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5G Frequency Bands and Applications
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5G-NR OTA Testing Challenges
• 5G-NR AIP modules came in different sizes and 

configurations.

• They are composed of multiple dual-polarized patch 
antennas for top firing and in some configurations also 
dipole antennas for side firing.

• A 5G-NR cellphone will contain multiple modules and they 
might also not be all equal in terms of antenna 
configuration. 
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Types of AiP Packages

Source: Curtis Zwenger, Vik Chaudhry [Amkor Technology], “Antenna in package (AiP) technology for 5G growth , Chip Scale Review March/April,2020
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AiP Example: Samsung S20 + 5G 
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5G-NR OTA Testing Challenges
• The 3GPP standard defines the following OTA test methods for 5G-NR:

• Direct Far-Field 
• Indirect Far-Field (e.g. Compact Antenna Test Range, CATR)
• Near-Field to Far-Field Transformation

• For high-volume production of antenna-in-package (AIP) modules with ATE, lower cost approaches 
are needed.

Figures from the 3GPP TR 38.810 V16.1.0 (2018-12) document

Direct Far-Field Indirect Far-Field
Near-Field to Far-Field 

Transformation
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Indirect Far-Field 5G Compliant Reference 
Measurement Setup at Advantest R&D
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Near-Field vs Far-Field

• Far-field: angular variation independent of distance; locally plane waves 
• Reactive near-field: non-radiating fields dominate
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This is the best region for OTA testing. But its mechanical 
requirements makes multi-site integration challenging

This is not a good region for OTA testing. But its mechanical 
dimensions makes multi-site integration in a standard test cell possible 
(high multi-site count)



Reactive Near-FieldRadiating Near-FieldFar-Field
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ATE OTA Testing Options with V93000 WSMM CC

Patent Pending



OTA Test Strategies
OTA Test Strategy Advantages Disadvantages

Far-Field Antenna • Far-field measurement.
• DUT antenna array is not impacted (detuned) by 

the measurement antenna.
• Easiest setup to correlate with measured data 

using 3GPP compliant methods.

• Integration in standard ATE test cell difficult due to mechanical 
dimensions.

• Multisite implementation is more complex.
• High cost of test for volume production.

Radiating Near-
Field Antenna

• Easy integration on standard ATE test cell.
• Easy multisite implementation.
• Low cost.

• Measurement antenna might have an impact on the DUT antenna 
performance (detuning and standing wave effect).

• Possible different distances between the measurement antenna and DUT 
antenna array elements.

• If “golden device” calibration is used, results are critically dependent on 
"golden device" performance. No absolute measurements possible.

Reactive Near-Field 
Probe

• Probing measurement elements have a minimal 
impact on the DUT antenna.

• Each DUT radiating element is individually 
measured.

• Easy integration on standard ATE test cell.
• Easy multisite implementation.

• Complex design with high NRE and manufacturing costs
• Long lead-time.
• Higher loss due to weak coupling of the probes to the DUT radiating 

elements.

OTA Loopback • Very low cost. • Failure coverage depends on implementation approach and available 
BIST structures.

• Power/phase calibration very challenging.
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Low-Cost Radiating Near-Field  Manual OTA Socket

DUT to measurement antenna distance of ~11mm
DUT (surrogate package) on an 
elastomer type socket (0.4 mm pitch)

24 to 30 GHz dual polarization patch 
measurement antenna

28 GHz signals from measurement antenna 
to ATE measurement system
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Radiating Near-Field OTA: Measurement Antenna Options

Antenna Type Advantages Disadvantages

Open Waveguide • Full metal design allows precise 
manufacturing control and performance 
invariance to temperature.

• Larger size than a PCB antenna can result in a more complex 
mechanical integration.

Dual Polarized 
Patch Antenna

• Small size and low cost.
• Allows separate polarization measurements.

• Requires two measurement resources or a switch.
• PCB manufacturing variations.

Circular Polarized 
Patch Antenna

• Small size and low cost.
• Only requires one measurement resource.

• Cannot measure the two linear polarizations independently.
• Performance impact due to PCB manufacturing variations 

and temperature.

Dipole Antenna • Direct measurement of DUT dipole antenna 
arrays.

• Performance impact due to PCB manufacturing variations 
and temperature.
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Near-Field OTA Handler Integration Options

Dead Bug Live Bug Without Measurement Antenna Disconnect

• For discussion simplicity we assume a top firing (patch antenna array) only AIP DUT.
• Three different approaches are possible for the AIP DUT handling in a handler test cell setup: dead bug, live 

bug without measurement antenna disconnect and live bug with measurement antenna disconnect.

Live Bug With Measurement Antenna Disconnect

(not possible for reactive near-field)
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Far-Field OTA Handler Integration
• Apply temperature to whole anechoic 

chamber is not realistic
• Apply temperature only to small area 

around DUT and socket
• Can be integrated to Advantest M4841
• Can also be integrated into non-

Advantest handlers.

Measurement 
antenna

Chamber 
door

Load Board

Socket

Air cylinder

Coaxial cable 
to Tester

Temperature 
chamber

Pusher

Shield and RF 
Absorber box

Electro-magnetically 
transparent material

OTA Test Unit

M4841 Tri-temp Handler
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OTA Handler Integration Options
Good Acceptable Bad

Item Near-field Dead bug Near-field Live bug without 
measurement antenna disconnect

Near-field Live bug with measurement 
antenna disconnect

Far-field Live bug without 
measurement antenna disconnect

Measurement 
antenna 
connection

No measurement antenna 
disconnect. Does not require a high 
reliability blind mating mmWave 
interconnect.

No measurement antenna disconnect. 
Does not require a high reliability blind 
mating mmWave interconnect. Not usable 
for reactive near-field OTA.

Antenna is mounted on the handler 
plunger. Requires a high reliability blind 
mating mmWave interconnect (e.g
waveguide)

No measurement antenna 
disconnect. Does not require a high 
reliability blind mating mmWave 
interconnect.

Electrical side 
contactor

Need longer electric length and 
double the number of contacts due 
to top side contact but for only 
DC/Digital and IF RF signals

Standard socket design Socket design needs to include the blind 
mating mmWave interconnect for the 
measurement antenna signals 

Standard socket design

Thermal control Temperature controlled air blow 
and socket temperature control

Temperature controlled air blow and
socket temperature control

Temperature controlled air blow and
socket temperature control

Temperature chamber or 
Temperature controlled air blow

Socket size Small. 80mm pitch x8 testing is 
possible

Small. 80mm pitch x8 testing is possible Blind mating mmWave interconnect takes 
additional space limiting multisite 
implementation 

Small. But far-field measurement 
approach makes multi-site very 
complicated.

Contact motion Normal Z motion Need Y-Z motion, 4x2 layout is difficult Normal Z motion Need Y-Z motion 

Device handling Need flip mechanism Need special handling arm Need special device pickup structure for 
plunger

Need special handling arm

Handling arms for 
Contact area 

Only contact arm.
Can be integrated to standard 
handler

Need device in/out arm and contact arm. 
Can be integrated to standard handler with
modification

Only contact arm.
Can be integrated to standard handler

Need device in/out arm and contact 
arm. Can be integrated to standard 
handler with modification
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Concept:
• OTA Test Unit can be attached to existing 

handler without mechanical modification.

• Parallelism
• Far-Field : x2
• Near-Field : x8

• Temperature : LT to HT

M4841 Handler

V93000
+WSMM CC

Far / Radiating Near-Field OTA Handler Integration
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OTA Test Unit
(Also available for
non-Advantest Handlers)

Advantest OTA Test-Cell



OTA Test Unit docked 
to the handler

Side view

Side view
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Receive devices from 
contact arm of the handler

Plunge devices to the socket 
and execute OTA test

Far / Radiating Near-Field OTA Handler Integration



Handler Integration Prototype: Radiating Near-
Field Without Antenna Disconnect
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• WR28 based waveguide blindmating
interface

• Advantest custom design for handler 
integration

Handler Integration Prototype: Radiating Near-
Field With Antenna Disconnect
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Waveguide Blindmating Interconnect Reliability 
Testing Results

• For handler integration reliability is critical
• Results with 1 million insertions show better 

than +/- 0.1 dB variation on the insertion loss.
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Example: Manual Socket to Handler Correlation

Manual socket Handler unit

Because of handler integration pusher mechanical requirements, some changes are required on the 
antenna implementation but with careful design, good correlation can be achieved.
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Example: Antenna Connection Options Correlation

Handler unit without Antenna Disconnect Handler unit with Antenna Disconnect
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Conclusions
• There are multiple options for OTA testing. There is no optimal choice. It 

depends on the test coverage requirements, cost of test requirements and 
also where on the product life cycle stage one is (characterization, early 
production ramp, high volume production, etc…).

• Advantest has developed solutions for all OTA testing options.

• The radiating near-field approach has several drawbacks but is the easiest 
and lowest cost approach for OTA.

• Solutions for multi-site integration in a standard ATE test cell are available 
from Advantest.
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ELASTOMET SOCKET & INTERPOSERS
• High performance and competitive price

• High speed & RF device capability 

• Various customized design to meet challenge requirement 

POGO SOCKET SOLUTIONS
• Excellent gap control & long lifespan

• High bandwidth & low contact resistance 

THERMAL CONTROL UNIT
• Extreme active temperature control

• Safety auto shut-down temperature monitoring of the device & thermal control unit

• Full FEA analysis & Price competitiveness 

BURN-IN SOLUTIONS
• Direct inserting on the board without soldering

• Higher performance BIB solution 
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