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Abstract — This work describes the design, fabrication
and measurements of a six-port reflectometer in metallic
waveguide technology for operation around 60 GHz. The Il. SIX-PORTIQ DEMODULATOR

system integration is based on WR1S5 building blocks. An in- . . . . L
situ linearization of the detectors associated to a vector This section describes the design, fabricationtesatiof

calibration procedure is provided to determine the calibrated  th€ Six-port 1Q demodulator. The proposed architect
1Q components from the measured voltages. Near-field free- and picture of the fabricated system are givenign E
space distance measurements from contact to stand-off

distance of two free-space wavelengths are shown to validate

. 182
the technique proposed. /\
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Index Terms — Six-port, reflectometer, IQ demodulation,

millimeter-wave, distance measurement, >‘Z ><
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|. INTRODUCTION

.

The six-port technique has been introduced in 8%03%
as a simple technique for measuring power andatéie
coefficient in the microwave regime [1]. Since then Fig.1.  (a) Structure of the six-port IQ demodulai@) Photograph
variety of six-port systems have been exemplaryfthe WR15 waveguide six-port IQ demodulator.
demonstrated in metallic guide, substrate integrate o i ]
waveguide (SIW), planar and monolithic forms [2]-[8 1he circuit is implemented using three 90° hybnwuh
Each technology presents own advantages and drasbac20 dB isolation and 6 % bandwidth around 60 GHou
in terms of circuit size, power consumption, immyrip ~ POrt_hybrid tee with one arm connected to a match
temperature/hygrometry variations, fabrication Ifggi ~ (ermination for basic power splitting and four powe
system integration, measurement performance antl codetectors with typical video sensitivity of 500 nmwW
[8]. Therefore, the choice of the technology is mhai and tangentlaI. sensitivity of -50 dBm. Ipterconmt
driven by the requirements of the targeted appticat bends and twists are used for system integratidre T

This work presents a fully WR15 metallic waveguide€ference millimeter-wave signa [fig. 1(a)] can be
six-port reflectometer operating at 60 GHz for mield prpwded bT)(Aa miniature high stability phase-loclkedrce
sensing applications, i.e. near-field high precigiistance MI-WAVE '™ 957 @0, = 11 dBm) or a frequency
measurement. Unlike planar technologies systems$ynthetizer Keysigfit' E8257D.
waveguides are highly shielded to provide isolation The first step concerns the linearization of ¢fectrical
between nearby signals. As they rely on air askedlric, response of the power detectors to correct devidtiam
the technology reduces the need for consistencthén quadratic response. For this experiment, the RR por
dielectric material and presents better immunity to(signala) of the six-port demodulator is connected to a
environmental variations. Furthermore, the buildingmatch termination to make the electrical response
blocks of the six-port circuit can be easily cortedceach  depending only of the LO source sigaal We present in
other as they are inherently matched. As the size iFig. 2 the detected voltag¥s to V, measured for a source
directly related to the operation wavelength, mmiter-  power varying from 10 uW to 10 mW at 60 GHz.
wave frequency operation is preferred to reducecitorit
size.
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constantsy; andy;. More information about the model

V; (mV) V, (mV) V5 (mV) V, (mV) 7 . f .
500 — 2 : ! construction is given in [9].
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Fig. 2. Detected voltages as a function of the tnpillimeter-wave
LO power— F = 60 GHz.

From Fig. 2, the linearity is degraded by distansioThe
linearization procedure consists to interpolate the
measured data using a polynomial function. In shigly,

a 5" order polynomial is used. As an example, the
interpolation model for the voltag#4 is given by

P, (MW) = -1.43<10%°V® + 1.66x10%° v,* - 8.04x108 v,° o G npur
+5.9810°V,? + 4.02x10° Vv, + 1.36x 102,

The next step consists of verifying the performairce ®)
mixing mode. In this configuration, the millimeteave
signala, with amplitude Ar is combined with the signal
a; with amplitude Ao. The theoretical powerB; to Pg
are given by

Fig. 3. Experimental test bench arrangement fomEasurements.

The calibration coefficientg; andy;are determined by
fitting the measured powers to the models (7) &)dRor
1) comparison purposes, the calibration constants are

Py =10.5(a; + ay)|?
3 =10.5(a; +ay)l determined for the®1(y; =y, andys= ys =y, = 0), the 2

P, =10.5(a; —jay)|? (2 (ys= y; = 0) and the 8 orders. Table | reports the

P, = 0.5(a, — ay)|? ©) parameters obtained fd_?g - Ps. The 3D fitt'ing gccording
e to the & order model is also illustrated in Fig. 4. These

Ps =10.5(a, + jai)| (4)  results show that the spatial non-linearity efféws

The 60 GHz LO and RF input signals are both obthime  relatively low impact. However, metrological apjlitons
the synthesizer using a power splitter. The soposeer is  that require a high degree of accuracy can befrefit a
set to 11 dBm. The RF signal amplitudg:- and relative 3 order model that achieves a determination coeffici
phase-shift A® are respectively adjusted with precise of nearly 1 computed on 259 points. Equivalent ltesas
WR15 waveguide variable attenuator (MI-WAVE been found for’, — P,. The calibration has been also
510V/385) and phase-shifter (MI-WAVE 528V/385) as validated in the frequency band 55-75 GHz.

shown in Fig. 3. The IQ components are defined as

| = ARF COS(A(D) . P3 _ P5 (5) TABLE 1. CALIIB;?A_'I'IIC;SN_CFC):EEI:CI):IC;ZEZI\'ITS ESTABLISHED FOR
Q = Apesin(A®) ~ Ps — P, ©) Coefficient Parameter Order 1 Order 2 Order |3
A spatial (related to the spatial phase-shif®) Fourier Yo 1 02457 02457 02457
analysis is conside_red to correct the general fagiven Ve | 06575 0.6592 06593
by (5) and (6) into the models (7) and (8) that ™ Q 11466 11466 11466
encompasses mismatching and non-linear effects [9]. Ve 2 0.0504 0.0504
Py —Ps =y, +y1l + 20 + ¥l + y,Q + ys(I* = 31Q%) + Ya Q¢ 00102 7 0321 0.0321
ys(Q% - 31%Q) (7 ¥s IQ 200152 | -0.0152
Ps — Py = yo + yil +y5,Q + y3I% + y,Q% + y5 (17 - 31Q*) + Y P31 — -0.0001
y5(Q2 — 312Q) (8) Vi Q*-31PQ - -0.0128
These equations rely the powers to polynomial - 99.80% 99.88% 99.89%

combinations ofl and Q through eight real calibration
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Fig. 5. Free-space distance measurement — F = 60 G&) and (b)
Experimental test bench. (c) Detected voltAgeas a function of the

. . . . stand-offd.
Fig. 4. IQ demodulation at 60 GHz: 3D complex ipt#ation —

F=60 GHz. (¢ Measuredliata ).
V. CONCLUSION

A di based heoki A 60 GHz six-port IQ demodulator in WR15 guide
Istance mea§urement sensor based on t pos]x- technology has been designed and tested. On this, tza
demodulator associated to WR15 power divider, taton _free-space six-port reflectometer has been destribe

and horn antenna is given in Fig. 5. The antenrt Wi ¢jose distance measurement in the cm range. Preligi
vertical polarization has been tested with starfddofrom experiments show propagation of spherical waves
contact to 10 mm to a metallic target. For examplecombined with free-space stationary waves. Futuoekw
detected voltagd/; as a function ofi shows the spread will provide all necessary calibration procedurer fo
propagation losses that increase wih Furthermore, accurate extraction of distance and precision aisly
resonances are related to wave recombination batthee
reflected wave by that target, the guided refleatede at
the antenna input (mismatch) and the free-spacecsou [1] G. Engen and C. Hoer, “Application of an arbitréport junction
match term (reflection of the received wave by the  t power-measurement problems$PEE Trans. Insrum. Meas,

antenna). A dedicated free-space calibration methat vol. 21, no. 4, pp. 470-474, Nov. 1972.
)- ! “Sp ! ! a [2] J.Li, R. G. Bosisio, and K. Wu, “A collision avaidce radar using

takes into account these two effects can be imphéadeto six-port phase/frequency discriminatoBtoc. |EEE MTT-S Dig.,
derive the distance as a function of the measuoltdges pp. 1553-1555, May 1994.

[10]. Complementary results will be shown in thetla [3] J. Ssth, A |Serban, 0. Owais, M-bKa(;lssor(lj, IS Gdndaartsen,
; and P. Karlsson, “Six-port gigabit demodulatotfEEE Trans.
version of the paper. Microw. Theory Tech., vol. 59, no. 1, pp. 125-131, January 2011.

[4] A. Koelpin, G. Vinci, B. Laemmle, D. Kissinger aml Weigel,
@@ “The six-port in modern society,/EEE Microw. Mag., vol. 11,

no. 7, pp. 35-43, Dec. 2010.

Il. DISTANCE SENSING APPLICATIONS
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