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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 Ô = 1014 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.

Practically repeating the variation of dark
VCC before irradiation, the graphs I(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 5·1012 up to 3·1012 cm-3, i. e.
velocity of holes removal was Dp/Ô = 2·10�2

cm-1. The electron mobility mn changed from
2·105 up to 105 cm2/V·s, the mobility of the
holes mp changed from 5·103 up to 2.8·103

cm2/V·s. The decrease of the difference con-
centrations of shallow acceptors and donors

(Na - Nd) with velocity ( )

Ô
a dN ND -

= 1.8·10�2

cm-1 as the result of irradiation took place. Si-
multaneously the concentration of deep acceptor
levels with activation energy Ec � 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

The injection photodiodes (IPhD) on the base
of p-InSb, doped by germanium, with heavy
holes concentration p0 = 1012...1013 sm-3 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 = 55...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 Ô = 1014 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 T ≥ 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 (I ~ Vn, 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 (I = qp0mpV/d) and
(I = (9/8)qmnmpp0tnV2/d3) are shown in Fig. 1,
since namely they in this case present the most
interest with standpoint of injection amplifica-
tion. In the main ways, VÑC 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 E1 = Ev + 0.071 eV
and E2 = Ev + 0.11 eV.

Fig. 1. The dark I-V-characteristics of the diode (1, 1¢) and
resistor (2, 2¢), the dependence Iph(V) for IPhD (3, 3¢) and
PhR (4, 4¢) before and after (the figures with touch) the

irradiation. T = 60 K, l = 10.6 mm
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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 mp and p0 but the diode
current on the square section � according to
decrease in the values mn, mp, p0. This means
that the electron lifetimes as the result of irradi-
ation remained practically invariable, that was
shown by the direct tn measurements. Such con-
clusion is confirmed that transition voltage from
ohmic section of VCC to the square region sec-
tion V12 = d2/mntn changed accordingly with mn
decrease. The invariability in tn 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 (Ec � 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 (Na � Nd) when the
concentration Na (germanium dopant) is inva-

riable. In this case the velocity ( )

Ô
a dN ND -  must

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

The decrease in the values mn and mp 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

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 V12 before
and after of irradiation approximately coincide.
The diode photocurrent for the certain voltage
changed in accordance with decrease in the
product mnmp, the resistor photocurrent � in
accordance with change in the mp value. The
concentration of photo carriers pph 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
l = 10.6 mm. 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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ÂÏËÈÂ ÅËÅÊÒÐÎÍÍÎÃÎ ÎÏÐÎÌ²ÍÅÍÍß ÍÀ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ²ÍÆÅÊÖ²ÉÍÈÕ ÔÎÒÎÄ²ÎÄ²Â Ç p-InSb
Äîñë³äæåíî õàðàêòåðèñòèêè ³íôðà÷åðâîíî¿ ôîòî÷óòëèâîñò³ ³íæåêö³éíèõ ôîòîä³îä³â íà îñíîâ³ p-InSb. Ïîêàçàíî, ùî

â ðåçóëüòàò³ åëåêòðîííîãî îïðîì³íåííÿ ïðè åíåðã³¿ åëåêòðîí³â E = 225 ÌåÂ ³ ³íòåãðàëüí³é äîç³ Ô = 1014 ñì-2 ÷àñ
æèòòÿ åëåêòðîí³â ïðàêòè÷íî íå ì³íÿºòüñÿ. Çì³íà ïàðàìåòð³â ²ÔÄ â³äïîâ³äàº ñõåì³ óòâîðåííÿ äåôåêò³â Ôðåíêåëÿ â
p-InSb: äð³áí³ äîíîðè � ì³æâóçåëüí³ In ³ Sb, äð³áíèé àêöåïòîð � âàêàíñ³ÿ Sb, ãëèáîêèé äîíîð � âàêàíñ³ÿ In. Ïîðî-
ãîâèé ïîò³ê äëÿ ²ÔÄ ó ðåçóëüòàò³ îïðîì³íåííÿ ïðàêòè÷íî íå çì³íþºòüñÿ.
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p-InSb
Èññëåäîâàíû õàðàêòåðèñòèêè èíôðàêðàñíîé ôîòî÷óâñòâèòåëüíîñòè èíæåêöèîííûõ ôîòîäèîäîâ íà îñíîâå p-InSb.

Ïîêàçàíî, ÷òî â ðåçóëüòàòå ýëåêòðîííîãî îáëó÷åíèÿ ïðè ýíåðãèè ýëåêòðîíîâ E = 225 ÌýÂ è èíòåãðàëüíîé äîçå
Ô = 1014 ñì-2 âðåìÿ æèçíè ýëåêòðîíîâ ïðàêòè÷åñêè íå ìåíÿåòñÿ. Èçìåíåíèå ïàðàìåòðîâ ÈÔÄ ñîîòâåòñòâóåò ñõåìå
îáðàçîâàíèÿ äåôåêòîâ Ôðåíêåëÿ â p-InSb: ìåëêèå äîíîðû � ìåæóçåëüíûå In è Sb, ìåëêèé àêöåïòîð � âàêàíñèÿ Sb,
ãëóáîêèé äîíîð � âàêàíñèÿ In. Ïîðîãîâûé ïîòîê äëÿ ÈÔÄ â ðåçóëüòàòå îáëó÷åíèÿ ïðàêòè÷åñêè íå èçìåíÿåòñÿ.


