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Abstract 
A rcdedpropogarion mearuremenf system (SPMS) i$ developed ys on ollernalive lo [he lime 

conruming and erpemive meysuremenlsfii wireierr channel choraclerizaion. This system d o w s  
occumle memuremenls o/ weli-deJijned chonneis in (I labororory environment. Confining the 
desired rmge o/@equency Io systems operaling 01 UHF Io L-Band (O.S-ZGHz), dimemiom qffhe 
scatlerers a d  Ierrohfearurer can be reduced by ofactor o/SO~2OOfir the SPMS lhar operoles ot 
around IlJOGIfz. The Syslem iecludex Y probe psilioner. scaled model sf cily. miniolurized 
millimeter wove Ironsceiversprabes, onda network andyzer. SPMS is copable o/mearuringpoth 
loss ys well ar power delay profile (PDP) /or m y  desired environment. 11 can be used IO verify 
ovoiiabie channel models or coiiecr dala/or dewlopig  new models The syrtem har LI dynamic 
range around 85 dB anda nominal spurious level 0/-4OdBc. 

1. lntroduction 
Successful implementation of novel mobile w i r e l e ~ ~  network with advanced modulation 

schemes and sophisticated signal processing algorilhms depend heavily on the reliability of the 
Ssmciation. Asesment  of system performance under different scenarios envimmsntal 
conditionr is a crucial step before implementing such wireless systems. In this process the 
elec~omagnelic behavior of the wave propagation in channel and its influence on the 
characteristics of the signal at the receiver must be investigated. Over the past two decades 
significant effom have been devoted towards the development of simulation 1001~ far propagation 
modeling and channel characterization [ I ] .  In general, these methods can be categorized into two 
groups: I )  Empirical and ststistical methods that are based on measurements, and 2) Site specific 
and physics-based methods that are developed upon theoretical and numerical ~imulat ion~ ofwave 
propagation for specific scenarios. 

Reliable statistics1 models need a large set of meawed data Io extract the required parmeters 
representing the channel chaiasterislics. Also the accuracy of theoretical models need be evalualed 
wing a complele set of signal and ground-truth data. Measurements in urban or suburban areas are 
both time consuming and expensive. To remedy this problem we considered developing a scale 
model that allows accurate measurements of well-defined channels in a laboratory environment. A 
millimeter wave Scaled propagalion measurement System (SPMS) is designed for this purpose. 
Figure I shows the main components of ths Universiv of Michigan W-band SPMS. The system 
includes B probe positioner, scaled model of the city, W probes, and a nework analyzer. In the 
following sections brief descriptions of individual  component^ of the SMPS are provided. 

11. System description and specification 
SMPS makes use of a vector network analyzer (VNA) for signal processing and data 

acquisition. Therefore the semp for path105s and power delay profile measurements is the same as 
a standard S,, measurement. The network analyzer feaNres allow coherent, broadband and time 
domain measurement. As the operating frequency of the VNA is different from the required SMPS 
frequency, up- and down-convener have been designed lo convert the L-band signal to W-band 
and back lo  L-band. In order Io move the probe with the required accuracy (fraction ofwavelength, 
h z 3") a computer-controlled ry-table has been designed and built. 
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111. Miltimeter wave Transceiver probes 
As mentioned earlier the VNA signal is upidown converted to i f "  W-band f rod to  L-hand 

by thc transmitter and receiver probes. Figure 2 shows the block diagrams of the transmitter and 
receiver probes. It can be seen the IF signal (FLF), which is the output Signal from port I of the 
VNA, and the local signal (FLo) are mixed by a subharmonic mixer id the transmitter and 
generales mFL&nFs. The desired harmonic, which is the result af miring the 4' harmonic of LO 
signal and the IF signal (4FW-FIF), is selected by the RF filter, and then it is amplified and 
transmitted. At the receiver, the W signal caprured by the antenna is amplified by the RF 
amplifier then mired with the local signal. The desired IF signal (4FLo-Far) is selected by IF filter 
and wr ied  to the port 2 of the VNA for amplirude and phase measurements 

In order to achieve the maximum dynamic range of the VNA, the IF bandwidth has to be set 
at its minimum value (10Hz for HP8720D). SPMS u e s  a common some a5 the local oscillator of 
the transmitter and receiver. This prevents any frequency variation during the up- and down- 
conversion, as long as the local signal variation is negligible during one cycle ofthis process. This 
allows for reduction of the VNA's IF bandwidth to its minimum value. The common local 
oscillator is a dielectric resonator oscillator that has a frequency stability of 6 W d C  and phase 
noise of -86dBcMe a1 IOkHz offsel from the center frequency that provides the required condition. 

The transceiver circuit has been fabricated an lomil (-25Opm) thick quartz wafer. As the 
width of a 5OR microstrip line on available suhsuates hecomes comparable with the wavslsngth at 
W-band frequencies and also to be compatible with the test setup, the circuit has been designed 
and fabricated using CPW lines. The fabricalion processes were performed in the University of 
Michigan's clean room, using wet etching technique on 3 micrometer electroplatcd gold on the 
quartz wafer. The skin depth for the W, LO, and IF frequencies are 0.26, 0.52, and 1.5pm 
respectively. The gold thickness is marginally sufficient far the IF signal but as the minimum 
feame size in the cimuit layou1 is about lOpm the thickness of the plated gold is limited to 3pm. 
Foms te ly  insufficient metal thickness does not degrade the circuit performance because the IF 
signal path on the circuit is j u t  2.5- which is smaller than 0.011, at the I F  frequency. Therefore 
the associated metallic loss is negligible. The simulation results in the following sections have 
been performed using ADS MOmenNm for the passive elements and harmonic balance simulator 
for the subharmonic mixer. The m e s u r e m m  has been realized using probe statim (for on wafer 
measurements), HP-8510C network analyzer, HP-W85104A --wave test serup, HP-8562A 
specr"  analyzer, and HP-I 197OW waveguide brmanie mixer. 

1 1 1 ~ .  Up- and doan-eonvmrr 
In order to conven the network analyze signal from L-band to W-band, sub-harmonic mixer is 

intended to generate Fu = 4FLo-Flr. As the local frequency is chosen 23.7GHz its 4" harmonic is 
94.8GHz. and this will result in RF operational frequency range of 90.8 to 92.8GHz far an IF 
signal sweeping from 2 to 4GHz. A flip chip back-to-back diode with junction capacitance of60fF 
and series resismce 5.5R per diode is used 8s nonlinear component in the sub-harmonic mixer. 
As shown in Figure 2, IF filler isolates the IF and W signal far improving the rubharmonic mixer 
efficiency. The W filter is used to select desired mined harmonics of the IF and LO signal (4FLo- 
FLr) generated by the subharmonic miner. It also prevents IF signal leakage to the W port to 
improve the conversion 1.311 of the rubharmonic mixer. However in the transmitter probe in 
addition to W-IF isolation this filter should reject the strong and undesired LO harmonics to 
prevent saturation of the W amplifier. The layout of the W probe is showin in Figure 3. Figures 4 
and 5 show RF power and spurious level at the output of subharmonic mixer respectively. AS 
shown the average of maximum spurious level is 40dBc which is enough for measuring fading 
depth values as low as 40dB. The S-parameter of the W amplifier is shown in Figure 6. This 
amplifier has a gain of 27d0 which compensates the up- and down-convznsr conversion IOPSSS 
and therefore increases the measurement dynamic range. 
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1Il.b. Packaging 
Packaging for Ihe W-band probes is very important for different reasons: I )  Size limitation 10 

minimize the interaction between the transceivers and the measurement envimnment, 2) Effect of 
package on Ihe circuit as well as accuracy in the antenna position which is less than 0.5" long. 
Although the mm-wave p r h  dimensions are only Ilmm', thc reduction in package size is 
limited by Ihs connector size. Figure 1 shows he  pacliaged probe. 

IV. XY Table 
A computersontrolled xy-tablc lhat places the receiver probe to any arbitrary position within 

a 1.5x1.5 meter area has been designed and built. This system inelvdcs a motion c m W l  card, WO 
step motom. power mpli t ien,  encoder and drivers. The computer issues commands to the motion 
eontr~l  card, which in hm triggers the power amplifier to drive the motor. An optical encoder 
attached to each motor sends the position and veloeiIy dam back lo the camputer. The computer 
use$ Ihis information io eont r~ l  the probe movement. The fystem placement is accUrate within 
0.25mm. which is acceptable accuracy for measurement at 92GHz (A& 3.26mm). 

V. Miniahwhed  city 
Using a 3D primer a scaled model of the desired city envirmmt is built. Figure 8 shows the 

CAD model of B r d e d  building and acNsl printed building. The exact material propenies, size 
and geomeIq of the buildings in the scaled city are bo- and will be used to define required 
 parameter^ in wave propagation simdatois. Therefore the error caused by Ihe uneertlinfieS in the 
physical parameters of the environment is avoided. 

VI. Dielectric measurement  
The premise of using the scaled model measurement system is Ihat the building positions, 

sizes and propenies are all horn. Hence the material used to make these blacks must be 
characterized. In Ihis study, different techniques at different Gequencies are used Lo characterize 
the real and imaginary parts of the dielectric mmfant of the scaled buildings. The first method is 
based on capacitor measurements st L-band and below. The second method uses transmission and 
reflection meawremens in B WR-90 X-band waveguide. The third dielectric mesuremen1 is done 
using reflectivity measurement from a metal-backed dielccQic slab at W-band. The lower 
frequency dielecmc measurements are mainly done to verify the measured results at W-band. The 
measurement results for hvo different materils are shown in Table I. 

Table I. Measured effective dielectric constant 

Sample I 2.70-jO.05 2.40-iO.04 2.34-10.03 
Sample 2 3.05-iO.15 2.70.10.07 2.48-iO.06 

VII. Conclusion 
A sealed propagation measurement system (SPMS) wilh a high dynamic range around 85 dB 

and average spurious level -4OdBc har been designed and built. This system c m  be used as an 
alkmative to the outdoor measuremen& for wireless channel charactseralion. SPMS is capable of 
measuring coverage as well as PDP therefore if can be used to verify available channel models or 
collen data for developing new models. The high accuracy of compnterized probe positioner in 
Ihis system sllows for measuring fast and slow fading. The a n i a N r i z d  mm-wave transceiver 
probes with monopole antemas haw been designd and fabricated for this system. The average of 
total up and down conversion loss for the SPMS is IOdB. 
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Figure I. SPMS blacks 
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Figure 2. Transceiver black 
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Figure 6 .  RF amplifier specifications 
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Figure 3. RF probe layout 
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Figurc 8. Scaled building: (a) CAD model. (b) 
printed building Figurc 4. RF power at mixer output 
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