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/‘j\ Warning!

Please read this page carefully!

Although your uTracerNXT is not directly connected to the
mains, it generates dangerous and potentially lethal
voltages. Please observe the following guidelines:

* Never touch the PCB when the high voltage LED is on!
« If you need to work on the circuit:
1. First wait until the high voltage LED is off;
2. Then switch off the power;
3. Check with a DMM that the 100uF / 500V caps are
fully discharged
« When you test the circuit on the bench use standoffs to
distance the PCB from the table.
« Make sure that there are no loose wires or metal clipping
lingering around or underneath the PCB.

Please note that even when the high voltage LED is off, the
-120V grid supply is still working !

/If you construct and\
use this kit, it implies
that
you have read and
understood this
warning and accept

\ the risks! /




The design of the circuit, PCB, the selection of the components as well as the
preparation of this document have all been done with the greatest care to
guarantee a successful construction and to prevent disappointments,

Nevertheless, small errors and/or omissions may have occurred, and | am
grateful if they are reported to me.

The following pages contain important notes and tips.
Please read them carefully!

In case of any problems occurring during the construction of the kit please
first consult the FAQ page on my site www.uTracer.nl. Additionally, | will
endeavor to help by email whenever possible. It is unfortunately not within my
means to offer any kind of guarantee or refund.

Finally, | would like to stress again that the voltages generated by the circuit
can give you a nasty shock and are potentially lethal. | can never be held
responsible for any accident or injury resulting from the (improper) use of the
uTracerNXT circuit.

Purchase of this kit implies that you agree with these terms and conditions!

THIS TOOK MONTHS AND MONTHS TO CREATE,
BUT NOW COMES THE HARD PART... GETTING
THEM TO ACTUALLY READ IT.
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My-uTracer NXT

Configure the uTracerNXT to your specific needs

The uTracerNXT kit as described in this manual is the basic or standard
configuration of the device with the following specifications:

¢ Anode and screen voltage 2 — 500 V
Anode and screen currents 0 — 350 mA ( 250 mA with compliance on)
® Grid voltage range 0 to -120 V

However, the circuit, PCB and software have been designed in such a
way, that with a few small modifications the uTracerNXT can be adapted
to your specific needs.

This will allow you to:

®* Reduce the anode and/or screen voltage ranges, e.g. to accurately
trace battery tubes.
¢ Increase the anode and/or screen current ranges up to 1 A per channel
for the tracing of high-power tubes
¢ Decrease the anode/or screen current ranges for improved accuracy
for low power and/or battery tubes
¢ Decrease the grid voltage range for improved resolution at low grid biases.

This manual only covers the construction and calibration of the standard
version. A “cookbook” to modify the uTracerNXT to your specific needs
can be found online: www.dos4ever.com/My-uTracerNXT.htm|

Your kit contains a bag with resistors labeled “My-uTracerNXT.” These
resistors have been added to get you started changing the ranges of your
uTracerNXT to some obvious configurations. Contents of the bag:

value qty | purpose

68kQ |1 0 to -25 V control grid bias range

124Q | 2 Current sense resistor 750 mA anode/screen current range
1.80Q 2 Current limit resistor 750 mA anode/screen current range
7.5Q 2 Current sense resistor 1 A anode/screen current range
1.00Q 2 Current limit resistor 1 A anode/screen current range
240kQ | 2 2 —100 V anode/screen voltage range
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Before you begin

To build the pTracerNXT kit successfully, you need a certain level of experience in
building modern electronic circuits. Although no complicated soldering of SMD
components is involved, you need to have some skills in fine pitch soldering. A look
at the PCB will give you an idea of the kind of skills that you will need.

The most important requirement to successfully build the uTracer is patience. There
are a lot of components on a relatively small PCB. One error and the circuit will not
function properly. Fortunately, it is possible to build and test the circuit in steps. |
strongly recommend to follow the construction manual exactly, and to take the time
to do the tests as described in this manual. The best way is to go through this
manual page-by-page and line-by-line. Every action line is provided with a O so that
it can be ticked-off after it is executed.

This kit only contains the components to construct the electronics, the heart, of the
tube tester / tracer. It is up to you, the user, to add tube sockets and some kind of
electrode selector matrix according to your specifications. At the end of this manual
an example of how this can be done will be shown.

Although this circuit is supplied by a low voltage supply, and although the boost
converters can only generate a relatively small amount of current, the charge stored
in the high voltage capacitors can be lethal nevertheless! Here are a few simple
measures to avoid accidents:

1. The “High Voltage ON LED” is an indicator that high voltages are present in
the circuit. Don’t touch the circuit when the LED is on unless you know
exactly what you are doing.

2. The “High Voltage ON LED” might not function properly! So, before you start
working on the circuit, always check if the high voltage capacitors are
discharged to a safe level

3. If you need to touch the circuit while it is operating, always keep one hand in
your pocket!

The uTracerNXT is deigned to operate from an old Laptop power supply. These
supplies can generate a lot of power. During assembly and testing it is better to use
a normal variable lab bench power supply adjusted to 19.5 V, 500 mA max, unless
otherwise noted. In this way the damage done in case of an accidental short circuit
will be limited.

The uTracerNXT is provided with a protection diode that will short circuit the power
supply in case the polarity of the power supply is accidentally reversed (+ and —
exchanged). Although it will protect the circuit, your power supply will not like it! To
prevent accidentally reversing the power supply wires, | use a simple 90-degree clip
to prevent accidentally connecting the power leads the wrong way

Although I have tried to use as much as possible the same components in the kit as
the components shown in the photographs, the shape and color of some of the
components may be different, depending on availability.

| have put a lot of effort and time in making this kit and the manual as complete and
accurate as possible. Nevertheless, there is always the possibility that some (small)
errors or omissions have been made. | would be grateful if any errors and / or
omissions found were reported to me at: Ronald@dos4ever.com.

Please note that the manual version number does not
have any relation with the PCB version number.




Tools you absolutely need:

1. A soldering iron with a fine tip, suitable for fine pitch work, including a
wet sponge to clean the tip;

2. Solder 0.5 mm diameter but finer is even better. | still prefer to use

lead containing 60/40 solder;

A multi-meter, a digital one is preferred;

A pair of test cables with miniature clips;

A micro flush cutting nipper, or similar to cut the remaining end of

components soldered to the PCB;

6. A small screwdriver.

o s w

Things that come in handy:

A lab bench power supply at least 0-20 V, 500 mA;
A pair of tweezers;

A magnifying glass;

A small de-soldering pump;

Some solder wick to de-solder components;
Soldering flux (bottle or pen);

A magnifying glass!

NOoOGAWN =




Tips and Tricks:

Bend the leads of the resistors in a sharp angle close to the body of
the resistor. o e A

This kit contains a number of SMD type transistors. These transistors are
easy to mount on the PCB and have the great advantage that they

can also be easily replaced when needed. Although not absolutely
necessary, some soldering flux either in a bottle or in pen is recommended.
This is my preferred procedure:

Heat the tab with your soldering iron and
add a bit of solder. When hot enough the
solder will ready flow between the tab and
PCB.



For the mounting of the 330 uH
inductors L1, L20, L60, L80 |
recommend the procedure
depicted on the left.

Bend four pieces of not too thin
wire so that they fit in the
holes as shown in the top picture.

Position the inductors between the
wires with the contacts facing the
wires. Apply a small amount of
soldering flux when available
(middle).

Apply some solder and let the
solder flow between the wire and
the contact of the inductor
(bottom).

Turn the board around and make
sure the solder has flown all the
way through the holes of the
contact pads.

Use the small Teflon
spacer provided to
isolate the Xtal from
. the PCB.

(photo taken from
uTracer6)



5 As usual, the pins of the PIC processor are at an angle so that the PIC
doesn’t fit directly in the 40 pin socket. The best way to adjust the angle
of the pins is to hold the processor at the sides and correct the angle of
20 pins at once by bending them against a flat surface e.g. the table.

it

6. Make sure that you fully insert the PIC into the socket !! A not correctly
(half) inserted PIC has given problems in a lot of instances causing
faulty or erratic behavior. It requires the force of two thumbs to deeply
and properly insert the PIC into the socket! (Picture taken from
uTracer3+)

7. Resistors R68 and R88 can become quite warm. It is therefore advised
to add some space between the resistor and the PCB by inserting two
of the ceramic beads that have been supplied with the kit per side.




8. Trick to bend the leads of the reservoir capacitors into a nice 90-
degree angle.

9. For your convenience, a zip file containing a series of high-resolution
photographs taken after each construction stage can be downloaded from:
https://www.dos4ever.com/uTracerlogNXT/uTracerNXT-pics.zip

Note that the colour and appearance for components
may vary depending on availability! 11


https://www.dos4ever.com/uTracerlogNXT/uTracerNXT-pics.zip
https://www.dos4ever.com/uTracerlogNXT/uTracerNXT-pics.zip
https://www.dos4ever.com/uTracerlogNXT/uTracerNXT-pics.zip

Finding your way around on the board

The picture below shows the approximate location of the different functional

parts of the circuit on the PCB.
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To help you find during the construction the location of a certain component

on the PCB, every component to be placed is provided with a grid coordinate
where it can be found on the PCB. An example is given on the next page.
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Component identifier Component type Approximate
in schematic and value location on PCB
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Step-by-step construction of the uTracerNXT

In the following pages we will go through the step-by-step
construction and testing / calibration of the uTracerNXT.

The uTracerNXT construction manual consists of the following parts:

COM port installation;

The Graphical User Interface (GUI);
GUI testing;

+5V power supply;

RS232 interface;

Microcontroller;

Heater supply;

Negative power supply;

. Grid bias circuit;

10. High voltage Boost converters and current amplifiers;
11. High voltage switches.

12. Calibration

Each part consists of a “construction” and a “testing” section.

©COo~NOOaRkwN =~

In contrast to the uTracer3 the calibration is done after the construction
has been completed. Normally very little calibration is needed.

Each part consists of a list of instructions preceded by a 0O so that
the line can be ticked off when it is executed.

Do not skip parts of the manual, because the testing sequence may
be different in that case.

Normally it is recommended to first place “the lowest” components
and than to go to “the higher” components. In this case the order may
be different in some cases because it may be difficult to solder some
components when others are already in place, or because of testing
reasons.

The following SMD components have already been assembled on the PCB:

Grid section: Anode & Screen section: General:
Z40 LM4040-2.5V IC60,IC80 MCP6V86U IC4 MCP6V86U
IC40 MCP4921 IC61,1C81 PGA113

IC41 OPA455



Part 1. COM port installation (if needed)

The GUI communicates to the uTracerNXT hardware via
an “old fashioned” RS232 serial link.

If your PC or laptop does not have a native COM port you will need a
USB to RS232 adaptor. If you do not have one already, please buy a
good quality one, preferably one that uses an FDTI chipset. Avoid very
cheap (Chinese) devices!

Make sure that your converter supports RS232 level signals and not
simply TTL (5V) or 3V level signals.

O
O

Buy a good quality USB-to-serial adapter
Install the USB-to-serial driver if needed

Make sure the communication protocol is set to
9600 baud, 1 stop bit, no parity check.

Be sure you know the COM port number assigned to the
adapter




Part 2. The graphical user interface (GUI) installation

In order to install the GUI for the uTracerNXT, it is
necessary to have the GUI for the uTracer3
installed first !!

If you do not have the GUI for the uTracer3 installed,
continue with part 2a of this manual.

If you have already installed the uTracer3 GUI (any version),
proceed to part 2b of this manual.

In the future | will make an installer to directly install the uTracerNXT GUI,
but for the moment this is the most reliable procedure.

If you encounter problems during installation, or if you want to install the
GUI on a Mac or on a LINUX system, please first consult the frequently
asked question (FAQ) page on the website:
https://www.dos4ever.com/uTracer3/uTracer3 pagi12.html

“This software will help you manage stress
as long as you don’t try to install it.”


https://www.dos4ever.com/uTracer3/uTracer3_pag12.html

Part 2a. The uTracer3 GUI — installation (if needed)

To use the uTracerNXT GUI, it is necessary to first install the GUI
version 3p11 for the uTracer3. You will not be using it, but the
uTracerNXT GUI will need some software components that are
installed during the uTracer3 installation. If you have already

in the past installed the uTracer3 GUI you can skip this part and
proceed to part 2b.

O

O

O O o0 4d

o U b

Create a folder to store the zipped file with the GUI into.

Download the zip file with the uTracer3 GUI into the folder from:
https://www.dos4ever.com/uTracerlogNXT/uTracer3pl11-GUI.zip

Unzip the downloaded file into that folder.
Double click “setup”.
Follow the instructions of the setup program.

After successful installation of the uTracer3 GUI continue with
Part 2b of this manual
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Part 2b. The uTracerNXT GUI — installation

To be able to use the uTracerNXT GUI, it is necessary to first install
the GUI version 3p11 for the uTracer3. You will not be

using it, but the uTracerNXT GUI will need some software
components that are installed during the uTracer3 version 3p11

installation.
If you do not have the uTracer3 GUI version 3p11 installed goto
part 2a, otherwise proceed with this part.

Installation of the uTracerNXT GUI does not affect the installation of
the uTracer3 GUI.

Installation of the uTracerNXT GUI:

O 1 Create afolderto download the zipped file with the GUI into.

O 2 Downloadthe GUI for the uTracerNXT into the folder from:
https://www.dos4ever.com/uTracerlogNXT/uTracerNXT-GUI.zip

O 3 Unzip the downloaded file into that folder.

O 4 Double click the executable.

Important!

Depending on your computer configuration it is possible that
Windows Defender regards the executable as malware and
automatically deletes it! If this happens you must add an
“exclusion” before it will let you copy the executable without
automatically deleting it.

Read more about adding an exception:
https://support.microsoft.com/en-ca/help/4028485/windows-10-add-
an-exclusion-to-windows-security
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Part 2. The GUI — testing

For a 100% test of the functionality of the GUI the RS232 cable described
in the next section is necessary. Without this cable a quick test is possible
that will be described here.

O 1 Install GUI as described.
O 2 Startthe GUL
O 3 Openthe “Debug/Communications” window by pressing “Debug” in
the “Miscellaneous” section of the GUI.
O 4 Selectthe proper COM port (the port com number can be saved by
pressing “save to calibration file” in the “Calibration” form.
O 5 Pressthe “ping” command button.
O 6 The “Send string” and “Echo string” should now display:
_ioix]
—Camrmunication Debug
Va | Ve [ - vg [ - v [ - value Explanation:
| I I [ integer the GUI tries to send a
I = = hex “0” but this zero is not

laGain |02 leGain (02 Average |4|:| Compl. [8F  hex

Send ||:|

echoed. After a few
seconds the GUI

ping detects that no
Echo | [~ - StatusByte [ debug character is returned
la |a comp |2 |2 Comp Wa Wz Wpower  Wheg reSUItmg In the timeout
e el wvanll el il wven —_—— message.
— x| |
I_ Error, uTracer failed ko echo characker in reasonable time
laGe
At (0] 4 |
—Com Port
ICDm Faort1 j Close Comport | send esc
O 7 Under nocircumstance the message “Run time error 8020, Error
reading comm device” should occur. When it does, thereis a
problem with the USB-to-serial adapter.
O 8 Forafull check, connect the RS232 cable (next section) and perform

the test described in that section.

19



Part 3. The RS232 connector cable - construction

| intentionally didn’t integrate the RS232 connector on the PCB because

most people will want to position that connector somewhere at the rear of
their case. A cable connects the 9 pin D-SUB female connector located at the
desired location to the RS232 connector on the PCB.

R5232 Connectar

gnd I'.': -\.l..l:r'_.‘-\x"‘.l

N e

Connector A o —T®
1 1 1

onthe PCB  Fx i# :*Ii

Tx :!: s Dl

il ! o

"% female

On the D-SUB connector pins 1,4,6 and pins 7,8 have been connected to
“fool” the handshake signals. Strictly speaking this should not be necessary
because the GUI does not check for these signals, but | am never sure what
USB to serial adapters do?

20



Part 3. The RS232 connector cable — testing

O 0O O 0O 0O
w

(02 I S

O
o

O 7

Make sure that the GUI is properly installed and tested.
Connect the RS232 cable to the PC.

Connect the Tx pin to the Rx pins.

Start the GUI.

Open the “Debug/Communications”
window by pressing “Debug” in the
“Miscellaneous” section of the GUI

Press the “ping” command button.

The “Send string” and “Echo string” should now display:

o Cieee Clatont

ety Y 1ol
~Communication Debug T
u-1nra
L Whocor va [ = Vs [ - vg [ - Wi value
Stop | - | - | - | - integer
— = | e
la Gain Iﬁ |z Gain Iﬁ Average |4|:| Compl. [2F hex
ile (e.q:
(=0 Send  [500000000000000000 ping
Echo  |500000000000000000 | = Status Byte [ debug
la |a camp |2 |2 Carmp Wa Wz YWpower  Wheg
T — x
s
’ | L] E Th It string From the uT ink ked
trar, The result string From the uTracer was inkerrupke
o [0 | A-
] I la Gain I = I oK |
Actual averaging | 5 4 3
] Carm Part Control Grid [W]
ICDm Fort 1 j Close Compaort | Zend esc | — ocale
I Track vl
Heater an! | Ahort | | | | i

LI [ S [ IR .. 1

O 8

After approximately 10sec the error message: “The result string from
the uTracerNXT was interrupted” should appear . This is the proper
response at this point of the construction.

21



Part 4. +5V power supply - construction

O O O O O

v b

O 0O0O00000a0

w

O 00 N O

L1
D1
D2

IC1

RO1
RO2
RO3
L1
C1
C3
C2
Z1

330uH inductor, see “Tips and Tricks no 3”
UF4007, note proper polarity!
UF4007, note proper polarity

“Power” screw connector

78M05 +5V voltage regulator, see “Tips and Tricks no 2”

1 kohm
1 kohm
10 kohm

LED (power on)

150 nF ~ anode

(long pin)
150 nF

470 uF, 35V, note polarity!
7.5V Zener diode (1N4737), note polarity!

22

cathode

(G,3)
(G,3)
(G,2)
(G,3)
(G,1)

(F1)
(G,4)
(F.4)
(G,1)
(G,2)
(G,1)
(G,2)
(A,4)



Part 4. +5V power supply - testing

O

O

1 Connect the uTracerNXT to a power supply ca. 19.5V, if possible
limit the current to ca. 100 mA.

2 Switch the power supply on (supply current = 25 mA @ 19 V).
3 Check LED L1is on

4  Check + 5V on pin 32 of the PIC (see picture below)
Make sure not to slip with the measurement probe!

2070 5 5y

IC61
o° 5
c63 1sen

“ceeo =

nesaﬁ- OR65

o~
\/

Overview of the PCB after completion of Part 4 of the construction, and the

location of the test points. Note that Zener diode Z1 is not visible on this photograph.
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Part 5. RS232 Interface - construction

O 1 16 pin IC socket for IC2, note orientation ! (see note)
O 2 IC2 Insert IC2, MAX232, note orientation ! (see note)
O 3 3 pin serial interface male pin header
O 4 C9 150 nF
O 5 J1 2 pin male jumper pin header
O 6 C4 1uF / 50V, note polarity !
o 7 C5 1uF / 50V, not larity ! Note, the 1uF
u , NOTE polarity = capacitors look very

O 8 Cé 1uF / 50V, note polarity ! - similar to the 220uF
- larity | capacitors, do not

9 c7 1uF / 50V, note polarity ! confuse them!
O 10 c8 220uF / 10V, note polarity | -

(A,2)
(A,2)
(A,2)
(A1)
(B,1)
(A1)
(A,2)
(A,2)
(A,3)
(B,3)

Q.

e e (o

\

L3 4 383 O &

®

J1 only used
during

o)

The RS232 interface after completion of Part 5.
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text on the pcb
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Part 5. RS232 Interface - testing

O
O

O O o008

O

1 Make sure that the GUI is properly installed and tested.
2 Connect the uTracerNXT to the PC

w

Connect the uTracerNXT to the power supply, if possible, set current
limit to 100 mA .

Make sure jumper J1 is in place.
Start the GUI

Switch on the power supply (supply current = 30 mA @ 19 V).

N oo o b

Open the “Debug/Communications” window by pressing “Debug” in
the “Miscellaneous” section of the GUI.

(00]

Press the “ping” command button.

9 The “Send string” and “Echo string” should now display:

1 — Cires Clitant

[ icati - *
I . nicotio 1ol x|
~Communication Debug -
u-ira
L Whocor va [ - s | vy | wi [ - value
Stap | | | | inteqer
T~ I'= TI'= [ = e
la Gain Iﬁ lz Gain Iﬁ Average |4[| Compl. [ 8F hex
ale (e
(8.8 | geng [E00000000000000000
Echo [500000000000000000 [ = StatusBwte [ debug
la la comp |z |z Comp YWa Wi Wpower  Wneq
T x
s
= oy 'IE Ertat, Th It string from the uT interrupted
Frar, e resUIc SCring rrom Che Ulracer Was Interrupie
[0 [To | =
] s la Gain | = | ok |
Actual averaging | 5 4 3
] _Com Port Contral Grid [+]
ICDm Fort1 vl Close Comport | Send esc | — Scale
I Track vI
Heater onl | Abortl | | | :
VR I I~ 1= [ |

10 After approximately 10 sec the error message: “The result string
from the uTracerNXT was interrupted” should appear . This is the
proper response. '

!

11 Be sure to remove jumper J1 !!
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Part 6. Micro-controller - construction

1 X1 20 MHz Xtal (see note below)

2 C10  33pF Make sure the central leads of the

3 Cl11 33pF capacitors do not short circuit

4 40 pin IC socket for IC3, note orientation !

5 Cl2  150nF =l [ please note that the texts

6 RO4 10 koh “C12” and “150 nF”
ohm accidentally overlap

7 RO5 10 kohm

8 RO8 10 kohm

9 R10 10 kohm C1258nF @

10 R11 1kohm \_ 4 =

11 D3 UF4007, note orientation !

12 D4 UF4007, note orientation !

13 “AC_sync” screw connector

14 L2 LED “High voltage on” Note orientation !
15 T1 BC548, note orientation !

16 T2 BC548, note orientation !

O O0OO0O0O0O0O0O0OO0O0O0OO0O0Oo0O0oOoaoQoaad

17 IC3 PIC16F884 note orientation !
see “Tips and Tricks” no.5and 6

Note: The Xtal is located on the conductive foam.

Insert the plastic isolator between Xtal and PCB,
see “Tips and Tricks” no 4 !
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Part 6. Micro-controller - testing
Note: Both LEDs will be on during this test.

O 1 Make sure that the GUI is properly installed and tested.

O 2 Connect the uTracerNXT to the PC

O 3 Connect the uTracerNXT to the power supply, if possible, set current
limit to 100 mA .

O 4 Make sure jumper J1 is removed !

O 5 Start the GUI

O 6 Switch on the power supply (supply current = 55 mA @ 19.5 V).

o 7 Open the “Debug/Communications” window by pressing “Debug” in
the “Miscellaneous” section of the GUI.

8 Press the “ping” command button.

9 The “Send string” and “Echo string” should now display:

w, Communications
-Communication Debug

Vel e e (Vg e v
= = |
= = |

9=1E3

| value
| integer
| hex

laGain [08 IsGain [083 Average [40  Compl. [8F hex

Send  |500000000000000000

........................................

Echo [500000000000000000 [10 = StatusByte [ debug

la la comp Is ls Comp Va Vs Vpower Vneg
| 03F4 | 007C | 02C6 | 0005 |oODC | 0167 | 0176 | 014D
1018 | 124 | 710 | 5 | 220 | 359 | 429

| 867 | 423 |e606 | 1.7 [111.7 [1823

laGan [0 = [100 IsGan [06 = [100
Actual averaging 4 v “oltage Corr.

-Com Port
|Com Port 1 _v_J Close Comport I

| 201 (215

Send esc |

Ny

O 10 No error message should appear !

approximate

supply
voltage

O 11 The value in the circle is the approximate supply voltage; all other
fields contain random values at this stage.
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Overview of the PCB after completion of Part 6.
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Part 7. Heater supply - construction

O 1 R20
O 2 R21
O 3 R22
O 4 D20
O 5 C24
O 6 122
O 7 T20
O 8 T21
O 9

O 10 cC23

10 kohm
180 ohm
1k

UF4007, note orientation !
2.2 nF
PMOS transistor DMP3028 see Tips and Tricks no 2

BC556, note orientation !
BC548, note orientation !
“HEATER” screw connector

470 uF /35V

Detail of the board after construction of Part 7.
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Part 7. Heater supply - testing

O
O
O

O

1
2
3

10

11

<®
.t
o

:::
.

Make sure that the GUI is properly installed and tested.
Connect the uTracerNXT to the PC.

Connect the uTracerNXT to the power supply, if possible, set current
limit to 500 mA.

Connect alamp 6 or 12 volts /=100 mA to the heater terminals.
Start the GUI.

Switch-on the power supply of the uTracerNXT. The supply current
without load is = 60 mA.

Enter the voltage of the e — /

lamp in the designated _

field (arrow). ke 00 wh I o &l
Press “Heater on !” Faiig.

The lamp should now be putomatic x| g [Autornatic -

switched on in 10 sec. Average: Compliance:
Press “Abort !” to switch |sutomatic -] [200ma ~|
off the lamp.
P Delay:

Replace the lamp for Iin Heater an | | Aot |
“" H ”

a heavier” lamp of 1 to
1.5 A. (Increase the I~ Beep | Quick Test

current limit of your
supply to 1A or use the final laptop adaptor.)

Repeat steps 7 to 10. The power MOSFET should
remain cool even for a 1.5 A lamp.

. Note:

Because the heater voltage

'
)

measured using a normal
voltmeter! The reading will
not reflect the proper heater
voltage!

See weblog for more info:

http://www.dos4ever.com/uTracerlog/tubetester2.html#heater



Part 8. Negative power supply - construction

O0O0OO0O00000a0

O 00 N o U»u b

O 0O 000

11
12
13
14

R23
R24
R25

R26
R27
D21
D22
C21
T25

L20
123
124
C20
C22

Please note that the negative power supply produces
a voltage of -125 VI Although this (probably) will not kil
you, it will give you a nasty shock! Be careful handling the

10 kohm
180 ohm
1 kohm

240 kohm

4.7 kohm (use the small 4.7 k resistor, not the large 2W)
UF4007, note orientation !

UF4007, note orientation !

2.2 nF

PMOS transistor FQD2P40TM
see Tips and Tricks no 2

330 uH inductor see Tips and Tricks no 3
BC556
BC548

470 uF /35V Do not confuse the two capacitors,
47 uF / 200V it will give a big bang!

PCB when the circuit is powered

“That's got it! Hold it . .. right there!”
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(F.8)
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Part 8. Negative power supply - testing

O 1 Connectthe uTracerNXT to the power supply, if possible, set current
limit to 200 mA. No need to connect the uTracerNXT to the PC for this
test. (supply current = 85 mA @ 19.5V)

O 2 Measurethe =- 125V negative supply voltage (with respect to ground)
on the point indicated

%

.
N
o
X L

g&‘&;—— E

2N

-~
<>

o
[
<3
->—
o=
[ e

ground

D21
e pem |

o
3
¥
™
8
v
U
T
S
}_
5

! ORI
A\ el !

L2060 336uH 7125

Measure approxiately -125V
on this tiny via hole
(with respect to ground)

Be careful not to
& slip with the
test pins!
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Part 9. Grid bias circuit - construction

O 000000 O0OOO0OO0OO0OO0OoOoOoaoQgoaoOoaO

N

© 00 N o U B~ W

10
11
12
13
14
15
16
17
18

RO9
R44

R41
R43
R45
C43
R47
R48
R40
41
D40
0C40
C41
C42
J2
13
J4
J5

470 ohm
1 Mohm

10 kohm

10 ohm

240 kohm

220 pF

1 kohm

1 kohm

1 kohm

Zener diode 5V1, note orientation !
UF4007, note orientation !
V0618 optocoupler

220 uF, 10V, note polarity !

150 nF

2 pin header, do not place jumper
2 pin header, do not place jumper
2 pin header, do not place jumper

2 pin header, do not place jumper

(D,1)
(F1)
(F.2)
(F.2)
(F
(
(

(F
(D,1)

2)
F2)
F2)

3)

(E,1)
(F.3)
(E,1)
(E,2)
(E,1)
(F1)
(E,1)
(F.2)
(F.3)

Note, that at this stage R42, R46, C32 as well as the jumpers

have not been placed!

Hengma a§
i?_ .

|
<g

"Those the printed circuits
" you hear cbout?”
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O

O
O
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O ‘o o

O R48
“H ".,,‘_.,030

| 4
= Wi ge®

- (o
ICBBO - L

IC81
Ozo- B

D O

O
tisds 8 ln“
|
. .
o{ 1ok JORBSO{ 10k JORES

o{ 1ex JORB6O{ 16k JOREE
) O 368k JORBZO{ 368k JORE?

U0618 241

Detail of the board after construction of part 9

Please note that the spot for C32 remains open!
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Part 9. Grid bias circuit — testing

O O O O

O

Make sure jumpers J2, J3, J4 and J5 are not installed
Make sure that the GUI is properly installed and tested.

Connect the uTracerNXT to the PC.

Connect a DVM or multimeter between the pin indicated on the
picture (previous page) and ground.

Connect the uTracerNXT to the power supply, if possible, set current
limit to 200 mA.

Switch on the power supply (supply current = 110 mA @ 19.5 V).

The grid voltage should be approximately 0 V +/- 100 mV. During the
calibration in the next section, it will be adjusted to exactly
0 mV.

In the main form of the GUI select the measurement type indicated
below and fill in -100 V as start value for the grid bias:

Measurement Set-Up

select Measurement type:

|I (Vg . Va) with Vs, Vh constant LJ

=i stop MNintervals

Vg 0 10 log

stepping Variable (e.g: 15, 20,25 ...)

va  |200
Constants:

Vs | 200 “h | 6.3 pins |
Range:

la IAutomatic L] s IAutomatic Ll
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O O O 4d

10
11

12

13

Press “Heater On!” in the main form.
To skip the “slow heating” feature, press again on “Heating ...”

Start a measurement by pressing “Measure Curve.”

Read the actual grid voltage on the DVM or multimeter. The grid
voltage should be around -100 V +/- a few volts. The exact
calibration will be performed after the complete construction is finished.

Switch off the power

Note: The measurement will end with an error message.

Explanation: after the processor has set the grid voltage, it wants to
charge capacitors in the high-voltage section. But since that section has
not been implemented at this stage, it fails to do so, and automatically
after 10 seconds a time out message is generated. You can ignore this
error message.
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Part 10. Boost converters - construction

Please note, there are a lot of components in both this part as

well as the next. A mistake is easily made, and most of the time

very difficult to detect! Please work calmly and check and
double check what you are doing. Especially, double check
resistor values (with your DVM) and note the correct

orientation of (Zener) diodes and transistors!

O

O 0000 O0OO0O0OO0OOO0O0OOoOO0OO0ODoOoOoOoOoOoODoOooOoaoOoao

1
2

O 00 N o u b

11
12
13
14
15
16
17
18
19
20
21
22

R65
R66
R85

R86
R60
R80
R67
R87
R64
R84
R63
R83
R62
R82
D60
D80
D61
D81
260
Z80
61
Z81

10 kohm
10 kohm
10 kohm

10 kohm

10 kohm

10 kohm

470 kohm

470 kohm

9.76 kohm

9.76 kohm

1 Mohm

1 Mohm

14.3 ohm

14.3 ohm

UF4007, note orientation !

UF4007, note orientation !

UF4007, note orientation !

UF4007, note orientation !

24 V Zener diode, note orientation !
24 V Zener diode, note orientation !
7.5V Zener diode, note orientation !

7.5V Zener diode, note orientation !

A\

(E,3)
(E,3)
(E,2)
E,2)
B,6)
E,6)
F,3)
F,2)
B,4)
D,4)
B,5)
E,5)
C,7)
c,7)
A,6)
E,6)
A,4)
E,4)
B,7)
E,7)
c,7)

e s T T e e e e s e e e T e T T e T )

C,7)



OO0OO0O0O0O0OO0OO0OO0OO0OO0OoO0OoQOoaogoaOo

23
24
25
26
27

28
29
30
31
32
33
34
35
36
37

R68
R88
T60
T61
T80

T81
L60
L80
Cce60
C80
c63
ce1
c81
C62
C82

4.7 kohm, 2 Watt Insert caramic beads
4.7 kohm, 2 Watt see Tip & Tricks 7

IPD70R360 7

IPD70R360 See Tip & Tricks 2
IPD70R360

IPD70R360  _

330 uH inductor }
See Tip & Tricks 3

330 uH inductor

150 nF

150 nF

150 nF

470 uF / 35V, note polarity!

470 uF / 35V, note polarity!

100 uF /500 v See Tip & Tricks 8
100 uF / 500 V Do not clip the wires!

Ty |
L ITESTEM
TUBE
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Part 10. Boost converters — testing

Please note that, from this point onward there are potentially lethal
voltages present on the board !!

After a test / measurement, before working with the board:

1. Wait until the HV LED is off &
2. Disconnect the power supply

3. Check that both 100 uF / 500 V caps are discharged

The testing consists of two separate tests !

Test 1 — testing of the boost converters:

O 1 Make sure that the GUI is properly installed and tested.
O 2 Connect the uTracerNXT to the PC.

O 3 Connect a DVM or multimeter between the (+) of C62 and ground, and a
second DVM or multimeter between the (+) of C82 and ground. If you
only have a single DVM or meter do the measurements after each other.




10

Connect the uTracerNXT to the power supply. If possible, set current
limit to 1.5A, or if your power supply cannot deliver such high currents
you can connect the uTracerNXT directly to the laptop supply you plan to
use in the final setup

Switch on the power supply (supply current = 100 mA @ 19.5 V).

Select the following measurement:

Measurement Set-Up

Select Measurement type:

|I (Va=Vs, Vqg) with Vh constant _v_|

Start Stop Nintervals

Va=Vs: | 2 | 20 | 101 Jog

Stepping Variable (e.g: 15, 20,25 ...)

|

Vg I‘
Constants:

wl o |
Range:

ia !Automatic _v—] Is ’Aulomaﬂc _v_]

Average: Compliance:
!Automatic Zl [766mA  ~
Delay:

0 Heateron ! ] Abort | l
[ Beep | Quick Test

”
!

Press “Heater on

The text on the button now changes to “Heating.” Press the button again
to skip the slow heating procedure and finally press the button again to
start a measurement.

The voltage on the caps should now increase in ten steps from
approximately 2 V (the supply voltage) to 200 V. If this does not happen
stop here and first sort out what the problem is!

The graph shows no sensible data during this test.

Wait till the HV LED is off after the test. In any doubt check that the 100
uF capacitors are fully discharges, before handling the PCB!
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Test 2 — testing of the current amplifiers:

O 1 Connect a 100 kohm resistor between the (+) of C62 (the anode 100 uF
cap) and ground. Connect a second 100 kohm resistor between the (+)
of C82 (the screen 100 uF cap) and ground. If you did not clip the leads
of these caps (see construction), you can conveniently do this on the
backside of the PCB.

8 00000000000000

(o Mo )

(o)

Lo LI o
®

O 2 Repeat exactly the same steps (1-10) as in the previous test.
O 3 Select the screen current to be displayed on the right y-axis. —
Verify that the graph shows two straight lines as shown below.
During the test, the power supply current can peak to 400 mA.
la [ma) s [ma]
2 2
A _
P Axis
15 ' 15
/9//§ X | Va=Vs
1 /g/’&/ 1 vl | la -
A v2 [ls =
05 . 05 —
0 "/ﬁ 0
0O 20 40 B0 80 100 120 140 160 180 200
Anode and Screen [W)

O 4 Remove the resistors and clip the leads of the 100 uF capacitors 42



Part 11. HV switches - construction

Please note that, although the layout of the HV switches
Is largely symmetrical, some components (e.g. OC60/0OC80 and the
discrete transistors have a different orientation!

23 T62 BC548 | Do not confuse BC548 {! }
4 Tes 8548 with BC558

25 T82 BC548

O 1 RO6 1 kohm
O 2 RO7 1 kohm
O 3 R69 47 kohm
O 4 R89 47 kohm
O 5 R70 10 kohm
O 6 R90 10 kohm
a 7 R73 1 Mohm
O 8 R93 1 Mohm
O 9 R71 1.8 ohm
O 10 R91 1.8 ohm
O 11 D62 UF4007, note orientation!
O 12 D82 UF4007, note orientation!
O 13 D63 UF4007, note orientation!
O 14 D83 UF4007, note orientation!
O 15 T65 IPD70R360
} see Tip & Tricks 2
O 16 T85 IPD70R360
O 17 0cCe0 6 pin IC socket, note orientation!
O 18 0C80 6 pin IC socket, note orientation!
O 19 0C60 Insert 4N25 opto coupler, note orientation!
O 20 0C80 Insert 4N25 opto coupler, note orientation!
O 21 T64 BC556
O 22 T84 BC556
O
O
O
O

26 T83 BC548 _|

A\

(B,7)
(D,7)
(A7)
(E,7)
(B,8)
(D,8)
(C.8)
(C.8)
(B,8)
(D,8)
(A,4)
(E,4)
(A7)
(E,7)
(B,7)
(D,7)
(A7)
(E,7)
(A7)
(E,7)
(A,8)
(E,8)
(B,8)
(A,8)
(E,8)
(E,8)



O 27 C64 1 uFfoil capacitor (B,8)
O 28 C84 1 uFfoil capacitor (E,8)
O 29 LAl  Ferrite RFl suppression bead (B,8)
O 30 LA2 Ferrite RFI suppression bead (D,8)
O 31 LA3 Ferrite RFl suppression bead (C,8)
O 32 LA4 Ferrite RFl suppression bead (E,8)
O 33 4 terminal screw block (C,8)

)
(4
»

-

2615

Detail of the board after construction of part 11

Note that at this stage jumpers J6...11 and resistors Rva, Rla,
Rca, and Rvs, Rls, Rcs have not been placed. They are only
used when the extended/modifies current and voltage ranges
are implemented. For more information see:
www.dos4ever.com/My-uTracerNXT.html
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Part 11. HV switches - testing

OO0 O 0

10

11

Make sure that the GUI is properly installed and tested
Connect the uTracerNXT to the PC.

Connect a 10k ohm resistor between the anode and cathode terminals.
and connect a second 10k resistor between the screen and cathode
terminals. (see picture below).

Connect the uTracerNXT to the power supply, if possible, set current
limit to 1.5A, or if your power supply cannot deliver such high currents
you can connect the uTracerNXT directly to the laptop supply.

Switch on the power supply (supply current = 100 mA @ 19.5 V).

Select the measurement type as shown on the next page.

Plot the screen current on the second y-axis (see arrow).
Press “Heater on!”

The text on the button now changes to “Heating” Press the button again
to skip the slow heating procedure and finally press the button again to
start a measurement

Verify that the uTracerNXT measures two linear curves between 0 and
approximately 20 mA (see picture next page).

Switch off the uTracerNXT and save the two 10 kohm resistors for the
calibration phase.
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Part 12 Calibration - introduction

The calibration of the uTracerNXT is done by opening the calibration form
(see screen capture next page). There are two ways to calibrate the
uTracerNXT:

By using the sliders in the upper part of the calibration form, or
¢ By directly entering calibration values into the lower part of the form.

In this manual only the calibration of the standard or basic configuration of the
uTracerNXT is described. Just as a reminder, the basic version’s specifications:

¢ Anode and screen voltage 2 — 500 V
Anode and screen currents 0 — 350 mA ( 250 mA with compliance on)
¢ Grid voltage range 0 to -120 V

For this basic calibration only the sliders in the upper part of the form are
used in a way very similar to the calibration of the uTracer3+. Do not modify
the values in the lower part of the form!

If you decide to configure the uTracerNXT to your own needs, e.g. by
changing the voltage or current ranges, a more elaborate calibration is
needed. The extended calibration procedure can be found online:
www.dos4ever.com/My-uTracerNXT.html

Before you configure the uTracerNXT to your own needs, it is recommended
to first build and calibrate the standard version, to facilitate debugging of any
potential problems that arise during the construction.

” RADIOS-TELEVI

AND > ;
wLE CONCAL ApoLs

“Now, madam, are you certain there are

no other parts that need explaining?”
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Use the sliders to calibrate the standard configuration

U000/ 200N B NN NN NEE NEN NN NN NN NN NN NN NEN NN NEN NN NN NN NN NN NEE NN NEN SEN NN NN NN NEN NEN NEN NN NN NEE SN NN NN NN NN NEN NEN NN NN NN NN NN NEN NN NN S )
Use the sliders to calibrate the standard configuration
Yaupp )' 1
e o 1
e o 1
la Gain )' 1
e o 1
Yo Gain )' 1
T i
anode/screen current range —anode f screen voltage range
Motel Sawve and restart GUI to let chages take effect MNatel  Sawve changes, and restart GUI
* Low (default) " High  Low  High (default)
Anode I 143 ohm I 143 ohm Anode I 1000 kohm I 1000 kehm
Screen I 143 ohm I 143 ohm Screen I 1000 kohm I 1000 kehm
Reset calibration values i E (e
MNatel  Sawve changes, and restart GUI
Sawe to Calibration File " Low & High (default)
Fo_gain I 241 kohm I 240 kohm
Offset I i I i

Do not change these fields when using the standard configuration 1

In all calibration steps it is assumed that you have your uTracerNXT
connected to your laptop/PC, switched on, and that the GUI is running.

In between calibration steps sometimres connections to the uTracerNXT
need to be changed. Please convince yourself that the high voltage LED is
off, the power supply disconnected and the 100 uF caps are discharged!

Press “Save to Calibration File” after each calibration step to save your
calibration values!

Although the calibration values are normally stored in the calibration file, it is
a good idea to write them down in the form at the end of this manual so that
you can retrieve them in case your computer crashes or in case of other
calamities.



Part 12.1 Heater supply - calibration

O 1 Switch on your uTracerNXT

O 2 Open the “Debug/Communications” window by pressing “Debug” in the
“Miscellaneous” section of the GUI.

O 3 Press the “ping” command button.

O 4 The debug form should now display something like:
(Ignore values underneath la, lacomp, Is, Iscomp, Va, Vs)

w, Communications

Communication Debug

Val| -  Vs| -~ VMg | - W | - vale
[T [ [ [ integer
e e e = e
laGain [08 IsGain [p8 Average [40  Compl [8F hex /
Serd BRTEO0TIOTT0) .

Echo [500000000000000000 [10 = StatusByte [ debug

la la comp Is Is Comp Va Vs Vpower Yneg
| 0001 | 0OD0 | ODOD | OOOD | O0OOO | 000D | 016D | 0204

i e e i o e MESee RERTE
|0.1|0|0|0[0|0®-12T
laGan [05 = [100 [0 = [100

ls Gain

Actual averaging 4 v Yoltage Corr. \

Com Port

ICom Port1 vl Close Comport l Send esc |

~ Vsupl

O 5 No error message should appear !

O 6 The value in the circle is the supply voltage as measured by the PIC
Microcontroller.

O 7 Measure the real supply voltage using a multi-meter or DVM.

O 8 Open the Calibration form by pressing “Cal.” in the“Miscellaneous”
section of the main GUI form.

O 9 Adjust the Vsupl slide bar (see picture next page). Move it to the left to
decrease the value measured by the uTracerNXT, to the right to increase
it.
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r— Calibration

Use the sliders to calibrate the standard configuration

Wsupp
Ya Gain
s Gain
e Gain )'
e S
e S,
‘i offsat )'
~anodefscreen current range —anode { screen voltage range
Motel  Sawve and restant Gl to let chages take effect MNotel  Save changes, and restart GUI
& Low (defaulf)  High " Low & High {defaulf)
Anode I 143 ahm I 143 ohm Anode 1000 kaohm I 10000 kaohm
Screen I 143 aohm I 143 ohm Screen I 1000 kaohm I 1000 kohm
Reset calibration values aateliutenss
MNotel  Save changes, and restart GUI
Sawe to Calibration File |  Low & High {default)
Rog_gain I 241 kohm I 240 kohm
Offzet I i I 0
O 10 Press “ping” on the “Debug/Communications” form.
O 11 Checkif the supply voltage measured by the uTracerNXT is now equal to
the real supply voltage you measured yourself.
O 12 If not, repeat steps 9,10, 11
O 13 When equal, press “Save to Calibration File” to save the calibration

values to the calibration file

4 A

librate the dard configuration

Bl\

- 1.01

] ¥
—y

| have noticed that in some configurations of Windows, the value at the
position of the slider (A), is not always copied to the recorded value at
the right (B). Keep an eye on this and if this does not happen, click on

Qe slider again!

/
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Part 12.2 Grid bias circuit — calibration

Step | Compensating for a negative offset

The grid offset voltage can only be corrected in software when it is
positive. In this step we check if the offset voltage is positive. If it is not,
then depending on the value of the negative offset, resistor R42
(location F2) needs to be placed.

Connect the grid connections of the uTracerNXT to your (digital)
voltmeter as shown below. Please note the correct polarity!

O O

O O

O O

Make sure jumpers J2, J3, J4 and J5 are removed

Make sure that in the calibration form, the “Vg Gain” and the “Vg offset”
sliders are in the positions show in the picture on the previous page.

Switch on the uTracerNXT

Wait 5 min and then read the voltage on your digital voltmeter.

At power up, the processor resets the grid voltage to OV.

What you are measuring now is the offset voltage, which should be
something between -100 mV and +100 mV.

If the offset voltage is positive, continue with Step I, if not continue with
the next step

Switch off the uTracerNXT

If the offset voltage was

Between -15 mV and zero -2 insert R42 = 47 kohm
Between -50 mV and zero -2 insert R42 = 10 kohm
Between -100 mV and zero = insert R42 = 4k7

Switch the uTracerNXT on again and verify that the offset voltage is now

some positive value.
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Step Il Calibrating the grid bias gain

For the grid bias circuit calibration, it is recommended to have the uTracerNXT
switched on for at least 15 min so that all components have reached
their final operation temperature.

O 1 Make sure jumpers J2, J3, J4 and J5 are removed,
and that you have your DVM connected as in Step |

O 2 In the main form, select the measurement type as indicated below and
fill in -100 V as value for the grid bias:

Measurement Set-Up

Select Measurement type:

2 |I vWa=Vs, ¥g) with Vh constant j

Start Stop Nintervals

va=vs | 2 | a0 | 10/ NiES

Stepping Variable (e.g: 15, 20,25 ..}

Vg 100
Constak
v | __pine_|

Range:
la IAutDmatic Ll s |Automatic _v_‘

Average: Compliance:
|Automatic _v_| |250 mA j
Delay:

0 Heater on | | Abort! 1
[~ Beep | Quick Test

O 3 Open the calibration form by pressing “Cal.” in the “miscellaneous”
section of the main GUI form.

O 4 Make sure that slider Vg Gain = 1 and Vg offset =0

O 5 Switch on the uTracerNXT

O 6 Press “Heater On!” on the main form

O 7 To skip the “slow heating” procedure press again on “Heating.... “
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O
00

Start a measurement by pressing “Measure Curve”

O
©

Read the actual grid voltage on your DVM

O 10 Waittill the measurement is finished or press “Abort!”
Wait till the High Voltage Led is off.

O 11  Adjust the “Vg Gain” slider on the “Calibration” form is the measured
voltage is not equal to -100 V. (To the left if it was more negative
(<-100V) than -100 V, to the right if it was less negative (> -100V)

than -100 V).
O 12 Repeat steps 6 till 11 until the measured grid voltage is -100 V
O 13 Pressthe “Save to Calibration File” button to save the calibration value

to the calibration file.

Step lll Final offset correction

O 1 Make sure jumpers J2, J3, J4 and J5 are removed,
and that you have your DVM connected as in Step |

O 2 In the main form, change the value of Vg to -0.2 (see below)

Measurement Set-Up

Select Measurement type:

[I va=Vs, Vo) with Vh constant j

Start Stop Nintenvals

va=Vs | 2 | 00 | 10 I~ log

Stepping Yariable (e.g: 15, 20,25 ..)

vy 02 \
Constants:

wh 6.3 pins

Range:
la [Automatic | s |Aut0matic v
Average: Compliance:
, But how do we know For Sure that
[Automatlc v 250 maA, v . .
the scale is properly calibrated?
Delay:

0 Heater on | ’ Abort! |
™ Beep | Quick Test
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Open the calibration form by pressing “Cal.” in the “Miscellaneous”
section of the main GUI form.

Make sure that slider “Vg Gain” indicates the value you found in the
previous step and that “Vg offset” is set to zero.

Switch on the uTracerNXT if it is not on already.

Press “Heater On!” on the main form.

To skip the “slow heating” procedure press again on “Heating.... “
Start a measurement by pressing “Measure Curve”

Read the actual grid voltage on your DVM.

Wait till the measurement is finished or press “Abort!”

Advance the “Vg offset” slider if the grid voltage is higher (less negative)
than -200 mV.

Repeat steps 6 till 11 until the grid voltage is as close as possible
to -200 mV.

Note:

In the standard configuration the resolution of the grid voltage is
140/4096 = 35 mV. Do not expect the offset in the standard
configuration to be better than this.

Press the “Save to Calibration File” button to save the calibration value
to the calibration file.

Insert jumper J3.

Note:

With jumper J3 placed, the grid is operated in the standard pulse mode.
In this mode it is not possible to check/,measure the grid voltage with a
simple DVM.



Part 12.3 Boost converters — calibration

In the procedure below first the anode boost converter will be calibrated,
followed by the screen boost converter.

Connect your DVM between the cathode terminal and the anode of C62
(100 uF anode capacitor), see left picture below

Vh 6.3

—> ®

Configure the measurement setup as below. Note the 30 sec second
delay! If your DVM cannot handle 400 V then select a lower voltage

that your DVM can handle

Measurement Set-Up

Select Measurement type:

|I (vg. Va=Vs) with Vh constant j

Start Stop Nintervals

vg | 10| 0| 1 I log

Stepping Yariable (e.g: 15, 20, %

Ya=Vs |4UU

Constants:

pins

Range:

la Automatic vl s Automatic vl

Average: Compliance:
Automatic v| |250 mA v|
Delay:

Measure Curve |

I~ Beep (N )ik Test |
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Explanation:

The 30 second delay
introduces a 30 seconds
stabilization pause for the
voltages to stabilize before a
measurement. We use this
pause to read out the voltages.



Open the calibration form by pressing “Cal.” in the “Miscellaneous”
section of the main GUI form

O 4 Switch on your uTracerNXT

O 5 Press “Heater on!”

O 6 The text on the button now changes to “Heating” Press the button again
to skip the slow heating procedure and finally press the button again to
start a measurement.

O 7 Read the voltage on your DVM or multimeter.

O 8 Press “Abort” to stop the measurement.

Wait until the High Voltage Led is off!

O 9 If the measured voltage does not equal 400 V (or the voltage you
selected), then adjust the “Va Gain” slider in the calibration form. (to the
right of the voltage was too low, to the left if it was too high).

O 10 Repeatsteps5to 7 until the measured voltage matches the selected
voltage (e.g. 400 V)

r— Calibration
Use the sliders to calibrate the standard configuration
s s . ‘
%a Gain )' 1
P N — S |
la Gain ‘\ )' 1
N
Is Gain )' 1
I . ‘
iy offset )' i
anode/screen current range —anode { screen voltage range
Matel Sawve and restart GUI to let chages take effect Notel  Sawe changes. and restart GUI

& Low (default)  High ' Low & High (default)

Anode IW ohm m ohm Anode IW kohrm IW kohrm

Screen 143 ohm 143 ohm Screen IW kohm IW kohrm

Reset calibration wvalues Gl @) i
Motel Sawve changes. and restart GLI
Sawve to Calibration File " Low @ High (default)
Ro_gain Iﬁ kohrm m kohm
Ofest [ 0 o

O 11 Now, connect your DVM to the anode of C82 (screen 100 uF capacitor).
See right photograph on the previous page. Repeat the calibration
procedure but now adjust the “Vs Gain” slider.

O 12 Press “Save to Calibration File” and switch off your uTracerNXT



Part 12.4 Current amplifiers — calibration

O 1 Connect a 10k ohm resistor between the anode and cathode terminals.
and connect a second 10k resistor between the screen and cathode
terminals. (see picture in Section 11 HV Switches — testing.”)

O 2 Select the measurement shown below, and set the stop voltage to 400 V.

Measurement Set-Up

Select Measurement type:

II (Va=Vs, ¥g) with Vh constant j
Start Stop Nintervals
Va=Vs | 2 | 400 | 1087 55

Stepping Vﬁe(eg: 15,20,25...)

Yy I'1
Constants:

w | 83 __pins_|
Range:

Ia |Automatic j s lAutomatic _-:J

Average: Compliance:
|Automatic Lj |250 maA _vJ
Delay:

0 Measure Curve | Abort! |

[~ Beep | Quick Test

O 3 Open the calibration form by clicking on “Cal.” in the miscellaneous
section of the main GUI form.

O 4 Switch on your uTracerNXT

O
ul

Press “Heater on!”

O
o

The text on the button now changes to “Heating.” Press the button again
to skip the slow heating procedure, and then press the button again to
start a measurement.

O 7 Since a resistor is connected to the anode output, the measurement will
produce a straight line (see picture next page).
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& ) uTracerMXT V1
40

TR
Y1 axis
o -

10

11
12

13
14

28
20
15

10

X axis
—1»

1] 50 100 150 200 250 300 350 400

Anode and Screen [V] we 3028 Y= 383

Click with the mouse on the curve somewhere around 400 V. At the
bottom of the curve two numbers appear. X is the voltage applied to the
10 kohm resistor, Y1 is the current flowing through the resistor.

Note that the current should be Y1 = X/ 10 kohm.

So when X =382.8, ideally Y1 =382.8 / 10.000 = 38.3 mA.

If Y1 is too low according to the formula above, shift slider “la Gain” to
the right. If the current is too high, shift it to the left.

Repeat steps 6 to 9 until the values match

Press “Save to Calibration File”
Now select the screen current Is to be plotted on the Y1 axis:
Axis
X | Va=Vs

ﬁ\ﬂ

Y2 | none v

i

Repeat steps 6 — 11, but now adjust the “Is Gain” slider

Save calibration values by pressing “Save to Calibration File”

This completes the calibration of the standard
configuration of your pTracer NXT!
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Part 12.4 Backup calibration values

Write down the calibration values you have found in the table below:

Vsupp
Va Gain
Vs Gain

la Gain

Is Gain
Vg Gain
Vg offset

Again, make sure jumper J3 is installed
for normal use of the uTracerNXT !

NOPE. THIS ISN'T THE TEST EQUIPMENT MUSEUM

SECTION. THIS IS REAL-LIFE CALIBRATION.
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My-uTracerNXT

Item(s)

Description

Loc.

anode adjust

J6 & Rca

Jumper J6 and resistor Rca, activate and define
the increased current sensing range for the anode
channel

B7 & C7

J8 & Rla

Jumper J8 and resistor Rla, activate and define the
increased current limit range for the anode
channel

C7 & B8

J10 & Rva

Jumper J1 and resistor Rva, activate and define
the reduced voltage range for the anode channel

A4 & B4

screen adjust

J7 & Rcs

Jumper J7 and resistor Rcs, activate and define the
increased current sensing range for the screen
channel

D7

J9 &Rls

Jumper J9 and resistor Rls, activate and define the
increased current limit range for the screen
channel

D7 & D8

J11 & Rvs

Jumper J11 and resistor Rvs, activate and define
the reduced voltage range for the screen channel

E4

control grid section

12 & R46

Jumper J2 and resistor R46, activate and define
the reduced voltage range for the grid

F1

13

When placed the control grid is pulsed, just as the
anode and screen channels. It is normally placed.
J3 is only removed to check the grid voltages with
a DC voltmeter

El

14

Placing jumper J4 short circuits resistor R47 which
is in series with the control grid and which
protects the circuit against short circuits. It is
normally not placed

F2

15

Placing jumper J5 short circuits resistor R48 which
is in series with the control grid and which
protects the circuit against short circuits and flash-
overs. It is normally not placed

F3

misc.

J1

When placed directly connects the Tx and Rx
channels of the MAX232. It is used only to test
the serial link and MAX232 when the PIC is not
placed!

Bl
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Wiring of the uTracer NXT

The uTracerNXT was designed to operate from an old laptop power supply with an output
voltage in the range of 18 — 21 V. These power supplies combine a high output power with
a small volume, and not in the least, low cost!

The figures below shows the principal way the uTracerNXT board is connected to the
power supply, the tube, and the RS232 connector, in case the internal heater supply is
used.

The picture on the left shows the situation in case an indirectly heated tube is used, in this
example a pentode. The picture on the right shows the situation in case a directly heated
tube is used, in this example a tetrode. Of course, the schematic is the same in case a
triode is connected, apart from the fact that in that case the screen terminal of the
uTracerNXT is not used.

It is recommended to include a (surplus) 330 uH inductor and a 1.5 A fuse in series with
the + lead of the power supply. Additionally, it is recommended to include a 1.5 A fuse and
two RFI suppression beads in series with the heater connections.

Le gu Le 3Lf
[elolo]o]

HeaterE HeaterE
RS232 L L RS232 L L
] 1]

_I_I_I Sync -
—1® L ‘_'I“ta L
1 ,(_DT 1 Iq_DT
| i =] +\fsupIE i.‘-‘ : x f] +VsupIE
I 1
'—I—*‘ LR '—I-v—‘ LR
1 Rx ! 1 Rx
L
P em o el :
[ T i
=7 Gnd 18-20V 15 - Gnd 18- 20V 158
power supply T power supply T
& =

An important difference of the uTracerNXT compared to the uTracer3+ and uTracer6
is that both the cathode as well as the heater are referenced to ground instead of to
the + of the power supply!

Observe that on the PCB all three terminal blocks have their own ground connection. On
the PCB all these ground connections are connected to each other. However, it is
recommended to wire your PCB as indicated in the schematic to avoid heavy currents
(e.g. from the heater) flowing through the traces on the PCB.



R5232

L

Many users prefer to use an external heater supply for their uTracer.

The left figure below shows the recommended wiring in case an external power supply
is used for the heater. In this example a directly heated tube is shown, the connections for
an indirectly heated tube are the same, apart from the fact that the cathode of the tube
needs to be connected to the cathode connection of the uTracerNXT.

In the figure a switch was added to that the user can chose between the internal and the
external heater supply.

Note, how the external heater supply is referenced to ground! This is an important
difference with the uTracer3 and the uTracer6! This has the important advantage that
the power supply that is used to power the uTracerNXT board, can now also be used to
power the heater supply if needed.

Le % Lf

A new feature of the uTracerNXT is that —

[elele]o]
ASCG it ext.
(y 4
oc
Heater
L L '
4 Sync
—i L
i 'w Tx =] +%supl E
i.%i—‘ ol L L
e !
|.——-—
b= 5nd 18-20% 158
power supply T
+ -

Le

Heater
L

L
+%supl

g

18- 20

power supply

+

in contrast to the uTracer3 and uTracer6 — an
(AC) transformer can be used to power the heater of directly heated tubes!.

To highlight this, the picture on the right was added where the schematic AC/DC heater

supply block is replaced by a transformer.

To make this possible a synchronization circuit has been added that synchronizes the
measurement pulse with the AC period phase. This requires a connection between the
heater circuit to the synchronization input as shown in the pictures. Note that in case a DC
heater supply is used, this connection can remain in place as the software recognizes that
a DC supply is used.



Tips for connecting the tube sockets

Probably everybody will have his (or hers!) on ideas on how to connect the
uTracerNXT to an array of tube sockets. In the many internet forums | read, many
people opt for a relays matrix in combination with a database of tube sockets. It all
sound very complicated and unnecessary to me.

More down to earth is a set of rotary switches, each switch connecting one of the
terminals of the uTracerNXT to a tube socket pin.

Personally, | use a set of miniature banana plugs to make the required connections.

The top row of plugs is connected to the tube sockets. The bottom row is connected to
the uTracerNXT terminals. The bottom row contains a double set of plugs so that it is
possible to connect two tube pins to one terminal e.g. to connect a pentode as triode
(by connecting both the screen grid as well as the anode to the anode terminal ). A
separate set of plugs is connected to a 1.5 V battery for battery operated tubes. Color
coding is used to reduce the risk of mistakes: red for screen and anode (high voltage),
green for the heater, black for the cathode (ground), and yellow for the control grid. |
made overlay cards with the wiring scheme for the most common tubes.

For conventional tube testers, such a plug-and-wire solution would be rather
dangerous because high voltages can be present on the terminals. In this case the
danger is very limited because the high voltages are only present for 1 millisecond, and
even then, the amount of charge stored in the capacitors is limited, or at least less
dangerous than the power an 80 W / 300 V power supply can deliver.

One of the biggest threats to any tube tester are unwanted oscillations which can occur

because the tubes are tested under realistic bias conditions while they are connected
by long wires which contain many parasitic resonance circuits
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With conventional tube testers, it can very well happen that a tube is destroyed
because a destructive oscillation occurs! A big advantage of the uTracerNXT is that the
maximum energy stored in the reservoir capacitors is very small, too small to destroy a
tube. The oscillations can however disturb the measurement, so it is important that
they are prevented.

One of the most effective ways to achieve this is to include RF suppression coils in the
tube connections. At DC the resistance of these coils is almost zero, while the resistive
losses quickly increase for increasing frequencies.

Furthermore, | strongly recommend using the wiring scheme that AVO uses (and
patented) in their tube-testers. The schematic diagram below shows the basic idea for
one terminal.

0O 0 0 00 0 0 O
12 3 4 56 7 8 9

The wire connecting say pin one of each tube socket runs in a loop which also
connects to the banana plug or rotary switch. At certain intervals, an RF suppression
bead (e.g. Wuerth no: 74270015) is shifted over the wires. The physical lengths of all
the loops must be approximately the same. The figure on the next page gives an
impression of the wiring scheme of my version of the uTracerNXT. Note that in this
version the high voltage fuses were not yet integrated on the PCB,
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