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ABSTRACT

The In,,Ga, ,,As/In Al As resonant tunneling microwave structures
(InAs-based RTMS) isdesigned in energy band structure of interband with
double quantum wells. Theinfluences of carrier transmission coefficient in
RTMS device with central barrier thicknesswhich varied from 10A to 30A
are studied by using theoretical calculation procedure. The transmission
coefficientsare calculated in considering band gap narrowing (BGN) effect
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due to the heavily doped effect. The well defined transmission coefficient
has been expressed in use of smaller central barrier width, which resultsin
the larger transmission coefficient as considering BGN effect.
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INTRODUCTION

Microwave devicesplay animportant rolein the
wirelessand radio frequency communications. Thera
diofrequency oscillator isanimportant element inuse
of microwavesystem. The Esaki tunnelingdiodeshave
been widely used in the application of radio frequency
communication™, But the operationa frequency of tra-
ditional microwavedevicesislimited by thejunction
capacitance of microwavedeviceg??. Recently, thehigh
quality heterojunction and quantum structuresare de-
signed in resonant tunneling microwave devicewhich
will bewith the advance of the microwave characteris-
tics, anongtheall doublebarrier and double quantum
resonant tunneling structures*®, Although the designed
resonant tunneling structures can be operated at near
microwavefrequency of THz, thethermal current of

resonant tunneling deviceislargeduetothelow barrier
height of microwave device. Therefore, the double
quantum wel | interband resonant tunneling microwave
structure (DQWI RTMS) isstudied in thisresearch.
The carrier transmiss on coefficient with negativedif-
ferential resistance (NDR) characteristicsin RTMS
playsamoreimportant rolein theimprovement of char-
acterigtic of microwavedevices, which decided the peak
tovdley current ratio (PVCR) vaueof current-voltage
curve. Morerecently, the PV CR valueis studied how
to beraised from lower valueto closeto one hundred
inusing differentia structuressuch asdoublequantum
well structures, doublebarrier quantumwell (DBQW)
structuresand heavily doping resonant interband tun-
neling structures®?. To further improvethecharacter-
igicsintheRTMS, theinfluenceof centra barrier thick-
nesswith bandgap narrowing (BGN) effectsfor energy
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level of quantumwell and central barrier thicknessin
transmittance coefficient have beeninvestigated. Al-
though the PV CR valueisdecided by the carrier trans-
mission characteristic of resonant tunneling structures
of RTMS, thecarrier transmission characteristicisab-
solutely influenced by the energy barrier structure of
quantumwdl intheRTMS.

DESIGNAND CALCULATIONOFRTMS

Thispseudomorphicin, Ga, AsIn Al AS
In,..Ga, , AsRTMSreported here were designed on
(100)-oriented n* Sn-doping InP substrate, as shown
in figure 1. The sandwiched In, ..Ga ,As/
In Al AN, ..Ga, , Asresonant tunneling struc-
tureswere constructed on thetop of alumn*-3x10%°
cm InAlAselectrode layer. The another 0.4um p*-
3x10* cm2 InAlAselectrodelayer was arranged on
the top Of I n0.53GaU.47AgI n0.52A|0.48Ag| n0.53GaU.47AS
resonant tunndling structures. Thetop cappinglayer was
designed with thedopant of p*-3x10*° cmr® anditsthick-
nessis200A. The sandwiched resonant tunneling struc-
tures of RTM S between the n* and p* InAlAs elec-
trodeswere respectively the undoped InAlAs centra
barrier layer and the undoped InGaAswell layerswith
40A thick. This resonant interband tunneling structure
of RTMSisthestructureof caculationworks. Thetheo-
retica characteristicsof InAs-based resonant tunneling
structures of RTM Sare cal culated by using k-p theory
and transfer-matrix technique (TMT)19, Theenergy
dates, wavefunction, and transmittance coefficient are
obtained asisotropic materias.

RESULTSAND DISCUSSION

Toinvestigatetheeffect of thecentrd barrier onthe
interband tunneling transmission coefficient, three
sampleswith central barrier thicknessesof 104, 20A,
and 30A were respectively calculated by using TMM
and K-Ptheory. The BGN effect isconsidered inthe
caculation of transmittance coefficient of RTMS. The
energy levelsof quantumwell intheRTM Sare shifted
down with theincreased biasforward voltagein any
devices. Then, it resultsin thedecrease of transmission
coefficient intheresonant tunndling structureof RTMS,
asexpressedinfigure 2. Thetransmission coefficient of

200 A p+-3x1019 cm-3 InGaAs

0.4 pm pt-3x1019 cm-3 mAlAs

40 A undoped InGaAs

10.20.30 A undoped InAlAs

40 A undoped InGaAs
1 1 mnt-3x1019 em-3 InAlAs

N+ InP substrate

Figurel: Thebasicschematiccrosssection of In . .Ga, , As
Nn Al AN Ga  Asresonant tunneling structureof
InNAsbased RTM S
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Figure?2: Therelation of thetransmission coefficient and
voltagebiasfor InAs-based RTM Swith 104,20 A, and 30A
central barriersthicknessand 40A well widths

resonant tunneling structure of RTM Swith centrd bar-
rier of 10A in thick is larger than of the others, as shown
infigure2, duetoitssmdler effectivetunneing barrier.
Thequantized level sareobtainedin 238 mev, 181 mev,
and 138 mev for RTM S deviceswith 10A, 20A, and
30A central barrier thicknesses, respectively. Because
of higher built-in electricfield, thequantized level of
devicewith smaller central barrier thicknessishigher.
Thewdl transmission coefficient of RTM Sdevicewith
central barrier thickness of 10A is possessed three
quantum levelswhich near the energy level 248 mev,
202 mev, and 186 mev. Thedectronand light-holelevels
arenot well lined each other whenthe RTM Sdevices
arewith central barrier of 20A and 30A thickness, re-
spectively. For the RTM Sdevicewith 30A central bar-
rier thickness, theelectron level ismoved down to the
lower energy levd, thelight-holelevd isshifted up to

Au Tudian Yourual



MSAIJ, 7(2) 2011

Chih Chin Yang

127

9
8 -
E 7 I ’\‘\\.
%ﬂ
; "1 .\-\.\.
g
25
54|
S 3}
2 2| | * Electron
g m Hole
l_
0 1 1
0 20 40 60

Barrier thickness (A)

Figure3: Theelectronsand light-hole dominated between
transmission coefficient and central barrier thicknessfor
InAs-based RTM Swith 40A well widths
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Figure4: Thetransmission coefficientsfor INAsbased RTM S
with a30A central barrier calculated for a series of k/ val-
ues

the higher energy level, and theresonanceis occurred
at about energy levelsof 182 mev, 126 mev, and 102
mev. Thetransmission coefficient of electronislarger
than of thelight-holeenergy levelswhich arelined at k/
/=0, asshowninfigure 3. Thelarger transmiss on coef-
ficientinelectron carrier will resultinthemgjor contri-
bution of the RTM S current by electron carrier. The
line-up of e ectron and light-holeenergy levelsare at
the energy levelsof 283 mev and 112 mev with wave
vector of kj/=3x10% m* for theRTM Sdevicewith 30A
centra barrier thickness, asshowninfigure4. Theef-
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fectivebandgap isincreased and the peak transmission
coefficient isdecreased when thedeviceiswith central
barrier of 30A thick. This cause is due to the split of
electron and light-holelevels. Thewdll transmission
coefficient isoccurred at the energy level of 238 mev
which theresonant tunndling microwavestructureiswith
central barrier thicknessof 10 A.

CONCLUSIONS

For thefixed centrd barrier width, thetransmission
coefficient will decreasewith increasing the applied
voltage. We a so have proved that the smaller central
barrier widthwill result inthelarger transmission coef-
ficient. TheRTM Sdevicewith narrower barrier width
possessed larger bandgap difference betweenitselec-
tronenergy level andlight holeenergy level, which can
resultinthewel | tunndling properties. Thetransmission
coefficient will bedecreased, whenthek/, valueisin-
creased at the same central barrier width. The current
dengty of RTM Sdevicewith BGN effect will beraised
with decreased the barrier thickness, because of high
transmisson coefficient.
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