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APPLICATION NOTE 75

‘IN SITU’ MEASUREMENT OF [1 IN A VECTOR

LOAD PULLTUNER

Introduction

A vector load pull tuner is a device
(assembly) that includes an impedance tuner
preceded by a bi-directional signal coupler,
allowing this way to measure ‘in situ’ the
injected, reflected signal power and either
the input impedance of the DUT (/'in-source
tuner) or the load impedance /'t (load tuner).
In US patent 10,938,490 titled “Calibration
Method for Coupler-Tuner Assembly” /1/,
(October 2018), in column 1, lines 59-67, 1
mention that Simpson /2/, and Verspecht /3/
presume, without providing any evidence,
that direct in situ measurement of the load
tuner impedance at the test port, using the
coupled outgoing signals at ports 3 and 4, is
possible. Considering that the coupler
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Directivity D=S31/S41 is not infinite,
instead varying between <10dB and 20dB,
such direct measurement requires four-port
s-parameters of the integrated four-port
coupler-tuner assembly, which change as the
tuner probe (slug) moves (X,Y). The
situation would be different if one had
access to the internal ports 5,6 between the
coupler and the tuner, as would be the case if
the coupler were a separate device. In
10,938,490 I, therefore, concluded at that
time, that full calibration is the only way to
go. The present note shows that this is not
true and in-situ /1 measurement is in fact
possible without exhaustive calibration.
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The Method

To formally solve the problem, I introduce
an arbitrary internal virtual reference plan 5-
6 in the area between the coupling four-port
and the tuning two-port: the coupling four-
port has ports 1, 6, 3 and 4, and the tuning
two-port has ports 5 and 2. Ports 5 and 6 are
not accessible from outside; only four port s-
parameters Sij for {i,j}={1,4}can be
measured, using preferably a four-port
VNA, or switching connections, if such is
not available. These four equations describe
the coupler-tuner assembly. Thorough
algebraic analysis of equations (1) to (4)

(a3=a4=0), arbitrary tuning probe position

bl = S11*al+ S12*a2 (1)
b2 = S21*al+ S22*a2 )
b3 = S31*al+ S32*a2 3)
b4 = S41*al+ S42*a2 (4)

This result means that it is irrelevant under
which tuning probe conditions (Xo,Yo) s-
parameters of the assembly have been
measured. The input impedance of the
complete assembly uses the fixed s-
parameters Sij(Xo,Yo) and the variable ratio
b3/b4(X,Y) measured at ports 3 and 4.

C31 =S31 + S32*S21*['2/(1-S22*I'2)

References
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The actual coupling factor C31(X,Y) is / A% N .

MEASURE [ IN A VECTOR LOAD PULL TUNER

Eq. (1) to (4) yield a relation between 7%,
Sij and b3/b4 independently of the choice
of internal ports 5 and 6:

Solution of this set of always valid equations
yields (with fixed S1j=Si1j(Xo,Yo) and
variable b3/b4(X,Y)):
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/1/ Tsironis C., US patent 10,938,490, column 1, lines 59-67.

/2/ Simpson G., US patent 7,548,069, column 10, §S f), g), h).

/3/ Verspecht J., US patent 7,282,926, column 9, lines 50-67.
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Experimental evidence

Four-port s-parameters of a coupler-tuner assembly have been measured for a multitude (X,Y) of
tuner probe settings and [ (X, Y) has been calculated using fixed Sij and variable b3/b4:
S31— % (X,Y) = S41

Z—i(x, Y) * S42 — S32

b1
It=—=511+512+ . Sij# f(X,Y),  b3,b4=f(X,Y)

and compared with the measured I't . The difference is shown below:

n Error Remark: At high VSWR, b4 increases
4B - Leulated VSWR=9:1 (m(?re power is reﬂectefl back at the
" |I't. calculate tuning probe and leaks into port 4), and,
—I't(X,Y). measured| given the fact that [S42[>[S32), the

denominator [S42*b3/b4 - S32]
decreases, in which case even small

-40

- random (not systemic) errors due to the
complex VNA calibration, have larger
50 effect on the final result. The overall
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