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Phased Array Testing: State-of-the-Art
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Serial and noncoherent methods:

• Rotating electrical vector method 

• Multiple detectors based 

Serial and coherent methods:

• Near-field scanning 

• Mutual coupling method 

Parallel and noncoherent methods:

• Code-modulated embedded test 

• Improved REV method

Parallel and coherent methods:

• CDMA based

• Multi-element phase-toggling method
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Code-Modulated Embedded Test
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CoMET operation:
1. Inject test signal to all elements.

2. Modulate each element using Cartesian code for 

phase shifter.

3. Aggregate all signals.

4. Square signals using detector, creating code-

modulated correlations.

5. Demodulate CORRELATIONS using code-products.

6. Extract amplitude/phase response.

• “Snapshot” of the array: simultaneously extract the gain and phase 

responses of all elements using power-only measurements. 
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Code-Modulated Embedded Test

• Limitations

– Code length scales with 

number of elements.

Advantages:
1. In parallel and in-situ

2. Power-only Meas.

3. Low overhead.

4. Extendibility.

5. Frequency agnostic. 

4-Element 60 

GHz RX
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Array-Under-Test 

• A 28-GHz 64-element phased-

array transceiver from UCSD to 

allow scaling experiments.

• Codes are applied to phase

shifters.

Front (8x8 

ant.)

2x2 TRX

Back 

(16 chips)RF 

combination

4-element Chip Diagram
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Test Setup  

1 meter

TX Horn

Antenna
RX Array

Agilent E8361C

Driver board

Arduino board

Computer
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Hierarchical CoMET

• Full N-element array is divided into M-

element sub arrays. One element is 

chosen as reference, then CoMET 

measures (M-1) elements each time;  

then measure the reference element.

• Take 8-element hierarchical CoMET as an 

example, one element is used as reference 

element, other seven elements are measured.

q Needs 10 sets of 8-element CoMET 

measurements

Reference

element

Measured

elements



9 <TU1F>-<2>

Gain and Phase Imbalance

• Imbalance between X 

and X+180° is large. 

Primary simulation 

indicates error close 

to half of imbalance.

• Need to use VNA-

measured data as a-

priori data to modify 

CoMET 

characterization.
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Measurement Results

• Results of 10 sets of 8-Element PM-CoMET to characterize across 64 

elements and 64 phase settings.

• 1.6 °and 0.2 dB RMS error against decoupled VNA results.

Phase Error Gain Error
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Measurement Results

• Results of M =4, 8, 16.

• Accuracy gets slightly worse when M increases.

M = 8

M = 4

M = 16

M = 8

M = 4

M = 16

RMS Phase Error across elements RMS Gain Error across elements

M Phase 

RMSE (°)

Gain 

RMSE (dB)

4 1.4 0.21

8 1.6 0.23

16 2.2 0.25
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Beam Patterns

• Calibration is done using both CoMET and VNA. 

• CoMET-calibrated beam is close to VNA-calibrated beam.
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Summary

• Hierarchical CoMET is introduced to avoid long codes.

• Hierarchical CoMET is implemented on a 64-element receiving array 

to achieve 1.6 °and 0.2 dB RMS error.

• Future work include:

–Compare the results when different elements are turned on. 

–Avoid use of VNA data to reduce error due to gain and phase imbalance.
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