I ntroduction
TheM3 Semiconductor Analyzer isa powerful instrument that can identify easily alarge number of components.

Features

Automatic component identification

Bipolar transistor, with or without protection diode and/or B-E shunt resistor
Darlington transistors

Enhancement mode MOSFETs

Junction FETs

Triac

Thyristors

Diodes

Unijunction transistors

Automatic pinout identification for all the above components

Gain measurement for bipolar transistors

Test current display

Vge/lg measurement

Collector leakage cur rent measurement

Automatic recognition of semiconductor typefor bipolar transistors (Ge/Si)
Detection of Collector/Emitter diode and Base-Emitter shunt resistor
Gatethreshold voltagefor MOSFETs

Test current measurement

Gatethreshold, | pss and Rpgon for JFETS

Diodeforward voltage and forward current measurements

Diodeleakage current measur ement

L ow power Darlington recognition with pinout identification

L ow power Triac and thyristor identification

Unijunction transistor identification with pinout and Rgg/h measur ement
Internal short circuit detection and resistance measur ement

Analyzing component

The M3 Semiconductor Analyzer isdesigned to analyze out-of-cir cuit and un-power ed components. Thisisnecessary
to avoid erroneous component detection and errorsin parameters measurements. Three-terminals components can
be connected in any fashion to the probes. Diodes should be connected to theleft and right probes.
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When the unit is power ed on, the display showstherevision of the softwar e for two seconds and the analysis begins.

M3 Semiconductor

Analyzer Rev_3.0

If no semiconductor is connected to the unit or if the component is not detected, the following
message will be displayed:

No component
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When a component is detected, the first line shows the component type, and up to two parameters. The second line
shows the pinout and, for some components, a supplementary parameter. For some components the analyzer shows
successively different screens with different parameters. The analysisisdonein real time, you just have to connect
the component to the probes and the unit displaysin less that one second the result of the analysis. The backlight of
the unit is powered when a valid component is detected, and powered off when no component is connected. The
backlight is power ed off also when the component is connected for morethan 30 seconds, in order to conserve battery
life.

Bipolar Junction Transistors ‘

A bipolar transistor (BJT) is a semiconductor device commonly used for

c amplification. Physically, a bipolar transistor amplifies current, but it can be
connected in circuits designed to amplify voltage or power. There are two

B major types of bipolar transistors, PNP and NPN. The ratio of the collector
current to the base current, called current gain or Heg, ison the order of 100

E for most types of BJTs. Bipolar transistors can be fabricated to match with like

devices much better than FETs, making them useful for high precision analog
circuit design. This makes them well suited as components in op-amps and
discrete transistor amplifiers where, combined in precisely-matched pairs,
they form input structures called current mirrors. Some high power or high
frequency BJTs have an internal diode between collector and emitter
terminals.

The M3 Semiconductor Analyzer can detect two different kinds of semiconductors: Germanium or Silicon. Thefirst
type are older and are not common. The analyzer can also detect the presence of an internal diode, symbolized by the
pictogram =M= as well as a base-emitter shunt resistor. All the parameters are displayed in three different panels.
Thefirst panel displaysthe Hee (static current gain) of thetransistor. The M3 can measure current gain in therange
of 5t0 999. The current gain varies according to the operating condition of the transistor. The polarization of the
transistor under test is not fixed but depends on the actual Hee value. The collector test current is displayed for
reference. Thiswill be between 1.5mA and 12mA.

Theunit can also detect low power Darlington transistors, but in thiscasethe current gain isnot displayed.

The Hge value displayed can be different than the value encountered in a real world circuit with different values of
collector current and collector voltage. The displayed value is very useful however for comparing transistors of a
similar type for the purposes of gain matching or fault finding. The determination of the Hge of high power
transistors can be inaccurate. In this case a star ‘*’ is displayed after the beta value. Thisis also the case when a
transistor with an internal resistor isrecognized.

This example shows the first screen
for a NPN Silicon bipolar transistor

with internal protection diode. el I:__E ....E 1 . ?6]’111:1
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The following screen is displayed when a

e [MEHCy HEE= =
C-B-E_3. 25mA

This screen shows an inaccurate Hge

HF’H E:S HFE — 31 G 8 _meaw;]e;?e;t Ofdiq ESM113 transistor with
..."... I::___E:__,_E 1E|" I'-1-|'I"|:I internal diode and shunt resistor.

& Please note that the M3 will determine that the transistor under test is a Germanium if the base-emitter
voltage drop isbetween 0.1V and 0.5V. If thisvoltage is between 0.5V and 1V thetransistor will be detected as
Silicon type. Between 1V and 2V the M 3 will determinethat thetransistor isa Darlington type.

The second panel showsthe Vge/l g measurement values.
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Thethird and last screen shows the collector leakage current. The collector leakage current is measured when the
base is connected to the emitter through a resistor of 100kW. The current flowing across this resistor is low
compared to the current flowing into the base. Thus the current displayed is near the real |cgo current measured
normally with the base left open. One can determinethelcgo current by dividing thelcgo result by the Hee value Two
automatic ranges are provided in the unit. The first range goes up to 25pA with 100nA resolution. The second range
goesto 900pA with 1pA resolution.

An old Germanium AC130 transistor I"-IFI I"-l EE' I|:|= 5. ElL-":I

exhibits a collector leakage current of e
cevera i g T

& Please notethat the unit cannot identify bipolar junction transistorswith collector current above 900pA.

Faulty semiconductors

Generally, a defective semiconductor
presents one or two junctions short- H R 4
circuited. In such case, the M3 would S O T R SH n
display the affected terminals and the = X X

resistance value of the short. e e

& Please note that the M3 will determine a short-circuit if the measur ed resistance between two terminalsis
below 50W for the two current directions and if the third terminal does not influence the value. The test
current for theresistance measurement isabout 12mA. Accuracy of displayed resistanceis+2% +5W .




Junction FETs (JFETYS)

With no gate voltage, current flows easily when a voltage is applied
between the source and drain. Thiscurrent is called the Saturation Current,
symbolized by the lpss symbol. The current flow is modulated by applying a
N-channel voltage between the gate and source terminals. N-Channel JFETsrequire a
G negative voltage on their gate with respect to their source, the more
S negative the voltage, the less current can flow between the drain and
source. When the voltage reaches the voltage threshold of the transistor the

drain current becomes zero.
D With low drain-source voltage, the channel is a gate to source voltage
dependant resistor (linear region). With no gate to source voltage this
P-channel resistanceis called Rpgon. Unlike MOSFETS, JFETs have no insulation layer
G on the gate. This means that the gate to source resistance is very high if the
[ junction is reverse biased, but the gate current can rise if the junction is

forward biased.

Unlike other semiconductor testers, the M3 has an original method which permits the determination of 3
parameters. Vo, lpss and Rpson.

Theinternal structure of JFETs is essentially symmetrical about the gate terminal, this means that the drain and
sour ce are indistinguishable by the unit. However the M 3 will show the drain and sour ce terminals accor ding to the
parameter measur ements. The permutation of the drain and sour ce terminals of the JFET swill not change the pinout
displayed, but new parameters will be measured according to the new configuration. Thus one can verify the
symmetry of the transistor by comparing the values for the two configurations. The three parameters are displayed
successively every 5 seconds.

Threshold voltage measurement :

Thethreshold voltage is negative for N-channel JFETsand positivefor P-channel JFETs. Maximum threshold voltage
measurement is fixed to £20V. Voltage resolution is 10mV for values up to £9.99V and 100mV above. The example
below shows the threshold voltage screen for a N-channel JFET. Notethat thetest current isalso represented. In all
screen displays relative to JFET, disregard the test current shown by the analyzer as the value doesn't physically
exist during the test. All JFET parameters are mathematically determined. The accuracy of the measurement is
+100mV typical.
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Saturation current measurement
Saturation current can be measured from 0to 99.9mA. Resolution is 10 pA for current up to 10mA and 100pA above.
With low Ipsstransistors (under 2 mA) the unit will show 0.00mA.
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On resistance measur ement

The M3 can measure Rpgon Value from 0 to 999W with 1W resolution. With low I pgs transistors the unit can show
unstablevaluesor «---»,

HIFET Rpsop 1230
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MOSFET stands for Metal Oxide Semiconductor Field Effect Transistor. Like JFET,
D they are available in two main types, N-Channel and P-Channel. Most modern
MOSFETSs are of Enhancement Mode type, meaning that the bias of the gate-source
voltage is always positive (for N-channel types). The other (very rare) type of

J A MOSFET isthe Depletion Mode type which is not recognized by the M3.
G
S

MOSFETSs have an insulated gate that results in negligible gate current for both
positive and negative gate-source voltages. An important feature of a MOSFET is
the gate-sour ce voltage at which conduction between the source and drain starts.
Below this value the transistor is off and no current can flow across the drain to
source terminals. An inherent body diode is present in all enhancement mode
MOSFET.

The M3 detects that drain-sour ce conduction has started when it reaches about 2mA. The screen givesinformation
about the type of MOSFET detected, the gate-sour ce threshold voltage and the pinout of the transistor. Like bipolar
transistors, thetest current isalso displayed on the second line.

Herethe M3 showstheresultswhen

a BUZ11A N-Channel MOSFET is M= I-a-ITEI e 2?!-.-1

under test. EI"'D"'S E. o

Herethe M3 showstheresultswhen

a IRF9520 N-Channel MOSFET is F'Ml:IS |.,.|'|'|j - 'E'?U
onde s G-0-5 2. 25mA

& The maximum gate current is fixed to 0.5pA. In order to obtain reliable results the instrument should be
kept in a dry environment, as humidity can generate parasitic currentsin the surface of the printed cir cuit
board which can lead to erroneous detection of MOSFETs




Thyristors (SCR) and Triacs

Thyristors are switching devices that require no control
MT?2 current once they are turned on. When a small control pulse
of gate current is applied, the SCR conducts only in the

forward direction, the same as any conventional rectifier.
When that pulse is removed the thyristor continues to

conduct, assuming a minimum holding current is maintained.
Thyristors operate in only one quadrant (anode and gate

G MT1 positive). Triacs operatesin 3 or 4 quadrants, the M3 tests
the triac on two quadrants.

Sensitive low power thyristors (Silicon Controlled RectifierssSCRs) and Triacs can be easily identified and analyzed
with the M 3. Triac operation isvery smilar to that of thyristor and can be distinguish from it by the M3. Thyristor
terminals arethe anode, cathode and the gate. For atriac theterminalsareMT1, MT2 and gate (displayed T1, T2 and
G by theM3). MT listheterminal with which the gate current isreferenced.

SCR

A-K-G

@ Thetest currents used by the M3 are low (<12mA) to eliminate the possibility of damage to a vast range of
component types. Some thyristors and triacs will not operate at low currents and these types cannot be
analyzed with thisinstrument.

The diode (or any semiconductor junction) should be connected to the left and right test clips. The M3 runs three
successive tests on the diode with theresults displayed successively every 5 seconds.

The first screen gives the forward voltage, the pinout and the test current for a limiting resistor of about 400W,
which givesa maximum current around 12mA. The example below showsthefirst screen for ared LED.
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The next screen shows the same information but with a limiting resistor of 5.9kW, which givesa maximum current
of 800pA. The same L ED connected to theinstrument giveslower forward voltage and current.
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The last screen shows the leakage current measurement and the absolute reverse test voltage. Working junctions
should not introduce any leakage current. Ger manium junctions can exhibit low leakage current. The example below
gives the result for a base-emitter junction of an old OC140 Germanium transistor. Thistest is useful in detecting
bad junctions which appear correct with other tests. Some special components like photodiodes can also be checked
with this test. The maximum leakage that the M3 can measure is 25uA. Above this value the display shows « --- ».
M easurement resolution is 100nA.

DIODE I B, ZuH
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@ |n order to obtain reliable leakage current values the instrument should be kept in a dry environment, as
humidity can generates parasitic currentsin the surface of the printed circuit board.

Unijunction transistor

The unijunction transistor is more a thyristor than a transistor. It has one junction and

B2 was once referred to as a double-base diode. The UJT, unijunction transistor, does not

conduct until a peak voltage, Vp, is reached. At that time the emitter conducts,

UJT N resulting in a positive pulse at B1 and a negative pulse at B2. The threshold voltage

E Vp depends on the voltage between the bases and the Intrinsic Resistor Ratio h. When
B1 the emitter is below the threshold voltage, the B;-B, channel acts as a resistor Rgg.,

generally between 5kWand 10kWV.

Theunit doesnot recognize UJT transistorswith Rgg valuesunder 100W or above 20kW. The M 3 detectsthe pin-
out and measuresthese two parameters. The h measurement takes a few secondsto stabilize.

UJT EBB'_' 5- Ekﬂ
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OP1 Optional Optocoupler Analyzer

The OP1 module allows the detection and the Current Transfer Ratio measurement of most standard optocouplers.
The module without any component must be connected to the M 3 before power-up. When the M3 is powered on, the
module isrecognized by thetester and the screen showsthe following message:

OP1 Optocoupler

Tester Detected

If no component, or a faulty component, isdetected the M 3 should display thefollowing screen:

No optocoupler

When avalid optocoupler isplugged in toits cor responding socket, the M 3 would show the following screen:

CTR=544 %
V=1_.09V 1=1_69mA

Thefirst line showsthe Current Transfer Ratio. Thisvalue, expressed in %, istheratio between the output
transistor collector current and theinput LED current. M easurement rangeis 1% to about 600% . M aximum output
current is10mA.

The second line showsthe LED current and the forward voltage.
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The purpose of the calibration isto establish the resistances of the analog switches. The measur ement of these
resistancesis done by an automatic process. When the unit is power ed on without calibration, the unit showsthe
following screen:

Cal Error

In thiscase, the unit takes default values for theinternal calculations. The measur ements ar e not accur ate, and some
components might not be deter mined.

To enter calibration mode, place a short at the W1 jumper, and short the three test terminals together. Apply power
and thefollowing screen appears:

Remove the short at W-1 and the self-calibration starts. The unit performs three resistance measurements and
displays their values. These values should be around 130W?and are stored in memory. Calibration isonly required
once but can be performed as often asdesired. Your instrument isnow ready for use.



Technical Specifications

Reference temperature: 25°C

-12mA 12mA 1
Peak test voltage across unknown -5.1V 5.1V 1
Measurable transistor gain Hge 5 999
Transistor Hee accuracy +2%0 +2
Transistor Vge accuracy +2%

+20mV
Vge for Germanium identification 0.1v 0.5v
Vge for Silicon identification 0.5v 1.0v
Vg for Darlington identification 1.0v 2.0V
Transistor collector-emitter test current 0.2mA 12mA
Transistor collector-emitter test current 2.0mA
Acceptable collector leakage 0.9mA
Base-emitter shunt resistor threshold 50kwW
MOSFET gate threshold range 0.1v 4.9V
MOSFET gate threshold accuracy +2%
+20mV
MOSFET drain-source test current 2mA 4
MOSFET maximum gate current 1pA
JFET Rpson range 1w 999w
JFET Rpson accuracy 5% +10W
JFET Ipss range 0.2mA 100mA
JFET Ipss accuracy 5% 5
+0.1mA
JFET V+o range -20V 20V
Thyristor/Triac gate test current 10mA
Thyristor/Triac load test current 10mA
Diode limiting resistor #1 400W
Diode limiting resistor #2 5.9kW
Diode forward voltage accuracy +2%
+20mV

10



Diode leakage current range 0.0pA 25.0pA
UJT Rgg range 100W 20kW
UJT Rgg accuracy 3%

+100W
UJT h range 15% 85%
UJT h accuracy +2%
Battery type 9V-LR622
Battery voltage range 7.5V oV 15v
Inactivity backlight shutdown 30 secs
Operating temperature range 0°C 50°C

Between any pair of test clips.
Hre = 100, Silicon transistor
Collector-emitter voltage of 4.0V

Typica accuracy.

NoOoA~WDRE

VBB =5.0vV
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Reversevoltageis5V if I = OpA, 25V if Ir = 25.0pA

Actud test current depends on threshold voltage: 1o = (5-V10)/1.1kwW




