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A simple and fast method to remove semiconductor substrates from epitaxialy grown thin films can be very
useful for studies of their optical properties. After substrate removal it is possible to make optical transmission
studies, investigate ultra-fast time-resolved spectroscopy in semiconductors, and also measure the propagation
time of photons in microcavities. In this work, we developed a simple and fast method to remove GaAs subs-
trates in AlGay_xAs/GaAs systems using an electro-optical controlled etching jet. The prepared surface with
this method present good optical quality and it is well suited for optical studies. Some examples of works that
can be done after sample preparation are presented to reinforce the etching precision of this technique. The
same system can be used for etching other substrates with its corresponding etching solution and electro-optical
relation.

I. INTRODUCTION detector. Thus, the diameter of the tubelike component should
be larger than the sample area. Moreover, the transversal area

There is a need for a fast and simple method for selectiv€f the light beam should illuminate all sample area.

chemical etching able to prepare optical windows in GaAs se- A jet of the etching solution (bDo+ NH,OH) is obtai-
miconductor substrates over which are grown thin films ofned with an electromechanical pumping device (PQR-1/115,
AlyGa;_yAs or related devices structures. This is necessaryrom Greylor Company), and produces a corrosive rate of
for making optical transmission studies of @y xAs™2.  ~2 um/min in good agreement with Lepore’s characterization
The etching solution must remove selectively the GaAs subsresults. The etching solution is recovered in a closed cir-
trate without removing the AGaxAs film. cuit system, and it must be kept at low temperature in an ice
This make us to define a coefficient known as the selectivityhath to avoid the solution heating. The attack rate depends on
of the solution S given by S =RR;, where R corresponds  both the concentration and temperature of the solution, and
to the rate of the attack to GaAs and e rate of attack to the dynamics of the jet solution in relation to the sample
AlxGa_xAs. The ideal solution should have a maximum in The experimental setup of the electromechanical jet system
R1, while Rzmust be as low as possible. is illustrated in Fig. 1. The electronic control is shown on
Fig. 1la and Fig. 1b. In Fig. 1c, we have all the etching sys-
tem components: (1) etching solution, (2) reservoir box, (3)
Il. EXPERIMENTAL SET UP AND ETCHING SOLUTION mechanical pump, (4) jet of the polishing solution, (5) sam-
ple, (6) lens, (7) powermeter, (8) electronic control system,

The preparation of the crystal begins by polishing it me-and the laser light (780nm). The etching controlling system

. : : is made basically by a differential circuit, which compares the
chanically to a thickness around 1@. For that, it must glectrical signal (comparator-relay circuit - CRC) from the de-

be fixed on a sapphire substrate (good hardness and Optic&ector with a pre-adjusted reference set point in the range of
quality), with a glue that supports the chemical attack and i he laser light power intensity fropdV to mW. The circuit ac-

should not block the light at the spectral region of interest. Wei. ) .
. . . ivates the relay when the detector signal (7) is larger than the
have used the Zyvax 600 (non corrosive electronic epoxi). Af- ference one %/vhich turn off the elec?roméc)hanicgl oump (3).

. . I
ter the sample has been glued to the sapphire, it is necess?&‘e set point is adjusted to be approximately the same signal

to cure the adhesive for approximately 1 hour at around 10 om the detector, when there is no substrate to be etched. We

° C. The corrosive solution that we used was composed b ave used a powermeter (Newport— model 835), which have a
H20, at 30 % and ammonia peroxide (MEH, 58 %}, the high sensitiviFt) (pW to mW) Wrr)\ich ermitted to 1m0nit0r the
concentration of the solution being given by the volume frac- 9 y P ’ P

: _ ! etching in a real time. All parts of the system were mounted
tion of the componentg = V(H20,) / V(NH4OH). Typically . . ; , )
we have used for the etching a ratioyof 60. In the etching in an acrylic box. The detector and jet tube were fixed with

process, the solution is stored in a reservoir and a mechanicglVC material to avoid the aftack of the etching solution.

pump directs a fixed jet solution into the sample. Both typical The jetis injected close to a normal direction of the sample
area of the sample and the transversal section of the jet hawairface, together with a laser light beam (Fig. 1c). The jet
0.5 cn? approximately. The sample area that can be processesblution and the laser beam are directed to the center of the
by the etching system is limited by the aperture of the tubelikesample, and a light detector is assembled behind the sample.
component placed between the sample (Fig. 1c) and the fotd-he fotodetector signal is analized by the powermeter, and it
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is connected to an electronic controlling system (detail (8) in
Fig. 1c), which stops the electromechanical pumping when
the laser light reachs the detector passing through the etched
sample. This controlling signal can be adjusted to suppress
the jet to interrupt the etching process with a depth resolution
of the order of nanometers (Fig. 1b), since the transmitted ‘
light across the sample becomes significant when the remai- st aint
ning layer of GaAs is closed to 100 nm thick. In our samples, [Js(i);vneerllmeter
after the GaAs substrate has a AlGaAs layer that works as a | |_‘J
stop layer, since the selective of AIGaAs is bigger than GaAs 127 VAC
(Fig. 3). Therefore, when the GaAs thickness decreases less
than 100 nm, the laser light increases until a maximum in-
tensity. Finally, the GaAs remaining cap layer of a few na-
nometers is etched with a jet solution of low concentration (a)
that guarantees us a reflected surface, which indicates a good +12 VDC

; . . 7 127 VAC Relay
quality of the etching process (Fig. 2). In the case of the se- 1 I

power speed pump

12VDC ' control

relay mechanica
circuit pump

miconductors heterostructures that have partial selectivity, the | E3206L ¢| \
etching system still can be useful. However, the electronic cir- 1 3NV 1K3 -

cuit must have a better adjustment to detect the light intensity L )2 BC337
transmitted through the desired thickness. The advantages of 3 lf]/LM 7‘2”2P Fl63y J_ T

the etching system are the small contact of the operator with § M W T

2

10K

@ 127 VAC

the chemical solution, the small quantity of used solution, gre- xg M ech;nical
ater independency of the system operator and a higher preci- 0V ~"L—— Powermeter signal pump
sion in the end point of attack mainly when semiconductor I00KLIN K7 T

structure sample has low selectivety. Moreover, the jet solu-
tion pressure on the GaAs substrate permits both the better

selectivity and a faster etching process in relation to the wet = bB3
etching technique. TZZOnF/ZSOV TlonF/250 v

10K MA224

(b)

. SOME APPLICATIONS
A. AIGaAs film

As the first example of the utility of the technique of se-
lective etching we present the studies of optical absorption
in films of AlxGa_xAs in a system AlGa;_xAs/GaAs. This
system is largely used in opto-electronics and microelectro-
nics, as an active medium and in building lattice matched
heterostructurés

Recently, studying ultra-fast gap dynamics of®@&_xAs
near the crossover we have faced the difficulty of finding in the
literature a variety of relations of energy gagaf{x) versus
composition for the AlGa;_xAs alloy?. In the indirect gap
region the data are also scafc&he problems arise in com-
paring literature data obtained by differerdds dependencies (c)
and we decided to measure the absorption of the samples that ) ) _
we were studying. FIG. 1: _(a) Bloch dlagram for the etching system; (b) Electr.om(.:

The films were grown by molecular beam epitaxy (MBE) _control circuit of the pumping system. The upper part of the circuit
over substrates of GaAs (001). A layer of AlAs of 560 is thg compa_rator-relay (?II’CUI'[ and the_ lower part is the flow c_ontr_ol

; circuit of the jet pumping; (c) Schematic of the electromechanical jet
(etching stop layer) was grown between the substrate and ﬂé‘?ching system.
AlyGa_4As layer. Above it was grown a 58 cap layer of
GaAs to protect the sample against oxidation (see Fig. 3). We

studied three AlGa,_xAs samples with thickness of 150 nm e mqyed, it is possible to see red light being transmit through

(x=0.37), 180 nm (x=0.43), and 370 nm (x=0.45). .. thefilm. That is the reason why red light can be used to mo-
For the ALGa_xAs when the aluminium concentration in- nitor the chemical etching

creases the direct band gap changes from 1.42 eV (GaAs) 1o By using the method described in the sections 2 and 3 we

2.78 eV (AlAs). Then, when the substrate of GaAs is alrnosbrepared the three samples for absorption studies. In Fig. 4,
we present the absorption spectrum measured in the x=0.37
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FIG. 2: Details of a microcavity sample photo (1,5x1,1 mm) which
shows the partial etching process (see Fig. 6). The black area is the
GaAs substrate and the clear area is the AlAs surface without GaAs

that was removed by the etching solution jet. FIG. 4: Absorption spectrum of the fBa_yAs sample (x=0.37) as

a function of the temperature.
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FIG. 3: Sample structure grown by MBE.
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sample for different temperatures. At low temperatures we-|g. 5. Absorption spectrum at 15 K of the threg @by _yAs sam-
can even observe the presence of excitonic resonance that gjies with different aluminium concentrations.
due to Coulomb electron-hole interaction. As the temperature
of the sample is lowered the exciton energy becomes grea-
ter than thermal energy and we can observe the exciton resq: . .
9y %_EASIAIAS of 400 nm of thickness. If there is 100 nm of

nance. As the temperature increases the resonance broad . .
mainly due to phonon collisions. aAs substrate at least, our transmitted signal would be ab-

L sorbed in the substrate, and it would not be possible to have

We observe the excitonic resonance at low temperatures f% ese optical datas
all studied samples (Fig. 5). We note also that the excitonic
peak of the x = 0.37 sample (direct gap) is more pronounced
than the indirect ones and that the absorption edge shifts to
higher energies as the aluminium concentration of the samples
increases.

From the measurements at 15 K we can determine the di- X Eg(eVv)
rect gap. This is accomplished summing the exciton binding
energy (7 me\d to the peaks observed experimentally to de-
termine the gap, i.eEg = Ejig.exc+ Epico- The following ta-
ble 1 presents the gaps of the studied sample obtained from
the last energy relation. Once again, these results illustrate 045 2136
both the importance and the resolution of this developed et- —_—
ching system, since we have studied at most one thin film Al-

Table 1 - Direct gap determination from the absorption
measurements at 15 K

0.37 2.023

0.43 2.108
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B. Microcavity window and lower reflectivity if compared with the initial va-
lue. It means that the etching process have stopped very close
to the first DBR layer, but not enough, since the lower reflec-
tance shows us an introduction of loss in one of the cavity

AsCap | . ; ) N
T GaAs Cap layer DBR mirror, which results in a lower cavity finesse.
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FIG. 6: AX GaAs microcavity sample structure grown by MBE. The

linear measurements are in micrometers. FIG. 7: (a) Reflectance spectrum obtained with white light source

from the GaAs substrate microcavity with resonance window at 890

This etchi . lied i | t d nm. The laser light aA. =780 nm was used as a probe for tht_a et-

. IS €lching process IS applied in many laser systém as %hlng system process; (b) Transmission curve for the same microca-
licate as one GaAs microcavity, in order to remove the GaAsjity sample, after removed the substrate, showing the resonance at
substrate. A typical GaAs microcavity structure is shown ing24 nm.
Fig. 6. The cavity is formed by two distributed Brag refractor

mirror (DBR) with one quantum well in the center, in order to

match the position of the gain media and the electro magnetic

field antinode positiof.

The DBR mirror reflectivity is extremely sensitive to the
AlGaAs/AlAs pair number and layer configurations. The mir- We have constructed a jet etching system for etching Al-
ror reflectivity can be estimated from the Fabrgrdt reso- GaAs/GaAs semiconductor heterostructures with a resolution
nance width at half maximum (FWHMY: given by of few nanometers thickness. The resolution is demonstrated

in the attack of the thin film of AIGaAs (in order of 100 nm),
1 since the area of the sample is much bigger than its thickness.
5 c (0( RURY R1R2) Moreover, we can follow the color change of the sample that
o 2™ ’ guarantees us a resolution of a few nanometers. This etching
) . . . . . system is presented here with some applications and results
wherecis the light velocity] is the cavity effective length, nis  tor ansorption experiments. The etching power is illustrated
the refraction indexq is the cavity loss, andfp is the cavity  ith some primary applications in absorption spectroscopy of
mirror reflectivity. In Fig. 7a, we show the reflectance spec-a|Gaas films, and also of GaAs microcavity.
trum of the microcavity at room temperature obtained with
white light and normalized with the white light source reflec-
tance spectrum of a aluminum mirror in order to correct the
spectrometer gain curve as well as the white light source in-
tensity variation with wavelength. We measu&d= 5 nm V. ACKNOWLEDGEMENT
and estimated R = 0.96 for this microcavity. After the sample
etching, we measured the transmitted spectrum with the white \ye acknowledge R. R. Menezes for his technical support
light source. From Fig. 7b, we measured the cavity resonancgng financial support given by CNPg, PRONEX, SEBRAE
FWHM &¢ = 9 nm. We estimated again the cavity mirror re- gnd Milénio Institute of Nanoscience
flectance and obtained R = 0.93, showing us a broader cavity

IV. CONCLUSION
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