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Design and Realization o Resonant Tunnding Diodes
with New Material Structure
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Abdgract: A new maerid dructure with Alg.2» Goo.7s AY Iny.1s Go.es AY GBAs emitter acer layer and GAY Iy 15
Ga.ssAY GeAswel for renant tunneing diodes is desgned and the corregponding device isfabricated. RTDs DC characterigics
are measured at room tenperature. Pealcto-valley current ratio and the available current dendty for RTDs a room temperature are
computed. Andlys s on these results suggeds that adjusting materid structure and optimizing fabrication processes will be an dfee

tive means to inmprove the qudity of RTDs.
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1 Introduction

Resonant tunneling diode (RTD) is one of the nog
promisng devices in the field of namometer devices. RTD
based on resonant tunnding quantum effect has received
great atention for their potentia gpplications in digtal
circtits'!. Its research will promote the development of
nanometer-devices  integrated circuits. Resonant tunneling
gructure ,which gves rise to resonant tunndling quantum
dfect ,is the crucia part of RTD. Recently , ome sud
ies’? ®! have been done from convertiona GeAS Al GaAs
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sydemto the u of InyGa - xAswels and AlAsor AlSh
barriers and thereby cut down the rnon-renant currents.
The incorporation of a low band-ggp materid like InAsin
the well reduces the well width required for a given level
with regect to emitter conduction-band edge and inproves
the peak-to-valley current ratiol”!. The use of the lower
band-gep pseudormorphic Ing 15 Gap ss As acer layers
dvesrise to a dgnificantly enhanced peak-to-valey ratio
(PVR) o 3.2 and 14 a 300K and 77K ,regectively ,as
opposd to 2 and 5 obtained with the use of conventional
GaAs pacers in identical sructure!® . Riechert e al. [®
a o reported that the insertion of & prewdl” cond ging of
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4nm of undoped Iny 157 Gag. g5 As increased the typical
peak-to-valey current ratio of a 4nnrAlg s G 4AY 3nnr
GaAs double-barrier gructurefrom4.5 1 (without InGaAs
prevel) to 5.7 1 (with prewdl) . In addition,ome re-
sults!”! obtained by Wie and Choi demonsrated that a
lower band-gap INGaAs layer as an emitter gacer layer
grestly inproves the peak current dendty ,while as a ool-
lector gpacer layer it haslittle efect. In thisletter we pro-
pose a new asymmetric material gructure for RTD with the
lower band-gap 1Ny, 15 Gag, ssAS emitter pacer and well and
correponding RTD devices are fabricated succesfully.
DC characteridics of RTDs a room tenperature are mea
sured and analyzed ,which establishes the basis of further
development for RTD integrated circuits.

2 Design o RTD new material sruc
ture

Under Luryi’ s sequentia tunneling picture!™® the
peak current flows when the quas-déationary reonance
level in quantum well is aigned with the bottom ( E) o
the bottom e ectron energy digtribution in the emitter pac
er regon. Therefore ,the peak current density (Jp) ispro-
portional to E - Ep,where E isthe Ferm levd in the
emitter regon. Due to experimental valley current dendty
(Jv) the peak current density J, can be edtimeted asfol-
lows™! :

Jv = B(E - E (1
where B is a proportiond congant. The peak current den
dty can be increased if Ep ,the minimum eectron energy

Jp = Jp -

in the emitter acer regon ,can be lowered ,and E ,the
Fermi leve in the emitter region ,can be increased.
Acoording the above andyses,we dedgn and grow
the gructure for RTDs on PHEMT meterid dructure by
nmolecular beam epitaxy (MBE) shown in Fg. 1. Figure 2
dves the correponding schematic conduction band dia
gram. In regon  of emitter ,wide bandgap Alo. 2 Gag. 78
As replaces narrow bandggp GaAs ,and dopant concentrar
tion increases to 3 x 10®cm” ® conrpared to the convenr
tiond vauedf 2 x10"cm™ 3. Inregon  of emitter wide
bandgap Alo. 2 Gao. 78AS replaces narrow bandggp GaAs.

The above two changeswill increase the Fermi level Ein
the emitter region. In regon o emitter , conventiona
GaAs acer layer is partly replaced by narrow bandgep
Ino. 15~ Gag, esAS. Because the value of A E; for the Ing 15
Gao. ssAY Alo, 2 Gao 78As interface is goproximatdy equal
to 0.434eV the ue o In,Gy. «As materid in the emit-
ter gacer layer lowers the bottom Ey of eectron energy
digribution in the emitter gacer regon,increasng the
number of resonant tunneling eectrons & reonant \olt-
age. Inregon o reonant tunneling structure we insert
narrow bandggp 1no. 15 Gao.ss As in convertiona GaAs
quantum well . It will decrease reonant voltage by adding

narrow bandgap Ino. 15 Gao. ssAS.

cmitter

n*-GaAs 3X10%cm? 30nm

Aly,,Ga,,As 33X 10%cm? 150nm I

Al ,,Ga,,As 3nm I

In, ;Ga, . As Snm {Il [« Spacer

GaAs 0.5nm

AlAs 1.7mm.

GaAs _ 0.5nm

]no.lsGaU.stS 4nm IV

GaAs 0.5nm

AlAs I.7nm

GaAs 2.5nm

n-GaAs 2X10"em? 10nm

n*-GaAs 3X10%cm*? 100nm
Collector

Fg.1 Shematic materid dructure for RTD

Al Ga, As
In Ga,_As
GaAs
AlAs
GaAs
In}GaHAs
GaAs
AlAs
GaAs

FHg.2 Schematic conduction band diagram of dructure with
x=0.22,y=0.15for RTD in Fg.1

3 FRabrication processes o RTD

The devices were fabricated usng conventiona wet
etching and lift-off processes. Frdly , RTD layers were
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etched by NH,OH H,O, H,O(3 1 96) down to the col-
lector n*- GaAs layer usng photores & as a mask. Seconck
ly ,a SO;filmwas deposted with PECVD. Thirdly ,the top
and hottom e ectrodes patternsof RTD were formed by de-
veloping photored & ,then SO, filmon the top o the dec-
trodes was etched with HF H,O (10 1) . And Ni/ AuGe/
Au dloy was glashed and lifted off to make ocontacts to
emitter and collector. Fndly these devices were anneded
by usng rapid heating and cooling procedure in aforming
gas environment © that good ohmic contacts were formed.
The schematic gructure for RTDs is shown in Hg. 3.

Fg.3 Shematic dructure for RTDs

4 Resultsand discussion

The RTD devices are fabricated udng the mentioned
proceses. FHgures 4 and 5 show the DC current-\oltage
characterigics of fabricated RTDs measured by Keth
ley4200 samiconductor characterization sysem a room
temperature. The RTD in Hg. 4 is identified as RTD A
and the one in FHg.5 isidentified as RTD B. The anned-
ing tenperatures of ohmic contact of RTD A and RTD B
are 380 and 370  ,regectively.

The qudity of a RTD is usudly determined by the
peak current dendty J, and the peak-to-valley current ra
tio (PVCR = Ju/ Jy) ,where J, and J, are the peak and
valey current dendties asociated with the NDR (neggtive
differentiad resgance) regon regectively. The conpletion
o RTD circuit logc function requires PYCR as high as
possble. Arother important parameter isthe available cur-
rent densty A J = Jp - Jy. High current dengty is re-
quired for fag charging and dischargng of RTD. These two
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parameters are very crucia to the gpplication of RTD on
high- peed digtd integrated circuits.

For RTD A and RTD B ,the peak current dendty
Jp ,the valey current dendty Jy ,the peak-velley ratio
PVCR,the available current dendty A J and the peak
woltage Vp a room temperature are liged in Table 1 ,and
al show these alove characteridics are different for RTD
A and RTD B.

Table 1 Hectronics characterigicsof RTDs a room tenpera

ture

Vp Jp Jv A
RTD PVCR

IV | I (kA-cm™?) | / (kKA-ecm™?) / (KA-cm™?)
A 1.36 0.54 0.43 1.26 0.11
B 3.82 0.40 0.28 1.43 0.12
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Acoording to Table 1 ,it isfound that the fabrication
proceses have sgnificant efect on the characterigics of
RTDs even if the materid gructure of RTDs remains the
same. The PVCR of RTD A is srdler than that one of
RTD B. Acoording to experiment and smulaion re
sults™ ! the goacer thickness has a significant impact
on a RTD characteridics. $ the PVCR difference between
RTD A and RTD B is probably because the deeper diffu-
donof dopants a 380 than a 370  dfect the Pacer
thicknessof RTD A and RTD B. It ispossble to enhance
the PYCR by nodifying the emitter width for RTD A.Be
ddes the peak woltage V, of RTD A is a9 grdler than
that one of RTD B because o the different characterigdics
o ohmic oontacts for RTD A and RTD B. Therefore ,we
will be able to increase the peak-to-valey ratio PVCR and
the available current A J for RTD by improving materia
gructure and optimizing fabrication processes. This work
is expected to pronote and Peed up the goplication of
RTD on high-eed digta integrated circuits.

5 Conclusion

In this pagper ,a new meterial dructure with Alg 2
Gy, 718AY Ing 15 Gro. ssAY BAS emitter gacer layer and
GoAY Iy, 15 Gy ss AY GaAs well for resonant tunnding
diodes is desgned and the corresponding devices are fab-
riceted.

The dectronic characteridics of RTDs have been
measured and andyzed. To the RTD with ohmic contact
fabricated a 380 ,the peak current densty Jp, and the
valey current dendty J, are found to be 0.54 and
0. 43kA/ cnf respectively. The peak-valley ratio PVCR is
about 1. 26. The peak woltage V, is about 1. 36V and the
available current densityA J is about 0. 11kA/ cnf. To the
RTD with ohmic contact fabricated a 370 ,the peak
current dendgty Jp, and the valley current dendty J, are
found to be 0.40 and 0.28KkA/cnt , repectively. The
peak-valey ratio PVCR is about 1.43. The peak wltage

Vp is about 3.82V. The valey voltage Vy is about 3. 84V
and the available current dendty A J is about 0. 12kA/
.

In addition ,it isfound that the electronics character-
igicsof RTDs are determined ot only by materia sruc
ture but a by fabrication process. It suggeds that ad
juging material structure and optimizing fabrication pro-
ceses will be the dfective means to inprove the quality of
RTDs. Thiswork is very hepful to pronote the gpplication
o RTD on highr peed digitd integrated circuits.
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