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Circulation Quad-Core Inverse Class-F Oscillator Achieving 199.1-dBc/Hz Peak FoM in 65-
nm CMOS"O|Ct. 2 =& mm-wave local oscillator (LO)0|A %2 phase noise (PN)Q} &
2 power consumptions SA|0 /57| I8 inter-core 1st- and 2nd-harmonic co-
circulation® O| 8%} quad-core inverse class-F oscillatorgE H|QSHRICt 7| & inverse class-
F oscillator= 1st & 2nd harmonic resonanceE O|&3l flicker noise upconversiong |
g = UKL intrinsic Q-factor O| 42| F7HEQl Q-factor &&f0| O{ELCH= BHAZE AU
Ch[1] E2 7|& multi-core EE& inter-core-shaping &+ differential-mode (DM) Q-
factor EAH0l= Z1tA 0| X|2t, common-mode (CM) 2nd-harmonic Q-factorE TAMA|7|X|
2ot SHAEOl JURALCE Fig. 12 7|& conventional inter-core-shaping T2+ H|OHEl
inter-core co-circulation T+&& H|WStCt Fig. 1(a)2| conventional inter-core-shaping T+
ZO|M+= 1st harmonic current?t 2nd harmonic current?t 22 FZHO|A partial anti-
circulation ¥Ei2 S ED0, £3| 2nd harmonic current®| CHS{ destructive magnetic
couplingO| &4ty O|2 QI8f 2nd-harmonic Q-factor/t T3] & E[X] X5t1,
inverse class-F SX0A &823t CM 2nd-harmonic resonance impedance 40| X|&tEl
Ct. 93 Fig. 1(b)2| proposed inter-core co-circulation T+Z=0|AM& 1st2F 2nd harmonic
current?t quad-core MHM|OA Z2 HSHOZ full co-circulation®HCt. [IF2tA inter-core
magnetic couplingO| constructivedtH &3t 1st 8 2nd harmonic Q-factorE SA[0|
SHAMAIZ 4= QUL Fig. 2& M|9El quad-core oscillator@| transformer layout2t co-
circulationO| 2 Q-factor &4 TIHE EOELCE Drain-side inductor?! Ldy, Ld32t
gate-side inductor®! Lgi, Lgss?t circular YEfE HYX[Z|O] core 7t magnetic coupling=
ggsta, 39| decoupling capacitor= VDD-to-VSS return pathE A S0 1st XU
2nd harmonic current loopE M OPtCE O] &&= harmonic current?t Bt HEo =
circulationgd = UEE HA L0 mode ambiguityE HX|StH, =2 Q-factor?t R
power consumption AtO|2| trade-offE t2}StCl EM simulation Z3f, inter-core co-
circulation & 2 gate inductor?| Q-factor= £ XA 21.101AM 3942 F7t5t0,
drain inductor®| Q-factor= 2, ZXO|A 274001 4352 FI7t5tRACt Ol= ECHed|



inductor 37|& 7|2+& 2Al0| OfL 2}, harmonic current@| circulation HeFe HEHSH0]
magnetic coupling® constructivestA =&t ZAuto[Ct MEtM KHRHE FERE 1st-
harmonic tank Q-factor® @t OtL|2} 2nd-harmonic resonance impedance= &7 =0 PN
It FoM2 7HMBICE HM|QHEl oscillatorE 65-nm CMOS 3™ 2 HMZE|F} M core area
= 0.12 mm?0|C}. SFZ1, 0.8 V supply®ilA 7.61-8.81 mW2| powergE 2235t 14.0-
17.3 GHz9| frequency tuning range, & 21.1%2| tuning rangeE =d5I I Ct. 14.03 GHzO|
M= 10 MHz offset 7|& —145.7 dBc/Hz2| PNI} 199.1 dBc/Hz2| FoM2 7|&5t% L,
16.84 GHzO|M+= —142.6 dBc/HzS| PNIt 1983 dBc/Hzl| FoM= ERICH HA| tuning
range%A 10 MHz offset PN2 —142.6 to —145.7 dBc/Hz, FOM2 197.8 to 199.1 dBc/Hz
2 X EUCH ZMH o2 0] =22 quad-core oscillatorOf| A Eh=3| core & =5
PN 3= "2Al0] ofL|2}, 1st B 2nd harmonic current@| circulation 2&g M A
inter-core magnetic coupling= constructiveStH &8st AFO|CH O|E &3 1st/2nd
harmonic Q-factorE SAl0| E&A|Z|4, inverse class-F oscillator?| flicker noise
upconversion X ZIE ZASIECEZMN 65-nm CMOSOIA 199.1 dBc/Hzo| =2 peak
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[3 1] comparison of circulation (a) conventional inter-core shaping, (b) proposed co-circulation.
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[Z1& 2] (a) Transformer layout of the proposed quad-core VCO, (b) analysis of the transformer
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and (c) the simulation results of Q-factor, inductance and impedance.
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