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In the present paper we report on scanning electron microscopy and atomic force microscopy study of different microreliefs obtained through
a spontaneous anisotropic etching (that is without the use of masking, photochemical and photoelectrochemical techniques) of the surfaces
of monocrystalline A7 BY -type semiconductors: InP(100) doped with S and Fe, GaP(100), GaSb(100), InSb(100) and GaAs(100). The
microrelief morphology (star-like, pyramides, grooves, etc.) depends on acidic etchant employed. Estimation of the activation energy demon-
strates that the etching with microrelief formation occurs in the kinetic region. The most interesting InP microrelief is the two-dimensional
groove-shaped one, which might be suitable to produce antireflection surfaces for solar cells. The conditions have been optimized to fabricate
this microrelief with a given groove period of 0.6 to 3:f. Morphology of different textured surfaces of othe’ABY semiconductors is

also discussed.

Keywords:AFM; SEM; microreliefs; anisotropic etching; textured surface5:X8" semiconductors.

En el ariculo se presenta un estudio por microdeoplectbnica de barrido y microscég de fuerza @mica de diferentes microrre-
lieves obtenidos por grabado (o ataqueingjuo ani$tropo esporéneo (es decir, sin usar mascarillaséurticas fotogimicas y fotoelec-
troquimicas) en superficies de semicoductores monocristalinos miembros del grupo de los semicond{ictBresIAP(100) dopado por
Sy Fe, GaP(100), GaSb(100), InSb(100) y GaAs(100). La forma del microrrelieve (canales, estraliaisiegiretc.) depende del agente
acido empleado. La estimaci de la eneng de activaén del proceso pone de manifiesto que la formaale microrrelieves ocurre en la
region cirética. Los relieves generados en InP con forma de microcanales bidimensionales son de espesipbirgarposible aplicami
como superficies antirreflejantes en la fabridadie celdas solares. La optimizaide las condiciones de grabado en InP permite producir
microcanales con periodos espaciales en un intervalo de 0.6 @8.7Tambén se discuten las morfolas de otros tipos obtenidos de
superficies de semiconductore§’AB" texturizadas.

Descriptores:AFM; SEM; microrelieves; ataque afisopo; superficies texturizadas; semiconductorg<BY .

PACS: 68.35.Bs; 68.37.P; 81.65.C

1. Introduction high sensitivity at magnetic fields higher than 0.1 T. [15].

The anisotropic etching phenomenon (the dependence &uch narrow-bandgap semiconductors have attracted a lot

etching rate on crystal orientation) can be used for the forman attention because of their potential applications in infra-

tion of two and three-dimensional structures on semiconduc:r—ed sensors and high-speed devices. During their fabrica-

tor surfaces, and thus it is of great interest for the technologt_On process, some speQaI etchants are use d [16]. _An attr_ac-
of semiconductor photoelectric and optical devices, such a ve method for decreasing surface reflectivity, specifically in

solar cells, diffraction gratings, and laser diodes [1-11]. Patsolar cell fabrication, is the surface texturation, due to the
terning of GaAs, InP semiconductor substrates and their hetransformation of semiconductor into a light trap. Besides,
erostructure overgrowth has a great potential for creating nevt was reported that the formation of metal-semiconductor
semiconductor micro- and nanostructures grown on U-, anthterface on the base of such textured surfaces leads to in-
V-groove substrates. In the future, the use of InP and GaRsreasing the photocurrent of surface-barrier structure by sev-
based materials is expected to appear more advantageo@sal times. It is very important to be able to vary the type
than classical silicon for some specific application, such asnd geometric parameters of such surface microrelief mor-
the development of qguantum wire lasers emitting in the wavephology without worsening of their electrical and recombi-
length range of 1.3 to 1.6m [9]. Indium antimonide (InSb) nation parameters. The advantage of anisotropic etching is
well matches the mid-infrared atmosferic transmission winthe creation of a controlled geometry without formation of
dow (3-5 um) and, consequently, it is the primary mate- damaged surface layer [7-10]. That is why further develop-
rial for mid-IR focal plane arrays. At longer wavelengths, ment of anisotropic wet chemical etching processes for fab-
specifically to access the 8-12m, the materials available rication of micro- and nanoscale structures in InP and GaP,
are limited to GaSb [14]. In addition, InSb is a compoundwith predetermined etching profile, is of great importance. A
with the highest room-temperature electron mobility of anydetailed knowledge of the semiconductor behavior in differ-
known solid; magneto-resistors made of it have extremelyent etchants plays a key role in this research.
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In the present work we report on a spontaneoudern evolution, by means of of high-resolution scanning elec-
anisotropic etching (that is without the use of masking,tron microscopy (SEM) and atomic force microscopy (AFM).
photochemical or photoelectrochemical etching techniqueshFM measurements were performed using an AutoProbe CP
of the surfaces of InP(100) doped with Fe and S atomsinstrument from Park Scientific Instruments (tapping mode;
GaP(100), InSb(100), GaSb(100) and GaAs(100) in diferentantilever typical force constant of 3.2 N/m; typical reso-
etchants, and on scanning electron microscopy (SEM) andance frequency of 90 kHz). For SEM measurements, a
atomic force microscopy (AFM) study of the resulting mi- JEOL JSM 5200 instrument was used (operating at 15-25 kV;
croreliefs. maximum resolution of 5.5 nm).

2. Experimental 3. Results and discussion

The specimens were cut from semiconductor wafers com¥he anisotropic chemical etching of InP(100) surfaces
mercially available from Atomergic Chemetals Corpora-(doped with S atoms) in concentrated hydrochloric acid leads
tion: N-type InP(100), S doped, with carrier concentra-to the formation of approximately parallel grooves oriented
tion n=2.6x10'6 cm~3; Semi Insulating-type INP(100), Fe along [011] direction. The groove orientation appears to
doped, resistivity> 107 Ohm cm; P-type GaP(100), Zn be orthogonal at the parallel planes (100) aheDf due to
doped, with carrier concentration n=220'® cm~3; N-type  the (111) crystallografic polarity of zincblende-type crys-
InSb(100), Te doped, with carrier concentration n=3t8'”  tal [3,5,7]. The grooves formed have a sawtooth profile
cm~3; N-type GaSb(100), Te doped, with carrier concentra<{Fig. 1a,b). The inclined planes form an angle of 25° with
tion n=6-8<10'" cm~3; and N-type GaAs(100), with carrier respect to the (100) surfaces and correspond {811} crys-
concentration n=1-510'" cm~3. Prior to the experiments, tallographic planes. Increasing the etching duration from 0.5
the specimens were cleaned by boiling in carbon tetrachloride 6 min causes an increase in period of the obtained grating
and acetone, then rinsed in deionized water. Concentratddom 0.6 to 3.7um. The depth of the grooves does not un-
analytical grade inorganic acids were used for preparation odlergo evident change and remains about Q.44 The geo-
anisotropic etchants. The etching was carried out in a 15@netrical parameters of these grooves are highly reproducible.
ml cylindrical quartz reactor. Etching behavior and surfaceThis microrelief surface has In enrichment, as confirmed with
morphology were examined by a direct observation of patAuger electron spectroscopy [12].

pm pm
033 03
0.00 0.00

um um
0.3
0.2
0.1
0.0

um
0.8
0.6
0.4 0.4
0.2
0.0+ 001
0 10 20 30 pm 0 10 20 30 m

FIGURE 1. AFM images and geometrical parameters of surface microreliefs at: (a) InP(100) and ({is)0)n€tthed in concentrated HCI at
25° C for 1 min; (c) InP(100) and (d) InP@0) etched in 10HPO;:10H,SO;:1K2S;05:5H,0 at 70 ° C for 3 min.
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A very similar morphology (parallel grooves) of the The process of semiconductor dissolution is very com-
same InP surface was obtained in a multicomponent etchanplicated and sensitive also to changes in etching conditions.
with the composition of 105P0;:10H,SO;:1K5S,05:5H,0 Adding FeC} to concentrated HCI changes the morphology
(Fig. 1c). In this case V-grooves formed only on one sidediscussed above by shortening the grooves, and insAeCl
of InP(100) surface. Their inclined planes form an anglesolution with a higher FeGlconcentration, “hachures” (par-
of 15°-17° with respect to the (100) surface, and the mostllel short strokes) oriented in [011] direction formed.

probable planes deduced from this angle g5&1} planes. In addition to the grooves, a few other microreliefs have
The other etched side of InP(100) surface had wide mesgseen obtained on InP surfaces. For example, etching in mix-
shaped-grooves with undesirable roughness (Fig. 1d). Thej(;;e 1H,50,:1HCI mixture results in formation of a “par-
inclined planes also ar¢511} planes. The period of the ' qyet" microrelief, which consists of truncated tetrahedral
groove-like microrelief shown in Fig. 1c varies within 0.7y ramids. The largest In enrichment for this microrelief sur-
to 3.4um, and the depth is (_)f about 04@ This patterned  t5ce studied by Auger spectroscopy occures at up 850
surface also has an In-enrichment pointed out from AUgeEjepth [12]. For concentrated,80,, at the earliest stages of
spectroscopy scanning [12]. etching, convex rounded figures form, which then evolve into
The InP samples doped with Fe atoms (semi-insulatorsgtar-like structures (Fig. 3a). Etching in the same acid (but
exhibited a poorer quality of textured surfaces in HCI etchantat lower temperatures) causes the formation of big layered
The formed grooves are short, neither periodic nor parallelsknobs” (Fig. 3b), combining a rounded shape and the ten-
and with many roughnesses on their planes (Fig. 2a). Weency to a multitipped skeletone structure. It was observed
found another route to improve microrelief quality, through that spacings between microrelief figures depend of the trate-
a two-step etching procedure: first, etching in IHNIBIClI  ments conditions in every case.
mixture, which eliminated most surface imperfections; and
then anisotropic etching in HCI. The improvement of this mi-
crorelief surface es evident from Fig. 2b, where the obtained a
grooves are highly parallel and periodic, as well as without
noticeable roughnesses. The depth of the grooves does not
undergo evident change and remains about®3for both
routes. Thus, the influence of the impurities on the microre-
lief morphology and the quality of patterning can be clearly
seen: S-InP and Fe-InP have different carrier concentration,
where S-InP is a n-type semiconductor, and Fe-InP is a semi-
insulator.

FIGURE 2. AFM images of InP(100) (dopated by atoms of Fe) sur- FIGURE 3. SEM microphotographes of the InP(100) surfaces after
face after: (a) etching in concentrated HCl at 25 ° C for 1 min; (b) anisotropic etching in: (a) concentrated $0; at 105 ° C for 3
two-step anisotropic etching in IHNAHCI, followed by HCI. min; (b) concentrated $80, at 90 ° C for 7 min.
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For GaP(100) surfaces, it was found that concentrateimplies that this surface morphology is also closely related to
HsPO, exhibits selective etching properties, producingGaP crystallographic properties, similarly to the case of InP.
grooves also elongated in [011] direction (Fig. 4d), similarly Crystallographic (511) close packed planes of Ga act as an in-
to the InP grating-like microrelief. The grooves on the (100)hibitory planes for the etching and determine the overall etch
surface are perpendicular to those on @) surface. The rate. As a result, an overwhelming majority of the grooves
formation of this microrelief was observed during 10 min of are oriented in a [011] direction and the hill-side face should
etching. After 1 min, rectangular pits of mesa-shape probe mainly represented by Ga(111) plane.
file and of apparent 0.km depth were found to emerge at ] ) )
several places (Fig. 4a). Their long and short sides are ori- A variety of concentrated #HPO,-based anisotropic
ented in [011] and011] directions, respectively. Subsequent €tchants produce essentially similar morphologies. The one
H3PO, treatment for 2 min extended these pits in length agvorth mentioning is a very interesting case of surface mi-
well as in depth, and after treatment for 3 min they startec?rore|'ef on GaP(100) revez_iled by a two-step treatment: first
to “melt” together forming a net-like structure shown in Fig. in concentrated HCI, then in concentrategR®; (Fig. 5),

4d. The orientation of these grooves along [011] directionwhere a concave pyramidal microrelief forms, filling the sur-
faces completely and uniformly. The apparent microrelief

a height is 0.2-0.5:m.

It was reported earlier that such textured InP surfaces can
be used for decreasing surface reflectivity, particularly in so-
lar cell fabrication. Also it was shown that this method of
InP surfaces patterning is a promising way to increase pho-
todetector responsivity in visible, near infrared and ultravio-
let spectral range without worsening electrical and recombi-
nation parameters of the interface [8-11]. Bearing in mind
the suitability for fabrication antireflection surfaces for so-
Hm lar cells, it was important in our study to find similar tex-
tures (groove-type, grating-like, etc.) and conditions for their
preparation for other A/BY semiconductors, such as InSb,
GaAs and GaSb.
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FIGURE 4. AFM images and geometrical parameters of GaP sur- FIGURE 5. AFM image of GaP(100) surface microrelief obtained
face microreliefs after anisotropic etching in concentratg®® after two-step etching: concentrated HCI at 60° C for 1 min fol-
at 180 ° C for: (a) 1 min; (b) 2 min; (c) 4 min; (d) 5 min. lowed by concentrated H3PO4 at 60 ° C for 1 min.
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The Fig. 6 shows groove-type microreliefes with U- and  but very similarly to the case of InP (Fe-doped), ini-
V-profile, formed after anisotropic etching in the mixture tially its quality was bad and the grooves side also had
1HCI:1H,0,:2H,0 for GaSb (a), after two-step etching in many roughnesses (Fig. 7a). To improve it, we again used
5HNO;:2HCI:1H, O followed by 1HNQ:1HCI for InSb (b),  the two-step etching procedure. The damaged surface layer
and after etching in 15P0,:1H,0,:1H,0 for GaAs (c). For  of InSb was eliminated during the first step, by treating it
all these textured surfaces the microrelief formation beginsn 5SHNOs:2HCI:1H,O mixture. The resulting surface was
from some active centers (defects, impurities) finally form-textured in 1HNQ:1HCI etchant, to produce the desired
ing a network structure of approximately parallel grooves ori-grooves. Figure 7 shows the difference in quality of the two

ented along [011] direction. InSb surfaces, textured through these different procedures.
In the case of InSb such a microrelief morphology wasThe temperature and time for ITHNQHCI treatment were
obtained after anisotropic etching in 1HNQ@HCI mixture, equal in both cases.

pm pm pm
0.3
0.1 0.1 04
| 0.0¢ 0.0+
0.0 2 4 6 8§ um o0 4 8 12 16 um 0 10 20 30 40 um

FIGURE 6. AFM images and geometrical parameters of surface microreliefs at: (a) GaSb etched in HtAHEO; (b) InSb etched in
5HNO3:2HCI:1H; O, followed by 1HNQ:1HCI; (c) GaAs etched in 1kHP0O,:1H;05:1H-,0.

Figure 8 presents experemental kinetic data for the dissq-
lution of InP, GaP, InSb, GaAs and GaSb in the anisotropidgroove-type microrelief increased from 0.03 (for 0.3 min) to
etchants found to produce groove-type, grating-like periodi®.087um (for 1 min).
microreliefs. The kinetic data were obtained by the gravi- A more detailed kinetic and thermodynamic characteriza-
metric method. The initial, induction period of the processtion of the etching processes is a complicated task because of
was difficult to characterize by gravimetry due to slow disso-great difficulties in accurate evaluation of reaction order, as
lution of native oxide, and thus slow formation of a reaction
interface. After this, the reaction proceeded much more vig-
orously. The corresponding parts of the kinetic curves have a
steeper slope and reflects the microrelief formation, evolution
and existence. Within this range, the microrelief dimensions
(that is the grooves period) correlate linearly with the etch-
ing duration. In particular, for GaP the microrelief shown in
Fig. 4d can be observed between 3 and 6 min; for InSb, be-
tween 0.5 and 1 min; for InP, between 2 and 10 min; for GaSb
and GaAs, the periodic microrelief existed in the range of 1-2
min. In the case of InP treated with HCI, increasing the dura- 4 8  um
tion from 3 to 6 min caused an increase in period from 1.8 tOr;gyre 7. AFM images of InSb microrelief surfaces at: (a)
3.7 um. In the case of GaSh, the period increased from 0.3 t@ HNO;:1HCI; (b) two-step etching in SHNO2HCI:1H,O fol-
0.7pmfor L and 2 min, respectively. The period of InSb lowed by 1HNG:1HCI.

a
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FIGURE 8. The experimental kinetic data (loss of sample mass during the etching) for semiconductors dissolution:(a) GaAs etched in
1H3POy:1H202:1H;0, GaSb etched in HCI:#D2:H2 O, InSb etched in SHN@Q2HCI:1H, O followed by 1HNQ:1HCI; (b) InP etched in

HCI, InP etched in SOy, GaP etched in KFPO;,. Insert plot in (b) responds to the change in the grating period for InP surfaces during the
etching in HCI.

TABLE |. Etchant composition for the microrelief preparation on InP(100), InSb(100), GaP(100), GaSb(100) and GaAs(100) surfaces by
means of anisotropic etching, whekg is the corresponding reaction rate for microrelief formation during dissolution reactions with specific
temperature.

Semiconductor Etchant composition K, (sec’!) Temperature (° C)
InSb 5HNG;:2HCI:1H: O (step 1)
1HNO;:1HCI (step 2) %107 20
GaAs 1H;P0Oy:1H205:1H,0 4.8x1073 80
GaP HPO 8.8x107* 180
GaSb 1HCI:1HO2:2H,0 2.6x107° 5
InP(S) HSO, 5.2x107° 120
InP(Fe) 1HNGQG:1HCI (step 1)
HCI (step 2) 2.&10°6 20

well as in obtaining kinetic data for the earliest etchingliefs are smoothed, and the dissolution should be shifted to
stages. Nevertheless, for most semiconductors the etchirtge transport-limited region.

process is usually considered to be pseudomonomolecular

first-order reaction [13]. We assumed the above for thed, Conclusions

present cases of anisotropic etching, for the specific condi-

tions when the microrelief formation and evolution is ob- Textured surfaces of diferent /ABY  semiconductors,
served. Reaction rate constafifs were calculated from the namely InP(100) doped with Fe and S atoms, GaP(100),
experimental kinetic data. Activation energigs were es- InSb(100),GaSb(100)andGaAs(100),werefabricated through
timated for two different microrelief morphology in InP sur- Spontaneous anisotropic chemical etching in strong acids and
faces: grating-like microrelief (Fig.1a,b) and for the star-like their mixtures. The results obtained are interesting from both
figures (Fig. 3a). TheZ, values are rather high, especially phenomenological and practical points of view. Of all the mi-
for InP etching in concentrated HCI (for HQL,=25.68 kcal ~ croreliefs described in the present paper, the most interesting
mol~*; and for H,SO,, E,=9.6 kcal mot!), thus indicat- ones are the groove-type grating-like periodic microreliefs.
ing that both reactions occur in the kinetic region (transport-Such a type of microreliefs can be obtained for almost all
limited processes are characterized by loWgvalues, about  the representatives studied of’/AB" group of semiconduc-

4-6 kcal mol! [13]). This means that the formation of tors. The data obtained on morphology evolution and kinetic
grating-like microrelief is less favorable energetically. We behavior make it possible to control basic geometric param-
can explain this phenomenon by high reaction capacity ofters of the textured surfaces. Being considered as suitable
the developed skeleton-type surface formed during the etcHo fabricate antireflection surfaces for solar cells, the prepa-
ing in H,SO, (Fig. 3b), resulting in lowering the potential ration of similar textures reported elsewhere employed more
barrier. The kinetics for subsequent etching stages was ngomplicated and expensive approaches, involving masking,
studied in detail, since under these conditions the microrephotochemical and photoelectrochemical techniques and
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procedure proposed here extremely facilitates this task.
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