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Space-borne 640-GHz SIS Recaiver Based on 4-K Mechanical Cooler
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640-GHz SISMixer HEMT Amplifier 4-K Mechanical Cooler

® Cooled at 4.5K ® Cooledat 20K & 100K ® Two-dage  Sirling &
® L ow noisetemperature ® L ow noisetemperature Joule-Thomson

® Broad IF bandwidth ® Broad bandwidth ® L ow power consumption

® No mechanica tuner ® Small power disspation ® Vibration tests

® One-year running tests

640-GHz SIS M ixer

® Low noise temperature

® Nlo mechanical tuner
® Broad IF bandwidth




640-GHz SIS Device

® Nb/AIOx/Nb device
® PCT J(parale-connected-twin-junction)type.

Need no mechanical tunersin the mixer mount.

IF PortL

I SIS Junction
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Choke Filtep

‘Tuninq Microstrip-line

(75-27-10Q | N

Imped. Trans orme&%@ SIS Device size (mm) 2 x 0.13 x 0.065
device Junction size (um) 1.25x1.25

( ] Waveguide Current density 5.5 kA/lcm?

Normal resistance 10.6 Q

wRnCjat 640 GHz 8

IF/DC Returw Mixer Device slot (mm) 0.14x0.14

mount Waveguide (mm) 0.4x0.14

Backshort (mm) 0.03

Dimensions of the 640-GHz SIS mixer device

640-GHz SIS mixer device for SMILES

DC-bias Circuit

® |ntegrated in the mixer mount
® Broad bandwidth
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Insidecf 640-GHz SSmixer. DC-DIgsGreutisshown. . \jeaqred insertion and return losses of the DC-bias circuit




M easurement Setup for SISMixer

Multipliers
Tripler Doubler Gunn Osc.

X2

Vacuum sealin
IR filter("Zitex"G-108)
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Spectrum analyzer

LO injection SIS mixer
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4-K stage
60-K shield

300-K wall

M easurement Results

LO = 642 GHz
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Measured T« of the 640-GHz SIS mixer as a function of
IF frequency.

Measured Tx of the 640-GHz SIS mixer as a function
of LO frequency:.




Low-NoiseHEMT Amplifiers

® Low noise.
® High gain.
® Broad bandwidth.

® Small power dissipation.

20-K HEMT amplifier | 100-K HEMT amplifier
Operating temperature 20- 25K 100- 110K
Number of HEMT device 2 3
Bandwidth Over 9-14 GHz Over 9-14 GHz
Gan >23dB >30dB

Noise temperature <17K <27 K

Power disspation 10mwW 15mwW

Brief specification of HEMT amplifiers.

Tphys=20K 30
Vdl=1V 1d1=5mA
Vd2=1V 1d2=5mA
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Measured performance of the 20-K HEMT amplifier with aheat disspation of 10 mW. Salid lines show
the performance of the 20-K amplifier done. Dotted lines show its performance induding losses due ta
the cable and isolator between SIS mixer and the 20-K amplifier.




4-K Mechanical Cooler

® Reguiremans
[1 SIS Mixers & Cooled Optics @ 4.5 K
1 HEMT Amplifiers @ 22 K & 100 K

® Mechanical Cooler
[1 Two-Stage Stirling & Joule-Thomson
[1  Small Power Consumption:

® Jests

[1 Random vibration test: 15.1Grms
[ Running test: over one year

Thermal Balance

Items

Types

Heat load at each stage (mW)

100-K stage

20-K stage

4-K stage

RF input window
Walls (with ML)
Supporting structures
IF cables

DC bias cables

Bias current

Monitor cables
HEMT amplifiers

J-T gas cooling

radiation
radiation
conduction
conduction
conduction
heat source
conduction
heat source
heat source

150 3
370 19
230 47
49 22
28 5
9 3
11 4
30 20
170 87

2.4
0.1
2.4
7.9
0.6

1
0.6

Total load

1050 210

15

Temperature

100 K 22K

45K

Refrigerator

Two-stage Stirling

J-T

Power consumption

at AC driver

110 W (15 Hz)

80W (30 Hz)

at DC power supply

260 W (120 V)




Structure of the Cryodat

RF Window

40-layer MLI f
; IR Filter

/
J Support Strap(S2-GFRP

20-K Shield

J-T Orifice 100-K _Shield

4-K Support (CFRP)

20-K Stage

No.3 Heat Exchanger

20-K Support (GFRP)

No.2 Heat Exchanger

100-K Stage

No.1l Heat Exchanger

2-stage Stiring Cooler|Cold-head




Recelver |ntegration

® Optics
® M easurement result

® Noise breakdown

Submillimeter Optics of

the SMILES Receiver

INAGE BAND AOPT (Ambient-Temperature Optics)
.
: ® |_O source

TO ANTENNA ® SSB Filter:
SIGNAL BAND .. 5 A 5
: : Frequency-Selective-Polarizer (FSP)

LAT MIRROR
FOQUSING MIRROR

Y COPT (Cooled Optics)
SIS MIX®R_(LSB) ® Cooled at 4.5 K

® Two SIS mixers (USB,LSB)




SMILES Recelver Measurement

LO = 638 GHz
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Measured Trx of SMILES receiver as a function of IF frequency.

Noise Breakdown
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