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Fig.1 The signal flow chart and gain diagram of sideband separation receiver. The upper and lower

sideband ports of radio frequency signal at the input port are the same ports physically, which are

separated here for clarity.
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Receivers”. http://library.nrao.edu/public/memos/alma/main/memo357.pdf
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Fig.2 The signal flow and gain diagram of the ideal sideband separation receiver. The gain of the ideal
sideband separation receiver is consistent with the gain of the sideband separation receiver in Fig.1. The

image rejection ratio of the ideal sideband separation receiver is infinity.

XF L RO, Y DR ik LR Il A M i SR D X i g e iR, e R AT
(88 2 — B, BUARIN LIy, Sy g A i P D XTI Y e 7 i E R 2. T BEARL
3 B, BRI ELTE 75 K, BRSO Sl s e A it P 5 00 e e 7 TR REAH D, 35
FEY DR TR BRI R A R 5. X T S B R SO AR )3 s 70 B T B, DR 3 A
B SO, HBe BN L Ioik e A i 1S 2, N eIl 78 3l — L3R sl I lAS
FBAR I LEUTMA, 2950 (17 dB). Y IR 7% BRI A3 2 (¥ 2 8 5 AR AT () 42
WAOHTL X320 ol M 7 T PE, PR MATL P s 7 i FE8 L 00T i M 7 i R G v 2%, AHZEAR /N, Bk
AAERRIRZE A AEF BRSO 2248 002 H7 BRSO AT R ORI, (A= 1 b —
B ZEAT T, BA T8 H A3 7 70 1 AL USRI g B0 320 i g 7 U 2 o DA 2, S8 R0 A P X
12 BRSO 00 e e P i P, DA 3 A LA B R 0T L.

YR W PR O TR L S, S B B R SONL R R e e . TR LANIE 235
IS 21 ) 2 SO LU0 o 1 P 2 (A

Thx.pss = Trx(1F1,DSB) ;‘TRX(IFZDSB) 7 .
S T s AR FEHE IR 1 3 S MR IR FE, P T s AR X A9 2R 631X (0
P34 A S .

3 FiRFZRGHARE

i SISERWSOHLIR 75 3070 44 Fi: B SISTR AR 51 N TR AR A e 75 i o B B 51
N R NG P R S 7N ) SRS AN 7 SR P A S5 e MATATL T 11 S8R A i A\ i S5 N 4
WA, T AR T X — S AR G SRR G RIS 5w, e BIR TR P,
DR LA IR 22 G0 15 Ik 7 th g - S MR 7 . A IR AR SR 5 TR P A . AR R G
M P A B AR T 9N BRI P NS 5 R AR 887 A I B SRR 75, A I I 7 R P A g
BN, T AT

3.1 AKIRRGRIEFRES

FEZE KPP AN 22K BUA B 3 STSEMHL A, 38 AR A5 = Il ¢ 3 A% i 2R a8 Y,
WSISEE e, Z HIRMAR W15 SR, AIRMG SIRAEAL FUANEE, TARERRIMBET,

18-4



61% Al A B SIS BN A AL & W T 2

SSISTRANESAEAL FLNEE, TAEEMRIRINIR . AL AIR(E 5 1 S EE ARG S A
SSISVR Mg, ATE =R BRI I X, SR, W TR A Ik, AU ST NS ]
WEETE N300 K, KIRTc N4 K, B FHEBOL (LNEYEE, 77 WMEN101g L). Kk
Gy N B, SEmiiik T P AL IR IR FE
(2m — 1)(Ty — Tc)

oN ~ (9)
SEmBLE T 5N [P PN P 28 5 I (G ek Dy L3N —2m 1) /2N ) f5 S A AR I ity 11 1D e 7
FEH

T, =Ty —

Tm(Ll/N _ 1)/L(2N72m+1)/2N ) (10)

K N B 3 SRAN G ] 43 258N 3 51N B TR R 7 S5 20 R TR o 11 A 6 P iR 2. 3

UG 5, WA BUAHR I T 51N B AR 7 VA B B AU o 1 0 45 R0 e A R R, A B3R,

HAYRP T LIS B, I B B K, SRR IR A 2190 K. WK, WERAME
ARER, ARRIET IR FAR 7S S R0 7S T B2 LK, SIS A R LA .

100 ———————————— ———T——T——T———

—E—
2 | /_/l I\.\.\ i
F u L ]
80 / S -
| | [ |
- \. <4
/ -
70 | Sm E

L \. 4
60 | 4
50 | i
40+ / 4

0F = .

Equivalent Noise Temperature/K

0.2.4.6.8.10 12.14.16.18.20
101gL/dB
B3 ARIRBES IR . BRI S, IR A5 S04 KV b 5 g 7 i

Fig.3 The thermal noise introduced by the Local Oscillator (LO) waveguide. The transverse axis is the
attenuation of the waveguide, and the longitudinal axis is the equivalent noise temperature on the 4 K

cold plate.
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Fig.4 The left panel is a one-to-three power divider, and the right panel is the internal structure of the

sideband separation superconducting SIS mixer.
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Fig.5 The left panel is model MG3692B signal generator, and the right panel is model DS-3002 signal

generator.
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Fig.6 The comparison diagram of measured receiver noise temperature when MG3692B and DS-3002

signal generators are used as primary signal sources of LO system. (a) LO frequency is 92 GHz, (b) LO

frequency is 100 GHz, and (c¢) LO frequency is 112.6 GHz.
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Fig.7 The base noise generated from the signal generator directly tested with a spectrum analyzer
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Table 1 The relational expression between the frequencies of base noise generated by

signal generator and the IF frequencies in 12 frequency bands

The frequency band of Fn/GHz The relational expression of frequencies/GHz

2.14 < Fn < 3.14 Fir = Fx
Fs —314< Fx < Fs —2.14 Fip = Fs — Fx
Fs+214 < Fn < Fs+3.14 Fir = Fnv — Fs
1.07 < Fn < 1.57 Fir = 2FN
(Fs/2) — 1.57 < Fx < (Fs/2) — 1.07 Fip = Fs — 2Fx
(Fs/2) + 1.07 < Fx < (Fs/2) + 1.57 Fip = 2Fy — Fs
Fs — 157 < Fnv < Fs —1.07 Fir = 2Fs — 2Fn
Fs4+1.07 < Fnv < Fs + 1.57 Fir = 2FN — 2F5
0.71 < Fn < 1.05 Fir = 3FN
(Fs/3) — 1.05 < Fx < (Fs/3) — 0.71 Fip = Fs — 3Fy
(Fs/3) +0.71 < Fx < (Fs/3) +1.05 Fip = 3Fn — Fs
(2Fs/3) — 1.05 < Fx < (2Fs/3) — 0.71 Fip = 2Fs — 3Fy
Filier LNA
S Specrometer
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1.5-2.2GHz
Filter LNA
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filter 1.5-2.2GHz
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Fig.8 The upper panel is a test diagram of the base noise intensity when the signal generator outputs

signal. The lower panel is the noise intensity test diagram after the base noise of the signal generator is

filtered through the narrowband filter with adjustable frequency.
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Fig.9 The base noise test results of the signal generator under the Fig.8 test diagram. The left panel is
the MG3692B signal generator. The right panel is the DS-3002 signal generator. In the figure, the thin

line is the base noise directly output by the signal generator, and the thick line is the noise after the

output of the signal generator is filtered by a narrow band filter with adjustable frequency.
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adjustable frequency was added at the MG3692B and DS-3002 signal generators when LO frequency
is 100 GHz.
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Investigation on LO Coupled Noise in Sideband
Separation Superconducting SIS Receiver

LI Zhen-giang'? ZHANG Xu-guo®? LI Ji-bin'?  ZUO Ying-xi’? XU Ye!?
ZHANG Hai-long™?  JIN Feng-juan’-?

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210033)
(2 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210033)

AgstracTt The Superconducting Superconductor-Insulator-Superconductor (SIS) re-
ceivers have become the preferred method for (sub)millimeter-wave radio astronomical
observations due to the extremely low receiver noise temperature. The coupling noise
of the local oscillator (LO) system is also a part of the receiver noise. In many years
of astronomical observations, it is found that the coupling noise of LO can not be
completely ignored, which has a certain impact on the sensitivity of astronomical ob-
servations. The noise temperature of the superconducting SIS receiver was tested using
two different kinds of signal generators as the primary signal source of LO system. It
is found that the base noise output by the signal generator can be coupled into the
receiver and deteriorate the receiver noise. By adding a narrow band filter to the input
of the signal generator, the base noise of the signal generator can be filtered, and this
part noise of the receiver can be eliminated, the overall noise of the receiver is reduced,
and the sensitivity of the telescope is improved.

Key words millimeter-wave radio astronomy, multibeam receiver, receiver noise, local
oscillator (LO)
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