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Testing Inferconnect
Designs for 6G, 6, and
Phased-Array Systems

Test fixtures are becoming more important in 5G, 6G, and phased-array designs.
This article explains methods to optimize test setups for a PCB signal launch and
interconnect design, including de-embedding and calibration techniques using

measured data.

G systems will be able to operate in a wide range

of frequency bands, including current 5G fre-

quencies in the sub-1-GHz range, the 3.5- to

6-GHz mid-band and mmWave range, and new
frequencies in the 7- to 15-GHz centimetric range and 90- to
300-GHz sub-terahertz range. We can expect lower frequency
bands to remain extremely important as essential spectrum
for coverage, capacity, and mobility in the 6G era.!

Test fixtures to support these frequencies must be care-
fully designed to simulate the real-world performance of
RF and microwave systems, such as those used in 5G, 6G,
phased arrays, and other applications. This article describes
methods to create an optimal test setup for a PCB signal
launch/interconnect design, including de-embedding tech-
niques and calibration using measured data.

Technical Challenges in Designing Interconnect Systems

For 5G/6G and phased-array applications, the intercon-
nect system design needs to support high density (with
more physical channels in a re-

ment, and the second is optimizing the signal launch on the
PCB (which requires a test setup to achieve accurate device-
under-test, DUT, measurements).

It was also discovered that, for high-density routing, im-
plementing every layer interconnect (ELIC) technology on
an HDI PCB substrate can help move the frequency at which
higher-order modes propagate to well above the bandwidth
of interest. In addition, using high-density, compression-
mount ganged cable assemblies can minimize insertion loss
and return loss.

Connector Misalignment: Critical but Easily Addressed
Interconnects are needed at all signal inputs and outputs.
It's known that at higher frequencies, even slight misalign-
ments of a connector are sufficient to cause failure.?
Fortunately, the industry has addressed connector mis-
alignment by adding visual indicators of proper align-
ment to small compression-mount connectors, which can
greatly speed up assembly, alignment, and yield. Ganged
connectors are also available with

duced space), high linearity (with Need alignment features to help avoid
no suckouts or nonlinear phase Coax p;qﬁi;m:rrg;e Device misalignment. Because there are
changes in the band), and repeat- Connector Under methods in hand to address con-
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ability after mating/unmating the !
interconnects (especially in initial
system bring up).

Our work has revealed two key
areas that designers can focus on
to achieve the necessary perfor-
mance of the test fixture and, ulti-
mately, the interconnects. The first

is to avoid connector misalign- itself.

1 Launch |=

1. In a test application where the goal is to look
at the true performance of the device under
test (DUT), an optimized launch means the
DUT can be measured accurately to a higher
frequency without being limited by the fixture

-4 Test nector misalignment, our work

focused more on optimizing the
PCB signal launch.

PCB Signal-Launch Design
Should Help Push
Frequencies

The PCB signal launch is the
mating structure that couples the
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electromagnetic energy in the connector to the PCB. This
area isn't simply the footprint of the connector, so it may
be challenging to characterize. The amount of energy trans-
ferred from the connector to the PCB trace can be improved
by considering connector design, PCB material characteris-
tics and thickness, various signal launch configurations, and
operating frequency.?

An optimized RF launch structure makes it possible to
push the frequency even higher, which is beneficial because
the DUT can be tested in a cleaner manner at higher fre-
quencies (Fig. 1). Our work focused on a methodology for
examining the true performance of the device under test,
de-embedding the effects of the coax connector.

Insertion Loss — Single Ended
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Ideally, we would connect the test instrumentation di-
rectly to the solder balls of the device, but this is impractical.
Instead, the test cable, the connector on the PCB, and the
trace to the DUT are de-embedded from the measurement.
This process mathematically removes the test fixturing and
renders it electrically invisible when looking at the device’s
performance. The goal is to obtain the widest possible fix-
ture/critical-path bandwidth.

Achieving Accurate DUT Measurements

There are very few cases where the entire fixture up to the
DUT interface can be calibrated out using mechanical or
electronic calibration kits. In most cases, some combination
of cables, connector launches, traces,
and vias need to be de-embedded from
the measurement.*

T T

Much work has been done on de-

embedding algorithms used to remove
fixturing contributions from measure-
ments.>8 All algorithms perform better
when fixture insertion loss (IL) is lower
and there’s greater separation between
IL and return loss (RL).?

Design Principles for Reducing Inser-
L . tion and Return Losses
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2. Insertion loss (IL) comparison of a PCB trace loss to two ganged cable con-

nectors shows that ganged connectors minimize fixture IL.
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Based on the above review, our goal
was to achieve the lowest IL and RL
possible for our test fixture over the fre-
quency range of interest.

IL is directly correlated to the length
of the fixture that needs to be de-em-
bedded. Our work showed that ganged
cable connectors minimize fixture IL.
Figure 2 shows the comparison of PCB
trace loss to two ganged cable connec-
tors—one is a Samtec BE90A ganged
connector using 0.047-in.-diameter
low-loss cables and the other a Samtec
BE70A using 0.086-in.-diameter low-
loss cables.

Our conclusion is that ganged cable
connectors perform better because cable
losses are always lower than PCB losses
(making it preferable to cover more dis-
tance with cable). Further, ganged con-
nectors have increased density, enabling
lower losses by placing them closer to
the DUT (Fig. 3).

3. Ganged connectors (Samtec Bulls Eye high-performance test system is
shown) have increased density, so they can be placed closer to the DUT, thus

minimizing loss.

[=°LEARN MORE @ mwrf.com | 2


https://www.samtec.com/rf/cables/bulls-eye/
http://www.mwrf.com?code=UM_MWRFPDF

For Phased Arrays, Phase Stability is Crucial

When considering phased-array systems, phase stability
is a key consideration to ensure optimal performance. For
consistent phase response, our work indicates that switch-
ing to a high-performance, low-loss microwave cable works
very well in dynamic applications.

Figure 4 represents cable return loss before and after flex-
ure out to 50 GHz. In this case, the cable used incorporates
an interlayer within its construction, which we believe con-
tributes to overall performance stability. Figure 5 uses the
same cable but with a smaller diameter (0.078 in. outer di-
ameter) for testing out to 70 GHz. The test shows little phase
change even after a 360-degree bend around a 1.75-in. man-
drel.

RL is heavily impacted by the performance of transitions,
such as the connector-to-PCB and DUT-to-PCB. Much
work was done in this area,* with the major conclusions be-

ing that it’s beneficial to reduce the diameter of the via struc-
tures and to consider using an ELIC technology,!%-!! which
allows for microvias and very high-density routing (Fig. 6).

An ELIC approach can increase the cutoff frequency of
the circular waveguide formed under a via transition, al-
lowing it to be tuned independently of the GND ring in the
launch area. Because ELIC only has to penetrate one dielec-
tric layer, it's possible to use smaller drill and pad sizes, en-
abling them to be more compact than through vias.

Measurement Correlation

Here we present the results for a test fixture and PCB
launch designed using the aforementioned design princi-
ples (Fig. 7). Measurements were performed on a Keysight
N5227B VNA with 110-GHz extension heads. The VNA was
short-open-load-through (SOLT) calibrated using a Key-
sight 85059B calibration kit.

Unrestrained Flex Test to 500,000 Cycles
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4. Cable return
loss before (purple
trace) and after
(green trace) flexure

|| outto50 GHz

| shows the over-
all performance
stability of a Samtec
Nitrowave L1043
Series cable used
in phased-array

| systems.
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The goal was to measure the perfor-
mance of ganged, vertical-launch cable
(VLC) assemblies with rated perfor-
mance up to 90 GHz. We used three
inches of 0.047-in. coax and 1-mm con-
nectors at the end of the cable.

We performed measurements by
connecting the VNA to the cable side of
the DUT on port 1 and a ganged VLC
mounted on the PCB on port 2. There’s
approximately 25 mm of trace between
the ganged VLC on the PCB and the
DUT-PCB interface. The ganged VLC
on the PCB and PCB trace needed to be
de-embedded from the measurements
to isolate the performance of the DUT.

Our conclusion is that de-embedding
works well to 90 GHz and DUT perfor-
mance correlates very well to simulation
up to that frequency (Fig. 7, again). The
fixture performs to the highest band-
width because:

« ELIC allows for the use of smaller-
diameter vias, reducing the cross-
sectional size of the launch and pre-
venting excitation of higher-order
modes up to 90 GHz.

« ELIC enables the circular waveguide
below the launch to be completely
sealed and in cutoff, again to 90
GHz.

« Even though narrow vias require
the use of thin dielectrics, stacking
the dielectrics allows for wide lines
and low attenuation loss.

Conclusions and Future Work
Differences exist between simulation
and measurement above 90 GHz, but
that will need a higher-performance test
fixture to resolve what is a simulation
model inaccuracy versus a test fixture
limitation. Ultimately, all fixtures that
need to cover extremely wide band-
widths (especially down to DC) are go-
ing to experience issues related to coax
size and limited very wide bandwidth
discontinuity compensation strategies.
Above 110 to 120 GHz, waveguides
may provide the best performance.
The biggest drawback to waveguides is
inflexibility and ease of connections.

(a) (b)

Waveguide region
vias \

Signal
transition
egion
Waveguide
— | region

GND ring shape

when using thru

vias
6. PCBs using ELIC can completely close off the waveguide created under a
stripline launch (a). Overlay between GND ring size when using through vias
and GND ring size in the circular waveguide section when using ELIC (b).
ELIC allows for a smaller, fully closed ring.
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7. De-embedding works well to 90 GHz and DUT performance correlates very
well to simulation up to that frequency.

Cable Comparison, IL to 110 GHz
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8. Using a high-performance cable assembly with low-density PTFE dielectric
(Nitrowave LL110) improves insertion loss.
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Therefore, flexible micro-waveguide technology could be a
solution.

Using proper design considerations, flexible micro-wave-
guide technology can demonstrate excellent dynamic stabil-
ity with negligible change in performance compared to rigid
waveguides. This approach would offer flexibility and ease
of use at a reduced size, thereby supporting sub-terahertz
range frequencies.

Alternatively, work is being done to address bandwidth
expansion of 1-mm connectors beyond their traditional
110-GHz rated frequency in support of emerging D-band
applications. While 1-mm connectors for D-band aren’t
fully mature, using such connectors could bridge the gap of
familiar technology for test (with threaded coupling) ver-
sus using a novel interconnect solution to support the wide
range of frequency bands required for 6G systems.

Because loss performance of a test fixture can be optimized
when using a cable (instead of running the signal through a
PCB trace, as noted previously), combining next-generation
1-mm connectors with a highly stable, high-performance
microwave cable assembly could further improve loss per-
formance, especially in dynamic applications (Fig. 8).

In summary, this article describes methods to create an
optimal test setup for a PCB signal launch/interconnect de-
sign, including de-embedding techniques and calibration
using measured data. Methods such as these, combined with
new technologies in cables and connectors, will be critical
to the success of future 5G, 6G, and phased-array systems.
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