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Abstract

In thiswork, the activation energy obtained from the temperatur e dependent internal photoemission
spectroscopy (TDIPS) and thermionic dark currentsusing GaAs/AlGaAs photodetectors are compar ed.
Different barrier heightswithin the p-type GaAgAlGaAs heter ostructuresare studied. Thetemperature
dependent spectral response shows the red-shifting of the detector threshold wavelength for increasing
temperatur e due to the decreasing band-offset. The activation energy extracted from Arrhenius plot of
the dark current-voltage-temperature (I-V-T), and measured spectral response show the carrier
activation energy increases with increasing Al mole fraction and decreases with increasing doping
density. For Infrared detectors with < 6.5 pm, the Arrhenius analysis yields the values of activation
energy with lessthan 5 % deviation from theactual or TDIPSfitting values. However, for detectorswith
longer threshold wavelengths (>> 9.3 pm), activation energy extracted from the Arrhenius plot leads to
energy values which deviate more than ~ 10 % from the corresponding TDIPS values. The higher
percentage deviation (>> 10 %) of activation energy determined by Arrhenius plot from the
corresponding TDIPS values attribute to the temperature dependent Fermi distribution tailing effect
and Fowler—Nordheim tunneling current.

Keywords Activation energy, Arrhenius plot, Dark current, Internal photoemis3iemperature-dependent
internal photoemission spectroscopy

1. Introduction

The threshold wavelength, A of an infrared (IR) photodetector, is one of the most important gdeasrfrom a
detector operational point of view. This wavelength threshold of a géitctor is related to characteristic
energyA(eV) = 1.24/A.(um), which is the minimum energy for a photoexcited carrier to overcoeneatrier
and contribute to the photocurrent. The design of different threshold wgthedelR detector involves the
selection of an appropriate potential barﬁr [1] and adjusting the Fermblegblnging the carrier concentration
or doping. A high doping density not only decreases thivadion energy or increases the threshold
wavelength but also increases the impurity scattering for thglectrons. High barrier or activation energy
reduces the dark current and extends the dominant region of threathieremission current. This barrier height
can be obtained from current-voltage-temperature (I-V-T), capacitatizeie-temperature (C-V-T), and

temperature-dependent internal-photoemission spectroscopy (TER&)S[QJ on measured spectral responses.
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The comparison and difference between the apparent barrier heights obtamedCHv-T and I-V-T
measurements are discussed in Song, E' Bhd others.

In this article, we compare two methods of determining the threshold watkeler activation energy of p-
type GaAs/AlGa-xAs to underline their respective advantages and disadvantages. The first métheedion
the wellknown Arrhenius analysis (or Richardson’s plot) of the experimentally measured I-V-T characteristics
of detectors. The thermionic emission (TE) model (Richardson-Duskmaation) for dark current at different
temperature are used to investigate activation energy (threshold wavekgrigth)electric field while Fowler-
Nordheim (FN) or electric field emission (FE) models are briefly discusdadhatlectric fields. The activation
energy extracted from Arrhenius plot provides information to predictpbetml response of detectors without
carrying out spectral measurements. However, this standard thermioisgios theory predicts temperature
independence of the barrier hei [6] while this is not always the gpseiraentally. Hence, it is not always
possible to determine the activation energy accurately for detectors displagifgnhenius behaviors, such as
strong temperature dependence of barrier height, tunneling and diffinsited currents.

The neglected temperature dependence of activation energy (or bandisjﬂeee)ale in the past
decade, by using internal photoemission (IPE) based me@. [The temperature-dependent internal-
photoemission spectroscopy (TDI [3] technique is one of the dellased on IPE process. IPE spectroscopy
has been extensively usﬂ to determine thénterfacial barrier height (A) of different materials which
defines the detector cutoff wavelength, as a function of detector parameters, temperature, and applied voltage
Now a days, TDIPS is a very use [3] tool and used effectively daoackerize the band offset parameters of
different materials such as type-ll InAs/GaSb superlattice (TZ@ and MCT detector,
GaAs/AlGaAs heterojunctionﬂﬂ 16| , PtSi-Si diode , Si/HfOzinterfaces, and a graphene-
insulator-semiconductor structurésolll .

The IPE process can be characterized by the quantum yield, defined asther of emitted carriers per
albsorbed photons. Hence, the quantum yield in TDIPS is proportional tproloeict of measured spectral
responsivity and photon ener. Then, to obtain the activation energy or photoemission threshold (A), fittings
to the yield spectra were carried out in the near-threshold regimeeatdifftemperatures. In the expression for
guantum yield spectra, the transmission probability of carriers ovéathier, energy distribution function, and
the temperature dependent band tailing effects are included. The carriers estape (AIGaAs in our case)
barriers through an internal photoemission process and hence$ TP9éensitive to the temperature dependence
of band offset] (which is hardly possible in Arrheniualgsis). The advantage of TDIPS fittings is that only
the spectral shape of the measured quantum yield determines the activatign $mce the thermionic emission
current is independent of the photon energy and only gives a cooatdground signal, the background can be
distinguished from the yield spectra, by fitting the theoretical expressitre measured photoemission yield
component alone.

The detailed inter-sub band transitions of holes in p-type GaAs/Al arid the temperature dependence
of the band off set are revealed using the TDIPS fitmg [3] techniqueefoner the focus of this study is
comparisons between activation energy determined by Arrhenius aretgsiEDIPS fittings to underline the
advantages/disadvantages of one over another in different temperaturefoarmisrent barrier heights. The
significant discrepancy in the values of the activation energy deterrhinédrhenius technique and TDIPS

fitting for a detector with longer threshold wavelength 4.3 um) is because Arrhenius analysis does not take
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the band tailing effect (sensitive to temperature variation) into account. itoaddowler-Nordheim (FN)
tunneling current cannot be ignored for shallow barrier heights, likeeithermionic emission model used for
Arrhenius analysis.
2. Device structures and experimental procedures

Set of p-type GaAs/AGa.xAs heterostructure samples were grown with molecular beam epitaxy. The
detectors demonstrated here are heterojunction interfacial work functionalngrotoemission (HEIWIP)
detector which consists of alternative layers of highly p-doped libgoGaAs (emitters) and undopédtiGa.-
xAs barriers. The active GaAsi8a.xAs regions are sandwiched between top and bottorG§#As) ohmic
contact layers. The highly p-doped and 18.8 nm thick GaAs emitters kasdihmensional energy states and
heavy holes (hh),/light holes (lh) which are excited by incoming radsatieneported in Lao, et @ These
carriers escape over the AlGaAs barriers through an internal photoenpssamss occurring at the emitter-
barrier interface. The internal work function is defined by the energgreifEe between the barrier bottom and
the Fermi level (or the valence-band edge if the Fermi level is above it)ittérs and determines the threshold

wavelength A;.

Table 1. Parameters for samples under discussion. SP1, SP2, and SP8lyanyA) mole fraction while SP1, LH1001,and
LH1003 have nearly the parameters and vary in their doping levels.

Sample Al _ _ Barrier _ Emitter Doping3 Na Numl_Jer Designed band

Fraction | Thickness (nm)| Thickness (nm) (cnms) of periods| offset(eV) at 78 K
SP1 0.28 60 18.8 3x108 30 0.157
SP2 0.37 60 18.8 3x108 30 0.207
SP3 0.57 60 18.8 3x108 30 0.319
LH1001 0.28 60 20 8x108 30 0.157
LH1003 0.28 60 20 6x10° 30 0.157
LH1004 | 0.57 60 18.8 1x10° 30 0.319

In GaAs/AkGai.xAs heterostructures, the doping density in the GaAs layers and thieahimole fraction
(¥, in the AkGaxAs layers are some of the key factors that affect the mechanismagnmitades of the dark
current and photocurrent. Two important sets of experimental results badegding and Al mole fraction have
been compared (see Table 1). The first group is three heterostsugithiehe barriers having threevalues
giving rise to three different barrier heights. The Al mole fractions rAthGa;xAs barrier in detectors SP1,
SP2, and SP3 are 0.28, 0.37, and 0.57, respectively. In thedsgrmup, structures have three different doping
levels. SP1, LH1001, and LH1003, have doping levels of $sff, 8x13%ms, and 6x1&cnt3, respectively
while other parameters are the same. All the important parametersifarsvdetector structures are summarized
in Table 1.

The detectors were fabricated into square mesas of 400400 um? with an optical window of 260x260 pum?
which allows front-side illumination. To characterize the detector, the squesasnand the ohmic contacts on
the top and bottom layers were fabricated using standard wet chemical et¢téngh& detector was mounted
on the cold head of the liquid nitrogen-cooled Dewar or liquid helium-cawigxbtat to allow measurements of
spectral response and dark current. Spectral measurements in thiRfeegormal incidence radiation were

carried out using a Perkin Elmer System 2000 Fourier trandfdrared (FTIR) spectrometer while the dark
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current measurements were performed using the Keithley 2400 soetee The temperatures were controlled
and varied from 10 K to 300 K using Lake Shore 330 Auto tunimgpEeature Controller with an accuracy of +
0.01 K. A calibration of the sample temperature may be required iftmoof infrared light and position of
temperature sensor causes appreciable temperature variations in the sampdsrHsuch a variation is
negligible in our experiment, as our temperature controller typically has thézsiiduil accuracy o + 0.1 K.
3. Results and discussions

The temperature dependent spectral responses and I-V curves were measufeeait tdiinperatures. The
temperature dependent spectral responses show a red-shift of detectoddhmestedength with increasing
temperature. The effective interfacial barrier height (or activation enisrgyjracted from the measured spectral
response and |-V-T data using TDIPS fitting and Arrhenius anafydet) respectively. Arrhenius (or
Richardson’s plot) analysis gives valid results only for the temperature range where the thermionic emission is
dominant and field emission (tunneling through the barrieneigigible. Therefore, different analytical dark
current models, such as thermionic emission (TE), thermally assistedrfisisien (TFE) (or Fowler-Nordheim
(FN) emission), and field enhanced thermal or Frenkel-Pool (FP) emasitriefly discussed for experimentally

measured |-V-T data.
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Fig. 1. (color online) The highly p-type doped GaAs (emitter) and A&ébarrier) interfacial valence band profile under
the influence of electric field. Assuming negligible pure tunnelirrgecu, the three transmission currents are due to thermally
assisted (FN) emission, field enhanced (FP) thermal emission and therssibar(rE).
3.1. Thermionic emission

At low electric fields, for pure Ohmic behavior, the slope of In(J) veng\s approaches unity. At low field
and high temperature, thermally excited carriers yield current with Ohmiaatbgstics that exponentially
dependent on temperature. The current-voltage characteristics may be essessiatigd by the Richardson-
Dushman model of thermionic emission, in which the carrier acquitedranal energy sufficient to cross the
barrier because of the superposition of the external and the image obiamtgap This model is usually valid at
lower fields and higher temperatures. Richardson-Dushman model that giygistfies the temperature
dependence of dark current is

] = AT3?exp(— A/kgT) (1)
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where the A is the activation energy and A is Richardson constanAt higher fields, the barrier height for
thermionic emission is reduced, thus lowering the barrier heightn@ge force lowering). This effect is termed
as FrenkelPoole (FP) or Field-assisted thermal emission (FTE) as shown in Fitpelactivation energy in

equation (1), with image force lowering considered, may be written as

A=A0) - |-2F )

4TEQE
whereA(0), F, &, € are the interface potential barrier height or zero-field emission barriett hibiglelectric field,
vacuum permittivity, and dielectric constant, respectively. As can be notedHeoaguation (1), the slopes of
In(J/T%?) versus 1/kT at different voltages should be straight lines at high temperaturestdtigece, for given

electric field, the activation energy can be determined from experimentallyredakV Arrhenius plot as
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This method is particularly valid for thermionic emission dominated behavier a wide temperature range
where the temperature dependence of the activation energy and tunneling camréx@ neglected. The two
possible hypotheses that explain non-linearity of the 8% 1/kT plot are a strong temperature dependence
of barrier height, which is not taken into account in the 3D driftecuirdensity model of thermal emissions and
electric field assisted tunneling current, and/or the combination of the feasef

Fig. 2(a) shows the In (%) vs 1/kT characteristics for experimentally measured I-V-T for temperatures in
the rangelQ- 130 K over a wide bias voltage range (0.1- 8 V). For SP1 (x = ar&8¥or temperature, higher
than ~ 70 K, excellent linear fits were obtained (see Fig. 2(b)) and tluess that the exponential increase in
the dark current with temperature is due to carrier thermal excitation tagther knergy states. In Fig. 2(a), for
temperature lower than ~ 70 K, the dark current density is relativelysitigerto temperature, and is an attribute
of phonon and electric field assisted tunneling. The activation energy radQrzero electric field can also be
calculated from the dark current-voltage characteristics using therdushglot for the relatio®,A ~ exp(4,/

-1
kgT) whereA, is the activation energy at zero fielft, = (Z—‘]/) and A is the area of the detector.
V=0

3.2. Temperature-Dependent Internal-Photoemission Spectroscopy (TDIPS)

The valence band offsets (AEy) of p-type GaAs/AlGa,xAs heterostructures (Table 1) and their temperature
dependence were obtained through analyzing quantum yield spectraredeas different temperatures. The
quantum yield is proportional to the product of photon energy ansureshspectral respon. The spectral
shape of the quantum yield near the threshold regime playgcial role to determine the activation energy.
Therefore, the dominant processes affecting the energy distrilbbfitanriers and their escape probabilities across
the interface will lead to the required expression for the quantum yield.uBimeugn yield Ygv) in terms of the
photoexcitation of holes in the emitter through inter-valence-band (1VB)ittca n described by an energy
distribution functionp(e, hv — Er), and the transmission of holes over the barrier, described by a {litpbab
function of P(¢e,A) reads aﬂS],

Y (hv) = Yo(KT) + C, f:op (e, v —Er) f(e hv) P(e,A)de 4)
where G is a constant independent«dindiy. ¢ is the energy of photoexcited holdss the required activation
energy. The energy is scaled downward with the zero reference at thddvetnitquation (4) describes the case
of degenerate (highly) doped emitters Igihg within the VB). At finite temperatures; carriers occupy energy
states above the Fermi level in terms of the Fermi-Dirac (FD) statistics. An R&iofu f (e, hv) =
[1 + exp(e — hv) /KT]™! was used as the distribution function. This assumes that the ptitedeholes remain
in the same distribution as before the photoexcitation, with the oriretite in energy byv. To obtain the
photoemission threshold (A), fittings to the yield spectra (~ product of photon energy and response) were carried
out in the near-threshold regime by using Eq. (4) and the LeveMamgysardt fitting algorithm, whereoYCo,
and A are regarded as fitting parameters. E; was determined by carrying out an8k p computation and
integrating the product of density of state by the FD distribution fumctier the entire range of energies.

Based on TDIPS fitting results, the valence band off-set of GaAZ8AlAs heterostructures (in eV) is given
by [3] AE, = (0.57 — 1.39x10~* x T)x, where T is in Kelvin. Based on this equation, the designed band off set
of samples at 78 K is shown in the last column of Table 1. The activextiergy or photoemission threshold at 0
V is then given byA(OV) = AE, - AscL - Er, whereAgg. is the band gap lowering due to electric field is shown in

Fig. 1. In Fig. 3, the solid lines show TDIPS fittings to spectral respoi&#23 at 78 K for different bias voltages

6



and inset shows the temperature dependence of activation energy basetP8nfifiings to experimentally
measured spectral response. The activation energy decreases (red shiftyreébing bias in an exponential
form, due likely to energy band bendi and with increasing temperature due to decreasing band. offset
Fig. 4 shows the activation energies extracted from Arrheniusapbb{TDIPS fitting for samples described in
Table 1.
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Fig. 3. (color online) Solid lines are TDIPS fitting for experimental quangield spectra of SP3 at 78 K for four different

biases. Inset shows the temperature dependence of activation emsdyoh TDIPS fittings to the experimentally measured
response spectra.

3.3 Temperature dependent Fermi distribution and tail effect

For highly doped HEIWIP, the temperature dependence of Fermi levelgizen by@]
3
E, — Ep = kgT In (Nﬂ) +272 (Nﬂ)] )

where p is the doping density (Sinlevel, the temperature dependent density of states)(fon GaAs in the

3
valence bandN,, = 2(’2;:5?)2 and the densitpf-state effective mass of valence bHd[ﬁi* = (mf,{z +

2/3 Lo L
m:'2)"". HenceN, = 1.87233 x 10'° T3/2, At zero electric field, the temperature dependence of activation

energy or effective barrier heightt(T) is given byA(T) = AE,(T = 0K) — Ex(T), where AE,(T = 0K) isthe
barrier height at 0 K. For temperature change from 60 K to 120 K, thgeha fermi level iSAER(T) =
0.0062 eV, which is 4.1 %, 3.3 %, and 2.0 % of the barrier height calculatedieatiediate temperature (80 K)
for SP1, SP2, and SP3 respectively. This implies that the temperateradape of fermi level shown in Fig.
5(a), has little effect on these barrier heights. However, Fig. 4 stioavs,are significant differences between the
activation energy obtained from Arrhenius plot and TDIPS fittingstfouctures with least (0.28) Al mole fraction
(SP1, LH1001, and LH1003) and highest doping level (LH1003; Bx6%). This disparity of the two results
may be due to the non-linear temperaidgpendence of A over a wide range of temperatures and hence is the

effect of the temperature dependent band tailing effect shown in Fig. 8(Bparer-Nordheim tunneling.
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Fig. 4. (color online) Comparisons between activation energies determyn€BIPS fitting and Arrhenius plot for samples
with different Al fraction and doping levels. SP1, SP2, SP2 lifferent Al fraction and SP1 with least Al fraction (or least
barrier height) displays significant disparity. SP1, LH1001, and LH1003ditigesnt doping levels while nearly same other
parameters. For devices of threshold wavelength longer thamm, the activation energy determined by Arrhenius plot is
way off from TDIPS fitting results. The activation energy deterchibg Arrhenius plot for devices with shorter threshold
wavelength (<< 9.3 um), SP2, SP3, and LH1004, agree well with the measured threshold spectral response.

The Fermi-Dirac occupation probabilityd)(of carriers with energy, is given by
f(e) = [1+exp(e — Ep/kgT)] ™" (6)

The Fermi-Dirac distribution (FD) shows very small tail above the Fermi leveKag\@&n at low temperatures
(5-10 K). As the temperature increases, the occupation probability of saabeve the Fermi level at 0 K
increases and the tail extend near to the edge of small barrier heights sutH\&glSM mole fraction of 0.28)
and LH1003 (0.28 Al mole fraction and highest doping levels (&) as shown in Fig. 5(b). Hence, this
tail has some profound effects on thermionic emission for temperatirasud® K and 120 K for smaller band
offset (£ 0.157 eV) such as SP1, LH1001, and LH1003. As has been shown iG(B)gthis significant change
in tail for temperature as low as 40 and 70 K, determine and affect the activationargngioexcitation in the
emitter.
3.4. Field emission

Field emission is a quantum mechanical tunneling process. The noarArs behavior of longer threshold
wavelength detectors can also be explained by thermally assisted field enusdt@wler-Nordhiem (FN)
tunneling current. The current density,g) induced by holes tunneling in the z- or growth direction tihoa

barrier shown in Fig. 1 is given by equation (7).
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The FD tail increases with temperature and extends up to ~ 100an&\£f120 K. The inset shows photoexcitation in the p-
emitter and transition to and across the i-barrier or hetero-interface irBpedeesses.

]Tun = Mfooo T(EZ! F) ln(l + e(fz—Ef)/kBT)dEZ (7)

2m2h3

where the Wentzel-Kramers-Brillouin (WKB) Method is a way of determiniegriiismission probability T(ez,
F) of holes through a “slowly" varying potential El as
py—
r= (-2 B @ - edz) = em(-B(e) ®

Since this approach yields value of T = 1 for energies above the maxialuenof qV, where V is the voltage, it
doesn't include quantum mechanical reflection in these cases. This meahgvbedstimates the current for
shallow barriers and cannot handle the case of a zero barrier at the intemfatternate method of derivatiori o
the transmission probability yields an expression with identical exponestighity different form of equation

(8) . This alternate expression is far more accurate near and above the tepanfrtdar@.

1

T(€, F)wks type = 1+exp(-B(€)) ®

In general, this expression isn't often used because when multipliedthgrafiomction it is often un-integrable.
However, with a series of reasonable approximations, it becomes veny tief tunneling probability shown in
Fig. 6 (a) and (b) with increasing deviation at the field around 5 kV/arfirots that the FN tunneling current
cannot be ignored for lower barrier height of SP1 (x = 0.28). Simil#dng, et al. demonstrated that tunneling
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currents in InAs/(Galn)Sbh superlattice photodiodes are important issue®fodgtectors operating in the long-
wavelength (> 8 um) range [28-30].

The temperature range for the thermionic current to be dominant (othenigionic) varies with bias voltage
(electric field) and barrier heights. One can roughly estimate the minimenage temperature for which
thermionic current starts to be dominant. Fig. 2 (b) shows the limeappplots in Fig. 2 (a) where the dark
current is dominant or only due to thermionic emission. Then thkeAius plot can be used to extract the
activation energy for the temperature range starting from this minimumga/mperature (column two of Table
2) to the highest temperature within maximum current limit (~1 mA}hef measurements. Based on the
experimental results shown in Fig. 4 and Table 2, the percentage deviataiivation energy of Arrhenius plot
from the corresponding TDIPS fitting values at (or near) zero bias dnasatoltage of 1V (5.4 kV/cm) except
0.1V (0.54 kV/cm) for LH1003 is related to the threshold wavelengtheofletectors. For SP1, SP2, and SP3, the
activation energy increases with increasing Al mole fraction (0.28, 887 0.57 respectively). However, for
SP1, LH1001 and LH1003, the activation energy decreases with ingreagiimg levels (3x 20 cn3, 6x 108
cntd, 6x 10° cr® respectively).
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Fig. 6. (color online) (a) The tunneling probability of holes with 108V energy as a function of bias voltage for three
different barrier heights. (b) The deviation of activation energy deterrbynédrhenius from TDIPS.
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Table 2. The percentage deviation of Arrhenitusrom the corresponding TDIPSnear zero bias and at bias voltage of 1V (5.4 kV/cm) excépt @.54 kV/cm) for LH1003. As the threshold
wavelength increases fromun to 12.9um, the deviation of activation energy determined by Arrhenius plot DIPS fitting values increases.

Minimum Near zero biasvoltage At 1.0V (5.4 kV/cm) except 0.54 kV/cm for LH1003.
| Average ]:I'emp. (K) At (um)
Sample or TDIPS | at 1.0V i i
Ple 1 Temp (K) for N caviomy | TTEMUSACV) rpips | (A | ATREnUS(EV), T rpipg | Ah-TDIPS| A
Arrhenius a(ln(RoA))/a(ﬁ A(eV) | TDIPS|A a(ln(]/Tl-S))/a(ﬁ A(eV)
B B
SP3 140 160 4.03+0.01 0.303+0.002 0.309 1.9% 0.309+0.003 0.307+0.001 0.3%
LH1004 120 78 4.48+0.02 0.280+0.003 0.288 | 2.8% 0.266+0.002 0.277+0.001 4.0%
SP2 120 78 6.53+0.03 0.188+0.002 0.196 | 4.0% 0.182+0.002 0.190+0.001 4.2%
SP1 70 78 9.32+0.21 0.139+0.003 0.150 | 7.3% 0.120+0.002 0.133+0.003 9.7%
LH1001 60 78 9.61+0.22 0.120+0.006 0.146 | 17.8% 0.110+0.003 0.129+0.003 15.4%
LH1003 40 46 12.92+0.4 0.084+0.005 0.141 | 40.4% 0.048+0.003 0.096+0.003 50.6%
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As the threshold wavelength increases fropmidto 12.9um, the deviation of activation energy determined
by Arrhenius plot from the corresponding TDIPS fitting values inerefas example, from 0.3 % (at 160 K) to
50.6 % (at 46 K).

A summary of these results is shown in Table 3. For detectors-@vitum or shorter threshold wavelength,
the Arrhenius analysis yields the values of activation energy within 5 fatidevfrom that of TDIPS. Even
though Arrhenius plot is valid in general at low field (near zero vait®r a certain temperature range, a
significant deviation from TDIPS fitting values are observed due to the Festnibdtion tail (see Fig. 5(b)) that
extends up to the edge of the lowest band offset (0.157 eV) det&Rdrd 1001 and LH1003) for the minimum
average temperatures of thermionic current shown in the second cdidrable 2. The Arrhenius plot used to
extract activation energy of detectors with threshold wavelength longer#tfapnm, where the FN tunneling,
and Fermi tailing effects cannot be ignored, such as in SP1, LH1001H4003, does not lead to precise values,
nor does it represent any parameters of carriers’ energy.

Table 3. Summary of results: The deviation of activation energy extracted TidIPS fitting and Arrhenius plot for different
wavelength ranges. The accuracy of Arrhenius plot is expressed inafedesgation from the corresponding TDIPS fitting.
The accuracy of TDIPS fitting depends on the accuracy efrspeesponse measurement.

At (um) TDIPS Arrhenius
3--5 Valid at any operating . . rco . N
(MIR) temperature Deviate up to maximum of ~ 5 % at temp. higher than ~120
5.-93 Valid at any operating Deviate up to maximum of ~ 10 % at temp higher than
' temperature ~70 K and e. field F << 5.4 kV/cm.
>90.3 Valid at any operating Not valid irrespective of temperature and electric field.
temperature
4. Conclusion

Different barrier heights within the GaAs/AlGaAs heterostructures are evaluated. As thelthresvelength
of detector increases fromuin to 12.9um, the deviation of activation energy determined by Arrhenius plot from
the corresponding TDIPS fitting value increases. For detewidrs- 6.5 pm or shorter threshold wavelength, the
Arrhenius analysis yields the values of activation energy with leaS#tedeviation. However, for detectors with
longer threshold wavelength (>> 9.3 um), the Arrhenius plot used to extract activation energy leads to energy
values with deviation higher than ~ 10 %. The higher percentage deviatiod ) bf activation energy
determined by Arrhenius plot from the corresponding TDIPS values &tttinthe temperature dependent Fermi
distribution tailing effect and FowleNordheim tunneling current. Therefore, if a precise band off-set
characterization of long threshold wavelength detector is needed, it is inevitaiske #omore accurate method
than the Arrhenius. In that case, TDIPS that takes the temperature depeasfdmination energy in to account
will satisfy the requirements ovawide range of threshold wavelength. However, still Arrheniusniplsi and a
reasonable tool to characterize detector with shorter threshold wavéker@thum).
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