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Transistor Beta and K-7202
Mosfet Tester

Reproduced in part by arrangement
with Silicon Chip from their May 1995
edition.

ACN 000 445 956

This handy test is designed to plug into a digital multimeter to provide an accurate
measurement of transistor beta, to values up to 50,000 and more. You can use it to test small
signal, power and Darlington transistors and, as a bonus, it will also check Mosfets.

If you need to use transistors from
your junk box for your projects, it is a
good idea to test them before soldering
them into circuit. Actually, this is a good
idea even if you have just purchased the
irausisiors becavse it can stop you 1rom
soldering the wrong type into circuit. But
now that many digital muttimeters incor-
porate a simple transistor tester, why
would you want to build this adaptor?

Well, there are several drawbacks to
the typical "transistor test” facility in

. mostdigital multimeters. First, most will
not measure transistor gains in excess of
1000. Most ordinary transistors have a
beta of less than 1000 but many Dar-

- lington transistors have a beta far in ex-
cess of 1000 - up to 50,000 or more, in
some cases. Also the fact that Darlington
transistors have a base-emitter voltage
drop of 1.2V or more and they incorpo-
rate internal base-emitter resistors
means that the base current from the
DMM test circuit may be less than it
should be, another source of inaccuracy.

Another drawback involves power
transistors. These typically require much
more base current than small signal tran-
sistors and so beta tests of a power tran-
sistor using a DMM can often give mis-
leading results,

On the other hand, many of the top

brand digital multimeters do not have a Plug this adapter into your multimeter and measure the beta of power transistors,
transistor test facility at all and this is small signal types and small signal Darlingtons.
where the SILICON CHIP transistor

TRANSISTOR BETA &
MOSFET TESTER
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® Measures beta from 1 to over 50,000.
® Measures NPN and PNP transistors.
® Test N-type and P-type Mosfets.

® Two test base currents: 10uA and 1maA.

® Battery operated.

® Short indication,

tester comes into its own.

Transistor gain

You can use the tester to match tran-
sistors for gain or to decide whether an
unknown device js a Darlington (very
high gain) or 3 standard transistor, Yoy
can also find out the transistor pin-outs
by trying all connection possibilities un-
til a valid gain measurement is found.
Similarly, you can determine whether
the device is NPN or PNP by finding the
polarity which gives a gain reading,

Mosfets are used extensively in kit
set circuits these days and testing them
can be difficult, With this tester, you can
obtain valuable information about the
condition of a Mogfet. The test is not a
£m measurement but it wij] give a good
indication of Mosfet gain,

The tester js housed in a plastic
case. Three flying leads with alligator
clips are clipped to the device to be
tested, and two flying leads with banana
plugs insert directly into the "VQ" and
"common" inputs. There are two toggle
switches; one is the NPN (N-type)/ PNP
(P-type) switch to select the device po-
larity and the other is the 3-position
range switch. The digital multimeter js
turned on and a DC range selected, nor-
mally 2V to start. Then you press the
button and the meter gives a reading. To
convert the reading to beta, just take the
reading in millivolts, For example, if you
are on the 2V range and the reading is
0.695V or 695mV, the transistor beta is

Alternatively, if the 200mVv DC
Tange has been selected and the reading
is 115mV, then the beta is 115,

Power is consumed only while the
Test button is pressed. If you want to
hold the reading on yoyr multimeter,
press the "hold" button jf ithas one. That
1s how we stored the reading for the setup

shown in the photograph accompanying
this article,

Multiplier switch
The 3-position multiplier toggle
switch needs some €xplanation. The po-
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® High beta accuracy and resolution at Mmeasured current.

® Plugs into a digital multimeter for beta readings.

® Suitable for high impedance (> 10 MQ) multimeters.

sition marked "X1 POWER"
testing power transistors and power Dar-
lingtons. The other two settings are used
for small signal transistors. The centre
position marked "X]" gives a result ag
described; ie, the reading in mV is the
beta. When on the "X100" setting, the
readings are multiplied by 100 1o give
the actual result. This position is in-
tended for small signal Darlington tran-
sistors which can typically have a beta of
30,000 or more.,

Mosfets are measured in a similar

A TRANSISTOR
) UNDER
TEST

o
is used for

manner to power transistors. A good
Mosfet will give a very high gain read-
ing.

If a device being tested has a short
between collector and emitter, the
“Short" LED wil] light. The LED will
also light when the wrong polarity is
selected for Mosfet and Darlington trap-
sistors.

Test method

Fig.1 shows the method of gain test-
ing used in the circuit. The transistor
under test is Connected in a commop
emitter configuration with a 1Q resistor
for the collector Joad and a ImA current
source for the base drive. A transistor
with a gain of 10 wij produce a 10mV
drop across the resistor. .

However, there are a few problems
with this circuit. Firstly, for high gain
transistors, a high current will be drawn
from the supply and secondly, some trap-

Fig. 1: This is the basic beta test
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across the 10 resistor, the
collector current js 100mA and
the beta is 100.
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Fig. 2: Typical Darlington power
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basemitter resistors which
means that a minimum base cur-
rent of about 1mA is required to
turn them on. Most beta testers
in DMMs cannot supply this
much base current.
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TRANSISTOR BETA AND MOSFET TESTER

Fig. 4: The circuit of the Beta Tester uses a 7555 astable multivibrator (IC1) and a 4053 analog switch (IC2) to shunt the base

current to the transistor.

sistors will not handle the collector cur-
rent without self-destructing.

Simply reducing the base current
and increasing the collector resistor will
drop the current but will not solve the
problem. This is because we need the
1mA base current to drive power transis-
1ors. o '

Fig.2 shows the internal arrange-
ment of power Darlington transistors.
This entails two transistors with the
emitter of the first transistor connected
to the base of the second transistor. In
addition, they also include base-emitter
resistors. Resistor R1 can be as low as
1k while R2 is generally smaller again.
Since we must develop about 0.7V
across the base and El of Q1 before
transistor Q2 will switch on, the base

current into Q1 must be at least 700pLA.

Pulse testing

Because we cannot reduce the base
current we need to modify the circuit in
some other way to curb the excess cur-
rent which will otherwise be drawn by
high-gain transistors. Fig.3 shows how
this is done by pulsing the base current
with a short duty cycle. By having a long
period between each base current pulse
to the transistor, the average collector
current can be reduced to only a few
milliamps. Capacitor C1 lowers the sup-
ply impedance so that it can more easily
deliver the required high current pulses.

Text and illustrations courtesy of Silicon Chip

Switch A is normally held closed by
the pulse generator and thereby shunts
the current source to ground, preventing
the transistor from turning on. When
switch A opens, the current source drives
the base of the transistor and a voltage
proportional to. the collector current is
developed across R1. Switch B and ca-
pacitor C2 form a “"sample and hold”
circuit which stores the voltage devel-
oped across R1 so that it can be read as
a DC voltage by the multimeter. Hence,
when switch A opens, switch B closes
and "samples” the resultant collector
voltage.

Resistor R2 is included for short cir-
cuit protection. If a transistor is con-
nected incorrectly or if the collector and
emitter leads are shorted together, excess
current will otherwise flow. LED1 indi-
cates whenever a short is present and
also lights briefly each time the "TEST"
button is pressed.

The type of measurement used in the
beta tester gives us the DC gain or hFE
for the transistor. Mosfet devices are
tested in a similar manner to transistors.
The current source will charge up the
gate to switch on the Mosfet and a volt-
age proportional to the Drain current will
appear across resistor R1.

Circuit operation
The complete circuit for the Beta
Tester is shown in Fig.4. IC1 is a 7555

CMOS timer connected as an astable
multivibrator set to run at about 43Hz by
the resistors and capacitor connected to
pins 6 & 7. Its pulse train output at pin 3
is high for 23ms and low for 70us.

Pin 3 of Y1 controle IC2, 2 4053
triple 2-channel demultiplexer. In our
circuit we are using the 4053 as a 2-pole
switch, with IC2a closed when IC2b is
open, and vice versa. IC2a is used to
alternately shunt the base current to the
transistor under test, while IC2b is the
sample-and-hold switch.

A crucial part of the circuit is the
2-pole toggle switch, S3. S3a & and S3b
reverse the supply polarity to the transis-
tor under test so that NPN and PNP de-
vices can be tested. Since REFI1, an
LM334Z constant current source which
‘supplies the base current, is a polarised
device, a bridge rectifier consisting of
diodes D1-D4 ensures that it is correctly
polarised, regardless of whether NPN or
PNP devices are being tested.

REF1 has its constant current pro-
grammed by the resistance connected
between its R and V- pins. This is varied
using 2-pole 3-position toggle switch
S2. This is actually a "2-position, centre-
off" switch which is connected to vary
both the base current and the collector
load resistor for the device under test.

Position 1 of S2a connects a 68Q2

resistor in parallel with a 6.8k€2 resistor
to provide a 1lmA base current to the
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PARTS LIST

i 1 PC board, code ZA-1261 (04306951),
92 x 61mm
i 1 plastic case
I 1front panel iabe
F 19y battery clip
1 SPDT momentary pushbutton switch
(S1)
1 DPDT centre-off PC mount toggle
Switch (S2)
| 1DPDT PC-mount toggle switch (83)
| 7 PC stakes
I 2 banana plugs
| 3 crocodile clips
! 3200mm length of hookup wire
2 400mm length of hookup wire
1100mm length of 0.8mm diameter
tinned Copper wire

|

|

|

|

I Semiconductors

| 17555, TLCE55CN or LMCs55CN
I timer (ICt)

/ 14053 triple 2-channe| demultiplexer
| (c2)

|
|
I

1LM334Z current Source (REF1)
4 TN4148, 1N914 signal diodes (D1-D4)
13mm red LED (LED1)

I Capacitors
2470uF 16/25VW PG electrolytic
2 10uF 16/25vyy PC electrolytic
2 0.1uF/100n/104 MKT polyester

Resistors (0.25w 1%)

| 1330kq 21000
| 168k 1680
| 21ka 1470
/ 11200 1w 11Q

\\

transistor under test. In position 2, the
“centre-off" position, the 68kQ resistor
by itself sets the base current to 10uA.

Positions 1 ang 3 of S2b switch a
1Q resistor in parallel with 100Q, while
the "centre off position 2 Jeayeg the
100Q resistor by itself, Hence, for power
transistors and sma]] signal Darlingtons,
the collector load resistor is 1) (shunted
by 100Q) while for small signal trangis.
tors the collector Joad is 1006,

Power for the circuit is derived from
ag9v battery (not supplied) which is ap-
plied via pushbutton S1 o S3 via a
120Q resistor. This supply is decoupled
with two parallel 470yF capacitors
which provide the peak currents re-
quired.

When ST s open, the supply raj] ig
discharged using the normally closed
contact o prevent any voltage femaining
on the circuit when the switch s re.
leased. When the switch jg pressed, the
470uF capacitors are Initially discharged
and so LED) lights momentarily. Thig
provides a good indication of battery
condition at the beginning of each test.

Page 4

|
|

i

This side is the N/C position. This can be determined by
the gap between the Metal plate and plastic switch body.
The gap on the N/C position is greater than that on the N/O
position. We suggest that you check these positions (N/C,
N/O and COMMON) with a

multimeter before wiring up.

Construction

The Beta Tester is housed in aplastic
utility case. All the circuitry mouns on
a PC board coded ZA-1261 (04306951
and measuring 92 x 6;mm. This is se-
cured to the lid by two switches.

You can begin the Construction by
inserting PC stakes at the externg] wiring
points. This done, instal] the resistors,
links and diodes, followed by the capaci-
tors and lastly, the integrated circuits,
Make sure that the semiconductors and
electrolytic capacitors are correctly po-
larised,

All electrolytic capacitors are
mounted with their bodies lying horizon-
tal to the board (see photos). This js
done so that the PC board can be
mounted to the Jid without interference
by the two Switches.

Next, the switches can be installed.
Note that pushbutton switch §1 must be
oriented in a particular way. You wil]
find that from jts three contacts, oneis C
(common), NO (normally open; ie:
when not bressed) and NC (normally

. closed). The contact positions shouid

match the labelling on the Copper pattern
side of the board (ie, NC contact toward
the edge of the board). This switch s
mounted by three smal] wire links (see
Fig.5)and as some switches do nog carry
any labelling, i is best that you first
check switch S with a multime(er to

determine which terminals are NO, NC

and Common, Use the centre-off switch

for 82,
Finally,

ito ¥ o
Sits at the

LED] is inserted so that it
same height
bushes. Do not cut its leads to length yet,
so that it can be set to the correct height

in the front panel later on,

ao +} NI
as the switch

Initial tests

Attach the battery clip leads to the
PC board ang apply power. Connect a
multimeter between the negative battery
lead and Pin8of ICT and check that there
1s about +9V present when S1 jg pressed.
Similarly, check for a similar voltage on
Pin 16 of IC2. Shor the E and C termi.
nals and with S i the x1 Power position
check that LED] lights.

Now affix the Dynamark labe] 1o the
front pane] and drill the holes for
switches S1-S3 and LEDI. One end of
the case Tequires separate holes for the
three test Jeads which are fitted with
crocodile clips and two for the leads
fitted with the banana plugs. The battery
(not supplied) can o held in place with
ametal clamp or with double sided tape.

Now connect up wires on the board
for the base, emitter and collector test
leads and for the banana plugs. Atach
the PC board o the front panel by firstly
placing a single nut on each switch bush
about Smm down from the top and then

Text and illustrations Courtesy of Silicon Ch_ip
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Fig. 6: Typical pin-outs for various
case styles of transistor.

securing the pancl with a second nut on
each switch bush. The LED should be
adjusted in height ~o that it sits correctly
in the front panct hole.

Attach the meter output wires to the
banana plugs and pass the B, C and E
wires through the holes in the case. Ter-
minate these wires to the alligator or
easyhook clips. Fit the lid assembly into
the case. attach the screws and the tester
is ready for service.

Measurements

Fig.6 shows typical pin-outs for
various case stvies of transistor. Use this
to help with identifying the correct pin
anvdngeinent. Wien testing sinall signal
transistors. use the x! and x100 small
signal setting for S2.

There will be some differences be-
tween readings on cach range for a given
device under test. This is because tran-
sistor gain varics with base current.

Mostfet "gain” values should be in
the region of 1000 or more and should be
testedon the x| power position. The gate
will only be pulled to about +6.5V due
to the voltage drop across REF1 and the
bridge rectifier which is usually not suf-
ficient o turn a Mosfet fully on. Conse-
quently, the Mosfet will be operating in
the lincar region.

Note that the polarity indication on
the multimeter will differ. depending on
the setting of the NPN/PNP switch (S3).

The PC board is mounted on the lid of the case and secured to it using the switch
nuts. Adjust the LED leads so that it just protrudes through the lid after itis placed

in position.

i

The PC board is attached to the lid of the case and held in place by the nuts of the

switches. Note that the LED length needs to be adjusted so that the lens of the
LED just protrudes from the front panel.

RESISTOR COLOUR CODES

o

Value
330kQ
6.8kQ
1kQ
120Q
100Q
68Q
470
1Q

oo ouuuy
IO R CR N,

4-Band Code (1%)

orange orange yellow brown
biue grey red brown

brown black red brown
brown red brown brown
brown black brown brown
blue grey black brown
yellow violet black brown
brown black gold gold

Text and illustrations courtesy of Silicon Chip

5-Band Code (1%)

orange orange black orange brown
biue grey black brown brown
brown black black brown brown
brown red black black brown
brown black black black brown
blue grey black gold brown

yellow violet black gold brown
brown black black silver brown
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