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Motivation
]

There is an increasing need to actively load-pull and measure
very high power (>100W) devices.

Dynamic range of existing high power load-pull measurement
systems needs to be ‘manipulated’ WITHOUT impacting
measurement accuracy .

Need to calibrate and measure using the same test-bench —
usual approach.

PROBLEM - Broadband Calibration forces the use of low-
power levels, whilst measurements involve high-power levels.

Ideally, solution will not effect existing calibration software
routines
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Existing solution and associated
problems

z Using fixed attenuators fixes measurement dynamic
range

Cannot measure small signals when using large attenuation

Cannot measure large signals when using small attenuation

Changing attenuators forces system recalibration

I+

I+

I+

z Absolute power calibration step

+ Large ‘thru’ power required to obtain adequate signal levels
from attenuated directional couplers

+ Il High risk of overdriving power sensor (MTA) !!




Proposed solution
L |

z Introduce high-quality step attenuators into
coupled system measurement path.

z Use measured attenuator S-parameter to
correct measured voltage travelling waves.

Measurement system
configuration

Active Load-pull
section




Step attenuator Specification

FEATURES

Broadband DC-18GHz

70 dB attenuation in 10 dB steps

High accuracy ( 2% of dB reading
typical)

High repeatability (0.01 dB to 18 GHz
typically)

Environmentally rugged, small, long-life
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Measurement — S21 magnitude
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Measurement Specifics

CARDIFF

100 separate measurements
conducted for each state

Attenuator states changed between
measurements

+ Allows repeatability analysis
Repeatability of 0.03 dB (1SD) is achieved

over frequency range of interest (0 to 12
GHz)




Measurement — S21 phase
G

Required range

* Phase, as expected is highly linear,
for all attenuation states, and over the
entire frequency range

« By changing attenuator states
between each of 100 measurements,
repeatability can be quantified

*Repeatability of 0.2 degree (1SD) is
achieved over frequency range of
interest (0 to 12 GHz)

Correction procedure

Firstly —the usual approach

Incident ‘a’

(a+b)*Czo
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Correction procedure
The proposed approach
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Correcting for the presence of
Attenuators

Method-1  Averaged measured s21 and linear interpolation
Method-2  13-coefficient polynomial fit

IMPORTANT - Correction data must be valid for any frequency within
defined measurement range.

Using a function-fit offers a neat solution to this problem




Results (Method 1)
Using Averaged S21 data
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Measurement Conditions
Fixed RF input signal
Measure for each attenuator stage.

Correct using averaged S21-parameters
0.063 dB

Results

- No detectable change in time-domain
measurements at single frequency (840 MHz)
0.063dB variation in corrected measurement
across attenuator states

Results (Method 2)

Using polynomial fit of S21 data
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Measurement Conditions

Fixed RF input signal
Measure for each attenuator stage.

Correct using Fit curve S21-parameters
0.076 dB

Results
No detectable change in time-domain
measurements at single frequency (840 MHz)
0.076 dB variation in corrected measurement
across attenuator states




Results (Method 2)

Using polynomial fit of S21 data — Non Sinusoidal data
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Measurement Conditions
- Introduce non sinusoidal

- Fixed RF input signal
- Measure for each attenuator stage.

- Correct using Fit curve S21-parameters
Results

No detectable change in time-domain
measurements at single frequency (840 MHz)
0.09 dB variation in corrected measurement
across attenuator states

Conclusion
C ]

z High quality step attenuators can be used to solve
the dynamic range problem in High Power waveform
measurement systems.

z Approach is non-invasive and allows the correction
to exist outside' established calibration and
measurement software.

z Using polynomial function-fits of the measured
attenuator s-parameter data allows highly
compressed correction data, and use at any
freq(ljjency within operational range of attenuator
used.




Future work
]

z Fully integrate attenuators into high-power
measurement system

z Further demonstrate that system calibrates correctly
and that waveforms can be accurately measured.

z Further extend dynamic range by introducing
attenuator auto-ranging.

z Introduce attenuator self-monitoring mechanisms.

Thank you for your attention

Questions?




