
Extended Abstracts of the lSth (1986 International) Conference on Solid State Devices and Materials, Tokyo, 1986, pp. 767-769 D-9-2 (LN)

Bxtremely High Peak-to-Valley Current Ratio Obtained in an InAlAs/InGaAs
Resonant Tunneling Barrier Structure Grown by MBE
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Since the first report of an AlGaAs/eaas resonant-
tunneling barrier (RTB) structure by Tsu and Esaki in 1973 [1 ]t
much effort has been made to improve the negative differential
resistance (NDR) characteristics of AlGaAs/eaas RTB structures by
changing structure parameters (guantum well width, barrier layer
thickness, barrier height, and spacer layer thicknessl t2-6\ for
improving characteristics of new RTB devices, such as a resonant-
tunneling hot electron transistor (RHET) which has been first
developed in 1 985 [7]. Neverthe]ess, NDR characteristics of an
AIGaAs/Caas RTB structure are still unsatisfactory,.

In this studyr w€ tried to change another parameterr the
electron effective mass of RTB, to realize a high-guality RTB
structure. An InAlas/InGaAs RTB structure, lattice-matched to
InP, was grown f or the f irst time by IVIBE, and excellent NDR
characteri-stics were obtained.

Fig. 1 phows the sclqematic cross-section of an InAIAs ( 41 il
/tneaas(61.5 A)/rneIAs(41 A) RTB diode (ohmic contact of about 50
pm in diameter ) and its energy band diagram. The RTB strggturQ,r
Sandwiched between thick n-InGaAs layers (Si dopedr o=1x10rocm-r),
$ras grovrn on an InP substrate at a growlh temperature of 47IoC by
MBE. Undoped InGaAs spacer layers ( 1 S A) were introduced on both
sides of the barrier structure.

Typical I-V characteristics (77X) of the RTB are shown in
Fig. 2. A very large peak-to-valley current ratio (Jp / lv ) of
11.7 -,wds attained at a peak current density as high as 2.2x1 0=
Af cmz , which is the highest value ever reported for any RTBs.

In Fig. 3, the Jp/.fv ratios at 77K are plotted as a
function of Jp for the InAles/InGaAs RTB, together with data of
AIGaAs/Gaas RTBs [ 3 -6 ] . It can be seen that the Jp/,fv ratio
decrease s with increasing Jp. For AIGaAs/Caas RTBs, tSe higlhest
Jp/ Jv ratio of more than 10 r^ras obtained'for Jp < 3x1 0r A/cm4. On
the other hand, the InAIAs / tncaAs RTB showed the much i- mproved
NDR characteristics, that isr. the large Jp/;v ratio (1 1.7) with
the very high Jp value( 2.2x1 O4 A/ cmzl. This Jp value is almost
one order of magnitude higher than that of AlGaAs/Caas RTBs for



1)
2l

the same Jp/,fv (about 1 0 ). This excellent characteristic of the
InAlAs/Incaas RTB is dominantly due to the smaller effective mass
in the InAlAs barrier layer compared with the AIGaAs barrier.
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