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Staggered to straddling band lineups in InAs/Al (As, Sb)
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Ballistic electron emission spectroscofEES has been used to study both the conduction and
valence band offsets between InAs and AlAsSb. With the addition of As to AlSb, the conduction
band offset between it and InAs has been found to decrease despite the increase in the band gap. The
resulting increase in the valence band causes the In8&$AISH band lineup to change from a
staggeredtype Il) to a straddling(type ). Both room-temperature and low-temperat(ré K)

BEES spectra have been taken to determine the band offsetd.99® American Institute of
Physics[S0003-695(99)01408-4

The advent of ternary semiconductors has opened up thiae Schottky Barrier and will be collected at the semiconduc-
field of device growth, for it allows for the lattice matching tor contact(collectop. BEES is performed by pausing the
and the control of band lineups over a much wider rangeSTM tip during a topographic scan, and measuring the col-
Most of the work to date in the Ill-V compound semicon- lector current|., as a function of the tip-base voltageé,.
ductors has been accomplished through use of dual-catiowhenV, becomes greater than the SB, a threshold.iis
compounds. However, the IlI-V dual-anion compoundobserved. A key point to note is that during the acquisition of
AlAs,Sb, _, is of great interest, for it is a high-band-gap the spectroscopic data, BEES’s three-terminal capability al-
material system that can be grown lattice matched to a variows for the energy bands in the metal semiconductor region
ety of substrates, such as GaAs, InP, InAs, and GaBte  to remain unchanged. BEES has been shown to give accurate
high band gaps of AIASh _,, ranging from~1.6 (AISb)  measurements of band offséfs.
to 2.2 eV (AlAs), make AlAsSh, _, very attractive for the The molecular beam epitaxfMBE) samples consisted
fabrication of heterojunctions with large band offsets allow-of 20 A InAs on 4000 A A{As)Sb grown upon the appro-
ing for high carrier confinements. Recent wbet UCSB has priate GaAs substraten{ for conduction band ang™ for
demonstrated the Strong SenSitiVity of structural and electriva|ence band measuremenfghe |ayer structure and the en-
cal quality on growth parameters and substrate temperaturgrgy band diagram for the InAs/AlSb sample are shown in
AlAs,Sh, _ has successfully been used as the barrier mate=ig. 1. Using a shadow mask, 65 A of Au were thermally
rial for midinfrared laseré;® in InAs-based heterostructure evaporated in 1 mm dots at a background pressure of 2
field-effect transistor§,’ and InP-based optoelectronfts® . 10-7Torr, as in typical device fabrication procedures. The

The InAs/AISb system exhibits a straddlif@ype 1)) thin metal and the InAs cap layers allow for the injected
band lineup, with a conduction band offset between InNAS andiarriers to travel ballistically throughoth the Au and the
AISb (1.35 eV) bigger than the difference in band gais?28  |yag yntil the InAs/AlAs, SB interface is reached. There-

eV), and an AISb valence band edge above the gﬁ:ﬁvale”%re, the energy of the electrons at that interface corresponds
band edg?.z From measurements on InAs/GaAand  irectly to the applied tip-to-base voltage. Since the InAs
GaAs/AlAs; < transitivity dictates that InAs/AlAs will from a layer is thin in comparison to the #ds, S layer and InAs

staggeredtype |) band lineup. In the present work, we use ¢ ction band edge is beneath the Fermi level, the major-
ballistic electron emission spectroscaBEES to determine

band offsets between InAs and three concentrations of
AlASSb: 0% As, 16% Aglattice matched to InAs and 56% 1.5} ' ' ' ' ]
As (lattice matched to InPand to investigate the transition

AISb conduction band

between the staggered and straddling regimes.

BEES is a three-terminal modification of a scanning tun- . 't - ]
neling microscop¢STM) in which the STM tip, actihngasan & 232\’*'::5
emitter, injects hot carriers into a thirz100 A) Au metal 4

; 14 o; uoo.5r 4000A AISb ]
(base layer grown on a semiconductb* Since the attenu-
ation length of these injected electrons in Au~425 A n*GaAs substrate
they will travel ballistically through the metal until they 0 - Metal Fermi Level ]
reach the Schottky BarrigiSB). Some of the carriers will ~<——— InAs Condugction Band
have sufficient energy and appropriate momenta to overcome . . .
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FIG. 3. Band Positioning of the InAs and (Als)Sb depicting the staggered

FIG. 2. Representative BEES spectra for Au/InAs/AISb and (AISb) and straddling AIAsSh) band lineups.
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band-gap increase must be absorbed as a sum of the changes

ity of the band bending occurs in the (Als, S, not the  in the conduction and valence bands, with respect to the InAs
InAs. The injected carriers will reach the collector contactconduction band edge, an increase in the valence band offset
only if they have enough energy to overcome théA&)Sb  for InAs/AlAs,Sb,_, must therefore be concluded.
barrier. Therefore, the height measured in the BEES spectra |n the case of InAs/AISb, the AlSb valence band could
corresponds directly to the maximum in the band e@g¢he  not be probed by BEES as it lies higher in energy than the
InAs/Al(As, Sb interfacg. Numerical values for the thresh- A|Sb valence bandstaggered band linelpSince the InAs/
olds were obtained through fitting to the theoretical Bell-A|Sb valence band offset must increa§®m then-type re-
Kaiser modef® Previous work by the authofshas shown sultg, the AlAs,Sh,_, valence band will become visible &s
that taking quantum mechanical reflection at the barriefs increasedFig. 3. At As concentrations of 0.16 and 0.56,
causes a modification of about 20 meV in the absolute valuBEES could be performed and Fig. 4 shows a low-
of the threshold. The relative changes in the threshold as gmperature(90 K) spectrum obtained on the=0.16 va-
function of composition are model independent. lence band offsetlE,) sample. Using the 77 K InAs band

Room-temperature BEES measurements were performeghp of 0.40 V28 DE,’s of 0.33 and 0.75 V are obtained
on five Au/InAs/AlAsSb (three n-type and twop-type)  between InAs/AlAg Sk s, and INAS/AIAS) sShy 44 This
samples with As concentrations of 0%, 16%, 56%. Figure Zxtrapolation requires the assumption that Au/InAs Fermi
shows two representative BEES spectra of InAs/AISb andevel pinning position remains independent of temperatiire.
INAS/AIAS 165k, g4 The observed BEES thresholds decrease  Low-temperature measurements were also performed on
as the As concentration is increased. At the higher As conthe threen-type samples to give a more complete under-
centrations, the material is becoming highly straitie®%  standing of the band structure. The BEES thresholds are ex-
lattice mismatch for the 56% sampleEven though the pected to follow the band-gap dependence and are therefore
BEES current was therefore smaller, it was more than adexpected to increase as the temperature is decreased. As seen
equate to make the offset measurements. The highly straingd Table I, each of the three-type concentrations exhibited
InAs cap layer can cause extra charged states at the InAgh 80—-100 meV threshold increase at low temperature. The
AlAsSb which can trap and reduce the BEEM current sig-ow-temperature conduction band offsets are again calculated
nificantly since only a few pA are measured. In addition, thepy adding the 130 meV from the observed BEES thresholds.
BEES thresholds for each sample increased as the tempera-
ture was decreased from RT to 77 K. These values are shown 2 ——————T———— T
in Table I. From previous BEES measurements on Au/InAs/ 90K
AlSb, the Au Fermi level is pinned 130 meV in the InAs of
conduction band® To deduce the conduction band offset
(CBO) between InAs and AAs)Sb, the 130 meV value is 2t
added to the appropriate BEES thresholds.

This decrease in the thresholds and the conduction band-= -4t AUfInAs/AIASSD
offsets comes in strong contrast to the expected increase in V =086V
the band gap in going from AlISb to AlAsSbH.Since the '
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T

TABLE I. Measured BEES resulighresholds and conduction band offgets -8
on Au/InAs/Al(As)Sb samples.

10 ! 1 ! 1

Material n-type RT RTDE, 77 Kn-type LTDE; 77 Kp-type 06 0.8 1 1.2 14
Tip-Bias Voltage (V)

InAs/AISb  1.22V 135V 131V 144V

16% As 1.09V 122V 119V 132V -086 V FIG. 4. BEES spectra obtained for measuring the valence band offset be-
56% As 1.02V 115V 110V 123V ~-1.28 V tween InAs and AlAg,Shygs. A threshold value of 0.86 eV is obtained
yielding aDE, of 0.37 V.
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