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ABSTRACT   

In this paper, we introduce a THz dual-band Superconductor-Insulator-Superconductor (SIS) heterodyne radiometer 

which is under development for the atmospheric profiling synthetic observation system (APSOS) project. This THz 

radiometer is intended to have a durable and compact design to meet the challenging requirements of remote operation at 

Tibetan Plateau. The radiometer as well as its major components such as antenna tipping, quasi-optics, cryogenics, SIS 

mixers and FFTS backend is discussed thoroughly. Some scientific simulation focusing on the atmospheric profiling 

components at THz bands is also investigated. 
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1. INTRODUCTION  

Since 1990s, there have emerged a lot of radiometers working at millimeter and sub-millimeter wave bands to observe 

the atmosphere from space and ground [1][2]. As a part of the Atmospheric Profiling Synthetic Observation System 

(APSOS) project, a dual-band terahertz radiometer is proposed to monitor the vertical profiles of mesospheric water 

vapor and greenhouse gas over Yangbajing, Tibet. For weak greenhouse emission lines and long term observations, a 

radiometer equipped with high sensitive SIS receivers is well suitable for continuous atmospheric composition 

observation since it can work day and night which is otherwise impossible for optical methods. Our dual-band THz 

radiometer is optimized to operate at 200~300GHz and 400~500GHz for observing species such as H2O, O3, ClO, HCN, 

etc [3]. The simulated brightness temperature spectra of the atmosphere over Tibet winter season is shown in Fig. 1. 

 

Fig. 1 Simulated spectra of the atmosphere (Tibet winter season) with AM 7.0[4] for 200-500GHz. 



2. SYSTEM DESIGN 

2.1 The Overall System 

The radiometer system is to be designed as a standard container module for easy transportation and maintenance. The 

whole system can be divided into two major parts as Fig. 2: the outdoor roof-top tipping unit and the indoor receiver. 

The tipping unit mainly includes a flat tipping mirror, 300mm off-axis main reflector, sub-reflector, beam splitter, hot 

and cold calibrators. The beam splitter splits the incoming signal into two polarized beams, which then couple to two 

sub-band SIS receivers respectively to cover a wide frequency range with a single antenna. To make the indoor 

instruments work smoothly in as long a period as a whole year, a thermal control system is adopted to utilize the massive 

heat dissipated by the helium compressor in winter and to control the container ventilation in summer. 

 

Fig. 2  The dual-band radiometer system (left) and its detail signal path and layout for the lower band (right) 

2.2 The Quasi-Optics 

The main antenna is a small Cassegrain system. A 300mm aperture size is chosen to achieve a resolution better than 1km 

at 80km above ground and to get a better angle resolution while tipping. In order to make the main reflector compact and 

to realize an easy optical arrangement, a 30 degree off-axis parabolic mirror with PFL around 550mm is used. With the 

sub-reflector tiled at a small angle, the reflected signal propagates in the horizontal direction. After it hits the beam 

splitter (polarizer), each of the two polarized beams folds back in the vertical direction to pass through the PLM&LO 

module, and then reaches the elliptic mirror inside the receiver Dewar and finally matches the feed horn of the 

corresponding SIS mixer.  

2.3 The Receiver  

Compared to room-temperature Schottky receivers, SIS receivers have much high sensitivity and require less LO 

pumping power in the THz frequency regime [5]. This will make it realistic to observe milli-Kelvin level greenhouse 

species lines immersed in the noisy background. Parallel-connected twin junctions (PCTJ) [6] are adopted in our SIS 



mixer design. Simulated mixers noise temperature for the 200-300GHz band is lower than 40K with a -3dB~0dB 

conversion gain.  

 

Fig. 3  3D assembling model of the sis mixer block with diagonal feed horn 

As shown in Fig. 3, the SIS mixer chip will be installed in a waveguide mount. The RF and LO signals are fed by 

different horns and coupled through a directional coupler. The cryogenic Dewar driven by a two-stage GM close-cycled 

cryocooler is designed to accommodate the two SIS mixers and following low noise cryogenic IF amplifiers [7].  To 

achieve low power consumption and good mobility, high thermo-isolation and low thermo-load are kept in mind 

throughout the design.  

2.4 The Back-End 

The dual-band THz radiometer is configured as a standard heterodyne receiver. The IF signal coming from the SIS mixer 

and LNA is further amplified and converted to a baseband, then processed by a spectrum analyzer or total power detector. 

Compared to traditional spectra analyzers such as AOS or filter banks, FFTSs (Fast Fourier Transform Spectrometer) 

based on high speed AD converters and high performance FPGA devices have some advantages. It is more compact in 

size and more stable in long time integration. A new wideband FFTS based on E2V high speed ADC and Virtex6 FPGA 

has been developed at Purple Mountain Observatory. The data is then pipelined into FPGA where the digital FFTs are 

performed in parallel and the spectrum is accumulated in real-time. The experiment board has been verified on PCI 

express form factor card. And a new standalone version which does not need a host computer bus and is communicated 

through Ethernet has also been developed. Data from ADC is rearranged and spitted into 16 ways, thus reduce the data 

flow rate from 4Gsps (2GHz BW mode) to 250Msps that matches the FPGA bus speed. In each way, they are further 

divided into 6 pipelines to do the butterfly operation in parallel. The calculated data is then fed into afterward data 

rearrangement and power spectrum section to retrieve the full 32k-point spectrum data. In order to realize a continuous 

spectrum analyzing, a ping-pong output buffer is also implemented on the FPGA chip.  

2.5 The Control Unit 

The control unit is based on distributed controllers and internet, just as illustrated on Fig. 4. All the instruments except 

the GM cryocooler are centralized on two major control subunits: the roof top subunit and on-Dewar subunit according 

to their locations and functions. The main computer manages those instruments through CAN bus and team up the FFTS 

and data server through gigabit Ethernet. The observed data which store on the data server will be dumped at fixed 

interval and preprocessed by onsite observation team. The hardware to be used as controllers is a rugged PXI board and 

ARM based MCU for easy software development.  The main computer and data server will run on Linux and be capable 

of doing remote administration on it over internet. 

3. CONCLUSION 

We have designed a THz dual-band SIS heterodyne radiometer for the atmospheric profiling synthetic observation 

system (APSOS) project. With reliability and mobility in mind, the whole system is divided into modules and the control 

system built on a distributed architecture. Interfaces between modules are defined in simple and clear ways for easy 

maintenance. Heat dissipated from the instruments is also utilized to maintain the indoor environment. The THz dual-

band radiometer will be deployed to Yangbajing, Tibet for atmosphere observation. 



 

Fig. 4  The overall control and data acquisition system for the dual-band THz radiometer. 
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