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Abstract—A key challenge in developing terahertz Schottky-
barrier diode-based receivers operating at ambient temperatures
is to overcome the complexities of fabrication and machining,
and to achieve efficient coupling between the waveguide feed
horn and the THz signal. This article presents characterization of
WM-57, In0.22Ga0.78As Schottky-barrier diode mixers realized
on a 2-µm-thin AlGaAs membrane. The mixers were pumped
by a quantum-cascade laser operating at 3.4 THz; the radio and
local-oscillator (LO) signals were spatially superimposed using a
Mylar beam splitter and coupled to the mixers via an integrated
pyramidal horn antenna. A double-sideband (DSB) receiver noise
temperature of 28 500 K was measured at 3.4 THz for 6-µm Mylar
at an intermediate frequency of 1.5 GHz, with 2-mW of LO power
coupled to the mixer. The DSB receiver noise temperature corrected
for atmospheric attenuation is 27 600 K. These results represent
a key step toward room-temperature THz front-end systems for
limb-sounding instruments to detect trace gases in the mesosphere
and lower thermosphere of the Earth’s atmosphere.

Index Terms—Far-infrared, heterodyne receivers, InGaAs,
mixers, Schottky-barrier diodes, terahertz electronics.

I. INTRODUCTION

S CHOTTKY-BARRIER diode technology plays a crucial
role in broadband submillimeter wave heterodyne radiome-

ters, particularly for applications that require ambient tempera-
ture operation [1]. Scientific goals and instrument requirements
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Fig. 1. State-of-the-art THz mixers. Planar Schottky data is from [7], [8], [11],
[12], [13], [14], [15], [16], [17], [18], and [19], and the superconducting HEB
and SIS mixers are from [20]. Note: hf/kB is the quantum limit where h is
Planck’s constant, f frequency, and kB Boltzmann’s constant.

for Earth observation are driven by the need to measure hy-
droxyl radical (OH) and atomic oxygen (OI) lines at 3.5 and
4.7 THz, respectively, as well as to collect data over extended
periods, for example a full solar cycle (11 years) [2], [3], [4].
This creates significant demand for compact, high-resolution
terahertz heterodyne receivers that operate without cryogenic
cooling. Compared to ultra-low-noise superconducting mix-
ers, such as superconductor–insulator–superconductor (SIS) and
hot-electron bolometer (HEB) mixers, Schottky diodes offer
the advantage of operating over a broad temperature range and
a large intermediate frequency (IF) bandwidth, making them
ideal for long-duration missions. GaAs-based Schottky receivers
have been the workhorses behind several space missions, in-
cluding ODIN [5], MIRO [6], ISMAR [7], METOP, JUICE
[8], [9], and AWS [10]. More recently, Maestrini et al. [11]
demonstrated a bias-able, anti-parallel GaAs Schottky diodes
exhibiting a double side-band (DSB) receiver noise temperature
of 6000 K at 2.06 THz. Despite this progress, the development
of Schottky-based mixers operating above 3 THz with good
sensitivity remains a challenge, see Fig. 1.

Several key fabrication challenges persist in realizing pla-
nar integrated mixer circuitry on ultra-thin III-V substrates, as
well as precision machining of THz mixer waveguide blocks
with tolerances better than ±1μm. High local oscillator (LO)
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power requirements to adequately pump the GaAs mixer impose
constraints, especially above 3 THz. Previously, we reported a
3.5 THz single-ended GaAs Schottky mixer integrated with a
diagonal horn. The LO signal from the quantum-cascade laser
(QCL) was spatially superimposed with the radio-frequency
(RF) signal using a Martin–Puplett diplexer, resulting in an
optical path length of about 80 cm. After correcting for atmo-
spheric loss, the DSB receiver noise temperature was 140 000 K
[19]. The excess loss was attributed to inefficient LO/RF power
coupling [21] and waveguide loss.

In this work, we present the development and characteriza-
tion of In0.22Ga0.78 as Schottky barrier diode mixers with an
integrated pyramidal horn [21] operating at 3.4 THz. InGaAs is
a compound semiconductor that has a higher electron affinity
(χs) and a narrower bandgap than GaAs, which leads to a lower
Schottky-barrier height (Φb), thereby relaxing the LO pump
power requirements [22], [23]. With a low barrier height, the
saturation current is higher, resulting in a lower knee voltage.
InGaAs also exhibits higher mobility and carrier velocity than
GaAs, but the surface interface physics between metal and a
ternary semiconductor is complicated.

In this article, we present the characterization of two identi-
cal In0.22Ga0.78As mixers to assess repeatability of fabrication
and assembly processes in an optimized measurement setup,
improving upon our prior preliminary study [24]. The QCL-LO
and RF signals were coupled to the mixer via a Mylar beam-
splitter, enabling a compact receiver breadboard. We present
a comprehensive assessment of the mixers’ performance using
Mylar beam splitters of varying thicknesses in different IF bands.

The rest of this article is organized as follows. Section II
presents the design and fabrication of the InGaAs mixers.
Section III describes the frequency and power characterization of
the QCL. Followed by the coupling of the LO signal to the mixer,
including analytical Gaussian beam coupling simulations, and
experimental evaluation of Mylar beam splitters and their effi-
ciency in directing QCL and RF signals to the mixer. Following
this, the experimental setup for RF mixer characterization and
results are presented in Sections IV and V. Finally, Section VI
concludes this article.

II. MIXER DESIGN AND FABRICATION

This section presents the 3-D electromagnetic (3D-EM)
model of the mixer, the fabrication process of the planar, in-
tegrated mixer circuitry, and the final assembled mixer block
with integrated pyramidal horn.

A. WM-57 Schottky mixers

The 3D-EM model of the In0.22Ga0.78As mixer design is
shown in Fig. 2. Single-ended diode topology was chosen for
ease of fabrication. The mixer can operate both as a fundamental
and a ×4-harmonic mixer. For the latter, the mixer can be
pumped with a solid-state multiplier source operating at 1 THz,
and the LO signal is coupled via WM-164 waveguide. In this
work, the mixer is operated as a fundamental mixer, i.e., both the
RF and LO signals are coupled via the integrated pyramidal horn
and WM-57 waveguide to the diode as shown in Fig. 2. S11 of

Fig. 2. Mixer design. 3D-EM model of the In0.22Ga0.78As WM-57 mixer.

Fig. 3. Micrograph of the integrated In0.22Ga0.78As mixer.

the pyramidal horn is better than 30 dB across the full waveguide
band (3.3–5 THz). The diode embedding impedance at 3.4 THz
is about 36 + 26j Ω. A ground beamlead near the diode is also
required in this design to support broadband coupling of the LO
and IF to the diode.

Fabrication of InGaAs mixer circuits was carried out at VDI
using a standard Schottky monolithic microwave integrated cir-
cuit (MMIC) process on a 2-μm-thin AlGaAs membrane using
photolithography. It features a surface-channel planar diode with
0.5 μm anode diameter [25] and n-type semiconductor doping
concentration of 5×1017 cm−3. The micrograph of the fabricated
mixer circuitry after release from the supporting substrate is
shown in Fig. 3. The anode diameter was verified by removing
the AlGaAs membrane and by scanning electron micrograph
of three devices. Once the mixer circuits are released from the
supporting membrane, they are mounted inside a goldplated,
CNC machined E-plane split-metal enclosure.

In this work, the mixers are packaged in a housing with
a pyramidal horn, which is less sensitive to E-plane block
misalignment due to its single-moded operation [21]. Fig. 4
shows the rectangular aperture (432 μm × 205 μm) of the
pyramidal horn. Based on Gaussian beam coupling [26], the
optimum beam waist for this pyramidal horn is about 150 μm.
The simulated DSB mixer conversion loss was approximately
7 dB at 3.4 THz for an IF of 1.5 GHz, LO power of 2 mW, and
bias current 0.9 mA, refer to Fig. 5. A standard diode model was
employed, with an estimated series resistance of Rs = 25Ω,
junction capacitance of 0.6 fF, saturation current Isat = 15μA,
and ideality factor of 1.55. Junction capacitance is estimated
by including the first-order fringing effects, due to curvature of
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Fig. 4. Photograph of the assembled mixer block indicating the pyramidal
horn aperture (432 µm × 205 µm).

Fig. 5. Mixer simulation. Simulated DSB mixer conversion loss versus avail-
able LO power to the diode.

the n-layer potential near the periphery of the anode, refer to
[27]. In the initial modeling, a simple model was used for series
resistance estimation, excluding high-frequency losses [28].

Only simulations of conversion loss are performed to simplify
the harmonic-balance (HB) analysis. These simulations predict
Tm = Tdiode(Lm − 1), where Lm is the conversion loss of the
mixer, Tm is mixer noise temperature and Tdiode is the effective
diode temperature at the IF while diode is pumped by the LO
and DC-biased [29]. The effective diode temperature includes
the thermal and shot noise [30], [31], [32].

III. LO COUPLING

This section provides a brief description of the 3.4-THz QCL
and micro-optical bench design. Followed by the frequency and
power characterization of the QCL. In the latter part of the
section, we estimate the power coupled into the mixer from the
QCL-LO, taking into account coupling efficiency, atmospheric
attenuation, optical component losses, and polarization effects.

A. Microintegrated QCL characterization

The microintegrated QCL comprises a silicon (Si) immersion
lens, a λ/4 waveplate, and a wire grid as a linear polarizer

(a)

(b)

Fig. 6. Frequency characterization of the micro QCL. (a) Schematic of the
experimental setup (not to scale). (b) QCL emission frequency for different
QCL operating currents and temperatures.

to minimize backreflections of the QCL emission and reduce
optical feedback. All components are integrated on a compact
22 mm × 8 mm submount made of Copper (Cu). The QCL was
designed and fabricated at the Paul–Drude-Institut (PDI), and
the QCLs were assembled in the optical bench at Ferdinand–
Braun-Institut (FBH). A detailed description of the QCL and
micro-optical bench design is provided in [33]. The active region
of the QCL is based on GaAs/AlAs heterostructures; further
details are provided in [34]. The micro-QCL is soldered to a
copper submount, which in turn is attached to the cold finger of
a Gifford–McMahon cooler from Sumitomo (SRDK-408D).

The frequency characterization of the QCL was carried
out using a GaAs-based Schottky diode-harmonic mixer from
Chalmers University of Technology [35]. The incoming signal
from the QCL is coupled via an external Si lens to the harmonic
mixer, and the mixer is pumped by a 600-GHz LO multiplier
chain from VDI as illustrated in the schematic Fig. 6(a). The
IF signal generated upon mixing with the ×6-harmonic of
the LO signal is monitored via a spectrum analyzer, and the
QCL frequency was determined by RF = 6× LO ± IF, and
the sideband is determined by LO signal tuning. Variation of
the QCL emission frequency over different operating tempera-
tures and bias currents is presented in Fig. 6(b).

The optical output power of the QCL was measured using
an absolute THz power meter from Thomas Keating (TK) In-
struments. For detailed information on power meter calibration
and frequency-dependent window loss correction, refer to the
operating manual [36]. The output power measured in front of
the cryocooler vacuum window is 23 mW for the QCL operating
point: 550 mA bias current and a temperature of 18 K, where
the emission frequency is 3.407 THz. Note that the QCL was
driven in continuous-wave (cw) operation.
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(a)

(b)

Fig. 7. Coupling efficiency. Simulation of the beam propagation in the current
setup with a f = 38.1 mm silicon lens. (a) Markers indicate beam radii mea-
surements in both horizontal and vertical directions. (b) Close-up of the focused
beam, along with the coupling efficiency K.

B. Coupling efficiency

To optimize the coupling of LO power from the QCL to the
mixer, the QCL beam profile was measured at different positions
along the optical axis z, starting from the QCL vacuum window,
using a microbolometer camera. The measured beam radii in
horizontal and vertical directions are indicated by markers in
Fig. 7(a) along with the Gaussian fit. Note the different diver-
gence angles (Θ = 0.22◦ and 1.5◦, respectively).

Based on those beam parameters and quasi-optical beam
transformation by a thin lens, we have optimized the coupling
efficiency K taking into account the mismatch of waist radii
as well as waist offsets along the optical axis [26]. Due to the
asymmetric profile of the QCL beam, the maximum achievable
coupling efficiency is 88%. With f = 38.1 mm, the optimum
coupling is achieved with the lens placed at z = 287mm, cf.
Fig. 7(a). A close-up of the focused beam, along with the cou-
pling efficiency, is shown in Fig. 7(b). To verify the calculations
for the transformed beam, the focused beam was measured with
a microbolometer camera, as shown in Fig. 8. The measured
beam radii agree very well with the simulations at 331.6 mm (cf.
marked position in Fig. 7(b). Note that this position, with a rather
symmetric beam, does not correspond to the maximum coupling
efficiency. In conclusion, taking into account the maximum
coupling efficiency of a pyramidal horn of 85% [26], a total
of 75% of the incident QCL power is coupled in the mixer.

C. Atmospheric transmission

Atmospheric transmission of a 1-m path at 1.135 mbar and
42% relative humidity at room temperature is shown in Fig. 9.
This model is based on the HITRAN data catalog [37]. The
hydroxyl radical (OH) has a rotational transition at 3.551 THz;

Fig. 8. Beam pattern of the QCL. Measured intensity at the focal point after
the external Si lens.

Fig. 9. Atmospheric transmission model. Estimated transmission for 1 m path
at 1.135 mbar and 42% relative humidity at room temperature. At 3.407 THz,
87% of the signal is transmitted.

however, at this frequency, only 50% of the signal is transmitted,
and the rest is absorbed due to atmospheric loss. To avoid this, a
QCL operating at a different frequency is selected to maximize
signal transmission. At 3.407 THz, signal transmission of about
87% is attainable for a 1-m path length. Consequently, the
331-mm optical path in our setup transmits 95% of the QCL
power.

D. Beam Splitter Characterization

For combining the LO and RF signals, we use a thin Mylar
film as a beam splitter. Mylar is the trade name of DuPont
for Polyethylene terephthalate film. It has a refractive index of
1.72 and exhibits a notable absorption feature at 4.2 THz [38].
We have tested Mylar beam splitters with different thicknesses
using an absolute power meter, and the relative reflection and
transmission ratios for each film in s-plane polarization are
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TABLE I
TOTAL POWER COUPLED TO THE MIXER FOR THE SETUP WITH FOUR

DIFFERENT MYLAR FILMS

Fig. 10. Mylar beamsplitter. Simulated reflection versus Mylar film thickness
at 3.4 THz in the s- and p-plane for refractive index of 1.7 and a tile angle of
45◦. Markers indicate the reflected power measured using a TK power meter.

summarized in the Table I. Fig. 10 shows the measured reflection
values in black markers, along with simulations at 3.4 THz in
the s- and p-planes, assuming a refractive index of 1.7 and a tilt
angle of 45◦. The absolute power measurements agree well with
the simulations. However, for thicker films, the values deviate
more strongly from the simulations because of increasing ab-
sorption, which was not included in the simulations.

E. Power coupled to the mixer

From the 23 mW of QCL cw output power measured at
the output window, 19 mW of power was measured at the
interface (b-b’) at z = 33 cm, refer to Table II. Accordingly,
approximately 83% of the power is transmitted through the air
and the Si lens. With a wire grid polarizer set to 90◦ and 0◦,
an absolute power of 13.7 and 5.3 mW was measured in the
E- and H-planes of the mixer, respectively. In conclusion, the
power coupled into the mixer after reflection at the Mylar films
is summarized in Table I.

IV. MEASUREMENT SETUP

In this section, we describe the experimental setup used to
characterize the video responsivity and noise temperature of the
mixers.

A. Video responsivity

To estimate the video response of the mixers, the voltage
difference with and without the input THz signal from the QCL
was measured at a fixed current [39]. The mixer is mounted on

TABLE II
MEASURED CW POWER AT DIFFERENT INTERFACES FOR QCL OPERATING

POINT: 550 MA AND 18 K

a three-axis Thorlabs micro manipulator stage vertically (i.e.,
E-plane split of the mixer block is perpendicular to the optical
bench), and the mixer is biased using a bias-tee. A simplified
schematic of the experimental setup is shown in the inset of
Fig. 13. The emission from the QCL is focused on the mixer
using a Si lens with f = 38.1 mm. The distance between the
cryocooler housing and the mixer is approximately 33 cm. A
mechanical chopper at 15 Hz, referenced to the lock-in amplifier,
is used to modulate the video signal response of the mixers.

B. Noise temperature

The noise temperature measurements are carried out using
the standard Y-factor technique on the full receiver, including
the beam splitter and atmospheric losses, as well as the contri-
bution from the bias-tee and IF amplifier chain. The Y-factor
measurement was carried out using hot/cold calibration loads
made of Eccosorb. A four-quadrant mechanical chopper with
two quadrants lined with a flat piece of Eccosorb is used as the
hot load placed at an ambient temperature of 296 K. The cold
calibration load, consisting of 8-mm-thick Eccosorb and cooled
to 77 K by liquid nitrogen, is housed in a 15 cm aperture Dewar. A
gold-plated mirror aligned at 45◦ directs the beam from the liquid
nitrogen bath through the open ports of the mechanical chopper
to the mixer under test. To avoid standing waves between the
calibration load and the mixer, the chopper is aligned at an
angle (≈ 20◦) with respect to the orthogonal plane of the mixer.
A temperature and humidity sensor was positioned near the
experimental setup. Throughout the testing period, the ambient
temperature fluctuated between 20 °C and 23 ◦C, while relative
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Fig. 11. RF measurement setup. Schematic of the noise temperature measure-
ment setup showing the spatial diplexing of the RF (transmission) and LO signal
(reflection) using a Mylar beamsplitter to the WM-57 mixer. Inset: Photograph
of the measurement setup. The free-space path length for RF is about 15–20 cm,
and LO is 33 cm. Note: Schematic is not to scale.

humidity remained around 40%–45%, typical of a standard lab-
oratory environment. The Rayleigh–Jeans approximation was
used to calculate the receiver noise temperature.

The incoming THz signal from the QCL is focused using a Si
lens with a focal length of 38.1 mm as described above. A Mylar
beam splitter positioned at 45◦ enables spatial multiplexing of
the RF and LO signals, directing them to the mixer with an
integrated pyramidal horn. In the configuration shown in Fig. 11,
the reflected LO signal from the QCL is fed to the fundamental
mixer, whereas the transmitted LO signal is absorbed using
Eccosorb. The RF signal from the hot/cold load is coupled to
the mixer in transmission mode.

For high-resolution spectroscopy measurements, the trans-
mitted LO signal can be coupled to a harmonic mixer pumped
by a solid-state multiplier chain, and the generated IF signal can
be used to phase-lock the QCL [40].

C. IF chain

The IF amplifier chain consists of the following components.
A DC-bias path for the mixer is provided through a bias-tee.
The bias box is a custom-built analog DC-power supply with a
1 mA current safety limit and additional protection against noise
pickup.

The first-stage low-noise amplifier (LNA) is a low-noise
factory low noise factory (LNF) LNC, 0.2-3A, s/n 2230 Z
[41]. At 296 K, it has a gain of 27 dB and an equivalent

TABLE III
BPF SPECIFICATION

noise temperature of 30 K at 1.5 GHz. Followed by Miteq
LNA-30-0010040013-10P LNA with 37 dB gain at 1.5 GHz and
Mini-circuit ZX60-83LN-S+ LNA with 22 dB gain at 1.5 GHz.
To operate at different intermediate frequencies, a band-pass
filter (BPF) was used, refer to Table III. Noise temperature
measurements are performed at two intermediate frequencies,
and the specifications are summarized below.

This setup enables accurate noise–temperature measurements
using a lock-in detector referenced to the 15-Hz chopper fre-
quency, which extracts the output-power variation of the hot/cold
load from a diode detector (8471E). To control the power level
at the diode detector, a 6-dB SMA attenuator operating from DC
to 6 GHz was placed between the last-stage LNA and the BPF.
Linearity of the amplifiers was checked by connecting a 3-dB
SMA attenuator, which produced no observable change in the
measured noise temperature. The IF chain’s (see Fig. 11) noise
temperature (TIF) was determined by terminating the RF/DC
port of the biastee along with the access cable to a 50 Ω load and
measuring the corresponding power level at room temperature
and at 77 K by immersing it in the liquid-nitrogen bath. Yielding
a TIF of 108 ± 10 K.

D. Mixer conversion loss

The mixer conversion loss (Lm) and mixer noise temperature
(Tm) are determined by measuring the variation of receiver noise
temperature for different TIF, according to [42]

TRec = Tm + LmTIF. (1)

SMA attenuators (1 and 2 dB) were placed in the IF chain to
vary (TIF). From the measured DSB receiver noise temperature
(TREC) corresponding to each TIF, the parameters (Lm) and (Tm)
were determined using a linear least-squares fit.

V. RESULTS AND DISCUSSION

Two In0.22Ga0.78As diodes integrated on an InP substrate
with an anode diameter of 0.5 μm were assembled in E-plane
split blocks. First, I–V characterization of the mixers was carried
out. Followed by the RF characterization, which includes video
responsivity and DSB receiver noise temperature measurements.

A. DC characterization

The DC test provides a useful diagnostic for the assembled
mixers. IV curves of the assembled devices are obtained to verify
that assembly has not degraded device quality. Table IV summa-
rizes the extracted diode parameters for the devices under test,
and the measured I–V response of the two mixers is presented
in Fig. 12. The lower barrier of the In0.22Ga0.78As diode can be



JAYASANKAR et al.: DESIGN AND CHARACTERIZATION OF IN0.22GA0.78AS-BASED SCHOTTKY-BARRIER DIODE MIXERS 889

TABLE IV
EXTRACTED DC-PARAMETERS OF THE IN0.22GA0.78AS DIODE

Fig. 12. Mixer diode DC-characteristics. Measured current–voltage response
of the two In0.22Ga0.78As diode mixers at room temperature.

noted in the higher saturation current (Isat) of the diodes since
the Isat increases exponentially with the decreasing Φb [43].

B. RF characterization

The mixer is carefully aligned to achieve an optimum video
response, as shown in Fig. 13. Mixer 2 exhibits a higher video
response of 237 mV than mixer 1, which has a response of
215 mV at 0.31 V bias voltage. These values were measured
with a lock-in amplifier with 1 s integration time and correspond
to peak-to-peak signals of 521 mV for mixer 1 and 473 mV for
mixer 2, respectively [44]. The power coupled to the mixer is
about 10.3 mW in this setup, as shown in the inset of Fig. 13.
The peak video responsivity of the mixers is about 51 and 46
V/W, respectively. The two InGaAs mixers have an integrated
pyramidal horn that is sensitive only to linear polarization,
owing to its single-mode operation. To confirm that the mixers
detect only the vertical component of the laser’s polarization, the
peak video output of mixer 1 was recorded with a 90◦oriented
wiregrid polarizer in place and then without the polarizer. The
measured video signals were 212 and 215 mV, respectively;
the slight reduction in video signal with the polarizer can be
attributed to the losses of the wiregrid polarizer.

Next, noise temperature measurements were carried out as
shown in Fig. 11, and the measured uncorrected DSB receiver
noise temperature of two In0.22Ga0.78As mixers versus current
bias are shown in Fig. 14(a) and (b). Both mixers were measured
at two intermediate frequencies, approximately 1.5 and 2.1 GHz,
which can be selected based on the BPFs. For each of these four
configurations, measurements were performed with three Mylar
beam splitters of different thicknesses: 6, 12.5, and 75 μm. For
the 3 μm Mylar beam splitter, only 5% of the QCL power is

Fig. 13. Video responsivity measurements. The video signal response of two
In0.22Ga0.78As mixers versus bias voltage. Inset: Schematic of the experimental
setup (not to scale). The peak video responsivity of the mixers is 51 and 46 V/W,
respectively.

reflected, and the power coupled to the mixer is about 0.7 mW
(refer to Table I), which was insufficient to adequately pump the
mixer, thereby resulting in high noise temperature >100 000 K
at bias current 0.9 mA. In Fig. 5, the mixer conversion loss
increases below 1 mW of available LO power at the anode.

Mixer 2 has the best DSB receiver noise temperature measured
at room temperature, 28 500 K, at 3.407 THz. This result was
obtained for a bias current of 0.9 mA, an IF of 1.5 GHz, a BPF
bandwidth of 90 MHz, and with 6-μm Mylar, yielding 1.9 mW
of coupled power to the mixer and 70% transmission from the
hot/cold load. In the same operating conditions, Mixer 1 has
about 32 000 K. For thicker Mylar films (12.5 and 75 μm), the
power coupled to the mixer is 3.8 and 2.5 mW, respectively, but
the hot/cold load transmission is lower, about 50% and 41%,
respectively, which results in higher noise temperature.

Despite comparable extracted electrical parameters for both
mixers, as shown in the Table IV, Mixer 2 has a better
performance. Video responsivity measurements further support
this: Mixer 2 exhibits a lock-in video signal of 237 mV at a bias
voltage of 0.3 V, whereas Mixer 1 reaches only 215 mV under
identical conditions. By varying the IF chain noise temperature,
the following parameters were determined: Lm of 16.7 ± 0.1 dB
and Tm of 24 400 ± 400 K at bias current 0.9 mA, as shown in
Fig. 15.

State-of-the-art THz receivers with planar integrated Schot-
tky diode mixers are summarized in Table V. The brightness
temperature of the cold load is corrected for the atmospheric
attenuation, which yields a DSB receiver noise temperature of
27 600 K for mixer 2 at 1.5-GHz IF. Note: some of the prior
works cited in the table account for atmospheric attenuation
and/or additional contributions, such as lens-induced losses.

C. Model validation

To better understand the significantly higher conversion loss
than the initially predicted 7 dB, refer to section II-A, HB
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(a) (b)

Fig. 14. DSB receiver noise temperature measurements. Uncorrected DSB Trec versus current of two mixers a) mixer 1 b) mixer 2 at two different intermediate
frequencies of about 1.5 and 2.1 GHz, with bandwidth of 90 and 200 MHz. For each case, Mylar beam splitters with different thicknesses: 6, 12.5, and 75 µm
were studied. The LO power coupled to the mixer is given in the Table I. The QCL was operated with a current bias of 550 mA and a temperature of 18 K. An
uncorrected DSB Trec of 28 500 K was measured for mixer 2 at 1.5 GHz, and the corresponding DSB Trec with atmospheric correction for the cold load is 27 600 K.

simulations were conducted to analyze the discrepancy. The
Champlin model for capturing the carrier inertia effects of a
diode as lumped elements is included [45]. Although we are
close to the plasma resonance in the device (≈7.9 THz), the
dominant factor is the increase in the series resistance of the
undepleted, lightly doped epitaxial layer. An Rs of 70 Ω is
calculated and applied to the HB simulation along with junction
capacitance of Cj = 0.6 fF and parameters extracted from the
DC measurements, refer to Table IV. As shown in Fig. 15,
a reasonable fit at higher DC bias can be achieved with this
straightforward approach.

VI. CONCLUSION

We have demonstrated 3.4-THz In0.22Ga0.78As Schottky-
barrier diode-based mixers with state-of-the-art DSB receiver
noise temperature of 28 500 K and DSB mixer conversion loss
of about 17 dB. The LO signal from the QCL and the RF signal
were coupled via a Mylar beam splitter, yielding a compact
receiver breadboard. We have characterized two mixers with

different Mylar beam splitters at two IF frequencies. The mixers
exhibit consistent and repeatable performance at 3.4 THz. To
operate the mixers at 4.7 THz, it is important to have a smaller
anode to reduce the junction capacitance by incorporating planar
air-bridged diode geometry. The successful demonstration of
these mixers is a key step toward the realization of compact THz
front-end systems, see Fig. 1. This is crucial for limb-sounding
missions, such as Keystone,1 which is crucial for detecting
hydroxyl radicals in the mesosphere and lower thermosphere
of Earth’s atmosphere.

ACKNOWLEDGEMENT

The authors would like to thank K. Biermann, X. Lü, and
L. Schrottke (PDI) for the design and fabrication of the QCL.

1EOB - MLS NASA’s Earth Observing Systems - Microwave Limb Sounder,
JUICE - JUpiter ICy moon Explorer - Submillimeter Wave Instrument, ISMAR
- International Sub-Millimeter Airborne Radiometer, Terahertz Limb Sounder
TLS/Dynamic - Future planned NASA mission, Keystone - ESA selected Earth
explorer mission



JAYASANKAR et al.: DESIGN AND CHARACTERIZATION OF IN0.22GA0.78AS-BASED SCHOTTKY-BARRIER DIODE MIXERS 891

TABLE V
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