrays the etch rate reported before for Si  Figure 8 demonstrated that an acceptable etching
<100> with various temperatures, KOH concentrationstemperature for circular waveguide formation isgiag
and etching setup. Most of them were conducted atfrom 33-40°C.
temperature over 70°C. Those results imply thateticl
rate is dependable on many parameters such asgtchi 5. CONCLUSION
temperature, enchants concentrations and so féuth.
accurate control in handling the KOH solutions is  The effect of low temperature on the physical

therefore desired to sustain the exact parameteesa Performance of optical waveguide for fabrication of
which will directly influence the etch rate MRRs based devices has been studied. Results show

FromFigure 7, we can see that the side-wall surface that there must be a balance between the etchieg ra

i and surface roughness. As a good ring waveguide
roughens as the temperature gradually increased. Thformation is compulsory in developing MRRS based

formation of so-called wavy sidewalls produced by geyices, low temperature is more suitable to fateic
higher temperature is expected to cause a scaftefin  straight and ring waveguide. We can observe that
light, which in MRRs manufacturing will resultindné  higher temperature yield rough etching but faster
reflection loss. etching rate. The best ring waveguide structurmfoat
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T=40°C. The efficiency of the fabrication proces#l w Hazura, H., A.R. Hanim, B. Mardiana, S. Shaari Brf8.

be investigated by coupling the light input intoeth Menon, 2012. Process modeling, optimization and
optical waveguide in our further research. characterization of silicon <100> optical
waveguides by anisotropic wet etching. Adv. Mater.
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