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Abstract: The optical verification of a terahertz superconductingpectrometer (TSR) featured with
superconductingnsulatorsuperconducting (SIS) receivedgveloped at Purple Mountain Observat@PMO) for
atmospheric profiling synthetic ebrvation system projecAPSOS has beenpresented. Nedields of TSR at 230
GHz and 280GHz have been measureohd farfields are derived. The misalignment of the optics at @8{x is
analysed in detail by physical optics (PO).
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1. Introduction

APSOS is a grounbasedatmospheric profiling observation system capable of measuring

rangeresolved parameters of the whole atmosphere, from surface to Woniai€h high vertical

and temporal resolutiorj&]. As apart of APSOS projecfSR[2, 3] is developed to monitor the
vertical profiles of mesospheric water vapor and greesd@aover Yangbajing, TibefTSRis

a dualband terahertz receiver equipped with SIS mixers operatib8aB00GHzand 300~80

GHz observing HO, O3, CIO, HCN, etal in the zenith direction, makinigy important to well
characterize theadiationpatterns forsuccessful operation dfie systemThe geometry off SR
antenna is a classical edikis Cassegrain telescope with a diameter ofr8(4]. The frontend
opticsconsists of garaboloidmirror, a hyperbolic mirror and several plane mirror.

There arethreeways to measure the radiation patternaofenna at THz band3he most
straightforward method is to place a probe in the-ffald of the antenna and measure the
radiation pattern by rotating the antenna under #3{j, which requires the probe to péaced
at least 2D/l away from the DUT[5], where D is the diameter of the antenna ands the
working wavelengthAnother way to measure thadiation pattern ishe compact antenna test
range (CTAR) meth[6]. The AUT is tested in the quite zone, where the spherical wave front of
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the feed is collimated to a plane wave front by reflectors, lens et al. The third method is to
measure the nedield of the AUT. The faifield pattern is calculated from the nseiaed data
mathematically7, 8].

The neaifield measurements have been chosen to characterize the radiation pafieRfaf
two reasonsOn the one handhé farfield range required bySRantenna isfaout 200m. On the
other handPMO has been dewsing planar neafield antenna measurement method since 2014
[9, 10, making the neafield measurement financially and temporal efficient.
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Fig. 1Optical layout ofTSR

In this paper, the nedield measuremerdf TSRtelesopewill be introduced andhe result is
compared with that dPO simulation In section 2the optical design of SRwill be introduced.
In section 3the neaffield measuremergetup will be presented. In partmeasurement results at
230GHz and 280GHz will be shown. The measurement uncertainty will be given and the result
at 280GHzwill be compared with PO simulation.

2. Design of TSR optics

TSRis a dualband receiver with SIS as mixers aheé ppticallayoutof TSR shown in Fig. 1
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[4]. The main gotics of TSR is an offaxis Cassegrain telescope. The diameter of the main
paraboloid mirro is 30 cm and its focal length is 1,200m The subreflector is ahyperbolic
mirror with the diameter of 6Fhmand eccentricity of 1.6667. Thends off SR aredivided into

band 1 (180~30@5H2 and band 2 (30C¥0 GH2 by a wiregrid. Band 1 and band 2 are
separated by 10éhm Band 1 is divided into two sdbands, B1L (180~24@H2 and B2L
(240~300GH2). The optical paths between the reflectors and window of thestaly are
modulated by a group of path length modulation (PLM) mirrors which consists of two roof
mirrors. The lens are placed B@maway fromthe window of the cryostalhe design parameters

of lens and corrugated harare shown in Tablel, which are dtermined to ensure the edge
taper @ the subreflector to be 18IB for each band.

Tab.1 Design parameters of lens and corrugated horns

Corrugated horn Dielectric lens
Bands Aperture Radius Slant length Radius of Diamete Thickness
(TH2 (mm (mm Curvature (mm (mm
(mm
180~240 5.60 54.32 87 40 7.66
240~300 6.00 55.07 83.2 40 7.88
300~ 5.00 5000 75.7 40 8.38

3. Measurement setup

The nearfield measurement setup is shown in FigTle detectors used are SIS mixers
working intwo different bandsnd the measured receiver noise temperature of the system is well
below 250K [11]. The RF and LOsignals areboth generatedby microwave synthesizers
followed byamplifie-multiplier-chains (AMC) with multiplication factor of 18. The LO signal is
injectedinto SISmixer by hormto-horn power transmission system to achibeéh high power
efficiency andgood thermal isolation. The intermediate frequefiEy is set to be 36MHz and
thereference frequency is 20Hz The IF and the reference signal ajured by a high speed
ADC with 800MHz/ssample rate.

The probe used is a ¥8&.4 operend waveguidethus no probe compensation is applied as the
effect of the probe is negligiblend it is aligned withiT'SR by laser.The probe is placed about
1,000 mm away from the main paraboloid mirror on a XY scanner with positioning accuracy
about 15¢ mThe range of thecanner is 288 min each axis, whicls a bit smaller than the
diameter of the main paraboloid. There will be phase error introduced by the flexible cable
connecting to the RF AMC as it will move with the scanner during the neastiald The phase
error introduced by the flexible cable is not calibrated due to the limited bandwidth of the
circulator used in our systerhi] and its effect will be discussed later.

The nearfield of SRis scanned by othefly (OTF) scan methotL(] atthe speed 080 mm/s
along X direction shown in Fig. 2 (b) and the step in Y direction nsn® The scanned area is
288 288 mm Calibration is done by moving the probe to the center of the scan area every three
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scanning lines and it takes about 2,8@0 finish a nearfield scan.

Nearfield measurements SR at B1L (230GH2 and B2 (280GH2) has beercarried out
The measurement frequency of B2 is chosen at @Bz as the working frequency of the
reference mixer is limited to 16Hz
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Fig. 2 Setup ofTSRnearfield measurement: (a) Nearfield measurement scheme (b) Photo of nearfield measurement

4. Resultsand analysis

The measured nearfields ©6R at B1 (230 GHZ) and B2 (280GHZ2) are $iown in Fig. 3and
Fig. 4. There are obvious truncation of the nearfield due to the limited scan area in both bands.
The measurd amplitude at the edge of the scan area is al2@uliB relative to the maximum.
The scanning effect has been calibrated arel data sampled along the X direction are
interpreted to 3nmspacing, the same with that along with the Y direction.
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Fig. 3 Measured nearfield amplitude and phase of B1L at@d@& (a) amplitude (dB) (b) phase (a
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Fig. 4 Measured nearfield amplitude and phase of B2 at&8@ (a) amplitude (dB) (b) phase (rad)

The farfields calculatedrom the neaffield is shown in Fig5, which shows good symmetry in
both B1 and B2 bandhe measured HPBW oflBand B2 are 0.3@egand 0.28legat 230GHz
and 280GHzrespectively.The measured first sidelode level of B1 and B2 at@Bi2 are about
-17 dB and -27 dB. The main beam ofTSR is steered dfthe main opticaxis duo to the
misalignment of the optic cormpents The beam offsstof B1 is 0.08degin azimuth and 0.38
degin elevation at 23@Hz And the beam offset of B2 at 2&Hzis 0.08degin azimuth and
0.34degin elevation.Themainfarfield parameters of B1 and B2 are compared in Table 2.
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