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1 Overview

The PQ186 Network Metrology Training (NMT) kit is designed to support learning, practice and
experience of RF and microwave network measurements in the sub-6 GHz frequency range.The
trainer or student needs only a Vector Network Analyzer and this NMT Kit to start performing
calibration and network measurement tasks. Suitable N and SMA adapters, calibration standards,
test leads and fixed wrenches are all included, and these are all of sufficiently low replacement
cost that occasional mis use and even damage can be tolerated at an early stage of learning.

Unsurprisingly, Pico recommends the use of low-cost, high-performance PicoVNA instruments
with these kits, but other VNAs with either N-type or SMA compatible ports could be used.*

Two optional Network Metrology Demonstrator kits comprise either PQ187 SMA (standard) or
PQ188 PC3.5 (premium) test leads, calibration standards and a Pico verification standard. With
these Kkits the full professional measurement capability of a PicoVNA (or any other VNA) can be
realized and verified. This might for example achieve dual purposing of the VNA investment both
in the classroom and in the research project requiring accurate and traceable measurement. It is
also envisioned that the demonstrator kit can facilitate the evaluatio n and discussion of
measurement errors that may have been encountered whilst using the student NMT kit and its
lesser standards and test cables.

* Scalar network or time domain reflectometry instruments may also be used with these Kkits.
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2 Kit contents

2.1 PQ186 Network Metrology Training Kit Contents
; AP

ltem | Order Code/ File Name Description
1 PQ189 TA435 NMT kit printed circuit assembly supplied in 1
carry case
Containing: Feedline end SOLT calibraion standards.
Njtnbudi fe! 3i6el 0803 Chipltampanent test
location. Lowpass Butterworth filter. Bandpass Butterworth
filter. Attenuator. p6 dB Power divider. 6 GHz Broadband
amplifier (requires external +5 V DC supply).
2 PQ190 SMA(f) short, load and open/thru low-cost calibration 1
kit (3 items)
3 TA314 N(m)p SMA(f) inter-series adaptor 2
4 TA312 SMA(m-m) 600 mm test lead 2
5 TA484 SMA(m-m) within -series adaptor 2
6 TA482 SMA(f-f) within -series adaptor 1
7 TAA486 Picowrench RF N+SMA connectors multitool 2
8 On USB stick ordownload Available from www.picotech.com/downloads 1
Folder containing:
NMT kit default set.sta Recommended default settings for use with this kit .
(other settings called by this guide are also provided)
NMT kit default calibration (at SMA).cal Default typical calibration & settings, SMA(f) referenced
Ideal SOLT kit FJef bm! | mpt t cdlibration kit{ddtas*p ! mf ¢
NMT kit typ SOLT SMA(f) Vx.kit Typical calibration kit data for low -cost SOLT SMA(f) **.
NMT kit meas de embed portl.s2p Measured # u z q j -dnibed! Tduehbtone file for the
NMT kit meas de embed port2.s2p NMT kit PCA feedlines.
NMT kit Users Guidepdf This User!  &nd Trainer!s guide in PDFformat.
** Calibration kit data in PicoVNA kit format and also as 4x
Touchstone (Open.slp, Short.slp, Load.s1lp and Thru.s2p).
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2.2 PQ187 Standard Demonstrator Kit Contents

Item | Order Code  Description Qty
1 TA336 N(m)p SMA(m) standard VNA test Lead 2
2 TA345 Standard SMA(f) SOLT calibration kit with data 1
3 TA431 SMA(f-f) non-insertable check standard and data 1
n.a. Serial-number-specific data for TA431 and TA345 on USB stick 1

2.3 PQ188 Precision Demonstrator Kit Contents

—

Item | Order Code  Description Qty
1

TA338 N(m)p PC3.5(m) premium VNA test Lead 2

2 TA347 Premium PC3.5(f) SOLT calibration kit with data 1
3 TA431 SMA(f-f) non-insertable check standard and data 1
n.a. Serial-number-specific data for TA431 and TA347 on USB stick 1

The remainder of this guide assumes a working knowledge of the PicoVNA or alternative VNA in
use. For calibration or operation guidance please see the relevant instrument user guides.
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3 Preparation

3.1 Preparation to use the PQ186 Network Metrology Training Kit

On the USB memory stick or available for download in updated form at www.picotech.com , you
will find this guide and other user files in the folder :

NMT kit User Guide and Files Vx.xx .

NMT kit User Guide and Files V1.00

NMT kit PicoVNA settings
NMT kit Amplifier forward set.sta
NMT kit Amplifier s-params set.sta
NMT kit Atten set.sta
NMT kit BP Filter set.sta
NMT kit Component set.sta
NMT kit Default calibration (at SMA).cal
NMT kit Default set.sta
NMT kit Feedlines set.sta
NMT kit LP Filter set.sta
NMT kit Power Divider set.sta 2/02/2020 10:48
NMT kit Thru set.sta

NMT kit SOLT PicoVNA data
TouchStone SOLT data
Ideal SOLT.kit
NMT kit SMA(f) typ SOLT V1.kit
NMT kit meas de-embed Port 1.52p
NMT kit meas de-embed Port 2.s2p
@ NMT kit Users Guide.pdf

For PicoVNA usersit will be convenient to copy and paste the Pico-recommended default
calibration and settings files dZONU! | j u! ef gbv mu! d hda) NW!blujj y'lod f) gobuv MuUN!IB *
tfuujoht/tubL) boe! bmm!tjnjmbs!/ dbm!boe!/ tub! gj mft!

User: Documents/PicoTechnology/PicoVNA2/

The measurement setup that we use with Network Metrology Training Kit varies with test or set
of tests being performed, personal preference and possibly with the VNA that is being used.
However, there is a kick-off instrument status that Pi co recommends for its PicoVNA. The setup
is suited to include time domain display capability and uses a resolution bandwidth suited to any
of the measurements that students are likely to make with this training kit.

The settings summary is:

2048-point (TD) sweep 2.93 MHz to 6010 MHz at p3 dBm port power

12-term non-insertable known thru calibration

1 kHz resolution bandwidth

Markers on (5), Active Channel 3

Display Chlp S11 Log Mag, 5 dB/div, Ref 0 dB at grat 2

Display Ch2p S21 Log Mag, 0.5 dB/div, Ref 0 dB at grat 2

Display Ch3p S11 TD (Hann), 0.2 U/divRef O U at grat 3, timebase spanp1 nsto 9 ns
Display Ch4p S22 Log Mag, 5 dB/div, Ref 0 dB at grat 2

E R I |

These settings are provided for the PicoVNA within the download instrument status file:

NMT kit default set.sta

The settings are also recalled within a default calibration and status file. This will establish a
typical calibration and default set tings. The setup should be recalibrated whenever this is used:
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NMT kit default calibration.cal

Also supplied and conveniently transferred to their target folder are the calibration kit data .kit
flessUi ftf!tipvme!cf!dpgjfel!joup!uif!dzDbmljutlLlL) gpmef s

User: Documents/PicoTechnology/PicoVNA2/Calkits

The supplied PicoVNA kit files are ideal data for the on-PCB and typically measured data for the
low-cost SMA(f) calibration standards provided with this training kit. Files of the same version
number are all identical and can be used with any NMT KIT PCA or SMA(f) kit of the same
appearance (as shown below).

Note: The full specified measurement accuracy of th e PicoVNA, or any other VNA tlat is
calibrated with these low -cost standards and their ideal or typical data, will not be fully realized.
Measurement uncertainties will be significantly increased but tolerable within the training
environment.

Note: Calibration Kit data that accompanies any other Pico-supplied calibration kit (those within
the PQ187 and PQ188 demonstrator kits for example) is specific and unique to the serial number
of the kit it represents. This very specific data for a kit can realise the full specifie d accuracy in
any measurement. It is also possible using these high-performance standards to measure lesser
SOLT devices and then to create calibraton .kit files for the PicoVNA. The method is described in
Appendix 2.

Users of other VNAs can use the Touchstone data files provided for each of the standards on -
PCB orSMA(f). Alternatively the near-equivalent polynomial models for the standards are
provided in the table below.

Db m! ! Offset/Length @ Loss CO (10%) C1(10?") C2(103%) C3(10*) L (pH)
(mm) ) Hg Ot

PQ190 Low-cost SMA(f) Calibration Kit typical models V1

Open 16.8 17.5 30 0 0 0 n.a.

Short 14.4 16.5 n.a. n.a. n.a. n.a. 50

Thru 194 n.a. n.a. n.a. n.a. n.a. n.a.

Ideal lossless, zero-length models

Open 0 0 0 0 0 0 n.a.

Short 0 0 n.a. n.a. n.a. n.a. 0

Thru 0 n.a. n.a. n.a. n.a. n.a. n.a.

3.2 Preparation to use the PQ187 or PQ188 Network Metrology Demonstrator Kits
For PicoVNA usersit will be convenient to copy and paste the calibration kit data.kit file and the
di fdl!'tuboebse/t3g!gjmft!gspn!uif!jodmvefel VTC! nfn
dzDi fdl ! Tuboebse! ebub! boe!vodfsubjoujftlLl@lgpmefst!vo

User: Documents/PicoTechno logy/PicoVNA2/

It is assumed that users of other VNAs will use their existing calibration standards and data or
models. However, Touchstone data files for use of the Pico calibration standards with non -Pico
VNAs can be provided upon request. Contact Pico or your local Pico distributor. N ote that Pico

does not provide polynomial models for these calibration standards as approximation models
cannot support the given measurement uncertainty specifications.
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4  VNA calibration

4.1 VNA Calibration using the PQ190 Low Cost SMA(f) Calibration Kit

As with the majority of off -the-shelf SMA calibration kits, this kit and its typical data will calibrate
a VNA at the mating SMA(m) reference plane of the test leads or port adaptors that are
interfaced.

Assuming use of a PicoVNA, load the NMT kit SMA(f) Typ SOLT Vx.kit file to both ports of the
PicoVNA.

Alternatively, if using a non-Pico VNA, load the typical Touchstone data for each of the four SOLT
fmfnfout-!ps!tuif!bcpwf! dZQR2: 1! Mp X dyptme!loTpMB )bgm! Inpkerjn

Ensure that you apply the correct version of data or models for the kit that you have, as shown
below.

This calibration uses three SMA(f) items to perform a Short, Open, Load and Thru calibration.
For the Version 1 (V1) SMA(f) SOLT Ki, use the download data file:

NMT kit typ SOLT SMA(f) V1.kit

=4

-
e ( - e

IHEOENS

The within-series SMA(f-f) adaptor is used both as the thru and as the open. The .kit or
Touchstone / models data supplied have characterized this part for use in both roles.

IMPORTANT- Use of athru as the open requires that one end (either end) be left open in air.
Ensure that dielectric materials or metals are kept well clear (25 mm or 1 inch) of the open end
during the calibrating measurement. This includes the temporary removal of any dust cap.

Hint: It may be instructive to apply instead the download calibration kit file: Ideal SOLT kit or

Touchstone / model during the calibration. This ideal data assumes the applied standards to be
free of parasitics, lossless and zero length. This data allows experiment and error determination

nmtkug-1 Copyright © 2020 Pico Technology. All rights reserved. 8/46



Network Metrology Traning Kit Vtfs!lt!Hvjef

around missing characterization of the calibration standards.

4.2 VNA calibration using the PQ186 NMT KIT PCAon-PCB SOLTstandards

There are two sets of Calibration kit data provided for the on-PCB cdibration standards. Selection
of a kit data file provides for calibration at two different reference planes.

1. Usethe download calibration kit file: Ideal SOLT.kit to calibrate the VNA at a feedline end
reference plane (Ref Plane 2).This ideal data treats the feedline end standards to be free of
parasitics, lossless and zero length.

2. Use the download calibration kit file: NMT kiton - PCB typ SOLT & Feed.kit to
calibrate the VNA at the mating SMA(m) reference plane (Ref Plane 1) of the test leads or
port adaptors that are interfaced. This data includes characterization of the on -board
standards and their feedlines. This data allows experimental comparison using calibrations at
the same SMA(m) reference plane, but using calibration standards and data of differi ng
quality. Note that polynomial models cannot be provided as an alternative to this data.

Assuming use of a PicoVNA, and with a desired reference plane in mind, load one of the above
kit files to both ports of the PicoVNA.

Alternatively, if using a non-Pico VNA, load the typical Touchstone data for each of the four SOLT
elements.Bt ! b! gvsui fs! bmuf-@bGUuUpPiwm] as bupgz&2Bj uppomz! uzqj
models given in the table above can be used to achieve a calibration at feedline ends.

CAL IBRATION THROUGH

CALIBRATION SHORT

Semmsa——

On-PCB SOLT Calibration Standards

IMPORTANTp Use of the NMT KIT onPCB calibration standards requires that dielectric or
metallic materials other than air do not sit in close proximity to the on -board terminations or
transmission lines . Please ensure that fingers and other materials are kept well clear (25 mm or 1
inch) of the connectors and PCB top surface during the calibrating measurement.

4.3 VNA Calibration using the PQ187 or PQ188 Demonstrator SMA(f) or PC3.5(f)
Calibration Kits

As with the majority of off -the-shelf SMA calibration kits, these kits and their serial number

specific data will calibrate the VNA at the mating SMA(m) or PC3.5(m) reference planes of the

test leads or port adaptors that are interfaced.

Assuming use of a PicoVNA, please load the [Serial Numbered].kit file to both ports.

Alternatively, if using a non-Pico VNA, load the serial number specific data or models for your
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preferred calibration kit. Touchstone data can be made available for the Pico calibration
standards (please contact Pico or your Pico distributor) . Unfortunately polynomial models cannot
adequately represent these standards.

4.4 To calibrate or compensate feedlines?

The Pico Network Metrology Training Kit is designed to allow measurement and experiment
around calibration at an on-PCBnetwork port reference plane, or compensation of a feedline
between an alternative SMA(m) reference plane and the network port in question.

Three methods of calibration at the SMA(m) cable -end Test Ports (Ref Plane 1) have been
described.

1. Using the inkit low cost SMA(f) SOLT calibration kit with characterization data or polynomial
models.

2. Using the on-PCB SOLT calibration kit with characterization data that includes the on-PCB
connectors and feedlines.

3. Using the optional high quality SMA(f) SOLT calibration kit with serial-number-specific
characterization data (available separately or within the PQ187 or PQ188 demonstrator Kits).

We havealso described above a method of on-PCB calibration to achieve a reference plane right
at the network ports (Ref Plane 2).

4. UsingtheonPDC! TPMU! db mj c 8 b b miparasipcplasdlessjandizérctgngth
characterization data to represent feedline end SOLTstandards.

The various methods work because all of the feedlines on the PCB areof similar dimensions and
on the similar and reasonably uniform dielectric. Note that the on-PCBthru is simply two
feedlines connected in series. If a representative feedline is included within a calibration, or
represented by a compensation mechanism, then to the degree of match between multiple
instances of the feedline we can exclude it from our measurement.

However, the degree of PCB to PCB match andnon-uniformity across our substrate, and the
comparative accuracy with which we know our imped ance standards in each case, will determine
our total measurement errors. These can all be investigated by experiment.
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5 Applying reference plane shift to compensate feedline length.
From the recommended default settings, adjust to display instead:

9 Display Chlp S11 Smith

9 Display Ch2p S11 Phase,45°/div, Ref 0° at grat 6

1 Display Ch3p S11 TD (Hann), 0.2 U/div, R€0 U at grat 6, timebase spanp0.1 ns to
0.9 ns.

1 Display Ch4p S11 Group Delay, 0.1 ns/div, Ref O ns at grat 10

T Tfu! STg! QmBOKF ' tijgul!y

1 PicoVNA settings file: NMT kit Feedlines se t.sta

Having calibrated at SMA(m) test ports . Measure the on-PCB Open on Port 1 and Short on Port 2

Adjust Ref Plane Shift for best display of zero length open on the Smith OR zero offset on the
time domain display OR zero slope on the Group Delay display These should all coincide.

Alternatively select Auto Zero for an automated adjustment.

— Yellow trace after calibration at SMA(m) Ref Plane, Calibration sl ———gpfeeg=e=————"jmg
= Blue trace after Ref Plane Shift of 58 mm it Ref Plane

11 ReiscionZ 511 Phase

006 somyoy  MARKERS
: : Graph 3 511
180 K H | HLY Ret. P\aneﬂm
Wi72 13 Linear phase slip, indicating a time delay detta (313
After ref plane shift, closely a © that is reduced to zero using Reference Plane shift 016320, 00953m
zero length Open, but P W Ny & 1005U
showing reflegtion loss atHF N A H : J peoiker 1
\ 45 -0.059U. 44 4ohms
- Marker 2
L0 0, 00205 m
s 'gf%,"mn Schms
;0 Marker 3
00661 ns, 00448 m
23UEMHz 6003 9394 MHz Tz 0.346 U, 1801 3ohms
1 W76, 58 2 4925313 3 1.7k -20374 & 89536, 693N 5 5375, 881G 1.9 23R -2 & 54 &72 Marker 4
0.3983 ns. 02072 m
S11T0 (Hann| §11 Group Dislay 0962 U, 2581 6ohms
oy _ a2y 00 01 oy Morkor 5
: e T J arl
H : ; ; Bns,03291 m
““"w] Sl NI il SR b et
azopafisd A AN U s & ocmarimdt AT \'
"oy A AN ?‘4 J'I Lu‘.,.?'hM‘ W \ﬂ'}‘ Y i .'.,.4 |
: H 08 ‘ : H : Set Values Ret Plane (applies to active channel] |~ De-embedding
+ %0, H t | Averages I~ Port1 network
Select Urik: =
SO IO SUSUES SO : : a0 Group delay sees J= o o x| paore | I For 2 ek
N’ ! o
a2 : i . 03 the same time delta. | o B ErderVahs [§5 Effdsisctic [557
Time domain reflection moves Swoathing [ " Deenbedon
o from + 0.672 ns to zero delay o | Cent acive chaned @ Dewnbsd ot
o8 See mkr 5 = mkr 2 time delta A Ch3 meansing 11 D Sotio
080 - Port 1 Lev (dBr) [39
12010 +4) [} External Zo
T T e e Culmodeine  [i _ _ e
1.-08 248 39 49 549 10 2M 3 47 5 W i i Close 0 Help.

Extra synih oeting [
e )

Display S22 on all of the above plots and then apply the same Ref Plane shift to this port too

Note and use the length value(s) as the Reference Plane shift to use(applied to both

measurement ports) in future measurements on the particular PCB that you are using.
Sfnfncfsjoh!uibu!bl!ejggfsfou! QDC! njdndrasultfinyi j cj u! bl t
slightly different length.
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The time delay that is measured here is calculable from:

1 Velocity Factor ® "Q pTif~ -

Where (relative permeability) ir = 1 (as there are no magnetic materials present)

Fggfduj wf!lsfmbujwf!gfsnjujwjuz! pg! ui=8.01lc@ginaibobs! t us
and length 58 mm. But note that this yr value could vary 2.9 to 3.3 across different batches of

PCB material. Relative permitivity of the coaxial launch connector dielectric within the total is

yr=2.5 and length 8.4 mm.

Return to the settings of PicoVNA settings file:

NMT kit Feedlines set.sta

to view the impact of reference plane shift.
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