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Results are reported gnGaAs homojunction interfacial work function internal photoemission far
infrared (HIWIP FIR) detectors with a-10*° cm™2 carbon doped single emitter and a barrier layer

for three different barrier thicknesses. A remarkably high quantum efficiency with low dark current
and an increased responsivity were observed for devices with 1-, 0.1-, ana-thick barrier
regions. The dark current densities for these structures are on the order ofudA/d®? at 4.2 K,
corresponding to a high dynamic resistance compared with previous HIWIP FIR detectors. A
detector with a barrier thickness ofidm had a peak responsivity of 18.6 A/W, a peak detectivity
D*=9x 10" cmy/Hz/W, and a quantum efficiency of 40% at a wavelength of 88 under a
reverse bias measured at 4.2 K. Cutoff wavelengths of these detectors vary with bias and are around
70 um as expected. The main features of the absorption and responsivity spectra are well described
based on a model incorporating free carrier absorption, hot hole transport, and emission over the
barrier. © 2004 American Institute of Physic§DOI: 10.1063/1.1632553

I. INTRODUCTION arbitrarily small with increased doping concentrations due to
metal—insulatofMott) transition/ As shown previously the

Slnglg elzmetnt :'?h loerforrze:nce ffar-mlfralré!tD—ZOO \. was tunable from 76 to 8am by varying the Be doped
pm) semiconductor detectors and large focal plane arrays arg. o layer concentration fromx110'¢ to 3x 10*® cm=3.8
used for space astronomy applications, such as NASA

Space Infrared Telescope Facility prograresent far in owever, in practice the heavy-hole to light-hole transition
: -_._in the valence band of highly doped emitter region limits the
frared (FIR) detectors in use or under development for thlsI v 'gnly dop ! glon fim

e \¢ value to~100um.® Here, carbon doped GaAs HIWIP
wavelength range are extrinsic Ge photocondudtstressed K b

. . FIR detectors with different barrier thicknesses, having.a
or unstresseff and Gé and St blocked-impurity-band - T
(BIB) detectors. There are many technological challenges fo?lround 70um with high quantum efficiencies are reported.

fabricating Ge large format arrays, and GaAs BIB detectors
are still in the developmental stages. Il. EXPERIMENT

The basic structure of the homojunction interfacial work )
function internal photoemissiofHIWIP) detecto? consists The HIWIP samples were grown by the metalorganic
i<chemical vapor deposition technique at 610°C on a semi-

of a heavily doped emitter layer and a barrier layer which is; X |
sandwiched between the conducting layers. f<ype struc- insulating GaAs(100 substrate. The structures consist of a

4+ ; ;
tures the interfacial work function, is the offset between Pottom contactg™ ") layer, a barrier layer, an emittep ()

the Fermi level of the emitter and the valence band edge dfYe'- and a top contact layer as shown in Fig. 1. Three single
the barrier, which arises due to the band gap narrowing of Mitter layer structuregRU001, RU002, and RU003with

highly doped emitter layer. The detection mechanism incarbon as the dopant were processed. The layer parameters

volves free hole absorption in the emitter layer, followed by(thickness and doping levebf the samples shown in Table |

the internal emission of photoexcited carriers across the junc¥ere confirmed by secondary ion mass spectros¢SfS).

tion barrier. These photoemitted carriers are swept out of th¥€sas with different optical window areas were processed
active region by the electric field and are collected at thdor responsivity characterization. The top contact and a part

contact. Initially it was believed that, in principle, GaAs FIR ©Of the emitter layer were etched out, leaving about 800-A-
detectors could be designed with arbitrarily long cutoff hick emitter regions in each sample.

wavelengt A, (um)=1.24/A (eV)],% sinceA can be made Thep-GaAs HIWIP FIR detectors were characterizgd by
I-V and responsivity measurements. Here, forward bias re-

fers to a positive voltage on the top contact while the reverse
dElectronic mail: uperera@gsu.edu bias refers to a positive voltage on the bottom contact. Trans-
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FIG. 2. Dark current curves for the three structures at 4.2 K. The asymmetry
in the dark current curves is due to nonuniformity in the structures. The
rapid rise of dark current in RUOO1 can be attributed to defects in the barrier.
Inset(i) shows the dark current behavior in enlarged scale. Ifigeshows

the Arrhenius plots under the forward electric fields 0.005, 0.3, and 0.1
V/um for samples RU001, RU002, and RUOO3, respectively.

FIG. 1. Schematic of the-GaAs single emitter HIWIP detector after pro-

cessingp™®*, p*, and barrier are the contact layer, emitter layer, and barrier
layer, respectively. A window is opened on the top for frontside illumination.
The three structures RU001, RU002, and RU003 have 4-, 0.1-, and-1-

thick barrier region, respectively.

mission and reflection measurements were performed with
resolution of 4 cm? for unetched samples using a Perkin—
Elmer system 2000 Fourier-transform infrared spectromete

with a Si composite bolometer as the reference. Transmissioa . o .
P largest for sample RU002, which produces a built-in electric

Id in the barrier that was estimated to be about 0.2rv/
he barrier lowering due to this internal field is about 5 meV
at the emitter-barrier interface. This barrier lowering and the

was measured at normal incidence, and reflection at an inc*.—
dence angle of around 8°. Absorption spectra were obtainejie
as the difference between unity and the sum of the reflectio

and transmission spectta.

IIl. RESULTS AND DISCUSSION

The dark current for the detectors at 4.2 K is shown in

shown in the insetii) in Fig. 2. The forward bias Arrhenius
plot for RU0O2 indicates a barrier height of 14 meV while

the reverse gives a barrier height of 17 meV, by extrapolating
the experimental data to zero electric field. For samples
RUO001 and RUO0O03 no difference was observed in the barrier

ﬁeight for forward and reverse bias. As seen from Table I, the
ifference between the doping concentration of the emitter
0.5x 10'° cm™ %) and the bottom contact (810'° cm™2) is

band gap narrowing, according to the high density théory,
will form different barriers for the forward and reverse bias

cases.

The electric field dependence of the effective barrier

Fig. 2. Insef(i) shows the dark current in the narrow range ofheight for the three samples under forward bias is shown in

the electric field from—0.02 to 0.02 Vim. The sharp in-

Fig. 3. Sample RU0O1 has a sharp drop in barrier height at a

crease in the dark current for RUOO1 at an electric field offield strength of 0.01 \#m limiting the operating field,
~0.01 V/ium could be attributed to tunneling associatedwhich is directly related to the increasing dark current dis-
with the material defects. Defect formation increases for cussed before. Samples RU002 and RU003 also show slow
thicker layers even for low defect materials such as GZAs. barrier lowering with increasing field due to the image force
However, the dark current in the bias region of operation idowering? and their\, is expected to vary with the bias

still low and the overall performance of the detectors is notvoltage.

affected.

under the forward electric fields of 0.005, 0.3, and 0. L/

Room temperature experimental and calculated absorp-
The Arrhenius plots for determining the barrier heightstion spectra for unetched pieces from the same wafers as the

detector samples RU001, RU002, and RUOO03 are shown in

for samples RU001, RU002, and RUO0O3, respectively, aréig. 4. The calculations were based on Drude model for the

TABLE I. Main parameters for the three device structures as grown, and confirmed by SIMS measurements.
Here, N (Wi, Nem (Wem), Np (W), and Ny, (W, are the doping concentratidithicknes$ of the top
contact, emitter, barrier, and bottom contact of the single emitter structure, respectively.

Wtc Ntc Wem N em Wb N b Wbc N bc
Sample (hm)  10®°cm™®  (m  10°em®  (um) 107 em® (wm)  10¥cm3
RUO001 120 5.9 200 1.6 4.0 2 1 3.0
RU002 150 5.0 200 0.5 0.1 3.0 1 3.0
RUO003 120 5.3 200 1.5 1.0 1.8 1 2.0
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FIG. 3. The change in the effective barrier height as the forward electric === 0.007 um RUOO1
field varies in the structures at temperature 4.2 K. The sample wjtm4-
thick barrier region has an almost constant barrier up to 0.@dvand then
decreasing sharply, whereas the other two samples show expected behavior
of bias variation due to the image force lowering. This increases the dark
current in RUOO1 sharply as compared to the samples RU002 and RU0O03

with 0.1- and 1um-thick barrier regions as shown in Fig. 2. 80

Wavelength, um

interaction of radiation with free carriers and optical phononsFIG. 5. The experimental responsivity spectra for detectors at 4.2 K under

. different forward electric fields. Maximum responsivity is at @, and its

in the frame of Lorenz modéf A two component free-  yaue are 3.3, 1.4, and 4 AW for detectors RU001, RU002, and RU003,

carrier plasma consisting of heavy holé#H) and light holes  respectively. The first order cavity peak for detector RU0O1 is around the

(LH) was considered. Although the light hole is only aboutecutoff wavelength. The sharp drop around @ is due to the high reflec-

5% of the total trati the high afil) of tion in the reststrahlen band. Arrows 1 and 2 indicate the transitions between
0 € total concentraton, the .lg mass r 3 0 the ground and the excited impuritgarbon states. Arrow 1—transition

HH:LH causes the plasma frequencies for both carriers to bgs, (r,) 2P, (T';), arrow 2—transition $;4T's)—2Psl's) (see

of the same ordéf Details of the model and calculation of Ref. 16.

the optical electric field distribution across the structure, and

reflection/transmision calculations of the structure were de-

scribed in Ref. 15. Thickness and doping level for the struc-  Resonant cavity enhanceméfgttributed to the Fabry—

tures were obtained by fitting the calculated transmission anBaot interference, is expected in these structures due to re-

reflection spectra to the experimental results. These valudkection from highly doped emitter and bottom contact layers.

are within 5% of the design parameters. The resonance wavelength can be estimated by the expres-

sion

1.0 — _ —

. B0 FU0oS ; Ren;(\)]d;j=(\4)(2m—1), m=1,23..., (1)

0.5 where Ref) is the real component of the refractive index of
the jth layer,d; is the thickness, and the summation is car-
ried throughout the layers in the structure.

0.0 For sample RUOQO1, taking the total thickness of the
S structures and the mean refractive index into account, the
a 05+ first (m=1) and secondrni=2) order absorption peaks were
3 calculated to be at 68 and 23m, respectively. The first
2 order resonance absorption peak at/68 can be seefin-

0.0 dicated by arrow in Fig. 4. The second order peak for

RUOO1 and the first order peak for samples RU002 and

0.5 RUO003 (about 14.5 and 2&m, respectivelyare outside the
measured spectral range. The sharp drop gu@7is due to
high reflection at the reststrahlen band from GaAs caused by

0.0 y - - the strong photon-optical phonon interaction.

Strong bias dependence of the experimental responsivity
for three structures is shown in Figs. 5 and 6. Maximum
FIG. 4. The experimentasolid line) and calculateddashed ling absorp- responsivity :CS a]?hleved a.t electric fields of 0.005, 0.2, and
tion spectra at room temperature for the samples with different barrierthicko':l-25 V/:U“m or orwgrd bias and at 0.012, 0.2, and 0.25
ness. The absorption measurements were done for pieces without topd/ um for reverse bias for samples RU001, RU002, and
contact etching. RUOO1 has aydn-thick barrier region and the others, RUQO03, respectively. As expected from the dark current be-

RUO002 and RUO003, have 0.1- anduln-thick barriers, respectively. The ;
first order cavity peak for structure RUOO1 is around 68, and is marked havior, the performance of sample RUOO1 degrades as the

by an arrow. Higher order peaks for sample RU0O1 and peaks of all orderfi€ld approa_che_s 0.01 )Un_, WhiCh was attributed to the_ high
for samples RU002 and RU0O3 are outside the range of measurements. defect density in the barrier region. A resonance cavity peak

Wavelength, pm
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20 o — photoconductivity measurements, that the wavelength corre-
| sponding to transitions from the ground to the third excited
10- ___g’;‘gg impurity state] 1S;//(I'g) —2P5(1"7) ] is 58.2um and from

the ground to the second excited stafdS;,(I'g)
—2Pc(T'g)] is 63.9 um.X® The degenerate excited state
2Ps, splits into two states, Rg;o(1I'7) and 2P55(I'g), under

o
\Y
\
\Y
A
LAY

§ 1A TSV U002 the “spin-orbit” interaction in accordance with the point
O I R 015 group symmetry in the zinc-blende structure of GaAs, that
2 21 4 o T are denoted by the notation§'{) and (Ug).'” The wave-

5 1.4 ““\---Jj 2 length corresponding to the transition from the ground state
@ it e to the first excited state is 8m and lies outside thk,.

o : ——0.005 V/um RU0O1 At low temperaturesT, the carriers have insufficient

."- ----0.007 thermal energyKT, wherek is the Boltzmann’s constanto
: occupy the excited states; hence, the ground state is mostly
occupied. The enhancement of the photocurrent at these
wavelengths is due to the transitions from the ground to the
80 excited states and subsequent tunneling in the valence band
Wavelength, um through the barrier formed by the Coulomb potential of the
6. 6. Th ental it e for detect {42 K und acceptor and the external electric field. The last transition has
e e e e ot 2% strong dependence on the electic fild. As seen in Fgs. 5
value are 3.5, 3.6, and 7.4 AW for detectors RU001, RU002, and RUoo3aNnd 6, the strongest transitions were observed at the highest
respectively. The first order cavity peak for detector RU0O1 is around thdield. The small deviation in the peaks for sample RU002 and

cutoff wavelength. The sharp drop around @ is due to the high reflec- RU003 may be due to the Stark shift of the impurity levels
tion in the reststrahlen band. Arrows 1 and 2 indicate the transitions between

the ground and the excited impuritgarbon states. Arrow 1—transition caused by high electrlg flelq. .
1S3(I'g) = 2Ps(I'7), armow 2—1S;(I'g) ~2Pg;(I's) (see Ref. 1B Increased responsivity in the 40—%0n region due to
High responsivity at 5&m for sample RUO03 is due to higher electric field transitions from the ground to the valence band is shown in
and higher probability of the transition from the ground to the excited stateFigS_ 5 and 6. In accordance with Ref. 16 the ground state of
the impurity lies at 26.9 meV above the valence band; there-
fore, the transition from the impurity ground to the valence
was observed around 68m in the absorption spectum of band states would be expected around 46. Transitions
sample RU001 presented in Fig. 4. However, this was notrom the ground state to higher excited stateS{43P) and
observed in the responsivity spectra due to photoemissiofiom the ground state to continuum, in the range 4059
drop around the\. of 70 um. have also been observ&iThey are more pronounced at low
Detector RUOO1 has a peak responsivigy 34 um) of  temperatures due to increased probability of ground-state oc-
33 AW and 35 AW, D*=1.6x10" and 1.7 cupation.
X 101 cmy/Hz/W, and quantum efficiency 12% and 12.8% Peak responsivity, quantum efficiency, and detectivity of
for forward (0.005 Vjum) and reversg0.012 Vjum) bias, single emitter samples RU001, RU002, and RU0OO3 are com-
respectively. Even though this sample has am-thick bar-  pared with another sample 9604 having 20 periods of
rier region, the 1gm-thick bottom contact compared to an emitter/barrier structuréotal thickness of the emitters is 0.3
800-A-thick emitter layer maintains a high carrier generationum), reported previousl? as shown in Table Il. Even
rate in the bottom contact. This leads to the same order ahough all three present detectors are single emitter struc-
responsivity observed for both bias directions. This detectotures, the responsivity is much greater than the multilayer
can be used as a wide band detector in the range 4@#65 structures that have been previously demonstritdthese
with an average responsivity of 0.7 A/W. detectors have a. of about 65—70um, which agrees with
The responsivity for the structure with/Am barrier re-  the interfacial work function calculated from the Arrhenius
gion (RUOO3 has a strong bias dependence, increasing sigplots.
nificantly with the bias. However, the bias cannot increase The main parameters of the detectairesponsivity,
indefinitely as the dark current also increases with bias. At 34uantum efficiency, and detectivitat wavelengths corre-
wm, it has a peak responsivity of 7.4 A/¥ A/W) giving a  sponding to transitions from the ground to excited impurity
quantum efficiency of 27.2%14.7% and a detectivityD* states are presented in Table I, indicating the highest re-
of 3.6x10" cmyHz/W (1.9x10' cmyHz/W) for 0.15 sponsivity for sample RU003. The low responsivity in
V/um reverse(0.125 Vjum forward bias. This detector RUOQO01 is due to the high density of defects present in the
shows a broad spectrum with an average responsivity of 8tructure preventing the operation at comparable electric
A/W in the range 40—6Q@m. fields. Sample RU002 has the lowest number of impurities
Responsivity peaks were observed, for forward and redue to its thin barrier region. As a result, it has the lowest
verse bias spectra, at wavelengths 57 andu®3 for all  responsivity.
samples. They can be attributed to the hole transitions from The energy of plasma oscillations for the 5
the ground state to the excited impurity states in the relax 10'® cm~2 doped emitter layer of sample RUQ02 fisv
tively low-doped barrier layers. It has been shown, from the=33.6 meV, while the optical phonon energies @e1o
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TABLE II. Figures of merit(peak responsivity, quantum efficiency, and detectjvityr the single emitter
detectors RU0O01, RU002, and RU0O03 at 34 compared to the multiemitter detector 9604. The thickness of
the emitter(800 A) and the bottom conta¢i wm) for all three single emitter detectors are the same. Detector
9604 has 20 periods of emitter/barier structutesal thickness of the emitters is 0,8m) and the peak
responsivity is at 34um (see Ref. 18

Peak responsivity Quant. efficiency Detectivity
(AIW) (%) 10% cmyHz/W

Sample

No. Forward Reverse Forward Reverse Forward Reverse
RUO001 3.3 3.5 12 12.8 1.6 1.7
RUO002 14 3.6 5 13.3 0.7 1.7
RUO003 4 7.4 14.7 27.2 1.9 3.6

9604 3.1 125 0.5 .

=33.2 meV andhw o=36.1 meV. This produces a strong 1) w )

coupling between plasma oscillations and polar lattice vibra- ”a:23|m[8(w)]w fo [E(x)[%dx

tions giving rise to a plasmon with high damping, renormal- L

izing the plasmon frequenéj,and changing the free carrier 1) |E|?

absorption mechanism. The energy of plasma frequencies for =2 c Im[e(w)] WW' )

samples RU00O1 and RUOO3 are 60.2 and 58.3 meV, respec-

tively, shows the difference between the plasma and phonojyhere Inje(w)] is the imaginary part of the dielectric con-

frequencies for these samples is greater than for RU002, pragant,  is the frequencyw/c= 27/ is the wave number of

ducing a weak phonon-plasmon coupling. the incident light,E is the electric field of the electromag-
The responsivity calculations were performed by considnetic wave inside the layeE, is the electric field of the

ering photoexcitation of holes in the emitter, photoemissionjncident radiation, antiv is the thickness of the emitter layer.

and hot-hole transport. Total quantum efficiency is the prod-The dielectric constant(w) has two additive parts describ-

uct of photon absorption, internal photoemission, and hoting the light interaction with the free carriers and optical

hole transport probabilitiesy= 7,7;7,. Responsivity at phonons. In Eq(3) only the energy dissipation of the inci-

wavelengthi is given by dent radiation by the free carriers is included, since only the
photoexcited carriers contribute to photocurrent. Energy dis-
. q sipated by phonon generation goes into the crystal lattice.
R=7n—N\, (2) . )
hc The value of#, is proportional to the mean square of the

optical electric field in the structure. A calculation of the

where g is the electron charge; is the speed of light in electric field distribution across the structure was carried out
vacuum, and is Planck’s constant. The quantum efficiency taking both the free carrier and optical phonon contributions
of the internal photoemissiosy; and hot-hole transpory,  to the permittivity into account. Formation of the standing
were calculated using the model described before. waves in a structure has been discussed in detail b&fore.

The photon absorption probability, is defined as the The calculated and experimental spectral response mea-
fraction of the incident light that is absorbed by the freesured at 4.2 K under forward and reverse bias are shown in
holes in the emitter and is calculated from the expression Figs. 7 and 8, respectively. Since the model does not include

TABLE lIl. Figures of merit (peak responsivity, quantum efficiency, and detectjvityr the single emitter detectors RU001, RU002, and RUO03 at
wavelengths 58 and 64m, corresponding to transitions from the ground to the third and from the ground to the second excited states of the camanity
respectively. The maximum responsivity is achieved for the sample RU003, whereas high density of defects would not allow the electric fieldaseloe incre
significantly for the sample RU001, and sample RU0O2 has the lowest barrier thickness resulting in the lowest number of the impurities.

Peak responsivity Quant. efficiency Detectivity
(AIW) (%) 10% cmyHzZ/W
Forward Reverse Forward Reverse Forward Reverse
um um mm um mm um
Sample
No. 58 64 58 64 58 64 58 64 58 64 58 64

RU001 0.33 0.23 0.96 1.0 0.7 0.4 2.1 1.9 0.16 0.11 0.47 0.49
RU002 0.51 0.6 0.91 0.70 11 1.2 2.0 1.4 0.25 0.29 0.44 0.34
RU003 2.18 1.21 18.6 9.51 4.7 2.4 40.0 18.6 1.06 0.59 9.04 4.62
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FIG. 7. Variation in responsivity with wavelength under forward bias at 4.2 F/G- 9. Calculated mean square of optical electric field across the emitter
K. Solid lines—experimental curves, dashed lines—calculated curves. Th@"d bottom contact layers of the three samples. The lowest electric field
matching is done at electric fields 0.005, 0.05, and 0.1@nVfor samples produced the lowest responsivity for sample RU002. Sharp drop at TO

RU001, RU002, and RU0O3, respectively. Responsivity dip aiiis due phonon frequency36.7 um) is due to the sharp increase of the permittivity
to high reflection in the reststrahlen band. in the vicinity. The peak electric field at LO phonon frequeri8$.9 um) is

due to the dropping of permittivity to zero. The drop and rise of electric field
result in the drop and rise of the responsivity as in the Figs. 5 and 6.

any electric field effects, the comparison with calculations

was done for the low-bias experimental results. The calculagic field in the emitter and bottom contact as discussed later.
tions were carried out using the structure paramethisk-  The peaks at 58 and 64m, and the increased responsivity in
nesses and doping concentrajiabtained by fitting the ex-  the 40-50um spectral range in the experimental curves are
perimental reflection/transmission spectra to the calculatege to transitions from the ground to the excited states of the
spectra. The emitter layer was 800 A, which was the thickimpurity and from the ground to the valence band that were
ness remaining after the etching process. A reasonable agregst included in the theoretical model.
ment between experimental and calculated curves is ob- The forward and reverse bias responsivity at low electric
served in Figs. 7 and 8. The peak at @ and the sharp fie|ds for sample RU002, having a 0/4m barrier layer
drop at 37um are due to the interaction of radiation with LO thjckness, is the lowest compared to the other two samples as
and TO optical phonons and the variation of the optical elecspown in Figs. 7 and 8. This is due to the low optical electric
field in the emitter. In accordance with the boundary condi-
tions, tangential component of the electric field of the total
Exp. RU0O3 incident and reflected waves must be zero at the surface of
the highly conducting bottom contact. The electric field of
the standing wave formed in the structure increases with the
distance and has a maximum at a distance about a quarter
wavelength from the bottom contact. Since the gap between
the emitter and the highly doped bottom contact is the small-
est for sample RU002, it has the lowest resultant optical
electric field in the emitter. This leads to a very low photon
absorption probability in accordance with Eg), and there-
fore the loss in the responsivity.

IS
L

o

Responsivity, A/W
o
o

0.0 . L . . L
RU0O1 This conclusion is confirmed by optical electric field cal-
B culations for these structures. The spectra of the normalized
14 mean square optical electric field across the emitter and the

bottom contact layers are shown in Fig. 9. The field for
ol J T AN sample RU002 is the lowest compared to the others. This
40 60 80 together with the lowest emitter concentration, leads to the
Wavelength, pm lowest responsivity. The sharp drop at wavelength of 36.7
pum (where the permittivity drastically increages due to
FIG. 8. Responsivity vs wavelength under the reverse bias at 4.2 K. SolidrQ phonons. At the wavelength of LO phonof83.9 um)

lines—experimental curves, dashed lines—calculated curves. The matchi PR : ; T
is done at electric fields 0.005, 0.05, and 0.1%W for samples RU001, "the permittivity Is almost zero, creating a hlgh electric field,

RUO002, and RU0O3, respectively. The dip at ai is due to the GaAs Which Proquces a reSponSi\_/ity peak in the experi'mental
reststrahlen band reflection. curves in Figs. 5 and 6. The first order resonance cavity peak
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FIG. 10. Calculated optical electric field distribution of the standing wave g 11, Calculated generation rate across the structures at wavelength 34
generated in the samples at wavelength 4. The maximum field is m. High generation rate in the emitter and the bottom contact is a result of

achieved at the surface. Low electric field for sample RUOO2 is due to thigh doping concentration. For the sample RUOO2 the generation rate in the
smallest barrier thickness compared to RU001 and RU003. emitter is lower compared to that in the bottom contact.

IV. CONCLUSION

was seen at 6gum for sample RUOO1. The second order |5 symmary, HIWIP detectors with enhanced responsiv-
peak for this sample and the first order peak for sampleﬁy, low dark current, and remarkably high quantum effi-
RUO002 and RUOO3 are outside the measured spectral rang§ency have been observed. Even though all detectors are
as indicated earlier. The small peak shift, towards the shoiingle emitter layer structures, the responsivity is greater
wavelength from 33.9«m, for sample RUOOL1 is due to the (o for the previously demonstrated multilayer structures.
contribution of the strong second order resonant cavity peaﬁesponsivity and cutoff wavelength show a strong bias de-
at around Zm_m. The optical electric field in the emitter is pendence. The main features of the absorption and respon-
less than that in the bottom contact for all samples as seen W)yity spectra are well described by the model of free heavy/
Fig. 9. The relative magnitude of the responsivity for for- light hole absorption, photoemission, and hot carrier
ward and reverse directioriphotogeneration of holes in the transport. Increased responsivity at range 404160is due

emitter and the bottom contact, respectiyelgpends on the 4 yransitions from ground to excited states of the impurity.
relative values of the optical electric fields, thickness, and the

hole scattering length.
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