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FORMATION OF SELF-ORGANIZED
ORGANIC-INORGANIC HYBRIDS

The morphology features and peculiarities of current-voltage characteristics of self-
organized organic—silicon hybrids were investigated. The organic layers were formed by chemical
bath deposition at room temperatures of phosphorus doped n-type FZ Si-patterned substrate. The
pattern was formed by etching in anisotropic etch on the base of aqueous solution of potassium
hydrate KOH and isopropyl alcohol. The following aqueous solutions of organic heterocyclic
aromatic compounds were used for hybrids formation: sulfacyl sodium, procainamide
hydrochloride (novocain) and lamotridgine. These hybrids have shown different types of
morphology. This depends on substrate properties, time deposition and organic concentration in
water solution. The photovoltaic effect of organic-pattern silicon is the result of chemisorptions of
functional amine, amide, carboxyl, thiols and halogen groups on silicon pattern-type surface. At
the same time these results have proven that the substrate of start and classic morphology in
pyramid form is favored for formation of organic-silicon hybrids for photovoltaic application.
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Introduction

Organic modification, functionalization and sensitization of silicon have
increased enormously during the last decade [1-6]. Such resulting organic-inorganic
hybrids have attracted great interest for physics, chemistry as well as for innovative
research areas in biology and medicine [7, 8]. They are potential objects for
photovoltaics, optoelectronics, biosensing, gene and drug delivery applications due
to: 1) unique properties of both the isolated molecule and self-organized molecular
assemblies or aggregations; 2) the combination of high absorption coefficient of
organics and good Si transport properties; 3) hybrid compatibility with well
explored Si planar technology [9-16].

Now new opportunities are opening in micro-/nanometer-size silicon based
devices of next generation with unprecedented level of functionality using various
reactions of Si with organic materials including organometallic and aromatic
systems [1-4, 17-20].

This article deals with the self-organized aromatic heterocyclic organics on the
silicon patterned substrate with non-classic pyramide type morphology used usually
in photovoltaics and some photoelectric properties of such organic-silicon hybrids.
The technology used for fabrication of organic-silicon hybrids is enough simple and
differs by preparation at room temperature, using of water solutions of organic
components and lack of vacuum equipment.
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Experimental details

Phosphorus doped n-type FZ silicon (the resistivity is 2Q-cm) was used for
patterned surface preparation. Substrate was etched in anisotropic etch on the base
of aqueous solution of potassium hydrate KOH (180 g/1) and isopropyl alcohol (5 %
(vol.)). Some etching regimes were studied with difference in temperature, space
wafer orientation and presence of wolfram incandesce lamp.

The conditions for pattern silicon substrates are summarized in Table 1.

Table 1
Conditions for formation of patterned surface on Si-wafers
Time of .
Ne of Temperature, treatment, Orientation | Illumination Addlqonal
substrate °C min chemicals
1 48-65 45 Horizontal Without No
45-60 45 Horizontal Without Isopropyl
alcohol
3 64-71 30 Vertical 74 Wt No

Architecture of organic-inorganic hybrid solar cell was consisted of:

1) microstructured silicon substrate with pattern surface;

2) back metal contact;

3) organic material: heterocyclic aromatic compounds;

4) electroconducting painted contact.

Self-organized organic-inorganic hybrids are formed by chemical bath
deposition of the heterocyclic aromatic compounds at room temperature from water
solutions. Molecular formulas of substances grown on Si are resulted below.

Procainamide hydrochloride (novocain) — C;3H,N;OHCI [20]:
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Silicon substrates [100] was etched in KOH-water solution as long as the net
was formed at its surface. The previous investigations have shown that such
morphology was optimal from the hybrid functionality point of view [5, 19].

The surface morphology of the films was examined with optical microscopy
(OM). The peculiarities of current-voltage characteristics (CVC) of organic-silicon
hybrids were analyzed by differential and injection approaches [21, 22].

Results and discussion

The optical images of the surface morphology of substrates are presented in
Fig. 1. We can see the more homogeneous pattern on substrate 2 and 3.
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Fig. 1. Optical image of silicon substrate pattern after etching in KOH-water solution: a—c —
wafers 1-3 (see Table 1) respectively

As example of surface morphology the sulfacyl sodium-silicon hybrid is
presented in Fig. 2. The deposition time of self-organised organic film changed from
20 to 50 min. The surface morphology changed from separate organic fragments
(Fig. 2, a) through organic net (Fig. 2, b and 2, ¢) to filament carpet (Fig. 2, d).
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Fig. 2. The OM-image of surface morphology (a—d) and CVC (e—h) of the sulfacyl-Si hybrids
obtained on substrate 1: a—d and e—h — for 20, 30, 40 and 50 min respectively

Simultaneously measured CVCs-show increase of the short circuit current Iy
(Ie=1,510° A, Ic= 7,1110° A, I, 2,010™ A for deposition time 20, 30 and 40 min
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respectively) and increase of open circuit voltage Voo (Voo = 0,03 V, Vo = 0,15V,
Voo = 0,1 V for deposition time 20, 30 and 40 min respectively). The photovoltaic
parameters of hybrids under investigation are summarized in Table 2.

Table 2
Photoelectric parameters of organic-silicon hybrids with different organics
on various substrates under illumination by white light from a halogen lamp with
an intensity of about 30 W/m?

.. . Procainamide Ca .
qul;{':t(;i " I:ie:f:(e)siltll;)l:l Sulfacyl sodium hydrochloride Lamotridgin
’ Voca \4 Isca A Voc9 v Isc9 A Voc’ \4 Isc’ A
20 0.03 | 1.510° - - 0.05 | 1.510°
1 30 0.15 | 7.110° | 0.06 | 7.010° | 0.10 | 5.510°
40 0.10 | 2.010° | 0.09 | 35107 | 0.05 | 8.510°
50 - - 0.15 | 2.010” - -
20 - - 005 | 1.3107 | 0.04 | 1.210°
5 30 0.08 | 7.010° | 0.03 20107 - -
40 0.08 | 1.010° | 0.02 | 3.010” - -
50 - - - - - -
20 - - - - 0.15 | 6.010°
3 30 - - 009 | 1.510° - -
40 - - - - - -
50 - - - - - -

There is the similar behaviour for hybrids: sulfacyl sodium on substrate 2,
procainamide hydrochlorideon substrate 1, lamotridgine on substrate 1 and 2.

Effect of substrate on the surface morphology of different organics at 30 min.
chemical bath deposition is presented in Fig. 3. Morphology of organic layers on
substrate 3 is differing from one on substrate 1 and 2. May be this is due to
activation of surface during etching with illumination. Such effect needs further
investigation.

Sub-
strate

Sulfacyl Procainamid Lamotridgin
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Fig. 3. Effect of substrate on the surface morphology of different organics at 30 min
sedimentation: sulfacyl (a, d, g); procainamid (b, e, ); lamotridgin (c, f, i)

Conclusion

Once more it is shown that the self-organized organic-inorganic hybrids formed
by chemical bath deposition of the heterocyclic aromatic compounds at room
temperature from water solutions have shown different types of morphology. This
depends on substrate properties, time deposition and organic concentration in water
solution.

The photovoltaic effect of organic-pattern silicon is the result of chemisorptions
of functional amine, amide, carboxyl, thiols and halogen groups on silicon pattern-
type surface [20]. At the same time these results have proven that the substrate of
start and classic morphology in pyramid form is favored for formation of organic—
silicon hybrids for photovoltaic application.

Jocniooceno mopgponoziuni  eracmusocmi ma 0COOAUBOCMI XAPAKMEPUCTIUK  CIPYM—
Hanpyaa 01sl CAMOOP2AHI308AHUX KpeMHitlopeaHiuHux 2iopudis. Opeaniuni wapu 0y10 00epicaHo
XIMIYHUM  OCAOJICEHHAM 3a KIMHAMHOI memnepamypu 1e208anux Gocgopom 8izepyHKOBUX
Kkpemuicgux cyocmpamie FZ n-muny. Bizepynox ghopmyeanu eumpasenioganHam @ aHizomponHux
MPABHUKAX HA OCHOBI 600H020 po3uuny eiopamy kanito KOH ma isonponunosoeo cnupmy. B no-
oanvwiomy Onsl  OMPUMAHHA — 2IOpUdi6  GUKOPUCMIOBYSANU  BOOHI  PO3UUHU — OPSAHIYHUX
2EMEPOYUKIIYHUX — CROAYK:  CYAbPOCANIYUL08020 HAMPIio, 2I0po  XA0pudy  NPOKAIHAMIOY
(nogoxainy) i aamompioxcuny. Lli cibpuou noxasanu pisny mopgonociio. Bona 3anexicums 6io 61a-
cmusocmeti cyocmpamy, 4acy 0CaoiCeHHs: ma KOHYEeHmMpayii OpeaniyHoi ckiadosoi’ y 600HUX pO3-
yunax. Pomozanveaniunull eghekm KpemHillop2aniuno20 PUCYHKA € pe3yabmamom Xemocopoyii
@ynryionanbuux epyn aminis, amiois, KapOOKcury, mpionie ma 2anoceny Ha NOBEPXHi KPeMHIlO.
Boonouac, yi pezynomamu niomeepodicyroms,uo cyocmpam novamrosoi i kKiacuunoi mopgonoeii
V 6uenaoi nipamiou Kpawuil O0Nsi YMEOPEHHs. KPEMHIUOPSAHIYHUX 2IOpudie (pomo2anbeaHiuHo2o
3aCmMOoCyBaHHS.

Kniouosi cnoga: opeanixo-neopzaniuna 2i6puOHa COHAYHA KOMIpKA, Xapakmepucmuxa
cmpym—Hanpyza.

Hccnedosanvi  moponocuueckue ceolicmea U 0COOEHHOCMU XAPAKMEPUCMUK — MOK—
Hanpsdjicenue 015 CaMOOPSAHUIYIOWUXCS KPeMHULIOp2aHUYecKux 2ubpuoos. Opeanuueckue ciou
ObILIU NOMYYUEHbL XUMUYECKUM 0CANCOeHUeM Npu KOMHAMHOU memnepamype 1e2upo8antvlx Qoc-
@opom y3opuamuix kpemHuesvlx cyocmpamos FZ n-muna. Y30p popmuposanu evimpasnusanuem
6 AHU30OMPONHBIX MPASUMENAX HA OCHOBE 8600H020 pacmeopa cuopama kanus KOH u uzonponuno-
6020 cnupma. B danvhetiuiem 0na nonyyenusa ubpuoo8 ucnoIb308a1u 800HblE PACBOPbL OP2AHU-
YECKUX 2eMePOYUKTUYECKUX COCOUHEHUI. CYIbHOCATUYUIO8020 HAMPUsL, UOPOXIOPUOA NPOKAU-
Hamuoa (HOBOKAUHA) U AAMOMPUMPUONCUHA. DMU 2UOPUOLL NOKAZAU PAZTUNHYIO MOPHON0UIO.
Ona 3asucum om ceolicme cyocmpama, epemenu 0CANCOeHUs U KOHYeHMpayuy OpeaHuieckou
cocmaeasowell 8 600HbIX pacmeopax. Pomozanbeanuveckull 3Phekm KpeMHUNOP2AHUYECKO20
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PDUCYHKA ABTAEMCA Pe3VIbMamomM XemMocopoyuu DYHKYUOHANbHBIX SPYRI aAMUHOS, aMudo08, Kap-
OOKCUNA, MPUONIOS U 2aNI02EHA HA NOBEPXHOCMU KpeMHUA. B mo dice camoe epems, smu pe3ynoma-
mbl HOOMEEPIHCOaIoOm, 4mo cy6Cmpam HA4aIbHOU U KIACCUYECKOU MOPEONIo2UU 8 8U0e NUPAMUObL
A6NIAEMCA NPeOnoYMUmensHuiM 011 00pA308aHUs KPEMHULIOp2aHUYecKux eubpuoos gomozanvea-
HUYECKO20 NPUMEHEHUS.

Kniouesvie cnosa: Op2canHUKO-Heopeanu4deckas eu6pudﬁaﬂ COJIHeYHaA ;meﬁKa, xXapakmepu-

CMUuKa moK—Hanpsoicenue.
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