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Integration antennas
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Integrated antennas need
better and faster OTA tests
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3 Big Challenges in RF
test and measurement

Speed: More antennas means more test
cases. Tens = tens of thousands.

Metrics: Integration between antennas
and RFIC means more tests are
performed OTA, it is increasingly more
difficult to perform them (e.g. noise
figure).

DUTs: No more access to RF input ports
- Autonomous emitters and receivers.



Reverberation chamber

DUT DUT

Integrating sphere lllumination from all sides
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Normalized power transfer [dB]
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Normallzed power transfer [dB]
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Steps of 3°

Normalized power transfer [dB]
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Statistically uniform field

Mean value of power transfer [dB]

“Sensitivity to positioning removed: a wireless connector”
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45.2 m3 <0.5m?

400 MHz — 30 GHz (rough estimate) > GHz - 170 GHz
NIST Antennex
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Stirring methods

« Many stirring methods exist:
* Mechanical
* Rotating
« Linear stage
» Oscillating wall
« VIRC
« Platform
 Frequency
« And more
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Statistical uncertainty

« Statistical uncertainty often dominant in RC

measurements 3!
° 1 1 \
Scales with /\/m [7]
« Trade-off between time and accuracy 25
* In this presentation 2}
« Spectrum: Nqg = 144 %
« 95% Cl: +/- 0.69 dB 15}

« <15 seconds
« CW: 4s zero-span, Nqg ~ 1k — 2k 1}
e 95% ClI: +/- 0.27 dB

X144

« <3 seconds 05 S| Vo.3azent
~{ X 1000
s Y 0.135209
- When using sufficient samples, other uncertainties will Lopeiil i e
. . . 0 1 2 3
dominate (cable movements, drift DUT/equipment, " ° e b

adapter unaccounted for, etc.)
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Basic setup

Electronic test
equipment

Using an RC vs an AC gets you from hours to minutes for power-based metrics. This has been shown
years ago.
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Test metrics with basic mode-stirring

Transmitting DUT

= TRP and PSD as function of frequency

= Power gain, P1dB

= |ntermodulation products, IIP3, OIP3

= Spectral regrowth, ACPR or ACLR

= In- and out-of-band emissions, LO leakage, harmonics
= Power-added efficiency, drain efficiency

= Antenna efficiency

Receiving DUT (depending on capabilities of DUT)
= Total received power or power density as function of frequency
= Receiver gain
= [ntermodulation products, IIP3, [IP2
= Spectral regrowth, ACPR or ACLR

26/5/26



ANTENNEX

TX — compression behavior

Solid line: OTA, circles: synthesized
20 ; . . : ; 26 . . : . :

« 8 GHz CW signal from

VSG
« OP1dB and IP1dB can be

derived

24

I:Jout [dBm]
N
N

System gain [dB]
N
o

-
oo

16

i 1 | 1 14 il 1 I ! |
30 -25 -20 -15 -10 -5 0 -30 -25 -20 -15 -10 -5 0

Pysg [dBm] Pysg [dBm]

15



Tx - spectral regrowth

8 GHz center
frequency
400 MHz BW
(multitone)
« 400.001 tones
 1kHz spacing
« Random phases
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Tx-TRP and OBW

« 8 GHz center
frequency
- 400 MHz BW
(multitone)
« 400.001 tones
« 1kHz spacing
« Random phases

TRP [dBm]

Solid line: OTA, circles: synthesized
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TX - use case
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100 GHz antenna-in-package of NXP

Tracking down LO bias instability using spectral analysis and an

RC
Virtually impossible in AC due to unpredictability of radiation
pattern
LO = 19.8GHz / IF = 19GHz|
: Desired
Undesired

90 91 92 93 94 95 96 97 98 99 100

Frequency [GHZz]

10

PSD [dBm/MHZ]

30

-35

-
[$)]
T

N
[=]

N
wm
T

ANTENNEX

F "

- d
LO=-7dB _in_
et 100 GHz antenna-in
LO = -5dB package,
LO = -4dB 64 element array [2].
LO=-3dB
LO=-2dB
LO=-1dB
LO = 0dB

96.3

96.4

96.6 96.7 96.8 96.9 97
Frequency [GHZ]

18



Speeding up TRP: Continuous
stirring and sampling
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- Continuous movement of stirrers
- Spectrum analyzer in zero span mode

- 2Ss per beamsteering angle

Using continuous mode-stirring and sampling
gets you from minutes to seconds (x100)

Can we go faster?
« Different mode-strring techniques
« Modulated signals



TRP in microseconds: using
modulation

No RF input!
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TRP in microseconds: using

modulation

4 GHz of BW in 40 us
- Perfect for frequency stirring!

TRP measurement within the time

of a single chirp (us), +/- 0.2 dB

- Approx. x108 speed up from RC
state of the art
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RCs | in the wild: Boeing

Technique invented by Dennis
Lewis, Technical Fellow at Boeing

737-400 Inside Paint Hangar

Dennis Lewis, Boeing
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The goal: do this for all metrics

Noise Figure
Radiation Pattern
Error-Vector Magnitude




ANTENNEX

Antenna noise temperature

2T TT

1
T, = Ef fR(H, ®) sinfdOld g
0 0

Integrate over a sphere the radiation pattern
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Noise figure — measurement setup

1 min for 1 GHz of BW

NF result includes

« Mismatch &
coupling

« Source-pull effects
(reference does not)

« Radiation efficiency

Low NF
Medium gain
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Radiation-pattern measurement

Multiple stirring + deterministic techniques
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No test time benefit compared to an AC (yet)
Credits: Remco Heijs, Antennex

Mode stirring
Mechanism
(unused)

Mode stirring
Mechanism

(unused) /
L .

Measurement
antenna
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Error-Vector Magnitude

Techniques based on correlation/modulation to equalize the RC channel + stirring.
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Conclusion
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Antennas and RFICs are getting more integrated

We need to bring the conducted types of
measurements to over-the-air methods with the
same speed and accuracy, RCs are good for
many of them

This will only be possible with close collaboration
between industry-institutes-universities. More
research needed on:

« OTAEVM

« RC modeling geometry optimization
« Electronic stirring
« Pattern testing

30
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Thank you for listening! ©

anouk.hubrechsen@antennex.tech

www.antennex.tech | info@antennex.tech
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