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Measurement Circuit with Background
Self-Calibration
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Abstract

With the scaling of silicon technology, the operating speed and data
throughput of systems become higher than before. It implies that
bit time is getting shorter and the requirement for phase noise/jitter
will become increasingly stringent. In view of this, a phase noise
measurement (PNM)] circuit built in chip is bound to be essential in
the future. We present a reference-free PNM circuit with background

self-calibration.

Several attempts for high-sensitivity PNM circuits have been
reported previously. One is Delay Line Frequency Discriminator. It
measures the phase noise through a delay line based frequency
discriminator. The cycle jitter is translated to voltage through a
mixer or a phase detector with its output in analog form, i.e. analog
PNM (A-PNM]. The fidelity of the spot noise density and jitter
amplitude counts on external low noise amplifier and analog to
digital data converter, and requires extensive off-line calibration of
all the analog parameters. On the contrary, another is digital PNMs,
which proposed jitter measurement through on-chip time to digital
converters (TDC). They are more robust against PVT variations by
converting noise spectrum into digital codes directly. However, a
spectrally clean reference is required for the on-chip TDCs. Besides,
the quality of reference signal would fundamentally limit the

achievable noise floor of the PNM circuits.

In contrast to the prior art, we proposes PNM technique through
cycle jitter measurement using an on-chip TDC, which is reference-
free and thus not limited by the noise floor of the reference clock.
The noise information is digitized on chip. Both the timing jitter and
spot noise density can be fully processed digitally without resort
to an extra high-end LNA and ADC. The timing basis of the on-

chip TDC is background self-calibrated without a reference clock.
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The fidelity of the PNM output is verified in accordance with the
measurement results by using a spectrum analyzer. Fig. 1 shows
the system architecture of the proposed PNM circuit, which is
composed of a DLL-based frequency discriminator coupled with a
main 2" order continuous time A ¥ TDC (MTDC). Additionally, an
auxiliary calibration A X TDC (CTDC) is incorporated to calibrate
the quantization step (= * ¢ ) of the MTDC in the background. The
noise spectrum density can be derived from Fast Fourier Transform
(FFT) result of the two TDC outputs. Therefore, the proposed PNM
circuit provides a convenient way to measure the phase noise/jitter

of a signal under test by using logic analyzer.

This work is fabricated in TSMC 28nm CMOS process. Fig. 3 shows
the measurement results of phase noise sensitivity at 1 MHz offset
(refer to 6.4 GHz carrier) is -118 dBc/Hz. In Fig.3, for broadband
noise measurement, our design also features the finest resolution of
275.4 fsrms. Compared with the measurement results by spectrum

analyzer, the discrepancy is less than 4.8%.

In summary, we propose a phase noise measurement circuit that is
reference-free, background self-calibrated, and capable of digitizing
the power spectral density of phase noise directly. Its measurement
result demonstrates at least 3X finer jitter resolution with highest

accuracy compared to the prior art.

Phase Noise Sensitivity of PNM Broadband Noise Test
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Fig. 3 Noise measurement performance of proposed system




