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Implementation of Waveguide Terminations with
Low-Passive Intermodulation for Conducted Test
Beds in Backward Configuration

Davide Smacchia, Pablo Sotllember, |IEEE, Vicente Boria,Fellow, |EEE, and David Raboso

Abstract—This paper proposes a simple way to implement
low-passive intermodulation (PIM) terminations in waveguide
technology for test beds conceived to evaluate conducted back
ward PIM. By inserting a dedicated filter before the waveguide
termination of the test bench, it is possible to diminish the
PIM contribution from the load and consequently reduce the
residual PIM noise floor of the test facility. To validate the
practical application of this technique, a conducted backward
low-PIM set-up working in K-band was assembled and tested.
An improvement in terms of PIM performance has been obtained
through the proposed solution.

Index Terms—Intermodulation distorsion, passive circuits, mi-
crowave filters, low-pass filters, PIM mitigation.

I. INTRODUCTION
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ONDUCTED low-passive intermodulation (PIM) set-ups

in backward configuration are typically employed fo

evaluating the PIM performance of conducted elements
terms of odd PIM orders [1]-[3].

Fig. 1. Low-PIM test bench in backward configuration with fhier (circled
Block) placed before the waveguide dummy load.
n

Backward PIM test beds are normally more compact th&F power by Joule effect along the rolled cable, so the residu

forward ones since an output diplexer is not required.

RF power arriving at the coaxial load is so attenuated that it

addition, they are also suitable for measuring PIM of one@oes not add a significant PIM contribution. In additioncsin
port devices. However, as it has been pointed out in [4], tlteaxial cables tend to be flexible, this solution does nadl loa
PIM performance of the dummy termination at the end dhe set-up with excessive mechanical tension, thus awpidin
the common RF path is critical for backward PIM test bed$urther PIM contributions in the interconnections.

The high-power carriers reach the load, so it can generatdn waveguide technology, however, this solution is not

relevant levels of passive intermodulation. Due to itsipalar

feasible for several reasons. First, long waveguide loads a

configuration, backward test beds are completely exposedviry challenging (and expensive) to manufacture. Second,
an eventual PIM signal generated by the dummy terminatichey would generate mechanical tensions to the set-up which
As a consequence, such termination tends to be a limitinguld add residual PIM sources and even cause cracks in the

factor in the noise floor PIM level of the test bed.

structure, thus jeopardizing the integrity of the testlfgci

For coaxial technology this issue is overcome by manufac-In this paper, a solution to overwhelm this issue is proposed
turing dummy terminations with long rolled cables (havindt consists on inserting a suitable filter between the dewuite

longitude of hundreds of meters or even more) terminated
a coaxial load. This solution allows to gradually dissiptie
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Her test (DUT) and the dummy termination, as shown in Fig. 1.
This filter should allow the transmission carriers to go thyio,
and at the same time reject the passive intermodulationrgpmi
from the waveguide termination, thus protecting the test be
against the PIM generated by the dummy load.

1. FILTER CONSIDERATIONS

The filter to be inserted in the common RF path between the
DUT and the dummy load must be designed not to affect the
transmission carriers. Therefore, it must provide a pastba
expanding over the frequency region of the carriers. Theamet
loss in such passband should be kept high (aliéve 20 dB)
to avoid that a significant portion of the transmission easi



could travel back again, and generate unwanted resonances o TABLE |
additional intermodulation terms. CONDUCTED BACKWARD PIM AT K-BAND WITH ONLY DUMMY LOAD IN

At the same time, the filter must have enough rejection at PLACE, TEST SCENARIQ

the frequency band where PIM signals are detected to prevenixI 30 W CW | Tx 2 30 W CW | 3rd PIM 3rd PIM
that the PIM generated by the dummy load could mask the Ffe?} (SGHZ) Freg-o (;HZ) Ffeg-z (762"'2) '-eve'l(()%Bm)
one measured. Let be/M™ (dBm) the target PIM level that ' 5036 o 106
should be detected using the test bed (i.e, if the PIM level 20.38 22.80 -106
generated by a component must be certified to be belo@20 gg-ig g;-gg 'igg
dBm, the targ_etPIMT = —120 dBm). After assembling the 5644 5597 o4
PIM set-up with the dummy termination, a measurement df 20.46 22.96 -104
the residual PIM level of the set-up (without DUT or using & gg-gg 33-82 '182
i 7 : : -

PIM-free DUT) must be carried out. Let BeI M/~ (dBm) the 1797 5050 5308 102

PIM noise floor measured for the test bed. The rejection the
filter must provide in the PIM frequency band must satisfy:

Rej. (dB) > PIM* (dBm) — PIM™ (dBm) + M (dB) (1)

where M is the design margin, which is recommended to bi@m -
above 20 dB (to guarantee that the PIM generated by the loi ; ~
will always be negligible over a PIM signal of a level similar & -
to the thresholdPI M ™ (dBm) to be detected). g -

The nature of the filter to be employed depends on the fre g -
guency position of the transmission carrier band and the PII& _
band for the set-up. Two options are possible. For test Ench g’ )
where the PIM frequency band is above the transmissic &
carriers, a low-pass filter is normally the best choice imter i
of return loss, compactness and rejection. On the other,har
a high pass filter will be issued for those test benches whe -110
the PIM band is below the transmission carriers (although  -120 : ‘ ‘ : Ll
combination of a band-pass filter and a high-pass filter is als o120 F a2z 2302425 6 A

. . ) ? requency (GHz)

possible, as shown in section 1l1.B. of [4], if a more compact
solution is sought to reduce mechanical stress). In botes¢asig. 2. comparison between measured (continuous lines) andlated
the filter must have outstanding PIM performance. Tunirmgsponse with FEST3D (dashed lines) of the low-pass filted ue mitigate
elements must therefore not be used. The filter must af§g P!M of the dummy load in the K-band test bed.
be manufactured in clam-shell configuration with symmatric
width, to avoid cutting currents in the assembly [4].

It is important to mention that there can be other sources ofIt can be observed that the set-up was employed for several

residual PIM in the test bed. Therefore, after the insertbn Cﬂr;:é?eiﬂ?grstﬁé (I:DEH\/Inesri frneaﬂu?'rr:(i:slevsv,arsesg:S?nlgr?jlg?;giheck
the filter, the residual PIM level of the test facility coultills 9 . >lgnat. i o
he effective PIM contribution of the test facility, gefgimid of

:)hee h;?&eéézzrazzg tb?/r?ﬁ; ?jrlljernggrltg?r%?n:ti\glrlll i'r[]soe;[l f;).e due {L(l)ncertair_]ties as;ociated to sum an_d destruction of sevdyal
contributions which could appear in backward PIM test beds
(as it has been reported for the coaxial case in [7], [8]).un o
Il. RESULTS case, the residual PIM level was kept approximately comstan
The PIM mitigation technique proposed in this paper hawer the whole PIM frequency band of the test scenario. This
been verified by means of a backward low-PIM set-up in Kesult is consistent with a dominant reflected PIM sourceesi
band, on which the PIM frequency is above the transmissiédm or cancellation with other PIM sources are not observed
carriers. The key element of the set-up is a multiplexer with[7]. Under normal operating and assembly conditions, tiae lo
transmission band between 17.89 and 20.67 GHz and a redgpmination should be the dominant PIM source of a PIM test
tion band (for PIM signals) expanding from 22.7 to 24.1 GHzxed in backward configuration.
The transmission band is splitted into five channels of 420The PIM noise floor of the test bed can be assumed to
MHz bandwidth (and guard-bands of 170 MHz) implementeoe PIML = —102 dBm (worst case) due to the dummy
with low-loss high-power bandpass filters [5], [6]. load. Assuming that the weakest PIM signal to be detected is
Only 3@ PIM order was evaluated, using two continuou®®/M” = —130 dBm, from (1), the rejection to be provided
wave (CW) high-power input carriers of 30 W each. A firsby the filter in the PIM band should be above 50 dB.
set of PIM measurements with only the dummy load in place A suitable stub-based low-pass filter (LPF) band has been
was conducted. The frequencies used for each transmissibosen, since the PIM band is placed at higher frequencies
carrier, as well as the frequency and level of the PIM signtian the transmission band. It has a measured rejectioreabov
measured, are compiled in Table 1. 90 dB in the PIM band, and it is transparent to the carrierh wit

Scat
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-80 ‘ xomy‘dumm)‘/ load dummy load was replaced by a horn antenna and the whole
ool OLPF + dummy load|| set-up was moved into an anechoic chamber. Next, a first
—_ set of measurements was conducted with the LPF connected
%.100, , to a horn antenna radiating towards the anechoic chamber
§ N * x * 1 ) x (blank scenario). Then a metallic sponge (a typical straing P
Q-110 T ] source) was placed at 30 cm from the horn antenna and a
2 second PIM campaign took place. The results are provided
E'm* 1 in Fig. 4. The set-up showed essentially the same PIM level
e © ° 9 % o 2 © ©° ©° © 1 inboth situations, thus demonstrating that the insertiba o
high rejection low-pass filter blocks the PIM generated k& th

140 : ‘ : ‘ : ‘ : sponge. It is therefore a valid solution to protect a PIM test
227 2275 228 2285 229 2295 23 23.05 231 X . . .
Frequency (GHz) bed in backward configuration with respect to dummy loads
having poor PIM performance.
Fig. 3. PIM measurements with and without LPF before the dummg.loa
IV. CONCLUSION

GLPF + homn antenna (blank) This paper proposes a simple technique to reduce the
+LPF + horn antenna + sponge| residual PIM level of test benches in waveguide technology
conceived to evaluate backward PIM. With the insertion of
a dedicated filter before the dummy load, it is possible to
reduce the residual PIM level of the test set-up related ¢o th
termination. Details for the choice of a suitable filter faist
application have also been given. Several sets of measateme
with a PIM set-up in K-band has been carried out to show the
¢ 9 @ o @ @ @ @ e - Vvalidityand practical use of this solution.
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Fig. 4. PIM measurements with LPF and horn as dummy load: compariso 9 9 P

with and without metallic sponge as PIM source. related to this topic.
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