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If the markings on the device can still
be read, it's usually possible to look up
its technical characteristics in a data
book. But if the markings are vague or
completely missing, you can only
guess. Using this particularly handy
tester, you can quickly identify the
most commonly used types of semi-
conductor devices (bipolar transistors,
JFETs, MOSFETs and diodes), includ-
ing SMD components. Besides identi-
fying the leads, the tester calculates
various parameters, such as Hyp for
bipolar transistors, Vo; , Ipgg and
Rpzgy for JFETs, the threshold voltage
for MOSFETs, and the forward cur-
rent/voltage and leakage current for
diodes. All of this information is
clearly displayed on an LCD (compati-
ble) screen.

Operafing principle

Each of the three leads of the unknown
device is connected 1o ground or +5V
via resistors with know values. The fol-
lowing resisiance values can be used:
100 Q, 1 kQ, 5.6 kQ, and 100 kQ. For
each configuration, three voltages are
measured using a PIC16F876 micra-
controller.

The microcontroller always starts with
a quick, rough measurement to deter-
mine whether the device is a bipolar
transistor. This is done by connecting
iwo of the three transistor leads 1o
ground while the third lead is con-
nected to +5 V via a 5.6-k() resistor.
The microcontroller measures the voli-
age across the resistor and stores the
measurad value. Two more measure-
ments of this sort are made with dif-
ferent lead sequences, with each
measurement being made at the junc-
tion of the 5.6-k{) resistor and the tran-
sistor. This yields three values that
have a specific relationship to the
iransistor type.

Table 1 shows the values that should
theoretically he measured for NPN and
PNP transistors. Here the minus sign
corresponds fo a connection to ground
via a 100-Q resistor, and the plus sign
stands for a connectionto +5Vviaa
5.6-k{) resistor. An NPN transistor
gives two values of approximately 5V
and one of approximately 0.7 V, while
a PNP transistor gives a single value of
5V and two values of 0.7 V.

The first test is also sufficient to identify
the base lead of the transistor, since it
is the lead whose value differs from the
values for the other two leads. Once

Table 1.

Initial measurements

c measured
value

- - + |5V
INPN - - - |5V
0.7V

Type | E | B

07V
PINP - — = 107V
- - - |5V

the transistor has been identified in
this manner, it is tested for current
gain. As the positions of the emitter
and collector are not known, the cur-
Ient gain is measured for each of the
two possible combinations. The ulti-
mate value is taken to be the greater of
the two measured valuss.

If the measured voltages do not match
any of the combinations in Table 1,
the device is subjected to special
tests for other types of components
(MOSFET, diode and JFET). To test
whether the device is a MOSFET, the
current gain is measured in a similar
manner for all six of the possible lead
arrangsments. However, some bipolar
iransistors also yield resulis that dif-
fer from those shown in Table 1. This
primarily occurs with transistors hav-
ing a protection diode between the
collector and the emitter. For such
iransistors, the current gain is also
measured for all six of the possible
arrangements.

i

Limitations
To avoid possible misunderstand-
ings, we must say up front that the
SC Analyser 2005 cannot be used to
measure thryisiors or Darlington
transistors.

Measuring current
gain for bipolar

fransisfors

The measurements described above
have identified the base lead of the
transistor, and now the other two leads
are identified by connecting the tran-
sistor in & common-collector configura-
tion if it is a bipolar transistor, orin a
source-follower configuration ifitis a
MOSFET (zez Figure 1).

The gain of the transistor is deter-
mined by measuring Vg and V¢ . The
formulas for this parameter are:

Ve =Rex(B+1)x%(Vg=Rg)
B=1(VexRg)+(VgxRg )l -1

The circuit can measure gain values
over a range of 5 to 989. An N-chan-
nel MOSFET (Figure 1c) can be dis-
tinguished from a bipolar iransistor
by the fact that its gate current is
practically zero. In this case, the
threshold voltage corresponds to the
voltage Ve - Vi (for an N-channel
type). To be properly identified by the
tester, the MOSFET must have a
ihreshold voltage less than 4.5V, and
it must be an enhancement type
(which is almost always the case).
The other type of MOSFET, which is

{Hp o+ Prw)
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Figure 1. Configurations for measuring the value cf!_’n for a transistor and the

threshold voltage of a MOSFET.
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Measuring FET
paramefers

Field-effect transistors (FETs) can be
characterised by a ceriain number of
parameters, but here we are only inter-
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ested in three of them: Vg
(gate-source threshold voltage), Ipss
(drain saturation current), and Rpgayy
(resistance in the full ‘on’ state). Deter-
mining these paramsiers is mors com-
plicated than simply measuring the
current gain of a bipolar transistor.

The topology of the circuit is hardly
suitable for making direct measure-

74HC4052
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ments, so an indirect method based on
a mathematical model of the FET (the
Schichman-Hodges model) is used to
determine the values of the above-
mentioned three parameters by calcu-
lation. Of the three principal parame-
ters of this static model, which is pri-
marily used in Spice simulation, it
turns out that only two are actually
necessary here, since the third param-
eter (1) has hardly any effect on the
ultimate calculation (see insst).

In order to determine the values of
these two parameters, it's necessary
to examine two specific operating
points in order to obtain a set of two
equations. In the first case, the FET is
biased in its linear operating region
(Figure 2a) by using resistor R to
force Vg, to approximately 0.6 V.
Some FETs with low saturation cur-
renis can be biased into their satura-
tion region in this configuration, and in
such cases a variation on the circuit
shown in Figure 2 is used, but this is
not described any further here. The
first configuration yields the first set of
values for Vpgy, Viog; and I;. The sec-
ond operating point is obtained by
configuring the transistor to operaie as
a current source (Figure 2b), which
yields a second set of values (Vpg,
Vgs; and Ipp).

Now things become a bit more compli-
cated, because the second operating
point can lie in the linear region or the
saturation region. The operating region
cannot be determined until the thresh-
old voliage Vg is known. There's thus
no other choice than to calculate the
value of Vq3; for each type of operating
region and then choose the proper
value from the two results by checking
the corresponding operating regions.
The resistances Rgqy; of the analogue
switches are shown in the schematic
diagram in Figure 3. They have a value
of approximately 65 (). The exact val-
ues are determined using an automatic
calibration procedure. The drain resist-
ance, which is approximately 230 Q,
consists of a 100-) resistor, the resist-
ance of the analogue switch (65 @),
and the output resistance of the micro-
pracessor (65 ().

Anopther factor that must be borne in
mind is that most FETs are symmetric,
which means that the drain and source
are interchangeable. It is thus impos-
sible to tell these two leads apart, so
the tester can only actually identify the
gate lead. The drain and source leads
are indicated according to the configu-
ration used for calculating the transis-
tor parameiers. Interchanging the



source and drain leads will not change
the information shown on the display
of the SC Amalyser 2005, but the
results of the calculation always corre-
spond to indicated lead arrangement.

Schematic diagram

The complete schematic diagram of
the circuit is shown in Figure 4. The
circuit draws approximately 6 mA
(except for the backlight, which needs
around 20 mA), and it is powered by a
9-V battery. A 78L05 voltage regulator

combined with three decoupling
capacitors reduces the voltage to
exactly 5 V in order to power the
PIC18F878, the LCD (with backlight),
and the three 74HC4502 multiplexers.
The display module communicates
with the microcontroller in 4-bit mode
via five Port C leads and lead RAbS of
Port A. The PIC16F876 is clocked at
approximately 1 MHz by the R10/C4
network. The PIC16F876 differs from
the ‘classic’ 16FB4 by having an on-
hoard A/D converter, which is used in
this circuit. The Reset pin can be tied

directly to +5 V, since the microcon-
troller has an automatic reset function.
The three control signals for the tran-
sistor being tested come from RC4,
RC5 and RC6 in Port C. These signals,
which have levels of 0 Vor 5V, are
routed to the three test terminals via
three analogue multiplexers in order to
insert resistors with specific values
between the microcontroller outputs
and each of the test terminals. The
resistance values are determined by
selection signal pairs RB4 and RB5 for
the right-hand signal (J1), RA2 and

Measuring FETs

with the Schichman-Hodges moc

The siatic characteristics of a JFET can be represented by a
set of formulas that express the drain current as a function of
the voltages Vs and Vs of the FET. There are two different
formulas, since the model distinguishes betwaan ihe linear
region 0 < Vps < (Vas — Viy) and the saiurated region

Vbs = (Ves — Viu), where Vi is the threshold voltage of the
FET.

The full model employs three parameters:B, %, and Vi,
Parameter B is related to the saturation current and the thresh-
old voltage, while parameter . represenis the channellength

modulation factor and is neglected in our caleulations (i = Q).

The mathematical model that we use thus appears as follows:

For the linear region, defined as 0 < Vps < (Vs - Vi), the
following formula applies:

Ip = B-Vps:[2(Vas — Vin) — Vs I-(1 + 2-Vps )

For the saturation region, defined as Vps = (Vs - V), the
following formula applies:

Ip = B-(Vas = Vin 121 + 2-Vps |

As we have seen, in the first configuration the FET is in the

linear region with an adequately lorge Ipss , so the first for-
mula becomes:

Ip1 = B-Vpsi-[2-(Vesi = Vi ) = Vps1 1[1]
In the second configuration, the FET can be in the linear
mode with:

Ipz2 = B-Vbs2:[2:(Vesz = Vi ) - Vosz2 1[2]

or it can be in the saturated mode with:

Ip2 = B-(Vasa — Vs )2 (3]

In this manner, we obiain a set of fwo equations in which Vi

and B are the unknowns. Depending on the operating region
of the FET, we must use either formula [2] or formula [3].

If we assume that the FET is operating in the linear region,
formulas [1] and [2] yield:

Virun = € = Vas2 - Vos2 12/ (Vos2 — Vk ) (4]
where

Vi = (lpz + Ip1 )-Vpsi

and

C=Vgs2? + Vi-[Vps1 - 2-Vesi ) [5]

Consequenily, we can calculate the constant B as follows:

..
v

B =2{Vk-Ves2) [é]
If the operating point of the FET is in the saturated region, for-
mulas (1] and [3] yield o second-order equation:

V2 + BV +C =0

We now have two solutions for Vg :

VTH] =B+~ [82—4{C+2]] [7]
and
Vinz = Visar =-B—+ [B2 - 4.(C = 2)] (8]

Only one of these solutions is physically possible, and this is
determined by evaluating the two expressions. All that's left to
do now is to determine V| and V5 in order to figure out the
aciual operaling region of the FET in the second configura-
tion:

Vi = Ves2 - Virun - Vosz

V2 = Ves2 = Vinsar — Vosz

IFV; > 0 and V5 < 0O, the FET is operating in the linear
region and Vi = Vipgn -

IfFV; < 0 and V5 > O, the FET is operating in the saturated
region and Y1y = Vinsar -

If the FET is operating in the saiurated region, the |yss param-
eter correspands to the drain current for Vs = 0. For Vps ,
we take the value corresponding fo the boundary of the safu-
ration region, which is Vps = Vas — Vi = Vg -

Subsfituting for Vps in equation [2] or [3] yields:

Ipss = B-Vri?

The value of can be easily calculated by rearranging formula
[1] as follows:

B=lpi={Vosi-[2-Vas1 — Vil — Vpsi ]}

The resistance Rpsopn corresponds fo the slope af the origin
of the characteristic curve:

Vs = flip) if Vs =

Finally, formula [1] yields the following results when Vpg
approaches 0 V:

Ip = —2-B-Vps-Viy
Roson = dVps / dip = [T = [2-B-Viis )]
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RB2 for the centre signal (J2), and RB1
and RB2 for the lefi-hand signal (J3).
The voltages present on the test ter-

minals are measured by the
PIC15F876 via analogue inputs ANO,
AN1 and AN3.

In order to compensate for the effecis
of the internal resistances of the ana-
logue switches when making current
measurements, these measurements
are made using a second switch in
each 74HC4052 instead of directly at
the leads of the unknown transistor.
The operation of this arrangement is
shown schematically in Figure 3 with
1esistor RY connected in the circuit.
The internal resistance of the micro-
coniroller output, which is around
30 Q, must also be taken into account.
Finally, three 1-nF capacitors provide a
certain amount of filtering for the
measured signals.

Soffware

The software is written entirely in
assembly language and fills a large
chunk of the memory space of the
PIC16F876. Approximately half of the

occupied space is used for calculating
parameter values for FETs. If you
would like to program your own micro-
controller, you can download the nec-
essary hex code from the Elektor Elec-
tronics website (www.elektor-electron-
ics.co.uk). The file is found with the pdf
download for this article (April 2005).
For those of you without Internet
access it is also available on floppy
disk from Reader Services, the order
code is 0304051-11. Naturally, you can
also order a fully programmed micro-
controller from Reader Services (order
no. 030451-41).

Construction

The PCB layout and component layout
are shown in Figure 5. Ensure that the
IC sockets, electrolytic capacitors, 5-V
requlator and the four ICs are fitted the
right way around.

The 1% 1esistors can be replaced by 5%
metal-film resistors carefully selected
using an accurate and reliable multi-
meter. The analogue switches must be
T4HC types, since the internal resist-
ance of the normal 4000 series is too

DIHST -1

large for this application.

The display module can be fitted on
the copper side of the circuit board. To
make it easy to connect the display,
there is a single-row 18-way pinheader
(maie) on the circuit board, which
mates with a corresponding 16-way
female connector on the display circuit
board. Here we chose 1o use a modermn
type of display called ‘PLED’ (see the
‘OLED and PLED' inset), buf you can
also use any desired LCD module
based on (or compatible with) the
Hitachi HD44780, although the pin
arrangement may differ from the
arrangement for the display used here.
Note that the pin arrangement of the
display used here is rather unusual,
with pins 15 and 16 for the backlight
being located next to pin 1.

Beside the test leads with alligator
clips, there is also a special test circuit
board that is connected to the main cir-
cuit board and can be used to simplify
testing SMD devices (diodes and tran-
sistors). Use three short, flexible leads
to connect the SMD holder 1o the main
circuit board, and ensure that the
proper lead sequence is maintained (as



seen from above: contact 1 to J1, con-
tact 2 (middle) to J2, and contact 3 io
J3). Although this hardly matters for
the measurements, it is important for

COMPONENTS
LIST

Resistors:

R1,R5,R9 = 100k, 1%
R2,R6,R10,R13 = 5k06
R3R7RI1 =1k, 1%
R4,R8,R12 = 100Q, 1%

R14 = 47kQ
R15 =330
R16 =270

PT = 10kQ presst

Capacitors:

C1,C3 = 10uF 25V radial
C2,C5,C9 = 100nF

C4 = 100pF

C6,C7,C8 = InF MKT
C10 = T0uF T4V radial

Semiconductors:

D1 = TN4001

IC1 =78L05

IC2 = PIC16F876-20/SP [programmed,

LE—a

HOINETE (2] b £
L= LSFOED

circuit board.

identifying the leads. The middle con-
tact must always be connected to J2.
Naturally, you can also use flexible
leads with miniclips. The circuit board

order code 040409-41)
IC3,IC4,IC5 = 74HC4052 (HC onlyl)

Miscellaneous:

S1 = on/off slide switch

LCD1 = standard LCD with 2x16
characiers, e.q., ASLG-162FSGF-
EWS/W (with backlight) or LCD 162C
BL (P-LED wiih active backlight)

16-way SIL pinheader with mating
connector, or flatcable for conneciion
to display

IP1 = 2.way pinheader with jumper

3 mini croc clips™

3 DILT6 IC sockets

1 DIL28 IC socket

Enclosure, e.g., Hammond 1591BTBU

9.V baottery with clipon leads

5 wire links

PCB, order code 030451-1 [se2
Readers services or www.elekior
electronics.co.uk)

Disk, PIC hex code, order code
030451-11 or free download from

wrvewr.elektorelectronics.co.uk

* see text

is designed to fit in a standard enclo-
sure with a 9-V battery compartment,

Calibrafion

After the tester is switched on, a wel-
come message appears and displays
the software version (SC-Analyser 2005
Elektor Rev. 1.08). If you don't see this
message, Ty adjusting contrast control
P1 to improve the situation.

The first thing you should do is to cali-
brate the internal resistances of the
analggue switches. [f these values are
known as exactly as possible, the
measurements of the various transistor
parameters will be more accurate. If
this calibration is not performed, a
default value of 65 () is used for each
switch. Each time the isster is
switched on, the software checks to
see whether the calibration has taken
place, and if it hasn't, the message ‘'Cal
error’ is displayed for approximately
one second.

The calibration procedure is easy and
runs automatically. To perform the pro-
cedure, fit a jumper in position JP1
while the tester is switched off and
short all thres test leads together, and
then switch the tester on. The mes-
sage ‘Cal Remove jumper will he dis-
played on the tester. Now you should
remove the jumper, and the calibration
procedurs will start. Three resistancas
are measured one after the other, and
their values are displayed successively.
Next, the message ‘Short Rgy; XX "
will appear. After this you can discon-
nect the three test leads from each

pC

configuration

The microconiroller must be config-
ured with ihe following options:

- oscillater in RC mode

- watchdog timer (WDT)
disabled

- ‘timer reset on power on’
enabled

- brownout reset disabled
- EEPROM protection disabled

- writing to Flash memory dis-

abled
- debug mode disabled

- code protection disabled



other, and the tester will automatically
change to the test mode and display
the message ‘No componsnt *— —~",
Calibration can be performed when-
ever desired by repeating the above
procedure (gwitch ofi the power, fit the
jumper, and switch the power on
again).

If you experience any problems, check
that the five wire bridges are in fact
properly fitted and soldered in place.
Also check to make sure that the supply
voltage is present at the IC sockets.

Operafion

After the welcome message showing the
softwrare version (SC-Analyser 2005 Elgk-
tor Rev. 1.02), the display should show
the following information (Photo 1).

OLED and PLEI

Organic LED (OLED) and polymeric LED (PLED) are recent Giass |
developments in LED fechnology. The OLED effect was dis-

covered in the early 1980s by Eastman Kodak, but it has

only recently been put fo praciical use in commercial appli-

cations such as PDAs and MP3 players. The Kodak 15633 s
digital camera was one of he first devices to be fitted with

The first line shows the transistor type
and the value of one of the characteris-
tic parameters. The second line shows
the lead arrangement of the transistor
and, if relevant, the value of a second
parameter.

Bipolar transistor

The first line of the display shows the
polarity of the transistor (PNP or NPN),
the type of semiconductor material (sil-
icon or germanium), and the parame-
ter Hpz. The second line shows the
lead arrangement of the transistor and
the collector current. The current has a
value of approximately 1.5 to 4 mA,
depending on the current gain. The
SC Analyser 2005 displays the type of
semiconductor material (‘Ge’ for ger-
manium or ‘Si’ for silicon) according to
the measured value of Vzz (Photo 2).

If the transistor is partially or com-
pletely shorted, the associated leads
are marked with an ‘X' by the
SC Analyser 2005. A short is consid-
ered to be present if the resistance
measured between two leads is less
than 50 Q (Photo 3).

FETs

The values of the parameters Vg, Ingg
and Rpggy are shown approximatsly
every two seconds. The drain and
source leads are determined arbitrarily
by the SC Analyser 2005, but they do
correspond to the configuration actu-
ally usad to deiermine the parameters.
If you swap the drain and source leads
of the transistor under test (TUT), you
can obtain the values for the reverse
configuration, but since field effect
iransistors have symmetric siructures,

OLED DISPLAY

an OLED screen. Some of the MP3 players from Packard Bell
also have an especially nice OLED display.

OLEDs are based on LCD technology. A sandwich formed of
several layers of organic film is located betwsen two
charged elecirodes: a metal cathode and a transparent
anode. There are four organic films in fofal: a hole injection
layer, a hole transport layer, an emission layer and an elec-
tron transport layer. As soon as a voltage is applied, the pos-
itive and negative charges combine in the emission layer to
generate electroluminescent light. In contrast to LCDs, which
need an external source of light (backlight), OLEDs aciively
emit light.

An even more recent development is the PLED, in which an
undoped polymer is sandwiched between fwo electrodes.
The polymer lights up when a voliage is applied. This device
con produce a full range of colours and is relatively inexpen-
sive compared with other fechnologies, such as LCD ond
OLED.

The advantages of PLEDs are that they require only a small
amount of power for high brightness, they are relatively light,
rabust and fast, and they operale over a relaiively large tem-
peralure range.

Comment from our design staff:

As you have probably realised, we are quite enthusiastic
about the visual properties of the PLED display used in this
project. However, we are highly disappointed with the inad-
equate design of this displey. It generaies huge current
spikes with amplitudes up to several hundred milliampéres,
which create a lot of noise on the 5-V supply line. In our
opinion, this is caused by a poor hardware design for the
display [Version A), with inadequate atiention being given 1o
the switching times required by the display drivers. Due to
this problem, we were forced 1o include an exira RC netwark

=" —_————— Cathode
r.{_-. II s | I
b 5] (o «— G
: 11 T1 1] _ii oo e
——————— D anade
R -4 A B A e s R
Polznrer— — Onganis Boht-erniting fayer
035451-15

in the +5-V supply.

We do not [yet] know whether PLED displays from other
manufacturers suffer from ihe same shortcoming. If you can
get your hands on a different brand of PLED display, it
would be interesting fo just measure what sori of current
pulses it draws.




there shouldn't be any large differ-
ences in the measured values.
Considering the method used to make
the measurements, the accuracy of the
values provided by the SC Analyser
2005 is mare than adequate. For Iygs it
is =5 %, and for Rpgqy it is =5 Q. Howr-
ever, the measured value of the thresh-
old voltage can differ from the true
value by 0.5 V for certain transistors,
although in general an accuracy of
50 mV is achieved. A particular type of
FET from one manufacturer may yield
a value that is very close to the true
value, while the same type from a dif-
ferent manufacturer vields a value that
differs by several hundred millivolis. In
practice, the accuracy is related to the
accuracy of the Schichman-Hodges
model and reveals the limitations of
this model (refer to the inset on this
subject).

Threshold voltage

The threshold voltage is negative for
N-channel FETs and positive for P-
channel FETs. The maximum value is
limited to =20 V by the software. The
resolution is 10 mV for values up to
=9.99 V and 100 mV for larger values
(Photo 4).

Saturation current

The saturation current (with the gate
shorted to the source) is shown hers.
The value of the saturation current
ranges from 0 to 98.9 mA. The resolu-
tion is 10 uA for currents up to 10 mA
and 100 pA for currents up to 100 mA
(Photo 5).

Drain-source resistance

This is the drain-source resistance
when the FET is fully ‘on' with
Vzs = 0 V. The measurement has a
range of 0-899 () (Photo 6).

MOSFETs

The displayed voliage corresponds to
the threshold voliage of the MOSFET
for a drain current of approximately
2 mA. The measurement range is
0—4.5 V, with a resolution of 10 mV. For
proper identification of the device as a
MOSFET, the gate leakage current
must not exceed 0.5 uA (Photo 7).

Diodes

Diodes can be connected between the
left-hand and right-hand terminals of
the tester. The SC Analyser 2005 indi-
cates the positions of the anode and
cathode. Three screens are displayed
in sequence at an interval of approxi-
mately 2 seconds. The first screen

shows the voltage and the current
through the diode via a resisiance of
approximately 400 ). The maximum
current is thus limited to around 12 mA
(Photo 8).

The second screen shows the same
information, but this time with a resisi-
ance of approximately 5.9 kQ, which
causes the maximum current to be lim-
ited to approximately 800 pA (Photo 9).

The third screen shows the current in
the reverse direction and the test volt-
age. The resolution is 100 nA
(Photo 10).

SMDs

You've probably been wondering how
to use the SMD portion of the tester.
The leads of the component to be
tested must make contact with the cor-
responding copper areas on the circuit
board. SMD diodes must be connected
between area 1 and area 3. A small
plastic rod can be used to properly
press an SMD device against the cir-
cuit board so that its leads make good
contact.

Conclusion

The SC Analyser 2005 is a handy, eas-
ily constructed instrument with a
large number of features, which can
be a quite valuable aid to electronics
hobbyists and professionals. A brief
list of its possible applications
includes searching for an equivalent
type, testing device operation, sorting
devices, measuring unmarked transis-
tors, and simply determining the lead
arrangement without thumbing
through a data book. Time to warm up

your soldering iron!
(030451-1)

Internet links

Author's website:
www.mwinstruments.com

FAQ sita:
woenwe.mwinstruments.com/SCA2005/
5ca2005.himl

Author's e-mail address:
m.waleczek@mwinstruments.cam

Microchip:
wnw.microchin.com/download/lit/
pline/picmicro/families/16i87x/
30292c.odf
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