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Design and Fabrication of CMOS Low-Power Cross-Coupled
Voltage Controlled Oscillators for a Short Range Radar
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Abstract

In this paper, three kinds of 24 GHz low-power CMOS cross-coupled voltage controlled oscillators are designed
and fabricated for a short-range radar applications using TSMC 0.13 zm CMOS process. The basic CMOS cross-
coupled voltage controlled oscillator is designed for oscillating around a center frequency of 24.1 GHz and subthreshold
oscillators are developed for low power operation from it. A double resonant circuit is newly applied to the subthreshold
oscillator to improve the problem that parasitic capacitance of large transistors in a subthreshold oscillator can push
the oscillation frequency toward lower frequencies. The fabricated chips show the phase noise of —101~-103.5
dBc/Hz at 1 MHz offset, the output power of —~11.85~~-15.33 dBm and the frequency tuning range of 475 ~852
MHz. In terms of power consumption, the basic oscillator consumes 5.6 mW, while the subthreshold oscillator does
33 mW. The subthreshold oscillator with the double resonant circuit shows relatively lower power consumption and
improved phase noise performance while maintaining a comparable frequency tuning range. The subthreshold oscillator
with double resonances has FOM of —185.2 dBc based on | mW DC power reference, which is an about 3 dB
improved result compared with the basic oscillator.
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Fig. 1. Inductor structures used in a cross-coupled os-
cillator.
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Fig. 2. A schematic design of the basic 24 GHz cross-
coupled voltage controlled oscillator,
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Fig. 3. Ips—Vgs characteristics of the transistors with
different sizes.
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Fig. 4. A double resonant circuit of series and parallel
resonance.

34 922 A8% oF 24

- Lzs
L 1L2C1C254+[(L1+ Lz)c 1 +L2 CQ]S 2+].
3)

4 ()% o188l TA FAFANNY 28 o
%% 2

wi=— 1 _ 1
2L IILyC, 2L ,C,

\/ 1 Lo—L, __ 1
ML 1Ly " 2L%L,C,Cy  4L%CY

4
1% 49] i]i‘:°ﬂ/\1 Li=L=L, C1=C2=CE}_T'_ 7]';8]
S 3 OgH T poles & & Ut

© . = 4 % e (5)

HE 37 329 37 FuTE —VlL—?ola}z
P& o o]F T 2= HE FA 2 FA F
oRTE 38 % A - 62 % F7He AR
A FAsE RS 4 () B3 AT F Sith o
F Y 31 Fo5 FAA 62 % S7H 37 F5
FE o435 52 FuLe HA/E HAAT F

A3 NYE A A%
4 59 o] 3E

Ak, ol% e o
2217] A 4
ek

Y FARE A 0)F 34 HZE Aga
W 329 T ASHE 24 gl B A2 o
2 219 FosolA BA F5 B8 4% A
AY 4 v &, A% 219 B A5
ATHL, A4 27 BAE 7] e Tz
e BEaE EAALHE HZE TAs B
AN WAL ke B A

ofx

°‘“‘?
rE o}
]

]_

l"

o]

e ul
°I‘J



272 doltld& CMOoS ARY A A% At Ao} A7) 4A R A

L
l Verz ‘ [:l'> VCti'Z L
Vet Cs ;

C VctrH

J8 5. 0% 34 Az9 4%
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Fig. 7. Simulated output oscillation voltage signals with
pulsed input to current source framsistors of a
basic 24 GHz cross-coupled voltage controlled
oscillator(a) and a low-power cross-coupled osci-
llator with the double resonant circuit(b).
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Fig. 9. The microphotograph of the fabricated basic 24
GHz CMOS cross-coupled voltage controlled os-
cillator(a) and measured spectrum result(b).
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Table 1. Simulated and measured results of the basic
24 GHz cross-coupled voltage controlled os-
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threshold cross-coupled voltage controlled os-
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Table 3. Simulated and measured results of the 24
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Fig. 11. Measured output spectrum and phase noise of
the 24 GHz subthreshold voltage controlled
oscillator with a double resonant circuit.
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