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This paper describes a phase noise measurement technique
for a clock using a sigma-delta time-to-digital converter
(TDC) and shows its simulation results with Matlab and
Spectre. The proposed technique can be implemented with
relatively small circuitry, and its time resolution can be finer
with longer measurement time. High performance spectrum
analyzers with long measurement time (about 10s order due
to average of several-time phase measurement results), which
are very costly, would not be needed for phase noise meas-
urement with the proposed technique.

Fig.1 shows a block diagram of a sigma-delta TDC and
Fig.2 shows the proposed phase noise measurement
principle using the sigma-delta TDC; the phase noise
frequency characteristics from the carrier (clock) fre-
quency can be obtained by FFT of the TDC output. Note
that e.g., a vernier-type TDC can acquire a one-shot tim-
ing but the time resolution of the sigma-delta TDC is

limited. However its time resolution can be very fine (e.g.

finer than 0.1ps) by increasing the measurement time,
though it can apply only for repetitive clock timing.

Suppose that CLK1 with phase noise ¢ (t) is given by
CUT = sin(2nf,t + ¢(t))
The mr-th zero-crossing rising edge timing (phase from
the reference CLK2 without phase noise) is obtained as
Zﬂ]‘in(mT + r(m)) + ¢p(mT) = 2mm
~ ¢(mT) = —2nfi,T(m).
Here t (m) is the zero-crossing variation function, and
let t (m) be a sinusoidal input o]
(m) =T - a; - sin(w; - mT) .
Then we have
¢(mT) = —2ma; - sin(w; - mT)

(@) = 3 (210) M

Equation (1) shows the phase noise power spectrum at
oj away from the CLK1 (carrier) frequency.

Our Matlab as well as Spectre simulations used the input
clock of 1 MHz with a 10 kHz sine wave as phase fluctuation,
and we observed that the phase fluctuation spectrum at 10
kHz from TDC output power spectrum obtained by FFT
(Fig.3). The amount of phase fluctuation obtained by simula-
tion agreed with the above theoretical calculation in (1). Fi-
nally we note that a multi-bit sigma-delta TDC with lineariza-
tion techniques can further reduce the phase noise measure-
ment time [1].
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Fig. 1. Block diagram of Sigma-Delta TDC.
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Fig. 2. Principle of the proposed phase noise measurement with a
Sigma-Delta TDC. CLK1 is a clock under test (CUT) with phase

noise and CLK2 is a reference clock without phase noise.
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Fig. 3. Power spectrum of Sigma-Delta TDC output.
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