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Conceptual design of simultaneous multi-frequency bands
millimeter wave receivers

[ - Conceptual design came out in April 2003 }
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Frequency Independent beam waist Image + Gaussian Beam Telescope(GBT)
- Wide band application -
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Beam Parameters
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Optical circuit lay out
April 2003 ~ November 2005 ( 2 and half years)
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Test of Quasi-optical circuit



Gaussian beam measurement system

- Homemade to be used quasi-optics test only

- Radiation patterns of feed horns
- Ellipsoidal mirrors

- Dielectric lens

- LPF(Dicroic filter)

é Beam pattern h

- Transmission L0ss
- Reflection Loss
K—Cross-polarlzatlon y
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Quasi-optics circuit test

[ December 2005 ~ May 2011 ( 5 and half years) }
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Comparison theoretical and experimental beam radii near the focus

» Differences between two values(measure-design) are less than 2mm of beam radius

» Optical circuit and its components are properly designed.
» Gaussian beam transmission theory is very powerful tool to be used quasi-optics design
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PASP ,2013, 5. Vol. 225, pp 539~547




Beam axises alignment for among 4 beams(22/43/86/129GHz)

Beam Deviation

— 22 GHz
| #36Hz
== =| 86 CHz
129 GHz

TABLE 2
Bearm CENTER DEVIATION

."'LI"I.E[E‘
Frequency Ax Ay (Ax? + Ay P4 deviation
((iHz) () () {mm) (arcmin}
22 057003 030+0.03 0.65 +=0.03 735+ 1.76
43 032005 0162006 0.36 +0.05 407+ 3.00
129 ...... 080003 007003 \ 0.81 =0.03 ) 0.17%1.81

N —
MOTE—Measurad at a distance of 200 mm displacement from the Casse-
grain focus (oward the secondary). All offsets are referred to the beam center

at 86 GHz,
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» Circular shaped of beam pattern : alignment is correct

» Lateral offsets are within less than 1mm
among 22/43/129GHz beam centers referred to beam center at 86 GHz

» Can make simultaneous observation four channels such 22, 43, 86 and 129GHz bands

Seog-Tae Han, et al
“Korean VLBI Network Receiver Optics
Simultaneous Multi-frequency Observation
PASP ,2013, 5. VVol. 225, pp 539~547



Losses of transmission and reflection at at LPFs

TABLE 3
MEeasurReD Losses oF LPF1 anp LPF2 m THE 22/43 GHz Banps

LPFI LPE2 LPF1+LPF2
Frequency LCP RCP LCP RCP LCP RCP
(GHz) (%) (%) (%) (%) (%) (%)
215 ... 0.70 1.16 2.48 3 3.15 4.20
22 . 0.80 0.80 2.53 2.57 3.30 3.32
23 L 0.47 0.46 2.63 2.57 3.07 3.0
4236 ... 1.08 1.08 3.02 5.38 4.03 6.35
4311 ....... 1.29 0.88 3o 2.90 4.23 3.74
43.86 ....... 1.48 1.15 1.82 1.82 3.24 2.93
TABLE 4

MeasureD Losses oF LPF1 anp LPF3 mv THE 86,129 GHz BanDs

LPFI+flat mirror*  Flat mirror+LPE3 LPF1+LPF3
Frequency LCP RCP LCP RCP LCP RCP
(GHz) (%) (%) (%) (%) (%) (%)
86 ..o 5.1 5.9 4.1 4.0 8.3 9.6
90 e 7.3 8.2 4.7 4.7 114 12.7
94 ... 75 8.8 6.0 6.4 13.2 14.9
129 ... 4.7 5.3 1.7 1.7 5.3 5.6
134 ... 6.5 63 1.6 1.8 6.5 6.6
138 .. ... 73 7.2 1.7 1.5 7.9 79
142 ... 8.7 8.9 1.9 1.5 10.4 10.6
Transmission and/or Reflection Tnoise
Loss [%] @300K
(LPF1+ LPF2/LPFs) [K]
3.30 (Transmission only) 9.90
43 3.74 (Transmission + Reflection) 11.1
86 9.60 (Reflection + Transmission) 28.8
129 5.60 (Reflection only) 16.8

QBLS

1324

1074

[i] x4

(=154

1336

1086

45" FLAT MIRRPR

;m

L]

CHOPPER

SE0

—

N
N
@)
I

IN

|

| |
22 GHz
RX |

:

|

|

|
[
L

[a] ]

Needed cooling down to cryogenic temperature
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“Korean VLBI Network Receiver Optics
Simultaneous Multi-frequency Observation
PASP 2013, 5. Vol. 225, pp 539~547



Test Observation Results

13



Simultaneous observation receiver systems
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Simultaneous observation results at Orion KL
for 22GHz, 43GHz, 86GHz and 129GHz receivers
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Radiation patterns for 22GHz, 43GHz, 86 GHz and 129GHz
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TABLE 6
BEamM SZES AND FIRST SIDELOBE LEVELS OF KVN Yonsel TELESCOPE
Frequency (GHz) Obs. date Source name  Elevation (degres)  Source size (arcsec) | Beam size (arcsec)  First sidelobe level (dB)
22235 e 20012 Apr 27 Yenus TO 35.5 125 12.9
43122 ... 20012 Apr 27 Yenus TO 35.5 63 12.0
#6243 ... ... 2012 Mar 12 Mars 42 13.8 33 12.6
128363 . ...... 2012 Mar 12 Mars 42 138 \ 23 12.6

» The measured beam sizes at 22GHz, 43GHz,
and 129GHz are 5-8% are smaller than those of theoretical ones. Seog-Tae Han, et al
» The first side-lobe levels of about 12 -13dB due to shaped “Korean VLBI Network Receiver Optics

. Simultaneous Multi-frequency Obseni@tion
reflector both sub- and main reflectors PASP 2013, 5. VVol. 225,qpp 536-547



» Beam offsets among four bands and aperture efficiencies
TABLE 5
BEAM ALIGNMENTS OF THE 2243/129 GHZ Banns

22 GHz 43 GH=z 129 GHz
Offset (Az) (arcsec)  Offset (El) (arcsec)  Oiffset (Az) (arcsec) Odfset (El) (arcsec)  (diset (Az) (arcsec) Offset (El) (arcsec)
Before ..... =5 b =5 b =5 =5
[ After ... 3107 +3. 107 +1.7=1.1 +2.0x10.3 +0.8x 0.4 0.8+05 ]
MoOTE—With respect to the center of the 86 (GHz beam on the KWN Yonsei telescope.
» Pointing accuracy ~ 1/10 of HPBW (30arcsec at 130GHz)
» Can do simultaneous observation with four bands!!!!!
» Aperture efficiencies
TABLE 7
APERTURE EFRICIENCIES OF KWN YoMsEl TELESCOPE
Frequency (GHz) Obs. date Source name  Elevation (deg)  Soumce size (arcsec)  Brightness temperature (K)  Aperture efficiency (%)
22235 ... 2002 Oet 25 Jupiter 060 46.1 134 +4 (F3)
43122 (.00 20012 Oct 25 Jupiter 0-60 46.1 150+ 15 (G94)
6243 ... 2002 Oect 25 Yenus 60 13.7 IFTSE13 (UBO)
129363 ........ 2012 Oect 23 Wenus -0 13.7 331 (F92)

More. —Errors of aperture efficiencies are 1o, not including systematic errors arising from uncertainties in the brightness tempermatures.
References.—(F2) Fahd 1992; (G94) Greve et al. 1994 (P03) Page et al. 2003; (UBD) Ulich et al. 1950,

Seog-Tae Han, et al 17
“Korean VLBI Network Receiver Optics
Simultaneous Multi-frequency Observation
PASP ,2013, 5. Vol. 225, pp 539~547
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Beam parameters of VERA: 22/43GHz simultaneous observation optical circuit

655

F1=172.8 F2=103
Wm1=46.55 Wm2=21.38
Ri=485.06 Ri=118.18
Wcass=12.43@12dB Ro=-270.79

edge taper
Wo=10.64

Wo0=20.70

Unitimm

88.92

» Designed and installed only optical circuit, Not receivers
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Quasi-Optics for
VERA Mizusawa site

Optical circuit test as KASI’ Lab, Korea
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Quasi-optical circuit of K/Q-band simultaneous observation
for VERA, Japan

4 Installed A
October 2015
* Under the
installing just now

\ J

2016

™\ Will be Installed J




Optical circuit and its beam parameters for Yebes 40m radio telescope

Rsub=25,396(Ls)

Ds= 3280
Rs=- 25,396 re= Ds/2=1640 22GHz 43GHz 43GHz
Ws=1395.31(TE~12dB) ws= Te W=89.56 W=56,27 W=44.48
0.3393 X[TE]1/2 ' ' '
fi- 692 f1— 692 f1— 395
Ri-3426.96  Ri—1469.74 Ri—1469.11
Ro—-867.08 Ro—-1307.71 Ro--540.26
M1 M2
Wo2 Wo3d
=t =
___H\U/wﬁaa, 1@22GHz
Casssegrain focus W02=38.01@43GHz W03=23.05@43GHz
(Geometrical)
W01-78.82@22GHz
W01-40,37@43GHz
27,588
592 710.86 355 355

25,396
» Designed and installed only optical circuit, Not receivers
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Quasi-Optics for Yebes 40m
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Simultaneous observation at Orion-KL Jan.12/2015
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Optical circuit test at KASI’s Lab,, Korea.

Radio Telescope, Spain
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Installed on Receiver cabin of Yebes antenna



Nobeyama 45m radio telescope, Japan

Optical circuit only will be designed
like Yebes observatory did.

2000x1450mm

Both Optical circuit and
receivers will be designed

» Considering both ways.
» Be powerful tools 86GHz VLBI with
KVN + Nobeyama 45m antenna

24




Shanghai 65m radio telescope, China

Cylinder dewar

» Quasi-optical circuit and
22/43GHz Recelvers
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My d Feam 3 more 21m radio telescope for E-KVN




Summary

Beam alignment among several channels
- Has to be aligned at least 1/10 of HPBW of antenna

Losses at quasi-optical circuit
- Mainly due to LPFs0.1 ~ 0.2dB
- Cooled down to 20K to improve receiver noise temperature

Incident angle of LPF

- less than 20 degree
- To avoid cross-pol. and reflection and transmission losses

Required more compact system design
- compact, reduce receiver noise temperature

- Introduce to compact cryogenic optical circuit,

next my talk in this afternoon e
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