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• Operates at higher temperatures (1 – 4K)

• Qubit keeps its state for longer time (milliseconds)

• Multiple units interact optically for higher fidelity

Color-Center Qubits Advantages
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Color-Center Operating Frequency

• Pulse frequency required for 0 

and 1 transition ( 4 GHz)

Electron energy splitting
13C energy splitting

• Pulse frequency required for 0 

and 1 ( ~ 2 MHz)
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Quantum Computer Building Unit:

• Pushing current into an inductor, 

generates the AC magnetic field

• Higher Current --> higher magnetic 

field --> Faster qubit gate

• CMOS integration for higher efficiency

Cryo-CMOS 

Controller

Bz

AC magnetic 

field
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Controller System Overview
Electron 

Driver

Carbon 

Driver

Iout

Σ – Δ

• Electron and Carbon drivers required for qubit gates



•

‘ ’

•

’ 
‘

7

Controller System Overview
fLO- fIFfLO Electron 

Driver

Carbon 

Driver

Iout

Σ – Δ

• Electron and Carbon drivers required for qubit gates

• Mixer-based upconversion minimizes LO leakage seen by the qubit
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Controller System Overview

• Electron and Carbon drivers required for qubit gates

• Mixer-based upconversion minimizes LO leakage seen by the qubit

• Digital NCO generates fIF frequency 

DAC

fIF
fLO- fIF

fLO

Electron 

Driver

Carbon 

Driver

Iout

Numerically 

Controlled 

Oscillator (NCO)

+  Sine Wave 

Conversion

operating frequency

Σ – Δ
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Controller System Overview

• Electron and Carbon drivers required for qubit gates

• Mixer-based upconversion minimizes LO leakage seen by the qubit

• Digital NCO generates fIF frequency 

• Σ – Δ modulator increase SNR in the band of interest

DAC
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Parallel Vs Series Resonance Comparison
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• Iout∝ Q X Iin 

• Vmax ∝ Q2rs Iin

• Iout∝ Iin 

• Vmax ∝ rs Iin

• Parallel Resonance gives Q times higher current efficiency
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Electron GHz Driver Evolution: 
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• Lc1-2 act as current 

sources with lower VDD 

and DC power 

Consumption 

• Current sources require 

higher VDD and power 

consumption

•S5-8 form 13C MHz 

driver

• Loading is part of 

decoupling network 
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Electron Controller (GHz)  Measurements
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Amplitude and Phase 
Modulation for  qubit rotationBB DACs

IQ Mixers

Electron 

Driver

L

Nuclear 

Driver

Lc1 Lc2
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m
m

1.5 mm

Electron oscillation between 0 
and 1

Frequency Modulation for  qubit rotation



13C Controller (MHz) Measurements
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40 dB/dec

40 dB/dec

Driving 2 carbon-13 simultaneously
Noise shaping for SNR and 13C 

oscillation between 0 and 1



Conclusion

• This work presents the first color center cryo-CMOS controller 
pushing the operating frequency up to 4 GHz for high fidelity

• The proposed controller programmability paves the way for a 
scalable quantum computer by operating each unit at the required 
operating frequency
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