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Comparison of Portable Clocks
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Outline

 High-order locking for long-term stabilization
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Rotational Spectra of Polar Gaseous Molecules
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Wavelength Modulation Spectroscopy (WMS)
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High Order Harmonics of f
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High Order Harmonics of f
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Multi-Order Dispersion Curves
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Multi-Order Dispersion Curves

Odd order curves -» zero-crossing point
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Molecular Clock Locking to Spectral Line Center
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Proof-of-Concept: The 15t CSMC Prototype
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Frequency Stability of Molecular Clock
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Asymmetric Line Profile due to Baseline Tilting
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15t Order Dispersion Curve w/ Baseline Tilting
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High Order Dispersion Curve w/ Baseline Tilting

High order Offset Stability
dispersion curve voltage Vsiset enhanced
— TLow VLf"’ _____ TLow vOIfset
- TMedium """ TMedium
— Thgn | N 0 - Thign
JA .
Ave o
* Invariant zero-crossing « Eliminated by high order + Invariant zero-crossing
point under PVT derivative, V .o = 0 point under PVT

International Solid-State Circuits Conference



ldea: CSMC with High-Order Locking
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Outline

 Architecture and circuit design
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System Architecture

Vool Fm 100kHz)

GDC T Vikn XTAL

© 2020 IEEE
International Solid-State Circuits Conference

out GOMHZ

THz detector VGA 231.06GHz
XZ WM PLL2
_"\:- I

Coupler 4N'fml ™~ ‘GOMHZ I3.21GHZ Coupler

[ HRLKD‘ﬂ T PLL1

On-chip o » VCXO [

Off-chip

o — UL

Vim(t) £,=231.06GHz

NORE

OCS molecules

29.5: Sub-THz CMOS Molecular Clock with 43ppt Long-Term Stability Using High-Order Rotational Transition Probing and Slot-Array Couplers

20 of 40



TX: 231GHz Cascaded Two-Stage PLL
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TXPLL2: 57.77GHz VCO and 231GHz Quadrupler
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TX: Wavelength Modulator (WM)
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RX: THz Detector and VGA
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RX: Harmonic Rejection Lock-in Detector (HRLKD)
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RX: Harmonic Rejection Lock-in Detector (HRLKD)
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Chip-to-Waveguide Coupler
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Slot Array Coupler: Architecture
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Slot Array Coupler: Simulated Results
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Outline

e Measurement results
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Chip Photo and Packaging
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Measured RF Power and Phase Noise of TX
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Measured WMS Spectrum and RX Performance
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Measured Dispersion Curves and Allan Deviation
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Measured Allan Deviation by 3 Order Locking
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Measured Temperature and Magnetic Sensitivity
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Performance Comparison Table

Parameters SiTime [1] Microsemi [3] | ISSCC2019 [4] | VLSI2018 [5] This work
Mechanism OCXO 133Cs CSAC | 133Cs CSAC | 16012C325 MC | 18012C32s MC
Cost Medium High High Low Low
Freqg. (GHz) 0.06 4.6 4.6 231.061 231.061
Harmonics N/A 1st order 1st order 1st order 3'd order
o, (1 =10°) 3.0x10L 3.0%1010 8.4x10-11 2.4%10° 3.2%x1010
o, (1=10°s) 4.0%x10-11 1.0x10L 0.8x10-t 3.8x1010 4.3%x10-11
Temp. Drift 2 +5.0%10° +5.0%x1010 <#1.0x107? N/A +3.0%10°
Mag. Sens. ? N/A +9.0x10-1 N/A N/A +2.9%x1012
Tstart-up (S) 120 180 N/A <1 <1
Ppoc (MW) 600 120 60 66 70

a. Measured temp. range: [1]: -20~70°C;
[2], [3]: -10~70°C; This Work: 27~65°C;

b. Unit; Gauss.

[1] SiTime, SiT5711, 2019;
[3] Microsemi, SA.45s, 2019;
[5] C. Wang, VLSI, 2018.

[2] D. Ruffieux, ISSCC, 2011;
[4] H. Zhang, ISSCC, 2019;
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