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* For modern millimeter-wave (MMW) applications, such as radar,
and 5G communication [1], the local oscillator (LO) Is a critical
component.

* Phase-locked loop(PLL) is generally used to be the local oscillator
In the transceiver system.

* As the operating frequency is up to MMW bands, the phase noise
and DC power consumption have been challenged.
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 Frequency-tracking loop (FTL) Ret__ | ppece b—] e || veo | VSO
used injection-locked technique
can provide low phase noise, and T B
its DC consumption is lower )

than PLL due to the divider-less

(a)Phase-locked loop

topology.

. But the frequency ratio of the y
reference frequency to output “—f st o] e o sweo [
frequency can not be too high. f

(b)Frequency-tracking loop

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



G2IMS  Previously Reported Approach [4]

Connecting Minds. Exchanging Ideas.

E: Balun|—a vy
TF1 | — ouT
Equivalent Circuit |§
: ] I Secondary Coil
e Primary Coil
Rl o
: w t‘ I.IJI
~ —II
| | L., | 300 pH
e —_——— Ciz 1pF
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* Operating frequency is from 22.35 to 25.31 GHz.
« Peak output power and peak efficiency are 4.37 dBm and 10.9%.

[4] Y.-T. Chang and H.-C. Lu, “A K-band high-efficiency VCO using current reused technique,” IEEE Microw. Compon. Lett., vol. 27, no. 12, pp. 1134-1136, Dec. 2017.
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00IMS  Previously Reported Approach [15] .=

Frequency
pre-generator

« K- and V-band subharmonic injection-locked frequency triples.
« K-band locking range is 1.1 GHz, V-band locking range is 1.4 GHz.

[15]M.-C. Chen and C.-Y. Wu, “Design and analysis of CMOS subharmonic injection-locked frequency triplers,” IEEE Trans. Microw. Theory Techn., vol. 56, no. 8, pp.
1869-1878, Aug. 2008.
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Conductor Angle DC & Harmonic Current vs. Vbias
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> Calculation of the normalized amplitude for > Simulation of the 2", 314 and 6™ direct current
2nd - 3d - and 6™ harmonic drain currents and harmonic current versus Vbias.
versus conduction angle.
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Normalized Harm. Current vs. VVbias Harmonic Current vs. VVbias
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o0 IMS How Frequency Detector works
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« As the SILVCO output frequency is compared to the injected signal, the frequency detector's output voltages V+
and V- would correspond to the frequency lead and lag.

* The average voltages V., and V_,, after the C1 and C2 will be amplified using the V/I converter to control the
output frequency of the SILVCO.
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« Taiwan Semiconductors Manufacturing Company (TSMC) commercial 90
nm CMOS process.

* NMOS unity current gain frequency (f-) is higher than 100 GHz.
* NMOS maximum oscillation frequency (f.,,) 1S higher than 150 GHz.

« Metal-insulator-metal capacitor and polysilicon resistors are available In the
process.
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B2IMS  Schematic of the Proposed Circuit
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G2IMS  Chip Photograph & Meas. Setup
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* Chip Size:
0.746x0.781 mm?
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ILO Free-running condition ILO Under locked condition FTL Under locked condition
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(a) (b) (c)

* Measured 52 GHz spectra with (a) free-running (span 100MHz), (b) locked oscillator
(span 1MHz), and (c) locked FTL (span 1MHz).
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« Harmonic suppression is better than -40 dBc for the locked condition
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Phase Noise Analysis Phase Noise & RMS lJitter
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 Phase noise@ 100 kHz is lower than -105 dBc/Hz.
* RMS Jitter is within 43.01 fs which integrated 1kHz to 10 MHz.
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Tuning Range
Tech. Freq. Locking Range Pout PN@1MHz Poc Area
Ref. Topo. o ’ FoM FoM, N
(CMOS) (GHz) (GH2) (%) (GHz) (dBm) (dBc/Hz) (mW) | (mm?)
[5] 90 nm SILQVCO 59 2.4 4.2 35 -15 -126.8 19.8 0.12% | -186.2 | -177.2 3
[6] 0.13pumé& | Dif. ILVCO 54.1 9.6 17 <14 -10.9 -105 <6.6 0.02 | -164.7 | -156.8 8
[7] 65 nm Quad. FTL 33 6 18.2 6.6 -8 -130.3 313 0.7 -191.6 | -189.6 3
[8] 90 nm Mod. FTL 39 2 5.1 3.1 -12 -126 60 124 | -184.8 | -178.8 4
[10] 90 nm SILQFLL 50.2 2.4 4.9 3.5 -12 -103.4 75.4 1.47 -164.4 | -158.4 32
This TC & CSC -109.4@100 kHz -197.9 | -199.1
6
work | %0 FTL “2z | 194 3T 248 0 ae@iMHz | 2| 98 | 101 | 1813

< *core only, ® quadrature output power, ¥ BiCMOS
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* A V-band sextuple SILVCO with FTL is successfully developed using a 90-
nm CMOS process.

 The locking range is highly enhanced using the cascade-series coupling, and
the sub-harmonic number is up to 6.

 This work features low-phase noise, compact size, and high frequency.
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