An Interferometric Residual Phase Noise Measurement System at S-Band

Tim Berenc (Argonne National Laboratory)
Pakpoom Buabthong (University of lllinois at Urbana-Champaign)

Traditional analog residual phase noise measurement systems have long been transitioning from saturated mixer type to interferometric type systems [1-2]. Both types show substantiEM

&neasurement plane Is also described.

lower noise floors than present digital receivers. While the saturated mixer type relies heavily on baseband electronic performance, the interferometric type relies on the performance of rf
carrier suppression and rf electronics. By suppressing the carrier with an interferometer, the noise sidebands can be greatly amplified and detected at rf frequencies. This could open up
possibilities for combined analog and digital techniques to improve interferometric system implementations and digital receiver noise floors.

Towards those possibilities, an S-Band analog interferometric system was designed with two levels of carrier suppression and compared to a saturated mixer based system [3]. The
Interferometric sensitivity was measured to be 15.6 V/rad compared to 0.4 V/rad for the mixer system, a 32 dB improvement. Power law noise coefficients were measured to be -155
dBrad? for 1/f noise, a 15 dB improvement, and -176 dBrad?/Hz for white noise at a +14 dBm input, a 4 dB improvement. However, 1/f> and 1/f3 terms were higher due to mechanical
stability of the interferometer. The cumulative phase noise was measured to be 32 micro-degrees rms [0.1Hz-100kHz] at 2.815 GHz. A novel technigue of properly orienting thy
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/Conclusion and Outlook: The interferometric system shows a substantial noise floor\
\ Improvement over a saturated mixer system, especially for the 1/f term. Mechanical stability

Apply single-sideband tone at (a) degrades its 1/f¢ and 1/f2 performance; better layout techniques will help. By merging with
_ Ay (t)=V. cosAwt cos(m,t) -V, sin Awt cos(w,t) digital LITRF,_ automatic carrier suppression can l:_)e dlgl'[?J as opposed to analog [1]. Imaglne
D i substantial improvements in digital LLRF receiver noise floors away from the carrier by
3 () ;V_ssin Aot = /& sin Aot overcoming ADC noise by amplification of the noise before detection (caveat: static carrier
f,’, Vv, P Qeeds a measurement technique due to the inherent carrier suppression in the system). /
S
O .
jg A kK — &V 1] E. Rubiola, V. Giordano, “Advanced Interferometric Phase and Amplitude Noise Measurement,” Rev. Sci. Instrum., vol. 73
O ¢ P FFT no.6 pp 2445-2457, 2002.
o S 2] K.H. Sann, “The Measurement of Near-Carrier noise in Microwave Amplifiers,” IEEE Trans. Microwave Theory Techs., no.

> 9, pp. 761-766, 1968.
15.6 V/rad vs. 0.4 V/rad (saturated mixer) [3] T. Berenc, P. Buabthong, “Interferometric Residual Phase Noise Measurement System,” lllinois Accelerator Institute Lee

\ (low noise amplifier gain not included) Teng Program, 2013, https://indico.fnal.gov/getFile.py/access?contribld=7&resld=0&materialld=paper&confld=7241.

SEE2D, U.S. DEPARTMENT OF

f ” Argonne National Laboratory is a U.S. Department of Energy
"‘@/ ._ 4\ laboratory managed by U Chicago Argonne, LLC.



