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A systematic study was carried out on defect states in Interfacial Misfit (IMF) unpassivated and Te-

passivated IMF in p-i-n GaSb/GaAs devices using Deep Level Transient Spectroscopy (DLTS) and

Laplace DLTS. Additionally, Current-Voltage (I–V) measurements were performed, which showed

that the turn-on voltage (Von) of passivated samples is lower than that for unpassivated samples; an

effect which can be explained by the introduction of new defects states near to the interface of

GaSb/GaAs, where Te was incorporated to passivate the IMF. The Capacitance-Voltage (C-V)

analysis demonstrates that these new states are the consequence of adding Te at the misfit of

GaSb/GaAs. Furthermore, DLTS measurements reveal a distribution of states including a main

midgap energy level, namely the well documented EL2 trap, with some peculiar behaviour. Most

of these levels are related to interface states that are generated by the mismatch between GaAs and

GaSb. Originally, the addition of Te atoms was thought to passivate these interface states. On the

contrary, this paper, which attempts at correlating the current-voltage and capacitance-voltage

characteristics to the DLTS results, shows clearly that Te atoms increase the density of interface

states. VC 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4824378]

INTRODUCTION

GaSb is a direct band gap material with an energy gap

of 0.72 eV. Due to its narrow band gap, it has potential appli-

cations in long wavelength optoelectronic devices;1,2 solar

cells3 and quantum dots (QDs) memory devices.4 The

research on GaSb material system has increased consider-

ably,5 due to its advantage to grow it on low-cost GaAs sub-

strates as compared to the native substrate.

By using Interfacial Misfit (IMF) growth mode, the

strain between the substrate and epitaxial layer is, in princi-

ple, relieved by the formation of two-dimensional misfit

array parallel to the interface between GaAs and GaSb; these

are referred to as 90� dislocations.6–8 The strain relief in 90o

misfit is completely along [110] and [1�10] direction. The

well-known threading dislocations in GaAs/GaSb are caused

by the 60� misfit dislocations at the interface. These are

formed to relieve the strain after the growth of a GaSb layer

beyond the critical thickness. The undesirable threading dis-

locations can thread through the active region of a sample

affecting the electrical and optical properties of the device.7

On the other hand, the 90� dislocations, which are confined

to the interface and propagate only laterally, are the efficient

mechanism to relieve the strain.9 These 90� IMF dislocations

which create interfacial states are made of Ga-dangling

bonds localized at the GaSb/GaAs interface. These interfa-

cial states significantly affect various electrical

characteristics of devices,10 such as the turn-on voltage and

the reverse-bias leakage current.11,12 It is therefore important

to study their electronic properties. One of the major issues

that affect the performance of the devices is the presence of

Ga dangling bonds because they trap carriers. It is therefore

essential to compensate these unwanted channels. The delta

doping technique of the region near the interface between

GaAs and GaSb12 by a suitable dopant atom has been used

as an alternative approach to achieve this “compensation” as

referred to in Refs. 11 and 12 (in the following, we will use

the term passivation instead of compensation, which usually

means that doping of opposite type is present in the sample,

lowering the net doping. In addition, we will refer to our

samples as unpassivated and passivated instead of uncom-

pensated and compensated11,12). For example, it has been

shown that the electronic properties of GaSb/GaAs based

devices can be improved by using Te atoms.11,12 However,

in order to understand the influence of the interfacial states

on optoelectronic devices such as lasers, detectors, solar

cells, it is vital to study the defects present near the

IMF-GaSb/GaAs and their interactions with delta doping

processes. In this work, electrically active defects present in

IMF-GaSb/GaAs heterostructures were investigated for the

first time by employing Deep Level Transient Spectroscopy

(DLTS) technique.

SAMPLE DETAILS

The samples were grown using the same procedure as

reported in Refs. 11 and 12. Briefly, the samples are grown
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by molecular beam epitaxy (MBE) on (100) GaAs substrates.

After oxide removal, the RHEED pattern shows a (2� 4)

reconstruction demonstrating a high quality As rich stabi-

lized GaAs surface. This was followed by desorption of As,

which resulted in a Ga rich surface as confirmed by the

(4� 2) RHEED reconstruction. The IMF is then created by

exposing the surface to Sb atoms. This results in a (2� 8)

reconstruction, which confirms the atomic packing instead of

tetragonal distortion. The substrate temperature was then

reduced and GaSb growth started resulting in a bulk (1� 3)

reconstructed GaSb growth. The layer structure of the devi-

ces investigated is shown in Figure 1.

In these structures, Be and Te are used as p and n type

dopants, respectively. The doping concentration of the con-

tact layers, i.e., p-GaSb and n-GaAs, for both unpassivated

and passivated samples, are 5� 1018 cm�3, whereas for the

other layers the doping is 2� 1016 cm�3. In unpassivated

diodes, the p-n junction is formed by a 1.76 lm thick GaSb

and 1.4 lm GaAs layers on either side of the junction,

respectively. The passivated GaSb/GaAs devices with a

sheet of Te atoms at the interface will allow us to investigate

and analyse the compensation of the interfacial states. In

d-doped IMF diodes, the IMF region is embedded in a 10 nm

unintentionally doped GaSb and GaAs regions on the respec-

tive sides of the interface. In unpassivated diodes, the IMF

region is embedded between 6.3 nm GaSb and 5 nm GaAs

layers. The segregation of Be and Te dopants into the IMF

region can be neglected since the samples were grown at rel-

atively low temperatures. In addition, the undoped spacer

layers on either side of the IMF region will further limit the

diffusion of dopants into the IMF. The samples were proc-

essed into circular mesas having 200 lm diameters.

EXPERIMENTAL RESULTS

In order to study the electrical properties of these IMF

and to understand the role of compensation, I–V, C–V, and

DLTS measurements were performed. Figure 2 represents

the I–V characteristics for both samples at room temperature.

The inset of Figure 2 shows the linear I–V plot, where it

can be seen that the turn-on voltage (Von) of both samples is

different. Jallipalli et al.11,12 explained the low value of Von

in their passivated samples as due to the compensation of

interfacial states by Te atoms. It is worth pointing out the

value of the turn-on voltage can only be considered as

qualitative since there are several parasitic current paths,

which shunt the hetero-barrier and make the I–V characteris-

tics more complicated. Among the most important sources of

currents, one may cite thermal generation of carrier in the

semiconductor bulk or via deep level at the heterointerface,

tunnelling across the narrow heterojunction barrier, and

shunt current along the edge of the sample. All these sources

will contribute to different extents to the measured current,

thereby making it difficult to ascertain the value of the bar-

rier limited current. However, the main contribution of the

current is through the interfaces states resulting from the sig-

nificant lattice mismatch between GaSb and GaAs in this

material system. Therefore, the general trend is that the pas-

sivated samples exhibit a lower turn-on voltage, which is in

agreement with the fact (and also as demonstrated through-

out this manuscript) that the compensation process introdu-

ces more interface traps than it is supposed to suppress as

claimed in the work reported by Jallipalli et al.11,12 These

interface states increase dramatically the tunnelling current,

and thereby reducing the turn-on voltage. In addition to the

interface states, the current through the devices may be influ-

enced by the series resistance effect as discussed by

Chattopadhyay and Haldar.13 However, in the devices inves-

tigated in his work, the series resistance plays a minor role

since the tunnelling current remained unchanged as demon-

strated by recording the I–V characteristics at different tem-

peratures (data not shown here). One therefore can conclude

FIG. 1. Structure of (a) unpassivated

(IMF before d-doping), and (b) passi-

vated samples (after d-doping with Te-

atoms at IMF).

FIG. 2. Semi-logarithmic plots of dark I–V characteristics of unpassivated

and passivated IMF diodes at room temperature with diameter of 200 lm.
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that the major contribution to the measured current in the

passivated samples is due to the higher interface states.

However, by using room temperature C–V measure-

ments, it is found that the density of interfacial states in pas-

sivated samples is higher than in unpassivated samples. In

this work by a careful analysis of the C–V data, we explain

that a lower value of Von in the passivated samples is not

necessary an evidence of lower interfacial states. The capaci-

tance of an ideal heterojunction is given by14

C ¼ AðVon þ VRÞ�1=2; (1)

where “Von” is the diffusion or turn on voltage, “VR” is the

applied reverse bias, and A is a constant containing the dop-

ing concentration on both sides of the heterojunction (one

for each material) and the corresponding dielectric constants.

This proportionality factor can easily be derived in the case

of an ideal heterojunction.

In any type of ideal, homo or heterojunction system

plotting 1/C2 as a function of (Von þ VR) or C as a function

of (Von þ VR)�1/2 is obviously linear. However, there are

cases where departure from linearity of either of the types of

plotting may provide very instructive information. This as-

pect is fully exploited in our manuscript. The nonlinearity of

1/C2 of heterojunctions, especially near (Von þ VR)¼ 0, has

been lengthily discussed in the literature.15 These nonlinear-

ity effects are mainly caused by the interface states, which

make the equivalent circuit much more complicated than a

simple series connection of two equivalent devices (a capaci-

tance in parallel with a conductance), representing each side

of the heterojunction. In this work, we show that the simple

parallel connection of two capacitances model as reported by

Pandey and Kal16 one representing the total capacitance of

the heterojunction (both sides included) and the other repre-

senting the interface contribution, fit our experimental data.

In the following analysis, we will exploit the trivial but inter-

esting case where the plot of 1/C2 as a function of (Von

þ VR) is non-linear, while the plot of C as a function of (Von

þ VR)�1/2 is linear, allowing the determination of valuable

information of our structures.

As explained above, it is important to notice here that

relying on Eq. (1), whether we plot C versus (Von þ VR)�1/2

or 1/C2 versus (Von þ VR), one should, in principle, obtain a

linear behaviour for which the intercept is at the origin. This

simple analysis has been applied to the data obtained at

300 K for both passivated and unpassivated samples. The

two plots are shown in Figures 3 and 4. Von values are

extracted from the I–V characteristics at 300 K.

It is absolutely clear from Figure 3 that 1/C2 as a func-

tion of (Von þ VR) is not linear, whereas plotting C as a func-

tion of (Von þ VR)�1/2 leads to a perfect straight line as

shown in Figure 4 but with a nonzero intercept.

The 300 K plots shown in Figures 3 and 4 have similar

behaviour for temperatures ranging from 20 K to 400 K.

To account for the non-zero intercept in Figure 4, Eq.

(1) must however be modified by adding a constant term to

account for the non-zero intercept. This leads to

C ¼ AðVon þ VRÞ�1=2 þ C0: (2)

The total capacitance of the device is thus equivalent to two

separate capacitors in parallel; one due to the depletion

region, called also the junction capacitance, and the second

due to the interfaces states. It is worth pointing out that the

term C0 is also affected by the value of Von of the passivated

and unpassivated samples as demonstrated in Figure 4. In

order to explain the reason why the intercepts, i.e., values of

C0, are different for both structures one needs to introduce

some extra charges that add up to or subtract from the doping

densities in the interface regions between GaSb and GaAs

layers. Moreover, as extra charges are expected to affect the

band bending, Von must also be affected. Due to the mis-

match between the two materials, it is natural to assign the

nonzero intercept observed in to the existence of a sheet

layer (d-layer) at the heterojunction that contains interface

states with a total charge Qit and a density Dit. These two pa-

rameters are linked by the relation

Qit ¼ 6qDitðEFs � E0Þ; (3)

where the signs 6 refers to donors and acceptors, respec-

tively, EFs is the Fermi level at the interface and E0 is the

FIG. 3. Plot of 1/C2 as a function of (Von þ VR). The capacitance was meas-

ured at a frequency of 1 MHz. Clearly, there is no abrupt change of the

charge distribution on both sides of the heterojunction.

FIG. 4. Plot of C as a function of (Von þ VR)�1/2. The important result here

is that the slope is slightly increased in the passivated samples. The corre-

sponding Von values of each device were extracted from the experimental

data shown in Figure 2.
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so-called neutral level introduced originally by Bardeen17 to

take into account the surface states at the interface between a

metal and semiconductor. Avoiding detailed calculations, it

is easy to show that in the ideal case, where there are no

interface states, C0 should be equal to zero and A is given by

A ¼ qe0NaNde1e2

2ðNae1 þ Nde2Þ

� �1=2

; (4)

where Na and Nd are doping densities in p and n region of

the diodes, and e1 and e2 are dielectric constants of GaSb and

GaAs, respectively. If one assumes that the incorporation of

Te at the interface does not affect Na and Nd, or very negligi-

bly, then Eq. (4) can be simplified since in our samples

Na¼Nd¼ 2� 1016 cm�3. However, according to the C–V
results, it can be concluded that while compensating the

IMF, Te-delta doping introduces extra charge states breaking

down the symmetry of the doping in the passivated samples,

i.e., Na is no longer equal to Nd. It would then be more rea-

sonable to consider that the difference in slopes in both struc-

tures (12.3 in unpassivated and 14.5 in passivated) can be

accounted for by the Te modification of Na and/or Nd.

Furthermore, in order to confirm the existence of inter-

face states in both samples, capacitance (C) as function of

frequency (f) measurements was performed. It well-known

that the higher values of capacitance at low frequencies are

attributed to the excess capacitance resulting from the inter-

face states as reported by other workers.18,19 Figure 5 shows

room temperature C-f characteristics for a DC-bias of zero

Volts for both samples. It can clearly be seen from Figure 5

that the capacitance is significantly higher at low frequencies

and drops considerably as the frequency increases. This is

seen as an evidence of the presence of interface states in

both samples. As long as these interface states are able to fol-

low the variations of the AC test signal at low frequencies,

they contribute to the measured capacitance. While at higher

frequencies, the interface states are not able to follow the AC

test signal (capture-emission rates are much slower) and as a

result only the junction capacitance persists. It can also be

noted from Figure 5 that Te passivated samples have much

higher capacitance than unpassivated devices, which further

supports our above CV analysis.

In order to understand the interaction of IMF and Te,

and its influence on the electronic transport mechanism, it is

important to study the electrically active defects in both sam-

ples. DLTS and Laplace DLTS are powerful techniques to

detect traps in the bandgap of semiconductor materials. The

details of these techniques are given elsewhere.20,21

DLTS experiments were performed at different reverse

bias conditions. By applying a reverse bias, one can control

the depletion region, where trapping and de-trapping of

charge carriers processes occur. This will allow the measure-

ment of the emissions of trapped carriers at a particular

region of the device. The DLTS signals from the unpassi-

vated samples, recorded at different reverse biases starting

from VR¼�0.25 V (very close to the interface) to VR¼�4 V

(away from the interface) are displayed in Figure 6. The filling

pulse was kept constant at Vp¼ 0 V and tp¼ 1msec duration

for all the measurements.

It can be seen that for a reverse bias VR¼�0.25 V (the

region probed is near the interface) only one peak at about

383 K is detected. The isothermal Laplace DLTS technique

in which the emission rate is measured at a constant tempera-

ture has been applied to get deeper insight into this

well-defined peak. By plotting the temperature versus emis-

sion rate, one can obtain the energy of the trap. From the

Arrhenius plot shown in Figure 7, activation energy of

0.79 eV (defect EUp5) was determined with an apparent cap-

ture cross-section of 1.14� 10�12 cm2. The inset illustrates

the Laplace DLTS peak. The full width at half maximum

(FWHM) of the single peak detected by conventional DLTS

at VR¼�0.25 V (see Figure 6) is lower than 0.1 Tm (where

Tm is the maximum peak intensity), indicating that a single

level is present.22 This is clearly confirmed by the high reso-

lution Laplace DLTS measurements in the inset of Figure 7.

Increasing the reverse bias from VR¼�0.25 V to

VR¼�4 V leads to another increasing signal on the low

temperature side of the main peak. This observation means

that we are not necessarily probing a single state as will be

demonstrated below. Above VR¼�1 V, another peak starts

appearing at a temperature of �217 K (for clarity, this

FIG. 5. Room temperature capacitance versus frequency (f) characteristics

of unpassivated and passivated samples.

FIG. 6. Conventional DLTS measurements of unpassivated samples at dif-

ferent reverse biases from VR¼�0.25 V to VR¼�4 V. The filling pulse

characteristics were: Vp¼ 0 V, tp¼ 1msec, and rate window¼ 200 s�1. For

clarity, the low temperature peaks are shown in the inset.
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additional DLTS peak is shown in the inset of Figure 6) and

broadens on the left hand side (lower temperature) when the

bias is increased further up to VR¼�4 V. This broadening is

typical for tunnelling processes through the interface

between the two materials, namely, GaAs and GaSb that

have different band gaps. As the band bending increases

with applied bias, the thickness of the triangular barrier

reduces accordingly allowing the carriers trapped at or close

to the interface to escape easily by tunnelling.23

On the other hand, the peak that was very well resolved

at the low reverse bias of �0.25 V becomes somehow dis-

torted when the bias increases up to �4 V suggesting that

more than one level exist (Figure 6). To elucidate this fur-

ther, the Laplace DLTS was done at reverse bias of

VR¼�4 V and it can be clearly seen from the inset of

Figure 8 that there are three peaks (EUp3, EUp4, EUp5), one of

which (EUp5) has exactly the same activation energy and

capture cross-section as those derived at the reverse bias of

VR¼�0.25 V in the unpassivated samples. On the other

hand, for the peak that appears at 217 K (large "plateau" at

low temperatures for higher reverse bias values) in

unpassivated samples, the Laplace DLTS reveals two closely

spaced peaks (EUp1, EUp2). As shown in Figure 8, more

defects are detected in the unpassivated samples for a larger

reverse bias of VR¼�4.V.

Native defects are primarily concerned with vacancies,

interstitials, and antisite defects. If one assumes that in

GaAs, the majority of gallium vacancies (VGa) recombine

with gallium interstitials (Gai) through Frenkel mechanism,

therefore only a small number of remaining VGa react with

arsenic interstitials (Asi) to form AsGa antisites, referred to

as EL2.24,25 The capture mechanism of interstitials (Gai and

Asi) at dislocations has been observed to create arsenic

vacancies (VAs) and gallium vacancies (VGa).
25–27 The

LDLTS results indicate that EUP5 for VR¼�0.25 and EUP5

for VR¼ -4 V have the same origin. The associated peak is

well identified in the literature24 with its known energy and

capture cross-section. In unpassivated samples, it could orig-

inate from the GaAs layers and can thus be assigned to the

well-known electron trap EL2 in GaAs.24

The incorporation of Te at the interface between GaSb

and GaAs could favour the formation of complexes involv-

ing vacancies, antisites, and interstitials. According to the lit-

erature,28 the self-diffusion in GaSb occurs through the

following reaction:

GaGaVSb ! VGaGaSb; (5)

where VSb being unstable, the pair GaGaVSb converts into

VGaGaSb in which Ga forms an antisite leaving a gallium va-

cancy behind. When Te is incorporated into GaSb, it occu-

pies a VSb site, forming the complex VGaTeSb giving to Te
the acceptor character.

If Te acts as a donor then the following reaction will

result:25

Teþ VAs ! TeþAs þ e�: (6)

According to this assumption, in the passivated samples Te
atoms could create a channel of free electrons. The low Von

in compensated samples observed in this work and in Ref. 12

can therefore be explained by this model involving the pres-

ence of Te atoms. Te could also react with VGa to form

TeAsVGa complex, which act as an acceptor. These com-

plexes which have been detected by using forward bias volt-

age conditions are not reported here but will be discussed in

a future paper. It is worth noting that this acceptor level has

not been detected in unpassivated samples which do not con-

tain Te. One can conclude from this analysis that the incor-

poration of Te creates additional states in the passivated

samples. This is further confirmed from C–V and C-f

analysis.

The DLTS spectra obtained on passivated samples are

displayed in Figure 9. Clearly, new peaks appear as dis-

played in the inset of Figure 9. These additional peaks, which

were absent in the unpassivated samples, start appearing for

a reverse bias of VR��0.25 V. Figure 10 shows the

Arrhenius plots of six peaks obtained by Laplace DLTS in

the passivated samples for a VR¼�0.25 V (region probed is

close to the interface). These six new defects (Ep1, Ep2, Ep3,

Ep4, Ep5, and Ep6) are directly or indirectly related to Te

FIG. 7. Arrhenius plot of unpassivated samples at reverse bias

VR¼�0.25 V. The inset shows Laplace DLTS peak at 383 K.

FIG. 8. Arrhenius plot of unpassivated samples at reverse bias VR¼�4 V.

The red line represents the linear fit to the data. The inset shows that the

main DLTS peak observed for VR¼�0.25 V (as shown in Figure 6) splits in

three clear peaks as detected by the high resolution Laplace DLTS.
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doping since these were not observed in unpassivated sam-

ples. The most striking feature in Figure 9 is the shape of the

peaks in passivated samples (temperature 350 K–420 K) as

compared to those obtained in the unpassivated samples.

However, while the peak extends on both sides in the unpas-

sivated devices, when the reverse bias is increased in the pas-

sivated structure, the peaks enlarges mainly on the left hand

side, whereas an increasing contribution from hole

capture-emission shows up on the right hand side as a nega-

tive peak.

It can also be noted from Figure 9 that at a reverse bias

of VR¼�4 V, electron and hole peaks are prominent in the

temperature range of 350–420 K, particularly under a large

reverse bias. While the hole peak is not detected at small

reverse bias of VR¼�0.25 V in passivated samples.

The Arrhenius plot for the reverse bias of VR¼�4 V is

shown in Figure 11. It can be seen that the electron peak in

the passivated sample at reverse bias of �4 V (Arrhenius

peak Ep7 shown in Figure 11) is the same as the one recorded

at the small reverse bias VR¼�0.25 V (Arrhenius peak Ep7

from Figure 10), and has the same origin (EL2) as it was al-

ready discussed in the case of the unpassivated sample. On

the other hand, the hole peak (Hp1 shown in Figure 11) with

an activation energy of �0.72 eV was previously reported in

undoped GaSb.29 It is attributed to the interdiffusion of Te in

undoped GaSb; in our case, Te is present at the interface of

GaSb and GaAs in passivated samples and might diffuse to

GaSb side.

The activation energies, capture cross-section, and

defects concentrations are summarised in Table I for a

reverse bias VR¼�0.25 V that allows probing the region

close to the interface between GaAs and GaSb. As shown

from both Figures 6 and 9 increasing VR–Vp leads to a very

unique behaviour that is not possible to attribute to a single

level. In other words, we can no longer invoke the EL2 as

the observed signal shifts to higher temperatures and distorts.

Laplace DLTS shown in Figures 8 and 11 detect more than

one level in both samples when we increase VR–Vp. Such a

behavior is very likely to be due to interface states. This can

easily be explained by the following: increasing the voltage

pulse height will increase the energy range from which the

carriers emit to the conduction band on one side (GaAs) and

to the valence band on the other side (GaSb). These emission

rates are energy-dependent. The situation becomes also com-

plex as we must bear in mind that for interface states, the

capture cross-section is not only temperature dependent but

also energy dependent. This is the reason for distortion. In

other words, some states have larger capture cross sections in

a given energy range than elsewhere. These various contribu-

tions increase the capacitance transient by increasing the

components of the various transients and shift the peak posi-

tion due to the fact that the overall transient is far from the

ideal exponential that should be observed for a single trap,

no matter how large is the reverse bias. As a consequence, a

small voltage pulse VR–Vp would be preferred for minimiz-

ing the shift of the peak and increasing the energy resolution.

In order to correlate the relationship between CV and

DLTS of both passivated and unpassivated samples, one con-

siders the areas below the DLTS signals recorded under the

same conditions. This allows the determination of their ratio,

which matches surprisingly with the ratio of the intercepts in

Figure 4. Therefore, both the intercepts obtained from the

CV analysis and the deep DLTS peaks are very likely due to

FIG. 9. DLTS measurements of passivated samples at different reverse

biases from VR¼�0.25 V to VR¼�4 V. The filling pulse characteristics

were: Vp¼ 0 V, tp¼ 1msec, and rate window¼ 200 s-1. For clarity, the low

temperature peaks are shown in the inset.

FIG. 10. Arrhenius plots obtained from Laplace DLTS spectra of passivated

samples at reverse bias VR¼�0.25 V. The inset shows Arrhenius plot of

DLTS peak at 350 K.

FIG. 11. Arrhenius plots derived from conventional DLTS for electron and

hole traps detected in passivated samples at a reverse bias VR¼�4 V.
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the interface states induced by the remaining dislocations

generated by the strain energy that is not fully relieved by

the 90� IMF dislocations to which we must add the proper

role of Te atoms incorporated to compensate those disloca-

tions. However, further CV at different frequencies/tempera-

tures and DLTS with varying VR and VP experiments are

planned to elucidate further the role of interfacial states.

These results will be discussed in a future paper.

CONCLUSION

In summary, Current-Voltage characteristics in the

reverse bias condition show that the leakage current is higher

in passivated samples than in unpassivated ones for values of

voltages greater than �1.5 V. Moreover, a lower Von in the

passivated samples could be attributed to more defects than

in the unpassivated samples. The CV analysis and C-f meas-

urements also confirms that the incorporation of Te at the

interface results in an increase of the interface states. This is

also supported by the larger number of traps detected by

DLTS in the passivated samples near the interface between

GaAs and GaSb. Among these traps, EL2 is the main midgap

defect detected in both unpassivated and passivated samples.

This EL2 trap plays a role near the interface between GaAs

and GaSb. Other studies on similar samples have shown that

Te plays a role in improving the structural properties of the

interface by reducing the dislocation density. However, it is

clear from this work that the electrical properties of the pas-

sivated samples are not as good as those of the unpassivated

devices in terms of the number of electrically active defects.
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