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HgCdTe PHOTODIODES FOR INFRARED MID-WAVELENGTH REGION

F. Sizov, Z. Tsybrii, M. Vuichyk, K. Andreyeva, M. Apatska, S. Bunchuk,
N. Dmytruk, M. Smolii

Abstract. HgCdTe photodiodes of relatively large area (@ = 0.5 mm) for mid-wave infrared
region (MWIR) were fabricated on the base of liquid phase epitaxial layers. Characteristics
of these photodiodes were estimated to be applicable as those working in background limited
performance (BLIP) mode. It was shown that in spectral range of atmospheric transparency A = 3
to 5 um obtained dynamical resistance of HgCdTe photodiodes allow to realize their detectivity
D* that are restricted by fluctuations of background radiation with specific power of photon fluxes
w,=3.310"-4.410° W/em?.
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Amnoranisa. Buroroeneno ¢oromiomn HgCdTe cepennpoxBuiboBoro indpauepBonoro (I4) miama-
30HY CIIEKTpA 3 BEJIUKOIO IUIOLICI0 YyTIUBOro enemeHnta (@ = 0.5 MM) 3 JOBrOXBUJILOBOIO MEXKEIO
doroBiaryky A = 5 MKM Ta JOCJIiKEHO iXHi XapaKTEPUCTUKU Ha CTPYKTYpax, BAPOLMIEHHX METOIOM
pinkodasnoi enitakcii. OiHEHO XapaKTEPUCTUKU TaKuX (HOTOMIOIIB, sIKI HEOOX1MHI IJIs iX QyHKITIO-
HYBaHHS B peXXHMaX, 0OMEXEHUX (IIyKTyamisiMu MOTOKy GoToHiB (hoHOBOTO BUIpoMiHtoBaHHS (BLIP
pexxum, BLIP - background limited performance).

Kuarwuosi cioBa: ¢poromion, HgCdTe, indpauepBonuii, BLIP pexxum

OOTOANOAbI HgCdTe CPEAJHEBOJIHOBOI'O UK IMAIIA3OHA CIIEKTPA

@D. @. Cuzos, 3. ©. quopuu, H. B. Bytiuuk, E. B. Anopeesa, M. B. Anamcxkas, C. I Bynuyx,
H. B. Imumpyx, M. U. Cmonuii

Annorauus. Uzrotosnensr dorommonasr HgCdTe cpenneBonmnoBoro mudppakpacuoro (UK) mm-
ama3oHa criekTpa Oonbimoi miomaan (@ = 0.5 MM) ¢ JIIMHHOBOJIHOBOW TpaHUIEH (OTOOTBETA
A, = 5 MKM U UCCJIEIOBAaHbl HX XapaKTEPUCTUKU HAa CTPYKTYPaX, BBIPAILCHHBIX METOMOM KHIKO(as-
HOM snuTakcuu. OLIEHEHbl XapaKTePUCTUKU TaKUX (POTOAUOAO0B, HEOOXOIUMBIE ISl UX (DYHKIIMOHHU-
POBaHUS B PEXKHMAaX, OTPAaHUYCHHBIX (DIyKTyallusiMUA MOTOKa (poToHOB (oHOBOTO M3myueHus (BLIP
pexxum, BLIP - background limited performance).

Kuarwuessble caoBa: poromnon, HgCdTe, nndpakpacusiii, BLIP pexum

1. Introduction

MWIR HgCdTe photodiodes (A = 3-5 um,
T = 80 K) together with InSb photodiodes (cut-
off wavelength & = 5.6 um, T = 80 K) are find-
ing broad applications in systems of environ-
ment monitoring, fire safety, communication,
space monitoring of the Earth surface, medical
diagnostics, security and military applications
(e.g. tracking and capture of targets) etc. (see
e.g. [1-3]). IR MWIR photodiodes (on the base
of HgCdTe and InSb) are basically used at ma-
trix arrays formation with pixel dimensions up to
15%15 um and photodiodes number in the array
up to 2048x2048 (for Refs. see e.g. [3]). Along
with small area detectors in a lot of applications
are used large area photodiodes with dimensions
0 =1.25,3.2x3.2 mm [4, 5].
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Larger band gap in Hg, Cd Te
(x=0.3,r, =5 umat 80 K) compared with the
band gap of InSb (A, = 5.6 um) allows realize
much lower dark currents in HgCdTe photodiodes.
But technologies of getting high quality large
area homogeneous layers give the opportunity to
get InSb photodiodes that are restricted only by
fundamental mechanisms of current transport. In
HgCdTe large area photodiodes there exist some
additional mechanisms of “fault” currents con-
nected with structural and metallurgical defects in
layers and depletion regions (e.g heterogeneities,
Te inclusions and dislocation clusters) which limit
obtaining small dark currents in them that in turn
restrict the ultimate parameters of photodiodes
on the base of this semiconductor. It concerns
mainly long wavelength Hg  Cd Te photodiodes
(A, = 12 pm) with chemical composition x = 0.2.
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The purpose of investigations of current-
voltage characteristics, dynamical resistance and
spectral dependencies of MWIR HgCdTe pho-
todiodes performed was determination of the
minimum values of parameter R A that basically
defines the detectivity values of photodiodes op-
erating in BLIP mode. Here R is the dynamical
resistance of diodes without bias, A is the photo-
diode sensitive area.

2. Experiment and estimations

Planar n-on -p HgCdTe photodiodes were fab-
ricated by B* ion doping into epitaxial layers with
thickness d = 15 um grown by liquid-phase epi-
taxy method on Cdl_yZnyTe (y=0.03 - 0.05) sub-
strates. In this case, the lattice parameters are close
to each other that allows obtaining structures with
relatively low dislocation densities (< 10° cm?)
at the metallurgical boundary of HgCdTe and
CdZnTe. Those values of dislocation densities
weakly influence on R A parameters and excess
noises at typical photodiodes operation tempera-
tures T = 80 K [6].

With the assumption of photo-response spec-
tral characteristics of ideal photodiode for current
responsivity S, it follows an expression [7, 8]

Sp. = nq-Ah-c=nq/hv=0.806-n-1, A/W, (1)
where q is the electron charge, h is the Planck
constant, v and A are the radiation frequency and
wavelength, respectively.

For MWIR ideal photodiode  with
A=A, =5 um the maximum value of current
responsivity with typical for HgCdTe photodi-
odes quantum efficiency 7= 0.5 is S;™ =2 A/W.
For ideal photodiode the spectral responsivity

5,00 =80

max

2

Spectral responsivities of real photodiodes dif-
fer from those for ideal ones, due to dependence
on the surface quality, the depth of depletion
layer, the thickness of diode structures, etc. How-
ever, those differences are not very substantial
and for estimations of upper limit performance of
photodiodes detectivity one can use expressions
that are valid for ideal photodiodes.

For single MWIR and LWIR (long wavelength
IR) photodiodes the ultimate detectivity values

D* = (Ag-AN"2NEP = S1-(Ag-AD) M1y, )
are limited by background fluctuation noise [7,9].
Here Af is the electronic bandwidth and noise
equivalent power NEP = I_/S , the current value
defined by the background fluctuation noise.

Other one of the important noise in IR
photodiodes current 1is the thermal noise
(Johnson-Nyquist noise) I, that is defined
by dynamical photodiode dark resistance
R, = -[dl/dUD)]" _, = Pk,T/ql,, where U is the
bias voltage,  is the non-ideality factor.

For these two noises the current noise is de-

fined by
<y >=U, A =2-q-(I,+1;)-Af =

noise

=(2-q° N, A;+4k,T/R))-Af . @

Here kj, is the Boltzmann constant, noise cur-
rent connected with the background fluctuations
of the number photon fluxes
<I(p>2 =2-q>-n- 4, N, ;-Af and thermal noise

L. = (4k,T/R,)-Af , and the background number

of photon fluxes (see e.g. [7,8])

lL‘O
N, =2 2TC o, (5)
T X /14 _
“[exp( KT /1) 1]
where ¢ is the light speed, A, = 5 pum and

A, = 3 um define the spectral range of photo-
diode sensitivity, the Q. = mxsin*(0/2) is the
(field of view (FOV) that is defined by cold
diaphragm and 6, is the plane angle of view.
For Qi = 1.57 (6i = 900) the background flux
N, = 6.5:10" cm?s™ at background tempera-
ture (of the black body) T = 300 K, and for
Q. =0.21 sr (0, =30 N, =88 10" cm?s.

For these two type of noises for ideal photodi-
ode it follows

-1/2

* nqﬂ’co [ k T

D +2¢°
Ao he

R NI O

For the angles of view pointed out the detectiv-
ity at A =5 pm is D; ~ 1.5-10" cmHz">/W
D; ~4.2:10" e Hz”z/W respectively, and spe-
cific detectivity for spectral region 4 = 3-5 um
D* = 2:10" cm'Hz"/W and D* = 5.5:10"

cm Hz"*/W, respectively.
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Fig. 1. Current-voltage characteristics of typical
Hg, Cd Te (x~0.3,1 =S5 um) photodiodes at
T =80 K. (9 =0.5 mm).

4k, T

At << 2¢°nN,, (the values of R 4 are

0“7d

large) D:@ is defined by the second term in brack-

ets of Exp. (6) and detector is operating in BLIP
mode, that is conditioned by fluctuations in back-
ground photon fluxes.

At 4k, >> 24°nN,, (low values of R A or

0“7d
at conditions of low background photon fluxes,

e.g. in astronomical applications) the photodiode
operation is conditioned by its dynamic resistance
and diode operation is defined by thermal noise
(Johnson noise limited operation - JOLI). Also at
low R A, values, due to it poor quality, through
the photodiode will flow large currents.

With estimations of photon fluxes made above
N, ~ 6.6:10" cm™s™ (Q, = 1.57 sr (0, = 90°) and
N, = 8.8:10" ecm™s”, (€, = 0.21 sr (0, = 30,
T =300 K) the effective background load is W .=
3.3:10* W/cm? and 4.4-10° W/cm?, respectively.
For assurance MWIR photodiodes operation in
BLIP mode for given FOVs from (6) it follows
RA,>510° Q-cm?,

In Fig. 1 are shown dark current-voltage char-
acteristics for two investigated Hg, Cd Te (x =
0.3, 4, = 5 um) photodiodes of relatively large
area (0 = 0.5 mm) and in Fig. 2 their dynamical
resistance characteristics in dependence of bias.
It is seen that without bias in these photodiodes
R,A, = 3.5:10° Q-cm® and 2:10° Q-cm” and these
photodiodes can operate in BLIP mode.
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Fig. 2. Dynamical resistance of typical Hg,_Cd Te
(x~ 0.3,/ =5 pm) photodiodes, T = 80 K,
0 =0.5 mm.

In Fig. 3 are shown transmission spectra of
Hg, Cd Te epitaxial layers at T = 300 K at differ-
ent parts of the chip (middle and opposite corners
of epitaxial structure on CdZnTe substrate). Such
kind of spectra usually are used for determina-
tion of detector photo-response long-wavelength
boundary A  manufactured from these layers at
50 % of transparency T__ [10].

Taking widely used expression for defining
Hg, Cd Te band gap [11]

E,(x,T)=-0302+1.93x~0.81x* +0.832x* +

()

_ 3
£5.32:107 (1-2x).| o241 ]
255247

one can determine chemical compositions in dif-
ferent points of the chip investigated. From the
optical transmission data of the opposite curves it
follows A = 4.1 pm and A = 4.17 pm that cor-
responds to Hg, A Cd Te band gap E, =03025eV
(x =0.3090) and E, = 0.2973 eV (x = 0.3045),
respectively.

At T = 80 K for these chemical compositions
E =02571 eV (A, = 4.82 pm, x = 0.3090) and
E, = 02500 eV (A, =4.96 pm, x = 0.3045), re-
spectively. It means that the spectral region of
these epitaxial layers at T= 80 K corresponds to
the atmosphere transparency region A =3 - 5 pm.
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Fig. 3. Transmission spectra of one of the
Hg, Cd Te/Cd,_Zn Te epitaxial structures in-
vestigated, T = 300 K.

3. Conclusions

It is shown that Hg, _Cd Te (x=0.3,4 =35 um
at T = 80 K) photodiodes of relatively large area
(0@ = 0.5 mm) that were obtained by B* ion doping
into HgCdTe epitaxial layers on the Cdl_yZnyTe
(y = 0.03-0.05) substrates can have characteris-
tics that prove their operation in BLIP mode in
A = 3-5 um atmospheric transparency region. In
this spectral region obtained diode dynamical re-
sistances allow realize their specific detectivities
D* > 2x10'" cmxHz"*/W that are limited only by
fluctuations in background photon fluxes at back-
ground loading W_.= 3.3-10* - 4.4-10° W/cm”.

Authors are thankful to O. Golenkov for some
estimations of diodes characteristics and Yu.
Bessmolny for providing HgCdTe epitaxial lay-
ers.
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Summary

The aim of this work is to demonstrate the possibility of realization of the photodiodes with a big
area of a sensitive element based on HgCdTe epitaxial layers for middle infrared spectral region with
parameters better than minimum possible values of R A (R — zero biased dynamic resistance, A —
area of photosensitive part of the photodiode), that define value of photodiode specific detectivity D*.

In this article mid wave infrared HgCdTe photodiodes of the big area of a sensitive element
(@ = 0.5 mm) with long-wavelength cutoff 4 = 5 um were fabricated and their characteristics on
the structures grown by liquid phase epitaxy method on Cdl_yZnyTe (y = 0.03 - 0.05) substrates were
investigated. Analysis of dark current-voltage characteristics of HgCdTe photodiodes manufactured
by B*ion implantation method showed values of R A = 3.5:10° Ohm-cm* and 2-10° Ohm-cm” at zero
bias. Such photodiode parameters provide their operation in background limited performance mode.
From measured spectral dependencies of infrared transmission of Hg, Cd Te epitaxial layers it was
found that spectral area of photosensitivity of these epitaxial layers with x = 0.3 at T = 80 K was in
atmospheric spectral window A = 3-5 um.

Keywords: photodiode, HgCdTe, infrared, BLIP mode
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Pedepar

Merta nanoi po6OTH HOJISrae B TOMY, 1100 MOKA3aTH MOXKIIMBICTh peani3auii (PoTo10/1B 3 BEIUKOO
TUIOIIEI0 YyTIIMBOTO €JIeMEHTa Ha OCHOBI emitakciiiaux mapiB HgCdTe nns cepeqHbOXBUIHOBOTO
CIIEKTPAJILHOTO Jiana3soHy 3 MapaMeTpamu KPaIlluMH, HK MiHIMaIbHO HeoOXiaHi 3HaqeHHsa R A (R,
— IMHaMiYHUHA OIip MiOAIB NPH HYJIbOBOMY 3MILIEHHI, A, — muioma GoTouyIMBOI 4acTHHU (POTOI0-
J1a), iK1 BU3HAYAIOTh 3HAYCHHSI TUTOMOI BUSIBHOT 3/1aTHOCTI (hoTomiona D*.

B naniii po6oti BuroroieHo dotomionn HgCdTe 3 Benwkow MIomer0 4YyTIWBOTO €JIEMEHTa
(©= 0.5 MM) 3 JIOBrOXBHJILOBOIO MEKEK (DOTOBIATYKY A = 5 MKM Ta JIOCII/UKEHO iXHi Xapakre-
PUCTUKM Ha CTPYKTypax, BHPOIIEHHX METOAOM piako(dazHoi emiTakcii Ha IigKiIaaKkax Cdl_yZn Te
(y = 0.03 - 0.05). Anani3 TeMHOBUX BOJbT-aMIlepHUX xapaktepuctuk (oromioniB HgCdTe, cdop-
MOBaHUX METOJIOM 10HHOI IMIUIaHTalii B*, mokasas, 110 mpu BiJICYTHOCTI HAmpyru 3MIIIEHHS JUIs
Takux (oromionis 3HaueHHs R A =~ 3.5 -10® Om-cm? 1 2:10° Om-cm?. Taki mapameTpu HoTOIIOIB 3a-
0e31euyoTh X (YHKIIIOHYBaHHS B pEeKUMaX, OOMEXeHUX (QIIyKTyarisiMu MOToKy (oToHiB (poHOBOTO
BunpomintoBanHs (BLIP pexxum, BLIP - background limited performance). I3 BuMipsiHUX crieKTpaib-
HUX 3aJIC)KHOCTEH ONTHYHOTO MPOMYCKaHHS B iH(payepBOHii NIISHII CIIEKTpa eMmiTaKCIiHUX 1IapiB
Hg, Cd Te, Ha OCHOBI SKMX BUIOTOBJISIIUCH (HOTOMIOMM, BCTAHOBIIEHO, IO CHIEKTPaIbHa 001acTh (o-
TOYYTJIMBOCTI LUX emniTakciiiHux mapis ckiany x = 0.3 npu T = 80 K nepeOyBae y BikHI IPO30pOCTi
armocdepu A = 3-5 MKM.

Kurouosi cioBa: poromion, HgCdTe, indpauepBonuii, BLIP pexxum
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