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Directional couplers

• Passive, ideally lossless, has 3 or 4 ports

o Hybrid coupler: special case of directional couplers, with 3 dB coupling

▪ The quadrature hybrid has a 90◦ phase shift between ports 2 and 3 

▪ The magic-T hybrid and the rat-race hybrid have a 180◦ phase difference 
between ports 2 and 3 when fed at port 4

• Purpose in the reflectometry setup
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Directional couplers

• Passive, ideally lossless, has 3 or 4 ports

o Single section

o Multiple sections
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Directional couplers

• Fairview Microwave MC 2104-20
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Directional couplers

• Fairview Microwave MC 2104-20
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Directional couplers

• MiniCircuits

o Transformer-based
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Circulator/isolator

• Passive, ideally lossless

• Non-reciprocal!

• Permanent magnets inside (ferrite)

• Sensitive to external B field

• Circulator: 3 ports

• Isolator: 2 ports

• Circulator can be used
alternatively to the dir. 
coupler in the setup

8



Circulator

• Magnetic field sensitivity (“forward path”)
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Circulator

• CTD0304KC

o Approx. 2k USD

o 2-4 GHz

o 18 dB isolation (typical)
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Circulator, outside specs?

• Bluefors, 3 GHz line (2.5 - 4 GHz), transmission of 
circulator+isolator
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Circulator, outside specs?

• Bluefors, 3 GHz line (2.5 - 4 GHz), transmission of 
circulator+isolator
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Isolator (dual)

• LNF-XXXXC4_12A

o RF bandwidth: 4-12 GHz

o Insertion loss: 0.4 dB typical

o Isolation: 30 dB typical

o Port match: 16 dB typical

o RF-connectors: SMA

o Cost: 10k USD (?)
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Isolator (dual)

• LNF-XXXXC4_12A
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Coaxial cables

• Heat load

o Especially for scalability 

o Passive: through cables

o Active: dissipative elements (amplifier, attenuator)

o Radiative

o Attenuation: ∼ 60 dB (needed for thermalization)

• Material

o SS

o CuNi

o Supra
▪ Japanese company
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Coaxial cables

• Heat load

o Passive: through cables

• Attenuation: ∼ 60 dB (needed for thermalization)

• “Stainless steel cables (UT85-SS-SS) and NbTi cables (UT85-NbTi) have the 
lowest passive load. The flows of these two cable types are dominated by their 
outer conductor, which has a cross-sectional area that is by a factor 10 larger 
than the center conductor. The contribution of the Teflon dielectric is of the 
same order of magnitude as the one of the inner conductor.”

• “An alternative to stainless steel cable is Cupronickel (CuNi) cable. It is expected 
to have a 20-30% higher passive load than SS-SS cable. Another commonly used 
cable type is UT85-SS cable (stainless steel CC, SPCW center conductor). Due to 
its comparably low attenuation, see Appendix A, it is suited for the sections in 
the output lines, for which NbTi is not superconducting, i.e. from the vacuum 
flange of the dilution refrigerator to the 4K stage”
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Coaxial cables
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Coaxial cables

• Supra:

o Japanese company Coax Co.
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Coaxial cables

• http://www.delft-circuits.com/

o “Cri/oFlex® CF2 series is specifically design for cryogenic 
environments where thermal load, microwave 
performance, small form factor and phase stability are 
critically important. Our standardized CF2 series is ideally 
suited to solve space constraints in crowded setups, such 
as table-top cryo systems or densely populated mixing 
chambers of dilution refrigerators. ”
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Amplifier

• HEMT

o Active element

o Supply brick + biasing box

o Power supply: possible ground loop

• E.g. Caltech CITCRYO1-12D

o 1-12 GHz

o Gain: 32 dB

▪ In an experiment: to be calibrated

o DC power @ 20 K: 1.2V, 23mA, 28 mW

o Mounted on the 4K plate

o Cost: 6k USD (?)

• Quantum-limited amplifiers? TWPA, JPA
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Amplifier

• Caltech CITCRYO1-12D
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Amplifier

• Caltech CITCRYO1-12D
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Amplifier noise

• Thermal noise

• Noise power
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Amplifier noise

• Equivalent noise temperature
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Bias tee

• Simplest

o Self-made (on PCB)

o + resistor

o (On-chip RF shunt)

• Commercial, wide-band
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Filtering

• Commercial

o K&L low-pass filter

o Cost: 500 EUR

• Homemade

o Cu powder

o Eccosorb
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Filtering

• Homemade

o ECCOSORB CR-110 

o ECCOSORB CR-124
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Filtering

• Homemade
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Shielding

• Homemade IR shielded can

o Hermetic seal

o Stycast 2850 and carbon powder, containing 7% carbon powder by weight
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DC block

• Inner only

• Outer only

• Inner-outer

o Cost: 200 USD

30



Mixer

• Basic operation

o Practice: LO and RF are close to each other

o Non-ideal properties: loss, leakage, higher harmonics
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Mixer

• IQ mixer

o Down-conversion: get both I and Q

o Up-conversion: control the phase

• IR/SSB mixer

o Down-coversion: image reject

o Up-conversion: single sideband
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Mixer

• IR-1545

o IMAGE REJECT DOUBLE-BALANCED MIXER 

• IQ-1545LMP

o Cost: 1.2k USD

33



Saclay setup

• Phase shifter, JPA, calibration with MW switches (?)
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Zürich setup

• Wallraff

o Extra BPF

o Eccosorb

o TWPA

o Flux line:
less atten.
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Zürich setup

• Wallraff

o Extra BPF

o Eccosorb

o TWPA

o Flux line:
less atten.
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Zürich setup no. 2

• Wallraff

o 5 circulators!
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Delft setup

• DiCarlo lab

o Eccosorb

o K&L filter
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Delft setup

• DiCarlo lab

o Eccosorb

o MiniCircuits

o Supra coax
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CEA Saclay setup

• Saclay

o TWPA

o Multiplexer
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Simple RF dipstick

• Characterization of supra resonators at 4 K

• Reflection/transmission

• UT85-SS-SS coax, panel-mount SMA sockets

• Basic PCB
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Simple RF dipstick

• Characterization of supra resonators

• 4 K

• Reflection/transmission

• Panel-mount SMA sockets

• Basic PCB

• Bonding?
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Bonding?
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