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Abstract-The negative differential resistance (NDR) phenom- 
ena were observed in G&!i%/AISb/InAs/-GaSb/AISb/InAs resonant 

density with InAs well width was found and the multiple NDR 
behaviors were also observed which were absent in the double- 

interband tunnel structures. Electron has resonantly achieved 
interband tunneling through the InAs/GaSb broken-gap quantum 
well. The InAs well width causes significant variations of the peak 
current density and NDR behaviors. The peak current density 
varies exponentially with the AlSb barrier thickness. The multiple 
NDR behavior was observed with appropriate InAs well and AlSb 
barrier thicknesses, e.g., 30 A thick AlSb barrier and 240 A wide 
InAs well. Only single negative resistance has, otherwise, been 
seen. The three-band model was used to interpret the effect of the 
InAs well and AlSb barrier on the current-voltage characteristics 
of GaSb/AISb/InAs/GaSb/AlSb/InAs structures. 

I. INTRODUCTION 

INCE the proposal of the idea of resonant interband S tunnel (RIT) by Sweeny et al. [l] ,  much attention has 
been focused on devices incorporating interband as well as 
resonant tunneling in GaSb, InAs, and AlSb type I1 ma- 
terial systems [2], [3]. These devices have displayed new 
physical phenomena, such as electron-light-hole coupling in- 
duced tunneling. They also offer an alternative to quan- 
tum well (QW) or superlattice type I structures [4], [ 5 ]  
in obtaining high peak-to-valley current ratio (PVR) nega- 
tive differential resistance (NDR) devices at room tempera- 
ture [ 61. Recently, GaSb/AlSb/GaSb/AlSb/nAs RIT structures 
with high PVR’s operated at room temperature have been 
demonstrated [7], [8]. The valley current has been calculated 
and mainly attributed to the hole tunneling current [9], and 
therefore, the PVR can be improved by incorporating an 
InAs blocking layer into the AlSb/GaSb/AlSb region, i.e., 
GaSb/AlSb/InAs/GaSb/AlSb/InAs broken-gap structure [IO], 
to reduce the hole tunneling current. The proposed structure 
has been realized and found to have PVR four to five times 
higher than that of the double-barrier RIT structures [ 101. 
In addition to the high PVR (up to 20) when incorporating 
InAs, the peak current density is a figure of merit in NDR 
characteristics. A significant variation of the peak current 
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barrier RIT structure [lo]. On the other hand, AlSb barrier 
thickness also has pronounced influence on the peak current 
density and the multiple NDR behavior. 

As the evidence shown, a detailed analysis both theoretically 
and experimentally is worthy to be given in order to understand 
the physical insights of carrier transport in the broken-gap well. 
Based on this structure, the AlSb/InAs/GaSb/AlSb forms the 
broken-gap well where electrons and light holes could form 
coupled subbands. Multiband method [ I  I] must be taken into 
account of this effect in E-lc relation and boundary conditions. 
Previously, a two-band model proposed by Soderstrom et 
al. [12], which considered the coupling between the conduc- 
tion band and light-hole band, was used to investigate the 
characteristics of the interband tunnel devices. However, a 
three-band model [ 131 incorporating the coupling effect of the 
spin split-off band has been proven to achieve better agreement 
with the experiments and is used here to investigate the 
characteristics of this kind of the structure. The peak current 
density predicted with the three-band model is in agreement 
with the experiments for GaSb/AlSb/InAs single-barrier inter- 
band tunnel structures and GaSb/AlSb/GaSb/AlSb/InAs RIT 
structures [ 131, in which electron-light-hole coupling induced 
tunneling is clearly dominant in main peak current. However, 
in the structures with GaSb/InAs interfaces, i.e.. broken-gap 
structure, or with GaSb as the emitter, the carrier transport 
in tunneling may not be totally light-hole tunneling dominant. 
The heavy hole states also play an important role affecting 
I-V characteristics. Though the effect of the heavy hole states 
is unavoidable, the light-hole tunneling appears to be a major 
part of the main peak current due to the stronger light particle 
coupling. This point of view will briefly discussed in Section 
11. 

The effects of the InAs well on the current-voltage (I- 
V) characteristics of the proposed structures, especially on 
the peak current density, are investigated in Section IV-B. 
The effect of AlSb barrier is discussed in Section IV-C. 
Calculations made here could interpret the observation of 
multiple NDR behavior due to the electron-light-hole coupling. 

11. THEORY 

Fig. I(a) shows the band diagram together with the ma- 
terial parameters employed here for GaSb/AlSb/GaSb/AlSb 
/InAs double barrier RIT structure [8]. The band diagram, 
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Fig. 1. 
GaSb/AlSblInAs/GaSb/AlSb/InAs resonant interband tunneling structure. 

The band diagrams of the (a) GaSb/AISb/GaSb/AlSb/InAs and (b) 

incorporating an InAs as the blocking layer, of the proposed 
GaSb/AlSb/InAs/GaSb/AlSb/InAs broken-gap RIT structure is 
shown in Fig. l(b). 

In the envelope function approximation [14], [15], the 
wavefunction can be written as 

where Fj satisfies 

Hj3iFji = EFj 
.i ’ 

are slowly varying envelope functions and ujo are the periodic 
parts of the Bloch functions at k = 0. We take the z-axis to be 
the growth direction, the _electronic motion inside each layer 
is described by k ,  and k11 = (&,/cy) of each layer. In the 
r-point transport we assume ,411 = 0, the heavy-hole band 
decouples and the transport around I? point is discussed. In 
the p-type GaAs/AlAs structures, the overall current as well 
as the relative magnitudes of the current peaks are strongly 
affected by the heavy and light hole band mixing [16]. In 
that kind of structure, the incoming holes are almost in the 
heavy hole states due to the larger density of states. However, 
in the InAs/AlSb/GaSb-based interband tunnel structures we 
studied, the incoming carrier is the light particle (electron) and 
its coupling with the light particle (light hole) is stronger than 
that with the heavy particle (heavy hole). As a consequence, 

+ 

as far as the transport mechanism of the main peak current is 
concemed, the contribution of the electron-light-hole coupling 
induced tunneling is more important than that of the heavy- 
hole tunneling. This particular phenomenon results from the 
unique band lineup in the InAs/AlSb/GaSb material system. In 
this paper, the contribution of the electron-light-hole coupling 
induced tunneling to the main peak-current density is mainly 
concemed. However, for nonzero the heavy-hole band do 
affect the carrier transport of RIT structures, especially for the 
structures with the GaSb/InAs interfaces in which the coupling 
between electron and heavy-hole may not be neglected due 
to the absence of AlSb barrier. In addition, the band-mixing 
between light-hole and heavy-hole band is significant with 
large k11 [ 171. The electron-heavy-hole coupling and heavy 
hole-light hole mixing will introduce the additional effects in 
the carrier transport. It may reduce or enhance the light-hole 
tunneling current and yields kinks or small peaks in the room- 
temperature or low-temperature I-V characteristics. The effect 
of the heavy hole states needs further consideration and is 
now under investigation. 

Based on the framework of Luttinger and Kohn [ l  11, the 
three-band Hamiltonian can be obtained as follows: 

E, - E -@fik, -&nfik, -pfik, E, - E 
$fik 0 E, - E 

where F,, Fl, and F,, are the envelope functions of the 
conduction band, light-hole band, and spin split-off hole band; 
E,, E,, and E, are the band edges of the conduction band, 
light-hole band, and split-off hole band; f i  is the Planck’s 
constant and 

1 

m0 
n = --(SlPzlZ) (4) 

reflects the strength of coupling between the conduction band 
and valence band. The value of II is extracted from the related 
data from Chang [ 181. 

The E-k relation can be directly obtained from the three- 
band Hamiltonian 

c 

( 5 )  
( E  - E J ( E  - E,)(E - E, - A) 

( E  - E, + $A)  (r12fi2) 

where A is the splitting energy (E,  - E,). 

conditions as follows: 
From the continuity condition, we can obtain the boundary 

2 1 
(7) 

are continuous at the interfaces. 
We can utilize the E-k relation and boundary conditions 

described above to find the transmission coefficients with the 
aid of the transfer matrix or scattering matrix method [19] 
both are stable in the calculation. Finally, the tunneling current 
density from the electron-light-hole coupling can be calculated 
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where f l ( E )  and f , v ( E )  are the Fermi-Dirac distribution 
functions in layers 1 and N. r/, is the applied voltage across 
the active region, ,rn* is the effective mass, k is the Boltzmann 
constant, T is the absolute temperature, T, is the transmission 
coefficient. 

The detailed derivation of the E-k relation and boundary 
conditions suitable for the three-band model can be seen 
elsewhere [ 131. 

In the calculation, the potential profiles in the structures 
are obtained by solving Poisson's equation, the parasitic and 
series resistance are not considered, the voltage across the cap 
layers and undoped InAs and GaSb spacer layers are also not 
considered. 

111. EXPERIMENTAL 

The proposed GaSb/AlSb/InAs/GaSb/AlSb/InAs structures 
were grown by molecular beam epitaxy [20] in a Riber 2300 
system. Starting from the Zn-doped p-type GaAs substrate, 
followed by a 0.5 pm to 1 pm thick Be-doped p+-GaSb buffer 
layer with a doping concentration of 5 x 10l8 ~ m - ~ ,  100 8, 
thick undoped GaSb spacer, undoped AlSb barrier (15 or 30 
or 45 A), undoped InAs blocking layer, undoped GaSb layer 
of 65 8,. undoped AlSb barrier, 100 8, thick undoped InAs 
spacer and finally a 0.5 lLm thick n - I n A s  cap layer, doped 
with a concentration of 1 x 10l8 cmP3 using SnTe as the 
dopant [2 11, was deposited. The detailed growth conditions 
were previously reported in [22]. GaSb films of high quality 
grown on GaAs substrate could be obtained, despite a 7.2% 
lattice mismatch existing between GaSb epilayer and GaAs 
substrate. The stress has already been released in this GaSb 
thickness range on GaAs substrate and has been checked by 
the photoreflectance measurement'. The undoped InAs layers 
were grown in the In-stabilization conditions and show lightly 
n-type. The width of the blocking InAs well were in the range 
up to 300 8,. The undoped AlSb layers have relatively high 
resistivity. The diodes with a 50 pm diameter were fabricated 
by Au/Ge contact metallization, followed by a wet chemical 
mesa-isolation etching using the metal as an etching mask. 

Iv .  RESULTS AND DISCUSSION 

A.  Experimental Results for 30 A" Thick AlSh Layer 

The room temperature I-V characteristics for InAs:30, 60, 
120, 240, and 300 A with GaSb:65 8, and AlSb:30 A are 
illustrated in Fig. 2, where the GaSb electrode is applied 
positively with respect to the InAs electrode under forward 
bias. 

' Unpuhli\hed data 

The I-V characteristics with a high PVR of 20 and a peak 
current density of 1.92 KA/cm' for 30 8, wide InAs well at 
room temperature are depicted in Fig. 2(a). The InAs well acts 
as a blockade of tunneling holes so that valley currents of 
GaSb/AlSb/InAs/GaSb/AlSb/InAs structures are suppressed, 
the PVR therefore increases as expected, compared with 5 
of double-barrier RIT structure [SI. The peak current density 
decreases to 0.82 KA/cm2 with a PVR of 12 for 60 8, wide 
InAs well. The peak current density for 300 8, wide InAs 
well is 0.92 KA/cm2, with a PVR of 1.8. For 30, 60. and 
300 8, wide InAs wells, only one distinct peak is seen in I- 
V characteristics at room temperature. While for 120 A wide 
InAs well, two other small kinks are also observed. However, 
for 240 8, wide InAs well, two clear NDR regions are depicted. 
The peak current densities in two peaks are 0.86 KA/cm' and 
1.02 KA/cm2 with PVR's of 2.5 and 1.7, respectively. 

B. Effects of InAs Blocking Layer- in 
GaSbiAlShilnAslGaSh IAlSbllnAs Structures 

The calculated peak current density and normalized peak 
current density of the proposed structures as a function of 
the InAs well width with AlSb barrier and GaSb well fixed 
at 30 8, and 65 8, are shown in Fig. 3. The experimental 
data are also marked in the figure. The normalized peak 
current density is relative to the zero-width InAs well, i.e., 
GaSb/AlSb/GaSb/AlSb/InAs structure. Reasonable agreements 
between the experimental and calculated peak current den- 
sity are observed. Because only electron-light-hole coupling 
is explicitly included in the calculation, it reveals that the 
contribution of electron-light-hole coupling to the main peak 
current density of the proposed structures is important. The 
experimental peak current density is larger than that derived 
from calculation is partly due to the smaller AlSb barrier layer 
thickness than expected, from the estimation of transmission 
electron microscope (TEM). It was found experimentally that 
the peak current density first increases slightly with small 
InAs well width until to about 30 A, then decreases with 
the InAs well width. Using the three-band model, the peak 
current density first increases from 0 to 10 8, wide InAs 
well, then decreases with increasing InAs well width until 
to 75 8, wide InAs well. The calculated transmission coef- 
ficients as a function of energy for InAs well width of 0, 
5, 15, and 30 8, are shown in Fig. 4, where the energy is 
measured upward from the InAs conduction-band edge. In 
GaSb/AISb/GaSb/AlSb/InAs (Fig. l(a)), there is only a GaSb 
ground light-hole subband (LHl)  in the energy overlap region 
between InAs conduction band and GaSb valence band. When 
intervening a small InAs layer, the incorporated InAs layer 
and GaSb well form broken-gap structure and the imperfect 
matching of the InAs conduction-band and GaSb valence- 
band wave functions leads to an effective potential barrier 
at the GaSb/InAs interface [23]. The barrier height (band 
discontinuity) of the GaSb/InAs interface (0.51 eV) is larger 
than that of the original GaSb/AlSb interface (0.4 eV), leading 
to better well confinement. In addition, the wider the InAs well 
is, the broken-gap structure provides the better confinement 
to GaSb. The stronger well confinement leads to the sharper 
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Fig. 2. 
120 A, ( d )  240 A. and (e) 300 A. I = 10 mA/div, 1-  = LOO mV/div. 

The 300 K I-V charactcristio of GaSb/AISb/InAs/GaSb /AlSb/InAs structure with GaSb:65 A. AISh:30 8, and InA\ :  ( a )  30 ii. ( b )  60 8,. ( c )  

transmission coefficient and the approach of LHI in GaSb well 
to the InAs conduction-band edge. That makes more electrons 
to tunnel through LHI due to the Fermi-Dirac distribution. On 
the other hand, there is no conduction subband in InAs well 
appearing in the energy overlap region with a small InAs well. 

the transmittivity through the well region decreases so that less 
electrons can tunnel through this region. These two competing 
mechanisms are responsible for the transport mechanism in 
peak current of the proposed structure from 0 to 90 A wide 
InAs well. With a small InAs well. the former dominates and 
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Fig. 3. The calculated peak current density of the proposed structure as a 
function of the InAs well width with AlSb barrier and GaSb well fixed at 30 
8, and 65 8,. The experimental data are also marked. The normalized peak 
current density is relative to the zero-width InAs well. 
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Fig. 4. The transmission coefficients as a function of energy with InAs well 
width of 0, 5.  15. and 30 8,. All the structures have 65 A and 30 A wide 
GaSb and AISh. 
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Fig. 5 .  (a) The calculated tunnel current versus voltage curves for InAs well 
width of 30, 60, 120, 240, and 300 A with GaSb:65 8, and AISb:30 A, for 
comparison with the experiments (Fig. 2). (b) The calculated tunnel current 
v e r w  voltage curves for 185 and 240 8,wide InAs well. 

well. The normalized calculated peak current density is higher 
than that in experiment, in contrast to other cases. In addition, 
two kinks as well as one distinct NDR peak are observed in the 
experimental I-V characteristics which are not expected in the 
calculated result (Fig. 5(a)). The lowering of the peak current 
density and observation of  kinks ma2 be attributed_to the effect 

the peak current density is increased. With increasing InAs 
well width, the latter dominates and hence the peak current 
density is decreased. However, a deviation exists in comparing 
the experiment with the calculated result for 3o A wide InAS 
well. The normalized experimental peak current density is the heavy states with large ' 1 1 '  With large '11. the heavy 

larger than the calculated result is otherwise. This hole-light hole mixing would reduce the contribution of pure 

may be either attributed to the pinning of LH 1, not decreased 
in energy as in the calculated transmission coefficient, resulting 

the peak current density maintains nearly constant, or to the 
effect of the heavy hole of view need further 
verification. 

When the InAs well width is larger than 90 A, the ground 
conduction subband ( ~ 1 )  in lnAs well appears in  the energy 
overlap region and contributes to the current density. AS the 
InAs well width is increased, LHI in GaSb well and c1 in 
InAs well shift to the InAs conduction-band edge, the peak 
current density gradually increases due to the tunneling of 
more electrons in InAs emitter through LH 1, and c 1 also 
contributes to the current density. For direct comparison with 
the experiments, the calculated tunnel current versus applied 
voltage curves for InAs: 30, 60, 120, 240, and 300 A are 
shown in Fig. 5(a). As in Figs. 2(a), (b), and 5(a) (for 30 
and 60 A wide InAs wells), only one distinct NDR peak 
is observed in the calculated results as in the experiments. 
However, deviations exist in the case of 120 A wide InAs 

kht-hole  tunneling [ 171 and hence the peak current density. 
The two kinks may 'Iso Of heavy- 

there can be Some possible transport mechanisms leading to 
the additional phenomena. When InAs well width is increased 
above 155 A, the tunneling through LHI is cut off, i.e., below 
the conduction-band edge of InAs emitter, at Smaller Voltage 
and then the peak current density is decreased. On the other 
hand, c l  contributes to the current density at a higher voltage 
and may form a "shoulder" in the 1-v curve as shown in Fig. 
5(b), where that with 185 A wide InAs well is depicted as 
an example. 

When the InAs well width is larger than 185 A, the second 
conduction subband (C2) appears in the energy overlap region 
and C 1 crosses LH 1 after the subband-interaction-induced 
repulsion 1241. Simultaneously, C1 and LHI still shift to the 
InAs conduction-band edge with the increasing InAs well 
width. From 190 to 220 A wide InAs well, Cl and LHI are 
close in energy and are dominant contributions to the peak 
current. However, with increasing InAs well width, the cutoff 

from the 

from the interface states at the GaSb/InAs interface so that subbands (possibly through HH2 and HH1).  Of course, 

This 
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Fig. 6. 
aclibe region for the 240 8, wide InAs well. 

The variation of the transmission coefficient with voltage across the 

of tunneling through C1 and LHI happens at smaller and 
smaller voltage so that the peak current is decreased. On the 
other hand, C2 contributes to the current density and forms a 
shoulder in I-V curve. Since C2 shifts to the InAs conduction- 
band edge with InAs well width, the Ferm-Dirac distribution 
in InAs emitter allows more electrons to tunnel through it  and 
the current density in the shoulder may rise to form another 
peak in I-V curve at higher voltage. C2 in InAs well is the 
dominant contribution to the second peak in I-V characteristics 
and this is the reason why GaSb/AlSb/InAs/GaSb/AlSb/InAs 
structures with a 240 8, wide InAs well has the multiple NDR 
behavior in  I-V characteristics. In Fig. 5(b), the calculated 
tunneling current density versus voltage curve with a 240 8, 
wide InAs well is also shown. We can see that there is one 
peak in I-V curve at voltage around 45 mV with a PVR of 1.5 
and another peak at voltage around 90 mV. The variation of 
the transmission Coefficient with the applied voltage for 240 
A wide InAs well is shown in Fig. 6. At 40 mV, C1 and LH1 
approach to the InAs conduction-band edge and contribute to 
the first peak. With the voltage is further increased, the current 
density decreases due to the cutoff of tunneling through C1, 
then increases again due to the approach of LH 1 and C2 to the 
InAs conduction-band edge, where a valley would be formed 
and the first NDR is thus observed. Similarly, LHI and C2 
contribute to the second peak and then would be cut off by 
the collector GaSb bandgap with increasing voltage, where the 
second NDR is formed. The multiple NDR behavior is owing 
to the contribution of the different subbands which are spaced 
enough in energy (Fig. 6). On the other hand, for InAs: 30, 
60, 120 A,  only single NDR observed in I-V characteristics 
is attributed to that LHl is the dominant contribution to the 
peak current density. 

However, just only single NDR is observed in the exper- 
imental I-V characteristics for 300 8, wide InAs well (Fig. 
2(e)). Fig. 7(a) shows the calculated current density versus 
voltage curves with InAs wide width of 255, 280, and 300 
A. In this range of InAs well width, only single NDR peak 
can be found as in the experiment. Though the number of 
the subbands increases, the spacing in energy between the 
subbands has been reduced. Fig. 7(b) shows the variation of 
the transmission coefficient with the applied voltage for a 300 
8, wide InAs well. There are four subbands. C1, LHl,  C2, 

1.2 

- 1 - - - - - - - - - - -  
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b .s 0.6 
F 0.4 
?? 

E 
- 
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(a) 

Fig. 7. 
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(a)  The calculated current density versus voltage curves with InAa 
well width of 255, 280, and 300 8, for G&b: 65 8, andAISb:30 8,. (b) The 
variation of the transmission coefficient with the voltage for a 300 8, wide 
InAs well. 

and C3, in the energy overlap region. At low voltage (30 
mV), C3 is cut off by the collector GaSb bandgap and has 
no contribution to the current density. In this time, C1 is 
the dominant contribution to the current density. When the 
voltage is increased, the tunneling through C1 is cut off and 
peak current density decreases slightly but rises soon again 
because LH1 approaches to the InAs conduction-band edge 
and contributes dominantly to the current density (from 30 to 
90 mV). With further increase in voltage, the tunneling through 
LHl is cut off and the current density decreases abruptly, 
the NDR is then formed. Finally, the tunneling through C2 
contributes a few current densities at higher voltage (130 
mV), which may be covered by the valley current components 
so that the contribution from C2 is not observed in the 
experimental I-V characteristics. 

C. Effects of AlSh Burrier in the 
GuShlAlShlInAslGaShlAlShllnAs Structures 

As thickness of AlSb (both barriers) changes from 15 8, to 
45 8, with 60 8,-wide-InAs and 65 8,-wide-GaSb, not much 
difference is expected except for the reduced FWHM (full- 
width-half-maximum) and transmitivity. In the experiments, 
the peak current density for 15 8, thick AlSb layer is larger 
than that of 30 8, thick AlSb barrier. However, the NDR 
characteristics is better in the structure with 30 8, thick AlSb 
barriers on account of PVR. The NDR characteristics in 45 8, 
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of the low transmitivity so that the tunneling current may be 
covered by other current paths, such as thermionic current. 

Fig. 9. 
structure with GaSb:65 A, AISb:15 A and InAs:240 A. 

The 300 K I-V characteristics of GaSb/AISb/InAs/GaSb/ AIShDnAs 

Fig. 8 shows the calculated peak current density as a function 
of AlSb layer thickness with 65 and 60 8, wide GaSb and InAs 
wells. The peak current density varies exponentially with the 
AlSb layer thickness. As the actual layer thickness of AlSb 
barrier is less than that expected, resulting in the larger peak 
current density than those calculated shown in Figs. 3 and 
8. The trend of calculation is in agreement with that of the 
experiments. Fig. 9 shows the room temperature characteristics 
for InAs:240 8, with GaSb:65 8, and AISb:15 8,. Compared 
with Fig. 2(d), note the multiple NDR behavior shown for 
AlSb: 30 8, instead of AlSb:15 A with a 240 8, wide InAs 
well. It is attributed to the widening FWHM such that the 
abrupt decrease in current density at smaller voltage fades out 
for AlSb:15 8,. The calculated current density versus voltage 
curves for InAs:230 and 240 8, with 15 8, thick AlSb and 65 
A wide GaSb are shown in Fig. 10. Theoretically, there still is 
a small NDR peak at smaller voltage as in the case for AlSb of 
30 A. However, because of the thin AlSb barrier of 15 A, the 
other elastic and inelastic tunneling mechanisms cause the first 
NDR fade out and even disappear. The AlSb layer thickness 
also plays an important role on the multiple NDR behavior. 

V. CONCLUSION 
The incorporation of InAs as the blocking layer in GaSb/ 

AlSb/InAs/GaSb/AlSb/nAs structures has been demon- 
strated in order to reduce the hole tunneling current 
and enhance the PVR’s. The transport mechanisms of 
GaSb/AlSb/InAs/GaSb/AlSb/InAs broken-gap RIT structure 
are investigated on the basis of three-band r;’ . 6 model with 
the aid of transfer matrix method. The importance of the 
contribution of the electron-light-hole coupling to the main 
peak current is emphasized. InAs width is found to be the 
most important role for the observation of I-V characteristics, 
it causes significant variations of the peak current. The peak 
current density of the proposed structure varies exponentially 
with the AlSb layer thickness. Device parameters dependent on 
new multiple NDR behavior are also presented and attributed 
to the subbands, which are spaced enough in energy, in the 

L= 230 AlSb 15A 15 ~ 

” 0 20 40 60 80 100 120 140 160 
Voltage (mv) 

Fig. IO.  
and 240 A with 15 A thick AlSb and 65 A wide Gash.  

The calculated current density versus voltage curves for InAs:230 

broken-gap well. AlSb layer thickness also gives considerable 
effect on the observation of the multiple NDR behavior. 
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