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Abstract—Further development of information technologies hinges on innovations in the electronic components sector,
particularly in enhancing electronic communication devices. This involves creating dynamic interconnects—electrically con-
ductive channels that can be configured on-demand within chip circuitry to overcome the "tyranny of interconnects," which
limits electronic systems due to the fixed nature of conventional interconnects.

This paper presents experimental verification of transmitting information through photoconductive channels formed on
a photosensitive cadmium sulfide (CdS) semiconductor single crystal using optical irradiation. By directing a focused light
beam to specific areas of the CdS crystal, localized conductivity is induced, allowing for the dynamic formation of conductive
channels. This method's efficacy in real-time signal transmission validates the theoretical framework and suggests new pos-
sibilities for semiconductor technology.

The integration of dynamic interconnects could revolutionize communication systems by enhancing device efficiency
and processing capabilities. This technology could lead to more complex electronic architectures needed in high-speed com-
puting and advanced telecommunications.

Additionally, this approach has potential applications in optoelectronics, improving device interaction with light.
Dynamic interconnects could enhance solar cell efficiency, increase light sensor sensitivity, and aid in developing innovative
visual displays.

The ability to control material conductivity through light not only advances existing device performance but also opens
doors to new electronic designs and operations. This includes fully reconfigurable circuits that adapt in real-time, self-opti-
mizing network components, and smart sensors that respond to environmental changes.

In summary, this research not only confirms the practicality of using photoconductive channels for information trans-
mission but also emphasizes the significant implications for electronic and communication system advancements. As this
technology evolves, it promises to significantly impact the design and functionality of future electronic devices, paving
the way for more adaptable and powerful systems.
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| INTRODUCTION direction of data transmission, but require sufficiently
high power to transmit a signal over long distances [2],
and they are also quite vulnerable to external interfer-
ence [3]. Wired and fiber optic channels have lower
energy requirements and are more resistant to external
interference, but they require a developed communica-
tion infrastructure and significant costs when it comes to
reconfiguration [4]. To a certain extent, these problems
are solved by using various combinations of wire, fiber,
radio, and even plasma channels [5]. However, it is still
not possible to completely circumvent the technological
limitations caused by the physical impossibility of creat-
ing the required number of channels for transmitting
information signals in a limited volume of the chip, which

The modern world cannot be imagined without infor-
mation technology, which has penetrated all spheres of
human activity. In fact, the development of communica-
tion technologies has become one of the most important
conditions for the sustainable development of society.
Therefore, there is a need to constantly update both
information technologies and their hardware. Data
transmission channels are an important component of
any communication device. Currently, wire channels,
radio channels, fiber optic channels, etc. are used [1]. All
of them have their advantages and disadvantages. For
example, radio channels can be easily configured for any
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Mikpocuctemu Ta dpisMyHa eNleKTPOoHiKa

is called the "tyranny of interconnects" or "interconnect
bottleneck" in English-language works [6, 7].

In our opinion, it is possible to expand the capabilities
of information systems by reconfiguring semiconductor
photosensitive switches by irradiating them. By illumi-
nating the necessary areas of the semiconductor plate
with radiation of a certain frequency, intensity, and
polarization. Therefore, the aim of this work is to study
the possibility of transmitting information signals
through photoconductive channels formed on the sur-
face of a semiconductor substrate made of single crystal
cadmium sulfide.

1. DESCRIPTION OF THE EXPERIMENTAL SETUP

The conductivity of a semiconductor material can be
controlled using the internal photoelectric effect.
The total electrical conductivity in a semiconductor can
be described by equation [8]:

Gy =0 +Acy =e((”o+A’l)Hn +(p0+Ap)Hp)

where op is the dark equilibrium conductivity, Ao is
the stationary photoconductivity (caused by the light
generation of charge carriers by intrinsic absorption), e is
the electron charge, no, poare the equilibrium concentra-
tions of electrons and holes, respectively, An, Ap are
the excess concentrations of electrons and holes caused
by illumination, Ww,, W, are the mobilities of electrons and
holes, respectively.

In the case of intrinsic absorption, An = Ap, so:

Oy =00 + Aoy = e(nO“n +P0Hp)+€An(Hn +”p)

In practice, it is necessary to fulfill the condition that
the total conductivity is dominated by photoconductiv-
ity: AGg >> G- Thus, neglecting the dark equilibrium

conductivity, we have:

Ogt ® Aoy = eAn(un +Hp)

To realize this goal, an experimental study of the pos-
sibility of forming a conductive channel on the surface of
a semiconductor by the optical method, suitable for
transmitting information signals through it, was carried
out.

it | Sy —

a

Cadmium sulfide (CdS) with a hexagonal structure
was chosen as the semiconductor material under study
from the A"BY class, since it is one of the most common
materials for the manufacture of photoreflectors. Also,
the wavelength of the peak sensitivity of cadmium sul-
fide is in the range of 530...580 nm, which corresponds
to the visible part of the spectrum (Fig. 1). For the study,
cadmium sulfide plates with dimensions of 5 x5 x 1 mm3
(Fig. 2) and 10 x 5 x 1 mm? were made. The main param-
eters of the material under study are given in Table 1 [9].

TABLE 1 TABLE STYLES

Name Value
The width of the prohibited zone along the | 2,55 eV
(001)-optical axis (7= 300 K):
Own resistivity CdS: 10'°Om
Concentration of intrinsic charge carriers 107 m
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Fig. 1. Spectral sensitivity of CdS [10]

Fig. 2. Cadmium sulfide substrate with dimensions of 5 x 5 x 1 mm 3

b

Fig. 3. Exterior view of the laser (a) and cylindrical laser optics for forming orthogonal laser lines (b)
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The irradiation was carried out with a red laser with
a wavelength of 650 nm and a power of 5 mW (Fig. 3).
The wavelength of 650 nm is within the spectral sensitiv-
ity of CdS (Fig. 1).

To connect the wafer under study to the measuring
devices, 500 nm thick aluminum contact areas with
an intermediate 10 nm thick titanium adhesive layer
were sputtered onto the wafer. The substrate was
mounted on a breadboard (Fig. 4). The distance between
the ohmic contacts for each of the channels was 0.5 mm.

The connection diagram of the breadboard to
the measuring devices is shown in Fig. 5.

Oscilloscope

? Channel 1 §

Generator

o

& Channel 2 &

Oscilloscope

b

Fig. 5. The test bench (a) and a schematic representation of the alter-
nate connection of channels to measuring devices (b)

1l. MEASUREMENT RESULTS

Two crossed conductive channels were formed on
the surface of the cadmium sulfide plate using laser radi-
ation. The resistance of each of the formed channels was
on average 470 ohms. Rectangular signals from a signal
generator were passed through the formed channels.
The parameters of the input signals are shown in Table 2.

TABLE 2 INPUT SIGNAL PARAMETERS

¥9S¥0€ BIW GSHY-€CGZ/SESOC 0T :10d

Signal parameter Channel 1 Channel 2
Amplitude 5V 5V
Fullness (duty cycle) | 40% 20%
Signal type pulse pulse
Pulse frequency 1 kHz — 500 kHz 1 kHz — 500 kHz

After passing through the optically formed conduc-
tive channels, the signals were transmitted to the load
resistors connected in series with them with a resistance
of 47 kQ and 51 kQ for the first and second channels,
respectively. An oscilloscope was connected to the load
resistors, the screen of which displayed the output
signals.

The passage of signals through each of the channels
separately (in the absence of signals on the other chan-
nel) was investigated. The results are shown in Fig. 6.

Fig. 6. Output signals of channel 1 (a) and channel 2 (b) in the time di-
vision mode.
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When the frequency increased to 500 kHz, signal dis-
persion was observed, which manifested itself in signal
distortion. At a frequency of 1 MHz, the signal distortion
no longer allowed the transmission of signals of a given
shape due to the low mobility of charge carriers and
the diffusion capacity of the semiconductor, therefore,
the maximum bandwidth of the rectangular pulse trans-
mission channel is less than 1 Mb/s. Using N information
transmission channels, you can increase the bandwidth
of the data bus to N Mb/s.

It is possible to significantly improve the frequency
characteristics due to the use of semiconductor material
with greater mobility of charge carriers. For example,
such a material could be gallium arsenide, since it has
a much higher mobility of charge carriers than cadmium
sulfide (Table 3).

TABLE 3 PARAMETERS OF SEMICONDUCTOR MATERIALS AT ROOM TEMPERATURE

[11].
Mate- Ccd CdS | Zn | GaA Ge i AIA | Ga
rial S e S s s P
2

cm” | 34 14 | 950 390 | 140 19

W ) 720 0 0 0 0 280 0
em? | 11 190 12

Mo | o 75 5 450 0 500 | 0

Since the mobility of own charge carriers in gallium
arsenide is about 28 times greater than the mobility of
own charge carriers in cadmium sulfide, the use of
gallium arsenide as a conductive medium can increase
the bandwidth of the data bus up to 28*N Mb/s.

The obtained results confirm the fundamental possi-
bility of transmitting information signals through photo-
conductive channels formed on the surface of semicon-
ductor materials.

The simultaneous transmission of signals through
channels 1 and 2 demonstrates their interaction accord-
ing to Ohm's law. Separation of these channels by height
in the near-surface layer of the photovoltaic semiconduc-
tor is theoretically possible using appropriate optical
elements and polarization effects [12].

CONCLUSIONS

A preliminary study of one of the modes of transmis-
sion of rectangular information signals through orthogo-
nal conductive channels formed by laser irradiation that
interact with each other in accordance with Ohm's law
was carried out in this work. It was found that for a single
crystal of cadmium sulfide, the maximum bandwidth
of the rectangular pulse transmission channel is less than
1 Mb/s, which is not a significant value compared to tra-
ditional approaches. The advantage of this method is
the ability to transmit signals across the surface of a sem-
iconductor between its different points at different
times, which simulates neural-type interconnections.
The simultaneous parallel transmission of information
using N channels can increase the bandwidth of the data
bus to N Mb/s. At the same time, the use of other
photosensitive materials would allow to increase
the bandwidth of the data bus. For example, the use
of gallium arsenide as a conductive medium can increase
the bandwidth of the data bus to 28*N Mb/s. Depending
on the workload of communication systems, it is poten-
tially possible to dynamically redistribute the bandwidth
of communication buses, which is not possible in
the case of using metal or fiber optic interconnections.

Further development of the above research involves
a deeper study of the interaction of conductive photoin-
duced channels, their dynamic and static parameters,
time and energy characteristics.
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v

«KMIBCbKUIM NONITEXHIYHUI IHCTUTYT imeHi Iropsi CikopcbKoro» R 00syn5v21
Kuis, YKpaiHa

AHoTauis—Iloganblmnii po3BUTOK iHPOPMALLIMHMX TEXHONOTIN 3a1eXUTb Bif, iHHOBaLi Y CEKTOPi eN1eKTPOHHUX KOMNOHe-
HTiB, 30KpeMa y BAOCKOHa/IeHHi eIeKTPOHHMUX KOMYHiKaLiiiHux npuctpois. Lie nepepg6ayae cTBOpeHHA AUHAMIYHUX 3’€AHAHDb
— EeNeKTPONpPOBiAHUX KaHaniB, AKi MOXKHa KOHQirypysatM 3a nortpeboio B cxemi Mikpocxemu, Wo6 nogonatm «TUpaHiio
3’eAHaHbY», AKA 06MEKYE e/IeKTPOHHI cucTemu Yepes ikcoBaHUI XapaKTep 3BMYaHUX 3’ €4HaHDb.

Y cTaTTi NpepcTaBAeHO eKcnepuMeHTaibHY nepeBipKy nepeaadi iHpopmalii uepes potonposigHi KaHanu, copmoBaHi Ha
¢oTouyTIMBOMY HaniBNpOBIAHMKOBOMY MOHOKpUcTani cynbdigy Kagmito (CdS) 3a 4onomorord onTUYHOro OMPOMiIHEHHS.
Hanpasnstoun cpoKycoBaHMii NPOMiHb CBiT/Ia Ha NeBHi AiNAHKKU KpucTtana CdS, iHAYKYETLCA /IOKaNi30BaHA NPOBIAHICTb, WO
[,03BOJIAIE AUHAMIYHO POpPMYyBaATU NPOBiAHI KaHanU. EGEeKTUBHICTb LibOro meToay B nepegadi CMrHany B peasnbHOMy yaci nigr-
BEepAKYE TEOPETUYHY OCHOBY Ta NMPONOHYE HOBi MOXK/IMBOCTI 419 HaNiBNPOBiAHUKOBOI TEXHOAOTII.

IHTerpauis AMHamiuyHUX 3’€eAHaHb MOXKe PEeBO/IIOLIOHI3YBaTM CUCTEMM 3B’A3KY LINAXOM NiABULLEHHA e(eKTUBHOCTI npu-
CTPOIO Ta MOXKANBOCTEN 06pO6KU. LA TeXxHONOriA MOXKe NpU3BECTU A0 6inbll CKNAAHUX eNeKTPOHHUX apXiTeKTyp, HeobXigHuMX
ONA BUCOKOLIBUAKICHUX 06UYMCNEHDb | NnepeaoBUX Te/IeKOMYHIKaL,in.

Kpim Toro, ueit nigxia mae noTeHujiiiHe 3acCTOCyBaHHA B OMNTOE/IEKTPOHIL,i, NOKPaLLyloun B3aEMOAII0 NPUCTPOLO 3i CBITIOM.
[OuHamiuHi 3’egHaHHA MOXKYTb NiABULNTU ePEKTUBHICTb COHAYHUX €/IEMEHTIB, NiABULLUTU YYTAMBICTb AaTYMKA CBiTAA Ta gono-
MOFTH B pO3p0o6Lii iHHOBALiMHMX Bi3yanbHUX aucnaeis.

34aTHICTb KOHTPO/IOBATU NPOBIAHICTb MaTepiany 3a AONOMOrOIO CBiT/1a He TiZIbKM NiABULLYE NPOAYKTUBHICTb iCHYIOUMNX NpU-
CTpOiB, ane i BiAKPUBAE ABepi ANA HOBUX €NEeKTPOHHUX KOHCTPYKLiN i onepauiii. Lie BK/iOYae NOBHICTIO peKOoH}iryposaHi
cxemm, AIKi aAanTyloTbCA B PeXUMi peasibHOro yacy, CaMooNTMMI3yodi mepeXKeBi KOMNOHEHTU Ta PO3yMHi AAaTYUKK, AKi peary-
10Tb Ha 3MiHU HAaBKOZIMLLHbBOTO CepeAoBULLA.

TakMM YUMHOM, Lie JOCNIAXKEHHSA He Ti/IbKK NiATBEPAXKYE NPAKTUUYHICTb BUKOPUCTAaHHA GOTONPOBIAHUX KaHaNiB gna nepe-
padi iHpopmauii, ane TakoX NiAKPECNIOE 3HAYHMIA BN/AMB Ha NPOrpec eNIeKTPOHHOI Ta KOMYHiKaLiiHoi cuctem. OCKinbKu
LA TEXHONOriA PO3BUBAETbCA, BOHA 06iLAE CYTTEBO BMN/IMHYTU HA AM3aliH i PYHKLIOHANbHICTD MalibyTHIX €NeKTPOHHUX npu-
CTpOIiB, BigKpuBaouu wWnax gna 6inbl aganTUBHUX | NOTYXKHUX CUCTEM.

Knrouvosi cnosa — gpomonpogidHicms; pyxausicme Hociie 3apAdy; Komymauis; cynbghio Kadmito; apceHio 2anito
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