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Figure 3: (Top) Schematic for Hadamard Gate and Project Focus, (Left) Physical Representation & connections of Chip, PCB, and Software subsystems, and (right)
Schematic Representation and description of subsystems and signal flow.

Figure 5: (Background) Microscope Image of PIC, (Top Left) Optical, Electronic, and

Software Designers, (Top Right) Schematic Representation of Test Circuit (Bottom Right)
€ < | Layout of Test Circuit pointed to in Background Image. ¥
Requirements & Goal: Verification & Validation: Next Steps & Project Future:
%OAK RIDGE Figure 1: Dr. Lukens and his team, next to : : : :
National Laboratory their benchtop implementation of a FE-QC Our Goal is to demonstrate 10 Expermental vs. Simulation Data Comparison We've proven a building block of a FE-QC, the next
j ] ] ] i " ] ] [ ] u
_ integrating a photonic system Bl step is to optimize the PS design and then design
What Is Frequency-Entangled from the chip to the PCB and Components > = i the EOM. When combined, we can validate our
_ Controlling PIC . .
Quantum Computlng? software level. oF Hadamard Gate functionality, and attempt to scale
- / AN : this to build logic circuits with many more qubits.
Quantum Logic requires its own set of gates like Specifically, design a block of IP that can be = s / \ Main References:
Classical LOQIC. |.e., instead of AND Gates built of P- substituted in for Benchtop Eqmpment for use g
and N-type Transistors we have Hadamard Gates in a FE-QC used for example by Dr. Lukens. 2 [1]  J. M. Lukens and P. Lougovski, “Frequency-encoded
bUiIt Of PUISe Shapers and Phase MOdUIators. - Insertion Loss of Frequency Bin 1: 1516.35nm (Tracked) phOtonI(_: qultS for Scalable quantum Informatlon ]
-159 .. processing,” Optica, vol. 4, no. 1, p. 8, Jan. 2017, doi:
(b) PULSE SHAPER (©) PHASE MODULATOR Desian Elow o 10.1364/OPTICA.4.000008.
Control Voltage : : N -,é 5
| N e Bplice]e—s N = g 5 oratiial Rasaarchik 0 = —— Simulation [2] H.-H. Lu et al., “Electro-Optic Frequency Beam Splitters
— s 71— E i == Starting with understanding Chip Design | o R I - Meas”:’eme”t and Tritt_ers Ior High-Fidelity Photonic Quantum Information
— = Electrical @ —1s TheOr Of FE'QC we 1.515 1.516 1.517 1.518 1.519 Processmg, PhyS. Rev. Lett., vol. 120, no. 3, P. 030502, Jan.
: y ’ Wavelength [um] le—6 2018, doi: 10.1103/PhysRevLett.120.030502.
: : : deSigned the Pulse Shaper Figure 4: Transmission Spectra of Pulse Shaper Test Circuit calibrated Measurement
Using Single Photons, we can encode logical 0 and 1 Architecture utilizing the vs. Simt:EI?tion- (IlnFS;et) Measuremelr\w/lt re;‘»uzlt ﬁfiinglle VyfavelengthSSweep of Applied [3] H.-H. Lu et al., “Simulations of subatomic many-body
.. _ _ _ Photonics Simulation & ectrical Power, showing Mach-Zehnder Interferometer Spectrum. . 7
In Its color. As quantum ObJeCtS, they exist in a ThermO-OptiC Effect for Architecture Design !I)Sgs:;s ;)npa(;]1u2a3r;t;Tuﬁrezqolqegn?j%i?rocessor’ Phys. Rev. A, vol.
probabilistic superposition & can be entangled active tuning & a M2 to Performance and Results: 10.1103/PhysRevA.100.012320.
together capture phase information. We use Lumerical INTERCONNECT simulation Ack led ts:
il 103 ol 113 N | —— software to build our devices using idealized cKknowieagements.
1 . G_alnlng Lab Experlence Testing and Measurement primiti.ve componem‘s. We compare our | We express areat aratitude to our Clients Mustafa
c & with custom Optical Probe experimental vs. simulated results, showing press great g _
SE — % Stations, we learned to functional agreement. Hammood and Dr. Lukas Chrostowski of Dream
== . Photonics, as well as CMC, NSERC Canada, and
0y 0 measure and analyze our Flectrical Design & Our IP Block works with our Measurement GUI, Quantum BC. We also thank Aoplied NanoTools
Figure 2: (Top) Functional Schematlc for Pulse Shaper and Phase Modulator, (Bottom Left) Chlp before |ntegrat|ng It System Co-Integration allOWing us to drive our simulation as we would our S _ _ PP
Mapping of States to Frequency, and (Bottom Right) example of 2-qubit Hadamard Gate. with our PCB and Software. phySica/ circuit in the lab yleldlng the same results. (ANT) for our Chlp Fabrication.

g

% THE UNIVERSITY OF BRITISH COLUMBIA Partners "S“ D R E A M

PHOTONICS

N C) Ml
Y N :




