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Loading of a LC ckt 
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*  Biasing the device in xtal Osc. through FR

Pierce Osc.
FR
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Assume the only resistance is FR
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skipping
a lot
of math
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Relaxation Oscillators 
 

Astable Ring Oscilaator

DDV

1Cg 2Cg 3Cg

1 2 3
size of capacitances and
strength of driving
determines the freq. of
oscillation

 

PPPP NttttT =++= 3212
1

PNtT 2=
PNt

f
2

1
=

gate propagation delay
50%    50%

# of inverters
has to be odd
to get oscillation  

 

T

t

t

t

1

2

3

DDV
50%

0

1Pt

2Pt

3Pt
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Calculating average propagation delay

PLHt ∆ response time of a gate to a low    high output transition

PHLt ∆ response time of a gate to a high    low output transition 
 

2
PLHPHL

P
tt

t
+

=

( )∫= 2

1

V

VLP Vi
dVCt

different as driving capabilities
of NMOS and PMOS are different

 

 

PHLt 01 =V

22
DDVV =

initial Vout

  final Vout

( )
avg

L
P I

VVCt 12 −=

average of currents at the each points
of the voltage transition

( )
avg

OLOH
LP I

VV
Ct

2−
=

 
 
 

DDV

LC

calculate PLHt

*  assumption Vin changes abruptly

NMOS is off immediately

PMOS contribute to charging current 
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note :

PMOS is in saturation as long as ptout VV <

( ) ( )saturatedIVI out == 0

( )linearIVVI DD
out =






 =

2 OLOHDD VVV −=
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22
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0
linsat

DD
outout
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II
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=






 =+=

=
 

long channel device ( )2
2 ThGS
OX

sat VV
L
WCI −=

µ

( )( )22
2 DSDSThGS
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lin VVVV
L
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µ

 

 

let s make another approximation’

PMOS is in saturation for the whole range

5% error on less  
 

( )2
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to  decrease Pt

1

2

3

reduce

increase

increase

LC

LW

DDV

note : it also increases LC
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Voltage Controlled Ring Oscillators 
 

use  current-starved inverter

inV

LC

4M

3M

2M

1M

refI

controlV

refI

M3 & M4 act as additional resistances

stays saturated for a large
portion of a cycle  

 

size of M1 dictates maximum current available
to discharge   CL

M3 cannot pull more current off
CL than M1 allows  

 

Assuming short channel devices

( )3Thcont

DDL
PLH VVConst

VCt
−

=

by changing           you can change PLHtcontV period
and therefore
freq. of
oscillation  
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Problem

LC1R

3R

not fast transition

to reduce phase jitter you need faster transition

V∆

τ∆

phase jitter

V∆

τ∆

 
 
 
 

to solve this problem
put additional inverters

inV

contV

DDV

outV
better phase jitter
performance
but less
tunability

still Ring Oscillators have a lot of phase noise
because of  switching on/off the transistor  
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Source coupled multivibrators 

based on negative resistance
DDV

LL

C

 

DDV

RR
1C L 2C

1L
to make VCO

DDV

RR contV

PMOS junction
capacitances  

10 100 1K 10K 100K 1M
-180

-100

-20

decdB20xtal osc.
(120 MHz)

usin
g

 PLL
decdB20

decdB20

Phase Noise
( )
HzdB
f

C

m

mf

Relaxation Osc.
       @ 1.8 GHz

On-chip LC Osc.
Using bandwire inductor

frequency away
from carrier
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Phased-locked loop 

wide variety of applications

*  FM demodulators

*  coherent digital transmission / defection
                   (spread spectrum)

*  clock synchronization

*  tone detectors

*  frequency synthesizers

main function : locks phases of two frequency sources  

 
 
Block Diagram 
 

Phase
Detector

Loop
Filter

A outV

VCO    N÷

iω

.oscωReference
Oscillator
(high Q,
low phase
noise)

phase voltage

π
2π osci φφ −

affects the lock range

often use
charge pump instead

if      is FM then
       is demodulated

iω
outV

multivibrator
or current starved
ring oscillator

output-freq

freq divider
because
typically
you can
find xtal osc
at lower freq

VCO : large tunning range
            but poor phase noise
            performance
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Phase detector 

main function : change phase difference to voltage

typical phase detectors balanced multipliers (mixers)

exclusive OR

edge sensitive FF  
Exclusive OR phase detector 
 

A
B

C

 A   B     C
 0    0     0
 0    1     1
 1    0     1
 1    1     0  
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1 2
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φ π
BA φφ −

f0 ω2

we need DC components

phase

 



ECE695F  RFIC 
Prof. S. Mohammadi 

   -    - 266  

Multipliers as phase detectors 

( )φω +=
∧

tVV 111 cos

( )tVV ωcos22

∧

=
outPD

multiply and invert
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( )( )φφω

φωω

cos2cos
2
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21

121

++
−

=

+−
∧∧

∧∧
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dc termhf term
to be filtered
out by loop filter
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2

21
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−
=

VVPDout

2
21

∧∧

VV

2
21

∧∧

− VV
φπ2π

for 0 output you need to have          phase difference

( )φπ −2 small

( )2
2

21 πφ −≈

∧∧

VV
PDout

2π

 
 
Loop filter 

*  must do averaging (integration) to get rid of
    higher freq. Components coming from PD

*  for loop stability you also need
    a zero in the transfer function  

 

PLL TF
without
     zero TF

no peaking
by introducing
a zero
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Typical loop filter 
 

1R
2R C

for getting
rid of extra
ripples

low freq integrator

high freq :    R2C  provides a zero in the transfer function

extraC

 

 
 

in reality you do not need an op-amp to do the filtering

A charge pump is enough

C
R

extraC for getting
rid of the
ripples

controlV

pump up
(VCO is late)

pump down
(VCO is early)

 
 

 
 
Lock condition 
 

once the VCO frequency settles to follow the reference freq.   
PLL is in lock condition 
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Linearized model for PLL in locked condition 
 

    

think about your signals as phase not amplitude

iφ + 






rad
VKD F(s) A

phase detector
loop filter + charge pump

OV









V
radKO

sec
s1 oscω

oscφ

( ) ( )
( )sFAKKs

AsFKsV

DO

D

i

O

+
=

ω

depending on what loop filter you use
you can analyze your PLL function

VCO

 

 
 
Important issues on PLL 

 

Lock Range : The range of       s over which
the PLL can maintain lock

’iω

depends on PD

Capture Range : has smaller range than lock range
This is the range when we are going from un-lock
to lock condition

capture range depends on loop filter
so by appropriate design of filter, you can make
capture range much different than lock range  
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Phase noise reduction using PLL 

iφ + DK ( )sF A OK s1 + outφeφ

PD loop filter + charge pump VCO
nφ

VCO phase
          noise

reference
phase
(xtal osc.)  

you can find the TF for phase
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+
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a lag-lead loop filter ( )
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+
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=

crystal
    phase noise

VCO
    phase noise

2
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=ζ no peaking is PLL response
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=
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2

n

o

φ
φ

1

nω
ω

dec
dB40

no attenuation in phase noise

 
 
 

Hz
dBC

phase
noise

dec
dB20+

dec
dB20−

xtal phase noise

nf

PLL bandwidth

mf

PLL phase noise

VCO phase noise

 
 
 
 

( )nn fωso make                as high as possible
but limit is xtal freq. of oscillation

VCO
xtal

PN

nf mf

thermal noise of
       following stage
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So use freq. divider to compare xtal
VCO fand
N
f

refω PD F(s)

VCO    N÷

10 MHz
      xtal

N=100 1 GHz  

 
 
 
 

PN

Nlog20

mf

PLL phase noise

VCO   alone

xtal
Nlog20

phase noise after    N but
this is at 10 MHz so you
have to transfer it back to
1 GHz so add 20 log N again

÷
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Power Amplifiers 
 

typically bipolar transistors are preferred over CMOS 
(heterojunction bipolar transistor)  due to higher 
freq. of operation and higher gain, higher efficiency 

 

efficiency

drain efficiency

power added efficiency

DC

RFO

P
P

=η

η<
−

=
INRFDC

RFO

PP
P

PAE
 

 

Typical Power Amp Ckt :

Driver

DDV

RFC

L C
LR

outV

multi-finger :   W ~ several mm 

 
 
Different Classes of PA 
 
Class A 

linear
low efficiency
no clamping in DDS iV ,  
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t

t

t

t

t

t
Angle of conduction increases

%78
4
=<

πη

%50<η

Class A

Class B

Class AB

DSV

DDV

Di

DCI

DSV

DDV

Di

DSV

DDV

Di
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t

t

Class C

Reduced
conduction angle

DSV

DDV

Di

 

 
 
 
 

t0 2π π

C

Port in terms
of condition angle

B AB A

 
 
 

2π π

%50

%100
%5.78

maxη

C B AB A

conduction angle 
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*  what you typically observe

-1 dB  comp pointG ~30 dB

Pout
Gain

inP

~28 dBm for WCDMA

-1 dB

inP

PAE
40%

Problem is this range that your Pout (Pin) is low
(urban areas) but your efficiency is also low

so you are still wasting a lot of DC power

to solve the problem use dynamic biasing
or smart power Amp  

 
 

There are higher classes of Amps (class E, F, S)

*  too non-linear

*  often good for audio freq.

*  very efficient %100→η

Problems

Advantages  


