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ON THE POSSIBILITY OF THE QUANTUM YIELD INCREASING OF IR - RADIATION
DETECTORS

A.A. ALIEV, SHM. KULIEV, A.K. MAMEDOYV, R.I. MUKHTAROVA
Institute of Photoelectronics of Academy of Sciences of Azerbaijan
F. Agayev, str., 555 block, Baku 370141

The construction and technological plan of manufacture of IR- radiation detectors that increases the quantum yield is proposed. The
comparative analysis spectral and pulse characteristics of detectors manufactured on the basis Cdy HgosTe monocrystals by a traditional
diffused planar process and presented plan is given. The obtained data confirm advantages of the presented construction and technological

plan, that allow to increase a quantum yield up to 20 %.

At the present time the problem of increasing of IR-
radiation photodetector sensitivity on a spectral region > 10
microns is actual one and investigators try to find the addi-
tional resources of its increases. The sensitivity of photode-
tectors of IR-radiation is described by the formula [1}:

R = peutr/do M

where d - width of a sample, o - conduction, 7 - nonequilib-
rium carrier lifetime, z - mobility, 77 - quantum yield.

One of the method of the sensitivity increase is the use the
factor of its proportional dependence on 7, the value of that is
equal 1 for ideal photodetectors, and for modern hiper-
sensitivity photodetectors - 0,2-0,5 [2]. The semiconductor
materials used for the detector manufacture are relatively
transparent for wavelengths the fundamental absorption edge,
when the absorption coefficient begins to decrease and the
part of radiation transits through a material without any inter-
actions with the crystal. If this part of radiation will be re-
turned to a photodetector, then it will be possible noticeably
to increase its photoelectric parameters. This purpose was
realized in the article [1], by means of the mounting a mirror
behind the photodetector, or the use of integrant cavity pro-
viding the returning scattered photons to a photodetector. In
article [3], the prism form was given to germanium photo-
electric inverse side, so that for the radiation entering through
a leading face the process of total internal reflection took
place. Thus, it is possible to increase value 7 by the different
constructor methods.

Constructions and production process of photoresistors,
mentioned in [4], give us the possibility of applying both
above mentioned methods of increasing of a quantum yield at
of multiple photodetectors of IR-radiation manufacture.

The fact of carrying out the operations of a chemical etch-
ing of semiconductor crystal surfaces with the formed topol-
ogy of the photosensitivity elements is used in this case. It is
known, that in interelement backlashes of the order 0,1
mms the crystal etching velocity gradient that decreases in
the depth of this crystal. This process leads to that the photo-
sensitivity element has the prism form shape not of a paral-
lelepiped with trapezoid form section. As, this surface is in-
verse one, then by drawing on it a reflecting coating, it is
possible to achieve multiple internal reflection of radiation in
volume of a photosensitivity element, that will lead to the
increase of a quantum yield.

We manufactured two photoresistors with four elements
with sizes 0,1x0,1 MM’ and interelement backlashes 0,1 mms
from two half-samples of the same monocrystal
n-Cdy ,HgosTe. One - on a traditional planar process, second
— on the following technological plan:

* On one of plane surfaces of an initial semiconductor plate
by the photoengraving method the topology of photosen-
sitivity elements is constructed,;

¢ The chemical etching of the semiconductor plate on depth
~ 20 microns is carried out;

o The protective coating of the photoresist is brought on all
surface of crystal, except for fiducial points and the addi-
tional etching on the depths ~ 10 microns is carried out;

e The photoresistive layer is deleted and on all surface of a
crystal the anodi oxide layer is constructed, and then by
vacuum raising method the argentum layer with the
thickness ~ 0,3 microns, having reflection coefficient ~99
% is brought;

o The plate is pasted by the manufactured side on a germa-
nium substrate;

e After a desiccation of a glue the thickness of a semicon-
ductor plate is transformed up to the thickness ~ 40 mi-
crons by a method of a chemical-mechanical polishing;

e The chemical etching of a plate before exposure of fidu-
cial points created earlier on its inverse side is carried out;

e The topology of photosensitivity elements is formed by
the photoengraving and vacuum raising;

¢ The finish machining is carried out on the installation of
ion etching "Imsid", then, on installation of diamond kerf
partitioning off-the-shelf units of photosensitivity ele-
ments are carried out,that have the form given on figure 1.

Figure 1. General view of a photosensitivity element:
1 - germanium substrates; 2- glues; 3- layer of
argentum; 4 - anodi oxide layer; 5 - bonding contact
pads; 6 - photosensitivity site.
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Further on obtained samples the measurings spectral and
pulse characteristics of the photoconduction are made.

As it is known, linear photoconduction for thin samples is
described by the formula [2]:

Aope= enutlp[l-exp(-ad)Jh/1 , ()

where « - absorption coefficient, I,— incident radiant flux
on the photosensitivity site of the detector, h and 1 are width
and length of a photosensitivity site of the detector.

The obtained results for both photoresistors and spectral
characteristic of a photoconduction of an initial monocrystal
are given in a figure 2. Comparing the obtained results it is
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Figure 2. Relative spectra.
Series 1 — initial monocrystal;
Series 2 — traditional technology;
Series 3 — presented technology.

possible to note, that the maximum and long-wave boundary
of sensitivity are shifted in more short-wave region respect of
initial monocrystal ones. This fact is connected with absorp-
tion coefficient decrease and it gives to that the long-wave
radiation with absorption coefficient less than 10° eM” tran-
sits through the semiconductor not interaction with it. At the
same time for a device. manufactured on the presented
technological plan, the maximum of sensitivity is shifted
respect of one manufactured on traditional technology on 0,5
mkm, and long-wave decrease of a photoconduction has more
smooth form.

The pulse measurings are carried out on installation as-
sembled on the basis of the CO, laser with the electrooptical
modulator, permitting to gain pulses by duration ~10 - 107
seconds, with front of the increase and decrease no more than
10" seconds. The obtained results are given in a figure 3.
This curves are analyzed according to a procedure and for-
mula given in [2]:

n=2tge/eual 3)

where @ - is the angle of the slope of an initial region of a
pulse photoconduction.
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Figure 3. Pulse photoconduction.

For exact definition #, it is necessary also separately to
measure mobility, absorption coefficient and absorbed light
energy. But in our case for the proof that the delivered prob-
lem of the increasing of a quantum yield is reached, it is
enough to obtain the relation tgg;/tge, , where ¢; and @,
are angles of the slope initial sections of the pulse photocon-
duction of elements, manufactured by the presented technol-
ogy, which that is equal ~1.2 e.g. the quantum yield increases
up to ~20 %.

Thus the presented construction and technological plan of
manufacturing IR-radiation detector photosensitivity ele-
ments allows to increase their quantum yield up to 20 %.
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IQ-DETEKTORLARIN KVANT CIXISININ ARTIRMA IMKANI HAQQINDA

1Q-detektorlarin kvant ¢ixigmn artirilmasma ydnelon konstruksiya ve hazirlanma texnologiyas: tedqiq olunmugdur. ©n’enevi
planar texnologiyast ve teqdim edilen hazirlanma sxemi ilo istehsal olunmug Cdy,HgosTe esash detektorlarin spektral ve impuls
xarakteristikalarin miiqahiseli analizi kegirilmisdir. Alinan neticelor tegdim olunan texnoloci sxemin en’enavi planar texnologiyasm-
dan fistiinliiyiinii tesdigleyerak, kvant ¢ixisinin 20%-dek artirmaq imkanin: gosterir.
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A.A. Anues, IILM. Kynues, A.K. Mamenos, P.J1. MyxTaposa
O BO3MOKHOCTH YBEJIMYEHHS KBAHTOBOTI'O BBIXOJA AETEKTOPOB UK-U3JIYYEHHA

TIpennoxkeHa KOHCTPYKUHMS M TEXHONOFMYECKaA CXeMa HM3rOTOBACHMA nerekTopoB MK-m3mydenus, criocoGCTBYIOIIAs YBEMHICHMIO
KBaHTOBOTO BEIx0a. IIpoBeAeH CPaBHUTENBHBIH aHANM3 CNEKTPAILHBIX M HMITYJIBCHEIX XapaKTepUCTUK AETEKTOPOB M3rOTOBJICHHEIX Ha
ocHose Momokpuctaia Cdg,HgosTe 1m0 TpaguiHOHHONM NNaHapHOH TEXHONOTMH H MNPEMNOXEHHOA cxeme. IfomyueHHEIE NaHHEIS
NOATBEPKAAIOT MPEUMYILECTBA NPEIOKEHHON KOHCTPYKIMM M TEXHONIOTHYECKON CXEMEI, KOTOpas MO3BOJMIA yBETUYATH KBAHTOBBIN
BBIXOA 10 20%.
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