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17 Introduction

To keep the hardware of the uTracer as simple as possible, the complete operation of the uTracer is performed under
software control. The program which controls the uTracer is called the Graphical User Interface (GUI). The GUl is a
standalone progratimat can be downloaded for free. The GUI communicates with the uTracer through a serial data
link.

The GUI was in the first place designed to trace the curves of tubes. These curves give all the information about the
condition of the tube and provide infoation for the design of circuits. In addition to the curve trace function, a tube
testing function has been implemented which measures the most important tube parameters for a single bias point.
Thi s fi Qufeatuichasibeen tmplemented in GUI verssoo3p10 and higher.

The operation of the uTracer is pretty straightforward and usually consists of four steps: 1. setting up the measurement
conditions, 2. perform the actual measurement, 3. Adjusting the graphical representation if needed, andthe storing
data. Once the GUI has been-gptfor a particular tube, the complete measuremenisean be saved to a file so

that it can be recalled at a later time. The Qdiekt is even simpler: just enter your favorite bias point and nominal

anodecurrentad press ATest. oo

The operation of the GUI is rather intuitive. The fAget:t
as possible without going too much into details. There are however a few controls and features that need some more
explaining. They will be dealt with in subsequent sections.

1.17 GUI versionsand added functions

Version: | Date: | Description:

GUI 3.11.1 17-nov- ﬂ
2013

When the GUI does not find a version 11 cal file, it will search forsaovet0, 9 or 8 cal file and copy that one to
version 11 cal file.

Pins form & frame names corrected.

Odd rounding of numbers in QT forms corrected (Martin)

Odd rounding of numbers in legend corrected (Fabio)

Bug in saving block format data files remo\&pence)

¢ai2NB8 LE¢ f2y3 EA& OKFy3ISR (2 a&aG2NBR LIé

E I EEE

GUI 3.11.2 8-feb-2014 | Improved grid voltage calibration procedure. Read more abodeite (This is a very longxternal webpage, you may need to
scroll down manually to section 28).

GUI3.11.3 11-feb- I RRSR (KS 2LJXiA2y (G2 OKIy3IS (KS yIlIYSa 27¥ inickdter86SOGNRBRS
2014
Guisll4 ;—alug ﬂ Added are measurement types which make is possible to measure tetrodes and pentodes with distributed lo
0 (so called UltreLinear mode). Read more aboutritin chapter 8.7
ﬂ Added option for a beg after a measurement is finished
GUI 3.11.5 1-sep In this version a number of important new features have been added:
2014
I Anew tool has been added to determine the harmonic distortion from a set of output curves for a resistive lo
Read more about in chapter 8.9
ﬂ A measurement type has been added to evaluate directly the effect of Schade feedback. Read moreibout it
chapter 8.8
ﬂ The measurement as weldhe stored measurement are now stored in the-getfile. This makes it possible to
a02NB I |AYR 2F dqaldlyRFNRE (doSz 2NJ G2 NBGNRSOS
I Auto grid bug solved, and the number of decimals in the legend inecss2 (Ale)
GUI 3.11.6 21-sep In this version a number of new features have been added to the quick Test:
2014

ﬂ It is now possible to enter nominal values for all currents and parameters which are all saved in the setup file
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ﬂ The layout of the forms haseen improved according to suggestions made by Martin Manning.
ﬂ The measured Quick test data can be writteratfile in the form of a report
ﬂ Last but not least, the endf-measuremerntbeep now also signals the end of a Quickest.

GUI 3.12.1 25-mrt- Plotting of point that are offscale or that have generated a compliance error is omitted! At the same time a bug has been
2015 solved which caused measurements stored in the setup file not to be plotted.

GUI 3.12.2 8-jul-2015 | The unintended resetting of the GWhen the calibration form is opened has been corrected.

GUI 3.12.3 3ljan- Both thelow voltage hardware optiohas well as thejrid loupé’ option have been addedfollow links to external website for
2018 hardware modifications)

GUI 3.12.4 22-May- Maximum value that can be entered for the axis has been increased to 1M
2018

GUI 3.12.5 24-Dec q The maximum delay time has been increased to 30000 to faciliéaterming of capacitord.Read instructions on

2018 external website.

1 Also a problem related to the quick test in cbimation with the low voltage version has been solved.
GUI 3.12.6 6-Janr2019 | This versions contains the necessary modifications to be able to use the uTracer for higher currents (relaerefore
external websitg. Also a number of bugs in the quick test were removed.

It has become possible to specify the value of the current sense resistors in the calibration form. The values
saved to the calibration file.

A button has ben added in the calibration form to reset all calibration values.

The maximum value for the nominal anode and screen current values in the quick test form have been incre
1000.

An irritating bug that caused unnecessary warning messages in thetgstdkas been removed.

=a-a a4 -2

A bug which caused problems when the GUI was used for the Low Voltage version has been removed.

2 - Getting Started

In this section it is assumed that the GUI (version 3p10) has been installédiatine tink with the uTracer hardware
is functioning. To get some handa experience it is a good idea to have a mediimed pentode like an EL84

(6BQ5) connected to the uTracer. You can also use a triode, but in that case it is not possible tthexgdoeen
current measurement options.

2.1- The GUI in overview

< Tracer (13.10) o]

la)  EL84 (6B05) u-Tracer V3.10

Stepping Variabls (s g: 50 100 150 200) /
vg foeeaze "

onstents: f P e MMM
Canstart SIS

o — n Figure 2.11 Main form of the uTracer 3.10 GUI.
i:"m:‘lf"ce = Axi — Style — - Scale Mi M. Ticks
Figure 211s hows t he main Aformd (a Visual Basic fisdorrm) of t

The uppetleft area is for the measurement-gpt Things like the type of measurement, the voltage ranges and details
about range selection, averaging and current compliance can be set here.

The right side of the form is for the graphical dispdfiyhe measured data. Here is specified what is plotted, and how
it is plotted. By default the anode current is plotted along the-efis; It is also possible to select another parameter,
or to activate a secondakis on the right e.g. to simultanesby plot the screen current. Furthermore, the scaling of
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the axes, marker type, line style, plot title etc. can be set. By default the scaling of the axes is set to automatic so that
for a quick plot you dondédt have to set anything.

The small section at theottontleft is reserved for all the other stuff such as storing the measurement data or plot,
storing and retrieving a measurementiget modifying the calibration values and debugging communications.

2.2 - Switching the heater on

. 10 sec ick
restoron | K start
I —— o [ measurement
click

Figure 21.2 Switching the heatesn.

Since it takes some time for the heater to switch on and stabilize, it is a good idea to first switch on the heater, and
then adjust the other measurement setting. Before you switch on the heater méhat slieeproper

heater voltage is displayed in the field m !l Avho. |
0 and the supply voltage of the uTracer, usually something like 19.5V. When you are satisfieu v

the correct heater voltage issetf ess t he button mar ked fAHeater on! 0. T h e
now change to fAHeating é0. The GUI will start sending

heater voltage from zero to 1sOt0a%duce$ theteemnal shodk nopnmlly n t val
associated with switching on a cold heater from a low impedance voltage source. The {ragteskerneath the
command button indicates the progress of this process.

Tip: pressing the command button again while itisdispli ng fAHeating é0 wil/l directly
the specified segboint value.

When the heater is switched fully on, the text on the
measurement can now be started, however, it canuake a minute or so before the heater reaches its nhominal
operating temperature (and thus emission). So we will use that timeup g& measurement.

2.3- Measuring a set of output curves

While the heater is stabiliziy the rest of the measurementggtcan be finished. The uTracer is capable of measuring

and drawing any of a number of different types of curves, which can be selected from tdewinomenu at the top

of the measurement section of the main form. Tasuee a representative set of output curves, select the third one
which is markedi(Va,Vg) Vs, Vh constanf Fi g . 2.1). This is short hand for:
the anode voltage {axis), stepping the grid voltage, while keepingsheeen and heater voltages constant.

When a new measurement type is selected, the GUI will automatically set the bias conditions to default values, which

are usually a reasonable starting point. For a set of output curves the default screen voltageuh2@@he anode

voltage is swept between 2 and 200 V. Any value between 2 and 300 V can be entered in these fields. In this example

we may want to add some grid bias values, soreplacdthe V f or t he foll owi nd40-&eri es s
6-4-2 00 (Fig. 2.1). After these prepar atbuttomwhich:mowart t he
di splays fAMeasure Curve. o

The highvoltage LED will come on, indicating that high voltages are present in the uTracer circuit, and the uTracer
will start acquiring data for the output curves. As the curves are being measured, they are plotted in the graphical
output section of the main form. Normally there will be little need to change the settings in the output section since
the axis will be automatally scaled as the measurement progressegdiion 3he purpose of the different controls
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is explained. The measurement canrtterruptecb y pr e s s i n gttoh. Afeer tHe Abasurement (dr after an
abort), the uTracer hardware will discharge the higltage electrolytic capacitors to a safe level and the-hidfiage
LED will turn off.

Tipl:itick the box fABeepod for an aplekado si gnal when the mesz¢

Tip 2: do not initiate a new measurement before the-kigtage LED has turned off because this may result in a
Ahanmmod of the software whi candsoftwale. r equire a restart of

If you have connected a pentode (or tetrode) sekeat @ met er Al sddownr ome ntuh ei ndrtolpe col u

next to AY20. The screen current wildl nowandbhsde gfthel ed t o
graph. Clicking with the mouse on or near one of the curves will cause a neeglgrear. The value at that point will

al so be displayed, interpolated between measurement po
the fimiscellaneousd section of the main f oeandap#h. new f o
Unfortunately the o y format supported is @A.bmpo. The

n |
further processing by pressing the ASave Datad command
discussedn section 6.1.

2.47 A quick test

(0]
- Setings - Derivatives
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Apart from taking full

curves, the uTracer can be used to measure the most important parameters such as plate resistance (Rp),
transconductance (Gm), amplification (mu) and currents at a single bias point. Manufacturers of tubes often give these
parameters at a bias point which they consider to be optimal. Since only a few measurements are needed to extract
these param@est o, oal fQuiakks a few seconds.

With the heater on, the quick test can be invoked by cl
will be displayed from which the quick test is performed. If you have hooked up a pentode to the uTkathe, tic
Apentoded box, and an alternate form wil appear . Now
would typically be Va =250V, Vs=250V,and Vg#. 3 V. I n the text boxes | abeled
the anode and seen currents, as well as the nominal values for the plate resistance, the transconductance and the
amplification can be entered. Now click fAiTesto. The GU
around the specified point and extractthe r i vat i ves. I f you don6ét know the no

the nominal value at 0.

More details about the quick test function will be discussesgdtion 5of this manual. For now | would only like to
add that if doublériode is to be tested, both sections can be tested simultaneously. In this way information about the
matching of the sections is quickly revealed.
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2.51 Saving the pinning and measurement setup.

Depending on your personal preferences you will have cho: e S =TS
0 a means to connect the uTracer to the pins of the tube socl
penSetupl SaveSetupl S . L e =1 N
ome people use a simple 7 e ugo type
while others prefer rotary switche@r a similar solution. Either . m
way, it is useful to have a means to store informatis N e
specifying which pins the terminals of the uTracer are to be connected to. GUI ver N |
3p9 and higher have a form on which this information can be stored. The forbe ce 5 [Feam =]
invoked by clicking the fipinsodo button B [nc— = ays the
a dropdown menu from which the appropriate uTracer terminal can be selbictEd. 7 Jeneae =1

that a number of extra and spare terminals have been included for future expemsio
feature has only been added for the convenience of the user and in no way effects the working of the uTracer or the
measurement.

At this point it is possible to save the entire measurement setup and the measurements to a file so that itesesulbe retr

later, i.e. when another tube of the same type is to be measured. To savaitipe,sets i mpl y cl i ck HASave
enter an appropriate file name, e. g. AEL84o0ut 0. The fii
be stored irthe same directory from which the GUI was started unless another path is specified-Uphéleds a

normal ASCII file and may be examined using any-titor.

2.61 A video tour.

For a previous version of this mamhlianade a series of screen recordings of the operation of the uTracer GUI. The
videos were recorded using the GUI version 3.4, and are thus somewhat outdated, however the main operation of the
uTracer have remained unchanged. As such they give a prettyidga of how the uTracer is operated. Updating the
screen recordings is on my (very long) Ilist fATo Doo.

Measurement
Setup

Graphical Output Transconductance Communication

Vi

Click on one of the images for a guided tour through the GUI!

31 Measurement SetUp.

This section di scuslUspeds ftohrem fiMe adseutraeinieentT hSeetmai n f eat ur e
an fiOverviewdo section, and i n t hedepthetpnaioniwi ge reviened. i ons f «
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3.11_Measurement setup overview

SetUp Select Messurement type:
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Delay:
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—
Aomai IEE Quick Test

Setting up a new measurement is quite simple and intuitive. The best approach is to go through the messtrement
up form from top to bottom. Most settings have beenppogrammed or are automatically fillél when a new
measurement type is selected, so that usually very little adjustments are needed to produce a set of curves.

The first thing to specify is thmeasurement type. This is done by selecting one of the measurement types from the
drop-down menu on the top of the form (Fig. A)1 In GUI 3p10 ten different measurement types have been
predefined which will be reviewed in the next section. Note thahwalreew measurement type is selected, the variable
names and the default values in some of the other text boxes will change appropriately.

Every measur ement involves a fArunningodo variable and a
voltages.The running variable is the variable along thea x i s . This variable is specifie
AStopd comprising a number of measur ement points ANint
equidistant, however, by tickingtbeo x mar ked Al og, 6 a so called | ogarithmi ¢

between the points increases along the curve (Fig)3This feature is used to generate more points in the beginning
of the curves where the gradients are usually highest

lafm4)  EL84- lin sweep u-Tracer V3.10 lalmt)  EL84-log sweep u-Tracer V3.10
125 [ 125 Ve
FETT 200
100 100 Va
-10
R
75 sl
4
1]
50 50
25 25
1] 1]
0 20 40 B0 a0 100 1200 140 160 180 200 1] 20 40 E0 a0 100 120 140 1600 180 200
Anode Yaoltage [V] Anode Voltage [V]

Figure 31.2 The difference between a linear and a logarithmic sweep



In the text field below the running variable the stepping variable is specified. Up to twenty values can be entered,
separated by spaces. The stepping variable values are displéyedight of the plot as the measurement progresses.
Below the stepping variable there are usually one or two text boxes for constants.

The following ranges apply:

1 High voltages (anode and screen): 2 to 300 V
1 Control grid: 0 to-50 V (the minus sign mu$ie included)
1 Heater voltage: 0 to Vsupl (the uTracer supply voltage)

A lot has been said and written about the heater voltage. It appears that for very low heater voltages and high currents
the actual heater voltage can be lower than the voltage spetifiadeparate sectiathis issue and some possible
wor karoundés will be discussed.

In most cases after setting these values a measurement can be started by switchingeaterttznd starting a
measurement as described infhg et t i ng st artedo section

Good to know: Under some conditions the high voltages actually applied to the tube canhily $figs than the

voltages entered in the GUI! The reason is related to the way the uTracer works: before each measurement, the
reservoir capacitors are charged to the specifiegaat value. When the sebint value is reached the high voltage
switchcloses and the tube is connected to the reservoir capacitor. After a stabilization time of 1 ms the anode and the
screen current are measured. Unfortunately the actual voltage at the terminals is slightly less than the gra@irtal set
voltages. This ibecause the high voltage switch and the current sense resistor both introduce small voltage drops,

and also because the reservoir capacitor is slightly discharged during the 1 ms stabilization time! The actual terminal
voltages can therefore be severaltydéss than the spbint values. For this reason thetualvoltages at the end of

the measurement pulse are measured. It is this measured value, corrected for the voltage drop over the switch and the
current sense resistor which is used as thgix vaiable. So, suppose the gmdint value was 250 V and the measured

value was 247 V then the | ast value is used for the pl
Corr. o. By default this box i &nidonbykdefault. If sorddsired & tanlmeg t hat
switched of.

So far, so good. However, when the high voltage in question is used as a stepping variable, or as a constant, there can

be s small difference between the set point value and the actual voltagedppi o0 t he t ube. I'n the A
by the way the fireal o voltages are displayed after the
drop by selecting a slightly higher gatint value. One of the improvements for a next GUI ie@rsnight be a

provision to correct for this small error.

3.21 Measurement types

The type of measurement can be selected in the topdidrep box of the measurement section. In GUI version 3p10
ten measurement types haween defined. A kind of shorthand notation is used to identify the measurement types.
For example:

I(Vg, Va) with Vs, Vh Constant

means: measure the currehthe anode and screen current are always measured simultarieeithly'g as running
variable (#ong the xaxis) and stepping Va, while Vs and Vh are being held constant.

The following measurement types have bpexdefinedin the GUI picklist
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1)

2)

3)

4)

5)

6)

7

8)

I(Vg, Va) with Vs, Vh ConstantMeasure la and Is as a function of Vg, stepping Va with Vs and Vh constant.
This is the normal transfer curve from which the transconductance can be derived. In case of triode the screen
terminal can be left unonnected.

I(Vg, Va=Vs) with Vh Constant Measure la and Is as a function of Vg, stepping Va=Vs with Vh constant.
This measurement type was especially added to measure the transfer curves of both sections of a double
triode simultaneously. During this measurement the first anode is connected to the anode terminal of the
uTracer, while the second anode is connected to tleers¢erminal. The screen power supply in this case

acts as the anode supply for the second anode. By plotting la along thexteftand Is along the right y

axis, both anode currents can be displayed in one plot.

I(Va, Vg) with Vs, Vh Constant Measurda and Is as a function of anode voltage, stepping the grid voltage,
with the screen voltage and heater voltage constant. This is a normal output curve measurement. From the
plot the output or plate resistance can be extracted.

I(Va, Vs) with Vg, Vh Congant Measure la, Is as a function of anode voltage, stepping the screen voltage
with the grid and heater voltage constant.

I(Va=Vs, Vq) with Vh Constant Measure la, Is as a function of anode voltage = screen voltage stepping the
grid voltage with the heat voltage constant. This measurement type is used to simultaneously measure the
output characteristics of both sections of a dowtidele. During this measurement the first anode is
connected to the anode terminal of the uTracer, while the second armmiwéected to the screen terminal.

The screen power supply in this case acts as the anode supply for the second anode. By plotting la along the
left y-axis and Is along the rightaxis, both anode currents can be displayed in one plot.

I(Vs, Va) with Va, Vh ConstantMeasure la and Is as a function of screen voltage, stepping the grid voltage
with the anode and heater voltage constant.

I(Vs, Va) with Vg, Vh Constant (+Vg mode)This measurement type is used to measure the transfer curve

of a triode in poisive grid bias mode! In this case the screen power supply is connected to the grid, and the
grid terminal of the uTracer is left unused. As a result the anode and grid bias curves are recorded as a function
of positive grid bias stepping the anode voltage

I(Va, Vs) with Vg, Vh Constant (+Vg mode)This measurement type is used to measure the output curve

of a triode in positive grid bias mode! In this case the screen power supply is connected to the grid, and the
grid terminal of the uTracer is left unabéis a result the anode and grid bias curves are recorded as a function
of positive grid bias stepping the anode voltage.
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9) I(Vh, Va) with Va, Vs ConstantMeasure la and Is as a function of heater voltage, stepgi~~
the grid voltage with the anode and smrevoltages constant. Since in general it taike  Delay:
some time for the heater to stabilize after a new bias point is set, a delay may be in ﬁ
between the application of the new bias point and the actual measurement. The del
be specifiedinthetéx f i el d mar ked fADelayo in the |l ower left ¢

10) I(vh, Va) with Vg, Vs Constant Measure la and Is as a function of heater voltage, stepping the anode
voltage with the grid and screen voltages constant. Since in general it will take somer tiheeHeater to
stabilize after a new bias point is set, a delay may be inserted between the application of the new bias point
and the actual measur ement . The delay can be speci
corner of the form.

11) I(Va, Va) with Vs=UL(Va,k), Vh Constant Measure la and Is as a function of Vg, stepping Va with Vh
constant, and Vs = Va +{)*(Va,maxV a ) . This simul at es -Lindar agperationput ed |
for tetrodes/pentodes. For more information Sagion 8.7.

12) I(Va, Va) with Vs=UL(Va.k), Vh Constant Measure la and Is as a function of Va, stepping Vg with Vh
constant, and Vs = Va +{@*(VamaxVa) . Thi s si mul at es -Lindar agperationp ut ed |
for tetrodes/pentodes. For more information Seetion 8.7.

13) I(Va, V) with Vs, Vh Constant (Schade FBMeasure la and Is as a function of Va, stepping Vg with Vh
constant, the applied Vg equals Vg_act = Vg_set +i(Wa_set)*SFB. This simulates Schade Feedback.
For more information sesection 8.8.

3.31 Averaging and Ranging

To cover the complete measurement range of 0 to 200 mA witkisuaffaccuracy, the uTracer uses a Programmable
Gain Amplifier (PGA) in both the anodas well as the screen current measurement circuits. By selecting the proper
gain factor, the complete measurement range is divided into-Basgbs from & mA to 6200mA which are all
recorded with 10 bit resolution. Additionally, for measurements in the low current regime it is necessary to perform
several measurements to reduce noise.

In normal use a special algorithm takes care of the automatic switching betwgen santhat the most optimal
resolution is achieved. Depending on the measurement range the algorithm will also determine the number of
measurements to be averaged. For most measurements the automatic ranging and averaging works just fine, however
in somecases it may be better to select the measurement ranges or averaging manually. This can be done by selecting
the required measurement ranges or averaging from adidrwp menu on the measurement form.

Some examples of when you would like to consider gptéinges/averaging manually:

1 If only a quick impression of the tube characteristics is required, the measurement can be speeded up by
setting the averaging to finoneo.

11



1 Normally the algorithm will try to measure both the anode and the screen current wsdmtheaccuracy.

This implies that if a triode is measured and no screen is connected, or when a pentode is measured in the
regime where the screen current is very low, the algorithm will select the lowest range for the screen current
combined with high avaging to reduce the noise. The extra averages delay the measurement while they are
not needed for the anode current. To speed up the measurement the range for the screen current can be
manually set to@200 mA. In this case the algorithm will determine ttumber of averages only on the value
of the anode current.
1 Although the gains of the PGAs are quite accurate, it is still possible that small deviations from the ideal gain

in different ranges may cause small dips of bumps in the graph when the algdrithges the range in the
Ashow pictureso

mi d
3.31).
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t he
on theg two points will directly result in variations in Rp and Gm. This is especially true when the gradients

are small (Rp is high, e.g. pentode). In this case it is better to make sure that the algorithm does not switch
ranges from one point to the other. Atdzhally, regardless of the current level, it is sensible to manually set
the number of averages to e.g. 16X. The best approach is to do a first quick test with ranging and averaging
set to automatic just to find current levels and then to select thermapye manually, set average to 16X
and redo the test.
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Figure 3.31 An la(Va) plot for \g=-10V,-8V,-6V,-4V and Vs=200V.
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The left set of curves was measured using the automatic gain option. The automatic selection of another gain setting

causes small dcontinuities in the current. Raeasuring the set of curves with a fixed gain results in a smooth set of

curves.

3.47 Compliance

No feature on the GUI has been so hard to explain as the compliance setting. To exglain wha

S

et

0s

short circuit or the situation when a very heavy load is applied to the output. The first thing that will happen is that
immediately the current limiting circuit around the high voltage switch will kick in, limiting the curresugh the
tube to about 240 mA. It can only do so by biasing the transistor of the high voltage switch somewhere in between

full conduction and complete coff. As a result almost the entire voltage will be dropped over the transistor resulting

in an enomous dissipation! Suppose for example that the reservoir capacitor was charged to 300 V, then a short circuit

will cause an instantaneous dissipation in the high voltage switch of about 300 x 0.24 = 75 W!

It will be clear that the high voltage switch wilbt like such a huge dissipation! It is therefore important to switch off
the current in the circuit apiickly as possible. This is done by the second line of defense againsatistuits namely
the processor itself. When the current increases beyendathe specified by the compliance setting of the GUI, an
interrupt will be generated that will terminate the measurement pulse. This takes about 20us, which in tests during the
development of the uTracer, appeared to be short enough to prevent dathageatosistor.

12

e

C



By setting the compliance to a certain value, it is not the maximum current that is set, but rather the current level above
which the processor will shut down the circuit. Thus setting the compliance to a level that is lower than 200 mA
provides increased protection against overload conditions. Admittedly its use is limited, but it was an option that came
absolutely for free.

3.51 Delay

Normally when a point is measured, the GUI sends a command to deenWhich tells it to set the required voltages
and when they are reached to issue a measurement pul se
between the setting of the voltages and the measurement pulse. The delay is used for:

1. Measuremats which use the heater voltage as runnirgxig) variable. Obviously the heater will need some
time to reach the equilibrium temperature corresponding the specified voltage. For directly heated tubes the
delay can be in the order of seconds, whilerdirectly heated tubes something in the order of 30 seconds
is more appropriate.

2. Continuous measuremerdsy. fortesting Magic Eye tube#\ delay of a few seconds makes it possible to
better observe the tube.

41 Graphical Output.

title line of constant dissipation GUI version )
primary (left) secondary (right)
Y-axis lamd)  EL84 u-Tracer V3.10  Is(ma] Y-axis
125 T a0 W=
! o bt .
|, ofesater el » 200 first constant

o : Vg

H H =) g

marker 5 g stepping variable
75 f )
' N e o and values
L P I A [t 20
e :
. 500 1 : E .
load line B ' value corresponding to
» BN Edl line of constant dissipation
Pma [ .
T e 012 value corresponding to
i 1 Sl dale SRRt FRRESS SR B S =l Rload (K} load line
compliance error ] 20 40 B0 B0 100 120 140 160 180 200 54
message Compliancs Error Anade Yoliage [v) e 1102 ¥I=E&5 x and y value at location

running variable of marker

Figure 4.0.1The graphical output control section

Figure 4.0.1shows the main features of the graphical output control section. In this example the output characteristics
of an EL84 were plotted for three diffetagrid voltages. The primary (left}gxis is used for the anode current, while

the secondary (right)-gixis is used for the screen current. Most of the objects in the graph are obvious or intuitive,
but a few objects will benefit from some further expliora

Itis possible to position a marker on the plot by positioning the mouse on the required spot and left clicking the mouse.
The GUI will draw a vertical line, and jump to the line closest to the mouse pointer. This can be a line belonging to
the left or the rightaxis. The X and Y values corresponding to the marker position are shown on the lowkanight
corner.
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Apart from the measured curves, the user has the possibility to add a load line and a line of constant dissipation. The
load resistance arthe dissipation values can be entered in the proper fields in the input section below the graph. Both
lines are just there for convenience of the userimma way further interact with the working of the uTradathen

the maximum allowed dissipationrfthe tube is entered, the line of constant dissipation will show the Safe Operating
Area (SOA) of the tube. In normal continuous mode, a tube may not be operated beyond this line. However, because
the uTracer works in pulse mode, there is no problent it mleasuring the tube characteristics beyond the SOA are!

Apart from the anodeand screetturrents the user has the choice out of seven other parameters to plot in the graph.
These purpose of these parameters will be explained in section 4.2. Intteeatiex the other controls related to the
graphical output will be discussed.

4.17 Controlling the Graphical Output

Normally after a measurement type is chosen in the measurement section, the graphical sectitireid inisach a

way that the way that automatically a representable graph is obtained of the anode current versus the running variable
without the need to change or set any of the controls. By default all axes are automatically scaled, or track the Start
and Stop values of the running variable. Nevertheless, there are many options to adjust what is plotted, or how it is
plotted.

Axis — Style — Scale Idin. hef g
R va [ Track -] - ov [0
sored e 1 [1a o P saia & Jama  F] o[ wima [0
Scale
ve [none ] [ E | [-] | [- T
;E.:;le Fload: 0 kohm  Pmax 0w Poly Degres:

/ (u]
¥ Grid  Title: |Tit|e  top © graph & off Store anual
Track

Figure 4.1.1The controls of the graphical output section

At the heart of the graphical output control section are three liittasdwop-down menus and text fields. The three

lines control what is plotted along the three axes of the graph, how the data is plotted and how the axes are arranged.
From top to bottom the three lines control th@Xs, the Yaxis and the Yzaxis. Whais to be plotted along the-X

axis is determined by the measurement type. What is to be plotted along thekes ¥an be chosemim two drop

down menus (Fig. 4.1)1Most obvious are la and Is. The meaning of the other five variables will be explained i

more detail later. By default only the primary (left) axis is used to display the anode current. The secondary (right)
axis can be switched on by selecting any of the seven parameters from the XidwWromenu.

The other controls in this area are quidf-explanatory: the second and third column of ddogvn menus, under the
headd stgledm deter mine the type of marker used and the 1

The choices in the drep o wn menus under the heading fAScaled perhap:

choices: iAut oo, AManual 0, and ATracko. In AAutoo the
val ue measured. There is a special al gorithm which ens
axi s. Us i n g inghhe Mifi and Maxkvalues o the axis are determined by the values chosen in the

measurement section. When fiManual 0 i s selected, the ax
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the columns marked AMind ahdmmMaar BedhéTinauknbde r s p erc it fhiee
divisions on the axis.

The user has the option to add a title either above or
ticking one of the radibut t ons At opd oromgobphde Doaxesumatr ked @fACol
straightforward. The values entered in the boxes labeled Rload and Pmax respectively determine the locations of a
resistive load line and a line of constant dissipation on the graph. As mentioned, theseainaffect the working

of the circuit, and are just there for the convenience of the user. Entering a zero value in one of the fields will remove

the corresponding line from the graph. The other features of the graphical output section will be disqussed in

detail in the next sections.

4.27 Keep Plot

la () 3 x ELB4 u-Tracer V3_10
125 s =
z00
100 g

2 Figure 42T hree EL8486s comp
using the MfAKeNoe Pl ot o
how the scaling of the axes has been
set to manual.

5

50

25

vz [none 7] Ey Bl 2|

0 20 40 B0 80 100 120 140 160 180 200
Anode Voltage (V)
Aois — Stwle — Scale keir bdiE= Ticks
= [wva [ Manuar =] o z00 W 10
w1 | 1= = e =l [ saia =] [Man=a -] o 125 A 5
| |

The AKeep Pl ot 0 o p tcriude method &f commarng theactiadaetetisties ©f several tubes in one
plot. The working is very simple, but the proper use of this feature requires a bit of practice. During normal operation
of the uTracer, any existing graph is erased every time a negtahj measurement is added to the plot. When the

AfKeep Ploto box is ticked this erasure is omitted so th
does not work in combination with tlaeitoscalingof the axes, because every time af the axes is redrawn it will
be added to all existing ones, resulting in an enor mou

option is as follows:

Make an orienting plot of the first tube using the standard-sedabng of the ax@

Switch the scaling of the axes to manual, and adjust the Min and Max values if needed

Tick the AKeep Plotdo box

Remove the first tube from its socket and insert the next one. There is no need to first switch of the heater
supply and then to switch it again (that is if you are not too squeamish about the heater).

Perform a new measurement. The new graph will now be added to the first one.

Insert, measure, and display results for additional tubes as needed

PwnNPE

ou
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Figure 4.2. above)y way of illustratonshawas a compari son in one plot of the o
| had lying around

12 fma) u-Tracer V310 starelaimd)
125 125 Veo
200

: Figure 42.21n this graph the output characteristics of an EL84
with heater voltage 5 V (solid lisewith markers, left axisy
compared to the stored refecencurves measured at a heater

<l 25 voltage of 6.3 V (dashed lines, right axis).

H B o
50

i

0

0
0 20 40 B0 B0 100 120 140 160 180 200

Anode Voltage (V]
Axis — Style — Scale hdin Max. Ticks
x | va Track = a 200 W 10

vl [1a =] o = said ~] [Manual -] 0 126 maA [ 8§
w2 [ stored la - <] [Dats A [auwe | 0 125 ma [ 5

4.37 Matching of tubes (Storing a Graph)

It is possible to store the complete data of an entire measurement to RAM memory so that it iceavde aea later

stage e. g. to investigate the matching of two tubes. T
Dataodo functions which save the plot or data to a file
Pressing the commandbubn | abel ed AStored causes the current plot
stored it can be retrieved by -deWwepcméng tGsderedat hot be

in the graphical output control section (Hg2.2). The stored values can be plotted against the secondaxisYo
enable easy comparison to a ngkaph. In Fig. 4.3.1 he #AStoreodo option was used to
measured at different heater voltages.

Caveat: Balanced valves? Might le i _might not! By: Robin Simmons

Exampl e of valves appearing to be fairly closely matc
nominal bias/current operating point compared with what happens when measuring at the amplifiers design operating
point.

Traces below were obtained when measuring the character
using 6L6GC valves stamped as O6lnternational C Service
similar characterigt and should be OK for further use in a pymhl amp configuration.
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Cortrel Cric [v) =49 71217 Contrel Gric Iv] Y=-43 1=
V9la=17mA @ -49Vb V10 la = 1.1mA @ -49Vb
Figure 4.3.1

After carrying out some repairs, the amp was turned on and after warming up, the anode current was checked for each
valve at the amps normal bias operating point ofraxmately -52V. Anodevoltage is

. . Valve la Static Pd
440V. The followingresults were obtained. V7 18mA | 8W
V8 32mA 14W
Vo 24mA 11W
V10 23mA 10W

Obviously the anode currents are significantly different than might be anticipated from the
previous test results. The valves were theteséed under the nearest conditionsh®dmps operating point as could
be obtained with the uTracer. The results are shown below.
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Figure 4.32

This shows how misleading it can be to test valves against data sheet performance compared with how they may
actually be used in real world applich o n s .
of grid bias capability plus higher anode voltages as has already been discussed on the blog. This would enable
B tigser to fowaheydare @dtuéllp ssedunraude r
amps and hence reveal problems that may not otherwise be so obvious.

t esti of wval

ng

vV es

such

t

as

18

S

al

SO

6ammuni

t

onod

n

t he

a |

condi f



4.47 Transconductance and plateresistance

la [ma] u-Tracer V3.10
ot Figure 4.4.1
0.09
0.08 Wash:
il The transconductance of a tube is thdation in anode
nos current as a result of a small variation in grid voltage at
o a given bias point. In other words, it is the slope of the
w0z anode current versus grid voltage at that bias point. In
oot mathematical terms, the transconductance is the first
"o s s 7 s s 4 3 2 4 o derivative of the anode current with respect to the grid
Contral Grid W] Voltage .
Axis — Style — Scale hin. M Ticks
= | g [Track =] | -0 | Y 10
wi[m = P a[sowm = [~ = [ o] orma [ This simplest way to measure the transconductance is to
ve [ = [ &[0 = [~ o | o [ draw a line through two consecutive data points on the
(TS como o w2 la(Vg) curve. The transconductance is then nothing more
W Color than the slope of this line. Mever, differentiating a
= Grd  Tite: [Tite “ top © graph & off Stare I . . .
measured curve this way usually results in a very noisy

transconductance curve as a result of noise in the
measured data. This is especially true when the gradient of the curve is very small. In the version 3 uTracer therefore
a bdter approach is used: After measurement of a set of la(Vg) curves, a polynomial is fitted through the measurement
points. This polynomial smoothes out the fluctuations in the measured data. The order of the polynomial is chosen
such that the polynomial egrately represents the measured data. After the fit the polynomial is analytically
differentiated resulting in a perfechoise free transconductance cury&®lORE]*.

The figure to the left shows in an animation the dtgystep the extraction of the transconductance curves from a set

of la(Vg) curves of an EL84 (Va=Vs). After the measurement of the la(\Vg) curves the line is switched off so that only
the markers remin. Next the fitted curve is selected to be plotted against the right axis. The optimal order of the
polynomial is determined experimentally, and usually something between 3 and 6 gives a good result. The order of
the polynomial should not be too highmmever, because that can result in oscillations in the transconductance curve.
When thdfit is ok, the derivative of the current to the voltage (dla/dV) can be plotted. An alternative way to find the
optimum polynomial degree is to directly plot the tramshactance, and then to vary the polynomial degree. At first
increasing the order of the polynomial should result in a significant
change in the transconductance curves. After a certain poures S=namAy
will not change much when the order is increasedth&sorder is pg?g‘
increased further, oscillations in the transconductance CUIVES fyxmax 1w
begin to appear. The optimum is somewhere in the range where
transconductance is relatively independent of the degree of EL84
polynomial. Finally, the marker is seen to et match the :--:

fote

transconductance at the Dbias i i} n my #fN
tube handbook, 11.6 mA/V! (see inset, Vg7=3 V and Va = Vs = 1;91;
250 V).

The same procedure can be used to extract the output or plate resistance from a set of output this\esse the

inverse of dla/dV is plotted: dV/dla. Extracting the output resistance of a triode is relatively straightforward since the
gradient of the curves is usually relativéligh. The left graph in Fig. 4.4shows the extracted output resistuod

an EL84 connected as triode. The curves are nice and smooth, apart from some noise in the low current regime. In
normal pentode mode the extraction of the plate resistance is more difficult. The fitted anode current curves look ok,

but they contain se| | fluctuations that show up as oscillations
imagination to conclude that the plate resistance is somewhere in the rang@0df@im. In this case an 11th order
polynomial was found to be optimal. Nothat a conventional extraction of the plate resistance from the tangent of a

line drawn through two neighboring measurement points would result in a much noisier plot.
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Figure 4.4.20utput resistance versus anode voltage (dotted line) for an EL84 eavisttriode (left) and pentode
(right). Number of averages 16 with anode range fixed-200 mA.

571 Quick Testing

Using the AQuick Testodo option it is possi bleénomimal qui ¢kl
currents, gm, Rp and mu) without having to plot a complete set of curves, or having to go through the complete curve
fitting procedure. Starting from GUI wversion 3pl0 the
GUI. In this ®ction we will review how it works, what is measured, and how the Quick Test option can be used.

5.17 Quick Test introduction

Mo s t guick reference tube manual s dono6t hegriost enpogdamtmp | et e
parameters in an optimal bias point. If we take the EL84 as an example, then the optimal bias point is given as Va=250

V, Vs=250 V, and Vg =7.3V, and the most important parameters in that point are la=48 mA, Is=5.5 mA, gm=11.3

mA/V, Rp=38 kohm. We distinguish between directly measurable parameters, and indirectly measurable parameters.

Two parameters which can be measured directly at the given bias point are the anode and the screen currents. The
plate resistance, transconductance,thg@d i f i cati on (mu) cannot be measured di
characteristics at the specified bias point. The transconductance for example is the first derivative of the anode current
with respect to the c thedpecified biaspding and thed ptata gesistaric®is the irversg of at
first derivative of the anode current with respect to |

For a triode we have only the anode current as function of the grid and the anadesyait la(Vg,Va), so there are

only two derivatives: the transconductance (gm) and the plate resistance (Rp). The amplification factor mu can simply
be calculated from mu = gm*Rp. For a tetrode or pentode, the situation is much more complex. Heretavddwve

with the anode current (la) as well as the screen current (Is), which in principle are functions of all three terminal

voltages so: la(Vg, Va, Vs) and Is(Vg, Va, Vs). Now there are no less than six derivatives which all have a physical

meaning andvhich all may be relevant for the design of a circuit:
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Figure 5.11 Possible derivatives for a pentode

Some of these derivatives are more naturally presenteceastancesuch as the plate and screen resistances, while

the others are better presentstransconductances. n t he #Astandardo GUI the deri v
measuring the complete curve, fitting a polynomial to the curve, analytically differentiating the curve and finally

plotting the derivative. Although this method producesersmooth curves as a function of bias, it is in most cases

sufficient to know the derivatives at a particular bias point. In this case the derivativeagzprtwdématedy drawing

a straightline through two points V@i V. and Vo+0dV, wheret VandsliVheéesbaasmpl |
example the transconductance can be approximated with:

I (Vy + 6V, Vo, Vo) — 1,(V, — 8V, V, Vo)

m =
25V,
The smaller 4V is chosen, the more accurate the appr ox

to noise in the measured data. In principdev only six measurements are required to calculate all the derivatives for
a pentode as shown in Figure 3,Jand a seventh measurement gives the currents in the bias points itself. For a triode
only five measurements in total are needed.

5.27 Using Quick Test

[~ Quick Testpentode =loi x|
-Seflings - -Diernvatives -
: la Is
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APE] Ras D8 popy [3445 81 % ds u#WJ[ =
va | 250 [290 | 10 5 [ 5y dia l_ dvVa
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. 250 2T I_m o m W - - 35;1=3_r;:;;\r 7 (ot sadomusecn org
Tve (AN | 595 a5 (Kehm) [ 1376 ng2gi=
73 | 0, [0 Ri=3ak
Vg W % v dis = 1
Sda g [TI27 100 %GR AV [728 Pa=mar 12W
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Nom | '3 @A) EL84
Report . dve P . dVs 5
p ¥ Append mul b (=) [ 388 129 % mu2 &g (=) 18 Ly
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~Currents. ‘39;
la(ma) [452 Mom q;  /NUNNNNNNNNNNANNARNNNRNNRUNRRNBNNERNERNEENRR 100 %
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Is(mA) [536 Nom [ 58 38 %

Figure 5.21 Quick Test of an excellent EL84 (6BQ5)

The AQuick Testodo option which measures alll the derivat
alternative to a full curve characterizatiomerQuick Test is started by clicking the corresponding command button

21



in the measurement section. Note that the heater must be activated to perform a Quick Test meaEhecnsenf
the Quick Test option is pretty straightforward:

1. Connect a tube to theTracer, and start the GUI

2. Set the desired heater voltage. There is no need to select a particular measurement type, or to set any other
bias value in the main measurement form since these
ACompl amdcBAverageodo selections retain their origina
depend on their settings. Using the default values is usually a good starting point.

3. Switch on the heater in the normal way

4. Click AQui ck TeheQuickTedtfoims wi | | open t
5. Select triode or pentode (=tetrode) depending on what type of tube is tested

6.

Enter the desired bias point values in the appropri
the bias val ue i nput gdecrdaked fole&th isputrasrgquitedcby eéntering aitlkesae d o
new percentage value or by entering a 0V directly.

7. When the nominal values for the currents and derivatives are known they carrbd ientiee fields labeled
ANom. 0 These nominal values are used at the end of
value from the nominal value. The values entered do not affect the measurement. When the nominal values
are not knowrthese values can be left at 0 so that they are not taken into account.

8. Start the test by pressing fAiTest. o A triode test wi

take about eight seconds

All of the Quick Test bias values and settilgs e st or ed when the ASave Settingso
executed.
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Center Meas Stepping Section 1 Section 2
250 2464 L dvia 82 106 % (kohm) [ 7.44 97 %
var [ 20 [e84 l_ l_ v - 3 wm,l_ 7 .
Sa 2 M,
vez | 250 [287 " m [ 27 onm 2
Rlu ?"Flc
dla 93 % 101 %
vg | 85 w l_ ]_ " gm- 32 a (mr‘MI 204 (mapv) 222 Pa=max. 2:275\?
I 2.2
Test I W tiode [ pentode mAN)
mu%a() 17 9 % o[ v
r tpens o 0
MNom ’ g
Tite: [ECC82 (124U7) e °.,
89&
-Currents
Il (mA) [958 Mom [ jp5 [(NENNNENNNNANANNANNNAANNNNNANANANANRENOEN 92 %
L] 25 50 75 100 125 150
laz (mA) |1l.03 Nom | 108§ 11

Figure 5.2.uick Test of an ECC82 (12AU7) double triode.

The plate resistance (Rp), transconductance (gm) and voltage amplificatioar@rsimultaneously measured for
bothsections.

Tips and things to keep in Mind:

1. The triode Quick Test has been designed so that both sections in-tttades aretested simultaneously
(Fig. 5.2.2. In this case the anode of the second section is connected to the screen terminal otére uTra
When single triodes are tested the fields for the second triode can simply be ignored.

2. Plate and screen resistances | arger than 1M ohm are
mA/V are displayed as fi>2000.

3. To test triodes in A2 moded@sitive grid bias), the pentode Quick Test is used and the grid is connected to
the screen er mi nal of the wuTracer. In this case Ol al/ OVs
grid impedance!
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4. The measured currents used to calculate the derivatives can be stored and viewed by storing the Measurement
Matrix: press MfByavieSadad aMe & sod rl eomeerdt Matri x. 0O

5. Especially for high plate resistances (pentodes/tetrodes), the measured value can be significantly affected by
a tiny current fluctuations. It can therefore be better to fix the measurement range to a certain value to avoid
gain switching in between two measurement points and to manually set the averaging to a high value.

6. When a 0V value is entered that would result in
value is adjusted to stay within the maximum and a warning message is generated.

[~ quickTestpentode =lolx|
Seflings Dervatives
. la Is
Center Meas Stepping
dva 3445 91 %  dis E]
Ra= T2 (koh 8 uan)
ve [ @0 [z Wy [ 5 v da (ohm) ava
Nom 3 (kohm) 5 - TmATY
250 [2488 0 5 [ vgla=13.5V
& 4 ’ v ge ) [ G (kohe) [T378 L
a=
va | 73y 0% [05 dia e 100% L up [ - ‘b"
gme G2 Ay | 1 dvg .
Test " tiode [ penlode N 3 I
o - I'TWV
Repor ¥ Append rul= %: ) [E@ 120 % e %’; S g MixOTH
-] o
Title: [ELE4 (6B05) ¥ 300 sSe):
- Currents-
lafma) [452 Nom [ 4 100 %
ls(m&) [536° Nom [ 55 B8 %

Figure 5.2.3uick Test of an excellent EL34 (6CA7).
To obtain tle desired bias voltages: Va=250 V, Vs=250 V it may be necessary to increase the set point values slightly.

As a result of the measurement principle of the uTracer, the actual voltages used in the measurement will be slightly
lower than the set point anodad screen voltages. This is caused by the fact that during the measurement pulse the
anode and screen currents drain the reservoir capacitors a bit. The higher the current, the higher the difference will be.
In a normal plot this is not a problem, sinbe fctual voltages at the end of the pulse are measured and used in the
plot. However, in th&uick testthe difference can be annoying and maguire compensation. In Fig. 5.2t% red

circle shows how the actually measured voltages are displayedonidne set point values. If needed, the set point
values can now be increased manually so that the measured values match the required test conditions.

5.371 Printing the results to a report file

After the measurement theltected data can be saved to a file in thenfaf a simple report. Figure 5.3glves an
example of such a report file for an EL84. The user can optionally enter a title which is printed below the header line.
By ticking t he #Apperdeditatheliileselectet. i this wgy the measuremeat gdata of a number
of tubes can be collected in a single file in a simple way.
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20-%-2014 21:20:40 uTracer2, GUI v2.11.6 Pentode Quick Test

EL84 (6BQ5)

Test conditions:

Va : 250 (V) Swing +/- 25 ¥

Vs oz 250 (V) Swing +/- 25 ¥

Vg oz —7.2 (V) Swing +/— 0.73

Test results:

Ia : 48.2 (ma} 100 % of nominal 48 (mA)

Gma : 11.27 {(mAa/V) of nominal 11.2 {(m&) Gma = dIa/dvg
Ra : 34.45 {kohm) 51 % of nominal 38 ({(kohm} Ra = dva/dIa
mul : 288 (-} 12% % of nominal 300 {(—) mul = Gma*Ra
Gml : 595 (un/v) Gml = dIa/dvs
Is : 5.36 {(ma) 98 % of nominal 5.5 (m&a)

Gms : 1.28 (mA/V) Gma = s/dAvyg
Rs : 12.76 (kohm) Rs = dvs/dIs
mu2 : 18 (-} mu2 = Gms*Rs
Gm2 : =2 (udA/vV) Gm2 = s/dva

Figure 5.3.1Example of a report file for an EL84 pentode

61 Saving Plots and Measureent data

In the main formbés AMiscell aneouso section there
or the measured data to a file, or to save and retrieve the complete measuremgntlsese options are explained
below. Note tht in all cases the default location for the files is the folder into which the uTracer was installed, but any
other folder may be specified.

ar e a

6.17 Saving a Plot

2 Windows Fax and Scan
# Wwindows Media Center
Windows Media Player

=D winzip
< XPS Viewer

Miscellaneous

Debug Cal

I Sawe Data |

Save Plot |

I Ext heater
supply

Open Setupl Sawve S

|
\

Save Plot

)

=1 |

Sawe Az Title bmp

Save As .

Accessories
€} Blustooth File Transfer

[z caleulator
E# Command Prompt

@9 Connect to a Network Projector
ES Connect to a Projector

-l Getting Started
=9 Math Input Panel

| Notepad

@2l Paint
%} Remote Desktop Cor on
57 Run

SR Snipping Tool
% sound Recorder
Sticky Notes
@) Sync Center
= Windows Explorer
Windows Mobility Center
=l wordpad
Ease of Access
| System Tools
Tablet PC
| Windows PowerShell
Arcot Systems
Autonomy

=

.

Back

d
Dekker, Ronald
Documents

Fictures

Music

Computer

Control Panel
Devices and Printers
Default Programs
Help and Support

Run...

| search programs and files

2]

shutdown | »

e

Sl S | @ 1P| W

Figure 6.11 Left: plotting
the graph to a bmp file.

Right: location of the

shipping tool which can be
used to grab the graph
from the screen.

A limitation of Visual Basic, the programming language of the GUI, is that it can only save graphics in bit map (bmp)
format. Personally | do not think that is a Ipiem, since bit map format graphics can easily be imported into standard

progr ams
6.llopens.

I
By

k e
cl i

Wor d
ckin

and

g ASave

and to specify a file name. The extension will be .bmp
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Personally | prefer to use the ASnipping Thaoonted whi ch
i Ac c e s.d evenihave this tool permanentgpied to the taskbar at the bottom of the windows screen. It can be

used to grab an arbitrary part of the screen and write it to a file in .jpg or .gif format, or to copy the selected graphic
directly into Word or PowerPoint. In fact most of the imagethis manual were made by first grabbing a graphic

from the screen, copying it to PowerPoint for editing (adding text, arrows or other pictures), and then grabbing the

final image and writing it to a file.

6.217 Saving meaurement data

Very likely the user will want to save the measurement data to import it into another application or program, such as
e.g. Excel. There are a number of ways that the measured data can be written to a file, and in this section the different
possibilities and formats will be discussed. Importation of the data into Excel will also be explained. A very simple
measurement consisting of two curves with four points each (Fig, @ight) will be used to illustrate the different

file formats.

Miscellaneous
|’ Debug Cal | Save Data. | Save Plot |

= Eﬂu';?fr Mﬂ‘ M la [ma) u-Tracer V3.10
} 125 s
200
e o 7 Figure 621 The fASave Data
0
Save Measurement Matrix | 75 fO rm (Ieft) and th e teSt

measurement used to illustrate the
file formats in this section (right

Parameter.
e
s
 fitted I
 diafdy

Save as Block

Sawve as List

i

© dvfdia ¥ Add Text o 20 40 =] a0 100 120 140 160 180 200
 lastored Anode Volage [

|5 stored

The fAiSave Datao form is opened by clicking the ASave D
(Fig. 6.2 left) There are three formats in which the measured data can be saved: Measurement Matrix, Block, and

List. The different formats are selected by clicking the corresponding command button. Both the points to be measured

and the measured data are containedérMeasurement Matrix, an array used internally by the GUI. By pressing the
iSave Measur ement Matrixo button, the contents of t hi
measurement data files, will have the extension wifdgcerdat).

RI=TE
File Edit Format Wiew Help

Point curve Ia (mA) Is (mA) vg (V) va (v) vs (V) vE (V) ;|
1 1 11.75 15.1 -6 1.89 198. 69 6.29

2 1 28.94 4.74 ] 65.61 198.19 6.29

3 1 31.65 3.95 ] 131.29 198,21 6.29

4 1 33.54 3.73 ] 197 198.55 6.29

1 2 13.05 71.87 0 1.87 197 6.29

2 2 107.94 15.91 [} 63.17 198 6.29

3 2 113. 97 14, 26 [} 128.46 198, 37 6.29

4 2 117.95 13.41 [} 194.47 198. 38 6.29

Figure 6.2.2Example showing the format of the saved measurement matrix

Figure 6.2.3hows the format of the saved Measurement Matrix. The data is stored in eight columns. The first column
gives the measurement point number within each curve, wigledcond column gives the curve number. The third

and fourth columns are the anode and screen currents in mA. The last four columns contain the grid, anode, screen,
and filament voltages. Note that the grid and filament voltages displayed are the tsedlpei while the anode and

screen voltages are actually measured.
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With text Without text

Filz Edit Format Wisw  Help File Edit Formab Wiew Help
Vi W I mA 1.89 11.75 13.05
Block format = V; i 7)6 v vg = 0 VvV 65.61 28.94 107.94
1.89 11.75 13.05 131.29 31.65 113.97
65.61 28.94 107.94 197 33.54 117.95
131.29 31.65 113.97
197 33.54 117.95
Figure 6.2.3Examples of the
& :
et rommat Abl ocko format (top
ist forma T &5 115 ~ . N
va e 6501 3502 Alisto for mat (bot't
vg = -6 VvV 131.29 31.65
1% 23 157 3354 Both formats can be generated
131.29 31.65 1.87 13.05 . .
197 33.54 63.17 107. 94
6317 10753 with and without text.
vg = 0 v 194.47 117.95
1.87 13.05
€3.17 107.94
128.46 1132.97
194.47 117.95

Figure 623 | l ustrates sthe fidoldl mekd: ahnd fihée Abl ocko -d&isr mat t h
variable of the first curve, and the following columns
data for both the running variable and the measured datadbrceirve are stored sequentially. Since the actual value

of the running variable depends on the current, there can be a slight error in thealtaget relationships in the

block format. In the list format both the voltages and currents are stoegddtly the way that they are measured. To

facilitate importing data into another application, the text in the files can be omitted by unselecting the tick box marked

AAdd Texto (Fig. 6.4). Instead of tihe kkhwtotden & ulriretntqgn atr
be selected for saving.

6.517 Importing data into Microsoft Excel

Importing data from a .utd file into Excel is very easy, and this section shows the procéssstegpusing a file that
has been saved with the ALiIisto format. I am not parti
simpler ways to import the data. For incidental use, this method works fine.

| = s 74
“ Home Insert Page Layout Formulas Data Review View

Zs
=) | | ~ |55] cConnections 4l E 3 j IA” Files LI
m e O Lo St = R L P R . :
From From | From From Other Existing Refresh N %] sert Filts Text Files
Access  Web Text Sources = Connections All~ - D L e
Get External Data Connections Sort &
& Get External Data From Text 2
4 Import data from a text file. 1
5
5 @ Press F1 for more help.
7

l.Under tab fAdataodo select AiFrom Texto from fAGet External

2l n the file browser make sure to select ALl I Fil eso.
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Text Import Wizard - Step 1 of 3 4 S| Text Import Wizard - Step 2 of 3 2

The Text Wizard has determined that your data is Delimited. This screen lets you set the delimiters your data contains. You can see how your text is affected in the preview
below.

If this is correct, choose Next, or choose the data type that best describes your data.

‘Dal\@
riginal d:W(
Flhuuse e type that best describes your data: W 1sb

- Characters such as commas or tabs separate each field. I™ semicolon I Treat conseautive delimiters as one
" Fixed width - Fields are aligned in columns with spaces between each field. ™ Comma Text qualifier: Ir =
™ Space
Startimport at row: |1 =] File origin: 437 : OEM United States j I Other:
rData previe
Preview of file C:\all_me\prive\Projects'\puizentester \visual basic stuffivisual basic - n...\manllst.utd.
11_75 - 1.89 11.75 =
2894 65.61 28.94
31.85 131.2% 31.€5
33._54 187 33.54
2 1| r

Cancel | < Back | Dext > I Einish I Cancel < Back | Next > I Finish

3.Sel ect fADelimitedo (default),

4.by fATabso (default)
Where &-fyou want to put the data?

This screen lets you select each column and set the Data Format. ,
Col data format {* Existing worksheet:

' General .
~ 'General' converts numeric values to numbers, date values to dates, and all ~
Text remaining values to text. New worksheet

(ol : - 4'
= prY Advanced... Properties... I 0K I Cancel I

£ Do not impert column (skip)

A B c
e 1189 11.75
2 | 65.61  28.94
3 13129  31.65
4 | 197 33.54 7
5
6 | 1.87 13.05
7 6317  107.94
8 12846  113.97
Cancel I < EECk I Next > I 190 154.47 117.85

N

5, Sel ect fAGeneral o for data format (default),
6.in Aexisting worksheeto (default);

7. Finished!

6.417 Saving the Measurement Setup

By pressing the fAiSave Setupd command button in the
measurement setup, pinning information, graphical output settings and Quick Test settings) as well esnthe cur
measurement displayed in the graph and the stored measurement are storedprfilesét this way it is possible:

1. To simply save the measurementgptfor a particularly type of tube;

2. To include a stored fdr ef etypedaitabe agaimstewhishdfuture measutemdnts r
can be bench marked;
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3. To save a set of measurements for future analysis, e.g. using the distortion analysis tool.

After pressing the #ASayv aiscBllaneaupedtiontbenuseain gromptdéoterites afilei n t h e
name after which the complete setup, and the measurements (if present) are stored to a file. This file is a standard
ASCII file, which can be read with any text editor. The file has the default extension .uts ((Hetgqer Note that

to avoid decimal delimiter problems, all reals are stored as integers multiplied by 1000. A valissusied to indicate

the end of file, which makes it possible to extend the file in the future. Any saved measurement setup can be reloaded
by cl i cekni nSetfu@p foll owed by the selection of the parti

6.51 The Calibration File

Small variations in component values make it necessary to calibrate the uTracer for optimal accuracy. To accomplish
this,asebf variables is adjusted by means of a graphical fi C
values for currents and voltagi@dORE]¥. The exact pscedure to find the correct calibration values is described in
thechapter8.5the calibration procedur&he default value for each slide bar is 1.0 (center position), and each can be
adjusted over a range from90to 1.1, or +/ 10%. The variables VaGain and VsGain adjust the anode and screen
voltages while laGain and IsGain adjust the measured currents. Vsuppl and Vgrid allow the exact supply and grid
voltages to be set, and Vsat adjusts the voltage drop avéigh voltage switch during the measurement pulse.

B3 Calibration — [m) X

Calibration

Ya Gain )‘ 1

s Gain )‘ 1

la Gain )‘ 1

Is Gain )\ 1

Wsupp )\ 1 . . .

Figure 6.5.1The calibration form
Warid (40 W) J 1
(V3.11)

Wsat )‘ 1

Warid (4V) )\ 1

Warid (saf) )‘ 1

notused )‘ 1

Wersion MNote! fyou select aversion number that does not
Save to Calibration File % Version 3 (300v) £ Viersion 3+ (400V) comespand ta your hardware, it may seriously damage
your uTracer

By clicking the ASave to Calibration Fileodo button on |
AuTracer 3 pX. cal thécurreht €Wl eersidorkndmbdreThedfile i stored in the same folder in which
the GUI executable is | ocated, [MOREtN is wusually in the
Tip:

Always record the calibration values on a piece of paper or in a text file! Although it is possible to copy & rename
the old calibration file name to the new name after a new GUI release has been installed, it is by far quicker and
easier to just renterthe correct values after a new GUI release has been installed.

Note 1:

The COM port number is also stored in the calibration file. This means that if the COM port selection is changed,

the calibration form must be bhutpepressedifdhe dewpditeeledti®aswoe t o C
be stored.
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https://www.dos4ever.com/uTracerlog/tubetester2.html#more25
http://dos4ever.com/uTracer3/uTracer3_pag12.html#FAQ5

Note 2: Please ensure the correct uTracer vergdar 3+) is selected.

6.61 Location of the Files

Windows 7: If the User Account Control (UAC) feature is erel(which is defaultthan any attempt by an
application to write to system directories is secretidirected to a usespecific "virtual store" that is read/write for
that user. This is done to prevent users from corrupting installed applicationbgasahte thing has been done on
UNIX for years.

The default location for your virtual store I€:\Userd<username¥ppDatdlLocalVirtualStoraProgram Files" or
"C:\Userd<username¥ppDatalLocalVirtualStoraProgram Files (x86)Where <username> is yougin username.

The virtual store is designed to shadow the directory structure undBrd@am Files" but is qualified by the login
username. If you are running-8& Windows 7 or have some 3#it applications installed, you will see the "Program
Files(x86)" directory, where 64it Windows 7 uses the "Program Files" directory.

Note that the "AppData" directory is by default hidden from view, as it is a system folder. You can make it visible in
Explorer by doing the following: Navigate to '\Oser4" then from the "Organize" menu select "Folders and search
options". From the dialogue box that then pops up, select the "View" tab. In the "Advanced setting" window under
"Hidden files and folders", select the "Show hidden files, folders, and drives" rattm bthien click "OK".

Under the "Program files" directory above, you will see a further directory called "uTracer_v3px". This is where the
calibration file and plot/data files are stored.

71 Installation of the GUI

Theinstallation of the GUI is normally quite straightforward. Just unzip the download to the desktop or a temporary
directory. There are three files in the unzipped download: a CAB (cabinet) file, an LST listing file and a Setup
application. The CAB file igust another zipped file that contains the GUI executable and some ActiveX components

(.OCX files) that the executable needs to run. Most important are the mscomm32.ocx and MSCOMCTL.OCX, which

deal with the serial communications. Normally double clickmgt A SETUPO appl i cation shoul

the program and register the new components in the registry.

Here is the installation process for the GUI, illustrated with screen shots:

pT The uTracer, a miniature Tube Tester ]?
The &  Click Here to Download the uTracer GUI version 3p10  “&Y
HTracer3 2
Contents: | File Downic x|
Home
; Do open or save this file?
‘What 1s the uTracer? you want fo o this file 3
Testers and tracers = Mame: uTracer_w3p10_23_10_2013.7ip
How it Works =k Type: WinZip File, 1.92M8
The Circuit From: dos4ever.com
The User Interface
Examples Open | Save | cancel
Specifications
Project Histo I¥ Always ask before apening this type of file
Tesﬁnmnia@’
5. While files from the Intemet can be useful, some fik otential
Downloads 9 tem vour camputer you do ot st the souce. da ot open =
How to Order S save this file. Wht's the risk?
FAQs, Bugs & Issues
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1- Onthe uTracer webpagengvat e t o t he fADownloadd page.

2- Click the link to download the zip file with the GUI (The actual GUI version number may differ from the
one displayed here).

3- Save the zip file to a suitable location, e.g. the desktop

|18 =] = || winZip - uTracer_v3p10_23_10_2013.zip
Home Backup Tools Settings y

i ' Include ~ n E E
T Filter = FIP
Add

ZipSend ZipShare Send 1-Click Unzip

Files Encrypt ta~ Unzip -
Compress Send
Folders in WinZip File x 2 | Mame

L) [uTracer_v3p10_23_10_2013.zip

. Package
. Package 5

4- Double click the zip file to unzip the file e.g. using winzip.

5 Clic® ifck Unzi po, ftapfifeowildbegenemtedd h t he se
6- Open the folder.

Name ~ '0 |Date modified |Type |5ize |
| Package 3-11-2013 20:49 File folder
7 MName * ‘A | Date modified | Type Size
| ¥4

ﬂ sefup 18-5-1995 1:00 Application 138 KB
L SETUR 8 23-10-2013 20046 LSTFile 4KB
:;Q UTracer_3p10 23-10-2013 20:35 WinZip File 1,913KB

7- Open folder Package

8- Double click the Setup application

Begin the instaljgtion by dicking the button below.
g! Welcome to the uTracer_3p10 installation program.
=

Setup cannat install system files ar update shared files if they are in use. Click this button to install uTracer_3p10 software to the spedified destination

Before proceeding, we recommend that you dose any applications you may directory.
be running.
Directory:
)3 ’7C:\Dmgram Fies (x86)\iTracer_3p10\ Change Directory ‘
=9
: oK | Exit Setup | 8
Exit Setup
#2 uTracer_3p10 - Choose Program Group x|

Setup will add items to the group shown in the Program Group box.
‘You can enter a new group name or select one from the Existing

Groups list,
T 3p10 Setu x
prgam 3 11
limracer_sp10]
uTracer_3p10 Setup was completed successfully,
Existing Groups:

Accessories
cmmisbative Toos
Burcau-accessoires

HPSupport
Maintenance

Microsoft Web Publishing
Startup

TinyCAD
[Ture!lt 3.20
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9- 10, The installation program now installs the GUI. It basically only requires our OK clicks.
11- The GUI successfully inatled!

12- A uTracer icon should have appeared in your Program list. Double Cl@h iirst time start, the GUI will
create a blank calibration file. Click OK
13- The main form of the GUI should now appear.

Lastly, the proper COM port has to be set so thatGhJl can communicate with the uTracer. This is done on the
communications form, which can be opened by pressing l
COM port (2), the selected COM port number is saved in the calibration file Ioyngptae calibration form (3) and
clicking ASave to Calibration Fileo (4).

7.17 Trouble shooting

Normally the installation of the GUI should proceed smoothly, but in practice some difficulties may be experienced.
In this section some tips have been collected from users who found solutions to problems they experienced.

I f the ASetup.exeod installer supplied with the downl oa
in the root of your systemby hanch™ s directory should be created in the
AProgram Files (x86)0 For Windows 7. Then simply unzip
necessary OCX components have been already installed andreshist¢he past by some other program, and the

GUI will run by simply double clicking the executabl e n
components are missing and they will need to be installed by hand. Note that manual imstéliaése missing files

is also required if during the normal setup procedure the following message is displayed:

31


























































































