How to calibrate the Tindie SAA2 and Hugen SAA-2 with the provided calibration kit

As these units are based on the same design develop by OwOcomm they are supposed to be identical and thus |

focus on SAA-2 for no other reason that SAA-2 are a complete product in a metal case with test cables, USB cable
and calibration kit in addition a nice case for storing.

The Hugen SAA-2 with all the delivered items shown
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e S-A-A-2 always powers up in an

NanoVNA-V2-firmware download: h
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VNA-QT software download: i
hi

User guide:

The Tindie is a DIY kit came with no battery and no case and neither test cable or calibration kit delivered. It is no

longer in production but being substituted by a newer version which | do not have available. The data provided will
be direct useable

This is the SAA2 from Tindie with case bought separately from Germany




SAA-2 is delivered with a well known NanoVNA calibration kit and 2 male-male good quality test cables

As standalone unit the Tindie SAA2 and Hugen SAA-2 assumes that the calibration kit is ideal, meaning short and
open are with no delay and the load is pure 50 ohm for the entire frequency range specified for the SAA-2, being
0.05MHz to 3000MHz.

However the delay difference between short and open are very small and for frequencies up to 500MHz the load is
OK so calibrations are quite useable in that frequency range.

But when connected to a PCit is possible to calibrate with very good accuracy for the entire specification frequency
range to 3GHz and beyond to 3.8GHz.

Using the touchstone calibration kit files, designed for the VNA-QT software, to be download from the provided link,
up to 3.8GHz is possible with good result as shall be demonstrated.

For use with the VNA-QT software calibration is requiring use of three SOL s1p touchstone files for reflection and
one s2p touchstone file for thru calibration. These calibration kit files for 0.1MHz to 3800MHz with 500 point can be
downloaded from http://www.hamcom.dk/SAA-2/SAA-2 VNA-QT calibration kits files.zip and incudes both a male
kit and a female kit, because the supplied female-female adaptor terminated with short, open and load then
constitutes a female kit.

a set of s1p/s2p calibration kit files is also provided in the download for the frequency range 0.1 to 100MHz, also
with 500 points, for high precision calibration in said frequency range.

These calibration kit files when loaded into VNA_QT software can be used for any frequency span and number of
points within the frequency range 0.1MHz to 3800MHz and for the precision files within 0.1MHz to 100MHz

For use with the NanoVNA-saver is required to use some L C and R values and these are to download from
http://www.hamcom.dk/SAA-2/SAA-2-NanoVNA-Saver ini file addition.zip and also listed later in this report

Detailed instruction follows below how to do the calibration.....

A few words about calibration and the calibration planes by using either VNA-QT or NanoVNA-saver

With the male calibration kit you can either calibrate directly at the female portl or at the end of a test cable
connected to portl with the provided female female adaptor fitted. The second test cable connected to port 2 is the
fitted to the female female adaptor if thru calibration is performed as well. In this case you may consider it as a
virtual 0 length male female adaptor used. This means that the DUT to test must be fitted with a male adaptor at the
input and a female adaptor on the output. If you remove the female female adaptor for measuring a DUT with
female adaptors on both input and output, then the phase sync between Reflection and Transmission is lost, and the
measurement is not done at the correct calibration plane, which was at the end of the female female adaptor now
removed.

However means are provided for moving the calibration plane from the end of the female female adaptor to the
male adaptors reference plane of the test cable.

Enable DISPLAY/SCALE/ELECTRICAL DELAY function and enter the delay equal to the delay for the female female
adaptor being 46.16ps for 3.8GHz settings and 47.43ps for the 100MHz settings

Using the female kit and inserting the female female adaptor during thru calibration everything is perfectly
calibrated but only when used with a PC. As stand alone the S11 and s21 phase relationships is lost when the female
female adaptor is removed for measuring a DUT.

For using the SAA-2 without computer the calibration is based on ideal calibration kit and the provided calibration kit
are so to speak ideal.


http://www.hamcom.dk/SAA-2/SAA-2%20VNA-QT%20calibration%20kits%20files.zip
http://www.hamcom.dk/SAA-2/SAA-2-NanoVNA-Saver%20ini%20file%20addition.zip

How to calibrate using the VNA-QT software.

At first go to Device and Sweep parameters and set start (min. 0.1MHz) and stop frequency and number of points
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If you enable “Show advanced settings” and by increasing nValues you get more measurements per point

| Sweep Parameters ? X

Changing frequency sweep parameters will clear the current calibration.

Start Frequency |0.10 = | MHz
Stop Frequency | 3000.00 < MHz
Frequency points | 500 < | points
Step Size 6.00 MHz
Output power —— -15 dBm

Note: accuracy is best from -15dBm to 0dBm (full two port VNA) and -25dBm to
-10dBm (T/R VNA)

+ Show advanced settings

nWait -1 points

nValues 2 points

| oK | Cancel

By enabling View Graph limits you can set the scaling. Two common setting are shown below for measuring with
large dynamic range and with high resolution when measuring high impedances and very low reflection coefficients
and transmission with low loss.
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Next load the s1p load, open and short calibration kit files and the s2p thru calibration kit file for transmission

Open the Calibration and Kit settings and load the relevant files
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By clicking on the S-Parameter text you find the files where you have saved the s1p and s2p files and only portl

" Dialog
Calibration kit parameters

Ideal C:/5AA-2 calibration file VNA-QT/male 0.1 to
. 0.100 MHz - 3800.000 MHz, 500 points

Load (port 1} ®) S-Parameter

Load (port 2) @ Ideal S-Parameter

y C:/5BA-2 calibration file VNA-QT/male 0.1 to
) ® s
Open (port 1) ) Ideal (#) S-Parameter 0.100 MHz - 3800.000 MHz, 500 points

Open (port 2) @ Ideal S-Parameter

C:/SAR-2 calibration file VNA-QT/male 0.1 to

ezl 0.100 MHz - 3800.000 Mz, 500 points

Short (port 1) ® S-Parameter

Short (port 2) @) Ideal S-Parameter

C:/S5AR-Z calibration file VNA-QT/male 0.1 to

) Ideal 0.100 MHz - 3800.000 MHz, 500 points

Thru ®) S-Parameter

3800MHZ 500 points/SAA-2

3800MHZ 500 points/SRA-2

3800MHZ 500 points/SAA-2

3800MHZ 500 points/SAA-2

male

male

male

male

load 0.1 to 3800MHz 500 points.slp

open 0.1 to 3800MHz 500 points.slp

short 0.1 to 3800MHz 500 points.slp

thru no delay 0.1 to 3800MHz 500 points.s2Zp

OK Cancel
Next decide if you want to SOL or SOLT calibrate
' heev K
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Mount the SOLT calibration standards one by one and click on the Short, Open, Load and Thru buttons and wait until
they are no longer dimmed in contrast and finally click on Apply. Now your system | calibrated and ready for
measurements. Below image is prior to do calibration an always show weird traces and readings
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Thru calibration with male male test cable fitted. The smith chart show the Port 2 (RX) input impedance measured
thru the test cable
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Mounting a 20dB attenuator at the input of the test cable, thus between the Port 1 and the test cable stabilized the
port 2 input impedance (mismatch) considerable. The attenuator must be mounted also during Thru calibration
Same applies if you calibrate at the end of a test cable connected to portl
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Measurement of the load after calibration. nValues increased from 2 to 4
My load measured 50.8450hm at DC. Measurement of several male load varies from 49,5 to 52 ohm which will
reflect some measurements error around 50 ohm in the range of + - 2% for YOUR load
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Test of calibration by sweep of the open ended test line. In my case a UT141A rigid line of 26.1cm length. Your
testcable amy also be used. The oscillation is supposed to fade out with increasing frequency. Trust the male short
an open calibration files and maybe fine tuning of the load might provide improvement.

for the female calibration kit files small deviations for the SAA-2 female female adaptor delay may be corrected for,
by using the fine tuning found under Calibration/Fine tune, but be careful not to destroy a good calibration. Tune
and see if ripple at the end of frequencies can be reduced else cancel finetuning .
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Below is just an example form another calibration with a N kit to demonstrate the technique

By using the mouse scroll wheel, it is possible to finetune a bit and -0.12ps was the very small improvement possible
and not worth correction, which else is performed permanently by a click on OK
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Saving and Loading of calibrations
By clicking on Save... you are invited to create a descriptive name for the actual calibration to be retrieved later by a

click on Load...
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Saving of measurements:

By choosing S parameter any measurement can be saved for reflection s1p (portl) and a click ask you to provide a
file name for saving, but watch out the measurement to save is first performed after the saving of the file name.
The various button are dimmed until measurements are done:

For transmission measurement you must first click on Capture $*1 (s11 and s21) with the DUT connected for forward
measurements. Then revert the DUT for a reverse direction and click on Capture S*2 (S22 and S12). For both
Captures you must wait until done. Then Export s2p and as soon the file name saved you are done.
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male calibration of end of test cable with female female adaptor fitted
As seen insertion 20dB attenuation is 0dB Mag(s21) and phase angle is 0 arg(S21) as expected
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What happens if we remove the female female adaptor after a male calibration ?

That is best illustrated by firt fitting the 0 ps male short to the female female adaptor and we see the male short
calibration at end of the female adaptor provides a perfect dot extreme left in the Smith chart
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Next the female female adaptor is removed which has a delay of 46.1ps Next we fit a 26.9ps female short fitted at
the end of the Portl male SMA test cable

As seen the short turns the wrong way round due to the missing female female adaptor and the delay for the fitted
female short has less delay than the female female adaptor. We will now compensate for the missing delay being
46.1-26.9= 19.2ps to get the dot back to the end of female calibration by ADDING a delay of 19.2ps.
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By choosing View and enable Port length extension we now tune Port 1 until the position in the Smithchart is at
extreme left and the arg(s11) is flipping between + - 180 degree. So basically we have done nothing except letting
the female short substitute the female female adaptor terminated with the male short @)
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We could have entered the delay of the female adaptor delay 46.16ps and the calibration plane then moved to the
SMA male adaptor calibration plane of the SMA male adaptor at the testcable connected to portl

Now the calibration plane is the port 1 test cable male adaptor at the end of the male test cable and the female
short of 26.9ps is now measured .Do you believe ?? Let us remove the female short.
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Now the male male test cable is left open and we see a small delay which is caused by the male center pin having a
small fringe capacitance causing 8.3degree at 3800MHz according to the marker
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By re-inserting the female female adaptor we should now measure the female female adaptor in transmission mode.
There shall not be changed anything for port2, as the delay thru the port 2 test cable is unchanged.
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e 511 () 522 B |arg(s21) ~ | | mag(s21) ~| o R
Reset Calibration type:
-46 ps 180.07 -1.00 SOLT (T/iv | 2
0 ps 150.07 0,80 Measure...
0.00 120.01 60 Short
. 90.0+
1 2 2 60.0 040 2]
i +0.20
30.0 Load
0.0 .00
200] o LT ]
~60.01 -0.40
-00.01 Clear
-120.01 -0.60 Measurements
- . ~0.80
150.0 Clear
1800 o M e o ow v owm ol
S i T W oW & @ o~ o Apply
(] oy w w — m L - [=]
=+ o (g D — Fy] [} m oo _—
— — (&} [y} (] (4] (4]
Current calibration:

SOLT (T/R)
+ 0 3800.00 MHz -63.2 ° -0.1 dB




As a control, just for fun we can offset this delay adjustment by adding +46.16ps to port2 as seen below
The VNA-QT round off the decimal point to 46ps

B VNA View — a X
Calibration S parameters View Device Debug
Impedance Admittance Series Admittance  Parallel Impedance  Series Equivalent Parallel Equivalent
48.32 0.0207 0.0207 48.34 48.32 48.34 Q
+j1.03 - jo.0004 +j0.9702 || j-2266.25 43.17 pH 04,92 nH
Fortext ¥ Calibration E3]
® s11 () 522 O  |arg(s21) ~ | | mag(s21) ~| o _
Reset Calibration type:
-46 ps 180.07 1.00 SLERERA -
|46 pd | 150.09 0,80 Measure...
120.07
50.00 90,01 0-60 short
1 2 Z 60.0 .40 Open
4 0.20
30.0 e
iy e mn ]
Thru
-30.07 ~0.20
60.07 -0.40
-90.07 Clear
-120.01 -0.60 Measurements
- i ~0.80
150.0 Clear
B0 o M e o o ow o o0l
S ol ¥ W€ o o M oW~ g Apply
(W] =< JrE] w0 — (4] L I~ (=]
co [y} w - uwn (o} m o _—
— — [§'] (3] (%} m m
Current calibration:
SOLT (T/R)
+ ] 3800.00 MHz -0.7 ° -0.1 dB
What kind of S21 dynamic range ?
$21 noise floor 0.1 to 3800MHz
B VNA View — O X
Calibration S parameters View Device Debug
Impedance Admittance Series Admittance  Parallel Impedance  Series Equivalent Parallel Equivalent
155994.29 0.0000 0.0000 228579.47 155994.29 @ 228579.47 Q
+j106408.99 - j0.0000 +j0.0000 |1 j-335094.74 169.36 mH 533.32 mH

Calibration ®

e s11 () O | arg(si1) ~ | | mag(s21) ~| O
Calibration type:
180.07 0.0 SOLT (Tftw | 2
150.07 —10.0 Measure...
120.04 0.0 Short
90.0+
60.0 -30-0 Open
0.0 ~-50.0
30,01 60.0 Thru
-60.09 70.0
-90.07 Clear
-120.0 ~80.0 Measurements
71500 900 Clear
e
S o £ € © oS Mm w ™~ o Apply
[} =+ [¥e] 4] — m 75 e (=]
=+ o o™ o L an (42} w
— — (o'} ™ [y} m m

Current calibration:
SOLT (T/R)

+ 0 0.10 MHz 0.0° -78.3 dB




How to calibrate using the NanoVNA-saver software

It is quite simple to calibrate for any frequency span and any number of segments by creation following calibration
kit files and save under a descriptive name. Then use the “Calibration assistant” and follow the prompting

The male kit settings to 3.8GHz

B | Calibration — O >

Active calibration Calibration standards

Calibration: Device calibration [ ] use ideal values

Source: ManoVMA Short

Calibrate L0 (H(e-12) 2736 |
Short Uncalibrated L1 (H{e-24)) |-9?IZIS.32 |
Open Uncalibrated L2 (H(e-33)) |52552'91 |

L3 (H(e-42 -750.91

Load Uncalibrated (i 2 | |

Dffset Delay (ps) |-IZI.268

Through Uncalibrated

Open
Isolation Uncalibrated P

Co (Fe-15)) |0

Offset delay 0.00 ps 5 C1 (F(e-27)) |3249-51

|
|
C2 (F(e-36)) |-11IZIIZI.?5 |
|
|

Calibration assistant

C3 (F(e-45))  [0.87

Apply Reset

Dffset Delay (ps) |EI.1?1

Motes
Load

Resistance (Q) 150.876 |

Inductance (H{e-12)) |-119.54 |

Dffset Delay (ps) |13.3 |

Through

Dffset Delay (ps) |IZI |

Saved settings

, SAA-2 male 3.8GHz e
Files

Load Save Delete

Save calibration Load calibration




The female kit settings for 3.8GHz

Source:
Calibrate
Short
Open
Load
Through

Isolation

Offset delay

Apply

MNotes

B | Calibration

Active calibration

Calibration: Device calibration
MNanoVNA

Uncalibrated

Uncalibrated

Uncalibrated

Uncalibrated

Uncalibrated

0.00 ps 5

Calibration assistant

Feset

Files

Save calibration

Load calibration

|
Calibration standards
[ ] use ideal values
Short
L0 (H(e-12)  [38.11 |
L1 (H(e-24))  |-41031.41 |
12 (H(e-33)  [11003.03 |
13 (H(e-42))  |-602.085 |
Offset Delay (ps) |46.Ell ‘
Open
CO (F(e-15))  |S0 |
Cl (F(e-27))  [2808.69 |
C2 (F(e-36))  |-1406.8 |
C3 (F(e-45))  [152.85 |
Offset Delay (ps) |45.86 ‘
Load
Resistance () 150.96 |
Inductance (H(e-12)) |79.6 |
Offset Delay (ps) |95.6.? ‘
Through
Offset Delay (ps) |46.16 ‘
Saved settings
SAA-2 female 3.8GHz
Load Save Delete




The male kit settings to 100MHz

B | Calibration

Active calibration

Calibration: Device calibration

Source: ManoWMNA
Calibrate
Short Uncalibrated
Open Uncalibrated
Load Uncalibrated
Through Uncalibrated
Isolation Uncalibrated
Offset delay 0.00 ps [
Calibration assistant
Apply Reset
MNotes
Files

Save calibration

Load calibration

Calibration standards

[ ] use ideal values

Short

L0 (H(e-12))
L1 (H(e-24))
L2 (H(e-33))

L3 (H(e-42))

|-45.504

|902858.9

|-3692257.56

22162.97

Offset Delay (ps) |0.1347

Open
CO (F(e-15))
C1 (F(e-27))
C2 (F(e-36))

C3 (F(e-45))

'50

\77137.26

1-9.60678.69

10.00833

Offset Delay (ps) |1.EI45

Load

Resistance ()

/50.834

Inductance (H(e-12)) |0.1866

Dffset Delay (ps)

Through

77.17

Offset Delay (ps) |EI

Saved settings

SAA-2 male 100MHz

Save

Delete




The female kit settings to 100MHz

® | Calibration — O
Active calibration Calibration standards
Calibration: Device calibration |:| Use ideal values
Source: NanoWNA Short
Calibrate L0 (H(e-12))  |93.985 |
Short Uncalibrated L1 (H{e-24)) |—1344942.14 |
Open Uncalibrated L2 (H(e-33)) |1159322'83 |
L3 (H(e-42 -1184.42
Load Uncalibrated (HC ) | |
Offset Delay (ps) |48.B? |
Through Uncalibrated
Open
Isolation Uncalibrated P
C0 (F(e-15)) |50 |
Offset delay 0.00 ps |2 Cl(F(e-27))  |-52965.23 |
Calibration assistant C2 (F(e-36)) |'5'5599?'48 |
e — €3 (Fe45)  |0.333 |
Offset Delay (ps) |45.99 |
Motes
Load
Resistance () 150831 |
Inductance (H(e-12)) |-453.46 |
Offset Delay (ps) |23?.9 |
Through
Offset Delay (ps) |4?.43 |
Saved settings
_ |SAA-2 female 100MHz |
Files
Save calibration Load calibration




Some additional notes to the NanoVNA-saver

The same possibility exists for the NanoVNA saver to male calibrate at the end of the port1 test cable when fitted
with the female female adaptor, and then do an Offset delay by -46.16ps for 3.8GHz settings and -47.43ps for the
100MHz settings at the red arrow. Below is showing how to do for a male calibration performed at the end of the
female female adaptor and using 5 segment providing 500 points from 0.1 to 500MHz.

This result of Offset delay entry is shown dynamically

Here is shown the sweep after the calibration where female female adaptor is terminated with the male short having
0 ps offset delay. The measurement shows the correct position extreme left in the Smith chart and the S11 phase
toggling wildly between + - 180 degree. The S11 return loss 0dB also as it should be.

W1 NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 22:06:02 @ 505 points) - o ®
Sweep control
stort | 0.1miz] | Center so.0sMiz|  Frequency: 372.048 MKz | vSWR: -10024.5%
Impedance: - -j77.2m @ | Return loss:  0.002 d8
Stop | 500MHz| | Span  490.0MHz|
SeriesL:  -33.046pH | Quality factor: 15.49
Segments 5| 99L.8kH/step Series C:  5.5376 nF S11 Phase:  -179.82¢
Sweep sattings ... Farallel R: - 2 S21Gain:  -B1.406 dB
Parallel X: 5.5146nF | 521Phase:  57.07°
I
Marker 2
Sweep
Frequency 100.000 kHz | VSWR: 37149.478
i Impedanci 1.35m+j2.02m | Return loss:  -0.000 d8
_ Seriesl: 3.2112nH Quality factor: 1499
vaker 1 [ 372a328ee] (B @ coesc: 7mmaye e
S—— K Parallel R: 4.3707 m@ | S21Gain:  -76.133 dB
Parallel X: 4.6401 nH 521 Fhase:  -6.84°
Marker 3
Hide data Locked O
Frequency 100.000 kHz | VSWR: 37149478
o Impedanci 1.35m+2.02m | Return loss:  -0.000 d8
SeriesL: 3.2112nH Qualty factor: 1499
Estimated cable length: 0.0 m
Series C: -788.6 yF 511 Phase:  180.00°
Time Dormain Reflectametry Pacsllel R: 4.3707mQ | S21Gain:  -76.133d [
Farallel X: 4.5401 nH 521 Phase:  -6.84
s11
Min VSWR
Return loss:
521
Min gain: ~107.239 dB @ 291.708MHz
Reference sweep Mas gain: -65.608 8 © 27,8722z
Set current as reference
Serial port contral
Seriol port [(5-A-A2) || Rescan
Discannect Manage
Files ... Calibration ...
| I 1q ) !
Display setup ... About ... Analysis ... 100.1M 400.0M 500.0M 100k 100.1M 400.0M

Removing the female female adaptor and doing a new sweep show now an open test cable but the trace turns the
wrong way round (anti clockwise) in the Smith chart.

B | NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 22:07:34 @ 505 points)

Sweep control

Reference sweep
Set current as reference

Reset reference

Serial port control

Serial port |(S-A-A-2) v | | Rescan

Min gain: -108.242 dB @ 272.863MHz
Max gain: -66.946 dB @ 27.8722MHz

S11 Smith Chart

Start|  0.1MHz| | Center [s0.05MHz|  Frequency: 372.049 Mz | VSWR: -5077.600
Impedance: - +j508Q | Return loss:  0.003 dB

Sto Span OMHz

i " Seriesl:  217.28nH | Quality factor: 495
Segments 091.0kHzZ/step  seriesC:  -842.22fF | SL1Phase:  11.24°
Sweep settings ... ParallelR: - 0 21 Gain -81.461 dB

ParallelX: 217.28nH | S21 Phase:  -104.74°
Marker 2
Frequency: 100.000 kiz | VSWR: -5104.383

Markers Impedance: - -j65.7kQ | Return loss:  0.003 d&
Seriesl:  -104.52mH | Quality factor: 0.277

Marker 1 | EPEECFOUNE| |1 ®  coresc:  24235pF | Si1Phaser  -0.01°

Marker 2 I:l g O FealelrR: -Q S21 Gain: -80.840 0B
Parallel: 17278 pF | 521 Phase:  -146.24°

Hide data Locked O

Frequency: 100.000 kiz | VSWR: -5104.383

. Impedance: - -j65.7kQ | Return loss:  0.003 dB
Seriesl:  -104.52mH | Quality factor: 0.277

Estimated cable length: 99.743 m
Series C:  24.235pF | S11Phase:  -0.01° 100.1M 200.1M

Time Domain Reflectometry ... ParallelR: - 0 21 Gain -80.840 0B [REYEm—-

ParallelX: 17278 pF | 521 Phase:  -14624°  BNY
si1
Min VSWR:
Return loss:
s21

ARt I |
Bk LA I T 1
N L L I AL |

Disconnect Manage
Files ... Calibration ...
Display setup ... About ... Analysis .. 100.1M 200.1M 200.0M




However a the SMA male adaptor at the end of the test cable has a centerpin capacitance and thus a unknow delay
so we can not just tune the offset delay to a dot extreme right in the Smith chart but as we know the delay of the
female adaptors thru delay to be 46.16ps we enter that value in the Offset delay field

B | Calibration X

Active calibration Calibration standards
Calibration: Application calibration (505 points) D Use ideal values
Source: Calibration assistant (Standards: Cust Short
Calibrate L0 (H(e-12))

Short Set (505 points) L1 (H{e-24)) -9708.32

Open Set (505 points) L2 (H(e-33))

L3 (H(e-42] -750.91
Load Set (505 points) (HC )

Offset Delay (ps) |-0.268
Through Set (505 points)

Open
Isolation Set (505 points)

€0 (F(e-15))

Offset delay ‘ k6.16 ps > | C1 (F(e-27))

Calibration assistant C2 (F(e-36)) -1100.75

C3 (F(e-45))

=][. S ] t
518 2" & b
= e o &
(5] N
= = |
&

Apply Reset

Offset Delay (ps)

Notes
Load
Resistance () 50.876
Inductance (H(e-12)) |-119.54
Offset Delay (ps) 13.3
Through
vy e
Saved settings

§ SAA-2 male 3.8GHz ~
Files
Load Save Delete
Save calibration Load calibration

The trace are now running slightly clockwise from the open position. However the calibration plane is now moved
from end of the female female adaptor the SMA male adaptor sitting at the end of the test cable as wanted.

B | NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 22:07:34 @ 505 points) - [m] X

Sureep control S11 Smith Chart
Frequency: 41.7583 MHz | VSWR: -1853.224
Impedance: --}46.1k@ | Return loss:  0.009 dB
Seriesl: -175.52pH | Quality factor: 1.116

Series C: 8276 fF S11 Phase:  -0.07°
D T Parallel R: -9 S21Gain:  ~76.726 dB
Parallel X: 45.002fF | S21Phase:  -14.88°
o
Marker 2
Sweep Stop
Frequency: 100.000 kHz | VSWR: -5103.253
Markers Impedance: -~j91.5kQ | Return loss:  0.003 B

SeriesL:  -145.6 mH | Quality factor: 0.423

Comird | e D L] @ eiesc: 17.397pF | S11Phese: 0010
Marker 2 l:l g O Foclelr -2 21 Gain: -80.840 dB
Parallel X:  2.6357pF | S21 Phase:  -146.24°

Hide data Locked (O
Frequency: 100.000 kHz | VSWR: -5103.253

Impedance: --j91.5k@ | Return loss:  0.003 dB
Seriesl: -1456mH | Quality factor: 0.423
SeriesC:  17.397pF | S11Phase:  -0.01°

Time Domain Reflectometry ... Parallel R: -9 21 Gain: -80.840 d5  [ERYEY
Parallel X: 2.6357pF | S21Phase: -146.24° B

TOR

Estimated cable length: 0.0 m

s11

Min VSWR;
Return loss:

s21

Min gain: -113.504 dB @ 272.863MHz
Reference sweep Max gain: -66.924 dB ©@ 27.8722MHz

Set current as reference

Reset reference

Serial port control

Serial port |(S-A-A-2) v || Rescan

Disconnect Manage
Files ... Calibration ...
Display setup ... Abot ... Analysis ...




Just for the fun of it and to check we obtained to move the calibration plane, we now terminated the test cable with
a quality female short with a delay of 26.91ps and thus we should now measure the delay of this female short which
seam to be the case as trace is running clockwise from the short position extreme left.

B | NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 22:13:05 @ 505 points) - [m] X

Sureep control S11 Smith Chart

Start Center [50. Frequency: 27.8722 MHz | VSWR: -3320.217
Impedance: - +225m @ | Return loss:  0.005 dB
Stop Span
SeriesL:  1.2854nH | Quality factor: 14.95
Segments 991.0kHZ/Step  SeriesC:  -25.367nF | 511 Phase:  179.48°
Sweep settings ... ParallelR: -Q 521 Gain: -70.444 dB
Parallel X:  1.2911 nH 521 Phase: -55.57°
[ o
Marker 2
Swieep Stop
Frequency 100.000 kHz VSWR: 40951.448
Markers Impedance 1.22m-j2.35m | Retum loss:  -0.000 dB
SeriesL: -3.7382 nH Quality factor: 1.924

hageig ®  seiesc: 67761 uF 511 Phase:  -179.99°
Marker 2 I:l § O FPocllelR: 5733 ma | S21Gain: 75851 dB

Parallel X: 533.46 uF S21 Phase:  168.15°
Hide data Locked O

Frequency 100.000 kitz | VSWR: 40951.448
. Impedance 1.22m-j2.35m | Return loss:  -0.000 d8

SeriesL:  -3.7382 nH Quality factor: 1.924
Estimated cable length: 0.006 m

Series G:  677.61 uF Si1 Phase:  -179.99°

Time Domain Reflectometry ... Parallel R: 5.7393 m 521 Gain: -75.851d8  FITIEYEE

Parallel X: 533.46 uF S21 Phase:  168.15°

si1

Min VSWR:

Return loss:

s21

Min gain: -104.918 dB @ 349.236MHz
Reference sweep Max gain: -66.604 dB @ 45.7258MHz

Set current as reference
Reset reference
Serial port control

Serial port |(S-A-A-2) v | | Rescan

Disconnect Manage
Files ... Calibration ...
Display setup ... About ... Analysis ...

As the female female adaptor has a delay of 46.96ps and the female short 26.91ps then the difference is 17.05ps
and by entering this value in the Offset field we see a new result where the dot is at the extreme left

B | Calibration - O X
Active calibration Calibration standards
Calibration: Application calibration (505 points) |:| Use ideal values
Source: Calibration assistant (Standards: Cust Short
Calibrate L0 (H(e-12))
Short Set (505 points) L1 (H(e-24))
Open Set (505 points) L2 (H(e-33))

L3 (H(e-42
Load Set (505 points) oS}

Offset Delay (ps)
Through Set (505 points)

Open
Isolation Set (505 points)

€0 (F(e-15))

=}

e S[S1 ] [&] =
= A R ul o -~ =~
= by =) = o] =1 w
= g =i} h g =) =)
s||e Sl |0]]8

=~ = = =1 [

w —- N

Offset delay | 17.05|ps = | C1 (F(e-27))

Calibration assistant C2 (F(e-36))

C3 (Fe-45 9.87
Apply Resat (Fle-45))

Offset Delay (ps) (0.171

Notes
Load
Resistance (Q) 50.876
Inductance (H(e-12)) [-119.54
Offset Delay (ps) 13.3
Through
orevaor Gy |
Saved settings

y SAA-2 male 3.8GHz .
Files
Load Save Delete

Save calibration Load calibration




The S11 |Z| is now showing a trace with less than 0.3ohm so both the calibration as the movement of calibration
plane verified by entering of the thru adaptor delay. If fine tuning the Offset delay the |Z| can get closer to a
horizontal line but due to the fact the female female adaptor has a frequency dependent delay and the NanoVNA-
saver assumes the Offset shift is based on a clean 50 ohm transmission line female female adaptor, which is not the
case, then such discrepancies are to expect

¥ | NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 22:13:05 @ 505 points)

Sweep control S11 Smith Chart
Start | 0.1MHz| | Center [50.0sMHz|  Frequency: 41.7583 MHz | VSWR: -1735.223
Impedance: --j82m Q@ | Return loss:  0.010 dB
Stop | 500MHz| | Span [499.9MHz|
P on[199.9me Seriesl: -312.58pH | Quality factor: 2.846

Segments 991.9kHZ/Step  Series C:  46.472 nF S11 Phase:  -179.81°

Parallel Ri - 521 Gain:  -76.396 dB

Sweep seftings ..

Parallel X: 41.366 nF 521 Phase -29.22°
=
Marker 2
Sweep Stop
Freguency 100.000 kHz VSWR: 40990.223
Markers Impedance 1.22m-j3.28m | Return loss:  -0.000 dB

SeriesL: -5.2177 nH Quality factor: 2.688

Cmizrd #1.542483MHz ®  ceiesc: 48547 F S11 Phase:  -179.990
Marker 2 I:l § O  PomllelRs 10.031 me 521 Gain:  -75.851 dB

Parallel X: 426.44 yF S21 Phase 168.15°
Hide data Loeked (O

Frequency 100.000 kHz VSWR: 40990.223

TOR Impedance 1.22m-j3.28m | Return loss: -0.000 dB
SeriesL: -5.2177 nH Quality factor: 2.688

Estimated cable length: 0.0 m
Series C:  485.47 pF S11 Phase -170.99°

T2 T REEEETET) = Parallel R 10.031 m& CLAYCTIE X SR G 11 Return Loss (dB)

Parallel X: 426.44 yF S21 Phase 168.15° 1.0
S11
Min VSWR:
Return loss:
S21

Min gain: -111.461 dB @ 349.236MHz
Reference sweep Max gain: -66.601 d8 @ 45.7258MHZ

Set current as reference
Reset reference
Serial port control

Serial port |(S-A-A-2) v || Rescan

Disconnect Manage
Files ... Calibration ..
Display setup ... Abot ... Analysis ...

100.1M 200.1M 300.0M 400.0M s00.0M) 100k

The same principle as for the VNA-QT software can be used to sweep the calibration plane with an open Ut141A
Rigid line and as the NanoVNA-saver have a facility to import a reference file via the file menu then we this way can
judge the quality of the calibration. The reference file is the orange trace and the live sweep is the white trace and a
perfect match exist for the low frequencies and also when “averaging” the ripple for the measurements at higher
frequencies so everything is fine. Oscillations are due to calibration limitations as e.g. load characterization does not
include enough complexity, and looses for the open and short calibration standards are not encountered for.

® | NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 23:11:02 @ 505 points, Reference: C:/Users/Admin/Downloads/SimSmith/UT141A test cables/SMA male female 26_1cm 0_1 to 3800MHz.s1p @ 505 points) - [m] X

Sweep contral S11 Smith Chart
Start Center Frequency: 2.90280 GHz | VSWR: 37.141

Impedance: 8.64-j116 Q Return loss: -0.468 dB
Stop | 3800MHz | | Span  1.7999GHz|

SeriesL:  -6.3653nH | Quality factor: 13.44

Seqments | 5| 7.3Mh/steD  SeresC:  472.06fF | Sl1Phase:r 46410

Sweep settings ... Parallel R:  1.569 kQ S21 Gain: -67.733 dB
Parallel X: 469.66 fF S21 Phase 133.54°
I
Marker 2
Sweep Stop
Frequency: 100.000 kHz | VSWR: -44167.022
Markers Impedance: --j54.1k@ | Return loss:  0.000 dB

SeriesL:  -86.155mH | Quality factor: 40.77

Riatargyl 2.902437365CHz ®  eiesc: 20401pF | S11Pheser 0.1
Marker 2 I:l g O PodlelR - S21Gain:  -70.992 dB

Parallel X:  29.383 pF 521 Phase 85.13°
Hide data Locked (O

Frequency: 100.000 kHz | VSWR: -44167.02:

TR Impedance: --j54.1k @ | Return loss:  0.000 dB
Series L: -86.155 mH Quality factor: 40.77

Estimated cable length: 0.243 m
Series Ct 29.401 pF S11 Phase: -0.11°

Time Domain Reflectometry ... Parallel R:  -Q ERI NI X EPR I < 11 Return Loss (dB)

Parallel X:  29.383 pF 521 Phase 85.13° 1.0
s11

Min VSWR:  17.238 @ 3.79246GHz.
Return loss: -1.009 dB

s21

Min gain: -108.918 dB @ 399.693MHz
Reference sweep Max gain: -46.894 dB @ 3.79246GHz

Set current as reference
Reset reference
Serial port control

CoMs (s-A-A-2) v || Rescan

Disconnect Manage
Files ... Calibration ...
Display setup ... About ... Analysis ..




The consequences for a calibration with ideal male calibration standards, just like when the SAA-2 is used not
connected to a PC is still performing an acceptable calibration.

® | NanoVNA Saver 0.3.6-rc (Sweep: 2020-10-06 23:36:00 @ 505 points, Reference: C;/Users/Admin/Downloads/SimSmith/UT141A test cables/SMA male female 26_1cm 0_1 to 3800MHzs1p @ 305 points) -

Sweep control 11 Smith Chart
Start Center Frequency: 2.91034 GHz | VSWR: 41.212
Impedance: 7.27-j1122 | Retumn loss:  -0.422 dB
Stop Span
Series L: -6.098 nH Quality factor: 15.34
Segment: 7.539MHz/step  seriesC:  490.41 fF S11Phase:  -48.15°
Parallel R:  1.7179 kQ 521 Gain: -74.110 dB

Sweep settings

Parallel X: 488,34 fF 521 Phase:  138.38°

I

Markers Impedance: --j86.7k @ | Retum loss:  0.001 dB

Marker 2

Frequency: 100.000 kHz | VSWR: -12196.557

SeriesL:  -138.05mH | Quality factor: 6.885

LR W2 008083917GH] @  Geiesc: 18.348pF | S11Phese:  -0.06°
Marker 2 I:l g O Farlelr: -0 S21 Gain: -76.437 dB
Parallel X:  17.969 pF | S21 Phase:  140.48°

I
N
I
N
]
I

LT

Hide data Locked O _
Frequency: 100.000 kHz | VSWR: -12106.55
TR Impedance: -~j86.7k@ | Return loss:  0.001 dB
Seriesl:  -138.05mH | Quality factor: 6.885
Estimated cable length: 0.243 m
SeriesC:  18.348pF | S11Phase:  -0.06°
Time Domain Reflectometry ... Parallel R: -0 S21Gain: 76437 dB

Parallel X:  17.969 pF 521 Phase:  140.48°
s11

Min VSWR:  15.477 @ 3.78492GHz.
Return loss: -1.124 dB

s21
Min gain: -103.389 dB8 @ 1.35721GHz
Reference sueep Max gain: -46.439 dB @ 3.73968GHz

Set current as reference

Reset reference

Serial port contral

coms 2) Rescan

Disconnect Manage

Files .. Calibration ..
Display setup ... Abot ...
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