Effect of V5 Noise on
Phase Jitter

Ricky Yuen

University of Toronto
Department of Electrical Engineering

April 2, 2003



Outline

‘What is phase noise and timing jitter?
‘Impulse Sensitivity Function (ISF)
‘Relationship of ISF and phase noise
“Minimize phase noise in circuit design
“Estimation of ISF
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What is Phase Noise?

Ideal oscillator output
x Vout(t) = Vo COS((DOt 5 (I)o)
Practical oscillator output
» Vout(t) = Vo [1 + A(t)] cos(wet + (1))
i A
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Timing Jitter
“Timing Jitter is time domain
representation of phase noise
‘Standard deviation of the phase

uncertainty, 5, __jS oh (“’Tjdw
W, 2
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Impulse Sensitivity Function
ISF = I'(w,7)

Characterizes phase response of oscillator
due to arbitrary noise source

Adimpuise = T'(®67) AQ/Qmays AQ << Qmax
ISF is periodic with 2w
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Result of ISF Simulations
Different type of Voutth Youtt oufm

oscillations exhibit
different ISF

ISF demonstrates a 4 AWS % ‘ll IL ,
LTV current to phase
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Relationship of ISF and Phase Noise

H(%o" |deal Phase
Integration Modulation
w(t) (1) V(t)
- cos[Wnt + ¢(1)]
Ipax — > 0
[(ow,y7) t
o(r) = jh¢(r ©)i(t)dt = j Tmar I 00) = cﬂj i(t)dt + Z [ i®cos(ngr)dr

—an ma - nel

Two step process to get phase noise
» Linear Current to Phase conversion (ISF)
» Nonlinear Phase to Voltage conversion
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Sinusoidal Noise Source

ity = .’Dcus(&mr} locq t

o) = _[ cos(Awt)dt = =
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General Noise Source

Device’s flicker noise fg_(m, ! Nois
is scaled by ¢, and N =
the phase noise
spectrum

S5(@)

-
Con r’ o i2/Af

N L{Aw} = lﬂlog[ s 2]

81~ qmax 2-A0 3mq .;)
Caul

Important to minimize the DC
component of the ISF to lower
1/f3 corner

Lower RMS value of ISF to

or oy —> lower phase noise
3 L log(®)
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Minimizing Low Frequency
Noise Contribution

s Symmetric 5 Asymmetric
2y 4
DC value of the ISF relates to g, .
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ISF

Estimation of ISF

Estimate using triangular function

Peak and width of ISF inversely related to slope of
transition

- f(x) 1 1
A = frceffral ‘ [ri I galt

15%5 2.0 X [rad] 4.0 6.0
1/f . 17f 3 2wl (1-A
2 _ 1 rise 2 galt 2 | _ 1/ 1 3 - _“_(_)
Lims = E[jﬂ o dx+J.0 * dx:| - ﬁ(fﬁs) (1+47) Fe n2N2 1+A
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Measuring ISF for Vyp Noise

Clock Buffer Characterization

Fix input clock transition time

Apply impulse function noise source to Vpp
Measure 2V crossing of output

Sweep transition time of Vy noise

Compare results with
noiseless case to get
phase change —
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Measuring ISF for V5 Noise
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Conclusions

Phase noise and timing jitter are related

'RMS and DC value of ISF directly
relates to the shape of the phase noise
spectrum

‘Design goal: symmetry is important for
minimizing phase noise

"The ISF can be used to calculate the
phase jitter due to supply noise
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