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* The basic concept of Load-Pull
* Methods of calibration and verification

* Impact of Accuracy on measured device
performance parameters

* Suggestions for improving accuracy of measurement

* Suggestions for improving speed of characterization
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Methods of Calibration

- TRL - Generally the best method for fixture-based load-pull
due to highest accuracy in source match error term

- TRL* - assumes switch terms are equal - not recommended
for load-pull in general, either fixture-based or on-wafer

- LRM - often used in multi-line TRL to capture lower
frequencies or for on-wafer calibration
- if the MATCH is characterized a priori, LRM offers high
accuracy in source match, especially the real part

- LRRM - a generalization of LRM used mostly for on-wafer
applications

+ SOLT - one of the most common methods in general due to
simplicity, especially with ECal
- not recommended due to poor source match
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Load-Pull Measurements

Power Block Diagram
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Typical System Setup
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Verification of Accuracy

- One measure of accuracy is Transducer Gain difference (dGt)

* The system is in the THRY c9nfigyr§_ti|%{1|,z S, =1

- dGt is the differEneé hetnegn e measded Transducer Gain
Gt and the concatenated S-parameter blocks
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Effect of Inaccuracy on Efficiency

- For high efficiency amplifier
evaluation, load pull accuracy is 8
paramount

- If the loss in the output section of EEE|
the impedance transformer or LP \ \ = \
system is 0.5dB, the efficiency
error at 50% efficiency is £6%.

- For a 100W device in Class AB,
the difference in dissipated power —
is 27W or a junction temperature . i 1/
difference of almost 12° . [dot="0.308] ‘

- For Class-F operation, the ’ 2RI ooi=base]
efficiency could be as highas 70% 1 2 2 2 = w 7 e 0 o
the difference is now 8% or a Eficiency (%)

junction temp. difference of 18 °

Efficiency Error due to delta Gt
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8% may be the difference between overdriven Class-AB and Class-F
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Effect of Inaccuracy on Peak power

- The effect of dGt on peak power increases proportionally to power level

Peak Power error Vs. Calibration Error

dGt=0.5dB

S

dGt=00B
dGt=-0.50B

Peak ﬁé\;ver (W)
-0.5dB in inaccuracy in dGt is approximately 12% peak power error.

- 100W amplifier would be rated as ~88W or ~112W for a -0.5dB and a +0.5dB
error, respectively
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Achieving Load Pull Accuracy

. - 7mm connectors are used

Effect of Source Match
. s at all measurement
5 2 reference planes
g5 : E g f A 7mm connector has a typical
=g b5 o5 VSWR < 1.005 @ 2GHz
5
- TRL calibration combined

.~ = - - - | with high dynamic range

Residual Source Match (dB wrt

500hms) VNA can yield source
match of < -45dB!
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Achieving Load Pull Accuracy (2)

f Using a dense impedance distribution during tuner
characterization improves accuracy

f Interpolation algorithms are improving daily 6000pts
Typical Source and L oad
Tuner Impedance Coverage

/

f Appropriate torque
> Do not tighten by hand ! or with avice !!; 7mm connector
requires 12 Ibs inch of torque
f Clamp Stand
> Appropriate clamping pressures ensure sound thermal and
electrical grounding
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Typical dGt Verification Plots

dG, =- 0.223dB

Typical accuracy achieved is adelta Gt ~ 0.25dB at gammas of
0.93-0.95 and <0.1dB inside the measurement region
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High Power Load Pull Stations

The Load-Pull systems at Freescale
constitute the technology and
design’s evaluation backbone

Internal drivers are formulated on
frequent basis in order to enhance
and remain in tune with the
emerging linearization and EET

Our focus at the present time is the
complex waveform IMD extraction,
complex 1Q, EDGE and more..
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On-Wafer Load Pull Station

The on-wafer LP station is
primarily used for device
technology evaluation

50R probes are used for small
periphery devices. Transforming
probes are used for larger
periphery DUT'’s (1W and above)
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Improving Characterization Speed

MATLAB mesh

Measured

2-D Splines from RBF

Contours of
Spline surface

%, Slide 15
S
7 f ' ™ Freesc: jconductor Conident / Information. Freescale  and the Freescale logo are trademarks of Freescale
% 1reescaie Seicondaco, n. A e rod s are the roperyof el especive owners.  Freesi oo, n. 2005,

'semiconductor

Reduce the number of measured points

-

Select ~ 30 points from the set of Error surface between measured
100 measured impedance points data and spline model from
reduced data set
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Interpolation between Spline Surfaces

Gain over impedance as a
function of drive-up power
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Summary

. Calibration methods used in Load Pull measurements were

compared
f The TRL calibration method is the method of choice for fixtured systems

- The impact of inaccuracy during Load Pull measurements

was discussed
f A 0.5dB dGt on the load side, can have a 12% yield/cost hit on a wafer process
f This is not acceptable for today's high efficiency PAs
f dGt affects the efficiency on a rolling scale; the higher the efficiency of the
DUT, the higher the apparent efficiency error

- High accuracy may be achieved by following a few
straightforward guidelines

- Speed up of characterization using data reduction & fitting
Calibration Time v Accuracy
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