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Logistics & 
Scope

FEASIBILITY STUDY FOLLOW 
UP TO LDRD

POSTER SESSION, SEMINAR, 
AND MASTER’S THESIS





Experimental 
Apparatus

Ø 4mK refrigerator

Ø Circuit QED = 
superconducting charge 
qubits as transmons

Ø External heterodyne



FPGA Interface

Ø Defining interface for USRP

Ø Interacting with LabVIEW 
host

Ø Configuring RF peripherals 



Development Workflow

Simulation

Benchtop Testing

Data Analysis

Laboratory Testing 



Quantum 
Sensing and 
Control 
Algorithm 
(QSCA)

Process

Estimate

Command



Process

Ø Moving periodogram 
algorithm

Ø CORDIC block to provide 
phase and magnitude 

Ø Phase difference detection



Estimate

• State space model based 
approach

• Statistical Bayesian update

• Minimum update time 
160ns



Command

Ø Lock onto Bayesian Tracker 
estimate trajectory via 
mixing phase compensated 
local oscillator

Ø Low pass filter to extract 
signal proportional to 
phase difference

Ø Apply gain



HDL Coder

ØGenerates customized VHDL to 
match Simulink functionality 

ØPipelines to meet desired clock 
speed 

ØModularizes VHDL libraries to mimic 
Simulink reference models

ØSupports useful features in Simulink 
like data dictionaries

ØProvides optimized blocks for 
certain operations 



II vs USRP Ø250MHz
ØDepreciated drivers
ØISE generated bit 

file
ØInteract with 

LabVIEW host with 
external C++ Library

ØInterface requires 
modifications in 
VHDL

Ø200MHz
ØModern platform 
ØVivado generated 

bit file 
ØInteract with 

LabVIEW host with 
purely native 
LabVIEW code

ØInterface requires 
minimal VHDL 
modifications, 
mostly defined and 
configured in 
LabVIEW 



USRP 
Validation

Hello World

Moving Periodogram Testbench

Full QSCA Testing



Hello World

Ø Blinking LEDs 

Ø Simple data processing and 
transfer

Ø Exploring how to interact 
with radio front end



Moving 
Periodogram 
Testbench

Ø Using data collected and 
validated on the II as input 
to validate 

Ø Moving periodogram 
Ø Data transfer 

Ø Using real AWG signals as 
stimulus



Full QSCA 
Testing

Ø Trigger source, AWG, 
scope, and USRP set up to 
mimic laboratory 
experimental apparatus

Ø Data processed and saved 
by updated LabVIEW host



What I’ve 
learned

Trust but verify
Step away from 

the problem 
when necessary 

The (sometimes) 
beautiful world 

of LabVIEW

John and Lisa are 
incredibly 

talented and 
helpful 

engineers and 
mentors



Conclusion
The USRP might be a viable FPGA platform for 
quantum sensing and control and should be 

explored for quantum information research as 
well as axion detection research



Next Steps

COMPLETE DATA 
COLLECTION/ANALYSIS

COMPLETE THESIS

CODE 
REVIEW/HANDOFF



Future Work • Closed loop control • Full state feedback




