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We have studied the influence of misfit dislocations on hole accumulation in the base layer of an
n-AlGaAs/p-GaAsh-InGaAs heterojunction phototransistgHPT). Spatially and temporally
resolved cathodoluminescen@@l) measurements reveal that variations in the hole accumulation is
caused primarily by strain-induced defects which impede the transport of holes in the collector. The
lifetime of holes in the InGaAs/GaAs collector is found to be negligibly affected by the underlying
misfit dislocations in the InGaAs/GaAs collector. The reduction in the local electron-beam-induced
current signal by the dislocations is less tha@0%, indicating that these defects have a minor
impact on the overall device performance. 1®96 American Institute of Physics.
[S0003-695(96)00937-F

Heterojunction phototransistoreHPTS composed of grown. Next, a 3940 A n'-GaAs subcollector (3
AlGaAs/GaAs/InGaAs are of particular importance as theyx 10'8 ¢m~3) and a 4410 A InGaAs/GaAs MQW collector
can be vertically integrated into dense arrays for applicationgs x 106 ¢m~3) were grown. The MQW structure is com-
in parallel optical signal processifg® Owing to the increas- posed of three groups of three 80 A InGa, gsAs QWs that
ing maturity of IlI-V epitaxial growth techniques, the are separated by 360 A GaAs barriers within each group and
AlGaAs/GaAs/InGaAs system is a leading candidate fora center-to-center spacing of 1325 A between groups. Fi-
HPTs that require transparent substrates at its photosensitiv@lly, a 1000 Ap-GaAs (5x 10" cm %) base, a 1800 A
wavelengths. Absorber layers of InGaAs/GaAs multiplen-Al, Ga,-As emitter (5107 cm™3), an 840 An*-
quantum well{MQWs) are used to provide the photosensi- Al, .Ga,-As layer (3<10® cm™3), and a 1400 An™-
tivity. Due to the lattice mismatch, an increase in InGaAsGaAs (3x10'® cm™ %) contact layer were grown. A sche-
QW thickness beyond a critical thickness for the formationmatic of the band structure is shown in Fig. 1. Fiovacuo
of misfit dislocations, in an attempt to enhance its photosenbiasing experiments, a AuGe/Ni/Au alloy was deposited on
sitivity, could suffer a defect-induced reduction in currentthe sample surface to form an Ohmic contact with tHe
gain as the trade off. The current gain of mpntype HPT  GaAs contact layer, and subsequently Au wire bonded for
depends strongly on the hole accumulation in the Babe. external control of the applied voltag¥,., between the
Hole accumulation is a two step process that involéigs emitter and grounded collector. The HPT’s photoresponse
escape of holes out of the quantum wells and transport to thend current—voltage characteristics have been previously
base followed byfii) recombination at the base-emitter junc- reported®*
tion. It is the aim of this letter to explore the influence of The CL experiments were performed with a modified
misfit dislocations on local variations in hole accumulation
and demonstrate the degree to which defects can impact the
HPT performance. In order to accomplish this we use a
unique combination of spatially, spectrally, and temporally
resolved cathodoluminescend€L) and electron beam-
induced currenfEBIC) measurements to probe the influence
of defects on the efficiency of hole collection.

The AlGaAs/GaAs/InGaAs resonant cavity enhanced
HPT structure studied here was grown by Epitaxial Products
International who used low pressure metalorganic chemical

\

vapor depositior:* The sample growth, on am”-GaAs sub- 1L 1 1L

strate miscut 2° off100), was initiated by am*-GaAs (3 T o T e T o nGanoane Maws T T o Ao

x 10'® cm™3) buffer layer, after which a high reflectivity | [ Emitier | Collector . [ - AbsiGass
+ 3 _3 AuGe ' AIGaAs p - GaAs n- GaAs

n*-AlAs/GaAs (3x10'® cm™3) quarter-wave stack was Base Sub-collector

FIG. 1. Energy band structure of an AlGaAs/GaAs/InGaAs RCE-HPT de-
dAuthor to whom correspondence should be addressed. Electronic mailice in an open-base, common collector configuration with an applied bias
danrich@alnitak.usc.edu across the emitter collector.
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FIG. 3. CL intensities for different peaksl —p5 as a function of electron
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T=295 K, andV4=—1 V) were taken of the same region at
FIG. 2 (?onstant excitation CL spectra taken with various electron bea”}\=868, 965, and 681 nm, as shown in Fig$a)44(c). A
energies in the 4 E,=<30 keV range at room temperature. - . . -
one-to-one spatial correlation of dark line defe@4.Ds) is
found in Figs. 4a) and 4b) (corresponding tp4 and p5
JEOL-840A scanning electron microscof@EM) with elec-  emission, respectivel\but absent in Fig. &) (p1 emission.
tron beam energyg,, varying from 4 to 30 keV and with a The reduction op5 at the DLDs is attributed to nonradiative
probe current),, of 5 nA. Time-resolved CL experiments recombination near misfit dislocations or point defects in the
were performed with the method of delayed coincidence inng ;Ga, ggAs/GaAs MQW? The simultaneous reduction of
an inverted single photon counting mode, with a time resop4 emission at DLDs indicates that these same defects re-
lution of ~100 ps° Electron beam pulses of 50 ns width with duce the accumulation of holes in the base. The lumines-
a 1 MHz repetition rate were used to excite the sample. Theence efficiency of the base region decreases with a reduc-
luminescence signal was dispersed by a 1/4 m monochrdion in the accumulation of holes, owing to a reduced carrier
mator and detected by either a cooled GaAs:Cs Pf6f  recombination. This is further corroborated by thd0 line
A=<900 nm or a Gep-i-n detector(A=900 nm). scan analysis shown in Fig. 5, where line scans are shown
Results of CL spectroscopy with variols, at room  with arbitrary vertical offsets on a log scale. The dips in the
temperature are shown in Fig. 2. The high energy pémk CL intensity represent the reduction in thet emission
beledpl) at A=681 nm represents the near-band-edge emiswhich shows a-20% reduction foV4=0 in Fig. 5a). For
sion feature in Al :Ga /As layers. AskEy, increases, thel  V4<O0, there are two important changes. First, there is a
peak increases monotonically f&;,<13 keV and then de- reduction in the totap4 (A\=868 nn) CL intensity by~50%
creases whek,=13 keV. The beam energy of 13 keV cor- asV.is reduced from 0 te-4 V. Second, the relative varia-
responds to the position of the maximum electron-hole paition in the p4 emission reduces from20% to ~12% over
creation at~0.3 um beneath the surfaewhich is consis- the 0<V4=—4 V range. As the bias becomes more nega-
tent with the position of the AlGaAs—GaA@mitter-basg  tive, the base-collector junction experiences an increasing
interface. Wherk, is as low as 4 keV, less than that neces-reverse bias and the depletion region expands mainly into the
sary for detectablgpl emission, lower energy peaks at MQW collector region due to the higher doping density in
A=825 and\=858 nm(labeledp2 andp3, respectivelyare the base. For the negative bias in the first result above, the
observed. Thusp2 andp3 originate from emission in the electrons generated near the base will experience an en-
near-surface layers. These peaks are attributed to spatialhanced field-induced drift towards the collector, thereby re-
indirect free exciton €-h) transitions near then®- ducing the number of electroriminority carrier$ which re-
Al Gay-As/nt-GaAs interface. FOE,=13 keV, a rapid combine radiatively in the base and resulting in a decreased
rise in p4 (A=868 nm), corresponding to the GaAs near- p4 emission intensity. In the second result, the increased
band edge emission at room temperature, is observed. The
rise in p4 is attributed to emission originating from GaAs
layers lying deeper than the AlGaAs layenglp3). CL
depth-profiing measurements were also performed at
T=87 K. An additional emission centered @915 nm due
to el—hhl transitions in the Ig;Ga gAs/GaAs MQW is
denoted byp5. The resulting CL intensities gl —p5 vs
Ey, are shown in Fig. 3. The shift of the5 curve towards
larger Ey, relative to peakpl—p4 shows thap4 emission
originates from thep-type GaAs base whilg5 is due to

emission from the_ MQW-_ FIG. 4. Monochromatic CL images fqr4 (a), p5 (b), andp1 (c) at room
Monochromatic CL imagesH,=20 keV, 1,=5 nA, temperature.

(c)pil (2=1681 nm)
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FIG. 6. CL decay transients farlandp4 in both a dark and a bright region
FIG. 5. Line scans of thp4 CL intensity(a) at various bias in-4<V,, (i.e., away from the DL at room temperature. Linear fits to the initial CL
<4 eV range, and an EBIC line scdh) over the same region at room decay in the log scale are shown.

temperature.

or photocurrent measurement, the expected defect-induced

field in the MQW collector will enhance the efficiency of reduction of the collector current is therefore20% for a
hole collection in the base. It is evident that the increasedinear dislocation density of f0cm™, or 1 dislocation per
field will also reduce the relative impact of defect-generatedyum since the minority carrier diffusion length4sl um. For
potential fluctuations in the MQW on the drift of holes in the the present sample, an estimated average linear dislocation
collector towards the base, resulting in the measured defensity of ~1.5x10° cm™! (as observed in Fig.)4scales
crease in th@4 CL intensity variations caused by the DLDs. into a 3% defect-induced reduction of the collector current.
There is, however, no measurable change in the relative spgherefore, for related HPT structures in general, when the
tial variation in thep5 CL intensity when the bias is varied djs|ocation density is kept sufficiently smat@0® cm™1)
over the same-4=<Vq.<4 V range. These results are direct and below the density at which dislocation pileups occur, an
evidence that the misfit dislocations in the collector regiongptimum device performance can be expected.
_affect _the accumglation of holes in the base by primarily = |, conclusion, a variety of spatially, spectrally, and tem-
impeding the carrier transport. _ porally resolved CL results shows that the spatial variation in

Hole accumulation in the base will also be affected byiha hole accumulation in an AlGaAs/GaAs/InGaAs HPT is
the rlnlngrlty carrier lifetime in the base. We performed time- .5 ,seq primarily by strain-induced defects which impede the
resolved CL measurement at regions in varying proximity 0y ,snort of holes to the base. The lifetime of collected holes
the DLDs to search for spatial variations in the Iumlnescenc?n the base is found to be negligibly affected by the under-
dicay time. Tk;ekCL tran&gnti fordtf:ae_ dﬁtcay _Of mbano(lj lying misfit dislocations in the InGaAs/GaAs collector.
gwaen}lrsosrlr?nDngsegsniia::i ar)4;rr; shggvn irr?gllzﬁi “BEGN azlrjhe Complementary EBIC measurements reveal that the defects

Y 9. g o have a relatively small impact on overall device performance

initial luminescence decay time pflL, as measured from the . . - :
slope in the semilog plot ())/f cL ift%nsity versus time. is 1 40prowded the defect density is kept sufficiently small in the
' .. _photosensitive collector.

ns. Forpl, this was found to be independent of the spatial This work was supported by ARO and NSRIA-ECS)

osition near DLDs, as expected from the homogeneous CL . .
iF;nage of Fig. 4c). The initFi)aI luminescence decagy time of and was also sponsored by the Swedish Research Council for

p4 for bright and dark regions are 2.64 and 2.59 ns, respeclgngineering Science(Q'FR) and the Swedish National Board
tively. Several other bright and dark regions not shown alsd©" Industrial and Technical DevelopmefMUTEK).

exhibit this luminescence decay time, independent of posi-

tion within the overall time resolution o100 ps. The ap-

parent constancy of the decay time for thé peak shows

that holes reaching the base are not directly affected by the _ o
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