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ÅAnyRFsignalintheVCO

bias currentis naturally

down-convertedatIF

How sensing the down- converted current signal 

without perturbing the oscillator ?
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frequencycomponentsof
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Problem: how to sense the down-converted current signal 

preserving oscillation

Mixer inside LC Oscillator



ÅM1 is spittedin twotransistors

anda capacitorC is usedto

closetheloopatRF

ÅCisa degenerationforM2 and

M3

wLOC>> gm2,3
C

M2 M3

Vbias

M1a M1b

Ibias

2

Ibias

2

Loop

Basic Idea: Bias Splitting

ÅAtlowfrequencyit hasanhigh

impedancebetween M2,M3

sources.



Vin

IF Load

C

M1a

M2

M1b

M3

A Aô

IRF

2

IRF

2

Iout

ÅOnlyhalfof thesignalcurrentflows

throughIFload

A Aô

Aô

A

A Aô

IF load

High Impedance Virtual Ground

Vout

Vout

R
R/2

R/2Semi-periodwithM2on

1/fLO
Iout

IRF/2

- IRF/2 t

Bias Splitting SOM



ÅAll RF signal current is

downconvertedleading:
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ÅLNA is implemented re-

using M1 in a inductive 

degenerated topology. 

LNA, Mixer and VCO 

share bias and devices

ÅThree transistor stacked 

but minimum VDDis 1 VTH

plus 3 VOV

LNA-Mixer -VCO (LMV) Cell
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Loss Mechanisms

ÅParasiticcapacitorsattheoutputof

LMVcelllimittheconversiongain.

ÅThe analytical derivation of the

LMV transfer function is difficult

sincethestructureis time-variant

The losses depend on the IF 

load impedance



Differential and Common Mode Components (1)
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Differential and Common Mode Components (2)
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Lossesat RF Frequency (Common Mode Components)
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Losses at IF Frequency (Differential Components)
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Voltage Mode vs. Current Mode
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Quadrature Receivers
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Quadrature at LO Quadrature on RF signal path

ÅGood quadrature accuracy

ÅSeveral architectures available:

(Quadrature VCOs, Divider, Polyphase Filter)

ÅOnly two phase  for LO signal 

ÅLossesonRFpath
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Traditional cross-coupling topology for quadrature generation



Cross Coupled LMV Quadrature (2)
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ÅGoodquadratureaccuracy

ÅTwoLMVCells(Doubleareaandpower)

How to reduce number 

of inductors?



Quadrature LMV Tank Sharing
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ÅShare the tank between
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I & Q bias in the same tank:

dissipation and area reduced

How to realize a quadrature 

LNA?



LNA Quadrature Generation
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LNA matching network
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The L-match network provides a filtering action for out of band 

blockers and a gain boost to reduce noise 
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PLL

Mixer + VCO

LNA
Buffer QBuffer I

ÅActive area only 1.5 mm2

ÅDifferential inductors for 

VCO tanks

ÅTechnology CMOS 0.13 mm

ÅPAD ESD protected

Chip Micrograph 


