A 40nm E-TSPC Programmable Frequency Divider and
Voltage Control Oscillator for quantum computer’s Cryo-

CMOS phase-locked loop

!

fier 40 3 faeEr £ 3 5% Cryo-CMOS & 4p iz B
tHE-TSPC ¥ 2N SR EFFRERT F

LA RIS
RIS I VAtV

f FHcHE A

ERA L F ke

MG - SF FEFIEIVPHPEI IR IRTEL > HE
PRI PR FENRPPEGTANA BB EETE A N4 RE
FRGHAG T - BREROER L LR ar’%ﬁ-%ﬁfgm% PERSE: L HIERE
FrlEggpo 27 2 - M&ﬁ’*/i_mf’v iiﬁm? BA7 MR RIT4K IR B T BB
THRE AR 2 I H BE S :%(qubu)’Cryo—CMOS - % CMOS
T A MR TR B gl o H R ﬁ&] 1 MOS ¢ )i: ST B MORIETD F
U R R e 2 4 o H P EiE PLL 4F 4p i B8 1% 5 #& & Local Oscillator » 3%
PRITEF BT

PLL 4 4pit Bt 8 - ﬁ HHE & 12 % 4p a0 feedback Fo4] % ST B 0 H i

PAFI R BT A R RS E AR e o PLL R 314p o
4 1 € 5 d feedback 3 & B m;}g 4 F P ETR BB o 5d A

AR Fed AR F L ROHITERY CZETHT I AR KREFE S
Ve e TETRBLE R TE A 1R BT F'EL’*;"'?ta‘-’ﬂlﬁq’f EiEs @ e B g i
B AT 5 4 JrPLL % ¢ 1 Frequency Divider 12 2 VCO i& {7 £ A73k 34 > P &0

AP EESFT m%’ﬁ? TRBE T hF o Rfdp ik 5 M 4200 2 14 Noise 730 5L
Fd o TE G2 BRI ERE -



Abstract

In modern society, a quantum computer with millions of qubits is a popular
research direction. It uses the property that the quantum state of particles can exist in
two positions at the same time for calculation. The powerful computing power makes
quantum computers be regarded as inferior Computing tools of an era, however, are
limited by hardware conditions behind the rapid development and encounter
bottlenecks. One of the problems that needs to be solved is how to accurately read and
control electronic devices at ultra-low temperatures close to 4°K. Manipulating a single
quantum bit (qubit), Cryo-CMOS is a technology that applies CMOS to an extremely
low temperature environment. It uses a smaller MOS scale to reduce the gate
capacitance of the transistor, reducing energy consumption and noise generation.
Among them, the PLL phase-locked loop is used as a correction Local Oscillator to
design a control circuit that stabilizes the quantum state.

The PLL phase-locked loop is a feedback control system circuit that controls the
frequency and phase. Its function is to maintain phase synchronization between the read
and output signals between the control circuits. When the PLL detects that the phase
has changed, it will adjust the signal through the feedback. Phase difference until the
signal phase is resynchronized, which is why it is called phase lock. In the control
circuit of a quantum computer, the electronic circuit at room temperature has gradually
failed to keep up with the operating conditions of the quantum computer as the
operating environment temperature of the qubit decreases. The Frequency Divider and
VCO are redesigned to meet the requirements of the quantum computer operating
environment. The specifications are low power consumption and low noise signal

output, and the verification is divided into three stages.
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(dBc/Hz)
0000 16 150.00 151.29 0.445 -157.8
1000 17 141.17 143.24 0.448 -157.5
0100 18 133.33 133.98 0.442 -157.5
1100 19 126.32 127.36 0.439 -157.3
0010 20 120.00 120.44 0.436 -157.4
1010 21 114.29 115.89 0.434 -157.4
0110 22 109.09 110.35 0.426 -157.5
1110 23 104.35 104.86 0.422 -157.5
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1001 25 96.00 96.32 0.446 -157.5
0101 26 92.31 93.76 0.445 -157.5
1101 27 88.88 88.93 0.440 -156.5
0011 28 85.71 86.65 0.432 -156.8
1011 29 82.76 83.27 0.427 -156.5
0111 30 80.00 81.03 0.423 -157.0
1111 31 77.42 77.94 0.418 -156.7
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¥ #£(mW) <3.00 2.70 2.73 2.74 2.79
Phase noise(dBc/Hz) <-145 -154.64 -155.21 -154.63 -154.88
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Total current(mA) 4.90 4.96 4.98 5.07
KVCO(MHz/V) AFEF AZE | 206.90 267.84 280.36 297.21
100MHz

#2 % (GHz) 2.35-2.82
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