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SDSU Investigator: Dr. Kyle Sundqvist, Assistant Professor of Physics, SDSU.  43 published peer-reviewed journal 
articles, conference proceedings, and book chapters. Internationally recognized expert on low-temperature condensed 
matter physics.  Experienced undergraduate and graduate educator in physics and engineering. Expert in 
superconducting thin-film devices, as well as electron and hole transport phenomena in germanium originating from 
work on an experimental dark matter collaboration (Cryogenic Dark Matter Search -- CDMS).

Research Interests: Superconducting circuits and Josephson junctions;  Engineered microwave quantum-optical 
systems Design and characterization of nano-electronic devices;  Cryogenics at millikelvin temperatures;  Low-noise 
instrumentation, at both low and microwave frequencies. Nonequilibrium semiconductor physics of carrier transport 
and recombination   

Ph.D., Physics, with a Designated Emphasis in Nano-scale  
  Science and Engineering,    
University of California, Berkeley, Berkeley, CA, (2012).   
 Thesis: Carrier Transport and Related Effects in Detectors  
of the Cryogenic Dark Matter Search.   

San Diego State University  
 Assistant Professor (Aug. 2016 -- present)   
Research: Presently establishing a program of research in microwave- 
photonic devices using superconducting circuits for quantum information.  
Teaching: Electronics for Scientists, Condensed Matter Physics. 

Presenter biography
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Dr. Sundqvist’s SDSU lab is funded and en-route to developing a 
cryrogenic laboratory capable of staging superconducting circuits for 
traditional quantum information efforts. Our lab will be able to test a 
broad range of microelectronics at low temperatures for various 
campus and industry collaborations. Sundqvist’s collaboration with 
Faster Logic, LLC and the U.S. Navy’s Office of Naval Research 
centers on emulating qubits. Exploring emulated qubit operations 
will also feed back to guide future physics experiments aiding 
research into innovative device architectures. 

Faster Logic, LLC is collaborating to innovate with digital logic as an 
“active component” for interaction with the qubit-emulating 
oscillators.  We can use this for automating a sequence of testing for 
each lab-produced coupled-oscillator, so that it can be “rung out”.   
Dr. Moberly is an expert in signal processing and cyber security for 
embedded systems as applicable to software-defined radio (SDR) 
architectures.

Topics of research interest
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Outline:

A.  Emulating a two-level atom using analog electronics

B.  Exploring quadrature modulation for multiple, coupled qubits

C.  Exploring digital possibilities for simulation and emulation

4



A.  Emulating a two-level atom 
using analog electronics
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Bloch equations describe the time evolution behavior 
of the Bloch vector.

● Created to describe nuclear magnetic resonance by Bloch

● Gives rise to Rabi oscillations

● Multiple relaxation times were added phenomenologically: 

○ T1 longitudinal or spin-lattice 

○ T2 transverse or spin-spin 

● Rabi Frequency A controls rotation around u-axis


● Detuning 𝛿, difference between frequency splitting and 
applied frequency, controls rotation around w-axis

Bloch Equations:
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Circuit dynamics of coupled LC oscillators can 
emulate Bloch equations.

● This analogy uses flux as displacement 
variable.


● Describe coupling due to controlled  
inductance contribution, ΔL 

● Coupling occurs in the derivative terms


● It is natural to convert to representation in 
normal modes
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Normal modes are obtained under weak coupling 
approximation.

Weak coupling is required to have equal 
detuning frequencies:

Split apart the normal mode frequencies 
into carrier frequency and coupling 
frequency:

gives the normal mode equations of motion
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Normal mode dynamics can be manipulated by 
driving voltage-controlled inductors.

Rabi Oscillations


 

𝝅-pulse switches states 𝝅/2-pulse end on equator

Our initial circuit simulation work:
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Computer control for initial conditions and field 
interaction is enabled by LabVIEW software.  
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Physical implementation using analog components 
has been carried out in the laboratory. 

• Voltage-controlled, synthetic inductors were 
developed using analog integrated circuits. 

• Pulse sequences were controlled using 
LabVIEW-enabled arbitrary waveform generators

•  Resistive dissipation was countered by 
Q-enhancement techniques using operational-
amplifiers. 

• The resulting system was able to evidence 
emulated quantum behaviors such as Rabi  
oscillations and Ramsey fringes. 



B.  Exploring quadrature modulation 
for multiple, coupled qubits. 
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For many modulated qubits, harmonics are 
being simulated using LabVIEW.  

• We are studying a quadrature modulation  
scheme based on La Cour 2015. 

• We stage this using numerous phase-coherent
sinusoidal tones within a LabVIEW routine as 
a simulation tool  

Brian R La Cour and Granville E Ott 2015 New J. Phys. 17 053017

Isaac Grubb, SDSU
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The 2-level coherent state can be 
represented by way of an I and Q signal 
[Ferry] and extending this with the 
modulation techniques in [La Cour].   
Using LabVIEW virtual instruments along 
with the Siglent signal generator, models 
1025 and 1032X, to set the frequencies.
The carrier and n-frequencies represent 
n qubits, the Hilbert-space compound 
states can be represented as signals with 
staggered frequencies.  The first signal 
generator produces a carrier to which the 
emulated Qubit states are synchronized.

Signal generators produce a stable and reproducible 
state for Quantum Emulation



C.  Exploring digital possibilities for
simulation and emulation
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Digital Logic has been used to Simulate 
Quantum Circuits at the Hardware Level

• Some Simulation work is labeled as Emulation 
• The parallel nature of an FPGA (Field-Programmable 

Gate Arrays) lends to simulating quantum entangled 
systems.

• Stemming from prior simulation efforts using FPGAs, 
which allow for rapid highly-parallelized calculations, 
we reproduced the matrix operation set using 
Verilog targeted for an Intel(formerly Altera) DE-10 
Lite development board.  

• Matrix-matrix multiplication, a computationally 
expensive part of simulations, permits exploring 
algorithmic trade-offs which may give insight into 
speeding up quantum computing and simulations in 
general.  

• Suitable for our future low-temperature circuitry
• as a Test Architecture 
• for controller logic

A. U. Khalid, Z. Zilic and K. Radecka, "FPGA emulation of quantum circuits," IEEE 
International Conference on Computer Design: VLSI in Computers and Processors, 
2004. ICCD 2004. Proceedings., San Jose, CA, USA, 2004, pp. 310-315

Kristopher McBrian, SDSU
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Today’s Simulation technologies incorporate 
the latest in Python and GPU acceleration

D. Deutsch and R. Jozsa, Proc. R. Soc. London, A 439, 553 (1992).

Rohit De, DNHS
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