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Summary

• Lots of effort over last 1.5 years setting up lab for ADMX cold electronics testing. 

• Squidadel 2A mechanical design and fabrication of components complete. 

• Two Run 2A 1.9 GHz JPAs packaged and tested (one at UCB, one at WU) 

• Run 1D JPA tested at Berkeley (tests underway at WU) other parts can be packaged 
to make spare. 

• WU Power combiner complete, tested. 

• All  parts for Run 2A Squidadel are complete. 

• Still waiting for circulators in smaller package from Quinnstar, will go with existing 
units (modified Squidadel hardware)  

• New, optimized circulator design for Run 1D covering 1.02-1.41 GHz ready to order.   

• Squidadel assembly is beginning, and test fixture is being fabricated. 

• Looking into future improvements: cryo filters for DC wiring, Radial switch box, 
upgrading test system with magnet. 

• WU GS Jonah Hoffman will describe component test results.  



Simplified Schematic

October 3, 20192019 ADMX Operations Review

Cold Electronics Overview
• Josephson Junctions (SC+insulator+superconductor) can be arranged in a SQUID 

loop to give a device which look like a current and magnetic flux dependent 
inductance.

• A JPA used a number of SQUIDs to form the inductance in an LC resonator.  
Incident and reflected waves are separated with a circulator.

6

U3

::::�>

Ip(t) = Ip cos(!pt+ �p)

C
Z0

Is(t) = Ix cos(!st)

::::�>

::::�> ::
::

�>

Since ! = !(I), and there is a strong phase
shift through resonance, reflected phase
depends on total signal power (Ip + Is)2

2
1 3

to warm electronicsLNF

Circulator

Directional coupler

JPA

Cavity antenna

L(I) =
�0

2⇡I0
p

1� (I/I0)2

L1



Run 2A Schematic

October 3, 20192019 ADMX Operations Review

Changes in Run 2A design.

• Moving from Run 1C 
to IIA, will build new 
Squidadel.

• Need to passively 
power combine 
signals from 4 cavities 
to achieve full SNR 
improvement.  Losses 
must be minimized

• All components 
(circulators, 
directional couplers, 
JPAs) need to be 
replaced with higher 
freq. comps.

8

ADMX RUN 2A RF Layout

Christian Boutan, Sept 3rd 2019



Run 2A  Layout

• Layout for baseline plan (Plan A)
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Squidadel 2A

• Plan A - Directional couplers form bypass at front end, before 
power combiners



Squidadel 2A

• Plan B - Circulators instead of directional couplers at front 
end, before power combiner



Squidadel 2A



Squidadel 2A

• Shown with handle and cable management.  Not shown - 
insulating studs to eliminate touches.   



UCB JPAs

• Photos of 1.4 GHz or 1.9 GHz JPA

Sample Photos:

Sample Photos:



Run 1D   1.4 GHz JPA

• Results from Akel, 
1/29/2020

DC Flux Tuning: 2020-01-29
experiment = 'Flux_Tuning'
measurement = '0'
 
# Set VNA parameters
startfrequency, stopfrequency = 0.8, 1.8
vna.start_frequency(startfrequency*GHz)
vna.stop_frequency(stopfrequency*GHz)
vna.electrical_delay(92.275082*ns)
#vna.offset_phase(250*deg)
vna.num_points(501) 
vna.bandwidth(50*Hz)
vna.power(-27*dBm)
electrical_delay = vna.electrical_delay()

# Set DC bias parameters
biaslow, biashigh = -6,6
units = mA
biasticks = 101

2D Log(Mag) & Phase Plots: 1.3 GHz, 2020-01-29
experiment = 
'2D_Log(M)_Phase_Plots’
measurement = '0'

num_points = 501
vna.averages(False)
vna.start_frequency(1.1*GHz)
vna.stop_frequency(1.5*GHz)
vna.bandwidth(50*Hz) 
vna.num_points(num_points)
vna.s_parameter('S12')
vna.electrical_delay(92.27508*ns)
vs = vna.s_parameter()

sweep_min_power = -27
sweep_max_power = 9
sweep_power_step = 1

Other parameters:
I_DC = 3 mA

Gain: 1.1 GHz, 2020-01-29
Data/memory

experiment = 'Gain_1p1GHz'
measurement = '0'

vna.start_frequency(1*GHz)
vna.stop_frequency(1.2*GHz)
vs = vna.s_parameter('S12')
vna.averages(False)
vna.bandwidth(50*Hz)
vna.num_points(501)
vna.power(-27*dBm)
vna.electrical_delay(0*ns)

Other parameters:
Pump power = -19.9 dBm
Ext attenuation = None
VNA power = -27 dBm
I_DC = 0.629 mA

Gain: 1.35 GHz, 2020-01-29
Data (no memory)

experiment = 'Gain_1p35GHz'
measurement = '1'

vna.start_frequency(1.3*GHz)
vna.stop_frequency(1.4*GHz)
vs = vna.s_parameter('S12')
vna.averages(False)
vna.bandwidth(50*Hz)
vna.num_points(501)
vna.power(-27*dBm)
vna.electrical_delay(0*ns)

Other parameters:
Pump freq = 1.3564 GHz
Pump power = -12.30 dBm
Ext attenuation = None
VNA power = -27 dBm
I_DC = 0.013 uASNR: 1.35 GHz, 2020-01-29

experiment = 'SNR_1p35GHz'
Units = 'GHz'
measurement = 0

# User defines the conditions for 
maximum JPA gain
signal_freq = 1.352*GHz
span = 500*kHz
bw = 10*kHz

# VNA parameters 
vna.span(0*Hz)
vna.bandwidth(1*Hz)
vna.center_frequency(signal_freq) 

# Spectrum Analyzer
sa.num_points(1001)
sa.averages(True)
sa.averages(1000)

Other parameters:
Pump freq = 1.3564 GHz
Pump power = -12.30 dBm
Ext attenuation = None
VNA power = -27 dBm
I_DC = 0.013 uA

Note: SNR was not optimized here.

Signal gain: 8.09 dBm 
Noise gain: 1.13 dBm

SNR improvement: 6.96 dBm



Power Combiner

October 3, 20192019 ADMX Operations Review

Achievements - Wilkinson Power Combiners

• Designed and fabricated Wilkinson power 
combiners at WU, using in-house RF PCB fab.

• Achieved target insertion loss.
– All ports terminated: ideal transmission is -6 

dB, additional insertion loss < 0.4 dB
– Good agreement with simulations.

Room	temperature 4	K	/	mK



October 3, 20192019 ADMX Operations Review

• Return loss (cyan)
– Resonance from packaging (room 

temperature measurement)
– Improving return loss by optimizing 

impedance matching
• Isolation (red)

– Test isolation performance by combining 
cavity signals

Room	temperature 4	K	/	mK

Achievements - Wilkinson Power Combiners



Power Combiner

• Run 1C squidadel design was modified to accomodate new components, power 
combiner was made more compact to fit in Squidadel.

October 9, 20192019 ADMX Meeting

New Components

3

Power	combiner
(needs	to	be	smaller!)

New	directional
coupler

New	circulator

Tuesday, October 29, 19

April 8, 2020ADMX Extended Frequency Electronics Call

New PCB and Enclosure

• Commercially produced PCBs (we provided Rogers TMM6 material to Sunstone 
Circuits Inc.)

• New enclosure (shorter to fit in Squidadel), ground plane touches box (guided by 
HFSS simulations)
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April 8, 2020ADMX Extended Frequency Electronics Call

New PCB and Enclosure

• Commercially produced PCBs (we provided Rogers TMM6 material to Sunstone 
Circuits Inc.)

• New enclosure (shorter to fit in Squidadel), ground plane touches box (guided by 
HFSS simulations)
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Impact on Squidadel

• 1.142” instead of 0.75 inches thick

1.142”
0.75”



Package As Ordered

• This is what we thought we would get!
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Sept.30, 2020ADMX Run 2A Electronics Call

Squidadel modification

• Parts machined in WU shop to allow 
mounting larger circulators.
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Run-2A Squidadel Parts



Run 2A Squidadel Parts

• Mechanical parts for Run-2A squidadel have been fabricated, and gold 
plated.   Ready for assembly.



Squidadel 2A Test Setup

• Based on design used at LLNL for Run 1C squidadel testing 
(Left), WU designed and fabricating mounting bracket for 
squidadel testing in Wash U. BF-LD250 fridge.  

• Both WU and LLNL LD250 had a custom, extended tail 
section to allow Squidadel testing.



ADMX/X-ray Dil Fridge Lab

• Kater has 3 BF 
LD250s, Erik has 1 
BF LD400 with 14T 
magnet.

• WU BF-LD250 fridge (shared by Buckley 
and Krawczynski) includes LLNL style 
extended tail section for testing Squidadel. 

• First light (or first He-3) March 1, 2019



JPA Component testing…

• WU GS Jonah Hoffman putting together Run 1D JPA test setup (with proper 
social distancing)



Lab Setup
Q-devil QBox 24 channel fully 
shielded Fischer to BNC 
breakout box

Keithley 2450 source meter with 
1k series resistor and filter 

Rhode and Schwartz FSV 
10MHz-4GHz spectrum 
analyzer (FNAL govt. excess)

Anritsu M63692B RF signal 
generator (FNAL govt. excess)

Keysight E5063A-285 8.5 GHz  
VNA



DACQ System

• Added Alazar board (need receiver components) for extended 
frequency development



WU Cryo Test System

• 3 modified 6-way Radiall 
switches at mixing 
chamber, ] for efficient 
JPA/circulator and other 
component testing down 
to ~10mK. 

• Working on new switch 
controller.   WU Engineer 
Izabella Pastrana will 
work with Jonah to 
design and layout PCB



Filter Upgrade

• One audio frequency (RC) and one radio frequency (RF) 
filter board with 24 low-pass channels each.

• Designed for easy mounting on the mixing chamber 
plate of common dilution refrigerators.

• QFilters can be stacked or mated in-series to save 
space or cables respectively.

• Signal lines are thermally anchored to high conductivity 
copper brackets with non-magnetic gold plating.

• Compatible with low temperatures and high magnetic 
fields.

• Non-magnetic shielded 25-pin microD connectors, 
female input, male output.

• Pinout compatible with micro-d connectors used in 
most dilution refrigerators.

• Optimal performance is achieved by connecting the RC 
and RF lines in series using an optional jumper cable.

• Reduces electron temperatures from 150mK to ~20mK 
at the mixing chamber plate in typical factory installed 
cryostats.

The QFilter
The QFilter is a compact multi-stage low-pass filter which applies patented technology* to reject noise and to ensure millikel-
vin electron temperature in 24 signal lines going to your quantum electronics devices and other sensitive cryogenic circuits. 
It is the result of several years of development at Harvard University and University of Copenhagen on achieving the lowest 
possible noise and electron temperatures in quantum circuits. The standard QFilter contains two filter banks, one with RC 
circuits and one with LC circuits, but other combinations can also be supplied.

Radio frequency low-pass filter bank (RF)

• Three reflective 7-pole Pi filter stages, individually 
shielded.

• Attenuates above 80 MHz.

• Total resistance (room temp.): 2.5±0.5 Ω.

• Isolation to ground and other channels > 2 GΩ 
(room temp.).

Highlights

Typical attenuation vs. frequency of the RF filter 
measured using a 50 Ω HP8753D Network Analyzer 
at room temperature. Note that fridge wiring 
typically differs in impedance.

*)US patent US 9,826,622 B2 (2017) 

Low frequency low-pass filter bank (RC)

• One reflective 7-pole Pi and two dissipative RC filter 
stages, individually shielded.

• Attenuates from 50 kHz or lower.

• Total resistance (room temp.): 1700±10 Ω.

• Isolation to ground and other channels > 2 GΩ  
(room temp.).

Typical attenuation vs. frequency of the RC filter, 
measured with a Stanford SR830 Lock-in Amplifier 
at room temperature. Note that the cut off frequency 
may vary depending on the resistance of the 
connecting leads.

80 MHz 1.45 GHz 5 GHz 80 MHz 50 kHz
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Low frequency low-pass filter bank (RC)

• One reflective 7-pole Pi and two dissipative RC filter 
stages, individually shielded.

• Attenuates from 50 kHz or lower.

• Total resistance (room temp.): 1700±10 Ω.

• Isolation to ground and other channels > 2 GΩ  
(room temp.).

Typical attenuation vs. frequency of the RC filter, 
measured with a Stanford SR830 Lock-in Amplifier 
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The Devil is in the detail

QFilter
Using patented technology, the QFilter rejects high frequency 
noise and thermalizes electrons, ensuring millikelvin electron 
temperatures in quantum electronics
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3B • Pi or Pi/RC filters for high power, low power DC/low frequency lines 

• Manfactured by QDevil and Aivon, but based on Harvard patent of 
design by  Kuemmeth and Marcus (Copenhagen).



Future Improvements
• New hot load/temperature sensor under construction 

• With Erik Henriksen, working on development of 
filters for low-frequency lines. 

• With Erik, will wind a small SC magnet for testing 
components (fridge is magnet ready with 
feedthroughs, but need to improve 4K cryocooler).   
Obtained Quote from Bluefors for 

• Working on design of switch controller PCBs (Jonah 
and Izabella)
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Cryo. Circulator Tests
• Test results on back-up Run 1D 

ciirculator, showin all S-parameter 
measurements at ~10mK, determined 
in a single cool down. 

• Test setup is working, low insertion 
loss and good isolation down from 1.0 
- 1.5 GHz 


