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Abstract

Preparing Vector Network Analyzer (VNA) measurements we
use a handheld multimeter to check if a matching load is de-
fective or damaged. Could we salvage such loads by using them
as non-matching VNA calibration standards? In this paper, we
present our simple technique we apply to estimate that, by
demonstrating the measurement results of various loads, re-
gardless of their operational state, all claiming to be of
the same nominal matching value. Our evaluation is both di-
rect and indirect, by respectively considering each of them,
either as a Device Under Test (DUT) or as a Standard with DUT
the constructed by us DC Resistance Box that we steadily use
for reference. Notably, the measurements were conducted in
different time periods of the past, by using three different
measurement systems mainly consisting of three different VNAs
of the same type, three different frequency generators, and
three different frequency counters. However, as the time was
passed, a number of technical problems were arose from the
desynchronization of automated measurements. So, to success-
fully resolve these problems, it was needed to appropriately
reprogram our basic software application by which we coordi-
nate the measurement devices participating in the VNA systems
using the HP-IB interface. Well, under these circumstances we
measured ten loads; the eight of a given uncertainty.

Keywords

Microwave measurements, network analyzer, differential er-
ror region, differential error interval, calibration, cali-
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Introduction work Analyzer (VNA) it is ab-

It is well known that in Solutely necessary to perform
order to take accurate mea- calibration. Standard loads

surements of the Comp]_ex S are used for this Operation.
parameters with a Vector Net- Namely, for one-port measure-
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ments, the commonly used stan-
dards are the SLO standards,
with nominal values for their

reflection coefficient -1, 0,
1 respectively. From the one
hand for the open 1load, we

can leave the measurement port
open with generally good -
acceptable performance. From
the other hand a short load
is most easy to be cons-
tructed with great accuracy.
Thus, what remains is the 50
Ohm standard 1load, which is
the most difficult load since
it is expected to have zero
(0) reflection coefficient
with undefined phase. Indeed
manufacturers give signifi-
cantly greater uncertainty for
this load. It follows, there-
fore, that this 1load is of
extreme importance for the
measurements. A defective or
damaged 50 Ohm standard Tload
will produce undefined re-
sults for the unknown DUT.

wWith this fact in mind, we
bought a number of used 50
Ohm HP 909A male loads and
some other 50 Ohm loads, and
together with our HP 909A male
standard we performed a se-
ries of measurements with com-
mon the open and short loads.
Thus, we formed different ca-
libration sets which we ap-
plied to the measurement of
the 50 Ohm-box [1] as the un-
known DUT. A1l the measure-
ments were performed with HP
8505A VNA 1in a period just

The presented comparison
results were taken from mea-
surements with three differ-
ent HP 8505A VNAs, in differ-
ent time and with different
measurement systems. During
this task several problems
came out especially with the
used external frequency gen-
erators. Solutions were given
with appropriate changes in
our software application for
automated control of all the
involved devices [2].

A short description of the
three systems

a. The first system

The first measurement sys-
tem was the type-N, Zg=50 Q,
measurement system the one de-
tailed described in [3]. This
system is no more available
since it was a university pro-
perty. We repeat here, for com-
pleteness reasons, the speci-
fic used devices:

(i) HP8505A Opt OO5PL VNA with
(ii) Opt 007 HP8501A Storage
Normalizer,

(iii) HP8660OC Synthesized Sig-
nal Generator with

(iv) HP86603 RF Section,

(v) HP5340A Opt 011 frequency
counter,

(vi) a HP85032A 50 Q Type-N
Calibration Kit,
(vii)HP85032-600110pen/Short,
(viii) HP 8502 Transmission/
Reflection Test Set,

before the NanoVNA era. (ix) HP11501A-183 cm RF Ca-
ble, and
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(x) HP-IB IEEE488 82335B/8-
bit ISA Interface Card under
the control of an AMD486/66
PC. This system operated from
1 to 1300 MHz with 100 Hz PLL
stability in CW (non-sweep)
frequency mode, full automa-
ted using a software applica-
tion developed by us with Vi-
sual Basic 3.0 under Windows
3.11 [2].

All the initial measure-
ments of the 50 Ohm-box was
carried out with this system
and which constituted a very
good basis for the measure-
ments with all the systems
used by the antenna research
group in the following years.

b. The second system

The second system was a
type-N/APC-7, Zg =50 Q, mea-
surement system with the fol-
lowing devices:

(i) HP8505A Opt 0O5PL VNA with
(ii) Opt 007 HP8501A Storage
Normalizer,

(iii) HP8660OC Synthesized Sig-
nal Generator with

(iv) HP86603A RF Section (1-
2600 MHz),

(v) HP5340A Opt 011 frequency
counter

(vi) HP11512A Short Load,
(vii) HP9G9A type-N male 50
Ohm standard load,

(viii) HP8503A S-parameter Test
Set with APC-7 output connec-
tors,

(ix) HP11524A APC-7 to type-N
female adapter
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(x) HP-IB IEEE488 82335B/8-
bit ISA Interface Card under
the control of an AMD486/66
PC. This system operated from
1 to 1300 MHz with 10 kHz PLL
stability in CW (non-sweep)
frequency mode.

All the devices were se-
cond-hand and an extensive
period of tests was needed in
order to make reliable mea-
surements. Thus, we first
changed all the fuses on the
VNA parts, having a damaged
fuse on the Normalizer since
it was not a slow-blow fuse.
Anyway, we did not use this
part of the VNA. Then a mal-
function in CW mode was ob-
served. Only CW=zxAf with Af
=0 was possible and that was
a real problem for us. Fortu-
nately the test for communi-
cation via the HP-IB inter-
face was successful with both
listen and talk functioning
and with CW mode 1in order.
The next tested device was
the frequency counter which we
finally abandon, since its
performance was not stable
over the whole frequency ran-
ge, there was a big delay to
respond via the HP-IB inter-
face and although its role
was auxiliary but enough im-
portant for the accuracy of
the locked frequency on VNA,
it was the one that made al-
most impossible to the whole
system to operate normally.

The most critical device

was the Synthesized Signal
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Generator since the stability
and accurate determination of
frequency on VNA was depended
on it. Various tests were per-
formed but although it seemed
to communicate via HP-IB how-
ever the first attempt of au-
tomated measurements failed.
It was obvious that the Phase
Lock Loop could not be estab-
lished. We made measurements
manually (12 frequencies, from
2 to 1289 MHz with step 117
MHz) and we noticed that the
VNA's Source was stable
enough. A comparison of those
measurements with our third
system and with the initial
results for the 50 Ohm-box,
as will demonstrate in the
next section, was very pro-
mising that the system could
operate well. After that we
checked the signal level of
the Generator and we found it
rather low. With an oscillo-
scope we observed that the
sinusoidal signal of the Gen-
erator was right, as well as
the VNA’s Source. We put them
all again to operate and we
noticed that the frequency
output of Generator was fluc-
tuating. The decision was to
increase the signal level
both of the VNA’s Source and
of Generator via HP-IB inter-
face. And that was the solu-
tion. Obviously the frequency
was now locked and the signal
level was good, as shown in
Tab. 1 for some tests via HP-

output frequency of the Gen-
erator using a procedure ana-
log to the one used for the
VNA’s Source. A subroutine for
the frequency feedback to the
Generator was written. The
frequency counter was now con-
nected such as to show Genera-
tors’ frequency and not that
of the VNA and not in remote
control. Several delays were
added to the program in order
to give more time to the VNA
to talk after frequency lock.
The flow graph of the feed-
back routine is shown in Fig.
1, where:

fr: the frequency sent to the
Generator

fa: holds the integer value
of fr

Nsource(fa): subroutine that
sends the value fa to the
VNA’s Source which talks for
the first time

fb: keeps the value of fa

fi: the frequency from the

Source - talk second time

ifd: the absolute value of
the difference between the
initial frequency with that
of the Source

0.01: the frequency accuracy
as it 1is exported from the
VNA's Source after talk. Two
explicitly stated "if ... then"
commands are used. When the
frequency counter was part of
the system this accuracy was

IB interface. Thus, the only g g607 " \hich is a signifi-
issue was to stabilize the
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cant difference between our
old first system with this
one. Thus, at the end of the

loop we add to the initial
frequency half of the differ-
ence and send it again to the
Generator via [gener] subrou-
tine.

c. The third system

The third system was a ty-
pe-N/75Q, Zg = 50 Q, measure-
ment system with the follow-
ing devices:

(i) HP8505A Opt ©O5PL VNA with
(ii) Opt 007 HP8501A Storage
Normalizer,

(iii) HP8644A Synthesized Sig-
nal Generator, Opt 002, REV.
2, 0.25 - 2060 MHz

(vi) HP11512A Short Load,

(v) HP909A type-N male 50 Ohm
standard load,

(vi) HP8503B S-parameter Test
Set with 75 Ohm output con-
nectors,

(vii) HP 11852A Minimum Loss
Pad, 5.7dB, dc - 1.3 GHz, 50
Ohm N(f)/75 Ohm N(m) adapter,

viii) HP-IB IEEE488 82335B/8-
bit ISA Interface Card under
the control of an AMD 486 /66
PC. This system operated from
1 to 1300 MHz with 10kHz PLL
stability in CW (non-sweep)
frequency mode.

fr
fa=int(fr)
Nsource(fa)
fb=fa

—

i
fd=fr-fi
ifd=|fd|

fb=fb+fd/2
gener(fb)

Fig. 1: Frequency feedback
routine for Generator

Tab. 1: Frequency lock with signal level ~ -16dBm
VNA Source | Generator open measurement
2.01 3.07 -00172E-2 -0055E-1
119.01 119.83 +00000E-2 +0146E-0
236.00 236.85 -00004E-2 -0714E-1
358.01 353.83 -00007E-2 +0701E-1
470.00 470,25 -0022E2-2 -0145E-0
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Many tests were carried out,
as was the case for the sec-
ond system, as the devices we-
re also second-hand. Measure-
ments were taken manually from
the VNA alone in 12 frequen-
cies from 2 to 1289 MHz with
step 117 MHz with a very good
agreement with the initial re-
sults for the 50 Ohm-box. But
when we tried to use the HP-
IB interface the Processor unit
could not "talk". Searching
the manuals showed that three
parts were involved:

A3A19: 08505-60017: Signal Pro-
cessor I/0 Storage Assembly

A3A20: 08505-60018: Signal Pro-
cessor I/0 Control Assembly

A3A21: 08505-60019: Signal Pro-
cessor HP-IB Buffer Assembly

The A3A20 card was the most
likely to have problem. We
did find such a card to an
old damaged unit from ebay
and we exchanged it and the
communication via HP-IB was
restored. Both talk and 1lis-
ten were working fine again.

Since the external genera-
tor was totally different we
had to change the related rou-
tines in our application in
order to achieve its smooth
communication with the VNA
via HP-IB and we increase the
delay between successive talks

put signal 1level on the ge-
nerator. We took measurements
of the 50 Ohm-box with ©dBm
and 10dBm. A small disturban-
ce appeared at the measure-
ments thus we repeated the
whole procedure with our se-
cond minimum loss pad. The
results will be presented in
the next section.

Initial test measurements

The first results shown in
Fig. 2 concerns the measure-
ments that were taken manu-
ally for both the 2nd (#2-M)
and the 3rd (#3-M) system in
comparison with those of the
1st system (#1) for the 50
Ohm-box with full one port
calibration. In addition the
corresponding automated mea-
surements by the 2nd system
(#2-A) are shown, where the
CW mode was possible via HP-
IB as mentioned above. The
vertical 1lines represent the
DEIs of these measurements.
For the 2nd and 3rd systems
the signal 1level on VNA was
-10dBm and on the Test Set
0dBm with the Vernier at -12
dBm and frequency range from
2 to 1289 MHz with step 117
MHz. The different Test Sets
HP8503A and HP8503B respec-
tively required the use of
different adapter: APC7/N-f
and Minimum Loss Pad 50 Ohm
N(f)/75 Ohm N(m) respectively.

of the VNA’s Processor from Other settings were: Range
360 to 600 msec. Several test MHz: 0.5 - 1300, Mode: Lin-Ex-
were made by varying the out- pand, Width: CwzxAf, Af=0
FUNKTECHNIKPLUS # JOURNAL v1-18 ISSUE 38 — YEAR 13
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and CW for 2nd and 3rd system

respectively, Trigger: Line,
Scan Time sec: Min 0.01, Mar-
ker 1. The results were very

good for both systems.

Fig. 3 shows our first
failed attempt to take auto-
mated measurements from sys-
tem 2, in the range 800 -
1200 MHz with step 20 MHz.
There is clearly an unjusti-
fied variation which is at-
tributed to the fact that es-
sentially the measurements of
the three standards and the
DUT were not taken at the
same frequency since the pha-
se-locked loop was not func-
tioning. Fig. 4(a) shows the
difference between the mea-
surement frequency of each of
the four loads and the base
frequency, AF [MHz], with RGB
color for the SLO standards
and in black for the DUT.
Figs. 4(b) and 4(c) shows for
the same frequency range what
was expected to be these dif-
ferences if the frequency lock
was functioning correctly. The
differences must take the va-
lues -0.01, 0. and 0.01, sin-
ce this is the available lock
accuracy (0.01 of MHz) for the
2nd system. Thus, it is obvi-
ous from Fig. 4(a), that the
range [-1., 1.] of MHz does
not guarantee reliable mea-
surement results.

Fig. 5 shows a comparison
of the 50 Ohm-box input im-
pedance from the 1st system
after calibration using as

TUESDAY 30 SEPTEMBER 2025
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Open load: i) the open port
of the test set with black
color and ii) the open stan-
dard load mentioned above in
red. Obviously, there is no
significant difference between
the results, thus we decided
to leave the measurement port
open during the calibration
procedure for the 0 load.

Fig. 6 shows the results
from the 3rd system using the
same minimum loss pad to con-
vert the 75 Ohm type-N test
port to 50 Ohm type-N female,
and 0dBm signal level at the
Synthesized Signal Generator
with red color while in green
with 10dBm signal level. The
differences between these two
measurements and both with
our reference in black color
are almost negligible.

Finally, in Fig. 7 a com-
parison between the results
for the 50 Ohm-box using 0dBm
at the Generator and two dif-
ferent pads (1 in red and 2
in blue color) shows some
slight differences which we
should probably attribute to
the second minimum loss pad.
Furthermore, all the results
from system 3 shows a small
but visible discontinuity -
"jump" at ~275 MHz, like tho-
se we have observed in Nano-
VNA H4 models [4], which af-
ter that experience may be
attributed to the behavior of
the second-hand HP8644A but
further research is needed.
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Ten different 50 Ohm loads

The 2nd system was sele-
cted to measure ten (10) dif-
ferent 50 Ohm loads, all ty-
pe-N male: (H1) the standard
HPO9O9A load that was used for
a log period for our measure-
ments and proved to be well
behaved, thus it could be used
as the reference load in or-
der to characterize the oth-
ers, (H2) a second-hand HP808A
load, (H3) - (H8) six second-
hand HP909A and (D1), (D2)
two brand new NoName dummy
loads. Initially we made the
measurements of these 10 loads,
the open and short for the
calibration and of the 50 Ohm-
box as DUT, supposing that
all the 10 1loads are good.
Then we performed SLO cali-
bration for each one of the
50 Ohm 1loads with common the
open and short and extract
the results for the DUT.

Fig. 8 shows the DUT re-
flection coefficient on the
complex plane and Fig. 9 its
input impedance, for all ca-
libration sets. Obviously some-
thing went wrong. A measure-
ment of the 50 Ohm loads with
a simple multimeter proved
that H2 had a dc value of 63
Ohm instead of a value near
50 Ohm and H8 showed 110 Ohm.
Fig. 10 shows the comparison
between DUT’s input impedance
from system 1 and after these
two calibration sets from sy-
stem 2.
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In this figure, we have also
added the corresponding DEIs
for the three results of R, X
to make it clear that under
no circumstances could the
measurements based on the
loads H2 and H8 be accepted
in order to characterize this
specific DUT.

The next step was to use
the so far well behaved stan-
dard load H1 as part of the
calibration procedure and to
face all the others nine (9)
loads as DUTs. The results
for their reflection coeffi-
cient are given in Fig. 11 on
the complex plane. The corre-
sponding input impedance 1is
shown in Fig. 12. For a 50

Ohm load we expected a value
near © for S44, near 50 Ohm
for the real part R and near
© Ohm for the imaginary part
X of its input impedance Zjpp.
The accepted interval for Sqiq
is represented with the gray
circle of 0.029 radius, a
value that corresponds to the
1.06 SWR available for the
HP9O9A load [5] and a +~3 Ohm
for R represented as a gray
strip in Fig. 12. The manu-
facturer of the two NoName
dummy loads had provide no in-
formation about their uncer-
tainty and the HP808A load
has a little less SWR of 1.05

[6].
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In order to take a closer
look to the behavior of the
other seven (7) loads we re-
draw Fig. 11 excluding H2 and
H8. Thus, from Fig. 13 as a
first step the dummy 1load D2
can be excluded immediately,
since it is out of the 0.029
circle for higher frequencies
and as a second step by vi-
sual inspection the signifi-
cant greater range of values
for the other dummy load D1
and for the H7 load drives us

to further remove these two
loads. Fig. 14 shows the rest
four (4) loads H3, H4, H5,

and H6. They all have reflec-
tion coefficient values near
the nominal value of 0 and
could be characterized as
good loads. However, trying
to classify them, we created
Fig. 15 for the magnitude of
their input impedance as a
function of frequency and
Fig. 16 for the euclidean di-
stance of their input imped-

ance from 50 Ohm, dsg, based
on the relation
dgo = \/(50 - Ri)2+(0 - xi)z (1)

where i = 3, 4, 5, 6.

From Fig. 15, only with vis-
ual observation, we can again
say that H4 and H6 appear as
a little worse than the other
two H3 and H5. But Fig. 16 is
what orders them finally and
essentially. The Mean Value
(MV) of the distances through-
out the examined frequency
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band shows that the loads H4
and H6 are of the same order
and correspondingly H3 and H5
of the same, clearly better,
order. With these data, we ha-
ve chosen to keep apart the-
se two loads and use the load
H5, the better of all, as a
replacement for our old H1
load. Fig. 17 shows the rele-
ction coefficient of the 50
Ohm-box on the Smith Chart:
(a) from system 1 and from
system 2 using the three cal-
ibration sets with H1, H3 and
H5 as 50 Ohm standards, (b)
since the results are all too
close, almost identical, only
one stripe of DERs is shown
and (c) the stripe of DERs
and the result with H5 as 50
Ohm standard load.

Finally, it is worth to
examine in more detail the
readings of system 2 [7] on
the complex plane in Fig. 18:
(a) s, 1 (H1), o and m, (b)
all Hi (i =1, ., 8) and D1,
D2, (c) H1, (d) H3, (e) H4,
(f) H5, (g) H6, (h) D1, (1)
H7, (j) D2, (k) H2, (1) H8,
with H1 to be present to all
figures and the axes scales
to be adjusted appropriately
to make them better visible.
It is evident even from these
readings that the couples
(H2, H8) and (H7, D2), are
much different from the other
loads, with a clearly greater
value variation, far from what
is expected for a good 50 Ohm
matching load.
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Fig. 14: Sq1 of H3, H4, H5, H6 as DUTs with H1 as reference
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(c) p, p-DERs (H5 Load)

Fig. 17: Reflection coefficient p (S44) on the Smith Chart
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H2, H8 problematic loads

In order to investigate if
there is any way at all to
use H2 and H8 loads as non-

matching standard loads in a
calibration procedure we need
to use the full expression
for their reflection coeffi-
cient, introduced in [8],

S(L-0)(ms+1o)+L(0-S)(ml+o0s)+0(S~-L)mo+sl) (2)

p:

where the small letters s, 1,
0, m corresponds to measure-
ments and the capital letters
S, L, 0 to standard loads. As
already mentioned the short/
open standards are the same,
so S =-1, 0 =1 always and
s, 0 are the same too. Fur-
thermore, when the 50 ohm-box
is the DUT m is the same for
all calibration sets. The va-
riables are the quantities L
and its measurement 1. Thus,
we canh rewrite the above ex-
pression as:

p=p(S L 0 s, 1, 0, m =
= p(_ll Lr 1/ S, 1—1 o, m)
and by rearranging the fixed

and variable terms
p = p(_ll 1/ S, 0Oy L/ 1-/ m) (3)

and when the 50 Ohm-box 1is
measured p becomes

pbox: p(_llll Slolmbox; LI l) (4)
Fig. 19 shows the input
impedance for the 50 Ohm-box

as follows:

a) in black color from system

FUNKTECHNIKPLUS # JOURNAL
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(L-0)(ms+1lo)+ (0-S)(mL+o0s)+ (S-L)mo+sl)

1 which was our reference with
the corresponding Differen-
tial Error Intervals DEIs as
light gray stripe where

Poox = P(-1,1,5,0,Mpox; O, 1)

b) in dark green and dark red
from system 2 with H2 and HS8
respectively, as part of the
calibration considered to ha-
ve their nominal value of 50
Ohm, with their DEIs in 1light
green and ligth magenta stri-
pes respectively, where

H2
Pbox = p(_llll S, 0, Myox s 0/ 1—H2)

H8
Pbox = p(_llll S, 0, Myox s 01 1H8)

c) in orange the result if we
consider that they have a no-
minal value L as their first
value at 2 MHz, when measured
as DUTs which gives an imped-
ance very close to the dc re-
sistance measured with the
multimeter, where

H2 _ . ~1st
Phox = p(—1,1, S, 0, Myox s PH2 1H2)

H8 1st
Ppox = p(_llll S, 0, Myox s pHESB ! lHS)
d) in magenta the result if

ISSUE 38 — YEAR 13



VARIOUS LOADS AS CALIBRATION STANDARDS FOR VNA MEASUREMENTS

we consider that their nomi- measurement as DUTs, where
nal value L is equal to their

_ _ H2 _ .
average . Mean Value across Phox = p(—lr 1,s,0,Mpu; lHzr le)
the entire zone when measured

as DUTs, where
' pgos)(:p(_llll Sro/mbox;lHSIlHS)
ph2 . =p(-1,1, 5,0, Mpos; Phv,s Lus) ) . ) .
box rr 2 E o Tbox s FH2 1 TH2 which is incorrect but is
He W presented here for complete-
Poox = P(-1,1,S,0, Myoy; Pgs Lug) ness, so as to dinclude any
possible misunderstanding ca-
e) in 1light navy color the se.
result if as L we use their
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Fig. 19: Using faulty matching loads as calibration standards
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Finally, Fig. 20 shows the
input impedance for the 50
Ohm-box from system 2 with H2
and H8 respectively as part
of the calibration considered
to have their nominal value L
equal to their p when they
were measured as DUTs,

H2
Pbox = p(—l,l, S, 0, Myox s Puz/ 1—H2)

H8
Poox = p(—l,l, S, 0, Myox 7 PHg s 1H8>

with
pH2: p(_llll S, OlmHzr Or -l-Hj_) 14
pH8: p(_lrlr S, OrmHsr Gr lHl)

Open points were used for the
R, X of the box in order the
result of the calibration set
with the H1 good matching
load to be visible.
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Fig. 20: Input impedance when L equals Py, Phus
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It is obvious that the re-
sults are exactly the same.
This is due to the properties
of the bilinear transforma-
tion. A substitution of py, in

phZ., ends up with the same
expression as

Pbox = p(_llll S, 0, Myoy s o, -LHl)

which was verified by hand
and mechanically by symboli-
cally using Maxima and Mathe-
matica CAS applications.

Conclusions

In 2014, we started a te-
dious, long term, process to
built up from the scratch, the
fourth research laboratory of
ours (the previous at Thessa-
loniki, at Xanthi, and Anten-
nas Laboratory), similar to a
rather small subset of our
Antennas Laboratory we foun-
ded at that pub univ dept, in
order to stop at last parrot-
ing what others wrote about
our subject, with a 1lot of
what they said to be seemed
at least insufficiently jus-
tified, if not totally irra-
tional indeed, and using the
just three years old then in-
ternet, to create, as early
as 1996, pioneeringly open to
the public online courses ba-
sed on Virtual Reality [9],
decisively serving thus The
Cause of Teaching all the in-
terested people and especially
our students, not only theo-
retically, but also analyti-

TUESDAY 30 SEPTEMBER 2025
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cally and numerically, compu-
tationally and experimentally,
the contemporary antenna re-
sults that we rationally con-
firmed by our own research
work. However, a big, typi-
cally academic, pure envy aro-
se against us, so that, al-
ready by the late 1993, after
the stealing of our research
notebook and hard disks from
our research computer, by
still unknowns even today,
and under the tacit approval
of the vast majority of our
so called academic collea-
gues, as can be deduced from
the absence of the slightest
academic reaction from them,
who, without ever asking of-
ficially about it, were defi-
nitely persuaded from an oth-
erwise totally unjustified but
unstoppable slander to our
detriment, which although im-
pressively unrelated to the
actually produced research-
teaching work by us, it was
gave off from that systemati-
cally organized academic bunch
of bullies and thugs, bosses
of a crowd wanting a way out
to pass course exams and
grasp univ degrees, and re-
gardless of our Nine Legal Re-
courses and Appeals to the
Crime Courts and Supreme Ad-
ministrative Courts and their
corresponding decisions that
were despised by the members
of this gang, who stepped
aside the whole of by duty
competent authorities and ma-
naged to finally force me to
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Resign In Disgust as Perma-
nent Assistant Professor of
Antennas, sell out our house
and household goods, and move
out from Greece. In essence,
as runaways from all those
heavily toxic environments of
them, we are now just intel-
lectual self-exiles in the
Real European Union [10]-
[14].

Since these events occur-
red when the subject of this
paper was not of high prio-
rity in our research inte-
rests, the above real facts
explain not only the long de-
lay in getting the research
results we present today, but
also the use of three diffe-
rent VNA systems to produce
them. Additionally, we had to
try very hard to finally find
and ensemble the aforemen-
tioned VNA Systems 2 and 3,
in such a way as to be as
close as possible, at Tleast
namely, to the inaccessible,
after 2014, VNA System 1, we
used in our Antennas Labora-
tory of the past.

Moreover, various techni-
cal problems arose from the
compulsory use of several, all
second-hand, devices in our
VNA Systems 2 and 3 that we
could cheaply buy from pri-
vate ebay sellers, since they
needed serious maintain in
the way presented above.

Generally speaking, these
were the real conditions un-
der of which we collected and
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used for the needs of this
research work 10 loads in to-
tal, all of the same Type-N
Male connector having nominal
value 50Q:

8 Matching Standards:
7 HP 909A, plus
1 HP 908A , and
2 NoName Dummy Loads,

the measurements of which dro-
ve us to the following sum-
marized remarks:

A. Each standard load must
be directly examined, before
its use in a VNA measurement
system, for its degree of com-
pliance with its nominal spe-
cifications. Thus, for a 50
Ohm matching standard, we ex-
pect reflection coefficient va-
lues as close as possible to
zero, for its magnitude or,
in any case, within its un-
certainty circle, as it is
specified by its manufacturer
- if it has any such charac-
teristic known at all, since,
as we already saw, no such
specification exists for any
of the two NoName Dummy Loads.

In addition, this behavior
of the load should be as uni-
form and smooth as possible,
that is, it must be substan-
tially constant, in the whole
of the frequency range of VNA
measurements, in order to be
appropriate for its calibra-
tion, so the usable frequency
range of a load must also be
a known characteristic of it.
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However, as we already seen
above, this demand, either as
characteristic or as fulfill-
ment, does not apply to all
of the considered loads.

B. In the indirect estima-
tion of appropriateness for
calibration of all loads, we
used each of them as the one
of the needed three partici-
pating loads in the full one-
port VNA calibration, while
the other two were always the
same, short and open, loads,
for the following next mea-
surement of our one-port 50
Ohm DC reference box construc-
ted by us, that we considered
as an unknown DUT in order to
comparatively study the re-
sults for all loads.

C. After all that, the mea-
sured ten loads were ordered
in terms of decreasing appro-
priateness for calibration, as
follows:

0: Load H1, the one that was
used as the base for all
other measurements with sys-
tem 2,

1-2: Loads H5 and H3, they
proved as very good indeed,

3-4: Loads H6 and H4, having
only a slightly decreasing be-
havior,

5-6: NoName Load D1, which was
a pleasant surprise indeed,
as it is just a Dummy Load,

within the uncertainty circle
of 0.029, as it was shown in
Fig. 11 and Fig. 13, respec-
tively,

7: NoName Load D2, the second
Dummy Load, which although it
is also a very good load in
lower frequencies, unfortuna-
tely enough it goes out of
the 0.029 uncertainty circle
in the higher frequencies,

8-9: Loads H2 and H8, the
checked as problematic ones
from the very beginning, were
finally proved, after several
measurement checks, useless as
calibration 1loads, at Tleast
under the currently conside-
red conditions regarding their
hypothetical values by us.

D. Thus, the question about
the possibility of using a de-
fective or damaged load as a
matching or not matching cali-
bration standard, answered ne-
gatively in this paper, since
as it is shown in Fig. 19 all
of our three attempts to some-
how remedy their behavior di-
rectly, were unsuccessful.

E. At this point, we must
emphasized once again that
the results of unintended use
of a more or less defective
standard could 1lead to com-
pletely misleading conclu-
sions regarding the behavior
of a totally unknown DUT.

but along with Load H7, they F. Finally, to experimen-
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impossible to get different
results for our reference stan-
dard considering H2 and H8 as
respectively having, each of
them, its direct and interme-
diate values, which are dif-
ferent, we present this fact
by showing the clearly iden-
tical measurement results in
Fig. 20, although, as we men-

tioned above, we already knew
this identity algebraically.

However, we keep our reser-
vations regarding the identi-
ty of the corresponding to
these different values DERs,
which we define and estimate
analytically. But this is in-
teresting issue it has to be
examined in another paper.
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