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Free carrier absorption in Be-doped epitaxial AlGaAs thin films
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Free hole absorption in doped ,8a_,As films, grown by molecular-beam epitaxy on
semi-insulating GaAs substrates, was investigated. Free carrier absorption for three different hole
concentrations with the same Al fraction and for two different Al fractions with the same doping
concentration was studied. Experimental absorption coefficients were obtained from the data using
a model that includes multiple reflections in the substrate wafer. In the 100gx#0Gange,
(3,5,8 %10 cm™® Be-doped A} yGaygAs films have absorption coefficients ef(3,3.5,9

X 10° cm, respectively, where the magnitude of the absorption is found to be almost independent
of the wavelength. This allows replacing doped GaAs emitters in heterojunction interfacial work
function internal photoemission far-infrarétHEIWIP) detectors withp-Al,Ga _,As layers with

X< 0.017 facilitating the extension of the threshold wavelength of HEIWIP detectors beyond the
92 um limit due to the practical Al fraction growth limit of 0.005 in molecular-beam epitaxy. ©
2004 American Institute of Physid®DOl: 10.1063/1.1829383

Recent developments in internal photoemissionperimental absorption coefficients for &g _,As have been
semiconductor junction infrared detectofs have made reported up to 2qum, previously:’ In this paper, results are
possible the realization of high performance homo- and hetteported on the free-hole absorption in Be-dopea,As
erojunction interfacial workfunction internal photoemission thin films in the wavelength range of 10—4@@n.

(HEIWIP) far-infrared (FIR) detectors operating up to Four Be-doped AlGa.-,As thin films were grown by
~100 um. The interest in the manipulation of these devicedVIBE on 520um thick semi-insulating GaA$00) wafers.

was stimulated in part by possible applications such as largéhe samples were back side polished in order to reduce the
focal plane arrays used for space astronomy as in NASAgeflection losses. The structure parameters, and the frequency
Herschel prograrﬁ_Present FIR detectors in use or underand the Wavelength of plasma. resonance of free holes in the
development for this wavelength range are extrinsic GeéAlxGaiAs films are shown in Table I. Reflectance and
photoconductorgstressed or unstress)ésdand Ge(Ref. 6 transmittance measurements were performed for @8 5

and Si (Ref. 7) blocked-impurity-band(BIB) detectors. X 10'%, and 8x 10'® cm™® Be-doped A} oG ocAs films and
There are many technological challenges for fabricating G&or two 5x 10'® cm™® Be-doped films with 0.01 and 0.20 Al

large format arrays, and GaAs BIB detectors are still in thdractions. One of the above samples was etched down using
developmental stages. a wet etchant to obtain the transmittance and the reflectance

Although a threshold wavelengtfhy) of 92 um has SPectra of the GaAs substrate. All measurements were per-
been realized fop-GaAs/ALGa,_,As HEIWIPs, further ex- formed at_room temper_ature with a Perkin—Elmer system
tension is hindered by the practical growth limit of the alu- 2000 Fourier transform infrared spectrometeTIR) and a
minum fraction(0.009 in molecular-beam epitaxgMBE)- Si composite bolometer. For both the substrate sample and
grown AlLGa,_As barrier structure® Even in HIWIPs o the film/substrate samples, transmittance was measured un-
was obse):(rvedxto be limited to 100 um, as increasiné the der a normal incidence geometry, while the reflectance was
doping concentration abovex210'® cmi™3 would set off the
depletion of free holes in the heavy hole band resu!ting iN &ABLE I. Parameters of the measured,Bb,_As thin-film samples. The
shorter threshold Waveleng?hDoped AlGa,_,As emitters 1 um thick Be-doped AlGa,_,As films were grown on 52@m thick semi-
and GaAs barriers avoid this limit allowing the realization of insulating GaAs substrates. Here,is the Al fraction, p is the acceptor
HEIWIP devices with thG\O extended beyond 13,8m.8 In doping densityf, and )\‘p are the fr_equency and_ wavelength of the plasma
this mode, A} 0:Ga 0AS emitters are expected to giverng resonance of free carriers in the films, respectively.
of 325 um. The operation mechanism of these detectors in-

. . . . Al p fp \p
volves FIR absorption in doped &a,_,As emitters. This  sample N (X 10 cnid) (TH2) (um)
makes it important to understand the free carrier absorption
in doped AlGaAs thin films, especially, in the FIR region 1442 0.01 3 6.6 45.2
where the extended wavelength detectors would operate. Ex- 1443 0.01 5 8.6 35.0

1444 0.01 8 10.9 27.6
1446 0.20 5 8.3 36.3
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FIG. 2. (a) Experimental free-hole absorption coefficién in the range of

FIG. 1. Experimenta{solid line) and modeldashed lingreflectance spec- 10-100um for Be-doped Al Gaygohs thin films at room temperature.

i 8 3
tra for 1um thick Be-doped AyGayeAS epitaxial films grown on The dashed, solid, and dotted curves shevor 3, 5, and 8< 10* cn3,

520 um thick GaAs semi-insulating substrates for different doping Concen_res_pectively. The region shown by _the break lcorresponds to the reststrahlen
trations:(a) 3x 10'®, (b) 5 10%, and(c) 8 x 10® cm®. The sharp peaks at region of Al :Ga gdAS. (b) The « is almost independent of wavelength

~ - ] o ) " in the FIR range of 100-40@m, and ~(3,3.5,and 5x 10° cm?
e e e e oo o 107 (35,300 810 = Ba-dopsa Ao Spial s,
AlAs-like TO phonons. The ripples toward the FIR end are due to therespectlvely.
Fabry—Pérot interference in the semi-insulating substtdjeExperimental
and model reflectance spectra foruin thick 5x10%®cm™® Be-doped  5cion of radiation with GaAs-like TO phonons, while the
Aload5@srs epitaxial film on a similar substrate. arrows at~28 um point to a small peak caused by the in-
teraction of AlAs-like TO phonons. Except for these two
measured at near normal incidenee5®, using the specular phonon peaks, the difference in the reflectance between a
reflectance accessory. The FTIR resolution was 4'cm single-oscillator and a double-oscillator model is negligible
The complex permittivity e(w) for the doped for x<0.20. The model and experimental reflectance for
Al,Ga_,As films was modeled using the Drude theBrior Al ,dGa, ssAs/GaAs sample around the reststrahlen band are
free carriers in combination with an additive two oscillator shown in Fig. 1d). Here, it is clear that the increased Al
mode for phonons? fraction,x=0.20, has increased the strength of the AlAs-like
) phonon while decreasing the GaAs-like phonon strength. Re-
: wzg Swro, flectance spectra for all samples showed an intensity oscilla-
elw)=ex| 1- w(w+iwy) * 02 — P —iwy @ tion in the FIR range. Reflectance measurements with T cm
° LT . FTIR resolution showed an oscillation periodicity of
The first term in Eq(1) describes the interaction of in- 2.7+0.1 cm!, which corresponds to the Fabry—Pérot inter-
frared radiation with the free carriers in the dopedference caused by the 520n thick substrate. Therefore, the
Al,Ga _As film. Here, ¢, is the high-frequency dielectric experimental absorption coefficient of the films was calcu-
constantw is the frequency of incident radiatiomy=1/7is lated using a moddEgs.(2) and(3)] that includes the mul-
a free carrier damping constant with a relaxation timer,of tiple reflections within the GaAs substrate. The multiple re-
wp:\x’qu/gwsom* is the plasma frequency of free carriers flections ins_ide the film layer were not include_d due to the
with effective massm* and concentratiorp, and q is the  low reflectivity, ~0.03, of the AjGa,_,As/GaAs interface
magnitude of the electron charge. The second term describes —
the interaction of radiation with GaAs-like and AlAs-like rimOeim + sy :Sinh_1|:(l_Rsamplg —Tsample]
transverse optica(TO) phonons in the frame of Lorentz Film™=Film = Sub=Sub 2T sample '
model. Herewrq is the TO-phonon frequency; is a damp- (2)
ing constant for To phonons, aglis the TO-phonon oscil-
lator strength. A single oscillator with GaAs TO phonons was 1-Ro)?-T2
used for the GaAs substrate. asyflsun= Sinh—l{w} (3)
The model reflectance spectra of the @& _As films 2Tsup
on the GaAs substrates, and the substrate alone were calcu-

lated using the gomplex permlt.t|V|t|e_Lf{w) c.)f th? films and tra for the three AJ ;Ga 9dAs films with different Be doping
the substrate with a free carrier relaxation time6f1.2 ;. <iics are shown in Figs(@ and 2b). The dashed curve
x 1075 The dielectric constants and the TO-phonon pa-¢y e for 3 10 cm= while the solid and the dotted
rameters for the films and the optical constants used for the o< are for 5 108 and’ 8x 108 cmi3, respectively. The

GaAs bulk substrate were from Ref. 10. The model absorpébsorption coefficientsy, were obtained for room tempera-

tion coejﬁuent, @ 9f the film was calculated using: ture using the experimental transmittance and reflectance
=2(w/c)k(w), wherek(w) is the extinction coefficient equal data in Eqs(2) and (3), except for the reststrahlen region.
to the imaginary part of'e(w) andc is the speed of light.  The experimental transmittance in that regidalling well

The model reflectance spectra based on(&Egand the inside the spectrometer noise level due to the high reflec-
experimental spectra for the &,Ga 9/As flms on GaAs tance of both the GaAs substrate layer and the
substrates at room temperature are shown in Figg-1(c). Al,Ga,_,As/GaAs samples in the reststrahlen regiovill

The sharp peak in the spectra-aB7 um is due to the inter-  blow up Egs(2) and(3) making it impossible to calculate.
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FIG. 3. Experimental free-hole absorption coefficiésm} at room tempera-
ture for Be-doped AlGa;_,As thin films in the FIR range of 100—406m. 8 10' cm3 Be-doped A} o,Ga oA film from 2 to 400m at room tem-

The solid and the dashed curves shewfor x=0.01 andx=0.20 films, erature. The peak aroundwdn is due to carrier transitions from the heavy

respectively. The free-hole absorption is found to be almost independent(ﬁ le (hh light hole(lh) b to th lit off f
wavelength in the 100—-40@m range. Thex has decreased from3.5 ole (hh) and light hole(lh) bands to the split off band of 4bGasAS-

X 10° atx=0.01 to~3x 10° cm ! at x=0.20. The inset shows a sublinear
relatié)?ship of the free-hol_e absorption coefficient with a Be-doping density,Aleal_ As, which is not included in the model spectrum.
P for AlooGahess fims at 160um. In conclusion, free carrier absorption in the range of
) , . 10-400um has been investigated. The absorption coeffi-
No major changes i are expected with temperature due to gjant for Aly 0:Ga 0AS is almost the same for GaAs, and this
min_ute temperature coefficientfoas_sociated with the _releva'?écilitates the use of thin acceptor-doped, @& As ab-
optical constants for AGa,,As. Flgure_zlb) showsa in- gorper layers as emitters in threshold extension of HEIWIP
creasing from around>81038to 5x10° em - as doping den-  F|R detectors. The sublinear relationship between the ab-
sity increases from 810 to 810" cm™®. Although @  gorption coefficient and the doping density would be useful
~\* dependency is observed in the shorter-wavelength rey, gesigning HEIWIP detectors. Since the variatiornofiith
gion, the free-hole absorption is found to be almost indepeng,e A fraction is not significant for small Al fractions, the
dent of the wavelength in the range of 100—-40@. _absorption quantum efficiency for HEIWIPs with different
Free-hole absorption coefficient spectra for films withhrasnhold wavelengths will not vary significantly.
two different x values with the same doping density, 5
X 10" cm3, are shown in Fig. 3. The has decreased from This work was supported in part by NASA under NNC
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FIG. 4. The model and experimental free-hole absorption coefficient for a
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