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SSB noise temperature (K)

ALMA Cartridge Receivers Mass-produced at ATC
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Experiment of 790-950 GHz Balanced SIS mixer
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Heterodyne Mixer Element (SIS vs HEB)

Frequency Band:1.25-1.57 THz at present (Fractional BW: 22.7 %)
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® SIS: “Quantum limited” sensitivity < 1 THz
® HEB: State-of-the-art > 1 THz, almost frequency independent
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A 1

THz heterodyne Receiver Noise budget

BlZ (X, ZIEWMTZE500 KELFICHIZSIZ(E,

SIS Receiver (single ended) HEB Receiver
Noise
Operating Gai Input at Gai Input Noise at
Temp. [ daé? noise Rec. [ daB"; noise Rec. Input
[K] (K] Input [K] [KI]
K]
Vacuum window 295 -0.2 13.9 13.9
IR filter 110 -0.2 5.2 5.4
IR filter 15 -0.2 0.7] 0.8
Cold optics 4 -0.2 0.2 0.2
Waveguide 4 -0.3 0.3 0.3
LO coupler 4 -0.5 0.4 5.6 10-dB couple for single-ended
Tuning circuit 4 -4.0 6.0 8.6
Mixer 4 -5.0 101 362.3 -10.0 235.2 338.2| 1.5 Aflks (SIS), 3.5 Afkz(HEB)
Isolator 4 -1.0 1.0 11.8 14.9
1st Amplifier 4 31.0 <5.0 71.6 90.5
Room temp. IF 295 24 <1100 10 12.6)
43.2 491 42.2 483 <500 K
Required LO Power | =&
RF
w LO horn
B ~
¢t I AN
D @ LO Source
)
Single Balanced
Required LO power at SIS Junction ~0.5 uW
A horn to horn -3.0dB -3.0dB
B Waveguide -1.0dB  -1.0dB or more
C Coupler -10.0dB -3.0dB
D Tuning circuit (Normal metal) -4.0dB -4.0dB
Total -18.0 dB -11.0dB
Required LO power at LO output 31.5uW 6.3 UW




e Sourceto 1.3-1.5THz

* For wider BW operation, they used

Power (uW)

Terahertz source by VDI

Configuration Amp-X2-X2-X3-X3
~200 mW of power at 155 GHz

"Frequency Optimized Bias"

AMC-421 Output Power Vs. Frequency
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Combination of SIS Junction Materials [ =z
for 1.2-1.6 THz mixer

0.3
. 02 A+ A
Requirement 4; + 4, > 3.3 meV prT
é 01 ‘
2 00 |
[«}]
E
Supercond 1) 3 01 ¢ ‘ ‘
02 |
Supercond 2)
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NONR—ZX D ESFHRER ST F Voltage [mV]
Material Energy 4,+4, Theoretical limit | Practical limit
(Expected as 80 % of theory)
)( Nb//Nb ~2.8 meV 1.35 THz ~1.05 THz
A Nb//Nb(Ti)N ~35-37meV 17-1.8 THz ~1.35 THz
O NbTiN//NbTiN ~4.5 meV 2.2 THz ~1.7 THz

O NbN//NbN ~5.5 meV 2.65 THz ~2.1 THz




Combination of SIS Junction Materials [ ==

for 1.2-1.6 THz mixer
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Tuning circuit material

At present, no superconducting material is available for B11 tuning circuit.
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[ Structure of a THz SIS mixer
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DC characteristic
- reasonably good reproducibility - gap voltage 2.80-2.85 mV

- quality factor ~12 . ~ 24 kAlcm?
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DSB Receiver noise temperature at Band 8

-AINZSY7ZERLZI, ~ 13 KAIcm2D SR AESISS T A EFE R
-SESISSXRHITONTIFERFZRDRIBRZEZAVTT INIVYEIIRRE T E

500 400 GEEzTvTh LT AN G IR ERE]
450 | | 350
400 | _ —
~350 7?0 X, 300 KDueto LO noise
<300 | 2 £ 250 A
£250 | B 200
=200 | o e £ 150 A
O 150 TBiesvoItage(mV) *8_‘;' 100 m } \
100 + —Mag OmMA |5 <><>/ V 2%’ \N!
50 _ R =
0 Mag_15.6mA o |IF:48GH? s
0 2 3 4 5 380 400 420 440 460 480 500
Bias voltage (mV)
L O frequency [GHZ]
R R
1.5 THz HEBEFH- 72U TED 21 —)L i

‘RF+LOAD A A 73 —F ILk—

UASFRHTOvIE—{KIE
[IFEFREAEDIIFELESTVSTAYL—2ZRYRE, S HET7UTEER.

HRARFTHEHIN-HEBI X HFvT

[

-Waveguide size 90 um x 180 um
-Chip slot: 60 um x 60 um

-Chip size: 50 um x 25 um x 1500 um

Mixer Unit CLNA Unit
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RF+LO inputJ 50 Q line SiGe HBTs
with a diagonal horn
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Summary
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