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Preface

Basically Motive

Every hobbyist knows the following problem: You disassemée Transistor out of a printed board or
you get one out of a collection box. If you nd out the identi cation number and you already have
a data sheet or you can get the documents about this part, ewghing is well. But if you don't nd
any documents, you have no idea, what kind of part this can bewith conventional approach of
measurement it is di cult and time-consuming to nd out the t ype of the part and parameters. It
could be a NPN, PNP, N- or P-Channel-Mosfet etc. It was the idea of &kus F. to hand over the
work to a AVR microcontroller.

As my work has started

My work with the software of the TransistorTester of Markus F.[I] has started, because | had prob-
lems with my programmer. | had bought a printed board and commnents, but | could not program
the EEprom of the ATmega8 with the Windows driver without erra messages. Therefore | took
the software of Markus F. and changed all the accesses from tBEprom memory to ash memory
accesses. By analysing the software in order to save memotyother places of program, | had the
idea, to change the result of the ReadADC function from ADC ung to millivolt (mV) units. The
mV resolution is needed for any output of voltage values. If @&adADC returns directly the mV
resolution, | can save the conversion for each output valu&his mV resolution can be get, if you
rst accumulate the results of 22 ADC readings. The sum must beultiplied with two and divided
by nine. Then we have a maximum value of%23222 = 5001, which matches perfect to the wanted
mV resolution of measured voltage values. So | additionallyad the hope, that the enhancement of
ADC resolution by oversampling could help to improve the voétge reading of the ADC, as described
in AVR121 |5]. The original version ReadADC has accumulated éresult of 20 ADC measurements
and divides afterwards by 20, so the result is equal to origghADC resolution. By this way never a
enhancement of ADC resolution can take place. So | had to dotlé work to change the ReadADC,
but this forced analysing the whole program and change of aif-statements” in the program, where
voltage values are queried. But this was only the beginning oy work!

More and more ideas to make measurement faster and more aatarhas been implemented.
Additionally the range of resistor and capacity measuremestare extended. The output format for
LCD-Display was changed, so symbols are taken for diodessistors and capacitors instead of text.
For further details take a look to the actual feature list chater [ Planned work and new ideas are
accumulated in the To Do List in chapter[9. By the way, now | camprogram the EEprom of the
ATmega with Linux operating system without errors.

At this place | would like to thank the originator and software author Markus Frejek, who has
enabled the continuation with his initial work. In addition | would like to say thanks to the authors
of numerous input to the discussion forum, which have assiste, to nd new tasks, weak points
and errors. Next | would like to thank Markus Reschke, who givene the permission, to publish
his cheerful software versions at the SVN server. Furthermmrsome ideas and software part of
Markus R. was integrated in my own software version, again &mk you very much. Also Wolfgang
SCH. has done a great job to support a graphical display with SB65 controller. Many thanks to
him for integrating his patch for 1.10k software version tohe actual developer version. | have to
thank also Asco B., who has developed a new printed board, toadte the reproductions for other
hobbyists. Another thank | would like to send to Dirk W. , who hashandled the omnibus order for
this printed board. Never | had time anough to handle these thgs concurrently with my software
developement, at no time the state of further developement software would have the same level.
Thanks for the many suggestions to improve the tester to the embers of the local chapter of the
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"Deutscher Amateur Radio Club (DARC)" in Lennestadt. Last but not least | would say thanks
to Nick L. from Ukraine, who has supported my with his prototypeboards, has suggested some
hardware add ons and also has organized the russian trangbat for this description.



Chapter 1

Features

10.
11.
12.

13.
14.

Operates with ATmega8, ATmegal68 or ATmega328 microcaatlers. Additionally ATmegal280
or ATmega2560 microcontrollers can be used.

Displaying the results to a 2x16 or a 4x16 character LCD-Bplay. If the processor have at
least 32k ash memory, also a graphical display with 128x64xel and a ST7565 or a SSD1306
controller can be used. In doing so a 4-wire SPI interface ol%C bus must be used instead of
the 4-bit parallel interface.

One key operation with automatic power shutdown.
Battery operation is possible since shutdown current ismty about 20nA.

Low cost version is feasible without crystal and auto pow® . With software version 1.05k
the sleep modus of the Atmegal68 or ATmega328 is used to reglwcirrent if no measurement
is required.

. Automatic detection of NPN and PNP bipolar transistors, N- andP-Channel MOSFETS,

JFETSs, diodes, double diodes, Thyristors and Triacs.

. Automatic detection of pin layout of the detected part.

Measuring of current ampli cation factor and Base-Emiter threshold voltage of bipolar tran-
sistors.

Darlington transistors can be identi ed by the thresholdvoltage and high current ampli cation
factor.

Detection of the protection diode of bipolar transista and MOSFETSs.
Measuring of the Gate threshold voltage and Gate capagivalue of MOSFETS.

Up to two Resistors are measured and shown with symbol$= and values with up to four

decimal digits in the right dimension. All symbols are surroonded by the probe numbers of the
Tester (1-3). So Potentiometer can also be measured. If thetentiometer is adjusted to one
of its ends, the Tester cannot di er the middle pin and the engin.

Resolution of resistor measurement is now up to0Q , values up to 50M are detected.

One capacitor can be detected and measured. It is showrnthnsymbol -F and value with up
to four decimal digits in the right dimension. The value can b from 25%F (8MHz clock, 5@F
@1MHz clock) to 10F . The resolution can be up to pF (@8MHz clock].
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

For capacitors with a capacity value above 9 the Equivalent Serial Resistance (ESR) is mea-
sured with a resolution of @1 and is shown with two signi cant decimal digits. This feature
is only avaiable for ATmega with at least 16K ash memory (ATnegal68 or ATmega328).

For capacitors with a capacity value above 5008 the voltage loss after a load pulse can be
determined. The voltage loss give a hint for the quality factr of the capacitor.

Up to two diodes are shown with symbol-# or symbol -4 in correct order. Additionally
the ux voltages are shown.

LED is detected as diode, the ux voltage is much higher #n normal. Two-in-one LEDs are
also detected as two diodes.

Zener-Diodes can be detected, if reverse break down gk is below 4.5V. These are shown as
two diodes, you can identify this part only by the voltages. Te outer probe numbers, which
surround the diode symbols, are identical in this case. Yoww identify the real Anode of the
diode only by the one with break down (threshold) Voltage neay 700mV!

If more than 3 diode type parts are detected, the number fifunded diodes is shown additionally
to the fail message. This can only happen, if Diodes are attasd to all three probes and at
least one is a Z-Diode. In this case you should only connectawygrobes and start measurement
again, one after the other.

Measurement of the capacity value of a single diode in s¥ge direction. Bipolar Transistors
can also be analysed, if you connect the Base and only one ofl€xor or Emitter.

Only one measurement is needed to nd out the connection$ a bridge recti er.

Capacitors with value below 25pF are usually not detedtdout can be measured together with
a parallel diode or a parallel capacitor with at least 25pF. Irthis case you must subtract the
capacity value of the parallel connected part.

For resistors below 2100 also the measurement of indwstce will be done, if your ATmega
has at least 16K ash memory. The range will be from about:0ImH to more than 2(H,
but the accuracy is not good. The measurement result is onlyy@vn with a single component
connected.

Testing time is about two seconds, only capacity or indtenmce measurement can cause longer
period.

Software can be con gured to enable series of measuretmdrefore power will be shut down.

Build in selftest function with optional 50Hz Frequency @nerator to check the accuracy of
clock frequency and wait calls (ATmegal68 and ATmega328 ghl

Selectable facility to calibrate the internal port restance of port output and the zero o set
of capacity measurement with the selftest (ATmegal68 and Aiiega328 only). A external
capacitor with a value between 108F and 20F connected to pin 1 and pin 3 is necessary to
compensate the o set voltage of the analog comparator. Thisan reduce measurement errors
of capacitors of up to 40 . With the same capacitor a correction voltage to the internal
reference voltage is found to adjust the gain for ADC measuag with the internal reference.

Display the Collector cuto current |cgo with currentless base (1& units) and Collector
residual currentlcgs with base hold to emitter level (ATmega328 only). This valug are only
shown, if they are not zero (especially for Germanium trarsors).
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30.

31.

32.

33.

34.

35.

For the ATmega328 a dialog function can be selected, wihienable additional functions. Of
course you can return from dialog to the normal Transistor T&er function.

With dialog function you can use a frequency measuremerit@ort PD4 of the ATmega. The
resolution is 1 Hz for input frequencies above 281z. For lower frequencies the resolution can
be up to 0001 mHz by measuring the mean period.

With the dialog function and without the activated serialoutput a external voltage of up to
50V can be measured with the 10:1 voltage divider at the PC3 go If the PLCC-Version of
the ATmega328 is used, one of the additional pins can be usent the voltage measurement
together with the serial output. If the zener diode measureemt extension (DC-DC converter)
is assembled, the measurement of zener diodes is also péssilith this function by pressing
the key.

With the dialog function a frequency output can be seleateat the TP2 pin (PB2 Port of the
ATmega). Currently a preselection of frequencies from 1 Hz up 2 MHz can be selected.

With the dialog function a xed frequency output with seletable pulse width can be activated
at the TP2 pin (PB2 port of the ATmega). The width can be enhaned with 1% by a short
key press or with 10% by a longer key press.

With the dialog function can be started a separated capagimeasurement with ESR measure-
ment. Capacities from about ZF up to 50mF can most be measured in circuit, because only a
little measurement voltage of about 30@V is used. You should make shure, that all capacitors
have no residual charge before starting any measurement.

Thyristors and Triacs can only be detected, if the test curm is above the holding current. Some
Thyristors and Triacs need as higher gate trigger currenthtan this Tester can deliver. The available
testing current is only about 6mA! Notice that many features ca only be used with microcontroller
with enough program memory such as ATmegal68. Only processwith at least 32k ash memory
like ATmega328 or ATmegal284 can take all features.

Attention: Allways be shure todischarge capacitors before connecting them to the
Tester! The Tester may be damaged before you have switchedit. There is only a little protection
at the ATmega ports.

Extra causion is required if you try to test components moumd in a circuit. In either case the
equipment should be disconnected from power source and ydwsld be shure, thatno residual
voltage remains in the equipment.



Chapter 2

Hardware

2.1 Circuit of the TransistorTester

The circuit of the TransistorTester in gure[2.1 is based onhe circuit of Markus F. released in Abb. 1
of AVR-Transistortester report [1]. Changed or moved partsra marked with green color, optional
parts are marked with red color.

Some changes are made because the electronical power switelke problems in some implemen-
tations. Therefore the resistor R7 is reduced to:3k . The capacitor C2 is reduced to 10nF and
R8 is moved so that the PD6 output does not try to switch the C2 apacitor directly. Additional
blocking capacitors are added and should be placed near thewer connection of the Atmega and
near the Voltage regulator.

Because the PD7 input and PC6 (RESET) are the only pins, whemll up resistors where needed,
one extra 2k resistor is added to the PD7 (pin 13) input. With this modi ca tion the software can
disable all internal pull up resistors of the ATmega.

The additional crystal with its 22pF capacitors are optionaadded. The accuracy of a crystal has
the bene t of more stable time measurement for getting the geacitor values.

New software version can use a voltage scale switch of the ADChel speed of switching is
reduced by the external capacitor C1 at the AREF (21) pin of théATmega. To avoid slowing down
the measurement speed more than necessary, the value of ttagacitor should be reduced to 1nF.
Removing of the capacitor C1 is also possible. For adaptingé software to the actual circuit take
a look to the Make le options in the con guring chapter[4.

Some di erent versions of R11 / R12 resistor combinations raulates in the internet. | have
adapted my software to the original of Markus F.[[1] with 1B and 3 :3k .

The additional 2.5V precision voltage reference connected pin PC4 (ADC4) can be used to
check and calibrate the VCC voltage, but is not required. Yoean use a LM4040-AlZ2.5 (0.1%), a
LT1004CZ-2.5 (0.8%) or a LM336-22.5 (0.8%) as voltage redeice. If you don't install the precision
voltage reference and you don't add the relay extension, y@hould install a pull up resistor R16 to
PC4 with a higher resistance value (4¢). This helps the software to detect the missing voltage
reference. A optional ISP connector has been added to easoad new software versions to the tester.
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Figure 2.1. New circuit of TransistorTester

The software can follow to another pin assignment of port D fa simpler connection of the LCD
display. The following table[2.1 shows the modi es assignmis for the strip grid layout and the
connection of a graphical display for the micocontrollers Anega8/168/328. Also the using of port
inputs for additional functions is shown. With the connectias for the graphical display with the
strip grid option (STRIP _GRID BOARD) the frequency counter function can not be used, becags
the port PD4 (TO) is used. But this connection is used by a chase version with graphical display.

character char. LCD ST7565 ST7565 SSD1306 | additional function
Port LCD STRIP_GRID LCD STRIP_GRID 12C
PDO | LCD-D4 pushbutton | LCD-REST
PD1 LCD-D5 LCD-D7 LCD-RS LCD-SI rotary encoder 2
PD2 | LCD-D6 LCD-D6 LCD-SCLK | LCD-SCLK | LCD-SDA
PD3 || LCD-D7 LCD-D5 LCD-SI LCD-AO0 (RS) rotary encoder 1
PD4 LCD-RS LCD-D4 LCD-REST frequency counter
PD5 LCD-E LCD-E LCD-SCL
PD7 || pushbutton LCD-RS

Table 2.1. Di erent variations of the display port assignmats

2.2 Extensions for the TransistorTester

2.2.1 Protection of the ATmega inputs

For better protection of the ATmega inputs one of the additioal circuits [2.2 can be integrated. The
de-energized contacts of the relay protect the ATmega withibpower. The contacts will be opened by
software only for measurement. Also with the additional dio&l protection the chance of the ATmega
will be better to survive the connection of a capacitor with lgher residual voltage. A complete
protection is not possible. Therefore capacitors shouldvedys be discharged before measuring.
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Figure 2.2. Additional protection of the ATmega inputs

2.2.2 Measurement of zener voltage above 4 Volt

If the serial output of text is not required, the Pin PC3 of theATmega can be used as analog input
for measuring a external voltage. The voltage can be up to 5GMth the optional 10:1 resistor divider
and can be used for measuring the breakdown voltage of a zedeyde. A current limiting power
supply with up to 50V can be switched on with low signal at PD7 in of the ATmega to deliver
current for testing the break down voltage of a zener diode. dlire[2.3 shows a suggestion for this
expansion. The tester shows the external voltage as long asuyhold the key pressed. About 40mA
more battery current is used by this expansion during key pssing.

Button

i R19
External Uext i Uext —{—+—Vout+15
Voltage * !

—<

10k —1Com DC-DC Conv.

i 33uH
i C13[1uF
I in-
i Vout-15 vin
serial / PC3 i
i
i
i

Vin+

IRFU902

4
©
[S]

TMA0515D -

Ubat

Can be placed on Tester board! Should be placed separate!

Figure 2.3. Expansion for measuring of break down voltage oé&er diodes

The 10:1 voltage divider can be used with the optional dialogart for the ATmega328 without
the activated DC-DC converter for the zener diode measureme Without the pressed key the
voltage converter is not powered. For that the external voltge (for example battery voltage) can be
measured at the zener diode port. You can only measure posildC voltages up to 50V. You have
also to respect the correct polarity.

2.2.3 Frequency generator

With the dialog part of the ATmega328 you can also select a fragncy generator, which supports
currently a selection of frequencies fromHz up to 2MHz. The output of the 5V signal is done
with a 680 resistor to test port TP2. You can use the GND signalfrom the minus pin of the zener
diode extension or the test port TP1. The test port TP3 is conected to GND with a 680 resistor.
Of course you can also connect a driver circuit to the ATmegaopt PB2 with a separate output
driver circuit and a additional output terminal. But the inp ut of this circuit should not insert a big
capacity load for the ATmega output.

2.2.4 Hequency measurement

For using the with the dialog selectable frequency measurent is a little hardware extension neces-
sary. The input pin PD4 (TO/PCINTZ20) of the ATmega is used for the frequency measurement. The

10



same pin is also used for the connection of the LCD. With norm#yout, the PD4 pin is connected
to the LCD-RS signal, with the strip grid design it is conneatd to LCD-D4. For both signals the
PD4 pin can be switched to input as long as no output to the LCDsirequired. The LCD respect the
input value only, if the LCD-E signal is switched to GND. For diving the input pin from external
clock source at least one serial resistor of 270 should bead Better you should use the circuit of
gure . The voltage at the PD4 pin (LCD-RS or LCD-D4) shoull be adjusted to 24V without
the assembled ATmega or during frequency measurement of tA€mega, to get the best sensivity
for the input frequency signal. The LCD should always be inatled for adjusting, because the pull
up resistor of the LCD change the voltage.

IVC C

A
Kzlok
10k 470
PD4—4———|———»—TP4
10k 100nF

il

Figure 2.4. Extension for measurement of frequency

2.2.5 Using of a rotary pulse encoder

For easier control of the menu function for the ATmega328 yocan expand the circuit by a rotary

pulse encoder with a push button. The circuit 2]5 shows a stdard expansion for a normal character
LCD. All signals for the connection of the rotary pulse encodere available at the plug connector
for the LCD. For this reason the expansion can also be easy waded for many existing testers. In
many cases the graphical LCD is assembled on a adapter boardhwsome connection pins of the
character LCD. Also in this cases the upgrade with a rotary eondler is not very di cult to do.
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Test Key

Figure 2.5. Expansion with a rotary pulse encoder

The gure P.6 shows the feature of two di erent rotary pulse ecoder. The version 1 has twice
as much indexed positions (detents) per turn as pulses perrtu The version 2 has the same count
of detents as pulses per turn. The slope of one of the two switsignals is sometimes exactly at the
detent of the rotary pulse encoder.
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Figure 2.6. Feature of two di erent rotary pulse encoder
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The gure P.7] shows a rotary pulse encoder, which has not onbouncing contacts, but also has
a unstable state of one of the switches at the indexed positigdetent). Every change of the state
of the switches is detected by the program and saved in a cychu er. Therefore the last three
states of the switches can be checked after every status chan For every cycle of switch states a
total of four sequences of state can be de ned for every ditem of rotation. If there is only one
indexed position (detent) for every cycle of switch stategnly one of the state sequence pair must
be monitored (WITH_ROTARY SWITCH=2 or 3) for correct counting. If there are two indexed
positions for every cycle of the switch states, as shown inuge [2.7, you must monitor two pairs
of switch state sequences (WITHROTARY _SWITCH=1). You can choise any resolution for the
WITH _ROTARY _SWITCH for a rotary pulse encoder without indexed positions.A value of 2 or
3 selects the lowest resolution, 1 selects a middle resatutiand 5 selects the highest resulution. A
oscillation of the selection (counter up, counter down) cahe avoided with the type of monitoring,
but sometimes a count can be missed with a bad placement of tirelexed position.

H

BT sauy BERE S
T T -

. detent1 detent 2 detent 3
State: 0 2 3 1 0 2

Possible state history from left to right:

0 2020 2 3232 3 1313 1 0101 0 2020 2

023 = - 231 =- 310=- 102 = -
320 =+ 132 =+ 013 =+ 201 =+

Figure 2.7. A rotary pulse encoder with bouncing switches

In place of the two switches of a rotary switch encoder you caaso install two seperate key
buttons for Up and Down movement, if no rotation switch encodds present or favored. In this case
the option WITH _ROTARY _SWITCH must be set to 4 for a correct handling of the program.

2.2.6 Connection of a graphical display

Many thanks to Wolfgang Sch. for his work to support a chineseersion with ST7565 controller.
By now you can also connect a graphical 128x64 pixel LCD with &T7565 controller. Because the
ST7565 controller is connected with a serial interface, gnfour signal lines are required. Two port
D pins of the ATmega can be used otherwise. The ATmega processhould have at least 32k ash
memory for the support of a graphical display. The ST7565 ctoller works with a operating voltage
of 3.3V . Therefore a additional 3.3V voltage regulator is rpiired. The data sheet of the ST7565
controller does not allow the direct connection of input pig to 5V signal level. So the extension of
gure P.8 uses a additional 74HC4050 CMOS device for the cons&m of the voltage level. You can
try to exchange the four 74HC4050 gates with four resistors about 2.7k . With the voltage drop

at the resistors you will prevent the increase of the 3.3V ctoller power voltage across the diodes of
the controller inputs from the 5V ATmega outputs signals. Ya have to try, if the signal form with
the resistors can be accepted from the ST7565 controller uig. The signal form at the controller
inputs will be more simular to the output shape of the ATmega wh the 74HC4050 gates in any case.
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Normally the ST7565 or SSD1306 controller is connected withdawire SPI interface. But with
the SSD1306 controller you can also use & interface with PD2 as SDA and PD5 as SCL signal.
The SDA and SCL signals must be equipped with pull-up resist® of about 47k to 3.3V. The
outputs of the ATmega is only switched to OV for the 4C signals. Before connecting the pull-up
resistors to 5V you must check, if your display module can tetate a 5V signal level.
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Figure 2.8. Connection of a graphical display

For connection to the ATmega644 series of processors the piRB2 to PB5 instead of PDO to
PD3 are used. The exchange of a text display to a graphical giay is possible with a adapter printed
board because all required data signals and power signalg available at the LCD connector.

2.3 Hints for building the TransistorTester

Every LCD-display with at least 2x16 character and a HD44780ompatible controller can be used
with the TransistorTester. You should respect the current eaeded for illumination, some LCD need
lower current than others. | had tried OLED type displays, bt this type cause interference with
measurements of the ATmega and araot recommended. Also loading of special characters for
displaying the resistor symbol has caused problems with tif@LED.

The resistors R1 to R6 are critical for measurements and thé80 and 470k resistors should be
measurement type resistors (tolerance of 0.1%) to get thellfaccuracy. You should use a precision
socket for the ATmega microcontroller to enable the replaogent of the microcontroller. The micro-
controller ATmega8, ATmegal68 and ATmega328 can be used. d@mmended is a ATmega328, if
you wish to use all features.

Anyway you should assemble all parts to printed board withouthe microcontroller. A up-to-date
low voltage drop regulator like MCP1702-5002 is recommertias IC2, because it need only & of
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standby current and can still deliver 5V, if your input voltage is only 5.4V. But this part is not pin
compatible to well known 78L05 with TO92 body!

After checking, that all needed parts are at the correct plaggou should rst connect the battery
or power supply to the printed board without LCD-display andmicrocontroller. You should check
the voltage at the power pins of the microcontroller and LCQdisplay terminal during the Test key is
pressed. The voltage should disappear, if you release thesiTkey. If the voltage had correct polarity
and value, you should disconnect the power and assemble th&racontroller with correct alignment.
Be careful and make shure, that all pins of the microcontrat are in the socket holes. Now you can
also connect the LCD. Check if power pins of the LCD has the g connection to GND and VCC
of your board.

If you are shure that everything is all right, reconnect the pwer. If you have already programmed
the ATmega, you can press the Test button. By pressing the Tekey, the background light of the
LCD should switch on. If you release the Test button, the LEDIsould illuminate weak. Notice, that
the software for the microcontroller must be compiled for th correct processor type. A program for
the ATmega8 does not run on a ATmegal68!

2.4 Changeover for tester versions designed by Markus F.

Voltage control  If the problem exist, the tester will shut down immediately vith every switch on.
With imy suggested setting of the fuses (Make le) the voltageontrol of the di erent ATmega
versions is switched to 4V (brown out level). This may be theeason why the tester makes
trouble with the power on sequence. The Pin PD6 tries to switicthe 100nF capacitor C2
to VCC level causing a voltage breakdown of the VCC voltage ¥§. The capacitor C2 can
be reduced to< 10nF without problems. If possible, the direct connectionfd®D6 should be
replaced by a resistor 220 .

Improvement of power on circuit Often this problem is the reason, if the tester starts with tle
button hold pressed, but switch o directly by releasing. Tke problem is enforced by a high
current background light for the LCD. The resistor R7 to the lase of the PNP transistor T3 was
optimized with the value 2k too much to save power consuming. To improve the switching
with lower battery voltage or lower current ampli cation factor of the PNP transistor T3, you
should reduce the resistance t0:3k .

Additional pull-up resistor at PD7 The missing pull-up resistor results to a switch o of the
tester with the message "Timeout" after a short display time The software is con gured with
the option PULLUP _DISABLE, that all internal pull-up resistors are switched o. For that
reason the voltage of pin PD7 is not de nded, if the level is neswitched by the push button
or transistor T2 to GND. One external pull-up resistor of 2K to VCC avoid this error.

Capacitor C1 at the AREF pin Many designs use a 100nF capacitor at the AREF pin, like the
design of Markus F. too. As long as the reference voltage of the B0s never changed, this is a
good solution. The software of the TransistorTester for th&Tmegal68/328 uses a automatic
selection of the internal 1.1 V reference voltage of the ADC, the input voltage is below 1V.
With this solution a better resolution of the ADC can be reachedor little input voltages.
Unfortunately the switching from 5V to 1.1V reference is verglowly. A additional wait time
of 10ms must be respected for this reason. With changing thepeity value to 1nF this wait
time can be reduced signi cant. | have not noticed any degrain of measurement quality with
this change. Even a removing of the capacitor has no signi sechange of measurement results.
If you prefer to leve the capacitor unchanged, you can remotee option NO_AREF _CAP in
the Make le to activate longer wait times in the program.
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Expanding of a 8MHz crystal With some skill you can expand a 8MHz crystal to the backside
of the printed board directly to the pins PB6 and PB7 (pin 9 andpin 10). My own expansion
was done without the both 22pF capacitors. This solution hasperated well with all tested
ATmega. But it is not required to use a crystal. You can still se the 8MHz RC oszillator by
setting the fuses to get the better resolution of time const& measuring (capacity value).

Smoothing of the operating voltage The original circuit of Markus F. shows only one 100nF
capacitor to block the VCC voltage. This is clearly too litte smoothing. You should at least
use one 100nF near the ATmega power pins and one near the vgiaregulator. The input
of the voltage regulator should be blocked with a 100nF too. Alitional 10 F capacitors
(electrolytic or ceramic) at the input and output of the voltage regulator can stable the voltage
level. Ceramic 10F capacitos with SMD mounting form are easier to use for backing and
have usually a lower ESR value.

Selection of the ATmega processor  The using of the base function of the tester is still possible
with a ATmega8. The ash memory of that device is used near 100 . Because the AT-
megal68 or ATmeg328 processors are pin-compatible to therA&ga8, | can recommend the
replacement. Actually the price for ATmega328 is so cheap, dhthere is no reason to take
a ATmegal68 type. With a ATmegal68/328 you get the followingdvantages: Self test with
automatic calibration.

Improvement of measurement quality by automatic switchinggf ADC scale.
Measurement of inductors with resistance below 2100 .

Measurement of ESR value of capacitors with value of abovero.

The resolution of resistor measurement below 10 is:01.

Using of pin PC4 as serial output.

Missing precision voltage reference  Usually the software should detect the missing voltage ref-
erence with the unconnected pin PC4. In this case no VCC=x.xWhessage should appear in
row 2 of the LCD on power on. If this message appear without theeference, you should
connect a 22k resistor to the PC4 input and VCC.

2.5 Chinese clones

As | know, the tester is rebuild in China in two versions. The st model is rebuild from the rst
design of Markus F. without the ISP port. The assembled ATmedais placed in a socket, so you
can replace it with a ATmegal68 or ATmega328. For this versioyou should consider all the hints
of section[2.4. Additional 100F ceramic cpacitors should be connected near by the VCC-GND
and AVCC-GND pins of the ATmega for better stabilization of the power voltage. In addition you
should notice, that if you expand the board with the additioml 8 MHz crystal, your external ISP
programmer must have a external clock for programming.

The second version of rebuilded tester is build with SMD congments. Also the x installed
ATmegal68 is a SMD type with 32TQFP body. Fortunately on the bard is a 10-pole ISP connector
provided for the programming. | have analysed the board vaos "2.1 2012/11/06". One error is
the assembly of the part "D1", which should be a precision 25voltage reference. Assembled is
only a zener diode. This part should be removed. You can mouatLM4040AIZ2.5 or LT1004CZ-2.5
precision voltage reference at this place. A missing voltageference is noticed by the software, so
that you must not install the voltage reference. My exemplawas delivered with software version
1.02k. The 10-pole ISP plug was not assembled and | must inls&@jumper from ISP pin 6 to ISP pin
10. My programmer expect a GND connection at pin 10, but the bod has GND level only on pin
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4 and pin 6 of the ISP. The label of the ATmegal68 was rub away @here was no documentation
delivered with the part. The lock fuses of the ATmega were se$o no readout was possible. But
| could install the software version 1.05k without any prol@ms. Another user has problems with
the same software version 1.05k. This user has the chinesaifub"2.2 2012/11/26". The software
runs only without problems, if a additional 10@F keramic capacitor was placed between the pin
18-AVCC and 21-GND near by the ATmega. The software 1.05k ustd® sleep state of the ATmega
for waiting time. For this reason the current alternates o#n and the voltage regulator is stressed
more. Further | have noticed, that the VCC voltage is blockedvith a 100nF ceramic capacitor and
with a 220F electrolytic capacitor nearby the 78L05 voltage regulatorThe 9V supply voltage is
blocked with the same capacitors, but not at the input of the egulator but at the emitter of the
PNP transistor (parallel with the battery). The printed circuit board track from the ATmegal68 to
the test port is very thin, so that a resistance of 108 could be measured for one path. This will be
the reason for measuring a resistance of30for two direct connected pins. The ESR measuring can
usually consider this by zero compensation. Beginning wittersion 1.07k the software does respect
this o set for measuring resistors below 10 too.

Newer rebuilds of the tester like a version from Fish8840 use a8k64 pixel graphical display.
This version use a modi ed circuit for the switch on logic. Tl gure[2.9 shows a part of the modi ed
circuit.

vee vee +9V
1o}

- X -

SIEREIE =[]%
PC5 N Q1 Tvcc
PC6 pp7 ADC5 S INP  OUT
—e

Reset Y D6 D5 GND
wo [iye}
w

0

OOF EOF & E

PD6

Figure 2.9. Part of the circuit from the Fish8840 version

How you can see at the values of resistor R8 and R15, a 2:1 sagliactor for the battery voltage
measurement is used instead of the original scaling factoin addition R15 is direct connected to
the battery, what results to a power consumption in the switec o state. The R15 should better be
connected to the drain of Q1 or the input of the voltage regutar to prevent this unneeded battery
power consumption. The scaling factor of the battery voltagg must be speci ed in any case in the
Make le before any attempt can be done to replace the origihgoftware (BAT _NUMERATOR=66
for example). All attempt to replace the original software isallways done at one's own risk. No
guaranty can be given for operational capability of newer #ware versions. Unfortunately the
original state of the chinese software can not be saved besatthe security bits of the ATmega328
are set. So there is no way to get back to the original state.

2.6 Extented circuit with ATmega644 or ATmegal284

A extended circuit for ATmega644/1284 processors was deweéd with Nick L. from the Ukraine.
The circuit enables a additional test of crystals and a&ended range for the frequency measure-
ment. Although the basic circuit is very simular to the circui P.1], the port assignment is di erent.
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A rotary pulse encoder with circuit[2.5 can be connected heet the pins PB5 and PB7 (instead of
PD1 and PD3). Both signals and also the power signals VCC andNB are available at the ISP
connector, so that the extension can also be connected here.

The 16:1 frequency divider of the 74HC4060 is allways used foequencies above 2 MHz. The
frequency divider can also be used for frequencies betwe&ki2z and 400kHz to upgrade the fre-
guency resolution by using the period measurement. For swliting between the operational states
(frequency divider and crystal oszillator) the analog swihes 74HC4052 are used. The tabfe P.2
shows the pin assignments for the ATmega324/644/1284 micantrollers for di erent display con-
nections. The using of the AC interface is only possible with the SSD1306 controller. EBhsignals
of the I1°C interface require a pull-up resistor of #k to 3.3V. The outputs of the ATmega is only
switched to OV for the PC signals.

Port || Character LCD | Graphik LCD | Graphik LCD | additional function
SPI 4-wire 12C

PB2 LCD-RS

PB3 LCD-E LCD-SCL

PB4 LCD-D4 LCD-REST LCD-SDA

PB5 LCD-D5 LCD-RS ISP-MOSI
Rotary encoder 2

PB6 LCD-D6 LCD-SCLK ISP-MISO

PB7 LCD-D7 LCD-SI ISP-SCK
Rotary encoder 1

Table 2.2. Di erent variations of the display port assignmats
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Figure 2.10. Extended Transistor Tester circuit with ATmeg&44

2.7 Programming of the microcontroller

| release the software for the microcontroller with sourceode. The developement is done with Linux
operationg system (Ubuntu) and is controlled with a Make le.The Make le makes shure, that your
software will be compiled with the prior selected Make le opons. Some constellations are precom-
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piled with the source. Please take a look to the ReadMe.txt d in the directory Software/default
and to the chapter[4. The result of compilation have the extesions .hex and .eep . Usually the
names will be TransistorTester.hex and TransistorTestezep . The .hex le contains the data for the
program memory ( ash) of the ATmega processor. The .eep leontains the data for the EEprom
memory of the ATmega. Both data les must be loaded to the coact memory.

Additionally the operating state of the ATmega processor midve programmed with the \fuses".
If you can use my Make le and additionally the program avrdue [12], you need no exact knowledge
of the details about the fuses. You have only to type \make fies" if you have no crystal or \make
fuses-crystal" if you have installed the 8MHz crystal to youprinted board. With the ATmegal68
series of the microcontroller you can also use \make fuseystal-Ip" to use a crytal with the low
power mode. Never choose the crystal mode of clock generatidyou don't have installed the 8MHz
crystal. If you are not shure with the fuses, leave them as a@efit set by manufactor and rst bring
the the tester to operation in this mode. Maybe your programuns too slow, if you use program
data compiled for 8MHz operation, but you can correct this lar! But a wrong set of fuses may
inhibit later ISP-programming.

2.7.1 Using the Make le with Linux

You can install packages with Debian based Linux versions lnging a package manager as synaptic or
dpkg. The package \subversion" must be installed for downémling the sources or the documentation
from the SVN archive. With the command

\svn checkout svn://www.mikrocontroller.net/transisto rtester"

you can download the complete archive. Of course you can aldownload only subdirectories of
the archive. For using the Make le in one of the subdirectoes you must install the packages make,
binutils-avr, avrdude, avr-libc and gcc-avr. In a console wdow you must rst change the directory
with the command \cd" to a proper subdirectory of the directoy trunk. Now you can change
options of the Make le with any text editor. For compiling the source you must only type the simple
command \make". If the ISP programmer is con gured proper inthe Make le, a command \make
upload" should result to load the program with the ISP interfice to the ATmega. The \fuses" of the
ATmega nust also be set correctly once. You can achieve thisthvthe command \make fuses" or
\make fuses-crystal".

2.7.2 Using the WIinAVR package with Windows

If you use the Windows operating system, the easiest way to getcorrect programmed ATmega is
to use the WIinAVR package [[16],[17]. With my patch[[18] you can s set the fuses by using the
Make le. Of course the avrdude program must support your pgrammer and the con guration in
the Make le must match to your environment.

The gures show the File menu of the graphical user intexfe of WinAVR for open the le
Make le and for saving the changed Make le (Save).
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(a) open Make le (b) save Make le

Figure 2.11. Using of the WIinAVR user interface Programmer's Nopad

The next gures [2.12 show the Tools menu of the Programmer's kpad for compiling the
program (Make All) and for programming the ATmega (Program) wth avrdude.

T@ ngmmm_ s

File Edit View [BI0g) Window Help
[REESNN=R=1] Line Endings a8 Acovion] ~ #f Find ~
Makefile | | Uee ok 4bx
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FRRRRRER R [Wind R Mlak- Dl T ——
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TARGET = Tr Stop Tools Strg+ Umschalt+ K
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PP = avr-gi__ OPtons

CFLAGS = -wall

# " #% Anderbare Flags zur Configuration des Transistortesters
# “# config options for your Semiconductor tester

# y ging is Makefile will result in new compiling the whole

# programs, it you call make or make upload.

# Select your Part-No. for avrdude :

# atmegaB : m8

# atmegal68: ml6E or mi68p

# atmega328: m328 or m328p

PARTNO = ml68

¢ select your Tanguage:

ge:
# available languages are: LANG ENGLISH, LANG_GERMAN, LANG_POLISH, LANG_CZECH, LANG_!
LANG_DUTCH, LANG_RUSSTAN

#
UT_LANGUAGE = LANG_ENGLTSH

Output X}
| vrdude: writing esprom (470 byfes): =

Writing |

| 100% 0.72s

avrdude: 470 bytes of eeprom written

avrdude: verifying eeprom memory against ./TransistorTester.eep:
avrdude: Joad data eeprom data From input file ./TransistorTester.eep:
avrdude: input file ./TransistorTester.cep auto detected as Intel Hex
avrdude: input file ./TransistorTester.cep contains 470 bytes
avrdude: reading on-chip eeprom data:

Reading |

avrdude: verifying

| 100% 0.16s |
avrdude: 470 bytes of eeprom verified

avrdude done. Thank you. ‘

> Process Exit Code: 0
> Time Taken: 00:13

1 it

(a) Build programming data (.hex/.eep) (b) Programming the ATmega

Figure 2.12. Using of the WinAVR user interface Programmer's Nopad
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2.8 Troubleshooting

In most cases of problems you will miss the text output to the CD-display. At rst you should
check, if the LED was illuminated weak, if you release the Tebutton.

Power does not switch on.  If the LED is without light and the VCC power has correct 5V votage
during holding the Test button, the microcontroller does nbswitch the power correctly. The
microcontroller should hold the power by switching the PD6 wtput to 5V, which is usually
done as one of the rst actions. If you hold the Test key presdethe power is switched on
anyway. So you can check the value of VCC power and additiohakhe voltage value of the
PD6 output, if you hold the key pressed. If VCC voltage has coect value (5V), but PD6
voltage is below 4V, your microcontroller does not start the ppgram. In this case you should
check if the microcontroller ash has been loaded with propelata for your installed type and
if ATmega is correctly con gured with the fuses. If your ATmaa put the PD6 output to 5V
and the power does not stay if you release the Test key, it is mgodi cult to nd the reason.
First you can shorten the LED and try again. If your Tester now tarts, your LED may be
faulty or mounted with wrong polarity. If this is not the reason, the current ampli cation factor
of your T3 transistor (BC557C) is insu cient. The current to the base of T3 is lower in the
microcontroller state as in the \key pressed" state.

Nothing is readable on the LCD display Check the voltage at the contrast pin at the LCD
display (pin 3). Adjust to correct value speci ed in the data seet of your display and optimize
by viewing. If you have a high temperature display type, you ost provide a negative contrast
voltage for operation. In this case you can use the ICL 7660\dee for generating a negative
voltage from positive 5V.

If there is no output readable on the LCD and the backgrounddit is on, you should disconnect
the power and check all four data plus the two control signalotninections. If all connection are
well, the only reason | see is a uncorrect timing of controlgials. This can be caused by a
slower LCD controller than expected by the software or the Alhega software runs at wrong
clock speed. Please check for which clock speed your progmang data was compiled and if
the fuses of the ATmega are correct set to that speed. You ndhe clock parameter in the
corresponding Make le. If the tester is build without the svitch o electronic, you can test
with a LED connected to the test pins, if the program operatesormally. If the LED ickers,
the program operates well. The missing text on the LCD must beaused by wrong connection
or timing.

Something but not all is readable on the LCD display Check if the .eep data are loaded to
the EEprom memory of ATmega. If all data are loaded correct]yyou should check the clock
speed of your programming data (Make le) and ATmega processsettings (fuses).

Measurement is slow and Capacitors are measured about 8 times too sm all You run soft-
ware compiled for 8MHz clock at real clock speed of 1IMHz. Pleasst the fuses of the ATmega
correctly.

Measurement has strangely values  Check if your programmer is still connected to the ISP-plug.
The ISP interface should be disconnected for measuring. Yeoften the reason of wrong
measurements is the use of software compiled with the AUTOSCELADC option and with
the option NO_REF_CAP, but the capacitor at the AREF pin has still a value of 100nF. Wong
assembly of components or remaining soft solder ux can distuthe measurements too. Please
check with the selftest function of your TransistorTester aftware if possible. For the details
see Chapter 5.5.
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Otherwise inspect your board visually and check the resistwalues with a ohmmeter. You

can use the pins of the ATmega for this check, for example toetk the R1 you can measure
between pin 23 and pin 14. Take a look at the circuit diagram 2.for details. There is no need
to remove the microcontroller, only battery or power supplyhould be removed before.

The Tester switch o the power after 2 seconds display time This condition exists, if the
external Pull-Up resistor at the PD7 input is missing or the kg button is keep pressed. The
software switch o the internal Pull-Up resistors to preventa in uence to the measurement
results. Therefore a external Pull-Up resistor (27K) is reared.

Der Tester shows only Vext=xx.xV in row 2 This problem exists, if the Pull-Up resistor at
the PD7 input is missing or the key button is keep pressed. Adtbnally the software is
con gured without the serial output (without option WITH _UART) and without the internal
Pull-Up resistors (with option PULLUP _DISABLE). You should install the Pull-Up resistor at

pin PD7.
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Chapter 3

Instructions for use

3.1 The measurement operation

Using of the Transistor-Tester is simple. Anyway some hints arrequired. In most cases are wires
with alligator clips connected to the test ports with plugs. Also sockets for transistors can be
connected. In either case you can connect parts with threengi to the three test ports in any order.
If your part has only two pins, you can connect this pins to anywo of the tree test ports. Normally
the polarity of part is irrelevant, you can also connect pin®f electrolytical capacitors in any order.
The measurement of capacity is normally done in a way, that ghminus pole is at the test port
with the lower number. But, because the measurment voltags only between 0.3 V and at most
1.3 V, the polarity doesr matter. When the part is connected, you should not touch it dung
the measurement. You should put it down to a nonconducting phif it is not placed in a socket.
You should also not touch to the isolation of wires connectedith the test ports. Otherwise the
measurement results can be a ected. Then you should pressetistart button. After displaying a
start message, the measurement result should appear afterotseconds. If capacitors are measured,
the time to result can be longer corresponding to the capagit

How the transistor-tester continues, depends on the con gation of the software.

Single measurement mode If the tester is con gured for single measurement mode (POWERFF
option), the tester shut o automatical after displaying the result for 28 seconds for a longer
lifetime of battery. During the display time a next measurerant can be started by pressing
the start button. After the shut o a next measurement can be sarted too of course. The
next measurement can be done with the same or another part. ybu have not installed the
electronic for automatic shut down, your last measurementesult will be displayed until you
start the next measurement.

Endless measurement mode A special case is the con guration without automatical shub . For
this case the POWEROFF option is not set in the Make le. This con guration is normally
only used without the transistors for the shut o function. A external o switch is necessary
for this case. The tester will repeat measurements until p@w is switched o .

Multi measurement mode  In this mode the tester will shut down not after the rst measue-
ment but after a con gurable series of measurements. For thicondition a number (e.g. 5) is
assigned to the POWEROFF option. In the standard case the tester will shut down afte ve
measurements without found part. If any part is identi ed bytest, the tester is shut down after
double of ve (ten) measurements. A single measurement witlnknown part after a series of
measurement of known parts will reset the counter of known rasuerements to zero. Also a
single measurement of known part will reset the counter of known measurements to zero.
This behavior can result in a nearly endless series of meamments without pressing the start
button, if parts are disconnected and connected in periodgitmanner.
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In this mode there is a special feature for the display periodf the start button is pressed only
short for switching on the tester, the result of measurememst only shown for 5 seconds. Buf if
you press and hold the start button until the rst message istsown, the further measurement
results are shown for 28 seconds. The next measurement caartstd earlier by pressing the
start button during the displaying of result.

3.2 Optional menu functions for the ATmega328

If the menu function is selected, the tester start a selectiomenu after a long key pressX500ms) for
additional functions. The selectable functions are shown row two of a 2-line display or as marked
function in row 3 of a 4-line display. The previous and next fuction is also shown in row 2 and 4 of
the display in this case. After a longer wait time without any interaction the program leave the menu
and returns to the normal transistor tester function. With a $ort key press the next selection can
be shown. A longer key press starts the shown or marked furanti After showing the last function
"switch 0 ", the rst function will be shown next.

If your tester has also the rotary pulse encoder installedpy can call the menu with the additional
functions also with a fast rotation of the encoder during theesult of a previous test is shown. The
menu functions can be selected with slow rotation of the ender in every direction. Starting of the
selected menu function can only be done with a key press. Witha selected function parameters
can be selected with slow rotation of the encoder. A fast ratan of the encoder will return to the
selection menu.

frequency The additional function "frequency” (frequency measurenrg) uses the ATmega Pin
PD4, which is also connected to the LCD. First the frequency &llways measured by counting.
If the measured frequency is below Rbiz, additionally the mean period of the input signal is
measured and with this value the frequency is computed with @solution of up to Q00IHz.
By selecting the POWEROFF option in the Make le, the period of frequency measuremen
is limited to 8 minutes. The frequency measurement will be ished with a key press and the
selectable functions are shown again.

f-Generator With the additional function "f-Generator" (frequency geneator) the selectable fre-
guencies can be switched with key presses. After selecting tlast choise of frequencies, the
generator is switched back to the rst frequency next (cyatial choise). If the POWEROFF
option is selected in the Make le, the key must be pressed Igar, because a short key press
(< 0.2 s) only reset the time limit of 4 minutes. The elapsed time shown with a point for
every 30 seconds in row 1 of the display. With periodical shokey press you can prevent
the time out of the frequency generation. With a long key press> 0.8 s) you will stop the
frequency generator and return to the function menu.

10-bit PWM  The additional function "10-bit PWM" (Pulse Width Modulation ) generates a xed
frequency with selectable puls width at the pin TP2. With a shd key press & 0.5 s) the pulse
width is increased by 1%, with a longer key press the pulse whdis increased by 10%. If 99%
is overstepped, 100% is subtracted from the result. If the R®ER _OFF option is selected in
the Make le, the frequency generation is nished after 8 mintes without any key press. The
frequency generation can also be nished with a very long keygss ¢ 1.3 s).

C+ESR@TP1:3 The additional function "C+ESR@TP1:3" selects a stand-aloe capacity mea-
surement with ESR (Equivalent Series Resistance) measurem at the test pins TP1 and
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TP3. Capacities from 2F up to 50mF can be measured. Because the measurement voltage is
only about 300nV, in most cases the capacitor can be measured "in circuit” wibut previous
disassembling. If the POWEROFF option is selected in the Make le, the count of measure-
ments is limited to 250, but can be started immediately againThe series of measurements can
be nished with a long key press.

rotary encoder With the function "rotary encoder" a rotary encoder can be cheked. The three
pins of the rotary encoder must be connected in any order to ¢hthree probes of the transistor
tester before the start of the function. After starting the function the rotary knob must be
turned not too fast. If the test is nished successfully, theeonnection of the encoder switches is
shown symbolic in display row 2. The tester nds out the commocontact of the two switches
and shows, if the indexed position has both contacts in opetate (‘'0") or in closed state ('C").
A rotary encoder with open switches at the indexed positions shows in row 2 for two seconds
as "1-/-2-/-3 0". This type of encoder has the same count of @dexed positions as count of
pulses for every turn. Of course the pin number of the right @mon contact is shown in the
middle instead of '2'. If also the closed switches state is tdeted at the indexed positions, the
row 2 of the display is also shown as "1|2|3 C" for two seconds. | don't know any rotary
encoder, which have the switches always closed at any indéxgosition. The interim state of
the switches between the indexed positions is also shown mw 2 for a short time & 0:5s)
without the characters 'o' or 'C'. If you will use the rotary encoder for handling the tester, you
should set the Make le option WITH_.ROTARY _SWITCH=2 for encoders with only the open
state ('0') and set the option WITH_ROTARY _SWITCH=1 for encoders with the open (‘0
and closed ('C') state at the indexed positions.

Selftest With the menu function "Selftest” a full selftest with calibration is done. With that call
all the test functions T1 to T7 (if not inhibited with the NO _TEST_T1_T7 option) and also
the calibration with external capacitor is done every time.

Voltage The additional function "Voltage" (Voltage measurement) s only possible, if the serial
output is deselected or the ATmega has at least 32 pins (PLC@nd one of the additional pins
ADCG6 or ADCY is used for the measurement. Because a 10:1 voltagjeides is connected to
PC3 (or ADC6/7), the maximum external voltage can be 50V. A instlled DC-DC converter for
zener diode measurement can be switched on by pressing thg Kehus connected zener diodes
can be measured also. By selecting the POWERFF option in the Make le and without key
pressing, the period of voltage measurement is limited to 4imutes. The measurement can
also be nished with a extra long key pressX 4 seconds).

Contrast This function can select the contrast value for a graphic diay with a st7565 controller.
The value can be decreased by a very short key press or leftriwvith the rotary encoder.
A longer key press ¥ 0.4s) or a right turn of the rotary encoder will increase thealue. The
function will be nished and the selected value will be savedonvolatile in the EEprom memory
by a very long key pressX 1.3s).

Show data The function ,,Show Data" shows besides the version numbef the software the data
of the calibration. These are the zero resistance (R0) of thgn combination 1:3, 2:3 and 1:2 .
In addition the resistance of the port outputs to the 5V side RiHi) and to the OV side (RiLo)
are shown. The zero capacity values (C0O) are also shown with gin combinations (1:3, 2:3,
1:2 and 3:1, 3:2 2:1). At last the correction values for the ogparator (REF_C) and for the
reference voltage (REER) are also shown. Every page is shown for 15 seconds, but yaun c
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select the next page by a key press or a right turn of the rotargncoder. With a left turn of
the rotary encoder you can repeat the output of the last page oeturn to the previous page.

Switch o With the additional function "Switch o " the tester can be switched o immediately.

Transistor Of course you can also select the function "Transistor" (Tnasistor tester) to return to
a normal Transistor tester measurement.

With the selected POWER OFF option in the Make le, all additional functions are limited in
time without interaction to prevent a discharged battery.

3.3 Selftest and Calibration

If the software is con gured with the selftest function, theselftest can be prepared by connecting all
three test ports together and pushing of the start button. Tobegin the self test, the start butten
must be pressed again within 2 seconds, or else the tested wilntinue with a normal measurement.

If the self test is started, all of the documented tests in th&elftest chapter 5.5 will be done.
If the tester is con gured with the menu function (option WITH _MENU), the full selftest with the
tests T1 to T7 are only done with the "Selftest” function, whch is selectable as menu function.
In addition the calibration with the external capacitor is done with every call from function menu,
otherwise this part of calibration is only done rst time. Thus the calibration with the automatically
started selftest (shorted probes) can be done faster. Thepedition of the tests T1 to T7 can be
avoided, if the start button is hold pressed. So you can skipninteresting tests fast and you can
watch interresting tests by releasing the start button. Theest 4 will nish only automatically if you
separate the test ports (release connection).

If the function AUTO _CAL is selected in the Make le, the zero o set for the capacityneasurement
will be calibrated with the selftest. It is important for the calibration task, that the connection
between the three test ports is relased during test number #ou should not touch to any of the test
ports or connected cables when calibration (after test 6) done. But the equipment should be the
same, which is used for further measurements. Otherwise thero o set for capacity measurement
is not detected correctly. The resistance values of port quits are determined at the beginning of
every measurement with this option.

A capacitor with any capacity between 1060F and 20F connected to pin 1 and pin 3 is required
for the last task of calibration. To indicate that, a capacior symbol is shown between the pin number
1 and 3, followed by the text ">100nF". You should connect the capacitor not before this texts
shown. With this capacitor the o set voltage of the analog comarator will be compensated for better
measurement of capacity values. Additionally the gain for ADGneasurements using the internal
reference voltage will be adjusted too with the same capaaitfor better resistor measurement results
with the AUTOSCALE _ADC option. If the menu option is selected for the tester and th selftest is
not started as menu function, the calibration with the extenal capacitor is only done for the rst
time calibration. The calibration with the external capacior can be repeated with a selftest call as
menu selection.

The zero o set for the ESR measurement will be preset with th@ption ESR ZERO in the
Make le. With every self test the ESR zero values for all thregoin combinations are determined.
The solution for the ESR measurement is also used to get thelwas of resistors below 10 with a
resolution of Q01 .
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3.4 special using hints

Normally the Tester shows the battery voltage with every stdr If the voltage fall below a limit,
a warning is shown behind the battery voltage. If you use a reargeable 9V battery, you should
replace the battery as soon as possible or you should reclardf you use a tester with attached 2.5V
precision reference, the measured supply voltage will beosin in display row two for 1 second with
"VCC=x.xxV".

It can not repeat often enough, that capacitors should be dikarged before measuring. Otherwise
the Tester can be damaged before the start button is presseld.you try to measure components in
assembled condition, the equipment should be allways diseected from power source. Furthermore
you should be shure, that no residual voltage reside in the @gment. Every electronical equipment
has capacitors inside!

If you try to measure little resistor values, you should keefhe resistance of plug connectors and
cables in mind. The quality and condition of plug connectorare important, also the resistance of
cables used for measurement. The same is in force for the ESRasurement of capacitors. With
poor connection cable a ESR value of@ can grow to 0:61 .

You should not expect very good accuracy of measurement risspespecially the ESR measure-
ment and the results of inductance measurement are not veryaet. You can nd the results of my
test series in chapter 5.

3.5 Compoments with problems

You should keep in mind by interpreting the measurement re#ig, that the circuit of the Transis-
torTester is designed for small signal semiconductors. Irormal measurement condition the mea-
surement current can only reach about 6 mA. Power semicondacs often make trouble by reason of
residual current with the identi cation an the measurementof junction capacity value. The Tester
often can not deliver enough ignition current or holding cuent for power Thyristors or Triacs. So a
Thyristor can be detected as NPN transistor or diode. Also it ipossible, that a Thyristor or Triac
is detected as unknown.

Another problem is the identi cation of semiconductors withintegrated resistors. So the base -
emitter diode of a BU508D transistor can not be detected by rean of the parallel connected internal
42 resistor. Therefore the transistor function can not be ested also. Problem with detection is also
given with power Darlington transistors. We can nd often inernal base - emitter resistors, which
make it di cult to identify the component with the undersize d measurement current.

3.6 Measurement of PNP and NPN transistors

For normal measurement the three pins of the transistor wilbe connectet in any order to the
measurement inputs of the TransistorTester. After pushinghe start button, the Tester shows in row
1 the type (NPN or PNP), a possible integrated protecting diod of the Collector - Emitter path and
the sequence of pins. The diode symbol is shown with correablarity. Row 2 shows the current
ampli cation factor (B=...) and the Base - Emitter threshold voltage. You should know, that the
Tester can measure the ampli cation factor with two di erert circuits, the common Emitter and the
common Collector circuit (Emitter follower). Only the higher result is shown on the LCD.

With the common Emitter circuit the tester has only two alternative to select the base current:

1. The 680 resistor results to a base current of about 6.1mA. Ris is too high for low level
transistors with high ampli cation factor, because the bas is saturated. Because the collector
current is also measured with a 680 resistor, the collectocurrent can not reach the with the
ampli cation factor higher value. The software version of Mrkus F. has measured the Base -
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Emitter threshold voltage in this ciruit (Uf=...).

2. The 47k resistor results to a base current of only 92 A . This is very low for a power tran-
sistor with low current ampli cation factor. The software version of Markus F. has identi ed
the current ampli cation factor with this circuit (hFE=...) .

The software of the Tester gure out the current ampli cation factor additionally with the com-
mon Collector circuit. The higher value of both measuremennethodes is reported. The common
collector circuit has the advantage, that the base currentsireduced by negative current feedback
corresponding to the ampli cation factor. In most cases a li@r measurement current can be reached
with this methode for power transistors with the 680 resisor and for Darlington Transistors with
47 resistor. The reported Base - Emitter threshold voltage Uf 8 now measured with the same
current used for determination of the current ampli cationfactor. However, if you want to know the
Base - Emitter threshold voltage with a measurement currerdf about 6mA, you have to disconnect
the Collector and to start a new measurement. With this connéion, the Base - Emitter threshold
voltage at 6 mA is reported. The capacity value in reverse diction of the diode is also reported. Of
course you can also analyse the base - collector diode.

With Germanium transistors often a Collector cuto current |cgo with currentless base or a
Collector residual currentl ces with base hold to the emitter level is measured. Only for ATmga328
processors the Collector cuto current is shown in this casat the row 2 of the LCD for 5 seconds
or until the next keypress before showing the current amplcation factor. With cooling the cuto
current can be reduced signi cant for Germanium transista.

3.7 Measurement of JFET and D-MOS transistors

Because the structure of JFET type is symmetrical, the Sourcend Drain of this transistores can
not be diered. Normally one of the parameter of this transistr is the current of the transistor
with the Gate at the same level as Source. This current is oftehigher than the current, which can
be reached with the measurement circuit of the TransistorBter with the 680 resistor. For this
reason the 680 resistor is connected to the Source. Thus ti@ate get with the growing of current a
negative bias voltage. The Tester reports the Source curtenf this circuit and additionally the bias
voltage of the Gate. So various models can be di ered. The DOB transistors (depletion type) are
measured with the same methode.

You should know for enhancement MOS transistors (P-E-MOS d&i-E-MOS), that the measure-
ment of the gate threshold voltage (Vth) is more di cult with | ittle gate capacity values. You can
get a better voltage value, if you connect a capacitor with aalue of some nF parallel to the gate
/source. The gate threshold voltage will be nd out with a dran current of about 3.5mA for a
P-E-MOS and about 4mA for a N-E-MOS.

29



Chapter 4

Con guring the TransistorTester

The complete software for the TransistorTester is availabl in source code. The compilation of
modules is controlled with a Make le. The developement wasodie at the Ubuntu Linux operating
system with the GNU toolchain (gcc version 4.5.3). It shouldépossible to use other Linux operating
systems without problems. To load the compiled data to the sh memory or the EEprom memory,
the tool avrdude (version 5.11svn) was taken by the Make lef you call \make upload”. The program
avrdude [12] is available for Linux and Windows operating stam. The gnu C-compiler gcc is also
taken by the AVR studio software and by the WIinAVR [16],[17] softiare at the Windows operating
system. You can load the program data (.hex and .eep) also wibther tools to the ATmega, but
only my Make le version takes care to load the correct data taghe choosed processor. Avrdude
loads only data to the ATmega if the Signature Bytes of the corected ATmega is identical to the
choosed one. If you alter the Make le, all the software will & compiled new, if you call a \make"
or \make upload" command. The software compiled for a ATmed@adoes not run on a ATmegal68.
The software compiled for a ATmega328 does not run on the ATgal68! A exeption fron this rule is
the software compiled for ATmegal68, this data can also beagsfor a ATmega328 without changes.
Be careful, if you don't use my Make le.

With the correct options set, my software runs on the unchangeehardware of Markus F. (PARTNO=M8,
NO option NO_AREF _CAP and NO PULLUP _DISABLE option). The clock rate can also be set to
8 MHz with fuses, no crystal is required!

The following options in the Make le are avaiable to con gue the software for your Tester.

PARTNO describes the target processor:
m8 = ATmega8
m168 or m168p = ATmegal68
m328 or m328p = ATmega328
example: PARTNO = m168

Ul _LANGUAGE speci es the favored Language
LANG BRASIL, LANG _CZECH, LANG _DUTCH, LANG _ENGLISH, LANG _GERMAN,
LANG HUNGARIAN, LANG _ITALIAN, LANG _LITHUANIAN, LANG _POLISH,
LANG _RUSSIAN, LANG _SLOVAK, LANG _SLOVENE, LANG _SPANISH and
LANG _.UKRAINIAN is currently avaiable. The russian or ukrainian langwage requires a LCD
with cyrillic character set.
example: ULLANGUAGE = LANG _ENGLISH

LCD _CYRILLIC is only needed for a LCD-display with cyrillic character setThe and char-
acter is not avaiable with the cyrillic character set. If youspecify this option, both characters
are loaded to the LCD with software.
example: CFLAGS +=-DLCD _CYRILLIC
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LCD .DOGM must be set, if a LCD with ST7036 controller (Type DOG-M) is usd for displaying.
The LCD-contrast is then set with software commands.
example: CFLAGS +=-DLCD _DOGM

FOUR _LINE _LCD can be used with a 4x20 character display for better using tlalditional space.
Additional parameters, which are shown only short in row 2, Wibe shown in row 3 and 4 with
this option.
example: CFLAGS += -DFOUR _LINE _LCD

WITH _LCD _ST7665 This option must be used, if a 128x64 pixel LCD is connected tviserial
interface. For this display type further options must be setwhich are described later. You can
also use the simular SSD1306 controller instead of the STB56ontroller. This must be done
by setting the variable WITH_LCD _ST7565 to 1306.
example: WITH.LCD _ST7565 =1

LCD _INTERFACE _MODE For the SSD1306 controller also the?C type interface with address
0x3c can be used instead of the 4-wire SPI interface by setihis option to 2.
example: CFLAGS += -DLCD INTERFACE MODE=2

LCD _I2C _ADDR The I?C address of the SSD1306 controller can be selected to 0x3dpbgsetting
the constant LCD_12C_ADDR to 0x3d.
example: CFLAGS += -DLCD _12C_ADDR=0x3d

LCD _ST7565 _RESISTOR _RATIO With this option the resistor ratio for the voltage regulator
of the ST7565 controller is set. Usually values between 4 andaie practical. The value can
be set between 0 and 7.
example: LCDST7564RESISTOR RATIO =4

LCD _ST7565 _H _FLIP With this option the display content can be ipped in horizontal direction.
example: CFLAGS +=-DLCD _ST7565H FLIP =1

LCD _ST7565 _H _OFFSET This option can be used to adapt the display window to the used
memory area. The controller uses more horizontal pixel (1B2s the display window showsi
(128). An o set is required depending of the position of the dplay window for the ipped
or normal horizontal direction. Depending of your display mdule a value of O, 2 or 4 can be
required for proper presentation.
example: CFLAGS += -DLCD _ST7565H _OFFSET =4

LCD _ST7565_V _FLIP With this option the display content can be ipped in vertical direction.
example: CFLAGS +=-DLCD _ST7565V FLIP =1

FONT _8X16 You must select one font size for the ST7565 controller. Sefable are FONT_6X8,
FONT _8X8, FONT _8X12, FONT_8X16 and FONT_16X16. Currently only the 6X8 and the
8X16 font is fully supported. Font size 8X16 is the most e cientuse of graphics space for a
128x64 pixel LCD.
example: FONT_8X16

STRIP _GRID _BOARD This option adapts the software to a changed port D connectiofor strip
grid printed boards. You can nd the details in the chapter hadware 2.1. example: CFLAGS
+= -DSTRIP _GRID BOARD

WITH _MENU activated a menu function for a ATmega328. You can select senadditional func-
tions with a selection menu, which you can call with a long kegress & 0.5 s).
example: CFLAGS += -DWITH MENU
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WITH _ROTARY _SWITCH The menu function can be easier controlled with a the extermsi of a
rotary pulse encoder. See the description 2.5 in the Hardwagection for details of the required
extension. If your rotary pulse encoder has the same count ioidexed positions (detent) as
pulses of the switch for every turn, you must set the option WIH_.ROTARY _SWITCH to
2. If the rotary pulse encoder has twice the count of indexedopition, you must set the
option WITH _ROTARY _SWITCH to 1. Setting the WITH _ROTARY _SWITCH to 5 selects
the highest resolution for the rotary switch. Every cycle ofhe two switches results to a count
of 4. Usually this setting is only usefull for rotary switch enoders without indexed positions. A
setting of the WITH _ROTARY _SWITCH to 4 is required for correct handling of two separate
push buttons for Up and Down, which are installed instead of # normal rotary encoder
switches. Do not use a setting of 4 for normal rotary encodérs
example: CFLAGS += -DWITH _ROTARY _.SWITCH=1

CHANGE _ROTARY _DIRECTION You can change the direction of the detected rotary direc-
tion by hardware swap of the two switch signals or by settinghie this option.
example: CFLAGS += -DCHANGE _ROTARY DIRECTION

WITH _SELFTEST If you specify this Option, software will include a selftesfunction. Selftest
will be started, if you connect all three probes together andtart measurement. If the menu
function is selected, only the calibration part of the selfdst is executed by automatic start
with shorted probes. The selftest parts T1 to T7 are only exeited, if the selftest is started
with menu selection.
example: CFLAGS += -DWITH _SELFTEST

NO _COMMON _COLLECTOR _HFE disables the hFE measurement of transistors with the
common collector circuit. You can save memory to enable thextended selftests T1 to T7
for a ATmegal68 processor. By default both measurement aiits for the hFE measurement
are enabled, but there is no place in the program memory of tiefmegal68 for the extended
selftests.
example: CFLAGS +=-DNO_COMMON _COLLECTOR HFE

NO _COMMON _EMITTER _HFE disables the hFE measurement of transistors with the com-
mon emitter circuit. You can save memory to enable the exteed selftests T1 to T7 for a
ATmegal68 processor. By default both measurement circuifsr the hFE measurement are
enabled, but there is no place in the program memory of the ATegal68 for the extended
selftests.
example: CFLAGS +=-DNO_COMMON EMITTER _HFE

NO _TEST _T1 _T7 This option disable the execution of the selftest parts T1 t@7. This tests are
usefull to nd errors in the hardware like incorrect measun@ent resistors or isolation problems.
If your hardware is well, you can omitt this selftest parts T1to T7 by setting this option to get
a faster calibration. With enabled menu function the selftégparts T1 to T7 are only started by
selection of the menu function "Selftest”. The ATmegal68 picessor does not use the selftest
parts T1 to T7, if both measurement types for hFE determinatia are used.
example: CFLAGS +=-DNO_TEST_T1.T7

AUTO _CAL The zero o set for capacity measurement will be written addionally to the EEprom
with the selftest routine. Additionally the o set voltage of the analog comparator (with option
REF_C_KORR) and the voltage o set of the internal reference voltag (REF_R_KORR) will be
measured automatically, if you connect a capacitor with a gacity value between 100F and
20F to pin 1 and pin 3 after measurement of capacity zero o set. Allound values will be
written to EEprom and will be used for further measurementswomatically. The port output
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resistance values will be determined at the beginning of dameasurement.
example: CFLAGS += -DAUTO _CAL

FREQUENCY _50HZ Atthe end of selftest a 50 Hz Signal will be generated on Port 2d Port 3
for up to one minute.
example: CFLAGS += -DFREQUENCY _50HZ

CAP _LEMPTY _LEVEL This option de nes the voltage level for discharged capaat (mV units).
You can set the level to higher value as 3mV, if the tester doesi nish discharging of
capacitors. In this case the tester ends after longer time thithe message \Cell!".
example: CFLAGS += -DCAP _EMPTY _LEVEL=3

WITH _AUTO _REF species, that reference voltage is read to get the actualdeor for capacity
measuring of low capacity values (below 40 ).
example: CFLAGS += -DWITH _AUTO _REF

REF _C_KORR species a o set for readed reference voltage in mV units. Ti& can be used to
adjust the capacity measurement of little capacitors. A coection value of 10 results to about
1 percent lower measurement results. If the option AUTQCAL is selected together with
the WITH _SELFTEST option, the REF_C_KORR will be a o set to the measured voltage
di erence of the test capacitor and the internal referenceoltage.
example: CFLAGS += -DREF_C_KORR=14

REF _L_KORR species a additional o set in mV units to the reference volage for the measure-
ment of inductance values. The REEC_KORR o set and respectively the o set value from the
calibration is additionally used with the inductance measement. The REF.L_KORR value
will be subtracted for measurements without a 680 resistgrfor measurements with a 680
resistor the value will be added. A correction value of 10 withange the result about 1 percent.
example: CFLAGS += -DREF_L_KORR=40

C_H_KORR species a correction value for the measurement of big capi@c values. A value of
10 results to 1 percent lower measurement results.
example: CFLAGS +=-DC_H_KORR=10

WITH _UART uses the pin PC3 as output for the serial text (V24). If the optia is not set, the
pin PC3 can be used for reading a external voltage with a 10:&gistor divider. With this
equipment you can check the breakdown voltage of zener digdevhich have more than 4.5V
breakdown voltage. This measurement will repeat with 3 measements per second until you
release the Start button.
example: CFLAGS += -DWITH _UART

TQFP _ADC6 The Option TQFP _ADC6 uses the additional input ADC6 of the ATmega with
TQFP or QFN package instead of the PC3 pin (ADC3). With this optionthe external voltage
input can be used independent of the usage of PC3 pin for séraautput. The ADC6 input
is then used for the zener diode measurement and for the diglselectable external voltage
measurement for a ATmega328.

Example: CFLAGS += -DTQFP _ADC6

TQFP _ADC7 The Option TQFP _ADC7 uses the additional input ADC6 of the ATmega with
TQFP or QFN package instead of the PC3 pin (ADC3). With this optionthe external voltage
input can be used independent of the usage of PC3 pin for sématput. If this option is used
without the option TQFP _ADCS6, both the zener diode measurement and the measurement of
external voltage with the dialog is done with the ADC7 analogniput. If this option is used
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together with the TQFP_ADCG6 option, is the zener diode measurement done with the ADC6
pin and both pins are used for voltage measurement with thealog of the ATmega328. Both
ADC input pins shouls be assembled with a 10:1 voltage divider

Example: CFLAGS += -DTQFP _ADC7

WITH _VEXT enables the measurement of a external voltage with a 10:1 tagle divider. For
the ATmegal68 or ATmega328 processor usually the PC3 pin isad as input, if no op-
tion TQFP _ADC6 or TQFP _ADCY7 is set. In this case this option is only possible, if the
WITH _UART option is not set.

Example: CFLAGS += -DWITH _VEXT

AUTOSCALE _ADC enables the automatic scale switchover of the ADC to either \Cor internal
reference. Internal reference gives a 2.56V scale for ATrma8gand a 1.1V scale for other
processors.
example: CFLAGS += -DAUTOSCALE _ADC

ESR _ZERO de nes a zero o set for ESR measurements. The zero o sets fall three pin combina-
tions will be determined with the selftest and replaces therpset zero o set. This zero o sets
will be subtracted from all ESR measurements. Example: CFLA® += -DESR _ZERO=29

NO _AREF _CAP tells your Software, that you have no capacitor (10€F ) installed at pin AREF
(pin 21). This enables a shorter wait-time for the AUTOSCALEADC scale switching of the
ADC. A 1nF capacitor was tested in this mode without detected errors. gure 4.1a and 4.1b
show the switching time with a hF capacitor. As you can see the switching from 5V to 1.1V
is much slower than switching back to 5V. If you have still instlled the 10F , switching time
will be about factor 100 longer!
example: CFLAGS += -DNO _AREF_CAP

REF _R_KORR species a o set for the internal ADC-reference voltage in m\Vunits. With this
o set a di erence by switching from VCC based ADC reference tanternal ADC reference
for resistor measurement can be adjusted. If you select thaJAO _CAL option of the selftest
section, this value is only a additionally o set to the foundvoltage di erence in the AUTO_CAL
function.
example: CFLAGS += -DREF_R_KORR=10

OP _MHZ tells your software at which Clock Frequency in MHz your Testewill operate. The
software is tested only for 1 MHz, 8MHz and additionally 16MHz. e 8MHz operation is
recommended for better resolution of capacity and induct@e measurement.
example: OPMHZ = 8

RESTART _DELAY _TICS must be set to 6, if the ATmegal68 or ATmega328 is used with the
internal RC-oszillator instead of the crystal oszillator.If this value is not preset, the software
respects the 16384 clock tics delay for restart from sleep deowith the crystal operation.
example: CFLAGS += -DRESTART _DELAY _TICS=6

USE _EEPROM species if you wish to locate x text and tables in EEprom Menory. Otherwise
the ash memory is used. Recommended is to use the EEprom (ot set).
example: CFLAGS += -DUSE_EEPROM

EBC _STYLE speci es, that the output of transistor pin layout is done wih format \EBC=..." or
\GDS=...". This way of output save program memory for the ATmega. Without this option
the layout is shown with the format \123=...", where every pant represent a E (Emitter),
B (Base) or C (Collector). For FET transistors every point canbe a G (Gate), D (Drain) or
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S (Source). If the sequence of the test pins is not 1, 2 and 3 imetreading direction, you can
invert the sequence with the option EBCSTYLE=321 . The pin assignment is then shown
with style "321=...", which will better match the usual reading direction.

Example: CFLAGS += EBC _STYLE

NO _NANO speci es that the decimal pre x nano will not be used to dis@y the measurement
results. So capacity values will be shown i instead ofnF.
Example: CFLAGS += NO NANO

PULLUP _DISABLE species, that you don't need the internal pull-up resistos. You must have
installed a external pull-up resistor at pin 13 (PD7) to VCC,if you use this option. This option
prevents a possible in uence of pull-up resistors at the mearing ports (Port B and Port C).
example: CFLAGS += -DPULLUP _DISABLE

ANZ _MESS this option species, how often an ADC value is read and accurtaied. You can
select any value between 5 and 200 for building mean value ecADC measurement. Higher
values result to better accuracy, but longer measurementntie. One ADC measurement with
44 values takes about 5ms.
example: CFLAGS += -DANZ _MESS=25

POWER _OFF This option enables the automatic power o function. If you an't specify this
option, measurements are done in a loop in nitely until poweis disconnected with a ON/OFF
switch. If you have the tester without the power o transistas, you can deselect the option
POWER OFF.

If you have NOT selected the POWEROFF option with the transistors installed, you can also
shut down the tester, if you have selected the WITHMENU option.

You can also specify, after how many measurements without aunded part the tester will
shut down. The tester will also shut down the power after twie as much measurements are
done in sequence without a single failed part search. If yoave forgotten to unconnect a test
part, total discharging of battery is avoided. Specify the ption with a form like CFLAGS
+= -DPOWER _OFF=5 for a shut o after 5 consecutive measurements without pa found.
Also 10 measurements with any founded part one after anotheilishut down. Only if any
sequence is interrupted by the other type, measurement camies. The result of measurement
stay on the display for 28 seconds for the single measuremeiat; the multiple measurement
version display time is reduced to 5 seconds (set in con g.hlif the start key is pressed a longer
time on power on time, the display time is also 28 seconds fdret multiple measurement. The
maximum value is 255 (CFLAGS += -DPOWER_OFF=255).

example 1. CFLAGS += -DPOWER _OFF=5

example 2: CFLAGS += -DPOWER _OFF

BAT _.CHECK enables the Battery Voltage Check. If you don't select this pgion, the version
number of software is output to the LCD instead. This option s usefull for battery powered
tester version to remember for the battery change.
example: CFLAGS += -DBAT CHECK

BAT _OUT enables Battery Voltage Output on LCD (if BAT_CHECK is selected). If your 9V
supply has a diode installed, use the BATOUT=600 form to specify the threshold voltage (mV)
of your diode to adjust the output value. Also the voltage losef transistor T3 can be respected
with this option. threshold level does not a ect the voltagechecking levels (BATPOOR).
example 1. CFLAGS += -DBAT _OUT=300
example 2: CFLAGS += -DBAT _OUT
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BAT _POOR sets the poor level of battery voltage to the specied 1mV vak. The warning level
of battery voltage is 0.8V higher than the speci ed poor levgif the poor level is more than
5.3V. If the poor level is 5.3V or less, the warning level is O/4higher. If the poor level is
below 3.25V, the warning level is only 0.2V higher than the ssdted poor level and if the poor
level is below 1.3V, the warning level is only 0.1V higher thatihe speci ed poor level. Setting
the poor level to low values such as 5.4V is not recommended fechargeable 9V batteries,
because this increase the risk of battery damage by the reasof the deep discharge! If you
use a rechargeable 9V Battery, it is recommended to use a Rgalb Use type, because of the
lower self-discharge.
example for low drop regulator (5.4V): CFLAGS += -DBAT POOR=5400
example for 7805 type regulator (6.4V): CFLAGS += -DBAT_POOR=6400

INHIBIT _SLEEP MODE disable the use of the sleep mode of the processor. Normaly Hust-
ware uses for longer work breaks the sleep mode to avoid urstee: current consumption. The
usage of this sleep mode indeed spare battery capacity, bubduce additional stress for the
voltage regulator.
example: CFLAGS += -DINHIBIT _SLEEP_.MODE

PROGRAMMER select your programmer type for avrdude interface programThe correct se-
lection of this option is needed, if you use the \make uploadbr \make fuses" call of this
Make le. For further information please look to the manual mges of avrdude and online doc-
umentation [12].
example: PROGRAMMER=avrisp2

BitClock selects the Bit clock period for the Programmer. See the degtion of the -B parameter
of avrdude.
example: BitClock=5.0

PORT select the port where avrdude can reach your microcontrofléatmega). For further infor-
mation please look to the manual pages of avrdude.
example: PORT=usb

(@) from 5V to 1.1V (b) from 1.1V to 5V

Figure 4.1. AREF switching with a InF Capacitor

Additional parameters can be set in the les transistortesteh and cong.h . The le cong.h
contains global settings, de nes the port / pin constellan, the clock frequency of the ADC and the
resistor values used for measurement. The le Transistoidéer.h contains the global variables and
tables and also the text used for LCD output. Normally there i0 reason to change these values.
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Chapter 5

Description of the measurement
procedures

The simpli ed schematic of a Input/Output-Port pin of the AT mega is shown in gure 5.1. The PUD
switch isolates all \pull up" resistors of the ATmega. The otput of a pin can be switched o with
the DD switch. The Input can operate regardless to the statefahe switch DD. The PORT switch
usually de ned the output level, but also switches the pull p resistor. Because the Switches PORT
and DD can not be changed at the same time but only one after arr, the pull up resistors can
disturb the measurement. Therefore | prefere to disable thaull up resistors with the PUD switch.
Of course all the switches are electronic type and the resiss 19 and 22 are approximated values.

AVCC

—O
to ADC Mux, Port C onl
22 A
—H{—1+—=0
— o o© o1
| DD y
19 |
|
PORT PIN

Figure 5.1. simpli ed diagram of each ATmega port pin

Every of the three terminal probes of your Transistor Testers build with three ATmega port
pins, which is shown as simpli ed diagram for the terminal psbe TP2 (middle of three pins) in
gure 5.2.

[ b

N o N

[}
— N - N

| o

IR
4]__ ADCMUX I_—|>

8ﬁm éﬁﬁ
o| | 5| |
«— TP2

Figure 5.2. simpli ed circuit of each measurement terminal pbe TP
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Every test pin (measurement port) can be used as digital or alog input. This measurement
capability is independent of using the port as output. Everyest pin can be switched to output and
in this mode it can be directly connected to GND (0V) or VCC (5V), o it can be connected via a
680 resistor or a 47k resistor to either GND or VCC. Table 5.1 shows all possible cmbination
of measurements. Notice, that the positive state can be swited directly to VCC (Port C) or it can
be connected with the 680 resistor to VCC (Port B). The same pssibility has the negative state of
terminal probe to the GND side. The test state means, that prod can be open (Input), connected
with the 470k resistor to VCC or GND, or that the probe can be connected withthe 680 resistor
to VCC or GND.

state pin 1| state pin 2 | state pin 3
1.| positive negative test
2. | positive test negative
3. test negative positive
4. test positive negative
5.| negative test positive
6. | negative positive test

Table 5.1. all combinations of measurement

If the capacitor measuring is con gured for the tester, thedster will try to discharge the capacitors
connected at all test pins. If discharge will fail, that meas the remaining voltage is to high, the
discharging will be aborted after about 12 seconds with the eassage "Cell!". This can also be
happen, if no capacitor is connected to any test pin. The caeidor this can be, that the cut-o
voltage is choosed to low for this ATmega. You can choose a Iy voltage with the Make le option
CAP_EMPTY _LEVEL.
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5.1 Measurement of Semiconductors

The current ow of the device with currentless control gate third pin, also called Tristate pin) is to be
examined rst. The Tristate pin of the device under test is tle base or gate for example. One probe
pin is selected as the positive side of the device and conrextidirectly to VCC. The other probe
pin selectes as negative side of the device. The negativeesisl connected with the 680 resistor to
GND. With elde ect transistors the state of the device depend on the voltage of the gate. The
Tristate pin is rst connected with the 680 resistor for 5ms to the GND side and the voltage at
the negative side is measured. After that the voltage of the pative side is measured again during
the Tristate pin switched as input (High Impedance). Then theassumed gate is connected with the
680 resistor for 5ms to the VCC side and the voltage on the negive side is measured again. If
the measured voltage is lower than the rst measurement reluthis circuit will be assumed as the
right one. Then the voltage is measured again with currentés Tristate pin.

If the voltage of the negative pin with xed Tristate pin is higher than 115nV and this level
is not 100nV lower than the voltage measured with currentless Tristatap, a depletion transistor
type is assumed. With bipolar transistors, which have a highotlector residual current, the residual
current with currentless base is usually signi cant higherWith the checking of both voltages we can
avoid the wrong detection of some Germanium transistors vita higher collector cuto current as
depletion transistors (JFET).

Then additional tests are done to di er N-channel JFET or N-D-MO%ET and P-channel JFET
or P-D-MOSFET. Die MOSFET-Versionen knnen erkannt werden dwh das Fehlen von Steuerstrom
in jedem TriStatePins Zustand. The MOSFET versions can be dered by the missing of gate current
in any state of the TriStatePin.

To get parameters of the depletion types, they will be measenl with a 680 resistor at the source
pin, as shown in gure 5.3 . This measurement will be done irnsad of the usually measurement of
current with the gate hold at source level, because thgss current of the FET transistor can often
not be reached with the relative high resistance of the 680 esistor.
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Figure 5.3. Measurement of the Gate-Source voltage and Saaiicurrent of a N-JFET transistor

If the component has no current between positive probe and getive probe without signal at the
TristatePin, the next tests are speci ed in the next sectiorb.1.1. If current was detected, the next
test is described in the diode section 5.1.4.

5.1.1 Measurement of PNP Transistor or P-Channel-MOSFET

First the current ampli cation factor is measured with comman collector (emitter follower) for the
assumed PNP transistor. The measuring situation is shown ingure 5.4. If the measured voltage
at the Base (UB) is above 9mV with the 680 resistor, the hFE is build ashFE = Y528, The
voltage UE is the di erence of the Emitter-voltage to VCC. The di erence between the 22 and
19 resistors are not respected. If theUB voltage is below 10mV, the measurement is done with the

47 resistor at the base. In this case the current ampli cation factor is build ashFE = %.
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Figure 5.4. hFE measurement of PNP transistor with common cotieor circuit

Next the tests with common emitter are done for the assumed PNPansistor. The positive side
of component is now direct connected to VCC, the negative €80 resistor is connected to GND
as shown in Figure 5.5. If the negative side of component has@ltage of above 3.4V, when the base
side 680 resistor was connected to GND, it must be a PNP transier or a P-Channel FET. This can
be easy nd out by analysing the base voltage. If the base valge is greater 0.97V, it must be a PNP.
For measuring the current ampli cation factor, the 47& resistor is taken as Base resistor instead
of the 680 . The current ampli cation factor is build by hFE = %‘m’ . The voltage UCO
is the voltage at the colletor resistor without base currentThe higher current ampli cation factor
is assumed to be the right one, this one or the one found withéhcommon collector circuit.

The values found for the PNP are only valid, if a second set of mgurements is done. In order to
prevent detecting the PNP in the inverse mode (collector anchdtter are swapped), the measurement
with the higher current ampli cation is taken as the right ore. If base voltage is lower than 0.97V,
it must be a P-E-MOS. In this case the gate threshold voltagesimeasured by switching the gate
slowly with the 47 resistor up and down, waiting for a digital input signal change of the Drain
side and then read the voltage of the gate pin.
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Figure 5.5. test and hFE measurement of PNP transistor with comam emitter circuit

5.1.2 Measurement of NPN Transistor or N-Channel-MOSFET

The measuring of NPN-Transistors begin in the same way as PNP4alusistors with measuring the
current ampli cation factor in the common collector circuit First measurement is done with a 680
base resistor switched to VCC. If the voltage at the base resor ist too low, the 47k resistor is
taken instead. Measurement then continues with the commométter circuit as shown in gure 5.6.
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Figure 5.6. test and hFE measurement of NPN transistor with comam emitter circuit

If the voltage of collector sinks below 1.6V, when the 680 basresistor is connected to VCC,
ist must be a NPN, N-Channel MOSFET or Thyristor/Triac. With two si mple tests a Thyristor
or Triac can be identi ed. If the gate pin resistor is conne@d for 10ms to GND and than made
currentless, the current at the anode should stay. If then # anode resistor is short connected to
GND and reconnected to VCC, the Thyristor should not trigger gain (no current). Please keep
in mind, that only low power Thyristors can be tested, becawsthe holding current of the tester
can reach only 6mA. If both tests attest a Thyristor, furthertests with reverse polarity are done to
exclude or con rm a Triac.

If neither Thyristor nor Triac could be con rmed, it can be a NPN or N-Channel E-MOSFET.
The Base voltage of a NPN Transistor will be near the Emitter Mage, so this type can be
identi ed de nitely. The current ampli cation factor in th e common emitter circuit is build by

hFE = Yo ec ta) e - If the voltage of the Base or better Gate shows, that there iso or

little current, part will be a N-Channel E-MOS (Enhancement MOSFET). In this case the threshold
voltage is measured by switching the Gate slowly with the 4KOresistor to VCC and GND, waiting
for a digital input signal change of the Drain side and then el the voltage of the Gate pin. This
measurement is done eleven times with ADC results accumuldtas shown in Figure 5.7. The result
is multiplied by four and divided by 9 to get the voltage in mV esolution.
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Figure 5.7. measuring of threshold voltage of N-Channel-MOSHE

44



5.1.3 Simplied owchart of the transistors tests
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Figure 5.8. Flowchart transistor test Part 1, JFET and D-MOS
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Figure 5.9. Flowchart transistor test Part 2, BJT and E-MOS

Typ =P_E_IGBT
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hp3 ®
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Figure 5.10. Flowchart transistor test Part 3, Thyristor and Triac

5.1.4 Measurement of Diodes

If current is detected with the pre-tests, the behavior of th part will be checked to be a diode. The
ow voltage with the 680 resistor must be between 0.15V and 64V. The ux voltage with the 680
must be greater than 1.125 times the ux voltage with the 470 resistor and sixteen times the ux
voltage with the 47k must be greater than the ux voltage with the 680 resistor. Additionally
the afterward renewed measurement with the 4Kk0resistor should not have a higher voltage than
the previous measurement with the 680 resistor. | hope, thathis behavior identi es always a
diode. The identi cation of a diode by no current ow in the opposite direction is not possible with
a inverse parallel diode. If only a single diode is detectethe residual current in reverse direction
is measured with the 47K resistor at 5V. The resolution is about 2nA. If the residual current is
greater as 533 A (voltage at the 47k is more than 2.5V), the measurement is done with the 680
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instead. Then the resolution is only about 1A . Furthermore the capacity in reverse direction is also
measured for single diodes.

5.1.5 Results of di erent measurements

The following three tables shows results of di erent test mbes with one ATmega8, a ATmegal68
and a ATmega328 processor. The measurement of the inverspamaty value for the double diode
MBR4045PT is only possible with cooling. This will be causeby high residual current of this 40A
diode. Also the capacity value of the inverse base emitter dle of the germanium transistor AC128

can only be measured with cooling.

Mega8@8MHz Megal68 @8MHz Mega328 @8MHz
Diode Type
1N4148 Diode, 715mV, Diode, 718mV, Diode, 715mV,
1pF OpF, 2nA 1pF, 4nA
1N4150 Diode, 665mV, Diode, 672mV, Diode, 666V,
1pF 1pF, 4nA 2pF, 6nA
BA157 Diode, 619mV, Diode, 621V, Diode, 615mV,
19pF 17pF, 12nA 18pF, 12nA
BY398 Diode, 538mV, Diode, 541mV, Diode, 537mV,
16pF 14pF, 63nA 15pF, 63nA
1N4007 Diode, 650mV, Diode, 655mV, Diode, 650mV,
13pF 10pF, 6nA 13pF, 6nA
LED green Diode, 1.96V, 5pF Diode, 1.95V, 4pF Diode, 1.95V, 4pF
ZPD2,7 2xDi, 743mV, 2.53V | 2xDi, 737mV, 2.52V | 2xDi, 733mV, 2.51V
BUS08A B+E Diode, 609mV, Diode, 611mV, Diode, 606mV,
5.15nF 5.20nF, 0.39uA 5.25nF, 0.4uA
BUS08A B+C Diode, 582mV, Diode, 586mV, Diode, 587mV,
256pF 255pF, 21nA 259pF, 19nA
AC128 B+E Diode, 272mV, Diode, 277mV, Diode, 273mV,
OpF OpF, 2.2uA OpF, 2.3uA
AC128 B+E Diode, 349mV,
cooled 140pF, 0.57uA
MBR20100CT | 2xDi, 337mV, 337mV| 2xDi, 338mV, 338mV| 2xDi, 336mV, 335mV
MBR20100CT Diode, 337mV, Diode, 339mV, Diode, 337mV,
345pF 351pF, 29nA 350pF, 25nA
MBR4045PT Diode, 243mV, Diode, 233mV, Diode, 235mV,
cooled 1.80nF 1.94nF, 1.7uA 1.95nF, 1.8uA
SK14 Diode, mV, Diode, mV, Diode, 263mV,
OpF pF, nA OpF, 0.57uA
SK14 Diode, mV, Diode, mV, Diode, 334mV,
cooled nF pF, nA 88pF, 4nA
SF38G Diode, 519mV, Diode, 521mV, Diode, 516mV,
107pF 105pF, 2nA 106pF, 2nA

Table 5.2. measurement results of diode testing
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Transistor Typ Mega8 Mega328 Mega328 Mega328
Type common- common- common-
collector collector emitter
BUS08A NPN B=9, 601mV B=9, 597mV B=9, 598mV B=4, 484mV
2N3055 NPN B=20, 557mV | B=21, 550mV | B=21, 550mV | B=6, 442mV
BC639 NPN B=148, 636mV | B=172, 629mV | B=172, 629mV | B=158, 605mV
BC640 PNP B=226, 650mV | B=176, 609mV | B=171, 655mV | B=177, 608mV
BC517 NPN | B=23.9k, 1.23V | B=24.8k, 1.22V | B=25.1k, 1.22V | B=764, 1.23V
BC516 PNP | B=75.9k, 1.21V | B=76.2k, 1.20V | B=76.2k, 1.20V | B=760, 1.23V
BC546B NPN B=285, 694mV | B=427, 687mV | B=427, 687mV | B=369, 683mV
BC556B PNP B=304, 704mV | B=254, 668mV | B=235, 709mV | B=255, 668mV
AC128 (Ge.)| PNP B=63, 191mV | B=59, 191mV | B=57, 193mV | B=43, 117mV
BUL38D NPNp B=37, 627mV | B=41, 617mV | B=40, 624mV | B=36, 562mV
parasitic PNPnN B=11, 654mV | B=81, 543mV | B=10, 656mV | B=83, 541mV
BRY55/200 | Thyrist. 0.84Vv 0.81V 0.81Vv 0.82v
MAC97A6 Triac 0.92v 0.90Vv 0.90Vv 0.90Vv

Table 5.3. measurement results of bipolar transistor tesii

Some results are very di erent to the earlier results of theoftware of Markus Frejek. For example
a darlington transistor BC517 has been measured by the oldeoftware with a hFE of 797 instead of
77200 and a base emitter voltage of 1438mV. This will be caudeylthe additional measurement of
current ampli cation with the common collector circuit. Also the new version shows the same low
hFE result with the common emitter circiut, as you can see in th last column of table 5.3. The base
emitter voltage is measured by the older Version as separatede test with 1438mV. Now the base
emitter voltage is measured with the state of current amplication testing (1.20V). The BUL38D
Transistor has a build in protection diode over the anode andathode of the NPN transistor, by
what a parasitical PNP transistor with swapped Base - Colleotr connection is build. With software
revision 1.10k both transistors are detected and marked wita appended p. The right transistor will
be found with comparation of the gate - emitter junction capeitance. It is assumed, that the right
transistor has the higher junction capacitance. If you holdlown the start key during the output of
the measurement result, the parameter of the parasiticaldnsistor are shown. With the label PNPn
the existance of another transistor will be marked. The pasitical transistor structure is build only
by integration of the protection diode nearby the transisto within the same material, not with a
external diode.

The following table 5.4 shows the measurement results forrgenium transistors, which are extra
problematic to measure because of the temperatur dependamtd high residual collector current. The
results of the original version of Markus F. and the results dhe actual 1.10k version are compared
together. The 1.10k version for a ATmega328 measures the i@nt ampli cation factor with common
collector and common emitter circuit with respect to the cdéctor residual current, the higher result
will be shown. The collector residual current is not respeetl by earlier versions.

49



Transistor
Type

Mega8@1MHz
Original Version
Markus F.

Megal68 @8MHz
Version 1.10k

Mega328 @8MHz
Version 1.10k

AC128

PNP, B=52, 279mV

PNP, B=59, 184mV

PNP, B=59, 191mV

AC116-65

PNP, B=505, 378mV

PNP, B=72, 146mV

PNP, B=72, 149mV

AC116-145

PNP, B=485, 294mV

PNP, B=146, 161mV

PNP, B=146, 163mV

AC176-65

NPN, B=98, 235mV

NPN, B=58, 94mV

NPN, B=56, 96mV

GC122

PNP, B=84, 368mV

PNP, B=55, 117/mV

PNP, B=56, 117mV

GC301

PNP, B=48, 289mV

PNP, B=39, 184mV

PNP, B=39, 188mV

AD161

NPN, B=360, 230mV

NPN, B=296, 126mV

NPN, B=298, 128mV

AD162

PNP, B=2127, 280mV

PNP, B=89, 107mV

PNP, B=89, 107mV

Table 5.4. Measurement results of bipolar junction germamn transistors

In the table 5.5 the results of some eld-e ect transistor masurements are shown. One measured
parameters of the E-type MOS types is the gate-source vol@agby which the digital input of the
ATmega connected to the 680 drain resitor changes the state The other parameter is the gate
capacity value. For very fast change of the gate voltage due & small gate capacity, the detected
voltage is slightly inaccurate. With the BS250 the Voltage dinges from 2.6V to 2.5V, if you connect a
additional 10nF capacitor to the gate-source. For JFET transistors often theharacteristic current
Idss is speci ed, the current in the drain when the gate-souoe voltage is OV. Here, however, the
current is given by a 680 load resistance at the source sidd the JFET. The load resistor generates
a reverse voltage Vgs, which is also shown. Due to the symmedii design of the JFET transistors,

the drain and source can not be distinguished.
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Mega8@8MHz

Megal68 @8MHz

Mega328 @8MHz

Transistor Type

ZVNL120A N-E-MOS D, 1.6V, 147pF D, 1.5V,141pF D, 1.5V, 140pF
IRF530N N-E-MOS D, 3.6V, 1.55nF D, 3.6V, 1.54nF D, 3.6V, 1.54nF
BS170 N-E-MOS D, 2.6V, 78pF D, 2.6V, 68pF D, 2.6V, 68pF
IRL3803 N-E-MOS D, 2.3V, 9.81nF D, 2.3V, 9.71nF D, 2.3V, 9.74nF
IRFU120N N-E-MOS D, 4.2V, 909pF D, 4.2V, 913pF D, 4.2V, 911pF
BUZ71A N-E-MOS D, 3.2V, 714pF D, 3.2V, 708pF D, 3.2V, 705pF
Z\VP2106A P-E-MOS D, 3.2V, 122pF D, 3.2V,115pF D, 3.2V, 116pF
IRF5305 P-E-MOS D, 3.6V, 2.22nF D, 3.6V, 2.22nF D, 3.6V, 2.22nF
BS250 P-E-MOS D, 2.6V, 53pF D, 2.6V, 43pF D, 2.6V, 44pF
IRFU9024 P-E-MOS D, 3.5V, 937pF D, 3.6V, 945pF D, 3.5V, 933pF
J310 N-JFET 3.1mA Vgs=2.2V 3.1mA Vgs=2.2V 3.1mA Vgs=2.2V
ldss=24-60mA

2N5459 N-JFET 2.1mA Vgs=1.5V 2.1mA Vgs=1.5V 2.1mA Vgs=1.5V
ldss=4-16mA

BF256C N-JFET 3.4mA Vgs=2.4V 3.4mA Vgs=2.4V 3.4mA Vgs=2.4V
ldss=11-18mA

BF245A N-JFET 1.1mA Vgs=.75V 1.1mA Vgs=0.75V | 1.1mA Vgs=0.75V
ldss=2-6mA

BF245B N-JFET 2.5mA Vgs=1.7V 2.5mA Vgs=1.7V 2.5mA Vgs=1.7V
ldss=6-15mA

BF245C N-JFET 3.9mA Vgs=2.7V 3.9mA Vgs=2.7V 3.9mA Vgs=2.7V
ldss=12-25mA

J175 P-JFET 3.2mA Vgs=2.2V 3.2mA Vgs=2.2V 3.2mA Vgs=2.2V
ldss=7-60mA

2N5460 P-JFET | 0.78mA Vgs=0.54V | 0.77mA Vgs=0.54V | 0.78mA Vgs=0.54V
ldss=1-5mA

BSS139 N-D-MOS | 1.7mA Vgs=1.2V | D, 1.7mA Vgs=1.2V | D, 1.7mA Vgs=1.2V
BSS169 N-D-MOS | 2.6mA Vgs=1.8V | D, 2.6mA Vgs=1.8V | D, 2.6mA Vgs=1.8V
GPO7N120 N-E-IGBT | C=3.81nF Vt=4.2V | C=3.76nF Vt=4.2V | C=3.74nF Vt=4.2V

Table 5.5. measurement results of MOS transistor testing
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5.2 Resistor Measurement

Each resistor is measured with four di erent types of measament in one current direction. The
same resistor ist also tested with the same four measuremeypes in the other current direction.
The measurement in the opposite direction is only used to id&fy a resistor. If mismatch between
both measurements is too big, it's not a resistor.

5.2.1 Resistor Measurement with 680 Ohm Resistors

The measurement of a unknown resistor Rx is done in two waysttwithe build in precision 680
resistors. The diagram of this measurements for test pin 1 PI) and test pin 3 (TP3) are simpli ed
shown in gure 5.11 and gure 5.12 as a example of the six chesof probe combinations.
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Figure 5.11. Measurement type 1 with 680
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Figure 5.12. Measurement type 2 with 680

470k
470k
R6

On the left side test pin 1 is shown and on the right side you casee test pin 3. In both diagrams
you see, that the terminal 3 (right side) is connected to VCChe left side is connected to GND. The
direction of current ow through the resistor Rx is allways te same. The values of ports switched
to output are shown with red color, the values of ports used daput are shown in blue color, the
inactive ports are black. In both shown measurement types ¢hcurrent should have the same value,
because the sum of resistor values between VCC and GND is ideat (if the build in resistors
are identical). Usually the measured voltage is not the sambgecause the sequence of resistors has
changed.
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The V symbol within the circle marks the ports used for voltag measurement. In both con gu-
rations the value of resistor Rx can be computed with the knawresistor values and the measured
voltages, if the relation of resistor Rx and the 680 is not ta high. The theoretical voltage gradient
is shown in gure 5.13, where resistor values are shown in &¥ghmic scale.

5000 ———————— ———
4000 ////
>
g 3000 PC2, type 1 ——
=~ PCO, type 2
)
g /
£ 2000 ///
>
1000
0

100m 1 10 100 1k 10k 100k
resistor Rx / Ohm

Figure 5.13. Voltages of type 1 and type 2 measurements with@®8

The graph of measurement type 1 is shown in gure 5.14a with amed scale for the lower resistor
range. You can see, that you need a better ADC resolution thamé standard 4.9mV resolution at
the 5V ADC reference, to get the right resistor value from meased voltage below 2 . There are only
three ADC steps from O to 2. The range switching with the AUTOS CALE _ADC option can help
in this case. The same zoomed range of measurement type 2 shtve gure 5.14b. Unfortunately
we can not use the higher ADC resolution for measurement typeir2 this range, because the voltage
is too high and our ATmega have no di erential ADC input. Measuements with the 680 resistors
are taken for building the result of measurements up to RO (Voltage of measurement type 2 will
be below 169mV).

For higher resistor values the measurements with the 4¢0resistors are used. The mean value
of both measurements is taken as displayed resistor valug¢,all tests attests, that it is no other
type of part. If the AUTOSCALE _ADC function is selected and one of the voltages of the both
measurement types is below 0.98V, a weighted average is buAldh factor four for this value. The
other value is weighted with factor one. This is done to respethe factor four better resolution
of this measurement. Factor four is only taken for ATmegal68nd ATmega328 processors, for the
ATmega8 two is taken as weighting factor if voltage is below.@8V, because the reference voltage
for the ADC is here 2.54V instead of 1.1V . If the ATmega has motean 8KByte ash memory, the
voltage measurement at the resistors will be delayed untilbnmore changes are detected or the time
limit is reached. With this method big capacitors are no more etected as resistors by mistake and
the DC resistance of big inductors will be measured corregtl
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Figure 5.14. Cut-out of theoretical Voltage from 0 to 10

5.2.2 Resistor Measurement with 470 kOhm resistors

The next gures 5.15 and 5.16 shows the same measurement maduare for the measurement with
the precision 47@ resistors. Because the 478 is very big in relation to the port resistor values
22 and 19, the port resistor values are ignored for the computing of the resistor value Rx.

For both measurement types with the 470 resistors only one Voltage is measured, because the
current is so low, that no voltage di erence at the internal prt resistors of the ATmega can be
measured (as expected). The theoretical voltage gradierst shown in gure 5.17 where the resistor
values are again shown in logarithmic scale. The theoretlgadient in this diagram ends at 10M
but the resulting value of the Tester is limited to 60/ , otherwise the Tester assumes that no resistor
is connected. The weighted average of both measurement tgge taken as result with the same rules
described for the measurements with the 680 resistors. Foall ATmega processors | had found,
that the measured results with the 47 resistors are more exactly, if a constant o set of 350 will
be added. This o set can be adjusted with the RHOFFSET de ne in the con g.h le.
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Figure 5.15. Measurement type 3 with 470
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Figure 5.16. Measurement type 4 with 470
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Figure 5.17. Voltages of type 3 and type 4 measurements withQk7

5.2.3 Results of the resistor measurements

Figure 5.18 shows the relative errors of the resistor measorents with three ATmega8 microcon-
trollers. Additionally some results with the original softvare of Markus F. with one ATmega8 are
shown as "Mega8orig" in this gure. More measurements regalwith ATmega8A and ATmega8L
are shown in gure 5.19a and 5.19b. Figure 5.20 shows the sameasurements with a ATmegal68
microcontroller. Megal68 are the results without the AUTOSBLE _ADC option, Megal68as are
the same measurements with the AUTOSCALEADC option. With the ATmegal68 microcontroller
it seems to be possible, that measurements of resistors iretrange from 20 to 20M can be mea-
sured with a tolerance of 1%. For Measurements below 100 you should keep in mind, thany
measurement probe with wire have a resistance too. It is bettto connect the resistor directly to
the terminal pins. If this is not possible, subtract the resitance value of the shortened probe. For
example, if your Resistor have a printed value of 30, your tster shows a value of 36 and the
two probes shortened have a value of®, then your resistor has been measured with 3Q . Below

a resistance value of 10 one resolution step results to a @ of more than 1%!
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Figure 5.18. Relative error for resistor measurements withTAnega8
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Figure 5.19. Relative error for resistor measurements
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Figure 5.20. Relative error for resistor measurements withTAnegal68

The gure 5.21a shows the measurement errors of three ATmeldi8 processors before calibration
as points, after the calibration as line. The equivalent mearement errors of three ATmegal68A
prozessors are shown in gure 5.21b and the measurement esrof three ATmegal68P prozessors
are shown in gure 5.22 . The measurement errors of three ATiga328 prozessors are shown in
gure 5.23a and 5.23b. After the automatic calibration the r&ative measurement errors of resistors
between 10 20M usually are in the limit 1 %. Only one measurement of a R2resistor with
the ATmega328P-13 shows a higher error. Before the calibi@t errors of some processors are found
with  3%. This will be caused by the AUTOSCALEADC switching of the ADC reference. The
direct compare of a capacitor voltage below 1 V, once measumsilh the VCC reference and another
once measured with the internal reference, can adjust thisrer. With this measurement condition
the voltage is measured with the same multiplexor channel drthe internal bandgap reference is
connected to the AREF pin of the ATmega. Unfortunately the diret measurement of the bandgap
reference with the special multiplexor channel results tdts o set, which can be manually adjusted
with the REF _R_KORR option or automatically with the AUTO _CAL option of the selftest. With
the AUTO _CAL option the REF_R_KORR value is a additional o set to the automatic nd out
value!

57



Error / Percent

h A O bEk o r v w A O

: ‘ 5 ‘
“ ml68-1 o ml68a-4 O
ml68-2 4 L % ml68a-5 x
mi168-3 % m168a-6 x
e oy PRt
ml168-2 —— = X m168a-
e m mies3—— | o 2 Xéﬁ B Mieoad
Bof % g 1 \
* —_
X Wﬁx g A\
sﬁﬁ \% - )\
* 1 ¥\ g8 1
O X % % TR . \
X v
—§% 3 B e
-4
[mE3
_5 [l
10 100 1k 10k 100k 1M 10M 100M 1 10 100 1k 10k 100k 1M 10M 100M
Resistor value / Ohm Resistor value / Ohm
(a) with three ATmegal68 (b) with three ATmegal68A

Figure 5.21. Relativ error for resistor measurements
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Figure 5.22. Relativ error for resistor measurements with tke ATmegal68P
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Figure 5.23. Relativ error for resistor measurements
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5.3 Measurement of Capacitors

The measurement of capacitor values are done as separatetag measurement of load time after all
other measurements. The original software of Markus F. did it with a program loop, which reads
the corresponding digital input pin until a switch occured ad count the loop cycles. This has the
handicap, that the resolution of time measurement is limiig by the time consumption of one loop
cycle. This usually was done in all six combinations for allhtee probe pins. The actual software
uses two di erent ways to get the load time in only three cominiations for the three probe pins. The
positive side is now always the higher probe number. Only ifipacity is measured parallel with a
diode, the polarity can be in the other order.

5.3.1 Discharging of Capacitors

You should always discharge the capacitor before connediit to the tester. The tester additionally
discharge the capacitor before any measurement. If the vaffe is below 1300mV, the capacitor is
shortened by the output pins of the connected ADC port (Port C)I believe that this is legal because
every output port has a built in resistance of about 20. The dita sheet Figure 149 (page 258)
[2] shows voltage drop of output pins up to 2V. Of course | can hguaranty, that no damage can
occur. | have tested the function with big capacitors of moréghan 15mF many times and | have
never noticed any problem. The current should be below the spi ed limit of 40mA and is reduced
fast by discharging. O course damage can occur if you do noistharge a (high voltage) capacitor
before connecting it to your tester.

5.3.2 Measurement of big Capacitors

One side of the capacitor is connected to GND. The other side thfe capacitor is connected with
the 680 resistor to VCC for a period of 10ms. Afterwards thisprobe pin is switched to Input (High

Impedance). After this 10 ms current pulse the voltage of theapacitor is measured without any
current. If the voltage has not reached a minimal value of 3@/, the load pulse is repeated up to
499 times. If after 127 pulses a minimum voltage of 75mV is notached (about 2s), further load
is stopped, because never the 300mV can be reached with thenaening load pulses. Figure 5.24
shows the three phases of measuring the capacity value of pa&eitor. The value of the capacity is
then computed with the count of load pulses and the reacheddd voltage from a table. The table
contains the factors to get the capacity in nF units from loadime and the reached voltage with a
spacing of 25mV. Interim value of voltage will be interpolate.
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Figure 5.24. discharge a capacitor and load with 10ms load pak until voltage reach a value of
300mvV

As a result of the low load voltage, the measurement is much fas than the initial software
version, because this advantage works also on dischargir§o bigger capacitors can be measured.
Furthermore a diode, which is parallel connected to the capaor dont disturb the measurement in
most cases, because the ux voltage of most diodes is not read. Figure 5.25a shows the charge and
discharge for a 22% capacitor. The at top of diagram from load end to discharge bgin is caused
by the measuring and computing time of the ATmega. Figure 5.B5shows the same measurement
for a 5mF capacitor, notice how the time for measurement is grown to alt 1.5 seconds inclusive
the discharge. The last example shows the capacity measyiof a 15nF capacitor in Figure 5.26
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(a) 229F Capacitor (b) 5mF Capacitor

Figure 5.25. Charge and discharge of big Capacitors for medsg

Figure 5.26. Charge and discharge of a i Capacitor for measuring

After this capacity measurement the self-discharge of the gacitor will be checked by waiting a
proportional period the loading has taken and reading the lavoltage again. The measured capacity
value is corrected due to this voltage drop. A test with a patkel connection of a 6& capacitor
and a 22k resistor shows the e ectivity of this method. The measuredcapacity value without
the resistor is 665 F , with the parallel 2:2k resistor results to a capacity value of 663 F . For
comparison here are the results measured with a Peaktech 33fultimeter: Without the resistor a
capacity value of 68 F is measured, with the parallel 2k resistor a value of 192F is measured
with the multimeter.

5.3.3 Measurement of small Capacitors

If the rst 10 ms load pulse has overloaded the capacitor, atfwer technique of measurement is used.
The ATmega processor has a build in 16-Bit counter, which casperate at the full clock rate (1IMHz
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or 8MHz). This counter has also the feature to save his countealue by a external event. This event
can be built by the output of the comparator. The comparator an operate with any ADC input pin
and the band gap reference. Figure 5.27 shows a simpli ed diag of the measurement situation.
So | discharge the capacitor, prepare the comparator to theqper pin input, start the counter at O
and start immediately the charging of the capacitor with oneide connected to GND and the other
side connected with the 470 resistor to VCC. Now | check within a program loop, if the courter
ags signals a over ow event or a input capture (external) egnt. | count the over ow events until |
detect the input capture event. In this case | stop the counteand check if | must count a additional
over ow, because the counter can't be stopped by the input géure event.

The input capture counter and the over ow counter built togeher the total time, from which
we can get the capacity with a factor. The actual software canse a table with the theoretical
dependency of the load time in respect to the comparator valge. The table is spaced in 50mV
steps and will be interpolated according to the actual refence voltage. This table will only be
acticated with the Make le option WITH _AUTO _REF. From the build capacity value | subtract a
prede ned experimental nd out constant or a value found by bhe last selftest with AUTO_CAL
option to eliminate the zero o set. The zero o set may vary wih printed board type, the used
test equipment or processor. The selftest with AUTGCAL option will nd out your zero o set
automatically.

| noticed that the reference voltage is permanently somewh# low, so that you can choose an
o set with the Make le option REF _C_KORR. After calibration with the AUTO _CAL option , the
REF_C_KORR will only be a o set to the measured di erence voltage beveen loaded capacitor and
internal reference. The measured reference voltage wilkth be corrected (added) by your value (mV
units). If option WITH _AUTO _REF is not used, the reference voltages of ATmega8, ATmeg&L6
and ATmega328 are applied as noted in the data sheets [2] [B].sample measurement of this type
is shown in gure 5.28. The measurement time for the 22 capacitor is above 2.6s because the
47 is used for charging. But discharging is in this case much f&er than charging.
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Bandgap Clock Control Clear Timer Counter
e . -
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T o
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Figure 5.27. measurement little capacity values with compator
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Figure 5.28. Charge and discharge of a 22 Capacitor for measuring

In principle this technique of measurement can also be donethwvthe 680 resistor, but because
the ADC can't be used if the comparator is working, | have no chce to monitor the load voltage
until the comparator is stopped. If a undetected diode is patlel connected with the capacitor, the
load current of the capacitor can be absorbed by the diode (thshold voltage) and the band-gap
voltage will never be reached. The method taken in actual $afare for big capacitors in section 5.3.2
avoids this conceptual bug.

5.3.4 Measurement of the Equivalent Series Resistance ESR

The series resistance ESR [8] is a good indicator for the agjiof electrolytical capacitors for example.
The gure 5.29 shows a equivalent circuit of a capacitor. Theesistor Rp represents the leakage
resistance of the capacitorESL the equivalent series inductivity and the resistanc&SR represents
the equivalent series resistance.

Rp

e

C ESR ESL

Figure 5.29. Equivalent circuit of a capacitor

Usually the data sheets publish ESR values, which are meastuir@ith a frequency of 100 kHz
and a temperture of 2€C . The gures 5.30 and 5.31 shows the ESR values of the Panasoseries
FC and the "low ESR" series FR. Both series are able to operat@uo a temperature of 10&. The
gure 5.32 shows the data of both series with a allowable warlg stress of 25V. If the series have
di erent types with the same capacity and voltage range, th@ne with the lowest ESR is taken for
the diagram. The values of capacity and ESR of electrolytiapacitors change signi cant with there
operating temperature.
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Figure 5.30. ESR data from the Panasonic data sheet of the s=iFC
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Figure 5.31. ESR data from the Panasonic data sheet of the s=iFR
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Figure 5.32. Comparison of the ESR data from series FC with ses FR

There is no simple way to measure the ESR with a frequency of l@Hz with the ATmega
hardware, because neither the ADC can sample a so high inpueduency, nor the existing circuit can
support with a 100 kHz signal. At next there will be introducedwo method's for the measurement
of the ESR, which both manage on the existing circuit. Both nthod's use a rectangular signal for
the measurement, so that the results will never be the samettwihe values measured with sinusoidal
signal. With the rst method the measured values are close tdbse values, which are measured with
a 1 kHz signal. But the second method has the advantage, thatelzero value can be determined
with shorted test pads and that additionally the measured EB is more close to the value measured
with 10 kHz signal. Currently | have no idea for a measurement ethod, which can produce a ESR
value close to the value of a 100 kHz measurement.

The following table 5.6 should show the dependency of the ESBsults from measurement fre-
quency. All capacitors without the 47F capacitor are from the same FC series of manufactor
Panasonic. The reference values are measured with a Peakt@¢70 LCR meter. All results of the
TransistorTester are measured with the method 2 of subchagt5.3.6 . Capacitors with big capacity
values are di cult to measure with higher frequencies like Q0 kHz because the inductance ESL make
trouble.
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Data sheet| PeakTech| Peaktech| PeakTech| Transistor-
Capacitor 100 kHz | 100 kHz | 10 kHz 1 kHz tester
1uF / 50V 2.4 1.27 1.75 4.31 2.1
2.2uF / 50V 1.8 1.07 1.34 2.76 1.6
4.7uF / 50V 1.3 1.19 1.40 2.37 1.5
4.7uF / 50V 1.3 1.19 1.40 2.37 1.5
10uF / 50V 1.3 1.26 1.45 2.05 1.5
22uF / 10V 2.0 1.52 1.76 2.24 1.9
47uF / 63V ? 0.46 0.50 0.63 0.52

Table 5.6. ESR values of di erent electrolytical capacitas

5.3.5 Measurement of the Equivalent Series Resistance ESR, rst way

If the measured capacitor has a capacity of more than4bF , the tester will try to measure the
series resistance too. For a capacity of more than6¥ the normal clock rate of 12kHz for the
Analog-Digital converter is used. For lower capacities theigher clock rate of 508Hz is used to
accelerate the measurement. The accuracy of the ADC resulisll be more worth by the higher
clock rate, but this could be accepted by the higher ESR valaeof capacitors with lower capacity.
Otherwise the measurement of ESR with this method is not pdb$e for a capacity of less than B F
at the normal clock rate of 12&Hz.

Strictly speaking the ESR of a capacitor depends on the opdiray frequency and temperature.
Usually the value measured with sine wave-form signal of Mz is denoted in the data sheets. This
measurement can not be done with the ATmega without externaquipment. With the subsequent
written method the measurement frequency with the standardDC clock rate will be below 640 Hz
with nearly rectangular signal. With 50&Hz ADC clock rate the measurement frequency will be
2400 Hz. To get the value of the equivalent series resistantke voltage of both connections will
be measured during loading in one direction with the ADC interal reference voltage (1.1 V). After
the measurement the load current will be switched o and the altage of the capacitor is measured
again without the current. If this voltage is below 3 mV, the squence of measurement is repeated.
The gure 5.33 shows the corresponding circuits.
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Figure 5.33. Circuit of the ESR measurements of a capacitor

The dierence of capacitor voltages with and without curreh is proportional to the internal
resistance of the capacitor. The expected voltage of this eiience is so low, that one measurement
can not result to a feasible result. Therefore after this theurrent will be switched to the opposite
direction and the same measurement will be repeated. The wlaameasurement sequence will be
done 128 times and the results of the voltage measurementdl Wwe added. So we have three sums of
voltages, the voltageUlp at the low side of the capacitor with current, the voltageJ hp at the high
side of the capacitor with current and the voltageJ c of the high side of the capacitor without current.
The sum of voltages at the low side of the capacitor represanthe potential drop with the mean
load current at the port output resistanceRport. The voltage di erence of the high side and the low
side of the capacitor represents the voltage of the capaaitwith load current Udiff = Uhp Ulp.
The di erence Uesr = Udiff  Ucshould represent the voltage drop at the internal resistaecof the
capacitor with mean load current. We will get the resistancgalue with the relation of this voltage
Uesr to the voltage Ulp, scaled with the known resistance value of the port outpuRport. The
scale factor is selected to get a resistance resolution 0@D: Resr = w The gure 5.34
shows a part of the voltage curve of a:2F capacitor during the ESR measurement. To explain
the in uence of the ESR, a series:8 resistor is added to the capacitor. The little voltage break
after loading the capacitor is interpreted by software to gethe ESR. The greater voltage drop of
the measurement to GND potential is caused by the port outputesistance of about 20 . For this
measurement a total ESR of B is reported by the tester, without the series 88 resistor a ESR
of 0:56 is found. The gure 5.35 shows the same measurement withigher measurement frequency
of a 22 F electrolytical capacitor with a ESR of 65 .
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(a) measured one pin to GND (b) measured pin to pin

Figure 5.34. Voltage curve of a2 F capacitor during the ESR measurement

(a) measured one pin to GND (b) measured pin to pin

Figure 5.35. Voltage curve of a2 F capacitor during the ESR measurement

The accuracy of the ESR measurement is not very high by di en¢ reasons:

1. The voltage measurement at both pins of the capacitor caronbe done at the same time, the
only way is to do it in sequence. In the interim time between lib measurements the load
current has changed due to the charge of capacitor. The pregn tries to compensate this fact
with a capacity dependent correction of the low side voltage

2. The ADC takes the measurement voltage after 1.5 clock ticksdter the start of conversion. The
conversion beginns with the rising edge of the ADC-clock, ihé start bit is set. If the charge
current will be switched o to early, the ADC takes the wrong vdtage for the measurement
with current. If the charge current will be switched o to late, the capacitor will take more
electric charge, than that of the corresponding measurentesith load current. This will cause
a too high voltage of the measurement without current. But itis di cult to switch o the
current at the right time by software.

3. The port output resistance is used as a reference value byst measurement method, but this
resistance value is not exacly known too.
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4. The resolution of the ADC is not su cient to get a resolutionof resistance of @1 . To get the
best avaiable resolution of ADC, the internal reference (1.X) is used for all measurements.
The resolution de cit will be attenuated by accumulating a hg number of single measurements
too.

5. The switching of ports can not be exactly synchronized tohe ADC clock with polling of
conversion done.

Anyway the results seems to be practical, as shown with the folving gure 5.36. The ESR
values of the same part measured with the Transistortesteaky more than the values measured with
the LCR meter. The ESR values from the LCR meter are measuredttv a frequency of 1 kHz or
are interpolated for little capacities to 2.4 kHz. You must repect the quality of all connection parts.
The used cable connections can cause a higher measured taasi® value. The plug connectors can
also result a higher resistance value. The LCR meter has théwantage of the used Kelvin terminals.
Only one capacitor with a capacity below F was a 500F ceramic type, all others were plastic Im
capacitors. The only electrolytical capacitor of the testexies below & was a 22 F capacitor.
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Figure 5.36. ESR measurement results of 15 di erent ATmega

5.3.6 Measurement of the Equivalent Series Resistance ESR, second way

From beginning with software version 1.07k the ESR measuremt way is changed to a new mea-
surement method. The di erent measurement steps are shown igure 5.38. The di erence to
the previous way is that the period of current ow through thecapacitor is essential shorter. The
capacitor is preloaded with a half pulse to the negative diction and is than loaded in a cyclic way
in both direction. The timing of the load pulse is so selectedhat the middle of the load puls at
sample 4 and 8 is pointed to the sample and hold time of the ADC .& clock tics after start of
ADC). A complete measurement cycle is shown in gure 5.37. Theums of 255 measurement cycle
results is used for getting a result with adequate resolutio A continuing charge of the capacitor
in any direction is avoided by the same charge and dischargalge length and the same circuit. By
measuring the reference voltage the capacitor remains cemtless. By that this measurement are
not time critital. It is only assumed, that the capacitor hod the voltage until the next charge or
discharge pulse begins.
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Figure 5.37. Timing of a measurement cycle for the new ESR-nsemement way
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Due to the shorter load puls not only the ESR of capacitors witlower capacity can be measured,
but this way of measurement can also be used for the measuremef resistors with little resistance,
if they don't have a detectable inductance. By doing that, aesolution of 001 for this resistors
can be achieved. Also the zero resistance can be detected bg ttalibration part of the selftest
for all three test pin combination. You should keep in mind, lhat stable plug sockets or clamping
connectors are essential for stable results. The measuremperiode is about 903G , which results
to a frequency of about 11kHz. Because the load pulse is very short, the measurement resiglt
comparable to measurements with MHz. A measurement example with a 16 foil capacitor, once
measured alone and once measures with & 2series resistor is shown in gure 5.39. You can see
the e ect of the additional resistance by comparing both digrams. You can see also, why the ADC
measurement (SH) should point to the middle of the load puls&Vith big capacity values the load
current is nearly stable during the total pulse length, so yowill get the middle voltage at the middle
time of the load pulse. With lower capacity values you will ge& signi cant di erence, which can be
compensated by the known capacity value.

(a) without series resistance (b) with 2:7 series resistance

Figure 5.39. Voltage curve of a 16 capacitor during new ESR measurement

By using the 27s long charge pulses the ESR of capacitors above h&0can be determined. For
measuring of capacitors with lower capacity the current pak is shortened to 8 for version 1.11k.
The gures 5.40 show the voltage curve of aa2F capacitor without and with a 27 series resistor.
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(a) without series resistance (b) with 2:7 series resistance

Figure 5.40. Voltage curve of a 2F capacitor during new ESR measurement with 8 charge
pulses

Because you can not see the sample and hold time of the ADC in tlgures 5.40, the voltage
curve is shown zoomed in gures 5.41. The sample and hold tineapproximately in the middle of
the screen picture.

(a) without series resistance (b) with 2:7 series resistance

Figure 5.41. Zoomed voltage curve of a2F capacitor during new ESR measurement with 8
charge pulses

The measurement results of the new ESR measurement methodstwn in gure 5.42. The
ESR values are di erent from the results shown for the previss mesurement procedure in gure 5.36
because the ESR is frequency dependence of the ESR. The exfee values are determined with a
LCR meter at a measurement frequency of kbiz.
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Figure 5.42. ESR results with 15 di erent ATmega, method 2

A measurement series with di erent sized electrolytic camdtors are shown in gure 5.43. The
results of a PeakTech 3315 LCR meter of measurements with drent frequencies and the results
of the TransistorTester are shown together. The resistands illustrated with logarithmic scale in
this diagram. In all cases the results of the TransistorTest is near by the results of the 1kHz
measurements of the LCR meter. Only the 50B= 3V capacitor is a older exemplar, all others

capacitors are as good as new.
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Figure 5.43. Results of the ESR measurements of di erent etemlytic capacitors

Because the new measurement method can be taken for measyir resistors with low values,
the measurement errors of some resistors below 10 with theeexample of each ATmega type will

be shown in gure 5.44.
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Figure 5.44. Measurement errors of resistors with the ESR nietd

5.3.7 \Voltage loss after a load pulse, Vloss

With the measurement of capacitors with big capacity valueshe voltage loss after the loading is
analysed. The reached load voltage is lost with electrolgticapacitors after a short periode. This
voltage loss can be caused by a parallel connected resist@ut | assume, that this voltage loss
of electrolytic capacitors is caused by a internal load digpsion directly after the load pulse. By
loading the capacitors with the 478 resistor, as it is done for little capacity values, this digersion
is already done after switching o the current. No voltage losis detectable for this case. But if you
load the same capacitor with a short current pulse, you cansa detect the voltage loss for capacitors
with lower capacity. The same e ect with lower loss can alsoébnoticed for ceramic type capacitors.
| have noticed, that capacitors with more than some % voltagess are suspect. Especially noticable
with respect to the voltage loss are older paper type capaait, which are for other measurement a
problem too. Some measurement examples will be shown in tledidwing table.
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capacitor | Nenn- PeakTech | Voltcraft | PeakTech| Transistor-
type capacity | LCR 2170 | M2650-B 3315 Tester
paper 4700pF | 6.75-10.36nF 8.00nF | 25.40nF 10.71nF
Q=2.5-32 Vloss=11%
paper 6800pF | 9.40-11.40nF 10.41nF | 23.30nF 11.65nF
Q=5-25 Vloss=5.0%
unknown | 4700pF | 5.85-6.33nF| 6.12nF 6.90nF 6225pF
Q=16-87 Vloss=1.7%
foil 7870pF | 7.86-7.87nF| 7.95nF 7.95nF 7872pF
Q= >1540 Vloss=0%
paper 22000pF| 37.4-57.5nF | 52.8nF 112nF 118.5nF
Q=2.5-32 Vloss=12%
foll 22600pF| 22.4-22.5nF | 22.57nF | 22.69nF 22.54nF
Q= >1540 Vloss=0%
paper 100nF 144-256nF 177nF 318nF 529.7nF
Q=2.6-28 Vloss=12%
ceramic 100nF | 97.7-102nF | 103.7nF | 103.3nF 103.1nF
Q=90-134 Vloss=0.1%
foll 100nF | 98.0-101nF | 101.4nF | 102.2nF 101.6nF
Q=58-700 Vloss=0%

In this table you will nd, that the capacity of all foil type ¢ apacitors can be measured by all
intruments with good precision. The capacity values and thquality factor Q of the PeakTech LCR
meter are minimum and maximum values of the measurements ihe frequency range 108z to
10kHz. At all examples in the table the voltage loss Vloss of the TraistorTester is big, if the
capacitors have a low quality factor. Only in this case the dirences of the capacity measurement
results are also big. The TransistorTester can only determe the voltage loss, if the measured
capacity is more than 5000F .

5.3.8 Separate capacity and ESR measurement

The separate capacity measurement and the afterwards meesdl ESR is only available for ATmega
with su cient memory with the handling dialog. This way of measurement is usefull for measurement
of capacitors in the circuit without desoldering. Please t& care, that all capacitors of the printed
board are discharched before starting any measurement! Teatize the measurement in the soldered
state, the measurement voltage is hold to a low level of a lig above 300mV only. In addition to that
the measurement is only done with the 680 resistor to prevera big e ect of connected components
on the printed board. To enable the measurement of capaci®with little capacity value, the rst
load puls is only 20Gs short. If the loaded voltage let expect, that the 30V would not be reached
with a load pulse of 2Zns, the next load pulse is done with &s length. When the capacity value of
the measured capacitor is very high, the voltage grow is dtilbw with the 2ms pulse. In this case
the next load pulse(s) will be done with 2hs length. If the loaded Voltage grow near to 308V,
the shorter load pulses will be used again. The total time ob&d pulses is added and after the
load voltage has passed over 300/, the capacity value is computed from load time and the loaded
voltage. With this method capacity values of below £ can be measured. The upper limit for
the capacity values is given with the restricted load time o2:5s to about 50mF . If the capacity
value is successfully measured, the ESR value of the capacis measured with the method already
described in section 5.3.6. The result is shown only short@mthen the next measurement is started
immediately. The series of mesurement is stopped after 25@asurements or after pressing the start
key. After nishing the measurements the program returns tohe handling dialog.
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5.3.9 Results of Capacitor measurement

The results of my capacity measurements are shown in gure4a for three ATmega8 processors.
Additionally some values of original software are shown with correction factor of 0.88 (-12%). Other
measurement results of di erent ATmega8 versions are showm gure 5.46a and 5.46b. The results
of the measurement of the same capacitors for a ATmegal68 ewn in gure 5.47. The base for
the error computing are the measurement results of a PeakTe@170 RCL-meter, not the printed

value of the parts. A part of the relative high measurement dérence is caused by the too high
measurement frequency of the RCL-meter for big electrolgtal capacitors. On the other side the bad
quality factor of the electrolytical capacitors may causerather percentage.
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Figure 5.45. Error in % for capacitor measurements with ATme
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Figure 5.46. Relative error of capacitor measurement
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Figure 5.47. Error in % for capacitor measurements with ATmexi.68

Figure 5.48 illustrates, how di cult is it to choose the right base for the capacity measurement.
All measurement results are compared with the best estimate@lue of the capacitors. The gradient
,,Multimeter" shows the di erences of the Peaktech 3315 Mtimeter results. The next gradient
,,LCR" shows the dierences of the Peaktech 2170 LCR-Meteresults, which is taken from best
frequency approach. To compare this results to the result§ a ATmegal68 equipped Transistor-
Tester the gradient ,,ATmegal68as" is also shown. | beleav¥kat this errors are not real measurement
errors of the particular equipment, because my best estined value are also not the real capacity
value of the capacitors.
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Figure 5.48. Comparison of capacity measurement results oftilimeter, LCR-meter and ATmegal68

The di erences of measurements of three di erent ATmegalg@&ocessors are shown in gure 5.49a
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. In this case the results of the LCR meter is taken as base ofngparison. The same results of
three di erent ATmegal68A processors are shown in gure 5% and three di erent ATmegal68PA
processors are shown in gure 5.50. The results of three ATge328 are additianally shown in
gure 5.51a and the results from three ATmega328P are shown igure 5.51b. At this only the zero
value of the capacity measurement of 39pF is respected, ather facility to correct the results are
not used. This zero value includes the 2-3pF, which are causkeyg the 12 cm long cable with the

clips. The board layout can cause a di erent zero value, | hav xed this zero value with the board
"DG2BRS V 5.2.1".
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Figure 5.51. capacity measurement error, not calibrated

To get the best accuracy you must adapt the software to the imddual characteristic of your
ATmega exemplar. For this you can set a correction voltage FEC_KORR for the comparator,
which will be used for measurement of little capacity valuesA correction of 1 mV will reduce the
measurement results to 0.11 % . For big capacity values youncapecify with the per mill value
C_H_KORR, how much your capacity values are measured too big. Bagse the capacitors with big
values are most electrolytic capacitors with worse qualitfactor, the measurement of the capacity
value is di cult. So it is also extra di cult to get the di ere nce to the real value of a capacitor.

Especially with the ATmegal68 processors | have noticed aanaly of measurement results of
little capacity values, which depend on the slew rate of theoltage during loading of the capacitor.
Figure 5.52 shows the error of the capacity measurement whemothe zero value is respected (168-
3-A), with correction factor for little capacitors REF_C_KORR=66 as well as the correction factor for
big capacitors CH_KORR=5 (168-3-B), plus additional as gradient 168-3-C witra model of the slew
rate dependency of little capacitor measurements (COMBLEW1=4000 und COMP_SLEW2=220).
Also the self-discharge of big capacitors is respected withagient 168-3-C. The component with
the slew rate dependent value is computed with ~SVESEER L SQMESLER S where cval is the
measured capacity value with pF units.
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Figure 5.52. Improvement of the capacitor measurement of oM@ megal68

5.3.10 Automatic calibration of the capacitor measurement

The automatic calibration is build in two parts. The rst part nd out the zero o set of the capacity
measurement. For that the mean value of the capacity measuaravithout connected capacitor is
build. A mean value for all 6 measurement combinations is ddiwith 8 repetitions. After successfull
determination the zero o sets are written to the EEprom and wl be used for further measurements.
More di cult was the clearance of the variance of the di erert ATmega processors for little capacitors
(<40F ), which is shown in Figure 5.49a, 5.49b and 5.50. As a signi dareason for this is found
the di erent characteristic (O set voltage) of the analog mmparator.

The date of measurement of nine di erent processors is showngure 5.53 . The "di 2ref" points
show the di erence of the voltage of a loaded capacitor of 660 to the individual internal reference
voltages (band gap). Ideally this di erence Voltage shoulde zero, if the analog comparator has
stopped the loading by the signal to the processor. The shdrandling time of the processor should
not result to a measurably rising of the capacitor voltage dhis relative big capacitor. The "CapErr"
points show the estimated measurement errors of each pros@sout of gure 5.49a, 5.49b and 5.50
with per mill units. It is noticeable, how the "CapErr" points will follow the "di 2ref" points.
Therefore the "di " points show the di erence between the paticular "CapErr" and "di 2ref"
points. With a mean value of the "di " points we can get a good esmation for the correction
of the capacitor measurements together with the di erenceoltage of the loaded capacitor and the
internal reference.

For the second part of adjustment you must connect a capacitto pin 1 and pin 3. This capacitor
should have a good quality factor and should have a capacityetween 100F and 20F . It should
be a Im capacitor, as far as possible not a ceramic capacitand in no case a electrolytic capacitor.
You don't need to know the exact value of this capacitor.
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Figure 5.53. Date of nine ATmegal68 processors

The gures 5.54a, 5.54b, 5.55, 5.56a and 5.56b shows the meeasent results of the di erent
processors with a standard software after the auto calibrain. The ash of the processors was loaded
with the same software, only the Make le option "PARTNO = " must be adapted to the di erent
processor type ("m168", "m168p", "m328" or "m328p") for theavrdude program. After loading the
data the selftest was started for each ATmega and a capacitanith 330nF was connected during

test No. 10 to pin 1 and pin 3.
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Figure 5.54. capacity measurement error, calibrated
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Figure 5.56. capacity measurement error, calibrated

At last | will make more clear the e ect of the AUTO_CAL option in the selftest program. The
following gure 5.57 shows the results from the three ATmegprocessors with the biggest error of
measurement, one measurement before the calibration ancbémer measurement after the calibration.
The points marked with the ending "unc" shows the the errors ithout calibration. The lines with
the ending "cal" shows the error results of thesame processors with the same software after the
calibration in the selftest section. The reason for the measement errors for big capacitors> (40F )
is not yet known. All used capacitors for this series of measments are Im capacitors or ceramic
capacitors (5@®F, 10QoF and 33nF), no electrolytical capacitors are used.
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Figure 5.57. Error of capacitor measurement of three ATmeghagfore and after the calibration

The circuit with a ATmega644 or ATmegal284 provides a capaer for calibration at the printed
board. The gure 5.58 shows the results of the capicitor measements with a ATmegal284, with
the on board 100nF ceramic capacitor as well as with a exteln220nF foil capacitor, compared to
the results of a ATmega328 on another printed board.
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Figure 5.58. Error of capacitor measurements with a ATmega&2 compared to the ATmega328
results
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5.4 Measurement of inductance

The measurement of inductance values will be done as separgiart with all found resistors with
less than 2100 . The methode of measurement is based on theoging of current by formula
Il = Imax (1 exp-t) after switching on the current. The time constant = % is proportional
to the inductance L, but reverse proportional to the resistorR. The current can only measured
indirectly with the potential drop of a resistor.

Unfortunately the time constant will be reduced additionaly by the relative high resistance 680
for that the measurement of little inductance values is adtonally made di cult with the 8 MHz
clock. To get the time constant, the voltage at the 680 resitor will be monitored by the analog
comparator. If the voltage drop at the 680 resistor is highe than the voltage of the internal
reference, this event will be noti ed to the 16-bit counter,which is started at the same time of
switching current on. The counter will save the state of thigvent. If the counter will overrun, this
will be counted by the program. After the event, the counter Wi be stopped by the program and
the total time will be build with the saved counter stage and he over ow counter. The positive side
of the coil will be switched from VCC to GND and hold in this stag until monitoring of the voltages
of both pins shows, that no current is detected. The gure 5%shown a simpli ed diagram of the
measurement situation.
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Count © ’
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Reference ACBG Logic Directio | TCNT1 II
AINO Noise
-AINl Canceler
ME ‘

From ADC Multiplexor C
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- Edge o] ICR1
Detector

L— e ICFn \

TP1 680 o

=]

Figure 5.59. Measurement of inductances with the comparator
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With the supply voltage VCC and the sum of all resistors in the lectric circuit the maximum
current Imax and from that the percentage of the reference ltage to the maximum voltage at the

680 resistor can be calculatedUmax = Imax (680 + 19). With the formulaL = ma%

Umax )

the inductance can be calculated. The natural logarithm wlilbe taken out of a build in table. A
inductance resolution of 0.1mH is taken for this type of measeement.

In order to also measure lower inductance values, the 680 sestor will be omitted in the current
loop, if the resistance value of the inductor is measured \itess than 24 . Only the output resistance
of the port (19 ) will be used for measurement of the current.In this special case the peak current
will be greater than the value, that the speci cation of the A mega allows. Because this will be true
only for a very short time, | expect no damage of the ATmega pta. For this type of measurement
a resolution of inductance of 0.01mH is selected. To avoid @nlger time with excessive current, the
additional measurement with delayed start of the counter Wialways be done with the 680 resistor.
To get better tting measurement results, a zero o set of 6 issubtract from the counter reading, if
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the measurement is done without the 680 resistor. Otherwis a zero o set of 7 or 8 is subtracted.

With great inductance values the parasitic capacity can caesa quick rise of current, so that the
comparator will responce inmmediately. To get the value ofie inductance anyway, the measurement
will be repeated with a delayed start of the counter. With thismethode the voltage grow caused by
the current increase of the inductor will be detected by thermlog comparator instead of the current
peak of the parasitic capacity. The measurements are alwaglene in both current directions. The
program will select the higher result of measurement in theame current direction, but the lower
result of the di erent current direction as the displayed rsult.

5.4.1 Results of the inductance measurements

The gure 5.60 shows the results of the measurement of di emé inductors. The Inductors above

1H are relays or primary sides of power transformers, for whigheasurements are di cult because
the iron core has residual remanence.
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Figure 5.60. Error of inductance measurement of 15 di erent Anega
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5.5 Selftest Function

Beginning with release 0.9k | have implemented a self testrttion. Usage is very simple. If you
have installed test terminal with clamps, put all clamps togther to a piece of uninsulated wire and
press the start button. The program notice the shorten prolseeand start the self test function,
if you con rm within two seconds with pressing the start key. This con rmation is implemented
to prevent the tester going automatically to the self test byconnecting a defect transistor. After
nishing the self test the transistor tester will continue wth normal measurement. If no equipment is
connected, the program will end with \part unknown or damageé". You can con gure self test only
for a ATmegal68 or ATmega328. Before the test steps begingetlzero resistance of the connected
probes is determined for all three combinations (T1:T3, TZ3 and T1:T2). This zero resistances
will be subtracted for the future ESR and resistance measurents below 10 . If the later measured
resistance results fall below the particular zero resistaa for more than @2, the tester will be
resetted to "uncalibrated". This will be marked by a acticaed cursor during the tests. The separate
steps of the self test function 1 to 7 is displayed on row 1 of ¢hLCD display with the letter T
followed by the step number. Every step is repeated 4 timesgtore the program continues with
the next step. But if you hold the start key pressed, when theefst cycle is nished, this test is not
repeated any more. If you leave the key pressed the total timevery test is executed only once.

Without the AUTO _CAL option only measurement results are displayed in everyeg, no error
analysis are done, you must interpret the results yourselAt this place | will give you an additional
important hint. Never do a measurement with connected ISP plil The ISP interface in uences the
measurement. Here is the list of currently implemented tests

1. Measurement of the 1.3V (or 1.1V) reference Voltage (band gap Refer ence). In row
1 the text \Ref="and the measured Voltage in mV is displayed.For the ATmega8 the voltage
should be near to 1.3V. For the other processors the voltageositd be near to 1.1V. The second
row shows the resulting factor for the capacity measurementith the 470k resistor.

2. Comparing of the 680 resistors. In row 1 the cryptic text \+RL- 12 13 23" is shown.
Meaning of this is as follows: The RL is the short form of Re$® Low meaning the 680
resistors. The 12 stand for: resistor at pin 1 is connected MCC (+) and resistor at pin 2
is connected to GND (-). The result of this measurement is ditayed in row 2 at the rst
place as di erence to the theoretical value. In row 1 followsow a \13" which means, that the
rst connection of measurement 1 is still connected with 68@o VCC but that the resistor of
pin 3 is connected to GND. The result is displayed in the middiplace of row 2 as di erence
to the theoretical value. The last measurement of this test23." means that now the resistor
at pin 2 is connected to VCC (+) and the resistor of pin 3 is conected to GND. The result of
measurement is displayed at the last place of LCR row 2 as drence to the theoretical value.
Please remember, that the resolution of the ADC is about 4.88/h The measurement situation
is also shown in gure 5.61. The theoretical value with resgeto the internal resistance of the

: . 5001(19+680) _
pins should be.m = 2493 .
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Figure 5.61. Comparison of 680 resistors

. Comparing of the 47X resistors. Now the display shows in row 1 \+RH- 12 13 23"

The same procedure as done in step 2 is repeated with the K7@esistors (symbols RH).
All results are shown as di erence to the theoretical value. Ae theoretical value is this time

5001 (19+470000] _ PR
@eraro000+4a70000+22) — 2200 for all combinations.

In this step nothing is measured, but theorder is displayed isolate Probe! , which means
that it is time to separate the probes (release from wire). Tk step will nish only if you
release the connections between the probes.

This step tests the capability of GND (-) connected 47k resistors (H) to pull the
test pins to GND. Row 1 shows the text \RH-". Row 2 should display zero for all thee pins.
This step tests the capability of VCC (+) connected 47k resistors (H) to pull the
test pins to VCC (+). Row 1 shows the text \RH+". The results are shown als di erence

to VCC and should be near zero. Great di erences from the bestlue for test 5 and 6 are
errors such as isolation problem, ux material or damaged pb

This Step tests the voltages of the 47k =680 resistor divider. The voltage di erence
to the expected voltage of the 4740 / 680 resistor dividers is shown in row 2 of the LCD
for all three terminals. Dierences of more than some mV candébcaused by the assembly of
wrong resistor values.

Measuring of internal resistance of pin output switched to the GND signal. This
test and the follwing tests will only be done, if the option AUTO_CAL is selected. The internal
resistance of the port C outputs switched to GND (-) are measad with the current of to
VCC (+) switched 680 resistors, see Figure 5.62. Only the thee pins of the ADC port are
measured, the resistor port B (PB0,PB2 and PB4) can not be meared without hardware
modi cation. Is is assumed that the port resistance of the dérent ports are nearly identical.
The resistor value will be shown in the next test.
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Figure 5.62. Measurement of internal resistance of Port C dalied to GND

. Measuring of internal resistance of port outputs switched to the VCC (+)s ignal.
The needed current is generated with to GND connected 680 redors . It are the same
measurements as those in test 8 to the other side as you can seé&igure 5.63. With the
following steps the resistance is computed: To get the cunte the following is computed:
(VCC (resultoftest 8) (resultoftest 9))=680. To get both resistor values, the voltage (result
of test 8 or 9) is divided by this current. The result for this est will then be noti ed in row 1
with the text "Rl _Hi=", the resistance value () to the GND side is displayed in row 2 with
the text "RI _Lo=". Beginning with version 1.06k of the software, the portoutput resistance
values are determined at the beginning of every measuremefithe values are only shown by

this step.

VCC VCC VCC
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Figure 5.63. Measurement of internal resistance of Port C gahed to VCC

10. Measurement of the zero o set of the capacitor measurement. The zero o set for the

capacity measurement with pin combinations 1:3, 2:3 and 1i2 shown in that order in display
row 1 following the \CO ". Alls three values are shown in pF uni. For this measurements no
prede ned zero o set is respected. The zero o sets of pin cdsmations in opposite order is also
measured. The results will be written to the EEprom, if all véues are less than 19§F. This
will be noti ed by the output of \OK" in row 2. The found zero o sets are used for further
capacity measurements with respect to the pin combination.lf there is any measurement
found with a capacity value 20pF below the particular zero set, the tester will be resetted
to "uncalibrated”. This will be noticed by a activated LCD cursor during further tests. Please
notice, that changes of the test equipment can cause a new agtiment of the zero o set. If
you use wire with clips, the zero o set may be 3 pF greater comaped to a empty socket.
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11. Wait for the connection of a capacitor to pin 1 and pin 3. The message \1-C-3 100nF"
is shown in row 1 of LCD. To prepare the measurement of the commator o set voltage, you
must connect a su cient big capacitor to pin 1 and pin 3. It shald be a capacitor with a high
quality factor and a capacity between 1080F and 20F . You should never use electrolytical
capacitors, use Im capacitors instead.

12. Measurement of the comparator o set for capacitor measurement adjustm ent. To
get the o set of the analog comparator, a capacitor must alexly be connected to pin 1 and
pin 3. The capacitor is needed for bu ering the load voltagefa capacitor, in order to get the
voltage di erence of load voltage to the internal referenceoltage (band gap). If measurement
is successfull, the correction value is short shown with thiext \REF _C="in row 1 of the LCD
and written to the EEprom. You can give a additional o set to the automatic measured value
with the REF _C_KORR option.

If you have selected the AUTOSCALEADC option, the gain of the ADC readings with the
internal reference will be adjusted by comparing a capacitovoltage below 1 V once readed
with VCC reference and once readed with the internal referea. The measurement result is
shown in row 2 with the text \REF _R=". Your REF R_KORR value is a additional o set to
this automatic nd out di erence value.

At the end of test function the text \Test End" is shown in row 1 and the version number of
software is shown in row 2. If the Make le option FREQUENCY50HZ is set, a50Hz rectangle
signal is generated on pin 2 and the same signal in opposite direction pin 3. Pin 1 is switched to
GND . The current is limited with 680 resistors. This will be noti ed by the Output of \50Hz" at
the end of row 1 of the LCD display. The 50Hz signal will be gereged 30 times for 2 seconds each.
You can check the time of the wait calls, if you have an osciBoope or frequency counter. Figure
5.64 shows the oscillograph curves of both 50 Hz output pinstiwvicrystal operation.

Figure 5.64. Oscillograph curve with the 50Hz outputs of Port 2nd 3

If you don't use the crystal clock version, the result may benexactly. A exactly clock frequency
and wait time are important for measurement of capacity vales. You can abort the generation of
the 50Hz signal by long time pressing of the start button. Thenhe program continues with the
normal measurement task.
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55.1 Some Results of the Selftest Function

The results of the selftests of nine di erent ATmegal68 pr@ssors and of six ATmega328 processors
will be shown in the following gures.

| Test No. | measurement typ | theoretical | gure |

Test 1 band gap Ref 1100 5.65
Test 2 RL-Mean 0 5.66a
Test 3 RH-Mean 0 5.66b
Test 5 RH-Low 0 5.67a
Test 6 RH-High 0 5.67b
Test 8 R out Lo 131 5.68a
Test 9 R out Hi 151 5.68b
Test 10 Cap zero o set 30 5.69
Test 11 | Reference correctior 0 5.70

Table 5.7. Table of the selftest gures
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Figure 5.65. Selftest: Reference-Voltages
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Figure 5.66. Selftest: di erence to ideal mean voltage
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Figure 5.67. Selftest:

21.2 ————
RiLol [
21 RiLo2 X |
@) RiLo3 OO
20.8 ‘exe) ©) & e
206l @ o 0O 5 5
20.4 i 8
3
20.2 E-E Q 2
O 0 e
20
@ 0
19.8 (ON )
19.6

01 2 3 45 6 7 8 9 10111213 14 15 16
Processor number

(a) with 680 to 5V

0 ——

= RHtopl [
RHtop2 <

1 RHtop3 O

-2

-3

4 @

_5 il il o o o o O o A |

N g gy Ny

|- |- | N g -
01 2 3 45 6 7 8 9 1011 12 13 14 15 16
Processor number

(b) with 470k to 5V

Input voltage

23.5 T
RiHI1 []
o RiHi2 <
23 RiHI3 O
22.5
Qo HEmol
22 o ] @)
QRRORAO
21.5
il X

01 2 3 45 6 7 8 9 101112 13 14 15 16
Processor number

(b) with 680 to OV

Figure 5.68. Selftest: Output resistance
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Figure 5.69. Selftest: zero o set of the capacity measurenten
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Figure 5.70. Selftest: correction values after automatic ltlaration

At last | would like to show you the di erence voltages of the eternal at the AREF pin with
a multimeter measured voltages and the internal with the ADGneasured voltages of the reference
voltages of 15 di erent ATmega precessors and the found cention voltages (REER_KORR) after
the automatic calibration in gure 5.71. You can see, that tle automatic calibration values nearly
follow the external measured values.
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Figure 5.71. Selftest: Voltage di erence of the internal refence
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5.6 Measurement of frequency

Beginning with Version 1.10k the frequency measurement cée selected with a control menu. The
normal frequency measurement is done with counting the fadg edges of input signal TO (PD4) with

counter O fr one second. For maintaining of a accurate secoritie counter 1 is used with a 256:1
prescaler of the CPU frequency. The 16 bit counter of the ATnga can be used up to 16 MHz CPU
frequency with the prescaler to serve the second period inepass. For the start and stop of the
counter O ist the compare register B and A of the counter 1 usedo prevent a unstable delay by
polling the compare event signals, for starting and stoppinthe Interrupt Service of both counter

1 compare events is used. The time delay of both Interrupt Sece Routines is nearly equal. To
maintain a accurate second period is a constant delay insigrant. With analysing the assembler

code, the di erence in time can be adjusted.

For frequencies below 284z the normal measurement is followed by a measurement of petio
time. This additional measurement is only followed after aormal frequency measurement. This will
be done by measuring the time of a selectable count of the Pirh@nge interrupts of the PCINT20
(PD4) input with the counter 0. By measuring the period both,the negative puls width and the
positive puls width, should be at least 18 . The counter 0 is used with full clock rate. This results to
a resolution of 125s for 8MHz . With a greater count of measurements periods the resolutiaan be
reduced. By using a measurement period of 125 periods, theddie resolution for one period isis.
To prevent the inexactness of start and stop the counter 0, ¢hstart of counter 0 is started within the
rst pin change interrupt of PCINT20 and will be stopped with the last pin change interrupt with
the same interrupt service routine. The count of periodes hoosed, that the measurement time is
about 10 million clock tics. The part of error from one clocksi only 0.1ppm with this choise. With
a 8VMHz clock the measurement time is about 1.25 seconds. From thisam value of one period a
frequency with better resolution is computed too.

For checking the procedure, two testers are measured agaieach other. First the test frequencies
are generated with tester 2 and measured with tester 1. Aftehat the testers are swapped and the
measurement is repeated. Figure 5.72 shows the results of bbhoheasurement series. The nearly
constant errors can be explained with a little frequency derence of both crystals.
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Figure 5.72. Relativ erros of frequency measurement
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Tuning of the cystal frequency is possible with a adjustableapacitor (5-25 pF) at the crystal.
The one pulse per second (1PPS) from the GPS receindP501 from Fastrax Ltd. and from the
GPS/GLONASS receiverGNS701 from Global Navigation Systems GmbH has been tested
successfully for the calibration of the crystal frequencylhe measured period could be adjusted to
exactly 1000000ns. Only the last digit can toggle with one unit. Of course the fequency of the
crystal is temperature dependent. Therefore you can not egpt a very good long time stability.

The gure 5.73 shows the used circuits with a UM232 USB-seriaboverter as connection of the
receiver modules to a computer. The UM232 converter suppotté circuit sowohl with both, the 5V
and the 3.3V supply voltage from the USB supply voltage. No coection to a computer is required
for operating the receivers. Only the 5V supply voltage mudite provided to the USB connector.
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Figure 5.73. Generation of a 1PPS signal with GPS receiver
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Chapter 6

Signal generation

The di erent signal generation modes are only available wita ATmega328 processor. You must also
enable the dialog function with the Make le option WITH_MENU. The menu is called by a long key

press. The available functions are shown in the second rowtbé LCD. You can select the shown

function by a long key press. The next function in automatidy shown after 5 seconds or after a
short key press.

6.1 Frequency Generation

The frequency generation is started, if you select the "f-Gerator” function by a long key press.
The frequency output is done with the 680 resistor at measwment port TP2. The measurement
port TP1 is switched to GND. The frequencies are build with thel6 bit counter from the CPU clock
frequency (8 MHz or 16 MHz). Currently a list of prede ned freqencies (2 MHz down to 1 Hz) can
be selected with short key press. If you hold the key presseat fa long time, you can return to the
dialog function and select the same or another function.

6.2 Puls width generation

The Puls Width generator is started, if you select the "10-BitPWM" function by a long key press.
The frequency output is done with the 680 resistor at measwement port TP2. The measurement
port TP1 is switched to GND. The frequency of the output signals always the CPU clock divided
by 1024. This gives a result of 7812Hz for the 8 MHz CPU clock. Only the positive pulse width
can be changed by a key press. With a short key press you can gase the positive puls width up to
99% in 1% increments. With a longer key press you can increae pulse width in 10% increments.
The pulse width reaches a value above 99% 100 is subtract frahe result. The pulse width 0%
generates a very small positive puls width.
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Chapter 7

Known errors and unsolved problems

Software Version 1.11k

1.

Germanium Diodes (AC128) are not detected in all cases. iBhis probably caused by the
residual current. Cooling of the diode can help to reduce thesidual current.

The current ampli cation factor of germanium transistols can be measured too high because
of the high residual current. In this case the basis emitterotage will be very low. Cooling of
the transistor can help to get a more correct current ampli ation factor.

Capacity value in reverse direction for Power Schottky Bdes such as MBR3045PT can not
be measured, if only one diode is connected. The reason is a tug residual current of this
diode. Sometimes the measurement is possible by cooling dawe device (with cooling spray
for example).

Here and there a wrong detection of the 2.5V precision redéece is reported, when the PC4 pin
(27) is unconnected. You can avoid this behaviour with a adiibnal pull up resistor connected
to VCC.

The diode function of a triac gate can not be examined.

Sometimes a problem with the Brown Out level of 4.3V is repted for ATmegal68 or AT-
mega328 processors. This will cause a reset during capagitgasurement. A reason is not
known. The Resets will disappear, if the Brown Out level is s¢o 2.7V.

With the using of the sleep state of the processor, current ¥CC power is changing more than
using previous software versions. You should check the kow capacitors, if you notice any
problems. Ceramic capacitors with 100nF should be placedarghe power pins of the ATmega.
The using of sleep state can be deselected by the Make le apti INHIBIT _SLEEP_MODE.

The measurement of tantalum based electolytical capacits often make trouble. They can be
detected as diode or can also be not detected as known part.ngtimes the measurement with
swapped connection can help.

The Source and Drain pins can not be detected correctly WitJFET's. The reason is the
symmetrical structure of this semiconductors. You can nate this problem with the e ect,

that the display shows the same layout with the same parametg if the Source and Drain pins
are swapped. | see no way to detect the Source and Drain pin @mtly. But interchanging of

Source and Drain in any circuit should usually not cause anyrgblem.
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Chapter 8

Special Software Parts

Several modi cations are done to save ash memory. The LCD-@put of probe-pin numbers
was done in the form \lcddata('1'+pin)". To save the add operation for every call, the entry
\lcd _testpin(uint8 _t pin)" was added to the Icd routines.c.

The pseudo calls in the form \delay ms(200)" are not implemented as library calls, but wait

loops are implemented for every call. This will consume muahemory, if you have many calls at
di erent location in your program. All of this pseudo calls ae replaced with calls to my special
assembly written library, which uses only 74 bytes of ash nmory (@8MHz), but enables calls from
waitlus() to wait5s() in steps of 1,2,3,4,5,10,20.... Theoutines include the Watch Dog Reset for
all calls above 50ms. Every wait call usually only need onesimnuction (2 Byte). Wait calls with
interim value such as 8ms need two calls (5ms and 3ms or two g8sma 4ms call). | don't know any
implementation, which is more economical if you use many watalls in your program. The calls
uses no registers, only the Stack Pointers for the return aggses in the RAM (at most 28 Byte stack
space in current release) is used. The total list of functignis:
waitlus(), wait2us(), wait3us(), wait4us(), wait5us(), wait10us(),
wait20us(), wait30us(), wait30us(), wait40us(), wait508(), wait100us(),
wait200us(), wait300us(), wait400us(), wait500us(), walms(),
wait2ms(), wait3ms(), waitdms(), waitSms(), waitl0ms(),
wait20ms(), wait30ms(), wait40ms(), wait50ms(), waitl0ts(),
wait200ms(),wait300ms(), wait400ms, wait500ms(), waitk),
wait2s(), wait3s(), waitds() and wait5s();
That are 36 functions with only 37 instructions inclusive Wich Dog Reset! There is really no way to
shorten this library. Last not least matches the wait callslte exactly delay time, if the lowest wait
call does. Only the wait calls above 50ms are one cycle per i30o long because of the additionally
integrated watch dog reset.

Additionally the often used calling sequence \waitoms(); REIADC. .. ();" is replaced by the call
\W5msReadADC(...);". The same is done for the sequence \waiins(); ReadADC(...);" which
is replaced by one \W20msReadADC(...);" call. The function R@&dADC is additionally written in
assembly language, so that this add-on could be implementeery e ective. The functional identical
C-version of the ReadADC function is also avaiable as source.
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Chapter 9

To Do List and new ideas

1. Add more and better documentation.

2. Think about how we can get the real internal resistance ofopt B output (resistor switching
port) instead of assuming, that ports are equal.

3. Can discharging of capacitors be made more quickly, if thminus pin is additionally raised
with the 680 resistor to VCC (+)?

4. Check if the tester can use oating-point representatioof values. The risk of over ow is lower.
There is no need to use multiplication and division togetheto build a multiplication with a
non integer factor. But | don't know how much ash memory mustbe spend for the library.

5. Write User's guide for con guring the tester with the Make le options and description of the
build chain.

6. If the holding current of a thyristor can not be reached wk the 680 resistor, is it harmless to
switch the cathode directly to GND and the anode directly to V@ for a very short time? The
current could reach more than 100mA. Will the port be damaged? Wt is with the power
supply (voltage regulator)?

7. Check the Port afterwards with self test function!

8. ldea for a New Projekt: USB version without LCD-Display, Poer from USB, Communication
to PC over a USB-Serial bridge.

9. Selectable separated 2-pin measurement for quicker saten of parts (resiators and capacitors).
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