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Abgtract : AIAS GaAd Ino1 Gan.sASY GaAs/ AlAs double barrier resonant tunneling diodes (DBRTDs) grown on a
semi-insulated GaA s substrate with molecular beam epitaxy is demonstrated. By sandwiching the Ino.1 Gao.o As layer

between GaAs layers,potentia wells beside the two sides of barrier are deepened ,resulting in an increase of the

peak-to-valley current ratio (PVCR) and a peak current density. A specia shape of collector is designed in order to

reduce contact res stance and non-uniformity of the current ;as a result the total current density in the device isin-

creased. The use of thin barriersis also helpful for the improvement of the PVCR and the peak current densty in

DBRTDs. The devices exhibit a maximum PV CR of 13 98 and a peak current density of 89kA/ cm? at room temperar

ture.
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1 Introduction

Double barrier resonant tunneling diodes
(DBRTDs) have received great attentions for their
potential applications in frequency multiplication,
microwave oscillation ,analog-to-digital conversion,
and static random access memory!* ¥ because of
their negative differential resistance (NDR) per-
formance. To incorporate the DBRTD in the practi-
cal circuit, a high peak-to-valley current ratio
(PVCR) larger than 5 and a high peak current den-

sty near to 10°A/ cm’ are required.

[5] I [6]

Snce Tsu and Esaki™ ,and Chang et a
first proposed and demonstrated NDR through
DBRTDs,many eforts have been made to improve
the performances of DBRTDs. Soderstrom et al . !”!
fabricated InAg/ AISb DBRTD on a semi-insulated
(SI) GaAs substrate with a PV CR of 11 and a peak

current density of 4 3kA/cm® at room tempera
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ture. A pseudomorphic Inoss Gao.az AS AIAS INAs
DBRTD on S| InP substrate with a PVCR of 50
and a peak current density of 5 8kA/cm’ at room
temperature has aso been reported® .

The option and preparation of different mate-
rials and structures are crucia to the performance
of DBRTDs. Low electron eff ective massin materi-
al and high conduction-band offset (A Ec) between
barrier and well can improve the PVCR in
DBRTDs resulting from reduction of the valley
current. Due to lower electron effective mass ,prop-
erties of InP-substrate RTDs are generally better
than those of GaA s substrate ones,and some novel
material s of barrier and well have al so been adopt-
ed® s as to obtain the same aims. However ,con-
sequent difficulty in MBE growth of new materi-
als,and high fragility of InP resulting in rigorous
process ,baffle them into real application.

In this paper ,in order to deepen the wells be-
sde the two sides of the barrier ,sub-well lays are
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used through the introduction of an Ino.1 Gao.o AS
layer between GaAs layers. Due to the reduction of
the non-tunneling current,a high PVCR is ob-
tained. Thin barriers and a special shape of collec
tor are used for enlargement of the peak current
density and the total current densty ,respectively.
Device performance with a maximum PVCR of
13 98 and a peak current density of 89kA/cm’ are
demonstrated at room temperature success ully.

2 Material structureand device fabri-
cation

The AIAS GaAd o1 Gavo A GaAd AlAs
DBRTDsare grownon Sl GaAs (100) substrate by
usng JEN-  molecular beam epitaxy (MBE) e
quipment. The growth sequence begins with four
step-graded n*- GaA s buffer layers,followed by an
undoped GaAs spacer layer, an undoped Ino.i-
Gao.sAs strained layer ,and an undoped GaA s spac-
er layer. The well-barrier structure consists of an
Ino.1 Gan.s As sub-well layer ,two GaAs well layers,
and two AlAs barrier layers. Then there are synr
metrical structures that are composed of a same
spacer layer ,a strained layer ,a spacer layer ,and
buffer layersin turn. Table 1 shows the structure
and doping profiles of the DBRTD.

Table 1 Schematic MBE structure of the DBRTD

500nm GaAs 3x10%cm- 8
5nm GaAs 1x10%cm-3
5nm GaAs 5x10%cm- 3
5nm GaAs 1x10%cm-3
5nm GaAs
5nm Ino.1 Gap 9AS

0.5nm GaAs
4nm Ino.1 Gap oA

0.5nm GaAs

1 7nm AlAs

0. 5nm GaAs

1 7nm AlAs

0. 5nm GaAs
5nm Ing 1 Gag 9AS
5nm GaAs
5nm GaAs 1x10%cm- 3
5nm GaAs 5x10%cm- 3
5nm GaAs 1x10%cm- 3

1000nm GaAs 3x10%cm-3

(100) SF- GaAs substrate

Isolated mesa structures areformed by contact
photolithography (Suss Microtec) and non-selec
tive wet etching techniques (citric acid solution:
1). Redst is used for
mask in etching. AuGeNiAgAu and TiAu metalizer
tion (DMDE450 film evaporation station) are made
for the ohmic contacts and connect line ,regpective-
ly ,by metal lift-off. SO. and SsN4 are deposited
through Nextra PECVD to form insulated layers
and then are removed partly by wet etching (N HF

ice acetic acid=1 1) and RIE dry etching re-

hydrogen peroxide = 10

spectively to open windows for connect lines. Fig-
ure 1 shows the schematic mesa structure of the
DBRTD without the SOz/ S3Na4 layer in order to
view eadly.

Fg.1 Schematic mesa structure of the DBRTD

3 Device measurements and discus
sion of results

The current-voltage (I-V) characteristics of
the diodes are measured at room temperature by a
semi-conductor parameter analyzer. Figure 2 shows
the I-V characteristic of the DBRTD with a 4 m x
4 m emitter at room temperature. The |-V charac
teristic of the DBRTD is measured with a negative
bias,which refers to an electron injection from the
bottom contact ,i. e. bottom buffer. For the negative
biasthe PVCRis 13 98 and the peak current dens-
ty is 89kA/ cm’. The performances of the DBRTDs
are much better than those of Wang et al."® with
roughly identical materials structure, as well as
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other reported DBRTDs with GaAs substrate so
far.
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FHg.2 IV curve of RTD with a 4 m x4 m emitter
PVCR =13 98 with I, = - 0. 014309A ,V, = - 1 68V,
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The great improvement of performance can be
attributed to the use of Ino.1 Gan.s As layers,better
quality material ,and fabrication flows. As shownin
Fig. 3,the conduction band energy level of Ino.i-
Gav.sAsislower than that of GaAs,s0 when Ino.i-
Gao.9As layer isintroduced between GaAs layers,
the potential well of GaAslayer is deepened ,resul-
ting in an increase of relative height of AIAs barri-
ers. It is helpful to enlarge both the PV CR and the
peak current dendty ,and at the same time non-tun-
neling current components are depressed eficient-
ly. The roles of Ino.1 Gao.o As layers can be dmilar
to sub-well™ when Ino.1 Gan.sAslayersliein GaAs
space layersand GaAswell respectively. The thick-
nesses of the AlAs barrier layers are as thin as
1 7nm and are also helpful to increase the PV CR
and the peak current density ,snce the thinner the
barriers are ,the higher the peak current densties
are, and the PVCRs of devices are then en-
larged™”! .

AlAs AlAs

ny

Fig.3 Schematic conduction band diagram with z di-
rection that parallels the current onein DBRTD

As shownin Fig. 4 ,the emitter of the RTD is
surrounded by its collector. This unique layout is
used for the reduction of contact resstance and
non-uniformity in the emitter current ,resulting in
large current density in the DBRTDs.

r
ot oy b

Fig.4 Top picture of RTD

4 Conclusion

Through introducing the Ino.: Gao.o As layer
between the GaAslayersin AIASs GaA s Ino.1 Gao.o-
As GaAd AIAsDBRTDs with SI-GaAs substrate,
the potential well of GaAs layer is deepened,and
the height of barriersisfunctionally able to be en-
hanced ,resulting in the realization of a high PV CR
and a peak current density. Thin barriersand a spe-
cial shape of collector are presented and used for
increasng the peak current dendty and the total
current dendty regpectively. The characteristic of
DBRTDs at room temperature in this work are
much better than all other reported GaA s substrate
DBRTDs. From a practical point of view,thisis
very encouraging.
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