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General

0.1 Safety Instructions

The Time-Domain Sensor (7DS) system is a LASER Product designated as
Class 1 during all procedures of operation. The T'DS system internally uses a
CW power LASER capable of Class 3B operation. An internal safety circuit
shuts down the power LASER within 0.1ms if the optical link from the
remote unit to the sensor is interrupted which allows the system to operate
as a LASER Class 1 device. The T'DS system is easy to use device but as the
system is internally operating with powerful invisible LASER radiation it is
strongly recommended to read the following instructions before unpacking
and first operating the system. Please refer to Chapter 1 if any of the below
terminology is unclear.

e Permit only experienced personnel to operate the system.

e Do not override the safety optical safety return links by external bias
(electrically or optically).

e Under no circumstances do attempt to defeat the connector interlock-
ing mechanism (shutter and mating probe connector).

e Do not switch on the remote unit with the activation pin before the
fiber optics (probe) have been connected.

e Do not leave the key of the key switch attached to the remote unit if
not in use.

e Immediately shut down the system (remove activation pin) if an optical
link error occurred. Inform support@speag.com about the error for
further instructions.

e Under no circumstances operate a defective unit or a unit with broken
or damaged cover seals.

e Do not open the remote unit, fiber optics housing, sleeves or the sensors
at any time. It is dangerous and will cause system failure if one opens
the cover of the remote unit, fiber or the sensor.

e In case of mechanical damage of the remote unit (in particular the
shutter), the fiber-optical patch-cord or the TDS probe, immediately
deactivate the system by removing the activation pin. Inform ”sup-
port@speag.com” about the damage and await further instructions.

e The system does not contain any user serviceable parts. Do not at-
tempt any service or repair to the TDS system yourself. For service
or repair the system has to be returned to SPEAG.
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Failure to adhere to the above instructions may result in haz-
ardous exposure. Caution: the use of controls or adjustments or
performance of procedures other than those specified herein may
result in hazardous radiation exposure.

0.1.1 LASER Specific Information
0.1.1.1 Accessible LASER Radiation

During operation the accessible radiation from the TDS system is limited
to LASER Class 1. Even in the event of a failure of the protective covers or
sleeves the radiation from a TDS system is limited to LASER Class 1 using
an internal automatic power down mechanism of the LASER sources based
on a continuous monitoring of the optical return link quality.

0.1.1.2 Non-Accessible Internal LASER Parameters

The TDS system uses embedded Class 3B lasers with no human access. In-
side the Remote Unit up to 3 mutually exclusively activated near-infrared
power LASER sources to energise the TDS sensors heads when a probe is
connected:

Wavelength 808 nm
LASER power for classifica- <100mW (<55mW calibrated)
tion

Mode of operation CW (continuous wave):
automatic shutdown after link failure:
<100 ps

Transverse Beam Mode multi-mode

Inside the Remote Unit 1 near-infrared LASER source to energise the TDS
probe serial number when a probe is connected:

Wavelength 845 nm

LASER power for classifica- <5mW (calibrated)

tion

Mode of operation CW (continuous wave):
automatic shutdown after link failure:
<1000 uSec

Transverse beam mode multi-mode

Inside the T'DS probe 1 near-infrared LASER source (VCSEL) is present:

viii SPEAG, TDS Handbook V 1.0, March 2017



General

Wavelength 850 nm

LASER Power for classifica- <2mW

tion

Mode of operation CW (continuous wave):
automatic shutdown after link failure:
<100 uSec

Transverse beam mode multi-mode

0.1.2 LASER Labeling

The below figures show the positions of the LASER safety relevant labelling
of the standalone TDS Remote Unit and the PXI version of the TDS Re-
mote Unit. The following labels are present on every Remote Unit. The
exact locations are shown on Figure 1l and Figure 2.

1. Manufacturer Identification Label Part 1 (Remote Unit identification,
Serial number, Part number and Manufacturing date)

2. Manufacturer Identification Label Part 2 (Manufacturer address)
Schmid & Partner Engineering AG,

Zeughausstrasse 43, CH - 8004 Zurich

3. Certification Label
Complies with FDA performance standards for laser products except for

deviations pursuant to Laser Notice No. 50, dated June 24, 2007

4. Hazard Warning Symbol

5. Explanatory Label

CLASS 1 LASER PRODUCT
CLASSIFIED
EN/IEC 60825-1 2007

SPEAG, TDS Handbook V 1.0, March 2017 ix
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Figure 1: Standalone T'DS Remote Unit safety marking
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Figure 2: PXI TDS Remote Unit safety marking

SPEAG, TDS Handbook V 1.0, March 2017 xi



0.2 Environmental Requirements

The TDS system works best in the following environmental conditions:
e Temperature range: 10°C - 30°C.
e Humidity 30% - 90% non condensing.
e Atmospheric pressure 860 hPa - 1060 hPa

The probe calibrataion is valid for 22°C +4°C

Note: The probe tip is fully sealed, so it can be used inside liquids. This is
valid only for the tip, not for the entire probe.
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0.3 COPYRIGHT

Copyright (©) 2004-2012 Schmid & Partner Engineering AG. All rights re-
served. This document is provided by Schmid & Partner Engineering AG
for informational purposes only to licensed users of the T'DS product and is
furnished on an “AS IS” basis, that is, without any warranties, whatsoever,
expressed or implied. Information in this document is subject to change
without notice. The software described in this document is furnished under
a license agreement. The software may be used or copied only in accordance
with the terms of this agreement. No part of this publication may be repro-
duced, stored in a retrieval system, transmitted, or copied in any form or by
any means, electronic or mechanical, including photocopying and recording,
for any purpose other than the purchaser’s sole use, without the written
permission of Schmid & Partner Engineering AG. DAK, DASY, DASY4,
DASY5, SEMCAD, TDS, and SPEAG are registered trademarks of Schmid
& Partner Engineering AG. Microsoft and Windows are registered trade-
marks of the Microsoft Corporation. Other brand and product names are
trademarks or registered trademarks of their respective holders.

Schmid & Partner Engineering AG
Zeughausstrasse 43

8004 Zurich

Switzerland

Visit our Web site: www.speag.com
Receive support: support@speag.com
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0.4 About this Handbook

The TDS Professional Handbook contains five parts: General, System De-
scription, System Installation, T'DS Operation, and Remote Interface.

The System Description provides an overview of the TDS hardware.
Included are a hardware description, specifications, and service instructions
to ensure correct operation.

System Installation is comprised of two parts: How to set up the hard-
ware and how to install the software to control the TDS system remotely
from a PC.

TDS Operation provides information on performing measurements with
your TDS system and applying the calibration factors delivered with your
system.

The description of the Remote Interface provides details about the re-
mote software command interface to control the T'DS system remotely from
a PC.

If you have any questions related to matter beyond the scope of this
handbook, do not hesitate to contact us by email (support@speag.com).
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Chapter 1

Hardware Overview

1.1 TDS System Overview

The main components of a TDS system are the T'DS Sensor and the Remote
Unit which are interconnected by fibre optics:




1.2. SYSTEM COMPONENTS

miniaturized sensor head
(probe tip) remote unit
photovoltaic exclusive fiber optical link
element
% = s @
E-or H-
field glectrical curremJ f:gg;{
transducer
Z information D
LNA VOSEL | L PD TIA 3.5mm
optical sensor ID
(rear probe body)
probe photovoltaic
element
power N —

power,
glectrical curren erévgq control

@é information @

LED PD sense &
control

The system uses direct laser modulation for signal transmission and elec-
trically small transducers to pick up the E- or H-field. Both devices are
exclusively optically linked by fibre optics. A power laser is used to illu-
minate a photovoltaic converter inside the sensor head via the fiber optics.
The electrical energy from the photovoltaic cell drives a small laser and a
low-noise amplifier inside the sensor head. The H-field is detected using an
electrically small loop antenna and the E-field by a small dipole, respec-
tively. The detected signal modulates the VCSEL (vertical cavity surface
emitting LASER) optical output power. This signal is then transmitted to
the remote unit over an optical fibre. At the remote unit, the optical signal
is demodulated again using a fast photodiode and the received RF signal is
amplified by a transimpedance amplifier and made available using a stan-
dard 502 output to connect standard measurement equipment such as an
oscilloscope or a spectrum analyser.

Basically, a T'DS system can be seen as a miniature, broad-band, opti-
cally isolated antenna. The antenna factor, the frequency dependent transfer
function that converts the output from the remote unit in dBm to an H-field
(in dBA/m) or an E-field (in dBV/m) is made available with the calibration
certificate of the TDS probes.

1.2 System Components

A TDS system consist of the components listed in Table 1.1. Photographs
of the system components are displayed in Figure1.1.

4 SPEAG, TDS Handbook V 1.0, March 2017



CHAPTER 1. HARDWARE OVERVIEW System Description

(a) TDS Probe

(d) TDS PXI Remote Unit

(e) PC 3.5 cable (f) USB cable

Figure 1.1: Components of a TDS system.
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1.2.

SYSTEM COMPONENTS

(g) USB power supply

(h) Click Cleaner

(i) Remote Unit activation pin

Figure 1.1: Components of a T'DS system (cont).

’ Item ‘ Name ‘ Description

a TDS probe Active optical E- or H-Field probe

b TDS sniffer probe Active optical E- or H-Field sniffer probe

¢ TDS Remote Unit Optical power source and RF opto-
electrical converter

d TDS PXI Remote Unit | Optical power source and RF opto-
electrical converter (PXI version)

e PC3.5 cable Precision 3.5mm connector RF coaxial ca-
ble, 0.6m length

f USB cable Industrial USB cable, 4m length

g USB power supply USB power supply, Ine: = 1A

h ClickCleaner Fiber optical connection cleaning device

i Activation pin (key) for the remote unit

Remote unit activation
pin

Table 1.1: Components of the TDS system.
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CHAPTER 1. HARDWARE OVERVIEW System Description

1.3 Probes

Eight types of TDS probes are available, four full-sized T'DS probes (E1TDSx,
E1TDSz, HITDSx and HITDSz) and four TDS sniffer probes (E1TDSx
SNI, E1TDSz SNI, HITDSx SNI and H1TDSz SNI). The details of the
probes are described in the sections below.

1.3.1 H-Field Probes

TDS H-field probes can be identified by a probe tip coloured in red. The
below figure illustrates the location of the miniature loop sensors with re-
spect to the tip of the T'DS H-field probes:

1.3mm

H1TDSx

1|.3|mm

H1TDSz

The loop of the HITDSz sensor is just a visualisation as it is actually oriented
orthogonal to the viewing plane. Both loop types are centred in the TDS
probe tip centre. The tip to loop sensing centre distance is 1.3 mm in both
cases.

The picture below illustrates the pick-up directions for HITDSx and
H1TDSz probes. Note the orientation of the label with the serial number of
the TDS probe:
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1.3. PROBES

Pickup
FT&:”
o anlal H1TDSx
Pickup
for

H1TDSz

1.3.2 E-Field Probes

TDS E-field probes can be identified by a probe tip coloured in blue. The
below figure illustrates the location of the miniature dipole sensors (in white)
with respect to the tip of the the TDS E-field probes:

1 i55|mm

EFIDSZ
1 .|55|mm

E1TDSx

The dipoles of the E1TDS sensors are centred in the T'DS probe tip centre.
The tip to dipole centre distance is in both case 1.55 mm.

The picture below illustrates the pick-up directions for E1TDSx and
E1TDSz probes. Note the orientation of the white TDS label and the
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SPEAG logo::

Pickup
for
E1TDSx

Pickup

for

E1TDSz

1.4 Remote Unit

Two main types of TDS Remote Unit are available:

Single Channel Remote Unit The single channel Remote Unit acts as
the optical power supply (via a near-infrared power LASER) to the
H1TDS and E1TDS single channel sensors. It further acts a opto-
electrical converter for the optical sensor signal returned from the sen-
sor.

Multi Channel Remote Unit The multi channel Remote Unit provides
the same features as the single channel Remote Unit. In addition, it
is equipped with 2 additional power LASER sources and an optical
switch. The optical switch is used to multiplex up to 3 optical inputs
onto the opto-electrical converter, i.e., the multi-channel remote unit
allows the usage of multi-channel TDS probes.

These two types of TDS Remote Units are available in standalone and
in PXI format.

The below photographs show the front and rear views of the standalone
Remote Unit and provide a short description for all elements:

SPEAG, TDS Handbook V 1.0, March 2017 9



1.4. REMOTE UNIT

10

Al

Activation Key Pin

Activation button and status LED for channel 1.
Activation button and status LED for channel 2.
Activation button and status LED for channel 3.
RF out connector (male 3.5 mm).

2 St & P Lngmenng Ai
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. USB Type B connector.
. Shutter with MUS fibre optical connector.

TDS Remote Unit Instrument trigger input. This trigger can for
instance be used to receive a trigger signal from a measurement receiver
to indicate that the Remote Unit shall switch to a next measurement
channel.

TDS Remote Unit Instrument trigger output. This trigger is intended
to signal to a measurement receiver that the Remote Unit has com-
pleted a channel switching and hence the measurement receiver can
perform an acquisition on the channel.

TDS Remote Unit Remote trigger input. This auxiliary trigger input
can be used to synchronise the acquisition with another measurement
instrument for instance a positioner system.
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6. TDS Remote Unit Remote trigger output. This auxiliary trigger out-
put can be used to synchronise the acquisition with another measure-
ment instrument for instance a positioner system.

7. TDS Remote Unit Interlock input (optional). The isolated interlock
input is currently unused. If configured internally (HW option) a 24V
interlock signal is required to operate the remote unit, i.e., to switch
on the power LASERSs.

The photographs below show the front and the back of the PXI Remote
Unit and provides a short description for all elements:

1. Shutter with MUS fibre optical connector

2. Interlock input (optional). The isolated interlock input is currently
unused. If configured internally (HW option) a 24V interlock signal
is required to operate the remote unit, i.e., to switch on the power
LASERs.

3. TDS Remote Unit Remote trigger input. This auxiliary trigger input
can be used to synchronise the acquisition with another measurement
instrument for instance a positioner system.

4. TDS Remote Unit Remote trigger output. This auxiliary trigger out-
put can be used to synchronise the acquisition with another measure-
ment instrument for instance a positioner system.

5. RF out connector (female 3.5 mm).

SPEAG, TDS Handbook V 1.0, March 2017 11
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Chapter 2

System Handling

2.1 General

Caution — T'DS probes are miniaturised electro-optical devices. Even though
SPEAG has put a lot of efforts into a robust packaging, handle both the TDS
Remote Unit and probes with care. Note: Strong acceleration forces, e.g.,
from dropping the probes make cause permanent non-repairable damage to
them.

2.2 Packing / Unpacking

2.2.1 Probe

The below description shows how to pack the T'DS probe. For unpacking
simply reverse the order. It is recommended that during packing always
the probe is first placed in the protective foam of the probe suitcase and
removed as the last element during unpacking.

Prepare and open the TDS probe
transport case. It is recommended to
not yet disconnect the probe from the
remote unit to protect the fibre opti-
cal connector during packing.

13



2.2. PACKING / UNPACKING

Insert the probe into the foam cutout
as shown on the left. Make sure the
probe is fully inserted in the foam.

Disconnect the probe from the TDS
Remote Unit.

Coil up the fibre optical patch-cord in
7 relatively loose turns in the foam
cutout as shown on the left.

Insert the connector handle in the
foam cutout. If the length does not
fit you may either use one of the sec-
ondary cutouts or re-adjust the coil
radius of the fibre optical patch-cord.

14 SPEAG, TDS Handbook V 1.0, March 2017
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2.2.2 Remote Unit

The components of the TDS Remote
Unit and the accessories can be stored
in the transport case as shown on the
left.

a1

2.3 Maintenance

2.3.1 General

For maintaining LASER product safety, maintenance other than described
below must be performed by the manufacturer of the TDS system (Schmid
& Partner Engineering AG, Zurich, Switzerland). The product does not
require any scheduled maintenance to maintain compliance with Class 1
LASER safety. If the system is damaged, especially the housings of the
probes, the remote unit or the sleeving of the fibre optics, or needs service
or repair it has to be returned to Schmid&Partner Engineering AG, Zurich,
Switzerland. Do not attempt any service or repair yourself. Do not open
the housings or sleeves of any of the components of the TDS system at any
time.

2.3.2 Connector Life Cycle

Optical connectors in general have a limited number of mating cycles, until
which the mating quality of the connectors is guaranteed (insertion loss
uncertainty: < +0.3dB). For the MUS connectors used in the T'DS system,
the number of mating cycles is 500 to 1000. We therefore recommend to
plan out measurements such that unnecessary connecting/disconnecting of
probes is limited. SPEAG has designed the TDS system in a way such
that the fibre optics mating inside the shutter can be replaced at SPEAG

SPEAG, TDS Handbook V1.0, March 2017 15
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CODES

in case a degradation of the connection is found. This would require the
replacement of the T'DS probe cable and fibre optics inside the remote unit.

2.3.3 Cleaning of Optical Connectors

It is very important for a proper operation of the T'DS system that the fibre
optical connector are cleaned before mating. The fibre optical connectors
inside the shutter are protected from dust by the shutter system. User-
access to the connectors for cleaning is not allowed due to LASER safety.
SPEAG will clean those connectors during recalibration. The fibre optics
inside at the cable connector can be cleaned using the ClickCleaner delivered
with the remote unit. The number of cleaning cycles is 500. Please contact
SPEAG if you require a spare ClickCleaner. To clean the connectors insert
the ClickCleaner in every port of the MUS8 adapter as shown below and
push the blue part of the cleaner forward inside the connector. Repeat the
process for all 8 ports:

2.4 TDS System Remote Unit LED States and Er-
ror Codes

The operational state of the T DS system and error states are encoded using
the lighting states of the 3 LEDs of the TDS Remote Unit:

16 SPEAG, TDS Handbook V 1.0, March 2017



CHAPTER 2. SYSTEM HANDLING System Description

Status: standby All three LEDs pulsating smoothly.

Status: channel activated LED of the active channel activated for chan-
nel activation time or continuous for continuous operation.

Error: no optical (probe) connector attached All LEDs flashing with
25% duty-cycle with 5 Hz period.

Error: serial number loop open All LEDs flashing with 50% duty-cycle
with 5 Hz period.

Error: sensor loop feedback open during scan Single LED (of specific
channel) flashing with 50% duty-cycle with 5Hz period.

Error: no activation pin install LEDs displaying a moving light towards
activation pin (3—2—1).

SPEAG, TDS Handbook V1.0, March 2017 17
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System Installation
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Chapter 3

System Installation

3.1 Hardware Installation

This section provides a walkthrough for setting up the TDS system hard-
ware:

Remove the remote unit from the
transport case as shown on the left.

In a typical setup the TDS Remote
Unit is placed close to the measure-
ments receiver, e.g., on top of a spec-
trum analyser as shown on the right.
Note: The T'DS remote unit con-
tains magnetic components and
should not be brought close to
strong static magnetic fields such
as a Magnetic Resonance Imag-
ing system.

21
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22

Place the USB power supply inside a
power outlet socket. Connect the Re-
mote Unit to the USB power supply
using the included USB cable. Con-
nect the USB cable with the Type
B connector to the rear side of the
TDS Remote Unit. The delivered ca-
ble provides an industrial grade USB
connector (Neutrik), which has an au-
tomatic locking mechanism. To re-
lease the Type B USB connector, pull
the metallic sleeve around the connec-
tor backwards to release the locking
mechanism and then remove the ca-
ble.
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CHAPTER 3. SYSTEM INSTALLATION Installation

Once the Remote Unit is powered all
three LEDs will start flashing indicat-
ing a ”Link Error” as no probe is con-
nected yet.

The next steps describe how to
connect the T'DS probe fiber op-
tical connector to the Remote
Unit. 1) align the marks on the TDS
Remote Unit shutter and on the metal
disc of the handle of the TDS probe
fiber optical cable. If the rotation of
the disc is aligned with the shutter it
is possible to insert the key pin against
a spring load into the shutter. Note:
One of the pins has a wider diam-
eter, incorrect alignment (rota-
tion) of the cable connector will
not allow to insert the probe.

2) insert the pins against the spring
load into the shutter until all three
heads of the key pins are full inserted.
If all three pin heads are inserted com-
pletely, it is possible to rotate the con-
nector counter-clockwise.

3) turn the connector and hence the
key pins further counter-clockwise.
The rotation opens the shutter incre-
mentally. Once the rotation is initi-
ated the key pins lock the cable to
the shutter. This prevents removing
the cable if the shutter is open. In
the unlikely event of a failure of the
electronic LASER shutdown mecha-
nism this prevents direct visibility of
LASER radiation.
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4) Once the rotation is completed, the
cable connector can be fully inserted
into the shutter mating the cable’s
MUS connector with the MUS8 connec-
tor inside the shutter. Please make
sure that the cable connecter is
inserted straight (fully orthogo-
nal) into the Remote Unit hous-

ing)

After connecting all cables to the rear
side we recommend placing the Re-
mote Unit as shown on the left. After
the probe has been connected and the
communication to the integrated se-
rial number has been established the
LEDs will display a moving light from
right to left. Identifying the missing
activation pin.

SPEAG, TDS Handbook V 1.0, March 2017



CHAPTER 3. SYSTEM INSTALLATION Installation

Use the PC 3.5mm cable delivered
with the TDS Remote Unit and con-
nect the female end to the 3.5mm
NMD connector at the front of the
Remote Unit. To fasten the NMD
connector turn the large nut counter-
clockwise.

Connect the male end of the PC
3.5mm cable to the RF in connector
of your measurement receiver. (Use
torque wrench for reliable mating.)

Insert the activation pin on the front
left of the T'DS Remote Unit.
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After the pin is inserted the Re-
mote Unit signals standby mode by
"breathing” of the LEDs on the front.
The Remote Unit is ready for use now.

3.2 Software Installation

The Remote Unit can be controlled remotely via a Serial Communication
over USB interface. The use of this interface has been tested under MS
Windows XP and Windows 7 and MAC OS X 10.8. This section explains
how to install the required driver and the prerequisites for a Remote Control
of the Remote Unit using Python scripting.

3.2.1 Driver Installation under Windows

The following procedure describes the driver installation under Windows 7:

1. Download and extract the Virtual COM Port Driver package (for Win-
dows 7) from the FTDI website: http://www.ftdichip.com/Drivers/VCP.htm.

2. Connect the Remote Unit via the USB cable to your PC. Note: the
USB port of your PC must be capable of providing >500mA. Most
likely, the Remote Unit will not be immediately recognised due to the
missing device driver:

;l! Device driver software was not successfully installed % *
Click here for details.

3. Open the MS Windows Device Manager. The device manager can be
found under Control Panel — System of your PC:
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L Jhoalbl (% » CostroiPaned » AN Cortrol Pand Rems » System

View basic information about your computer
Windows edtion
% Femete settngs Windows 7 Enterprine

% Sytem pestection Copyright © 2000 Microscft Corparation. Al nghts reserved.
% Advanced syitem semings Service Pack |

System
Ratng m Windows Dxperince Index
Processon Inted®) Cove(TM) 7 CPU S0 © 267G 24T Ghe
Irstalled memory (RAM): 120 GB
Syvtem type 64-te Operstng Yystem
Pen and Touch: No Pen or Touch lnput is svadable for this Dapley
e &
Action Center Computer same, deman, and worgroup settings
Wirdow: Usdate Compater name: bocem2 § rangesettngs

Performance Ifcrmason and Full computer name: biocem?
Computes descriptinn
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Q5 Human Interface Devices
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n Processen

& Secerty Devices
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4. Identify a device called USB Serial Port under Other Devices. Right-
click the device and select Update Driver Software:
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§ Network adapters
@ Jp Oher devices

20 wewipesj.com
B Pentable Devices Update Drrver Seftmare
T Pents (COM & LPT) Ovsable
B Peecessons u .
3’ Secusty Devices

§ Sound video and g8 Scan for hardware changes
W S Tem Jenvie
§ UnwerssiSenalBus ¢ Troperties

5. Select Browse my computer for driver software:

(e

|
!
!
|

Q—j = Update Dover Soltmare » www.spesg com
'—-—“k.». —— e —— e e ———

How do you want to search for driver software?

* Search automatically for updated driver software
Windows sl tearch your computter and the Intemet for the latest drver software
Tor your devite, wniess you've deabled ths featre n your device instalstion
N

> v
Locate and wntall drrver softsace manually

6. Navigate to the location where you downloaded and extracted the
FTDI driver package:
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Q o Update Dover Softmare - www spesg com
Browse for driver software on your computer

Sepech for Srvoer poftmace i St locaton

C\Usery' shared- caliebl\ Docoments e | Sowse. |
e - . s Y
viinclude 1 growse For Folder e

Select S folder st containe drivers %o your hardeare

o% Home)raug

S Letm ¢ B Srared Cal Lab 2 Dser r
Thes ol Conearss P e,
witmad
i Deiktop

B Cownlsads

L Faverter

ree

P Lk

Ay Documenes

A Mauic

Make sure Include subfolders is ticked and click Next to install the
driver.

7. You should be notified that the driver was successfully installed:
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8. After the installation the T'DS Remote Unit will be available as a new
COM interface on your computer:
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B #rocessen

P Securty Devces
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Note: the COM interface number depends on the USB port the
Remote Unit is connected to. We recommend to always use the
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same port on the PC in order to maintain the same COM address.
In rare cases when the Remote Unit COM interface appears unavailable the
Windows COM driver stack may have locked up. In this case a reboot of
the PC will resolve the issue.

3.2.2 Driver Installation under MAC OS X

The following procedure describes the driver installation under MAC OS X
10.8:

e Download and extract the Virtual COM Port Driver package (.DMG,
for MAC OS X)) from the FTDI website: http://www.ftdichip.com/Drivers/VCP.htm
and double click on the driver for your operating system version:

> S tems =

FTDIUSBSerialDriver_10_3 FTDIUSBSerialDriver_10_4_
10_5_10_6_10_7

e The driver installation tool will start up. On most systems it will be
sufficient to confirm all steps of the installation routine with Continue:

Welcome to the FTDIUSSSerialDriverinstalier installer

© Introduction

You wil be guided through the steps necessary to
mstall this software

Continue
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-~

Installing FTDIUSESerialDriverinstalier

© Introduction

© Read Me

© Destination Select
© Installation Type

© Installation Registering Updi“(d_lﬂlﬂtfls. .

o Chip

Install time remaining: Abost 3 minutes

e Connect the Remote Unit via the USB cable to your MAC. Note: the
USB port of your MAC must be capable of providing >500mA.

e You can verify that your Remote Unit was properly recognised as a
COM interface by:

— Open a terminal window and search tty COM interfaces via: Is
/dev/tty.*:

dev bash 101x15

Ap-20e0g-9-253 100y bushel |5 /oev/tty.*
/vty Blustocth-Modes /ety Blustocth-POh-Syre /vty antoer 1ol 007
ACP-5pe0p- 9253 108 kushe§

— Alternatively, open the MAC OS X system report and identify
your Remote Unit under USB as TDS CDC device:
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A8 Sven Kueha's NacBook Pro 15" » Hardware » USB » USB High-Speed Bus » Hub » TDS CDC

3.2.3 PXI TDS Remote Unit driver installation
3.2.3.1 Windows 7

The following procedure describes the driver installation under Windows 7:

1. Mount the Remote Unit PXI inside an NI PXI Chassis. Connect the
NI PXlIe with your PC and start up all devices.

2. Open the MS Windows Device Manager. The device manager can be

found under Control Panel - System of your PC:
] 2 Device Manager S
| fde Action View Help

UL A oliSiN * Bo Ak,

o & posate-PC

By Atrel

18 Computer

.y Dok drives

8, Dripley sdmpters

o DVO/CD-ROM deves

Q5 Human Intertace Devies

g 0 ATAATAM controlien

& Ango Connectiy

— Keyboad:

P Mice and ather poinsing devices

& Monton

T Mui-port senal adaptens

¥ Notioeal brstramerts SMEur Controtiers

& Netwodk sdapten

oy Othe devces
La Lenovo Connect Device 1.0
' B Mafuncsen Dence
4 Muarfuncion Devce

K2 Pomsble Devces |
"F Poms (COM & LPT
D Procenen
§ Seund vwdeo ard game contrlen |
W Sytes devcer !
¥ Universel Senal Bus controlens

3. Identify two devices called Multifunction Device under Other Devices.
Right-click on the devices and select Update Driver Software.

4. Select Browse my computer for driver software:
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How do you want to search for driver software?

# Search automatically for updated driver software
Windows will seanch your comguter and the Intemet 1or the Latest dewver software
for your device, unless you ve desabled ths feature m your device watallation
sethings

% Browse my computer for driver software
Locate and mstall driver softwane muarsally

5. Navigate to the location of NextFreePort_14.7 (\RemoteUnit\PXI\
PCIVEN_1COD&DEV_0001TDSEXAR\NextFreePort_14.7-1c0d40001) and
install the driver:

v
) B Update Dever Software - Exar's Communications Pon (COMIS)
Windows has successfully updated your driver software
Windows has finshed nstaling the dover software for ths device
PX TOS controller
-~

6. Repeat these steps for the second Multifunction Device.

7. After the successful installation the TDS PXI Remote Unit will be
available as a new COM interface (Exar’s) on your computer:
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3.2.3.2 Windows 10

— T T T T T T T —

The following procedure describes the driver installation under Windows 10:

1. Mount the Remote Unit PXI inside an NI PXI Chassis. Connect the

NI PXlIe with the your PC and start up all devices.

2. Open the MS Windows Device Manager. The device manager can be

found under Control Panel - System of your PC:
& Device Manager

File Action View Help
e mEmE

v A DESKTOP-KSOMSNM
, I Atmel
» ¥ Audic inputs and outputs
, I Computer
) wm Disk derves
» I Display adapters
) o OVD/CO-ROM drives
> I Human Interface Devices
» @ IDE ATA/ATAPI controllers
» @ Jungo Conmectivity
» &3 Keyboards
» [ Mice and cther pomting devices
, [ Monitors
> W Natenal Instruments SMBus Controliers
» @ Network adagters
K Other devices
B4 PO Sesial Port
» [ Portable Devices
» @ Ports (COM & LPT)
» = Pret queves
» ) Processces
> [| Software devices
» i Sound, video and game controllers

<

» S Storage controllers
» B System devices
B linivaresl Sarial Rue contenilace

3. Press and Hold the Shift-Button on the Keyboard and restart the

Computer:
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4. The Computer boots now to the boot options menu. Follow the red
marked squares:

© Troubleshoot

Reset this PC

Lets you choose 1o keep of remove
your Sed, and Pen revatalls Windows

Advanced options
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Ad"/ ance d ODUOoONS

Startup Setting:

- ‘,\I"‘ ‘.‘l R v C
e Grver wonature
sabie sarty Llunch anti-malware W OO 1w

9} Dwabie aunomatc restart atter tadure

5. Press F'7 on the keyboard and the computer will restart

6. Open the MS Windows Device Manager. The device manager can be
found under Control Panel - System of your PC.

7. Identify two devices called Multifunction Device under Other Devices.
Rigth-click on the devices and select Update Driver Software:
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8. Select Browse my computer for driver software:
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9. Navigate to the location where you downloaded and extracted the
NextFreePort_14.7. This is provided by SPEAG. Press Next.
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10. Windows will ask to install the Driver. Press ”Install this driver soft-
ware anyway’ .

° Wiandows Securty X I

11. Windows will confirm the successful installation.
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12. Now there are two new Devices visible in the Device Manager. (Mul-

tifunction Device). Repeat the steps 1 to 6 for both Devices:
" 2 Device Manager L i
foe Action View Help

e mCIBm &

o @ poate-PC
By Atmal
18 Cermputer
s Duk drives
55 Dupley sdmpters
o) DVO/CD-ROM deves
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‘ I0F ATAVATAM controliens
3”*%
- Knyboad:
1 Mice and sther poinsing devices
& Monton
T Muri-pont senal adaptens
W Natioral bntraments SMEu Controiers
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L4 Lenovo Connect Device 10
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13. After the successful installation the TDS PXI Remote Unit will be
available as a new COM interface (Exar’s) on your computer:
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3.2.4 Requirements for Instrument Control with Python

There are multiple ways to communicate to the Remote Unit via the se-
rial interface, e.g., hyperterminal, direct serial interface, or using a VISA
library. For simplicity we provide a Python module that allows the direct
communication via the serial link, called TDSserial. The module is located
on the USB memory drive delivered with your T'DS Remote Unit in the
folder Python. The TDSserial module requires the pyserial module present
in your Python installation. We recommend installing a python distribution
that includes the module, e.g., enthought (http://www.enthought.com) or
PythonXY (http://code.google.com/p/pythonxy/). If the module pyserial
is not present in your installation it can be obtained from:
http://pyserial.sourceforge.net.

Note: you can test if the pyserial module is present by execut-
ing: import serial in the Python command line shell.
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Chapter 4

TDS Operation

4.1 Taking a Measurement with T'DS

The TDS system is a very simple to use system. Taking a manual measure-
ment with it just requires activation on the desired probe channel. Note:
1D TDS probes and single channel T'DS Remote Unit only sup-
port measurements on channel 1. This section provides a short walk-
through how to perform a manual measurement with your TDS system.

Set up your T'DS system as described
in Section 3.1.

To activate the TDS system on the
desired channel press the correspond-
ing button on the front side of the Re-
mote Unit. Pressing the button but-
ton for <0.5s will activate the chan-
nel for the measurement time pro-
grammed (see Chapter5). Pressing
the button for >0.5s will activate the
channel permanently (the 0.5s transi-
tion is visualized by a short ” off-cycle”
of the channel’s LED).
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The LED of a channel lights up bright
blue after activation

After activation the TDS can be used
for measurements. For information on
conversion of the output signal of the
remote unit to a calibrated E- or H-
field please refer to Section4.4. For
advanced remote control commands
please refer to Chapter 5.

4.2 Manual control of PXI TDS Remote Units

To save space the PXI version of the T'DS Remote Unit doesn’t have any
physical buttons. Switching on and off the probes connected to such remote
units can be done using a small program called RUControl, delivered by
SPEAG. This program is compatible with all available TDS Remote Units
(PXI and non-PXI). It doesn’t require any Python" installation and talks
directly to the COM port of the Remote Unit. To run it, locate and double-
click the RUControl.exe. It will open up two windows: one with console
output and one with the GUI. Upon startup the console window lists all
available COM ports with short description for each. By looking at the
description, the user can pick the right port - the one used by the TDS
remote unit. It can be selected from the dropdown menu in the GUIL

Pressing the Activate and Deactivate buttons is switching on and off
thE TDS sensor. Upon the first activation of the sensor the type and serial
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number of the Remote Unit and the probe connected to it are printed in the
console window.

sensintine @
oK

init x
oK™

stat?
"OK", "Active"

=idn?
“EPERGT. " IRMTDE ", "SERIRL: A A8, "Nz 2 M V. "SENSOR:EA TRSZ™. "SENSOR SERIAL: 1943

stat?
"OK", "Connected"

4.3 Using T'DS SNI probes with third-party tripods

When performing near-field measure-
ments, the distance and the orienta-
tion of the measurement probes with
respect to the DUT are vital for ac-
curate readings. Holding the probe in
hand might not give satisfactory re-
sults. This is the reason why all TDS
SNI probes are delivered with a small
plastic clip, which can be used to at-
tach the probes to positioners (for ex-
ample camera tripods). Please note
that many tripods on the market are
made of metal or contain metal parts. This will influence the accuracy of the
measurements, so try to choose a tripod which is constructed of non-metallic,
non-reflective materials that will not distort the measurement results. TDS
SNI probes are pretty light, so there is no need for heavy-duty tripods.
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In the pictures below, we demonstrate how to attach the TDS SNI probe

to a small plastic tabletop tripod.

Start with attaching the TDS SNI
clip to the adaptor plate of the tri-
pod. The clip has a 1/4-20 UNC
thread, which will fit in most con-
sumer tripods. Please, don’t tighten
the adaptor screw too hard, since the
thread of the clip (and the clip itself)
is plastic and might be damaged.

Next, place and secure the adaptor
plate in the tripod head. Most tripods
have a lever or some type of clicking
mechanism for securing.

Then place the T'DS SNI probe in-
side the clip. Once the probe is in,
the spring force of the clip will keep it
tight in place.

Now, the TDS SNI probe can be
placed in the desired position by ad-
justing the tripod.

4.4 Application of Antenna (Calibration) Factors

TDS probe can be regarded as miniaturised antennas for E- or H-field
measurements. All TDS sensors and paired Remote Unit are calibrated
at SPEAG’s calibration laboratory. Besides validation of the sensor per-
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formance our calibration delivers the transfer function between an output
power of the Remote Unit and the measured field (E or H) at the tip of the
TDS probe. The method is similar to the well established antenna factor.
Antenna factors are always provided for the main receiving direction of a
probe. The antenna factor is a frequency dependent quantity.

The antenna factor for H-field T'DS probes is given in terms of:

[AFy] = dB( /m) = dBA/m — dBm (4.1)
and for E-field TDS probes in terms of:

V/m)*

(
AFgp| =dB——7F"=dB —dB 4.2
[AFp| =d - =dBV/m —dBm (4.2)
with:
0dBA/m = 20-logip(1A/m) (4.3)
0dBV/m = 20-logio (1V/m) (4.4)
0dBm = 10-logio (1mW). (4.5)

The AF of the TDS system calibrates the transfer from the tip of TDS
probe to the RF output of the Remote Unit. It does not include the atten-

uation of the cable:
[ATTeqpie] = dB (4.6)

Based on the above equation a power ([Ps] = dBm) measured at the
input of a spectrum analyser the TDS Remote Unit is connected to, can be
converted into a H-field:

HdBA/m = AFg+ ATT, e + Ps dBA/m (47)

Hipa/m

H = 10 A/m (4.8)
or into an E-field for a ETDS probe:
Eipym = AFp+ ATTepe+Ps dBV/m (4.9)

dB/

E = 100 = V/m. (4.10)
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Chapter 5

TDS Remote Command
Interface

Table 5.1 show the remote SCPI command interface of the TDS system.
Capital case letters in the command a mandatory, small case letters optional.
Default arguments are identified by [].

Table 5.1: TDS system remote interface SCPI command list.

Command Arguments Functionality
Level 1 Level 2 Level
3
*IDN? Returns the identification of the
TDS Remote Unit and the at-
tached TDS probe.
*RST Resets the TDS Remote Unit.
:FETCH? ([RF] | TIA | returns last  measurments.
| LASer || for ADC the options are:
ADC),([DBM]| ([MV]—RAW-—HEX)
| MW)
:Help? list of commands
:INITiate ([ 1 X ] Y || inititates a scan. Default is the
Z | XY | XZ | last channel setting
| YZ | XYZ |
None)
:READ? ((MW],DBM) | return RF-powers of last scan
:SENSe :CHannels (X | Y | Z | configures channels for scan
| XY | XZ |
YZ | XYZ |
None)
:SENSe :CHannels? show channels configuration
:SENSe :KEYTIMe uint32 set scan-time [ms] for key-
initiated scans [600..3600°000]
Continued on next page
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Level 1 Level 2 Level
3
:SENSe :KEYTIMe? show current value of keytime
:SENSe :MTIMe uint32 set scan-time [ms] for remotely
initiated scans [10..3600°000]. 0
means infinite duration
:SENSe :MTIMe? show current value of mtime
:SERVice | :ECHO (OFF | ON) | turn echo on or off
:SERVice | :ECHO? show echo status
:SERVice | :PROTOcol ([VISA] | | set protocol
LF | CR |
CRLF)
:SERVice | :PROTOcol? show current protocol
:STATus? returns highest priority error,
and the program state. Then
clears all errors.
:SYSTem | :INFO? returns versions an so on
:SYSTem | :POWers? ([HUMan] | | returns current parameters
Line | MW |
DBM)
:SYSTem | :ADC? returns parameters sampled by
ADC
:SYSTem | :SENSor INFO? returns info of the connected sen-
sor
:SYSTem | :DATE yy,mm,dd set date of RTC
:SYSTem | :DATE? query date of RTC
:SYSTem | :DTIME yy,mm,dd, set date and time of RTC
hh,mm,ss
:SYSTem | :DTIME? query date and time of of RTC
:SYSTem | :STACKS? Show stacks of all threads
:SYSTem | :TIME hh,mm,ss set time of RTC
:SYSTem | :TIME? query time of RTC
:SYSTem | :PXIslot? query the address of the PXI slot
:TRIGger (TPO |TP1 | | configures triggers
TP2 | TP3
| SMB |
None), (TPO
| TP1 | TP2
| TP3 | SMB
| [None])
‘TRIGger? show trigger configuration
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Chapter 6

MRI Polarization Detection

6.1 Introduction

This application note describes the use of TDS for polarization identifica-
tion of the field inside an MRI machine. The most important qualitative
descriptor of the MRI RF coil is the Bl-field distribution in the imaging
volume of interest. Bl is the RF magnetic field vector rotating in a plane
orthogonal to the static magnetic field (B0). For most efficient imaging it
is important that the Bl vector is rotating in a right-handed frame, cir-
cularly polarized and homogeneous throughout the imaging volume. This
field component is usually called B1+ and is responsible for the nutation
of the spins [1]. The other Bl-field components in the B1 reference system
(B1-, rotating in left left-handed frame and B1, polarized parallel to B0)
are considered parasitic. To achieve a proper B1 field mapping, two TDS
standalone systems are connected to a USB oscilloscope from TiePie Engi-
neering. A Python" script is provided to acquire and process the data from
the oscilloscope. After a successful installation, the software identifies the
polarization by comparing the signals detected by the T'DS probes. These
signals are equalized and used to construct a Lissajous figure. The relative
measurement uncertainties in terms of the axial ratio and the relative phase
of the Bl and B1y (polarisation ellipse parameter) are better than 0.4 dB
and 3°, respectively.The absolute B-field measurement uncertainty is better
than +£1 dB.

6.2 Measurement concept

The basic measurement equipment setup of the MRI B1-field measurement
system is shown in Fig6.1. Two H1TDSx probes oriented 90 degree to each
other capture the Bl, and Bl, field in the MRI system’s coordinate frame
(Fig6.2). Based on the RF-over-fiber principle, the RF signal proportional
to the Bl-field is transmitted via fiber-optics to the TDS remote units. Two
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6.2. MEASUREMENT CONCEPT

TDS remote units are used to retrieve the RF signal from the optical carrier
and provide it at a standard 502 3.5 mm output. The RF outputs of the
remote units are sampled using a fast coherent dual-channel oscilloscope
and the discrete B1,(n) and B1,(n) data is streamed to a PC’s memory for
digital post-processing.

Since the dominant RF signal present in MRI is the carrier at the typical
Larmor frequencies (=64 MHz for 1.5 T and ~128 MHz for 3.0 T systems)
any additional down-conversion or filtering has not been foreseen. The only
filtering is coming from the inherent high-pass filter integrated in the TDS
H1TDSx probe and the remote unit which efficiently suppresses the recep-
tion of the gradient fields.

forward and reverse RF coaxial
link fiber-optics links

RU, F———s,(t)¢ " ADCch2 nr [s,(n)
B1 E—

y

@ RU, E—————s.(t)"ADCch1 nnr |s(n)
B1, v
x,y-TDS . TDS remote units dual channel
sensor ADC
loops X

Figure 6.1: Measurement setup for Bl-field mapping.

/ /
# #

Figure 6.2: Selected coordinate frame in the MRI RF transmit coil.

The HS5 oscilloscope is capable of sampling up to 500 MS/s on a single
channel, or 200 MS/s in a dual-channel configuration. This feature can be
used to extract the actual RF carrier at approximately 64 or 128 MHz. For
the actual extraction of the axial ratio and phase between the B1, and B1,
fields we perform a digital downconversion by subsampling (see Fig6.3).
For 64 MHz we use a subsampling frequency of 3 MHz and for 128 MHz we
use a subsampling frequency of 2.5 MHz. These sampling frequencies allow
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carrier frequency ranges from 63.0 — 64.5 MHz and 127.5 — 128.75 MHz to be
aliased into the ADC sampling baseband. The aforementioned bandwidths
are sufficient to cover MRI system carrier frequencies of the MRI test systems
and the full bandwidths of typical MRI pulse sequences. For other carrier
frequencies the subsampling frequencies can be easily adapted. After the
digital downconversion of the RF signals we perform a complex-valued FFT
on both channels extracting the spectral information (S, /y(f)). Using the
Fourier space for the post-processing has the advantage that it is very robust
against the typical pulsed signal shapes of the Bl-signals. From the spectral
contents of both channels we extract the baseband carrier frequency (fc).
Over an averaging bandwidth (f,) centred at f. we then extract the relative
phases and axial ratio of S,(f) and Sy(f) and display those parameters in
terms of axial ratio, relative phase and the resulting polarisation ellipse.

s, ADCcht anr |s(n) ——| FFT

-5 — —B,(f-1/2f, f+1/2f)—

45, - 45,
phase |— < V>f
carrier and
detection axial ratio (5)
clock=3/2.5 MHz detection e 48
) (5)),

— 5 (f-1/2f, f+1/2f,)—

A
s,(t) (N ADC ch2  nr [s(n)

FFT |—= S, —

Figure 6.3: Schematic diagram of the digital post-processing for the extrac-
tion of the axial ratio and phase between B1, and B1,,.

6.3 Software

The script for control and read-out of the TDS sensors and the HS5 oscil-
loscope is using the PythonTM scripting language. The same software imple-
ments the post-processing algorithm described above and provides a graphi-
cal user interface (GUI) for measurement control and visualisation. The GUI
provides graphical information about the time-domain MRI signal waveform
the axial ratio and phase between Bl, and Bl, as well as a visualisation
in terms of the polarisation ellipse. The provided MRIgui.py Py‘chonTM script
requires Enthought Canopy environment to work. In addition, the drivers
for the HS5 handyscope have to be installed prior to running the Python
script.

6.3.1 Enthought Canopy installation

This section contains a summary of the installation of Enthought Canopy en-
vironment. For more detailed instruction visit: http://docs.enthought.com/
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6.3. SOFTWARE

canopy/quick-start /install_windows.htm.

To start with the installation, go to https://www.enthought.com/downloads/
and download Canopy Express Installer. Depending on your system archi-
tecture, you should choose either the 32-bit or the 64-bit version. Double-
click on the downloaded file. Verify that the publisher is listed as Enthought
and click Run. The first window of the install wizard should be as the one
shown below Click Next.

Welcome to the Enthought Canopy
(64-bit) Setup Wizard

mea-awmmww
your computer. Oick Next %o contirue or Cancel %o exct
Seto Wawrs,

Read the license terms, click I accept the terms in the License Agree-
ment” and then click Next. In the following window, you will be asked if
you want to make Canopy available to all users, or only to the current user.

Installation Scope
Ohivse the ratialation scope and folder

@ Inwtall gust for you (kochak)
Erthought Carcpy (54-00) vl be ratalied 1 8 per wuer Sider and be svallable 1t
for pour user aCourl. You do Not need loos Admeaystix drivieges.

Inwtall for all asers of thin machne

Erdhoughs Carapy (54000 ol be ratalied 3 ooy machwe Solder by detalt ire
be sealable for ol caers. You can change Be default retalletion Slder . You must
Pavve 00N AGrensY aNr prvieges
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e If you install it only for the current user, it will be stored under this
account and will not be available to other users. The location of the
installation folder is operating system dependent and is listed in the
following table. Please replace Canopy with Canopy32 in the paths
below in case a 32-bit version of the software is used.

‘ OS ‘ Path

tings\ Application Data\Enthought\Canopy\App

Windows XP C:\Documents and Settings \ <username>'\Local Set-

\Canopy\App

Windows Vista/7/8/10 | C:\Users\<username>\AppData\Local\Enthought

e If you choose to make Canopy available to all users you can select the
installation directory. The default installation path is C:\Program
Files\ Enthought

Click "Install” and begin the installation process. The process may take
several minutes depending on your system configuration. Once the installa-
tion process is complete, the last step is to set up your Python environment.
Check-mark ” Launch Canopy when setup exits” and the configuration of the
Python environment will start automatically. Alternatively, you can launch
the Canopy GUI from the Start Menu. When this is done Canopy will ask
for the preferred installation folder.

Cancpy Systeer anc Uy erveroreet iocatorn

Your Canapy ervraonment wil De installed in the locason shown below,
You may change &,  you wish to. What's this

Cardpy erwronment dreciry

Ci Weers wochal AopDess L oo Erthought Canapy

The default installation folder for the Canopy User Python environment
depends on the version of Windows you are using and is shown in the fol-
lowing table.

[0S [ Path

Windows XP

C:\Documents and Settings\<username>\Local Set-
tings\ Application Data\Enthought\Canopy\User

Windows Vista/7/8/10

C:\Users\ <username>\ AppData\Local\ Enthought
\Canopy\User
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For the 32-bit version of Canopy, replace the path Enthought\Canopy with
Enthought\Canopy32 in the table above.

After the PythonTM environment is installed, Canopy prompts you to
make it the default Python" environment. We recommend answering Yes.

u N -U,'.‘-qss...:- '

00 you want to make Candpy your defauht Python envvironment?

0 s Recommended)

ha vl give you drect accest %0 Caropy Python, and B uties e Pyhon,
ety _ratsl, rosetestn, Mom pons terwwd | commansd (e ompd. Learn Move

W

Later on, ¥ you mart % ke Canopy Fython e defadit, pourcan do 5o Fom e
prederances dalog. Wamiag - 1Y pau pian 30 araly a0ty the 44 path »
Coropy Pyton, you mast spec®y Carcpy's Lher” Python, rather then e Caropy

ot son Py o e Me

Start usng Carcpy

Before running the provided MRIgui.py script in Canopy make sure that
the PyLab backend is the correct one. Open Canopy from the Start Menu
and go to the Python Tab under Edit->Preferences in the Canopy Editor.
The right backend should be Interactive(wz) and not to the default Inter-

active(Qt4).
[~ wekmae tsCmosy Y - )

e B0 Wck 7 Window ' Hilp

N

P Hi, welcome to Canopy!
CANOPRY Log i to yeur Erthought accoust oe

s
ig Prederevm e

Gwerd | Edvr  Pyten | neseork |
e @
| Prompt on et [V
| Pytak backend: [rseracove tox) o
e trepracwve L

“fromiend cpliors
rire {SVG

Theme! (Lot Daciground  w
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At this point Canopy has been set up and is ready to use.

6.3.2 HS5 USB handyscope installation

This section contains a summary of the driver installation for TiePie’s
HS5 Handyscope. For more detailed instruction check Instrument Man-
ual Handyscope HS5.pdf available on the CD-ROM which came with the
instrument or from http://www.tiepie.com.

The installation of the USB driver is done in two steps. Firstly, the driver
has to be pre-installed by the driver setup program. This makes sure that
all required files are located in a place where Windows can find them. It
is important that during this first stage, the HS5 is not plugged in any of
the USB ports of the PC. Later, when the pre-installation is ready and the
instrument is plugged in, Windows will detect the new hardware and will
complete the installation of the required drivers.

To start with the installation, go to http://www.tiepie.com/en/products
/Oscilloscopes/Handyscope_HS5/Download and download the USB driver.
Double-click on the downloaded file, verify that the publisher is TiePie en-
gineering and click Next from the dialog window. If the instrument is con-
nected, you will get a warning to disconnect it before you continue with the
installation.

Welcome to the Handyscope HSS
driver Setup Wizard

™hie vl retal Mardyscope MSS driver 7. 1.0 on your
LOPOu Y

11 % recommended Wt vy O0se o 00 SOpSaters Defore
conanuUng

Ok Nex®t 2 conirue, or Carcel o et Selip

In the next dialog window you have the option to change the default
installation folder for the driver.

SPEAG, TDS Handbook V1.0, March 2017 63


http://www.tiepie.com
http://www.tiepie.com/en/products%20/Oscilloscopes/Handyscope_HS5/Download
http://www.tiepie.com/en/products%20/Oscilloscopes/Handyscope_HS5/Download

6.3. SOFTWARE

Select Destmation Location
Where should Herdyscoge MSS driver B¢ ralaled?

Sotp wil retall Mancyscope MES Sreer o B following Slder

To contirwe, Choh Neat. 3 you would e 1o sefect o dferent lider, Gk Browse

PYog )] H55-rvver | Bovae. .,

Al least 4 ) M3 of Yee Ok DA0e 5 RS

The installation should take few minutes, depending on your computer
configuration. After successful installation, you should see the following
window.

Completing the Handyscope HSS
driver Setup Wizard

o580 hae Srwhed rutaling Mandyscope M55 Swer on your
ComOn ey

O Fsh 1 et Seb

Now, the driver has been pre-installed and the Handyscope HS5 can be
connected to the computer via USB. When this is done, Windows will report
that it has detected new hardware. Depending on the Windows version,
the New Hardware Wizard will show a number of windows with different
information about the found hardware. Once ready, Windows will report
that the driver is installed. Note that when the Handyscope HS5 is plugged
into a different USB port, some Windows versions will treat it as a different
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hardware and will attempt to install the driver again.

«amw Handyscope HS5 N X
? Device driver software installed successfully.

5:40 PM
10/23/2013

%

s E.lb.'v@’i"‘-ml:'/ [ 2

To complete our HS5 installation, we need to copy the LibTiePie SDK
library. The latest version of the dll is available for download from
http://www.tiepie.com/en/products /Oscilloscopes/Handyscope_HS5 /Down-
load. Depending on your system architecture, you should choose either the
32-bit or the 64-bit version. For a 32-bit installation, copy the libtiepie.dll
to <windir>\system32\in your PC. For a 64-bit installation, this folder is
<windir>\system\.

Now, when we have the Python" environment and the Handyscope in-
stalled, it is time to connect these two using PyLibTiePie. The latest version
is available for download from http://www.tiepie.com/en/products /Oscil-
loscopes/Handyscope_HS5/Download. Depending on your system architec-
ture, you should choose either the 32-bit or the 64-bit version. Double-click
on the downloaded exe file. The installation will search for installed Python"
environments in your PC. Make sure that you select Canopy - this can be
easily identified by looking at the PythonTM Directory. Click Next and the
installation is complete.

PYTHON
Powered

Pynon Descroey St ) ) Oy

Vot ahanon Cirecd oy {r Wit b hal Vo0 8 Lol & revought Caropy'l)

6.4 Hardware

6.4.1 Required hardware

The followoing table lists the hardware needed for this application example.
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6.4. HARDWARE

] Item ‘ Name ‘ Quantity

TDS H1TDSx probe

TDS Remote Unit

PC3.5 cable

BNC to SMA(3.5mm) adapter
BNC 5012 Feed-through terminator
USB cable

USB power supply

Remote unit activation pin
TiePie HS5 USB oscilloscope
TDS probe holder for MRI
Laptop/Desktop

OO0 T =W DN+~

RN NN NN NN

— | —_
= O

6.4.2 Hardware Setup

Figure 6.4 shows a simplified block diagram of the setup. The TDS probes
are connected to T'DS remote units. The outputs of the remote units are
fed to ch.1 and ch.2 of the HS5 handyscope, using 50 2 feed-through termi-
nators. The signals are sampled in the HS5 and the data is transferred to
the PC over USB.

Note: It is very important to connect the T'DS probes and Remote units
to the corresponding channel of the TiePie oscilloscope (as shown on Fig-
ure 6.4). Please, check the labels on the probes and Remote units. Channel
1 of the oscilloscope corresponds to the X-component and channel 2 - to the
Y-component. Following the labels will ensure correct identification of the
rotational direction of the field inside the MRI.

Figure 6.4: Simplified block diagram of the hardware setup

The probes are mounted inside an MRI birdcage usingone of the spe-
cially designed T'DS holders for MRI - shown in the pictures below. Two
different types are available - one for horizontal, one for vertical placement.
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Horizontal holder

The holder has two interchangeable attachments - one which holds the
probes in the same orientation (used during imbalance compensation) and
one which holds them with 90 degrees offset (used during polarization mea-
surement). The imbalance compensation attachment is shown on the left
side of the picture below. The measurement attachment is on the right side.
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Vertical holder

The holder constist of two separate parts. The first one is attached di-
rectly to the legs of the Dual Cylinder plantom. The second one is snapped
to the first one with a simple click mechanism and holds the probes, both
during calibration and measurement.
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To minimize the influence of the mismatch from the non-50€2 HS5 input,
the cables from the TDS remote units are connected through 50€) feed-
through terminators.

TiePie

& N

_—

N

Note: The probes and the fiber-optics are fully compatible and tested
with MRI environments up to 9T. The TDS probes are provided with 8 m
long fiber cables, such that the equipment that is not compatible with the
strong static or gradient magnetic fields in the vicinity of an MRI machine,
i.e., the remote units and HS5 oscilloscope can be placed outside the MRI
environment. Only the T'DS probes should be inside the birdcage.

6.5 Performing measurements

Unzip and copy the provided package to a location on your harddisk. Then
run Canopy from Start -> All Programs -> Enthought Canopy. Start the
MRIgui.py script from ”Run File” under the Run menu. If everything is
installed properly, you should not see any warnings or errors in the PythonTM
console window.

6.5.1 Channel Imbalance Compensation

During the channel imbalance compensation of the setup, we aim to equalize
the gain and phase imbalance of the the two measurement branches. This
step considerably lowers the relative measurement uncertainty. To perform
a successful compensation, take the following steps:

STEP 1: Place the probes inside the birdcage using the MRI holder
with the imbalance compensation attachment (for the horizontal holder).
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This attachment ensures that the probes are put in similar condition - from
amplitude and phase point of view. For the vertical holder, just follow the
text on the labels and place the probes in the same orientation. Turn on
the MRI RF signal.
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STEP 2: Once the GUI is loaded, press Start/Stop Acquisition from
the Control tab. The acquisition will start and the sweep counter in the
window below will be increasing. The displayed data will be updated after
each new sweep.

! =10] x|
1 sweeps captured -
e, -
2
Chart Unik: [Voltage/V |

balance compensation: I
XJY Ratio: 45.6399607301
dPhase (X-Y): 210.318864382
Handedness: RH (magenta LS))
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STEP 3: Now, go to the Calibration tab. The current imbalance be-
tween the T'DS probes is shown under XY imbalance phase/amplitude (now).
These numbers should be relatively stable. If they are, you can press Use
Current Result. Please, note that typically the amplitude should have little
imbalance, but the phase may have significantly more.

XY imbalance amel. (used): 1.0
XY imbalance phase (used): 0.0

XY imbalance ampl, (now): 2,34266927577
XY imbalance phase (now): 57.1842395584

probe cal X [dBm(Afmy~2): [2.0
peobe cal Y [dBrf(Afm)~2): 2.0
ATT channel X [d8): [2.0
ATT channel ¥ [d8]: [2.0

Store Calibeation
Load Calbration

Now, the compensation is done. The script calculates the difference
between the two T'DS branches in terms of phase and magnitude. Apply-
ing these differences during a measurement ensures that the amplitude and
phase offsets between the branches are zeroed. For a quick verification of
this zeroing, you can go to the Control tab and check the Use Imbalance
Compensation. Since, the probes are placed in very similar conditions, the
script should show similar result to the one below. The X/Y Ratio should
be very close to 1 and the dPhase (X-Y) should be almost 0 degrees. The
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Lissajous plot should be a line (or an ellipse very close to a line), with a 45
degrees tilt.

| | i \
WY BN

e o ey m WAV e Wi W M s '51"—u*‘:(|iin:-\o
210/0) +|. | = 200+ oM

At this stage, the system can be used for polarization estimation. How-
ever, if absolute field strength is of interest, the user must fill in the probe
calibration factors for X and Y. These values are frequency dependent and
are available from the calibration certificate of the probes - check the sen-
sitivity response for the corresponding frequency. Due to some changes of
the format of the calibration certificates, the signs of the AF values in the
certificates might have to be inverted. The unit of the AF should be used
for guidance. The users can also take into account the attenuation in the
cables between the T'DS Remote Units and the TiePie Oscilloscope. These
should be put under ATT channel X/Y. The coefficients (including imbal-
ance, calibration and attenuation) can be stored as *.cal.mat file and later
re-loaded using the Store Calibration and Load Calibration buttons.
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P VR

DY

XY imbalance ampl. (used): 0.743576357375

XY imbalance phase (used): 321.066867927
XY imbalance ampl, (now): 1.0

XY imbalance phase (now): 0.0

probe cal X [dBm{(Am)~2): |-7.63
probe cal Y [dBmj(Ajm)"2]: |-5.04
ATT channel ¥ (d8]: [0.01
ATT channel ¥ [d8): [0.01

6.5.2 Measurement

Place the probes inside the birdcage using the MRI holder with the mea-
surement attachment for the horizontal holder. For the vertical holder, just
rotate one of the probes 90 degrees along its axis.

f
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Don’t forget to click on Use Imbalance Compensation to take into ac-
count the previously performed imbalance compensation. Below, you can
find a sample result, including the corresponding Lissajous figure in the
lower right corner of the window. Depending on the orientation of the po-
larization, the color of this figure will change. Magenta corresponds to RH
(right-handed), and black - to LH (left-handed) polarization.

e [t [t =
L L I 1 ?EE E
N || a1 T 0 3 S = :
f ' | | Use imbalance compensation: [V — 2
= ‘ XY Ratio: 0 L —_— e )
! dPhase (X-Y): 96.4 wdli
o BR
1 1 i1 1 | )
Jali [.i I ,l (. ; i
| I | | A | 7 X
l ’ : N[ | | ik JF N / 3
B A Mk Ak fh dh Ak |
LRI LN | | |
| [ 1
| e b N\
| o el - W ¢

Note: The data plotted by the GUI is RMS (root mean square) filtered.
When the Chart Unit is set to Voltage/V, the displayed traces (Red for X-

and Green for Y-component) are data from the oscilloscope, with no coef-
ficients applied on it.When the Chart Unit is H-field/(A/m), the displayed
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data is absolute field strength and is compensated using all coefficients from
the Calibration tab.
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Chapter 7

Phase Measurements using
TDS and a Vector Network
Analyzer

7.1 Overview

Modern Network Analyzers are measuring both magnitude and phase of
the wave quantities and use these values to calculate complex S-parameters.
Since TDS is preserving the phase of the signal, it can be used together
with a Vector Network Analyzer to perform complex transfer function mea-
surements, or shortly S21 in the case of a two-port DUT. In this application
note, we describe how to use TDS to perform such measurements with a
specific focus on the phase of S21, also called insertion phase.

7.2 Test Setup

For this example, we will use a TDS system to measure the phase change
along a stripline. The hardware needed for this measurement example is
listed in the table below.

’ Item ‘ Name ‘

1 TDS probe (E- or H-field)
TDS Remote Unit
Vector Network Analyzer (min. 2-port)

Microstripline

50€) terminator

O U | W[ N

Adaptors, cables

Figure 7.1 shows how to connect the equipment. Note that for this mea-
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surement, both E- and H-field probes can be used. Please, keep in mind the
field distribution around the stripline shown on Fig. 7.2 in order to obtain
the correct coupling to the probe.

500

S

O2 10

. L

Figure 7.1: VNA measurement setup for S21 measurements using T'DS

Figure 7.2: Field distribution of quasi TEM mode for a microstrip line. The
E-field lines are in blue and the H-field lines are in red.

7.3 Calibration

In this specific example a modified VNA calibration is required. The stan-
dard 2-port calibration performed at the input of the mictorstrip line and
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the ouput of the T'DS Remote Unit has to be modified by adding some off-
set. This is done to compensate for the electrical delay introduced by TDS
(shown as a blue dashed line on Fig. 7.3).

g S

| |

02 10 L / @

Figure 7.3: Calibration setup for compensating the additional delay intro-
duced by T'DS (shown in blue dashed line).

In most modern VNAs the electrical length compensation is implemented
as a separate function. By activating it, the instument will automatically
calculate and apply the correct time delay. This function is called in differ-
ent ways by different equipment providers - some common names are Auto
Port Extension, Auto Length, Auto Reference Delay Compensation. Please,
consult the manual of your VNA for more details.

To perform a successful calibration, take the following steps:

STEP 1: Perform a standard 2-port VNA calibration with calibration
planes at the input of the microstrip and the RF output of the TDS Remote
Unit.

STEP 2: Connect the TDS system according to Fig. 7.3. Here the probe is
kept on top of the stripline, close to the beginning of the stripline. Consult
Fig. 7.2 in order to get correct coupling between the probe and the stripline.
STEP 3: While maintaining this probe placement, perform Auto Length
compensation from the VNA.

STEP 4: Apply the calculated offset. This position of the probe will be
used as a reference for the next measurements.

Usually phase delay is displayed in a linear phase format as a function
of frequency. This display shows values between -180 and +180 degrees.
The linear phase delay can be unwrapped, forcing the phase to be displayed
linearly without the typical sawtooth character. This makes it easier to
follow and draw conclusions, especially in the cases when the phase values
are close to +£180 degrees. Most VNA offer this functionality. Please, consult
the manual of your VNA for more details on this.
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7.4 Conversion between phase delay and mechan-
ical length

For an ideal non-dispersive DUT, the phase of the complex forward trans-
mission coefficient S21 is a linear function of the frequency, described by the
following formula [1]:

o =-360"-f-7 (7.1)

, where 7 is the electrical delay time and f is the frequency. It can be directly
calculated from the mechanical length (L) of the DUT, using the effective
permittivity (e.s¢) and the speed of light (C) [1].

L yEejs (7.2)

Combining equations (7.1) and (7.2) shows that the phase change along a
non-dispersive transmission line is a linear function of the mechanical length.
It can be calculated using commercial software packages [2] for transmission
line design. For the chosen PCB thickness, copper width and thickness,
substrate dielectric constant and given frequency, the program can calculate
the relation between electrical and physical length. In other words, this
calculation provides the relation between the path along which the probe is
moved and degrees of phase change for the specific microstrip design.

Our setup can be used to confirm these calculations. Firstly, we put the
probe in the same position which was used during the Auto Length adjust-
ment. Then we physically move the probe along the stripline towards its
end (as shown on Figure 7.4) and record the VNA readings. By doing this
we introduce additional length to the DUT, resulting in phase change.

We can look at a single frequency (1GHz for example) and plot the
resulting data. The comparison between calculated and actually measured
values is shown on Figure 7.5.
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l
11‘ )
i 69

Figure 7.4: Moving the TDS probe along the stripline introduces phase
change

Distance [mm]
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Phase [deg]
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<)

-2001
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Figure 7.5: Relation between phase change and distance for the tested mi-
crostripline

7.5 Phase change as a function of the frequency

Now, instead of using a single frequency, we can look at the frequency range
from 200MHz to 500MHz. We can move the probe in steps of 10mm and
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take a measurement sweep for each position. The resulting phase is plotted
on Figure 7.6. The dashed lines are representing the targets calculated using
equations (7.1) and (7.2). Commercially available software [2] was used for
to calculate e.ff in equation (7.2).

Frequency [MHz]
200 250 300 350 400 450 500

—10mm offset
—20mm offset
30mm offset
—40mm offset
—50mm offset
T Calculated

Phase delay [deg]

Figure 7.6: Measured phase change as a function of the frequency for differ-
ent probe positions

The top curve (pink) is for the position closest to the beginning of the
stripline. The black one is for the position closest to the end of the stripline.
As expected the phase has a negative slope with respect to frequency due
to the electrical length of the device. In other words, the longer device will
result in a steeper slope. The change of phase as a function of frequency is
pretty much linear. Since the tested microstripline is not an ideal transmis-
sion line, we are observing some dispersion, but this is not significant.
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Chapter 8

Sample Python scripts

8.1 Overview

PythonTM is an object oriented open source programming language often used
for scripting applications. It is easy-to-learn and with short development cy-
cles. In addition, the scripts are clear to read. An important advantage is
its very rich set of native libraries, including numerical and plotting mod-
ules for data analysis and visualisation and the possibility of expansion by
creating custom-made modules, thus making the programming easier. In
this application note, we list few example PythomTM scripts demonstrating
the use of remote commands to control a TDS system. The full list of all
available commands can be found under Chapter 5.

8.2 Software Installation

8.2.1 Python"

A working Python' is required for running these sample scripts. One option
is to install Enthought’s Canopy distribution of Python". The use of this dis-
tribution, however, is not mandatory. A good alternative can be the original
Python" distribution. It can be downloaded from http: //www.python.org.

8.2.2 VISA library

Virtual Instrument Software Architecture (VISA) libraries are used for com-
municating with devices over GPIB, USB, and a variety of other buses.
Agilent and National Instruments (NI) are some of the providers of these
libraries. The Agilent software is called Agilent IO Libraries. The National
Instuments software is called National Instruments Measurement and Au-
tomation Ezplorer (NI MAX). Both are available for free download from the
internet. Note that NI MAX is not a separate program and is distributed
as a part of NI-VISA, NI-488.2, NI-DAQmx or other NI packages.
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Agilent VISA

After a successful installation of Agilent’s IO Libraries, the TDS Remote
Unit should be identified as a COM device inside Agilent’s Connection Ex-
pert. Details about the manufacturer, serial number and firmware version
are displayed too. The screenshot below shows these:

Aglert Conmection
foe [dt Yew JOCorfgeration Jock Help
D Rdeh N Y Unde APecetes e 0 N Py At reetace & Update Dves 3 Delete
e e —
An instrument on an RS-232 serial bus
Reheh A
€, mocoms Q Ar i Gertits wes dose
05 coms sk )
B coms (ase g
O coms (asras) nstumert Propetes | rataled Sctware
» % comr s asdress ASELY
OF com (AsRL9) i S
PR BN sring “SPEAGT 1 R TOS", SERIAL 1 1047, FW 2 01477~ "=="
- Marufactirer TSPIACT
» 9 sen en) Model cose “IRUITDS"
haaed Serial number: “SERIAL1104"
Frrware 20147
BCL asdrens COoM3 488
Address chack No
Ao ioentdy.

National Instruments VISA

After a successful installation of the NI MAX, the TDS Remote Unit
should be identified as a COM device. This is shown in the screenshot below:

& COM9 - Measurement & Automation Explorer

Bl Edt Vow Iock teb

= O My System h open VIsA TestPanel | Save | 7evert
8 abmswmerfues -
& 3 SerisleParalel
=% R coms 5‘ ASRLS:INSTR
R’ .
i coms
Y coms Device Type: Seial Pot
e
® 5 Software VISA Alias on My System.  [COM9

@ £) Remote Systems

Device Status
This device is working propery.
Hebp I
~Device Usage
¥ Device ensbled

As seen on this picture, the VISA Alias assigned to the Remote Unit is
COM9 and this is what we will use throughout this application note. Note
that this might be different in your case.
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8.2.3 PyVISA installation

PyVISA is required to enable the control of the measurement equipment.
This is a Python" wrapper for the VISA library, needed for control of mea-
surement devices and test equipment via GPIB, RS232, or USB. It can
be downloaded from http://sourceforge.net/projects/pyvisa/ . After down-
loading the executable file, double-click on it. The following window will
come up:

x
Tha Wizaed sl natel PISA on pous computee Clck Nest %0 continus o
Carvelto enl be Seho Wewd
mmmmdnwwww;]
0 crder 43 control mvassuosnsent devices and Sest sgupment v OF
IRS232 w USE W a0 WAL /oyves Waacelinge et
Lastux Toeven Bronget Geeger Thahameses
onal brorgeeEotys rwh-aachen de
Descripton: Python ViSA b GPB, REZN. and USE rumven
scucetonge ret

i | of

Tl Sun May 1] 2216 25 2012 wth detundi-2 7 2

(0] | co |

Click Nexzt. On the following window, you should select which Python"
to be used for the PyVISA installation. If you have only one Python" in
your PC, this step is straightforward. However, if you run multiple Python"
versions, it is important to select the one which you intend to use for the
instrument control. Note that PyVISA will be installed only for the selected
PythomTM installation.

X

Sebect python natallastion 1o uie

Fython Verson 2 ! Pound n regeta

Click Next to start the installation.
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x

Cick Nd 1o bogn the nstallstion of VISA I you wart 50 svview o change
ary of your netalanon selirgn. ek Back. Chok Corcel 1o et he wnd

Raydy to rmtal

s [ e |

The installation is ready in few moments. Click Finish to exit the setup
wizard.

x4

Cick the Finch button 1 eet the Sebp wawd

o o

Now, the software installation is ready and the first simple script can be
run.

8.3 COM port

As mentioned in section 8.2.2 of this note, we assume that COM9 is the
port assigned to the T'DS remote unit. Please, check which COM port was
assigned in your PC, since these are varying from system to system.This
check can be done by using Device Manager in Windows as shown on the
picture.
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() Sevial Part ((D8M) Properties _)_ql

Gereest | Pon Semings  Dvver | D |

USS Seesi Pt [COM3)
-

Dwwey Pyt FTDE
Dvvr Diste TNaan3
Doww Vezore 28300
Dt Sagren Moot Wit Hadmare Conpatdy
Pubhsha
Dpom Dstads | To veew detals shous the diiver s
Ugdate Dewar. l To update the dover solhware b s devce
AR RS l I s device s slter wpdistng e dver. o
. Back 13 S provously rolaled dover
[ ' T o urwatal e diver Advanced)

o | Caes |

8.4 Reading IDN

In this first example, we start with asking the TDS Remote Unit for iden-
tification. Copy and paste the code given below into your Python" editor
and press F5 to save and run.

import visa # this imports visa

tds = visa.instrument(’COM9’,term_chars=visa.LF) # this creates the instrument
# variable tds, which is used for all further operations.

print tds.ask(’*IDN?’) # instead of separate write and read
# operations, we use ask() and print the result from it.

As a result, we get the IDN (type, serial number, firmware version) of
the remote unit and the attached sensor printed in the Python" console:

Ele Edt Shel Debup Options Windows Help

Python 2.7.3 |EPD_free 7.3-1 (32-bit)| (default, Apr 12 2012, 14:30:37) [MSC v.1S00 32 bit (Intel)) on win32
Type "copyright”, "credits” or "license()" for more information.

>>> RESTART
>>>

"SPEAG", "1RU1TDS", "SERIAL:1012","FW:2.0117", "SENSOR: E1TDSz", "SENSOR SERIAL:1010"
>>>
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8.5 Getting help

This script is similar to the previous, but instead of asking for identification,
we ask the Remote Unit to provide a help list of all commands. Copy and
paste the code given below into your PythonTM editor and press F5 to save
and run.

import visa # this imports visa

tds = visa.instrument(’COM9’,term_chars=visa.LF) # this creates
# the instrument variable tds, which is used for all further operationmns.

print tds.ask(’HELP?’) # instead of separate write and read
# operations, we use ask() and print the result from it.

A long list with help for all possible commands will be displayed in the
Python" console.

Ele Edt Shel Qebug Options Windows Help
| >>>
| "HELPSCREEN: ",
| ":FETCH? ([RF)|TIA|LASexr|ADC), ([DBN) |HNW)
returns last measurments. for ADC the options are:
([MV] | RAV| HEX) : Help?
list of commands
| sINITiave ([]IX]IY|Z|IXY|XZ|YZ|XYZ|None)
| inititates a scan. default is the last channels setting
| tREAD? ([MV],DBH)
return RF-power
:SENSe:CHannels (X|Y|ZJXY|XZ|YZ|XYZ|None)
configures channels for scan
:SENSe:CHannels?
show channels configuration
| :SENSe:KEYTINe uinec32
set scan-time [ms] for key-initiated scans
:SENSe:KEYTINe?
show current value of keytime
| :SENSe:NTIMe uinc32
set scan~time [ms) for :init. O means infinit
| :SENSe:NTINe?
shov current value of mtime
| sSERVice:ECHO (OFF|ON)
turn echo on or off
:SERVice:ECHO?
show echo status
| :SERVice:PROTOcO1 ([VISA]|LF|CR|CRLF)
set protocol
| :SERVice:PROTOCOL?
show current protocol
| :STATus?

8.6 Checking the status of the system

In a similar to the previous examples manner, we ask the Remote Unit to
report its status.

92 SPEAG, TDS Handbook V 1.0, March 2017



CHAPTER 8. SAMPLE PYTHON SCRIPTS Application Notes

import visa # this imports visa

tds = visa.instrument(’COM9’,term_chars=visa.LF) # this creates
#the instrument variable tds, which is used for all further operatioms.

print tds.ask(’STAT?’) # instead of separate write and read
# operations, we use ask() and print the result from it.

The remote unit reports its status in the Python console:

=ioix|
Ge Edt Shel Debug Qotions Windows Heb

Python 2.7.3 JEPD_free 7.3-1 (32-bit])| (Sefauit, Apxr 12 2012, 14:30:37) [ESC v.1 ;]
S00 32 bit (Intel)] on win3i2

Type "copyright™, "credits™ or *license (] " for more informationm.

ssssssssssssssssssssssssssssssss RESTART ssssssssssssssssssssssssssssssss

The status of the T'DS RU is OK, and we have an active connection to a
probe.

8.7 Automatic access to the T DS Remote Unit

This is a more advanced example, where we access the TDS Remote Unit
without previously knowing the COM port assigned to it. For this, we send
*idn? command to all COM ports and check the contents of the answer.

import visa
import sys
import time

instrumentlist = [] # the instument list is empty

start = time.time() # we start the timer

try: #try to list all attached visa interface

instrumentlistIF = visa.get_instruments_list()

except Exception, e:
print "There was an error initializing the M&T interface: ", e
instrumentlistIF = []

#try to connect to all interfaces and identify any attached instruments
for ii in instrumentlistIF:
try:
instrHandler = visa.instrument(ii, timeout=1, term_chars=visa.LF)
instrumentIDN=instrHandler.ask("*IDN?")
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except Exception, e:
print "Could not connect to interface", ii, e
continue
instrumentdata=instrumentIDN.split(",")
instrumentdata.insert(0,ii)
instrumentlist.append(instrumentdata)

# identify and connect to the first TDS Remote Unit in the list
# this is done by checking if we have SPEAG and RU1TDS in
# the instrument reply

for iilL in instrumentlist:
if ’SPEAG’ in iiL[1] and ’RU1TDS’ in iiL[2]:

try:
TDSRUHandler = visa.instrument(iiL[0], timeout=1, term_chars=visa.L
print "Connected to interface:", iiL[0]

except Exception, e:
print "Could not connect to TDS remote unit", iiL, e
sys.exit()

try:
print TDSRUHandler.ask("*IDN?")

except Exception, e:
print "Could not connect to TDS remote unit", e
sys.exit()

# print how much time it took to run this script
print ’=> elapsed time: %s s’ % (time.time()-start)

Now, let’s look at the output ofthjsscrnﬁ;hltheﬁPythonj4consoka

| prthenshel =1
E‘!E&IMWWM
viho -3 |EPD_free 7.3-1 (32~

2012, 14:30:37) (NSC v.1500 32 bit (Imtel}] om win32

Our PC has three VISA COM ports (COM3, COM5 and COM9), but
only one of them is used by a TDS Remote Unit. The script tried commu-
nicating to all of these ports and identified COM9 as a T'DS Remote Unit is
COM9. This Remote Unit responded with its serial number and information
about the connected sensor. The total run-time was printed at the end.
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Chapter 9

EMC Sniffing Application
Scenario Using TDS SNI
Where Conventional EMC
Probes Are Non-Compliant

This application note aims to demonstrate the practical advantages of TDS
SNI over conventional, conductive EMC probes in a real use case. It fo-
cuses on the aspect of RF EM transparency, i.e. the possibility to conduct
an accurate near field measurement without perturbing the electrical or mag-
netic fields under test. To show this, two different experimental setups have
been arranged, one to demonstrate the field perturbation of a conventional
metallic probe, and one to highlight that a conventional probe can induce
unintentional EM interference in an electronic circuit.

9.1 Electromagnetic Field Perturbation Effects

The experimental setup for the evaluation of the RF EM transparency
of near-field EMC probes is shown in Fig9.1. A H1TDSx H-field probe
mounted on a fixed support is used as a reference probe that detects the
900 MHz carrier transmitted by the device under test (DUT). The signal
measured with the T'DS probe is continuously monitored on a spectrum
analyzer.

After approaching the DUT with a medium size loop (10 mm) conven-
tional EMC probe (Fig9.2) the field variation detected by the reference
probe has been recorded. Fig9.3 shows the field compression (blue trace)
due to the screening effect of the conventional EMC probe approaching the
reference probe. Similarly, the experiment has been repeated approaching
the same DUT with TDS SNI monitored by the HITDSx reference probe

95



9.1. ELECTROMAGNETIC FIELD PERTURBATION EFFECTS

(Fig9.4). Fig9.5 shows that the 900 MHz transmitted field does not exhibit
any amplitude variation.

Figure 9.1: Experimental setup to evaluate the RF EM field perturbation
induced by a conventional EMC probe. Shown is a SPEAG H1TDSz H-

field probe used as reference probe mounted on a support bracket, a 900 MHz
transmitter device and a spectrum analyzer.
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Figure 9.2: A 10mm H-field conventional EMC probe close to the reference
probe perturbs the detected field. An amplitude reduction of the detected
carrier is observed.

pactrum . 24/02/15 14:55

ace Clear/Wime

Center:859.986851 MH2 Span:20 MHz

Figure 9.3: The field perturbation effect of the 10 mm conventional EMC
probe on the 900 MHz carrier becomes evident comparing the black (refer-
ence) and the blue curves (with conventional EMC probe present).
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Figure 9.4: Absence of field perturbation when approaching the reference
probe with a TDS SNI EMC probe.

pectrum A 24/02/15 1454 I

Center:853.586851 MH2

Figure 9.5: The 900 MHz carrier, unperturbed after having approached the
reference probe with TDS SNI .
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9.2 Signal Distortion Effects

The introduction of a conventional, conductive EMC probe close to the
components and traces of an electronic circuit can affect the circuit behavior
by re-routing the electromagnetic signals under test all over the PCB. Using
the 900 MHz transmitter previously described a second experiment has been
arranged. It demonstrates that by placing a conventional EMC probe we
could induce unlocking of the PLL of the DUT. In this test the tip of a
conventional EMC probe has been positioned close to the PLL circuitry
(Fig9.6). In this way the RF signal emitted by the antenna is routed via
the conductive probe to the PLL in the middle of the PCB. Fig9.7 shows
the induced oscillation, due to the feedback of the output RF signal into the
PLL. The same positioning of TDS SNI (Fig9.8), does not affect the circuit
behaviour, due to the absence of conductive materials (Fig9.9).

F

Figure 9.6: A 10mm conventional EMC probe positioned close to the PLL
circuit of the DUT. The conductive probe elements route the RF energy
picked up at the transmitter into the PLL circuitry.
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Spectrum
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Figure 9.7: The presence of the conventional EMC probe causes artificial
spurious emissions, invalidating the EMC measurement.

Figure 9.8: A TDS SNI EMC probe positioned close to the PLL circuit of
the DUT. The near-field probe does not affect the circuit behaviour due to
absence of conductive material.
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Spectrum
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Figure 9.9: The clean 900 MHz signal of the DUT measured with TDS SNI .
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9.3 Summary: Applicability of TDS SNI and Con-
ventional EMC Probes for EMC Near-field Sniff-
ing

As demonstrated in this application note, investigating realistic EMC sniff-
ing scenarios, conventional EMC probes can impose strong limitations with
respect to their general applicability for EMC and signal integrity near-field
sniffing. Being metallic, conventional EMC probes introduce a strong, ar-
tificial and unpredictably EM boundary condition. The shielding effect of
conventional probes may remove EMC and signal integrity problems that are
present without the probe. Likewise, radio-frequency energy routed along
the conductive parts of conventional probes may introduce EMC and sig-
nal integrity problems that are not present without the probe. Only the
full RF transparency of TDS SNI near-field EMC probes ensures a general
applicability and true results in EMC near-field sniffing applications.
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Chapter 10

Conversion between Antenna
Factors in dBm and V

Section 4.4 of this manual explains how to use the provided antenna factors
for calculation of the actual field on the tip of a T'DS probe. This ex-
planation assumes that the measurement receiver is reporting dBm values.
However, sometimes, the reported unit might be Volts. In this appendix,
we explain how to modify the provided antenna factors for this case. We
assume that a HTDS probe is used. In other words, the measured field is in
A/m. The V/m case (or ETDS) is using the same calculation.

The power at the 3.5mm connector the T'DS Remote Unit can be expressed
as:

172
P= Zo (10.1)
where
U is the output voltage in Volts
Zy is 5082
This can be re-written in logarithmic form as:
10 - logioPywy = 10-logioU? — 10 - logi0Zo (10.2)
10 - logioPrw = 20 -logioU — 10 - log1950 + 10 - 1log191000 (10.3)
In terms of AF, this equation will be:
AFp(A/m)y2jmw) = AFyp((A/m) vy + 10 - logio50 — 30 (10.4)

Since we are interested in having an AF expressed in (A/m)/V, the formula
will be:

A —10-log1950+30

FaB(A/m)2 /mw)
20

AF(A/m)/V =1 (10.5)
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Chapter 11

Antenna Factor Calculation
Example

The values of the Antenna Factor (AF) listed in the calibration certificate
are calculated only for certain frequencies. However, using the provided
polynomial coefficients, the users can calculate the AF for every desired
frequency within the calibrated range. This appendix shows an example
calculation, which can be applied both for E- or H- T'DS probes. We will
use the following polynomial coefficients from an H-field probe certificate to
build the AF curve:

Coefficient | Value

T6 6.94329462888430E-01
TS -4.65397006314600E+-01
T4 1.23748320968528E+-03
T3 -1.69712049204748E4-04
T2 1.27748564107909E+05
T1 -5.03227602778675E4-05
TO 8.13427962218824E+05

The polynomial formula is listed in the calibration certificate:

6
AFy =) T, - (logio(f))" (11.1)
n=0

Using it, the resulting polynomial will be:
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AFy = 6.94329462888430E — 01 - (logio(
—4.65397006314600F + 01 - (log1o(
+1.23748320968528E + 03 - (Logio(
—1.69712049204748 E + 04 - (logyo(
+1.27748564107909E + 05 - (logyo(

+8.13427962218824F

+
ja)
ot

, where f is the frequency in Hz

This polynomial can be used in programs like Matlab" or Python" to calcu-
late the Antenna Factor for all calibrated frequencies. The result looks like
this (for an H-field TDS probe) and is included in the calibration certificate:

Antenna Factor [dBm/(A/m)z]
G 3 & o o
T T T T T

N
IS}
T

]
o
o

L L L L L |
1000 2000 3000 4000 5000 6000
£ [MHZ]

We can put a marker for example on 2000MHz. The value of the AFy for
this frequency is 6.62 dBm/(A/m)?. It can be used for further calculations
according to section 4.4 of this manual.
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