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Abstract— An integrated 4x1-pixel heterodyne array at 1.9 THz is 
under development at the Jet Propulsion Laboratory (JPL).  This 
array uses a 4x1-pixel multiplier chain for the local oscillator 
(LO) and a matching 4x1-pixel feedhorn array with hot electron 
bolometer (HEB) mixers.  Simultaneous pumping of mixers is 
verified through I-V curves with sensitivities of ~850 K.  This 
design can be extended into larger arrays such as 4x2 or 4x4 by 
stacking the 4x1 LO and mixer modules and can be scaled in size 
to create arrays at other THz frequencies. 

I. INTRODUCTION 
In order to obtain a better understanding of the star 

formation process and lifecycle of the Interstellar Medium 
(ISM) large-scale surveys of gas dynamics in the Milky Way 
are needed.  These surveys require fast mapping speeds at high 
spectral resolution.  In response to this need, JPL is 
developing a 4x1-pixel heterodyne module at 1.9 THz for the 
ISM cooling line [CII].  This module can be stacked to create 
larger arrays such as 4x2 and 4x4 arrays and the designs can 
be scaled to for other astrophysically important spectral lines 
such as the [NII] at 1.46 THz, the high rotational (J) lines of 
CO, or the HD line.  

II. EXPERIMENTAL SETUP 
The array consists of a 4x1-pixel multiplier chain and a 

corresponding 4x1-pixel feedhorn focal plane unit (FPU) 
housing the HEB mixers.  A block diagram for laboratory Y-
factor measurements is shown in Fig. 1 with photographs of a 
prototype 1.9 THz LO and mixer block unit. 

In the laboratory setup, the 4x1-pixel LO [1] is injected 
quasioptically via a polarizer grid and reimaged with two 
elliptical mirrors onto the FPU.  The first mirror sits outside a 
liquid cryostat and the second mirror is bolted to the 4 K plate 
inside the cryostat.  The HEB mixer block is also bolted to the 
4 K plate and connected to low noise amplifiers (LNAs) via 
semi-rigid coax with G3PO connectors.  The LNAs are also in 
thermal contact with the 4 K plate.  Each HEB is constructed 
from a niobium nitride (NbN) bridge and a bowtie antenna on 
a silicon-on-insulator (SOI) chip [2].  These chips are inserted 
into individual backshells and then placed into the 4x1-pixel 
mixer block.  The backend electronics have a 1-2 GHz IF 
passband and an Agilent Power Meter is used to complete Y-
factor measurements. 

A bias system has been constructed from a National 
Instruments digital-to-analog-converter (NI-DAQ).  The DAQ 
has the capability to both set the bias voltages on the LO and 

HEBs and read back the bias voltages and currents from the 
HEBs. 

 
Fig. 1  Block diagram with photographs of the laboratory setup for Y-factor 
measurements of a 4x1-pixel heterodyne array module at 1.9 THz. The top left 
photograph shows the 4x1-pixel LO.  Shown below are its 4 feedhorns.  A 
matching feedhorn array for the HEB mixers sits inside the cryostat.  They are 
shown in the reflection of the elliptical mirror on the right side of the figure 
just below a top down view of the 4 K cold plate. 

III. RESULTS 

A. Measurements of the 4x1 module 
Each of the LO pixels is designed to output >10 µW of 

power, which provides sufficient power to pump each of the 4 
HEB mixers with a 10% beam splitter.  At the time of abstract 
submission, a prototype 4-pixel LO has three out of 4 pixels 
with outputs between 15 – 25 µW of power at 1.890 THz [1].  

Pumped and unpumped I-V curves are shown for the three 
mixers in Fig. 2.  I-V curves for Mixers 2 and 3 have been 
measured simultaneously using the NI-DAQ bias system 
created for the 4-pixel array.  Due to the current limitations of 
the cryostat wiring, Mixer 1 was measured separately.  The 
unpumped I-V curves show that the critical current of Mixer 1 
is 90.2 µA, Mixer 2 is 89.6 µA, and Mixer 3 is 105.4 µA.  
Modifications to the cryostat are under way to allow for the 
measurement of all 4 pixels at once. 

This batch of HEBs produced higher sensitivities at 
frequencies closer to 1.83 THz.  With the Callen-Welton 
correction [3], Mixer 2’s sensitivity is 840 and Mixer 3’s 
measured sensitivity is 875 K.  At the time of abstract 
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submission, Mixer 1 is still in the process of being measured.  
Unfortunately, Mixer 4 is currently shorted.  A summary of 
the current results are presented in Table 1. 

 
TABLE I 

SUMMARY OF MEASUREMENTS FOR MIXERS 1-4 AT 1.9 THZ.  THE 
COLUMNS FROM LEFT TO RIGHT ARE ROOM TEMPERATURE 

RESISTANCE (ΩRT), THE CRITICAL CURRENT (IC), THE BIAS 
VOLTAGE (VBIAS), THE BIAS CURRENT (IBIAS), AND THE RECEIVER 

NOISE TEMPERATURE (TRX). 
 ΩRT IC(µA) VBIAS(mV) IBIAS(µA) TRX(K) 
Mixer 

1 
126 90.2 0.78 13.8 TBD 

Mixer 
2 

114 89.6 0.69 8.6 840 

Mixer 
3 

102 105.4 0.46 11.8 875 

Mixer 
4 

0 NA NA NA NA 

 

Fig. 2  Pumped and unpumped I-V curves for three mixers in the prototype 1.9 
THz FPU.  Because of limitations in the cryostat wiring, only the I-V curves 
for Mixers 2 and 3 were measured simultaneously using the NI-DAQ bias 
system. 

B. 4x4-Pixel Array Design 
Measurements verifying the 4x1-pixel module will enable 4 

modules to be stacked together for a 16-pixel array design.  
The FPU of this 4x4 array is shown in Fig. 3.  Like the 4x1 
module, each HEB will be contained in an individual 
backshell and the IF will be connected to individual LNAs 
through G3PO connectors and semi-rigid coax.  A matching 
4x4-pixel LO can be constructed from four 4x1-pixel LO 
modules.  
 

 
Fig. 3  A CAD drawing for a 4x4-pixel FPU. 

IV. FUTURE PLANS AND CONCLUSIONS 
At the time of abstract submission, a prototype 4x1-pixel 

LO multiplier chain has been completed and tested at 1.9 THz.  
This chain has been used in the simultaneous pumping of two 
HEB NbN mixers.  Improvements to the LO chain will include 
final stage biasing of the multiplier diode in order to adjust the 
LO power in order to optimize each pixel individually and 
thus improve the overall sensitivity of the array. Furthermore, 
this final stage bias will increase the stability of the receiver 
by controlling the output power of each pixel though a 
feedback loop with the HEB mixer currents controlled by the 
NI-DAQ. 

After upgrades to the cryostat are complete, further testing 
and characterization of the prototype 4x1-pixel 1.9 THz 
receiver module will continue in the Spring of 2015 including 
beam pattern and Allan Variance measurements.  Results from 
this testing will be used to construct the 4x1-pixel FPUs at 
1.46 and 1.9 THz for the Stratospheric Terahertz Observatory 
2 (STO-2).  These 4x1 modules can then be replicated to 
facilitate the construction of larger array configurations for 
future suborbital missions such as the Galactic/Extra-Galactic 
Ultra-Long Duration Balloon Spectroscopic/Stratospheric 
THZ Observatory (GUSTO).  
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I-V Curves for HEB Mixers 1,  2, and 3
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