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Terahertz photoconductivity and plasmon modes in double-quantum-well
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Double-quantum-well field-effect transistors with a grating gate exhibit a sharply resonant, voltage
tuned terahertz photoconductivity. The voltage tuned resonance is determined by the plasma
oscillations of the composite structure. The resonant photoconductivity requires a double-quantum
well but the mechanism whereby plasma oscillations produce changes in device conductance is not
understood. The phenomenon is potentially important for fast, tunable terahertz detect@802©
American Institute of Physics[DOI: 10.1063/1.1497433

Double-quantum-wellDQW) heterostructures are im- inset in Fig. 1 for a cross section of the sample.
portant in the scientific exploration of correlated electron  We apply a constant source-drain current of 108,
states in two-dimensional electron systérasd potentially  focus the radiation onto the sample, and study the photocon-
important for novel field-effect transistors that add function-ductive response of the DQW as a function of gate voltage,
ality by controlling electron transfer between the quantumTHz frequency, and temperature. The radiation sources are
wells? Interwell transfer can also be promoted by terahertzhe free-electron lasers at the University of California, Santa
photon assisted tunneling, opening the possibility of fastBarbara, which cover a frequency range between 120 GHz
voltage tunable terahertfTHz) detectors. This motivated and 4.8 THz. The response is linear with respect to source-
our research on THz response of DQW field-effect transistorsglrain current(photoconductive, not photovoltaiand with
(FETS. We report the THz photoconductivity of DQW FETs respect to incident power.
in which the gate is a periodic metallic grating. Strong pho-  Figure 1 shows the conductance of the DQW channels as
toresponse occurs at the plasma resonance of the compositgunction of gate voltagédepletion curvie and the photo-
structure. Other detector proposals make use of plasmoronductive response at four different temperatures at a fre-
modes in single two-dimensional electron gé&DEG) quency of 570 GHz for the &4m grating period sample. The
systems' But, the relatively strong resonant response that wealepletion curve shows that ¥}~ —0.80V thetop 2DEG is
report here appears to require the presence of a DQW. Welly depletedunder the metallic portion of the grating gate
model the resonant response with a transmission line modébrming an array of disconnected/2n stripes. As the gate
of the collective modes of the 2DEGs and correlate the obvoltage becomes more negative, the lower 2DEG is also pat-
served resonances with standing plasmon resonances underned into stripes until the conductance goes to zero when
the metallic part of the grating gat&Vhile the work was both layers are cut off from the source and drain.
motivated by the concept of interwell transfer, the actual At T=2.2K the photoresponse at 570 GHz shows a
mechanism that gives rise to this response is not understootiroad structured peak af,~—1.19V. This feature in-

The FETs are fabricated from modulation doped GaAsktreases and narrows as a function of increasing temperature
AlGaAs DQW heterostructures grown by molecular beam
epitaxy. Both wells are 200 A wide and are separated by a 70

A barrier. The nominal electron densities angype=1.7 40+t

X 10" ecm™2 andngye= 2.57X 10t cm™2: the 4.2 K mobil-

ity is ~1.7xX10° cm?/V's. A 2X2 mm mesa is defined and 30+

ohmic contacts to both quantum wells form source and drain. Boo |

A 700-A-thick TiAu grating gatgwith no metallization be- £

tween the grating fingerss evaporated with the lines of the S0l

grating perpendicular to the current flow. We explored 4 and

8 um periods; half the period is metal. The grating modu- 0f

lates the electron density when a voltage is applied, selects 20 15 10 05 5.6'°
wave vectors of the excited plasmon and, coincidentally, pro- Vgate (V)

duces both normal and transverse THz electric fields. See

FIG. 1. Source-drain conductance as a function of gate voltdgshed
Terahertz photoresponse at 570 GHz at four different temperatsoéd).
¥Electronic mail: xomalin@physics.ucsb.edu Grating period is 4um. Schematic cross section of the devi¢ese).
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FIG. 2. Terahertz photoresponse as a function of gate voltage at four differ- E
ent frequencies. The temperature Was 25 K and the source-drain current 3
was | gp=100uA. Grating period is 4um.
up to aroundT=40 K, after which it decreases. The tem-

perature dependence is unexplained at this time but enhances 20 -6 .\}ézate (8)8 44 B

the potential usefulness as a future detector.

Figure 2 shows the gate dependent photorespon3e at iG. 4. Top: Plasmon wave vector as a function of gate voltage, with fre-
=25 K for different radiation frequencies. The resonant pealquency as a parameter. Horizontal lines: odd number of plasmon 1/2 wave-
moves to less negative gate voltage, higher electron density,r;gth “][‘defr’]‘ea;th the m,e(d"‘se"-d B,O“‘r’]m: absorption aslaf“”C“O”f O;Qate
as we increase the frequency of the incident radiation; this iSoooc | ("e eduensies used in e experiment. Elements of the trans-
expected plasmon behavior.

Figure 3 shows the photoresponse as a function of gate
voltage at 600 GHz an@=25K for the 4 and the &m  Wells into one Qefrective= Nuppert Niower) @nd keep it fixed.
periods. There are multiple resonances in the photorespondée response for the gated region involves standing waves
of the 8 um period which are the high order spatial harmon-under the grating metal. These are modeled by a “transmis-
ics (see below The presence of many higher harmonics in-sion line” with a variable density 2DEQranging from
dicates that the THz electric field exciting the plasmons i9efrective tO Z€r0.
very nonuniform, possibly localized at the edges of the  The total impedance is the sum of the impedances of the
metal. gated and ungated regiofia series. We calculate the ratio

Plasmon modes have been studied both theorettéally of the absorbed power to the incident power as a function of
and experimentally;1° and there have been many different the electron density under the grating metallization. The
approaches to modeling theth®The structure presented in lower plot in Fig. 4 shows the resulting normalized absorp-
this letter is complicated and can be split into twotion as a function of gate voltage for the /4m period at
regions>1 there is a double layer ungated region and avarious frequencies. The resonant peak moves to lower gate
double layer gated region with a varying electron density thavoltage as we increase the frequency of the radiation.
becomes a single layer at large negative gate voltages. We The upper plot helps us develop some intuition by show-
chose to model the collective response of the compositéng the plasmon wave vector in a uniformly metallized
structure by treating the DQW as a single one, ignoring the2DEG at a particular frequency as a function of gate voltage.
effect of fringing fields on the ungated regions and using anThe horizontal lines correspond to an odd integer number
equivalent circuit(lower inset in Fig. 4. In the ungated re- plasmon 1/2 wavelengths underneath ther@ metal finger
gion we combine the sheet densities of the two quantunin our device(odd spatial harmonigsThe first set of reso-

nances in the normalized absorptidrom right to lefy cor-

ssion line modelinse).

0.15 responds to the plasmon with wave vectorq 3
freq. = 600 GHz =3*(2m/4 um), as indicated by the parallel vertical lines.
= 010 4 um period The insets on th_e top right are schematic representations of
@ the current density distribution under the metal gate for the
‘g’ corresponding resonant modes.
5 0.05r By lumping the two wells together we ignore the acous-
3 tic plasmons in the double well regions; we assume only the
£ 000 A optical plasmon is important. Nonetheless, the model cap-
T VVW N tures the dependence on frequenc riod, and densit d
& 8 um period . P q Y pe_ od, a. e_s .yan
0.05 . . : . leaves little doubt that the resonance is semiquantitatively
25 20 -5 -0 -05 00 described by the collective modes. While we understand that
Vgate (V) the tunable resonance is caused by the composite plasma

FIG. 3. Terahertz photoresponse at 600 GHz for two samples with differen?scmatlons’ the meChamSm that gives rise to the change_ n
grating periods: 4 and 8m atT= 25 K. Observe the multiple resonances in conductance at resonance is not clear. Relevant observations

the 8 um period sample. follow.
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