UDK 621.315

Sh. D. KURMASHEV', I. M. VIKULIN ?, S. N. NIKIFOROV ?

! Odessa I. I. Mechnikov National University, Dvoryanska str., 2, Odessa, 65026, Ukraine
2 Odessa A. S. Popov National Academy of communication

INFLUENCE OF ELECTRON IRRADIATION ON CHARACTERISTICS
OF p-InSb INJECTION PHOTODIODES

The characteristics of infrared photosensitivity for injection photodiodes on p-InSb base
were investigated. It is shown that as a result of electron irradiation at electron energy
E =225 MeV and integral dose ® = 10" sm~2 the carrier lifetime practically does not
change. The change of diodes parameters corresponds to the scheme for the formation of
Frenkel defects in p-InSb: shallow donors — interstitial site In and Sb, shallow acceptor —
Sb-vacancy, deep donor — In-vacancy. The threshold beam of light-irradiation for the dio-

des practically does not change.

The injection photodiodes (IPhD) on the base
of p-InSb, doped by germanium, with heavy
holes concentration p,=10'2...10' sm— were
studied. The technology of the samples produc-
tion was described in [1]. The length of the dio-
des base was d=0.5...5 mm. The properties of
the similar photo resistors (PhR) were studied
simultaneously. The measurements of the volt-
current characteristics (VCC) and photosensiti-
vity were executed at the temperature T=77 K
and below. The Hall constant and electrical con-
ductivity were measured within the temperature
range T=155...300 K to determine the material
parameters. The lifetimes of charge carriers were
determined by measurements in photoconductiv-
ity and photo magnetic effects.

The samples were irradiated by the electrons
with energy E=2. 5 MeV. The integral doses of
the irradiation were ® = 10'* cm=—2. The p-n-con-
version of InSb-conductivity, as in the case un-
der the greater doses [2], at such doses did not
yet occur. The temperature of the samples in
process of irradiation was T2>300 K.

The VCC for one in the IPhD with d =0.5
mm and the equivalent PhR are presented in
Fig. 1. They are linear in wide range of voltages.
The direct branch of the VCC of IPhD has sev-
eral sections of current dependence on voltage:
the ohmic in the area of low currents, practically
coincided with VCC for photo resistor; the super
linear section (/ ~ V*, where n=2...3). The su-
per exponential section, the area of negative dif-
ferential resistance and the section of the strong
current increase after switching follow herein.
Only two first sections ([=qp0MpV/d) and
(I =(9/8)gu,n,pyt,V?/d% are shown in Fig. I,
since namely they in this case present the most
interest with standpoint of injection amplifica-
tion. In the main ways, VCC of the diodes cor-
responds to the work data [3], in which the pres-
ence of S-characteristics is explained on the base
of the injection breakdown theory for high-resist-
ance compensated semiconductors in suggestion
that recombination occurs through two inde-
pendent levels with energy E,=E,+ 0.071 eV
and E,=E,+ 0.11 eV.
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Fig. 1. The dark /-V-characteristics of the diode (7, 7") and

resistor (2, 2'), the dependence /,,(V) for IPhD (3, 3’) and

PhR (4, 4’) before and after (the figures with touch) the
irradiation. T=60 K, A =10.6 mm

Practically repeating the variation of dark
VCC belore irradiation, the graphs /(V) for IPhD
and PhR as the result of irradiation were shifted
differently. After irradiation the value of holes
concentration p for the given IPhD and PhR
decreased from 5-10"2 up to 3-10'2 cm~3, i.e.
velocity of holes removal was Ap/® =2-10—2
cm~!'. The electron mobility w, changed from
2-105 up to 105 cm2/V-s, the mobility of the
holes u, changed from 5-10° up to 2.8-10°
cm?/V-s. The decrease of the difference con-
centrations of shallow acceptors and donors
(N, — N,) with velocity W:l.&lof?
cm~! as the result of irradiation took place. Si-
multaneously the concentration of deep acceptor
levels with activation energy E, — 0.05 eV is ob-
served to increase with approximately the same
velocity. This corresponds to data for p-InSb-re-
sistors [4]. In this work it was shown that con-
centration of recombination levels does not
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change as the irradiation result for the case of
one-level model of the recombination.

In accordance with equations for VCC, the
dark current of resistor changed accordingly to
decrease in the values p, and p, but the diode
current on the square section — according to
decrease in the values w,, w, p, This means
that the electron lifetimes as the result of irradi-
ation remained practically invariable, that was
shown by the direct t, measurements. Such con-
clusion is confirmed that transition voltage from
ohmic section of VCC to the square region sec-
tion V,,=d?/u,t, changed accordingly with w,
decrease. The invariability in T, means that for
the model of carriers recombination in InSb
through two independent levels, the concentra-
tion of these levels and their charge condition
under irradiation practically does not change.

The described in [5] scheme of formation and
localization of Frenkel radiation defects on the
grounds of the given experimental data gets the
confirmation: shallow donors — interstitial site
In and Sb, shallow acceptor — Sb-vacancy, deep
donor — In-vacancy (E.— 0.05 eV). As the re-
sult of the irradiation, the additional concentra-
tion of shallow donors is appeared. It leads to
decrease in the difference (N, — N,) when the
concentration N, (germanium dopant) is inva-

(N, —N,)

riable. In this case the velocity A must

approximately comply with the velocity for intro-
duction of deep acceptors and the value Ap/®,
that was observed by us.

The decrease in the values w,and w, as irra-
diation result is connected, probably, with ap-
pearance of mutually compensating, unlikely-
charged radiation defects, similarly the case of
carriers scattering in strongly doped crystals. As
the result of irradiation for IPhD, the increase in
transition voltage to the section of the negative
differential resistance took place. This is possible
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to explain namely by decrease in charge carriers
mobility, i. e. by decrease in their drawing depth.

The dependencies of photo-response for IPhD
and PhR on voltage (Fig. 1) repeat the variation
of dark VCC. The values of voltage V|, before
and after of irradiation approximately coincide.
The diode photocurrent for the certain voltage
changed in accordance with decrease in the
product w,u, the resistor photocurrent — in
accordance with change in the p, value. The
concentration of photo carriers p , under one and
the same power of illumination was alike before
and after of the irradiation. The threshold beam
of light-irradiation for IPhD after electron irradi-
ation does not change practically.

It is shown, that injection photodiodes on
InSb-base after electron irradiation keep rather
high photosensitivity and show photoelectric in-
jection amplification under action of light with
A =10.6 um. There is the possibility to increase
voltage failure by electron irradiation. The irradi-
ation does not change the concentration of the
deep levels.
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INFLUENCE OF THE ELECTRON IRRADIATION ON THE CHARACTERISTICS OF p-InSb INJECTION

PHOTODIODES

The characteristics of infrared photosensitivity for injection photodiodes on p-InSb base were investigated. It is shown

that as a result of electron irradiation at electron energy E =225 MeV and integral dose ® = 10'* sm~? the carrier
lifetime practically does not change. The change of diodes parameters corresponds to the scheme for the formation of
Frenkel defects in p-InSb: shallow donors — interstitial site In and Sb, shallow acceptor — Sb-vacancy, deep donor —
In-vacancy. The threshold beam of light-irradiation for the diodes practically does not change.
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BMNJIUB EJIEKTPOHHOIO ONMPOMIHEHHSI HA XAPAKTEPUCTUKHU TH)XEKLLIMHUX ®OTOAIOAIB 3 p-InSb

JlociiyKeHo XapaKTepUCTHKH iH(ppauepBOHOI (OTOUYTIHBOCTI iHxKeKUiiiHUX (hoTomioniB Ha ocHosi p-InSb. ITokasano, w10
B pe3yJbTaTi €JeKTPOHHOTrO ONpPOMiHEeHHs NpH eHeprii esekTpoHiB E =225 MeB i inrerpanbhiit nosi ® = 10" cm—? uac
JKUTTST €JIeKTPOHIB NPaKTHYHO He MiHsieTbest. 3MiHa napametpiB IDJ] Binmosinae cxemi yTBopeHHst aedektiB PpeHkess B
p-InSb: npi6éni noHopm — mixkBysesbHi In i Sb, npi6uu#i akuentop — Bakancis Sb, rauboku# noHop — Bakancis In. ITopo-
rosu#l notik ans IGJ[ y pesynbrari onpoMiHeHHS NPaKTHYHO He 3MiHIOETBCH.
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BJIUAHUE 3SJEKTPOHHOI'O OBJYYEHHUSA HA XAPAKTEPUCTUKH UH)XKEKLHOHHbLIX ®O0TOIJHOIJOB H3
p-InSb

HccnenoBaHbl XapaKTepPUCTHKH MH(pPaKpacHOH (OTOUYBCTBUTENIBHOCTH MHXKEKLHOHHBIX (POTOAMONOB Ha ocHoBe p-InSb.
[TokazaHo, uTo B pe3ysabTaTe 3JEKTPOHHOTO OOJyUeHHS TIPH SHEPTUH 3JMeKTPoHOB E = 225 MsB u uHTerpanpHOil nose
@ = 10" cM~2 BpeMsi KU3HH 3JIEKTPOHOB NpaKTHUECKH He MeHsieTcsi. V3meHenne mapamerpoB M®J] cooTBeTcTByeT cxeme
obpasoBanus nedekros Ppenkens B p-InSb: meskne moHopsl — MexysesbHble In n Sb, menkuil akuentop — BakaHcus Sb,
ray6okuil noHop — BakaHcusi In. Iloporosslft motok mias M®J B pesyibraTe 00/1yueHHs NMPaKTHYECKH HE HU3MEHSETCH.
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