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Quantitative resonant tunneling spectroscopy: Current~voltage 
characteristics of precisely characterized resonant tunneling diodes 
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A systematic comparison of precisely characterized resonant tunneling structures is presented. 
A self-consistent band bending calculation is used to model the experimentally observed 
resonant peak positions. lt is found that the peak positions can be accurately modeled if the 
nominal characterization parameters are allowed to vary within the measurement accuracy of 
the characterization. As a result, it is found that the asymmetries in the current-voltage 
characteristics are solely explainable by tunnel barrier thickness fluctuations. 

The origin of negative differential resistance in double 
harrier /single quantum well resonant tunneling structures is 
qualitatively well understood. 1 However, a full accounting 
of the current-voltage characteristics requires precise phys­
ical and electrical measurement of the device material prop­
erties. We present here a systematic comparison of measure­
ments on precisely characterized resonant tunneling 
structures with models of the current-voltage dependence. 

A set of four specimens has been grown by molecular 
beam epitaxy (MBE) to provide devices which vary over 
seven orders of magnitude in resonant peak current density 
for the AlGaAs/GaAs/ AlGaAs system. This is achieved by 
growing nominally identical structures which differ solely in 
barrier thickness. Photoluminescence test structures were 
grown to provide for measurement of the AlGaAs band gap, 
transmission electron microscopy was used to independent­
ly verify the layer thicknesses, and capacitance-voltage pro­
filing provided an independent determination of the doping 
density. The current-voltage characteristics of these struc­
tures have been measured. A systematic shift of the resonant 
peak and a variation of the resonant peak voltage asymmetry 
with current density is observed and compared with model­
ing results. It is found that a self-consistent band bending 
model can accurately predict the voltage peak positions, al­
though the structural parameters used are not necessarily 
the "nominal" values, yet values within the error of the char­
acterization measurement. 

The samples used in this study were grown on Si-doped 
n+ -GaAs conductive substrates using a Riber 2300 MBE 
system. The structures consist of a 0.5 flill Si-doped GaAs 
buffer and bottom contact layer, a (nominally) 150 A un­
doped GaAs spacer layer, an undoped AlGaAs tunnel bar­
rier, an undoped GaAs quantum well, a second undoped 
AlGaAs tunnel barrier of nominally identical thickness, an­
other 150 A undoped GaAs spacer layer, a 0.5 f£ffi Si-doped 
GaAs top contact, a 0.5 pm undoped AlGaAs layer, an un­
doped GaAs 50 A quantum weH, a 0< 1 Jlm undoped AIGaAs 
layer, and a 100 A GaAs cap layer. The entire structure was 
grown at constant temperature at 600 oc (to minimize Si 
diffusion) as measured by a short wavelength pyrometer. 
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The four specimens were grown sequentially to ensure a con­
stant unintentional impurity background. 

The active resonant tunneling structure is buried under­
neath a series of diagnostic photoluminescence structures. 
Conventional photoluminescence was performed at 4.2 and 
300 K. The top quantum well photoluminescence exhibited 
typical full width at half maximum values of 10 me V. Photo­
luminescence of the thick AlGaAs layers was used for deter­
mination of the Al content. The band-gap relation of Casey 
and Panish2 was assumed. The doping density of then-.­
GaAs layers was determined by standard capacitance-vol­
tage profiling measurements, and the thicknesses of the tun­
nel barriers and quantum wells were determined by 
cross-sectional transmission electron microscopy ( TEM) . 
A summary of these structural parameters for the four sam­
ples studied is shown in Table I. 

Prior to device fabrication, the top diagnostic layers 
were removed by a chemical etch so that contact could be 
made to the upper n+-GaAs layer. Mesa devices ranging 
from 1.6X 10-7 cm-· 2 to 4.1 X w-s cm-- 2 were fabricated 
by standard photolithography and chemical etching. Bond­
ing pads contacted the upper top AuGeNi alloyed metal oh­
mic contact and a similar bottom contact through a 
Si3N4/polyimide passivation layer. Static current-voltage 
characteristics (four-point where necessary) were measured 
at 77 K. 

Figure 1 shows a realistic conduction energy band pro­
file of the 85 A barrier thickness structure under (a) zero 
and (b) resonant bias. The model from which this figure was 
obtained finds the self-consistent solution of Poisson's equa­
tions for the electrostatic potential. The electrons in the con-

TABLE I. Summary of the structural parameters for the four resonant tun­
neling diode samples and the characterization techniques used. 

Barrier 
thickness 
(TEM) 

RTDQW 
thickness 
(TEM) 

AI l'LQW 
content energy 

(PL, 300K) (PL, 4.2 K) 

118( ± SJ A. 48( ± 5) A 27.7( ± 0.6) 1.620eV 
85( ± 5) A 44( ± 5) A. 26.4( ± 0.6) 1.623 eV 
65( ± 5) A 44( ± 5) A 27.7( :i: 0.6) 1.6!3 eV 
32( ± Sl A. 38( ± 5) A 25.0( ±0.6) 1.616eV 

Contact doping 
density, ern -' 

(CV) 

1.7( ±0.2)!01
" 

1.7( ±0.2)101
" 

1.4( :±. 0.4) !018 

2.6( ±0.1)10'8 
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