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PaccmoTpeHa BO3MOXHOCTb MCNOJIb30BaHUS
KPUCTaNNOoB rpynmbl CUJJ1I€HUTOB

(Bi;,Si0,,, Bi;,Ge0,,, Bi;,TiO,,) ANg
perucTpauum usyyeHus TeparepLeBoro
(6nmxHero HppakpacHoro) guanasoHa.
®OTOYYBCTBUTENILHOCTD /19 CNEeKTPaJ/IbHOr O
ananasoHa 3—-30 MKM obecneymBaeTcs 3a
cYeT UCNO0JIb30BaHUS MEeJIKUX JI0OBYLLEYHbIX
ypOBHeM, HaxoAaWwnxcsa B6/1M3n fHa 30HbI
npoBoaUMOCTU. OnpepeneHbl cpesbl KPUCTANNA,
npu KOTOPOM MOTYT 6bITb UCMOJIb3OBAHbI
3/1eKTPOONTUYECKUI U Nbe303/1eKTPUYeCcKui
3¢pPekTbl 49 CO3/aHUA HANPAXKEHUS Ha
NOBEpPXHOCTHbIX 3/1IeKTPoAaX. DNeKTpPoabl,
BbIMOJIHEHHbIE B BUJe BCTPEYHO-LITbIPpEBOro
npeo6pasoBaTens Unu cnupanu, fONOJHAIOT
YCTPOMCTBO HOBbIMU PYHKLMOHA/IbHbIMU
BO3MOXHOCTSMM.
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BBEAEHWE

OnHOM M3 3aJady IPH CO3TAHUHU 3OPEeKTHUBHBIX Tepa-
replLeBbIX HAHOAHTEHH SIBJISETCS BO3MOXKHOCTh TOY-
HOM HACTPOMKH HX OITHYECKOro OTKJIHKA C HCIIONIb-
30BaHHEM 3JeKTPUUYeCKUX IIoleH. [as 3Toro
HeoOX0AMMO BBIOpAaTh MaTepHas, KOTOPBIM obnazasn
6Bl KaK CBETOYYBCTBUTETbHOCTBIO, HaIpUMep - $poto-
IIPOBOAMMOCTBIO, TaK KU HaJIU4YHUeM OGH3UIECKOro
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The possible application of crystals from the
sillenite group (Bi,SiO,, Bi;,GeO,,, Bi;; TiO,4)
to detect radiation in the terahertz (near
infrared) range is considered. Photosensitivity
for the spectral range of 3-30 pm is provided by
application of the shallow traps located near
the bottom of the conduction band. The crystal
sections are determined, at which the electro-
optical and piezoelectric effects can be used

to develop a voltage on the surface electrodes.
The electrodes made in the form of an
interdigital transducer or a spiral complement
the device with new functional capabilities.
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INTRODUCTION

During the development of highly efficient terahertz
nanoantennas one of the objectives is the possible
fine tuning of their optical response using the elec-
tric fields. For this purpose, it is necessary to select
a material that would have both light sensitivity,
for example, photoconductivity, and availability of
a physical mechanism that can be used to control
the antenna response. The electrical tuning capa-
bilities of nanoantennas have been demonstrated
for the semiconductor structures due to the density
control of charge carriers [1-3], nanoantennas based
on a graphene sheet located on any substrate by
controlling the dipole moment [4-8], and also due
to the nano-mechanical deformations caused by the
forces of various nature [9, 10], including the Casimir
interaction [11].
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MeXaHH3Ma, IPH IIOMOIIM KOTOPOI'O MOXKHO YIIpaB-
JIATh OTKIMKOM aHTeHHBbI. BO3MOXKHOCTH 3/IeKTpUYe-
CKOM HaCTPOMKH HaHOAHTEHHBI ObIIH ITPOJIeMOHCTPH-
POBaHBI [JIs1 IIOJyIIPOBOAHUKOBBIX CTPYKTYp 3a CUeT
yIpaBaeHMsl IIOTHOCTBIO HOCHTeleHM 3apsaia [1-3],
HaHOAHTEeHH Ha OCHOBe JIKCTa I'padeHa, PacIoloskKeH-
HOTI'0 Ha KaKOH-7TH60 IOJJIOKKE 3a CUeT yIpaBlIeHUs
OUIIONBHBIM MOMEHTOM [4-8], a TakKe 3a CcUeT HaHO-
MeXaHH4YeCKHX AeQOopMalluM, BBI3BAaHHBIX CHJIAMH
pasnuuHOX IpHpozsl [9, 10], B ToM uHcIe, B3aHUMO-
nerictBreM Kasumupa [11].

Br160p moAxoAsiIero MaTepraa ajis yIpaBiseMon
HaHOAHTEeHHBI He OTPaHHUYHNBAeTCS [IepeYrCIeHHBIMU
BpIIle MaTephHajaMu. Tak, emle B 1995 romy 6bl1a
[IPOJeMOHCTPHPOBaHA ONTHYeCKasl 3amuch HHOOP-
MallM{ B KPUCTAJUIaX CUIMKaTa BUCMYTa Bi},SiO,, Ha
T.H. MeJIKUX JIOBYIIEYHBIX ypOBHsX [12], pacmonara-
IOIIMXCS B JHAIla30He IIpaKkThu4yecku ot 0 1o 1,5-1,9 3B
OT AHA 30HBI IIPOBOOMMOCTH (CM. pHc. 1). KoHIleH-
Tpalldsl TaKHUX JIOBYIIEYHBIX YPOBHeL OLleHHBaeTCs
B 1014-10%> cm™! [13]. [To3gHee 6bLIa ITPOLEMOHCTPHUPO-
BaHa 3QPeKTUBHAS OINTHUYEeCKasl 3allKCh OUHaAMUYe-
CKHX TOJIOTPpaMM B KPHCTa/UlaX THTaHaTa BHUCMYTa
Bi;,TiO,, [14].

KpuCTa/abl CHU/UIEHUTOB IPHUHAJIEKAT K To4ded-
HOM IpyIiie 23, ¢ 06beMHOLIEHTPUPOBAHHOK STUeHKON
0e3 LleHTpa MUHBEPCHH, YTO [OIyCKaeT HaJlHu4He OITH-
YeCKOM aKTHUBHOCTH, 3JeKTPOOINTHYECKOro, IIbe30-
37IeKTPHUUYeCKOT0 ¥ 06PaTHOTO $JIeKCO-37IeKTPUUECKOro
s3ddexToB [15]. Ocobo cremyeT BBIIAENUTh HaIUYHe
y KPHUCTA/UIOB JAHHOM TIpyHIbl obpaTHOro ¢reKco-
3/IeKTPHUUYECKOT0 3PPeKTa, KOTOPBHIK IIPOSIBIISIETCS
B 3HA4YMTe/bHOU Mepe Ha PacCTOSHUAX MeXAy 3aps-
>KeHHBIMH 061acTIMuU mopsifika 100 Hm [16].

Hanuunre Me/NKHX JIOBYILIEYHBIX YPOBHEH C ITybu-
HOU 3aeraHusi AWy, obecrieqrBaeT pOTOUYBCTBUTED-
HOCTb KPHCTa/VIOB TPYIIIBl CHJIIEHUTOB B KPacHOM
1 UHOpPaKpacHOM 06/1acTH CIeKTpa, YTO I103BOJISIET
HCIIO/Ib30BaTh UX B KauecTBe QpOTOIPHEMHHUKOB JIHa-
asoHa oT eguHuI, TL'11 mo 100 TT1x (0,4 3B).

B HMCXOZHOM COCTOSIHHMM ONTHYeCKas MHAMKATpHCa
TaKHUX KPUCTAJJIOB IIpeACTaBiseT chepy. ITO 3Ha-
YUT, YTO BeJIMYMHA II0Ka3aTes IIPeJIoM/IEHUS N BO
BCeX HaIIpaB/IeHUAX OAMHaKoBa. OJHAKO IIPH IIPH-
TOKeHUH BHEIIHero 3JIeKTPUUYeCKOro II0JIsS IIPOHMC-
XOOoUT AepopManysa chepel. B 3aBHMCMMOCTH OT B3a-
MMHOM OPHEeHTAallMM KPHUCTa/IorpadUIecKUX OceH
U HallpaBJeHHs NpUKIaAbIBaeMoro mnous E,, Takue
JebopMallUM MOILYT HMeTb Pa3IU4YHYI0 QOpMY.
Llenblo HacTosimlel paboTel ObIIO OIpesieNleHHe Hau-
Oonee MOAXOASAIIMX CPe30B KPHUCTalla CHIMKATa
BUCMYyTa Bi,SiO,, u BBI6OP COOTBETCTBYIOLIEH TIeo-
METPHHU 3/1eKTPOAOB, MO3BOJSIOIINX PerHCTPHUPOBATh
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The selection of a suitable material for a controlled
nanoantenna is not limited to the materials listed
above. Thus, back in 1995, the optical data recording
in the bismuth silicate crystals Bi;,SiO,, was demon-
strated in the so-called shallow traps [12], located in
the range almost from 0 to 1.5-1.9 eV from the bottom
of the conduction band (see Fig. 1). The concentration
of such traps is estimated at the level of 101*-101> cm™!
(13]. Later, the efficient optical recording of dynamic
holograms in the bismuth titanate crystals Bi},TiO,,
was demonstrated [14].

The sillenite crystals belong to the point group 23,
with a body-centered cell without an inversion cen-
ter that allows for the availability of optical activity,
electro-optical, piezoelectric, and inverse flexoelectric
effects [15]. It is especially important to note the avail-
ability of an inverse flexoelectric effect in the crystals
of this group that is shown to a large extent at the
distances between the charged regions of the order of
100 nm [16].

The availability of shallow traps with a formation
depth AWy, ensures the photosensitivity of crystals of
the sillenite group in the red and infrared ranges that
allows them to be used as the photodetectors in the
range from a few THz to 100 THz (0.4 eV).

In the initial state, the optical indicatrix of such
crystals is a sphere. This means that the refractive
index n is the same in all directions. However, when
an external electric field is applied, the sphere is
deformed. Depending on the mutual orientation of
the crystallographic axes and direction of the applied

We

AW ~1,953B

AW, ~2,0-3,53B

Puc. 1. Cxema 3Hepzemu4ecKux 30H Kpucmanios 2pynnbl cuA-
AeHUmos (WV— saneHmHas 30Ha, W - 30Ha nposooumocmu,
WUpUHa 3anpeuseHHol 30Hbl DW»3,5 3B, DWqrg — 2ay6UHa
3anezaHusl MeAKuxX A08yLIe4HbIX yposHel (aHen.: shallow traps),
DW= 2/y6UHa 3ane2aHus 2nyY60KUX A08YLLIEYHbIX YPOBHeL)
Fig. 1. Circuit of energy bands for crystals of the sillenite group
(W, - valence band, W- - conduction band, forbidden band
width DW»3,5 eV, DWq, — depth of shallow traps, DWqp -
depth of deep traps)
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BHEKTPI/I‘-IECKI/II;I CHUTI'HaJI, BOSHI/IKaIOI_LII/II:I B pe3yib-
TaTe B3aI/IMO,ZLEI;ICTBI/IH TeparepueBoro H3JIy4YeHHs
U (bOTOILeTeKTOPa.

BbIBOP OPUEHTALUU KPUCTAJINA
OCHOBHBI€ OIITHYECKHe CBOMCTBA KPHCTA/UIOB IPYIIIIBL
CU/UIEHHUTOB IIpUBefeHbl B Tabnuue. TeH30pH
37IeKTPOOIITUYECKUX KOIQOHULIMEHTOB ry U d, UMEIOT
OIMHAKOBBIM BUJ!
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Hamu 6bUIH BBISB/IEHBl [IBe OPHEHTAIIUH Cpe3a
KpUCTa/UIa, MOAXOASIIMe IS 3afaUy JeTeKTHpPOBa-
HUSI TeparepleBoro usnydeHus (puc. 2a, b).

Kak BUIHO K3 INpHUBeJEeHHbIX PHUCYHKOB, B Iep-
BOM C/lydyae CeyeHHe ONTHYeCKOM HHIHKATPHUCHI
IIJIOCKOCTBIO 0Opasma, HMewoomee GopMy Kpyra,
nprobperaeT GopMy IIUIICA, OCH X' U y' KOTOPOTO
IIOBEPHYTHl Ha Yroj 45° OTHOCHUTENbHO HCXOAHOTO
moyiokeHUst (puc. 2a). B pesynbTaTe BO3HUKAIOT
M3MeHeHHUs IIoKas3aTeslsl NpeloM/eHHUs. B ogHOM
ciydae 3to 6ymeT BenmumHa -An (BOOAb OCH X'),
B IPyroM ciay4dae - BeTH4YMHa +An (BIOIb OCH V).
JIJIsT MCIIONB30BAHUSI M3IyUYeHHUS C OOBIKHOBEHHOMU
MIOJISIPU3aL ek :

3
r41“0

2

3
r41n0

2

An, =n,— E. )

X

E, An, =ngy+

s cpe3a, MoOKa3aHHOro Ha puc. 2b, u3Havadp
HOe CeuyeHHe OINTHYEeCKOM UHAUKATPHUCHI IIPpU IIPUJIO-
JKEHUH IIPOAOJIPHOTO 3JIEKTPHUYECKOI'o IIOJISL MEHseT
TOJIBKO CBOM paguyc. M3MeHeHHsS (GOPMBI OITHYe-
CKOM HMHIUKATPHUCHl He MPOUCXOOUT. B 3TOM ciaydae
HMeeM TOJIBKO OJHO H3MeHeHHe [10Ka3aTeIs IIPeIOM-
JIEHUS BOJIb PAJUAIBHO HAIIPABIEHHUS Al 4:

3
Anmd _ r41'10
23

DJIeKTPOOIITHYECKHE U I1be303/IeKTPHUYeCcKHe CBOM-
CTBA 3THUX KPHUCTAJIOB MMEIT OAMHAKOBYIO CHMMe-
TPHUIO U CBSI3aHBI MEXKAY CODOH.

OcBellleHHe [TOBEPXHOCTH KPUCTAIIA U3TyuyeHHEeM
IIPUBOSUT K GOTOreHepally 3JMeKTPOHOB C MeEJIKHX
JIOBYIIEUHBIX YPOBHEH B 30HY IIPOBOAMMOCTH, UTO
IIPUBOAMT K IlepepacipefeseHU0 06beMHOT0 3apsiaa
BHYTPH KPHCTa/Ula. BO3HUKHOBeHHe O06BEMHOIr0
3apsifia BHYTPH KPHUCTA/UIA IIPUBOAUT K €ro JIOKaJb-
HBIM MeXaHHYeCKHM AedopMallUsM, UYTO CO3[AeT

E. 3)
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field E,, such deformations can have various shapes.
The purpose of this work is to determine the most
suitable sections of a Bi,SiO,, bismuth silicate crystal
and to select the appropriate electrode geometry that
makes it possible to record an electric signal result-
ing from the interaction of terahertz radiation and
a photodetector.

SELECTION OF CRYSTAL ORIENTATION
The main optical properties of crystals of the sillenite
group are given in Table 1.

The tensors of the electrooptical coefficients r, and
dy; have the same form:

E, || [100] E, || [111]
[010] [o11]
-An 14
I\ )
*‘
-An +An +An
[001] [100] (111] [211]
a) b)
y UBbIX
C) Unmx d)

Puc. 2. Bo3mMo>KHble cpe3bl KpuCmaAano8, Npu KOmopbix 803-
HUKAKM MaxcumanbHble U3MeHeHUs NoKa3ameAsl npeaomae-
HUS DN U UHOYLUPOBAHHbIX 3AeKmpuyecKux noaell, 8bi38aH-
HbIX Nbe303pdekmon (CUHUM Li8emom NoKa3aHo LUCX0dHoe
cocmosiHue onmuyeckol UHOUKAMPUCHI, KpACHbIM — U3me-
HeHHoe): d — U3Ay4eHuUe Naddem Ha Kpucmani 890Ab NAOCKO-
cmu [001], 8HewwHee ynpasasiouiee noae E, npunoxeHo 800b
naockocmu [100]; b — usayueHue nadaem Ha Kpucmani 800Ab
naockocmu [111], 8HelwHee ynpasasitoLiee noae E, npunoxxkeHo
800nb nnockocmu [111]; ¢ u d - cnupanbHble Gopmbl LCnoAHe-
HUS 3/ekmpodos

Fig. 2. Possible crystal sections, at which the maximum
changes in the refractive index Dn and induced electric fields
occur due to the piezoelectric effect (the initial state of opti-
cal indicatrix is shown in blue, the amended state is shown

in red): a - radiation is incident on the crystal along the [00]]
plane, the external control field E, is applied along the [100]
plane; b - radiation is incident on the crystal along the [117]
plane, the external control field E,, is applied along the [111]
plane; c and d - spiral forms of electrodes
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3/IeKTpHUecKoe HaIIPSDKeHHe Ha 3/1eKTpojax, HaHe-
CeHHBIX Ha IOBepxXHOCTh (puc. 2 c, d). Hamu mpen-
JaraeTcsl MCIONb30BaTh ABa THUIIA 3eKTPoIoB. [s
Cpe3a KpHCTa/UIa “a» MBI IIpe/ijlaraeM HCII0/Ib30BaTh
37IeKTPOABI B BHe BCTPEUHO IITHIPEBBIX ITpeobpa3oBa-
Teseri. CUCTeMa TaKUX 3JIeKTPOJIOB TO/IKHA OBITh OPH-
eHTHPOBaHA HUJIH BIOJIb OCH X', HJIK BJIOIb OCH V. [Iis
cpe3a KpucTamaa «b» cucreMa 3/1eKTPOZOB AO/DKHA
OBITh BBITIOJIHEHA B BU/IE CIIUPAIH.

AbconIOTHOe 3HAaYeHHe HaIPSKeHHUs, KOTOpoe
MOXKHO CHSTb C 3JIeKTPOAOB B 3HAUHUTeJIbHON Mepe
3aBHCUT OT KOHCTPYKLHH 3JeKTPOLOB K IUIOMIAIU
KpUCTa//Ia, Ha KOTOPyI0 OHH HaHeceHBl. Hamwu
OLIeHKH I10Ka3bIBAIOT, YTO [l ILIOIIAZM IIOBEPXHO-
CTH KPHCTa/IIa, Ha KOTOPYIO HaHeCeHbI, HaIlpHUMep,
37IeKTPOABI B BHJE BCTPEUHO ILITHIPEBHIX IIpeobpaso-
BaTe/llel BeJIMUYKMHA HAIIPSDKEHUS MOXKET COCTaBIISTh
MHKPOBOJIBTBI, UTO JOCTAaTOYHO MAJIS Ja/JbHEMIIero
yCuIeHHs U 06paboTKU BBIXOJHOIO CUTHAJIA.

OBCYXAEHWE PE3YJ/IbTATOB

B HacTosimen paboTe HAMH ITpe[JIOSKEHO HCIIOIb30-
BaTb MeJIKHE JIOBYIIeYHble YPOBHH B 3aIlpellleHHOM
30He KPHCTaJjIOB TPYIIIbl CHUJUIEHUTOB [JI Peru-
CTpaLlMM TeparepleBoro H3jay4YeHHs, BIJIOTh [0
100 TT'11. BeIsiBII€HBI IBa Cpe3a KPHCTajia, B KOTOPHIX
MO>KHO KCIIO/Ib30BaTh LIeIIOYKY 3/1eKTPOOIITHYeCKHUH
3 eKxT - Ibe3031eKTPUYecKUi 3ddeKT st mpeobpa-
30BaHUS TeparepleBOro M3JIyYeHUs B HaIIPSDKeHHe,
CHHMaeMoe C 3JIeKTPOAOB. [l 3dPeKTUBHOI PabOThI
TaKoro GoTonpreMHHKA He0OX0AHMMO IIPUK/IABIBAT
JOIIONTHUTE/IBHON 371eKTpHuecKoe Iione. MHTepecHO
OTMETUTh, UYTO B 3aBUCUMOCTH OT ITOJIIPHOCTH IIPU-
K/IaJIbIBA€MOTO II0/I. MBI OyZmeM IOTydaTb PasHBIM
3HaK BBIXOZHOIO HAIIPSKEHUS IIPU OJHOM M TOM
Ke IajaoueM Ha GOTOIpUeMHHUK U3/Iy4YeHUH. T1pu
CMeHe IIOJIPHOCTU HAIPSKeHHS 3JUIMIIC ONTHYe-
CKOM MHIMKATPUCHI, 0603HAUeHHBIHM KPAaCHBIM IiBe-
TOM Ha PHC. 2a, IOBepHETCA Ha 90° B HallpaBleHUH
10 YaCOBOM CTPeJIKH M OKa’kKeTCSl BBITSHYTBIM BIOJIb
ocu x'. Takast 0coBeHHOCTb I103BOJISIET HCIIONB30-
BaThb He IIPOCTO IIOCTOSHHO IIPHUJIOKEHHOEe 3JIeKTPH-
yeckoe II0jie, a IlepUOAMYECKOe 3HaKoIlepeMeHHOoe
rnojge. B 3TOM ciy4ae 4YyBCTBUTEIBHOCTbH GOTOLIPHU-
eMHHKa MOKeT OBbITb 3HAUMUTe/IbHO YIydlleHa 3a
CYeT Y3KOIIOJOCHOM QHIbTPALIMH PEerHCTPHPYEMOIo
HaIIpsPKeHUs HJIM HCIIO/NIb30BaHMS TEeXHUKU CHH-
XPOHHOro $a30BOro JeTeKTUPOBAHUS (aHIJ.: Lock-in
Amplifier).

Ilpyroii HMHTepecHOM 0COOeHHOCThIO 0651afaioT
3JIEKTPOJBL, BBIIIOJIHEHHEIE B pOpMe Criupaiu. Takue
371eKTPOJIbl MOTYT OBITh YCIIEIIHO IpHMeHeHbI /s
perucTpauyy H3jydeHHs B BUJE ONTHYECKUX BHX-

Syl 4

Ta6auua 1. OnTnyeckme CBOMCTBA KPUCTaNI0B Ipynmbi
CUNIEHNTOB
Table1.

[MapameTpbl
Parameters

Bi},SiO,,

Bi,TiO,, Bi,GeOy

[MokasaTtenb
npesioMieHns, n
Refractive index, n

2,54 2,25 2,54

MornolieHune, a, cmt 2.3 3,0 21
Absorption, a, cmt

OonTtuyeckas 31 8 30
AKTUBHOCTb,

r, rpaa/Mm
Optical activity,
r,deg/mm

DNeKTPO-ONTNYEeCKNN 5.0 517 3,2
KO3 buuneHT

Iy, MM/B
Electrooptical
coefficient r,y, pm/V

Mbe30-31eKTpUYecknin 37,8 +2,0-10712 = =
KO3pOULMEHT
dyy, Kn/H
Piezoelectric

coefficientd,;, C/N

=

We have identified two crystal section orientations
suitable for detection of the terahertz radiation (Fig. 2a, b).

As can be seen from the figures, in the first case, the
cross section of the optical indicatrix by the sample
plane with the circle shape, takes the shape of an
ellipse, the x' and y' axes of which are rotated by an
angle of 45° relative to the initial position (Fig. 2a).
As a result, there are changes in the refractive index.
In one case, this will be the value -An (along the
x' axis); in the other case, it will be the value +An
(along the y' axis). To use radiation with the ordinary
polarization:

Fufl Fafly
5 E An,=ng+ =S2E, )

An,=n,—

For the section shown in Fig. 2b, the initial cross
section of the optical indicatrix changes only its radius
when a longitudinal electric field is applied. There is
no change in the optical indicatrix shape. In this case,
we have only one change in the refractive index along

the radial direction An,,4:
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peH, MMeIIIHMX OCeBYI0 CHMMMeTpHI0. B 3ToMm ciy-
Yyae TaKke, B 3aBUCHMMOCTH OT 3HaKa IPHUK/IAfbI-
Baemoro nosisi E, 6ymeT MeHATbCA paguycC CedeHHUS
ONTHYEeCKOM HHIMKATPUCH (Mubo +An, nubo -An
OTHOCHMTE/IBHO Ha4a/JIbHOIO 3Ha4deHHUs IIoKa3aTess
IIpe/loMJIeHHs), 4YTO Takke obecIeuUT reHepalHio
3HaKOIlepeMeHHOr0 CUTHaja.

Kpome Toro, Takue GOTOIPHEMHHKH 0671a7aroT
SPKO BBIPO)K@HHBIMU JHArpamMmo 06pasyrouiuMu
CBOMCTBAMH I10 OTHOIIEHHIO K YYBCTBUTEIbHO-
CTM K MNaJapoIleMy H3l1yd4eHHI0. OUYeBHAHO, YTO
TOJIBKO H3/IydeHHe, Mafalollee Ha IIJIAaCTHHY BJOJb
ocu [001] mnau [111], 6ymeT obecmeduBaTh HY>KHOE
B3aHMMOJIeMCTBHe C TeH30POM 3J1eKTPOONTHYeCKHX
U I1be303/IeKTPUUYeCKHX KO03QPuLHeHToB. H3myde-
HHe, HallpaBJeHHOe II0J YIJIOM K 3THM OCAM, He
OymeT maBaTh BKJIAJ, B PeTHCTPUPYEMBIN 3/1eKTpHUe-
CKMU CUTHAJI,
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The electrooptical and piezoelectric properties
of these crystals have the same symmetry and are
interconnected.

Ilumination of the crystal surface by radiation leads
to the photogeneration of electrons from the shallow
traps to the conduction band resulting into a redistribu-
tion of the space charge inside the crystal. The occur-
rence of a space charge inside the crystal leads to its local
mechanical deformations that develops an electrical
voltage on the electrodes deposited on the surface (Fig.
2 ¢, d). We propose to use two types of electrodes. For
the crystal section “a”, we propose to use electrodes in
the form of interdigital transducers. The system of such
electrodes must be oriented either along the x' axis or
along the y' axis. For the crystal section “b”, the system
of electrodes must be made in the form of a spiral.

The absolute voltage value that can be tapped off from
the electrodes largely depends on the electrode design
and the crystal area on which they are deposited. Our
estimates show that for the crystal surface area, on
which, for example, the electrodes in the form of inter-
digital converters are applied, the voltage value can be
represented in microvolts that is sufficient for further
output signal amplification and processing.

An E. (3)

DISCUSSION

In this work, we propose to use the shallow trap in the
forbidden band of crystals of the sillenite group to detect
the terahertz radiation up to 100 THz. Two crystal sections
were found, in which the electrooptical effect - piezoelec-
tric effect chain can be used to convert the terahertz radia-
tion into voltage tapped off from the electrodes. For the
efficient operation of such a photodetector, it is necessary
to apply an additional electric field. It is interesting to
note that, depending on the applied field polarity, we will
obtain a various sign of the output voltage for the same
radiation incident on the photodetector. When the volt-
age polarity is reversed, the ellipse of optical indicatrix,
marked in red in Fig. 2a rotates by 90° in a clockwise direc-
tion and becomes elongated along the x axis. This feature
makes it possible to use not just a constantly applied elec-
tric field, but a periodic alternating field. In this case, the
photodetector sensitivity can be significantly improved
due to the narrow-band filtering of the detected voltage,
or application of the lock-in amplifier method.

Another interesting feature is demonstrated by the
electrodes made in the form of a spiral. Such electrodes
can be successfully applied to detect radiation in the
form of optical vortices with axial symmetry. In this case,
depending on the sign of the applied field E,, the cross-
sectional radius of the optical indicatrix will be changed
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(either +An or —An relative to the initial refractive index
value) that will also ensure generation of an alternating
signal.

In addition, such photodetectors have the significant
beam-forming properties in relation to the sensitivity to
incident radiation. It is obvious that only the radiation
incident on the plate along the [001] or [111] axis will pro-
vide the desired interaction with the tensor of electroopti-
cal and piezoelectric coefficients. The radiation directed at
an angle to these axes will not contribute to the recorded
electrical signal.
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