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1.1 ABOUT THIS MANUAL

This manual is provided for the operator of the Huntron
Tracker. The information contained within this manual
famitiarizes the reader first with the tracker and its principles
of operation. and then with its specific uses. A working
knowledge of the tracker’s operating principles greatly
assists the user inevaluating the tracker's display. especiatly
whoen using the instriunent for troubleshooting purposes.

The manual is divided into sections. Each section contains
information pertinent to g certain application of the unit. The
sections contain the following information.

Section | - GENERAL INFOGRMATION

This scotion provides o description of the tracker and
lists its specifications. It also describes the principles
on which the tracker operates, using a pure resistance
and a diode as examples,

Section 2 - TRACKER OPERATION

Thixy section describes the from pancl controls of the
tracher. Tt abso deseribes the tracker’s comparative
testing teature.

Section 3 - DIODE TESTING

This section describes the characteristics of the diode
tshowing its voltage-to-current relationship), which s
essential o anderstunding the tracker dispiay. This
section abso Hustrates and describes tracker displavs
produved when the test lewds are connected 10 (or
dorTossy cirenits contmng the following devices: silic
con dicdes. high voltuge sibeon diodes . zener diodes.,
brideing diodes. and hght-cmuting diodes.

Section < - TRANSISTOR TESTING

This seetion Hlustrates and deseribes tracker displavs
produced when the st leads wie conneated o for
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acrossy circuits containing the foliowing dovices: NPN
and PNP transistors. Darlington pairs. germanium
transistors. MOSFET s, J FET's. and unijunction
fransistors,

Section 5 - PASSIVE COMPONENTS

This section describes and iHustrates tacker displays
produced when the test leads are connected 1o capaci-
tive. inductive. amd resitive cucuits or deviees,

Section 6 - TESTING MULTIPLE COMPONENT CIR-
CUETS

This section covers the testing of dinde/resistor combi-
nations . diode/capacitor combinutions. and capacitor-
fresistor combinations,

Scction 7 - TESTING INTEGRATED CIRCINTS

This secoon discusses integrated cireuit technology
followed by festing intormation for lincar devices such
as operational amplifiers and volage regubators, Tost-

asweHas TTL, LS TTL. and CMOS dovices
Section 8 - TESTING RECTIFIERS

This section describes the wsting of silicon-controlied
rectiliors und TRIAC devices,

Section ¥ - TESTING POWER SUPPLIES

This deseribes how to use the tracker to test the typical
transformer/ full-wave bridee type power supply,

Section 1} - TESTING COMPONENTS BY COMPARISON

This section provides tracker displavs for detective
componeals as comparcd 0 known good devices. The
ticher s used in the alternate mode 1o check a high
voltage ransistor. a high volge diode . an electrolytic
capacitor. an op-amp. and a regalator,




SECTION 11 - SOLVING BUS PROBLEMS SECTION 12 - TROUBLESHOOTING TIPS

This section contains information that may be helpful This section contains a series of troubleshooting sug-
when atiempting to isolate faults caused by defective gestions and information that should assist the user
devices connected to a common bus. when using the tracker.

Table 1-1. Specifications

TEST SIGNAL DATA
WAVEEOTT TYIIE - o oot ot et e oo b sinusoidal
FUEGUEIICY « -+ « oo m e e s et s et et n et e 80Hz
Voltage/Current Characteristics - Low Range
Open Circuit Voltage (peak-to-peak) ... ..o oot 20
Short Creuit CUITENI (LA TIIIS) .« v v s e e bt e s e e m e s e 64
POWET (IIW TTIS) .. o o o e ettt oot e e e e e e m e 8l
POWEE (W PEAKY oo« v vt v e e r e 6l
Short Circuit Current (A PEak) ..« o 170
Voitage/Current Characteristics - Medium Range
Open Circuit Voltage (peak-lo-Peak) . ... .ot 40
SHOM CITCUIt CUITERT (MA TTIS) .+ oot et e e et e e s o e e m s s s et 0.27
POWET (IMW FITIS) -\ oottt e ettt s m et e e s e 0.23
POWET (TIW PEAK) - . oo e ettt 0.45
Short Circuit Current (MA Peak) .. ..ottt 07
Voltage/Current Characteristics - High Range
Open Circuit Voltage (peak-to-peak) .. ... . .o oo it 120
Short CIreuit CUITERE (THA THIS) ..o e ettt ottt e et e 0.29
POWET (INW TTHIS) L« oottt e e e e e e oo e s 0.26
POWer (MW PEAK) « 1 oot e ettt e e 0.52
Short Circuit CUITent {mMA PEK) . ... o ottt o r e e e 0.8
NOTE: All power ratings are conditions existing across a single silicon diode in the test terminals of the tracker.
CRT SOREEN SIZE . ot i s 7em disgonal
CRT ACCELERATION POTENTIAL . o e 1350V regulated
INPUT PROTECTION
Protection provided against damage caused by touching probes to line voltages.
TRACE ALTERNATE MODE
Alternates display between channel A and B inputs at 0.8Hz rate
POWER REQUIREMENTS
TR 1005B0S o .ottt e 17V, 60Hz
HTR 1005B-1ES 220/240V, 50/60Hz
HTR 1003B-11S 100V, 506/60Hz
WELGHT . e e 5 pounds, 5 ounces
2.4k
DIMENSIONS (INCBES) .ottt 8-IaWx3-2Hx -2 D

AMBIENT TEMPERATURE

OPETAUNE .. oot PN zero to + 50 degrees Celsius
SEOFAEE . . ot e e e e e e e e 250 10 +60 degrees Celsius

SHOCK AND VIBRATION
Will withstand shock and vibration encountered in commerical shipping and handiing
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1.2 TRACKER DESCRIPTION

The tracker is a general purpose troubleshooting test instry-
ment. It qualitatively evaluates digital, analog. and hybrid
semiconductor devices, as well as capacitive and inductive

devices, in or out of circuit, in a power off state, The tracker

operates by providing an ac stimulus to the component or
cirvuit under test and displaying the resultant current and
voltage tevels and their phuse relationship. The tracker dis-
play indicates any component leakoge. shorts, opens, noise,
pius any combination of these problems. Table 1-1 lists the
specifications of the tracker,

[ncluded with cach tracker s g set of Huntron Micro Probe
est leads. These test leads plug into the front pancl tost jacks
of the tracker and have special tips that allow contact with
very small component lerminals and printed circuit board
traces without the danger of touching adjacent component
leads and erminals.

Alsoincluded with the tracker is o special common test ead
that allows the connection of tracker commion 1o two compo-
nents. This test fead Bs used m the alternate mode of opera-
tion,

1.3 PRINCIPLES OF
TRACKER OPERATION

1.3.1 Tracker Test Signal

The tracker applies an 80Hz sinewave test signal across two
terminals (or nodes} of a device to be tested. The test signal

causes current to flow through the device and a voltage drop
w appear across it. The current flow through the device
causes vertical deflection of the tracker display while the
voliuge drop across the device canses horizontal deflection of
the tracker display.

The test signal is selected forapplication to a device or circuit
under test i one of three available ranges: low, medivm. and
high, The open-cireunt voltage values for cach runge are
fisted in Table 111 Note that currenr-limiting is provided on
cachr range for complete protection of the device or ciscuit
undor test.

1.3.2 Horizonal and Vertical Deflection
of the Display

The test signal ouiput of the wacker causes current flow
through the device under test and a voltage drop across it
Vertical deftection above the center dine of the graticule
indicates the amouni of current flow when the test signal ison
a positive half-cycle. Vertical deflection below the center line
indicates the amouns of current fiow when the west signal is on
the negative half-cycle.

The voltage drop across the device causes horizontal deflec-
tiom of the tracker display: the greater the voltage drop. the
greater the deflection on the display. Horizontal deflection to
the right of the center line sndicates the amount of voltage
drop when the tost signal 13 on a negative half-cyele. Hori-
zontal deflection o the fefl of the conter line indicates the
amount of voltage drop when the test signal is on the positive
halt-cycle.

ZeEn —
GEN e
+20V,
6)"” S e s e e e e e
SIGNAL -20V
SOURCE

S R—

RANGE= MEDIUM
TESTs QPEN CIRCUIT

Figure 1-1. Electrical Equivalent of the Fest Signal Generator
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Figure 1-1 shows the electrical equivalent of the test signal
generator within the tracker and how the current through and
voltage drop across the test terminals provide vertical and
horizontal deftection of the display. The 80Hz test signal is
provided by the signal generator and its series impedance
(Zgen}. All current that passes through the test terminals to
the device under test, also passes through a current sensing
point (1. The vertical deflection plates receive deflection
voltage from this current seasing point. The amount of
deflection voltage provided to the vertical deflection plates is
propostional to the amount of current flowing through the
device under test,

The voltage appearing across the test terminals (and the
device under test) is also applied across the horizontal deflec-
tion plates. The amount of voltage provided to the horizontal
deflection plates is proportional to the voltage drop across the
device under test.

1.3.3 Short and Gpen Circuit Displays

An open circuit, such as the test leads unconnected, causes
zero current flow through and maximum voltage drop across
the test terminals. This condition causes the displays shown
in Figure 12 for the three operating ranges. In the high and
medium ranges the zere current and maximum voltage is
represented by a straight horizontal trace from the far left to
the far right of the display. In the low range, the tracker is
designed to produce a diagonal trace for an open circuit
condition.

A short circuit {e.g., the test leads shorted together) causes
maximum current flow through and zero voltage drop across
the test terminals. This condition causes the displays shown
in Figure 1-3 for the three operating ranges. In all ranges the
zero voltage and maximum current is represented by a
straight vertical trace from the top to the botiom of the
display.

LOW

" MEDIUM

HIGH

Figure 1-2. Open Circuit Displays

Figure 1-3. Short Circuit Display for ail Ranges

1-4




320 pa

PEAK
ZeEn A —
AN ] (BE
g M
GEN T
20
C@*— 33K N
SIGNAL 20~
SOURCE J
___]__ coM L_..—I.'_‘J
- CLOCKWISE ROTATION
RANGE=MEDIUM

TEST= 33K RESISTOR

Figure i-4. Pure Resistunce Display

A pure resistance connected across the test leads would cause
hoth current flow and voltage drop. resulting in a deflected
stralght trace on the tracker display. On the high and medium
ranges. the trace would be deflected clockwise around the
center of the display from the horizontal (opea circuit) posi-
tion. while on the fow runge it would be defiected clockwise
from the open circuit diagonal position. On all ranges. the
length of the trace is reduced due to the internal impedance of
{Zzen) the test signal generator. The amount of trace reduc-
tion and rotation depends on the test resistance vatue and the
range chosen for the test. Figure -4 shows the typical effect
of resistance on the tracker display.

I
1
CONDUCTION
NON-CONDUCTION FORWARD BIAS
REVERSE Bmsi b}
o Y

Figure 1-6. Voltage-to-Current Characteristic
of 4 Diede

CONDUCTION
FORWARD BIA
1o I
| S N B R N

Figure 1-3. Trace of a Siticon Diode.
Medium/High Range

Since d pure resistance s clectrically hinear, the resulting
truce will always be a straight line. However, non-linear
clectricad devices do not produce @ straight fine over the
entire length of the trace. A non-ltnear component such as a
sthicon diode allows a farge amount of current 1o flow during
the half cycle of the test signal when it is forward-biased. and
only a minute amount of current to flow during the half cyele
when il is reverse-biased. The voltage drop across the diede
junction is smal when forward-biased (short circuit), and
near maximum when reversed biased (open circuit), Figure
1-5 shows the trace produced by the tracker when connected
across g silicen diode. Figure 1-6 shows the typical voltage-
te-current characterstic of the same diode. Note that the trace
produced by the trucker is a near mirror-image of the voltage-
to-current characteristic.
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2.1 GENERAL

Components are tested hy the tracker using a two terminal
system, where two test leads are placed across the component
under test. Al testing is performed under power-off condi-
tions for the component/equipment under test. The tracker
tests components while in-circuit. even when bridged by
other components. Included with each tracker is a set of
Huntron Micro Probe test leads. Alse included with the
tracker is a special conumon test lead that allows the connec-
tion of tracker common to two components. This test lead i

TRACKER
OPERATION

2.2 CONTROLS AND INDICATORS

Operation of the tracker, for the mostpart, amounts to deter-
mining the significance of the traceis) appearing on the
display. While the tracker is equipped with several front
panel contels to assist tn optimizing displays, only limited
use of these controls s necessary to during actual vse of the
tracker. Table 2-1 lists and describes the front panel controls,
and Figure 2-1 shows the control. although the main empha-
515 on {racker operation is on the delermination of tracker
displays. For this reason, the majority of information con-
tained in this document s refative to tracker displays.

4 5 6

used in the alternate mode of operation.
2 3
Y

)L on/otf

—-<\i:un Tmnﬁ%tm ckey»« .

Y T

igh med

15 14 13 12

11

Figure 2-1, Location of Front Panel Controls
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“fable 2-1. Front Panel Controls and Indicators

FIG. 2-1
ITEM NO.} NOMENCLATURE DESCRIPTION

1 Display The tracker display is a CRT (cathode ray tube), and is used to present all
component/circuit indications to the operator. All tracker display ilustrations
contained in this document are representative of the displays generated on this
CRT.

2 Bright Centrol The brightness control adjusts the intensity of the traces appearing on the CRT
dispiay.

3 Power-On Indicator The power-on LED lights when ac power is applied to the unit.

4 vert Control The vertical control permits vertical adjustment of the trace appearing on the
CRT display. To center the trace, adjust this control with the test leads in an
open condition with the high or medium range selected.

5 horiz Control The horizontal control permits horizontal adjustment of the trace appearing on
the CRT display. To center the trace, adjust this control with the test leads ina
shorted condition.

0 Channel Selection This three-position switch allows the selection of the

Switch " channel A, channel B, or alternate mode. When in the upper
position, the channel A input is selected: when in the lower position, the
channel B input is selected; and when the center position, the alternate mode is
selected. Refer also to Alternate Mode Operation.

7 Channel A Indicator The channel A indicator lights when the channel selection swiich is in the

- upper position to indicate that the channel A input is displayed on the CRT.

8 Channel A Input This input makes connection to channel A of the tracker.

9 Common Input This input makes connection fo internal common of the tracker.

10 Channel B Input This input makes connection to channel B of the tracker,

i Channel B Indicator The channel B indicator lights when the channel selection switch is in the upper
position to indicate that the channel B input is displayed on the CRT.

12 low Range Switch This pushbutton switch selects a 20V peak-to-peak sinewave test signal at the
test lead tips.

3 med Range Switch This pushbuston switch selects a 40V peak-to-peak sinewave test signal at the
test lead tips.

14 high Range Switch This pushbutton switch selects a 120V peak-to-peak sinewave test signal at the
test lead tips.

15 on/off Switch

This pushbutten switch applies power to and removes power from the tracker.
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2.3 ALTERNATE MODE OPERATION

The tracker can alternate automatically between the displays
of the channel A and channg! B inputs. This allows the user to
directly compare the display of the suspect circuit to that of a
known good circuit for quality assurance operations, or for
troubleshooting purposes. Figure 2-2 shows how a tracker is
connected {2 compare a known good board with a board
under test. This testing mode utilizes the dual common test
lead supplied with the unii and alternates between the chan-
nels at a 0.5 Hz rate.

CAUTION: THE SYSTEM TO BE CHECKED MUST
HAVE POWER TURNED OFF, AND HAVE ALL HIGH
VOLTAGE CAPACITORS FULLY DISCHARGED
BEFGRE CONNECTING THE TRACKER

2.4 FUSE REPLACEMENT

The tracker contains a 0.25 ampere fuse (F1) connected in
series with the channel A and B input leads. Accidental
contact of the feads to charged capacitors or other voltage
sources, will blow this fuse, making replacement necessary.
When F1 fails it will not be possible to deflect the pattern on
the CRT from a horizonial or diagonal line.

WARNING: REPLACEMENT OF THE FUSE SHOULD
BE PERFORMED BY QUALIFID SERVICEH PERSON-
NEL ONLY.

To replace the fuse, disconnect the tracker from the ac power
source, Remove the four cover retaining screws located on
the boitomn of the unit. Holding the tracker in an upright
position. 1ift off the top cover to expose the interior of the
unit. Locate FI on the main printed circuit board assembly
immediately behind the power switch, and replace with 2
0.25A, 250V, type AGX.

CHANNEL
SELECTION

BWTCH

CHANNEL A
LE.D.

RED

TESY
TERMINAL

- BLACK
TEST
TERMINAL
e YELLOW
TEST

TERMINAL

CHANNEL B
LED

COMMON
T TESY LEAD

Figure 2-2. Comparing a Known Good Board With a Defective Board
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3.1 THE SEMICONDUCTOR DIODE
ANDITS CHARACTERISTICS

3.1.1 Diode Symbol and Definition

A semiconductor dicde is formed into a diode by the creation
of a junction between P-material and N-material within a
crystal during the process of manufacture. The standard
semiconaductor diode has in its symbol, an arrow to indicate
the direction of forward current flow, as shown in Figure 3-1.

SNE

With positive voltage applied to the P-junction and negative
voltage applied to the N-junction, the diode is said o be
forward biased. as shown in Figure 3-2. The current (If)
increases rapidly with small increases in applied voltage (V).

When the applied voltage is reversed. the P-iunction is nega-
tive with respect 1o the N-junction, and very smaii levels of
current flow through the diode. Figure 3-3 shows the P-N
junction in the reverse bias mode, The small current (10) 15
the diode “reverse saturation current”. and its magnitude
increases with temperature. In practice. o can be ignored.,

ME TAL

/CONTACTS \

P N

Figure 3-1. Diode Symbal

L

1

v
= e

Figure 3-2. P-N Junction Biased in the
Forward Direction

bt

Io

Vv
- 1!31/""'
P

Figure 3-3. P-N Junction Biased in the
Reverse Direction




3.1.2 The Voit-Ampere Characteristic

For a P-N junction, the current (1) is related to the voltage (V)
by the following equation:

[ = Jofexp kV -1}

Where k is a constant depending on the temperature and
material. The volt-ampere characteristic described by the
equation above is shown in Figure 3-4. For the sake of clarity,
the current (To) has been greatly exaggerated in magnitude.
The dashed portion of the curve of Figure 3-4 indicates that,
at a certain reverse voltage (Vbr), the diode characteristic
exhibits an abrupt and marked departure from the equation
above, At this critical voltage, a large reverse current flows
and the diode is said to be in the **breakdown region”.

I
REVERSE FORWARD
BIAS BlIAS
o

e V

1

3

3

b Vi

Figure 3-4. Th_é WVolt-Ampere Characteristic
- of a Serniconductor Diode

P ——®

3.2 SILICON RECTIFIER DIODES

3.2.1 Patterns of a Good Diode

A good diode has very large reverse-biased resistance and
small forward-biased resistance. The forward junction vols-
age drop (V1) is between 0.5 volts and 2.8 volts, depending
on the semi-conductor material; for example, V1 for a silicon
diode is 0.6 volts; and for a typical light-emitting diode, is 1.5
volts. The tracker can visually display ali these parameters.

Figure 3-5 shows the tracker-diode connections for diode
testing. Figure 3-6 shows typical patterns (low, medium, and
high ranges) and waveforms, plus the circuit equivalent, for a
good siticon diode (1N4001). The forward junction voltage
drop of a dicde can be determined {approximately) from low
range display.

AQ\

couo\ | *

CX®)

Figare 3-5. Tracker Test Circuit

U

INPUT WAVEFORM CIRCUIT EQUIVALENT OUTPUT WAVEFORM

1 i | | i i i k §

} % E % % LIS ; : (R A A | N
LOW MEDIUM HIGH

Figure 3-6. Waveforms and Typical Patterns - Good Silicon Diode
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3.2.2 Patterns of Defective Diodes

A rectifier diode is defective it it is open. is shorted (low
impedance;. contams high internal impedance, or contains
leakage, Figure 3.7 shows the patierns of an “open’” diode in
the law. medium, and high ranges.

The tracker is capable, in the low range. of detecting resist-
ance higher than one ol and this resistance causes the
verticud line 0 rotate in o coumterclockwise direction. The
angle of rotation is a function of the resistance. Figure 3-8
shows the effect of circun resistances on the trace rotaiion
while i the low range. This small short-circuit resistance
does not cause rotation in the medium and high ranges of the
tracker,

Figure 3-9 shows the waveforms. cireuit equivalent and
wavelorms of a diode that exhibits a non-linear resistance in

series with the diode junction. This resistance effects the
ability of the diode to turn-on at the proper voltage.

Fieure 3-10) shows the waveforms. circult equivalent and
waszforms of a diode that exhibits 4 son-linear resistance in
parailet with the diode junction (feaky) when reverse -biased.
This resistance effects the ability of the diode to provide
g imurn output for a given input.

3.3 HIGH YOLTAGE SILICON DIODES

High voltage diodes are tested in the same manner as that
deseribed for recnlier in section 3.2, High voliage diodes,
stch as the HVISE, display higher forward volage drop (V)
than the rectifier diodes described i section 3.2 Figure 2-11
shows the patterns of the HVISF high voltage diode. The Vf
for the high voltage diode ts higher on el tracker ranges than
that of @ reguiar diode.

O B | | . P B EN . S T | S
L [ S I A T [ B B U R B LI B e
. - e
LOW MEDIUM HIGH

Figure 3-7. Patterns of an Open Diode
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Figure 3-8. The Effect of Diode Short-Circuit Resistance - Low Range
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INPUT WAVEFORM CIRCUIT EQUIVALENT QUTPUT WAVEFORM

LOW : MEDIUM

Figure 3-9. Waveforms and Typical Patterns - High Impedance Diode

/\U ] —

INPUT WAVEFORM CIRCUIT EQUIVALENT OUTPUT WAVEFORM
T I E //T_ I O N | ;#
[ L I —— —
LOW MEDIUM

Figure 3-10. Waveforms and Typical Patterns - Leaky Diode
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Figure 3-11. Pattern of a High Voltage Diode, HV ISF




3.4 RECTIFIER BRIDGES

A vectifier bridge assembly s made up of four diodes confi-
gured as shown in Figure 3-12. Points A and B are ac power
input terminals; C and D are the positive and negative output
terminals, respectively. To test the bridge. the tracker is
connected to terminads A and B as shown in Figure 3-12.

A good bridge appears as an open circutt to the tracker
because the diodes are reverse-biased, Figure 3-13 shows the
patterns produced by a good bridge with the tracker con-
nected across points A and B. Figure 3-14 shows the patterns
produced by a bridge with either diode D2 or D4 shoried:

COM

80O

while Figure 3-15 shows the patterns produced with either
diode D1 or D3 shorted.

Figure 3-16 shows the test connections of the tracker to the
positive and negative terminals of the rectifier bridge.
‘Tracker channal A is connected to the positive terminal, and
tracker common o the negative werminal. Figure 3-17 shows
the patterns of a good bridge when connecied as shown in
Figure 3-16,

Figure 3-18 shows a reversal of the west connections shown in
Figure 3-16. Figure 3-19 shows the patterns resulting from the
reversal of the test connections to the bridge.

Figure 3-12. Rectifier Bridge Test Conpections - AC Input

O S—
1 i 1 H i i i J t 1
i § I ¥ [ il LI
- . e
LOW MEDIUM HIGH

Figure 3-13. Paiterns of 2 Good Rectifier Bridge



3-6

MEDIUM/HIGH

Figure 3-14. Patterns with D2 or D4 Shorted

LOW

.

i

MEDIUM/HIGH

LOW

Figure 3-15. Patterns with 131 or D3 Shorted

Figure 3-16. Rectifier Bridge Test Connections - DC Output




T T
- -
| P
MEDIUM/HIGH LOW

Figure 3-17. Patterns at Output Terminais

Figure 3-18. Rectifier Bridge, Reversed Test Connections

T

MEDIUM/HIGH

Figure 3-14. Tracker Patterns.

P

Gutput Ternpnals Reversed



3.5 LIGHT-EMITTING DIODES

 LED. A good LED provides an adequate amount of fight as a

result of the tracker connections. Figure 3-20 shows the
Light-emitting diodes (L.EDs) may be tested with the tracker patterns for different colored LEDs, each of which exhibit
by using the low range and connecting the probes across the different forward voltages (V).

COLOR: RED COLOR: AMBER COLOR: GREEN
RANGE: LOW RANGE: LOW RANGE: LOW

Figure 3-20. LED Patterns

3.6 ZENER DIODES Figure 3-21 shows that the zener diode conducts current in

both directions, with the forward current being a function of
The zener diode is unique among the semiconductor family the forward voltage. Note that the forward current is small
of devices in that its electrical properties are derived from a until the forward voltage is approximately .65V, then the
rectifying junction which operates in the reverse-breakdown forward current increases rapidiy. When the forward voltage

region. Figure 3-21 shows the volt-ampere characteristics of is greater than 0.65V, the forward curreat is limited primarily
a typical 30-volt zener diode. by the circuit resistance external 1o the diode.
AMP
&
“+ 10
FORWARD
CURRENT
+ 5 T
1 % f i # VOLT.
30 20 10 o . 1.5 l
+.5
REVEHSE
CURRENT
=10
> : -
REVERSE ¥ FORWARD
VOLTAGE YOLTAGE

Figure 3-21. Characteristics of a Typical 30V Zener Diode
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The reverse cureent 1$ a function of the reverse voltage and,
for most practical purposes. is zero until such time as the
reverse volluge equals the PN junction breakdown voltage.
At thix point. the reverse current increases rapidly. The PN

junction breakdown voltage (Vzy is usuadly called the zener

voltage. Commercial zener diodes are availuble with zener
voltages from about 2.4V (o 200V, The tracker displays the
zener diode breakdown voltage (V2) on the display.

Figure 3-22 shows the connection of o base-emifter junciion
(of g NPN trunsiston) to the tracker, Figure 3-23 shows that
the base-ominter junction of g silicon bipolar transistor (a
PN2222) exhibits the property of & zener diode. The zener
voltage €V z) can be determined fron the trace. In this exam-
ple. V2 is approximately 6.3V ¢nicdium range).

A vood zener diode gives a sharp, well-defined pattern of
zener breakdown voltage, while an inferior zener device
gives a patiern with a rounded corner. (Refer to Figures 3-24
and 3250

Filuure 3- 26 shows the tracker connections to a [N5242 zeaer
diode, a4 12-volt dovice Figure 3-27 shows the traces pro-
duced by the zener diode.

In the low mnge, the tracker test signal at the probes is 20
volts peak-to-peak, and 1v insufficient to cause zener
{INS2423 breakdown, As aresult, the trace tooks ideniical o
that of a general purpose diode such as a INJ0OL However,
in the medinm range, the tracker test signal is 30 volts peak-
to-peak and the zener voltage (V2) can be seen,

PN2222 TRANSISTOR
n

Figure 3-22. NPN Basc-Emitter Junction Connections

i
b
| I WS U W 1 ol N N N
R T D I A R R N |
i
FORWARD e Y il
YOLT
ABE wdee ZEHER
VOLTAGE
LY METHUM HiGH

Flogre 302

23 Traces of a Siheon Bipoiay Transisior, Buse-Emiers Junction
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SHARP
—  DEFINED
AP
—t o,
MEDIUM LOW

Figure 3-24. Traces of a Good Zener Diode

“ROUND"
"ROUND" m ¥z
[ Vo
| TR S A | I T
LI D B T T
MEDIUM LOW
Figure 3-25. Traces of an Inferior Zener Diode
ia(:}\
COM iNG242
80O

Figure 3-26. Zener Diode Conneciions

NOTE: NO ZENER VOLTAGE 1S DISPLAYED IN THE LOW RANGE

Vg = I12Y =

MEDIUM LOW

Fipure 3-27 Traces of a 1N3242 Zener Diode
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4.1 BIPOLAR JUNCTION TRANSISTORS

A bipolar junction transistor consists of a silicon crystl in
which a layer of N-type silicon s sandwiched between twao
layers of P-rype silicon. This type of wransistor is referred to
us a PNP type. Figure 4-1 shows a PNP wansistor and #ts
circult symbaol,

A transistor sy also consist of a layer of P-iype silicon
sandwiched between two layers of Netype sibicon. This s
referved to as an NPN rransistor, Figure 4-2 shows an NPN
transistor and its cireuit symbol .

Eed P PFNY P
EMITTER N\

—-—-@C

CTION 4

TESTING
TRANSISTORS

The shree portions of & transistor are known as cmitter, base.
and cotlector. The arrow on the emitier lead specifies the
direction of current flow when the emitter-base 1y blased tp
the forward direction,

4.2 NPN BIPOLAR TRANSISTORS

The test signals af the tracker probes are sinusoidal and can
be used to forward-bias, as well as reverse-bias. a semicon-
ductor jupction. To test a transistor, the base-to-emitter (B-
Ey, collector-to-base (C-B). and collectos-to-cmitier (C-F)
junctions (all) need to be examined.

COLLECTOR

Figure 4-1. PNP Transistor and Circuit Symboi

Kt
Ee—t N LPY N |—eC E* c
EMITTER T COLLECTOR
B
BASE 8

Figure 4-2. NPN Transistor and Circuit Symbol
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4.2.1 B-E Junction Testing

The B-E junction of a transistor exhibits a zener diode
characteristic (i.c., heavy current concduction when the B-E
junction is forward-biased, and zener breakdown when it is
reversed-biased}. Vz is approximately 6.5 volts. Figure 4-3

shows the connection of the tracker to the B-E junction of a
PN2222 transistor. Figure 4-4 shows the patterns produced
by the B-E junction in the low and medium ranges.

Figure 4-3. Basc-Emitter Junction Connections

FORWARD “,. FORWARD
BIASED YT Yz = 6.5V BIASED
HEAVY
COMDUCT 10 -
L i k I} 1 i H ]
| B ; -
f— Vz "ﬁ el Vz B
REVERSE - REVERSE
BIASED BIASED
MEDIUM LOW

Figure 4-4. Base-Emitter Junction Patterns

4.2.2 C-E Connection Testing

For a good transistor, the C-E connection should appear as an
open circuit (to the tracker) when the collector voltage is
positive with respect to the emitter. When the collector
voltage is negative with respect to the emitter, the transistor
goes into non-destructive breakdown at VBR.

Figure 4-5 shows the connection of the tracker to the C and B
terminals of a PN2222 transistor. Figure 4-6 shows the
patterns produced by the C-E connection in all ranges,

Figure 4-5. Collector-Emifter Connections - PN2222 Transistor




_— J—
o ey, et |
1 E 1 F !
[ 1 1 ! | § i L ) I ! PobE i
| D § 1 i LI LF i i i |1
1 i
!
‘&4\# : Q—VBR“";
L."BR ol

MEDIUM/HIGH LOW

Figure 4 6. Collector-Emitter Connection Patterns - PN2222 Transisior

4.2.3 C-B Junction Testing

The patiern of a good C-B junction looks like that of a diode. wris produced by the C-B junction in the low and medium
Figure 4-7 shows the connection of the trucker to the C-8 FANges.
junction of a PN2222 wansistor. Figure 4-8 shows the pat-

Figure 4-7. Collector-Base Junction Connections

MEDHUM LOW

Freure 4-8. Collector-Base Juncuen Pattems



4.3 PNP BIPOLAR TRANSISTORS

The testing of PNP transistors is the same as that described from their NPN equivalent. Refer to Figures 4-9, 4-10, and 4-
for NPN transistors, except that the patterns are reversed 11.

MEDIUM LOW

Figure 4-9. Pattern of B-E Connection - MPSAY? Transistor

i i 3 H I} 1] [ § 4 i
L B LR D A L B A | i 1% 1
i . .
3 H
g Vg O
MEDIUM LOW

Figure 4-10. Pattern of C-E Connection - MPSA9Z Transistor

MEDIUM LOW

Figure 4-11. Pattern of C-B Connection - MPSA92 Transistor
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4.4 POWER TRANSISTORS - NPN AND PNP

Transistor testing procedures described in puragraphs 4.2 range. Figure 4-17 shows the loop in the pattern caused by
and 4.3 are applicable to power transistors. However, some capacitance.

powet transistors show capacitance on the pattern in the high

TiP 50

LOOP DUE TO
CAPACITANCE |

s

HIGH

Figure 4-12. Pattern of Power Transistor Showiag Capacitance Loop

4.5 DARLINGTON TRANSISTORS

The Darlington transistor is basically two transisiors con- and PN¥ bipolar transistors. except that their tracker patterns
nected to form a composite pair as shown in Figure 4-13. The differ. Figure 4-14 shows the equivalent ¢ircuit of a com-
input resistance of Q2 constitutes the emitter oad for Q1 monly-used Darlington transistor, the TIP-1I2, and its pin

. . . ; assienments.
Dastingron transistors are tested in the same manner as NPN =

Figure 4-13 . Darlington Transistor - Schemaric Diagram

Figure 4-14. The TIP-112 Darlington Transistor



To test the TIP-112, apply the tracker probes to the B and E Figure 4-15 shows the tracker pattern of a TIP-112 and a TIP-
terminals. The compaosite effect due to Q1, Q2, R1, R2, and 29 at their B-E terminals. The TIP-112 shows a larger voltage
D is displayed by the tracker. Set the tracker to the “alter- drop, which is due to the individual B-E junction of Q1 and

nate” mode and connect the B and E terminals of a regular Q72 in series. No zener voltage is displayed by the tracker.
transistor (a TIP-29) to channel B and common of the tracker.

This arrangement aliows comparison of a regular transistor
(TIP-29) with a Darlington transistor (TIP-112).

LARGER VOLTASE DROP SMALLER VOLTAGE DROP
e —s]fa—
T S S
T I S
A L.
TIP-112 TIP-29
LOW LOW
TS Lo W IS
| I A 11 A S R B S ™
. RESISTANCE
L, OF RI,R2 i
% REEM BY FERER
T THE T YOLTAGE
TRACKER
TIP-112 TIP-29
MEDIUM/HIGH MEDIUM/HIGH

Figure 4-15. Patterns of 2 TIP-112 and TIP-29 at the B-E Terminals
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To further test the TIP-112, connect the tracker probes to the C To perform the final est of the TIP-112, connect the tracker
and E werminals of the TIP-2 and the TIP-29, then set the probes to the C and B terminals of the TIP-112 and the TIP-29,
tracker to the alternate mode. Figure 4-16 shows the tracker then set the tracker to the alternate mode. The tracker pro-
pattern at the Cand E terminals of the TIP-112 and the TIP-29. vides the tvpreal diode pattern similar to those shown in
For the TIP-12. the internal diode (DD dictates the tracker Figure 4-11

pattern.

REVERSE BREAXKDOWN
— VOLTAGE 2
| N S [ .
N A B T
TIP-112 TIP-29
LOW LOW

I T . [
il LA SR N | N L
‘-J
REVERSE L
BREAKDOWN VOLTAGE
TiP-142 TIP-29
MEDIUM/HIGH MEDIUM

Figure 4-16. Pattern of the TIP-112 and TIP-29 at the C-E Terminals
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4.6 JFET TRANSISTORS

Field effect transistors (FETs) may be divided into two main
types, the junction FET (JFET) and the metalmoxide-silicon
FET (MOSFET). (For information about testing MOSFETs
with the tracker, refer to section 4.8.) While MOSFET
devices are available in both enhancement and depletion
mode, devices, junction FETs are all depletion mode devices
Junction FETs are tested by placing the tracker test leads
across the gate and drain, and across the gate and source.
Both of these tests check the guality of the junction that exists
between the gate, the drain, and the source. As with any high
guality junction, a fairly sharp knee shouid be noted when the
tracker is in the low range.

Figure 4-17A shows a gate/source and gate/drain pattern with
the tracker in the low range. Figure 4-17B shows the source-
/drain pattern with gate open. Motion will be noted along the
pattern of Figure 4-17B because the open gate fead modulates
the channel with 60 Hz. Conseguently, this is not a valid test.

Figure 4-17C and 4-171 show the patierns that resull from
connecting the gate to the source and to the drain. The curved
portion of these patterns result from the non-linearity of the
channel resistance while the gate is in a continuously chang-
ing depletion mode. A discontinuity or break in the pattern
will indicate a defective device providing it is not caused by
another external device during testing under ““in circuit”
conditions. The sharpness of the knee is an indication of the
device guality.

The transistor selected for the patterns shown in Figure 4-17
is a 2N5638, a N-channel JFET that has a very low channel
resistance and is normally used as an analog switch. Other
devices will exhibit slightly different patteras, but the
described test conditions still apply.

TO TRACKER
TEST LEADS
LoV RED—DBRAIN {A)
BLACK—GATE
RED—SOURCE ®) P
BLACK--DRAIN : T
REQ
RED—SQURCE )
NOTE BLACK —DRAIN
SHARP
KNEE GATE/SOURCE SHORTED
RED—SOUYRCE D - -
NOTE BLACK—DRAIN R R
SHARP ‘
EMEE bt GATE/DRAIN SHORTED :
REG
L

Figure 4-17. N-Channel JFET Patterns, Low Range



4.7 MOSFET TRANSISTORS

4.7.1 General

MOS field effect transistors are constructed as either “deple-
ton” or “enhancement” mode gate biasing. Each type
requires a distinet test procedure with the tracker. Figure 4-18
shows the construction and circait symbol of N-channel and
P-channel MOSFETs. The depletion-mode MOSFET s 4
“pormally on” device. When Vgs = {1 a conducting path
exists between source and drain. An enhancement-mode
MOSFET is a “normally off” device. and increasing the

§ METAL o
o INSULATING
— - I_K LAYER

; SUBETRATE

Ideatized cross-section through an N-channel depletion-
typa MOSFET

i
i~

Cc
B

N S

Circuit arrangement for N-channel depletion MOSFET

voltage appiied to the gate will enhance channel conduction,
and depletion wili never oceur.

Because MOS devices require higher voltage levels for test-
ing than junction FETs. the tracker’s mediun: range must be
used. The amount of “in circuit™ loading that can be toler-
ated is limited by the impedance of the tracker’s signal
generator.

E METaL 8
INSULATING
— rfuwen
§p ! »

M

I SUSSTRATE 1R BORY:
a

tdealized cross-section through a P-channel enhancement
MOSFET

Cheoust arrzngement for Pochannel enhanceman: MOSFET

Figure 4-18. N-channe! and P-channel MOSFET Devices
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4.7.2 Depletion Mode MOSFET

Figure 4-19A shows the circuit and pattern required to test
this type of device. The vertical leg (1) results from the
Junction between the drain and substrate being forward
biased by the negative test signal from the racker. This test
must be performed with the tracker in the medium range. The
slight tilt in the vertical leg results from the 2 4K resistor in
series with the source, This test was done out of cireuit,

A high quality transistor will have a fairly sharp, clean break
at the kage and a somewhat flat horizontal leg (2). The height
of the horizontal leg above the display center line will he
influenced by the Gm of the device.

Figure 4-198 shows the display of a faulty device. Note that
there i no distinct breakpoint after the junction is reverse

DEFECTIVE

[§ 53] <

biased. The curved leg (2) indicates a great deal of leakage
through the channel area.

Figure 4-19C displays the tracker pattern when a 10K-okm
resistor 1s shunted across the tracker input. This circuit
simulates the condition that would exist in some “in circujt”
testing situations. 1f the load resistor becomes wo small. the
transistor must be removed from the circuis for a clear test.
Note that the break at the knee is still sharp and not rounded.
Also the hreak is somewhat above the axis of the display.

Figure 4-19D displays the tracker pattern when a defective
transistor is shunted by a 10K-chm resistor. Note that the leg
(2} 1s a fairly seraight line. but the break originates very close
to the display axis.

TRACKER
TEST
LEADS

5
3
b
b 2.4K
>

¥

Pl
4]
4 IR L,
1 & oz
2

¥

e GiED

4
B £ tox

¥

Figure 419 N-Channel Depletion Mode MOSFET. Medium Eange
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4.7.3 Enhancement Mode MOSFET

I this type of transistor, the gate must be biased in the
forward direction. Active operation ol the transistor does not
come about wntil the gate voltage is increased (0 a cortain
level, depending on the purameters of the particular transis-
O,

[n the patters shown m Figure 4-20A the st toansistor
becomes active as the gate voltage approaches approximately
-4 volts. As so0n as active operation s achieved. the chunnel
reststance becomes very low, cansing channel current 10
increase. as shown by leg (11 in Frgure 4204,

Point (2) in the pattern is the voltage level at which the hase
causes normal active operation. Point (3) s the reverse
voltage level that aotivides the drunssubstraie junction in the

DEFECTIVE

DEFECTIVE

lforward direction. Leg (4) iy the junction current feg.

Point (2) Anee wilt be slightdy rounded g good device. Poimt
{37 will have o very shasp break. The horizontal leg of the
Figure 4-20A pattern will exhibit zero tilt when testing a
good trapsistor.

Ficure 4-20B shows the patiern of a transistor that has a
detective channel. Figure 4-20C shows the pattern of @ good
transistor that i shunted with B obms of resistance. Note
that ey (2) of the Figure - 200 patiern is strasght and stanted.
Both knee poinis are fairdy sharp and well detined, Figuee 4-
208 shows the pattern of o defective tansistor that is shunted
with 0K ohms of resistance,

TRACKER

| TEST

s LEADS

BLACK

L
1

SUB
G 10w

Figure 4220 P-Chaanel Enhiuncement Mode MOSFET . Modium Ranac

4-11



4.7.4 MOSFET With Protection Diode

INTRODUCTION. Some MOSFET devices have an input
protection diode, and the tracker displays the effect of this
diode. Figure 4-21 shows a Siliconix N-channe! enhance-
ment mode MOSFET (VNIOKM). This device has a protec-
tion diode between the gate and source, und the substrate is
internally connected to the source.

TESTING GATE AND SOURCE. To test the gate and source
of the VNIOKM, connect the test probes to the gate (G} and
source (S} terminals as shown in Figure 4-22. Note that the
drain (D) terminal is not connected.

Figure 4-23 shows the patterns of the protection zener diode
in the fow. medium and high ranges. The test signal in the low
range is 20 voits peak-to-peak and is not high enough w cause
zener breakdown. The test signal in the medium range is 40
volts peak-to-peak, and is stiff not high enough to cause zener
breakdown. However, in the high range, the test signal is
sufficient to cause zener breakdown.

L —~o

5

Figure 4-21, VNIOKM MOSFET With Gate-to-Source Protection Diode

s

Figure 4-22. Fracker Connections to the Gate and Source

REGUL AR

DIODE
A L N Loy
LN A B | L I IR B | A e
10w MEDIUM HIGH

Figure 4-23. Gate-to-Source Patterns
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TESTING THE SOURCE AN DRAIN. To tost the source
and drain, connect the test probes to the source (5) and drain
(D) terminals as shown in Figure 4-230 the gate (G terminal
i not connected. The tracker st signal is a singwave and
during the time the voltage at DY s positive with respect o S,
the D aad S wermanals appear as an open cireuit to the tracker.
However, when S is positive with respect to D, the substrase
diode is displayed by the tracker. If the gate (G} s 10 contuct

COM

with a finger, the diede pastern will be modulated by a
SO/60Hz sipnal trunsmitted from the body 1o the gase.

Figure 4-25 shows the patteras in the low and medivm range
of the substrate dinde with the gate wuched by a finger. while
Figure 4-26 shows the patierns with the gate terminal uncon-
nected.

SUBSTRATE
DIORE

Figure 4-24. Trucker Connections 1o the Gate and Source

i T W
A A | |
50/60Hz $0/60 Hy —t
MODULATION MODULATION |
LOW MEDIUM

Figure 4225 Patterns of YNIOKM MOSFET at D and 5 Tenminals with Finger in Contact with Gate

COMDUCTION
CAUSED BY
SUBSTRATE
DIGDE

b~

LOYW

MEDIUM

Froure 4-26. Patterns of VNIORM MOSFET wit D and 5 Torminuls with Gate Unconnected

4-13



TESTING THE GATE AND DRAIN. To test the VNIOKM
gate and drain, connect the test probes to the gate (G) and
drain {D) as shown in Figure 4-27,

Figure 4-28 shows the pattern in the low range. The D and G
terminals appear as an open circuit and the resultant pattern is
a diagonal line.

In the medium range, the D and G terminals appear as open
circuit, but modulated by 50/60Hz signal from the surround-

ings. Figure 4-29 shows the pattern in the medium range.
This tracker range provides a test signal from a high source
impedance and is able to show the moduiation effect,

When operated in the high range, the tracker test signal is a
120-volt peak-to-peak sinewave (with limited current). This
voltage is sufficient to cause the D-G connection to go into
non-destructive breakdown, and the source impedance is
sufficient to show the modulation effect caused by 50/60Hz
signal. Refer to Figure 4-30,

COoM

80 !

Figure 4-27. Tracker Connections to the Gate and Prain

LOW

Figure 4-28. Patterns of VN10KM MOSFET a: the
D and G Terminals

50/60 Wz
HMODULATION T~

MEDIUM
Figure 4-29. Patterns of a VN1OKM MOSFET at the D
and G Terminals with 30/60Hz Modulation

S0/60H:

MODULATION T

¥ b I

CORDUCTION
CAUSED a8y

f—

NON-DESTRUCTIVE BREAKDOWN

LOW

Frgure 4-30, Pagerns of &« VNJOKM MOSFET at the D and G
Ternunals with Non-Destructive Breakdown
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4.8 UNIJUNCTION TRANSISTORS (UJT)

The unijunction transistor, or double-base diode. has a smali
rod of ¥ omaterial extending inte the block of N material
which serves as a P-N jusction. Two metallic contacts, called
bases, are welded to the N obiock without crouting new
junctions. Figure 4-31 shows the construciion and symbol of
the unijunction transistor,

}3&5‘:5 2
] BASE |

EMITTER

EZ;;TW:DM

Fieurs 4-32 shows the st connections of the UIT and atso
the fead assignments for a 2NA8T1 device. Set the tracker to
the alternate mode and the fow range, then verity a pattern as
shown in Figure 433 for diodes E-B1 and E-B2. (There is a
slight difference w torward voltage drops between the
dindes: the ditference depends on the intrinsic standof? ratio
of the UIT)

ﬁ:W

Fioure 431, The Unijunction Transistor

BOTTOM VIEW

b BASE |
2 EMITTER
3.BASE 2

Figure 432, Test Cireany, Emitwer-Hase Junction - 2MN4871 Trunsistor

R
¥

u
L piODE
£ B

o EROHHE
£ a2

Frgure 2233 Low Runee Pattorn o Diodes B-B1 and B-82



To test base 1 (B1) to base 2 (B2) of the UJT, set up the test
circuit as shown in Figure 4-34. The patterns should be as
shown in Figure 4-35 for Bl to B2 in all ranges.

\ BI
A 4
3
COM
8O
B2

Figure 4-34. Test Circuit for Bl to BZ - 2N4871 Transistor

4-16

LOW

MEDIUM

Figure 4-35. Paiterns for Bl to B2

HIGH




5.1 RESISTORS

5.1.1 General

A pure resistanee aeross the test probes will cause the e
on (the trucker display 1o rotate clochwise on s conpter axis,
The degres of rotation is o function of the resistance value
For the high and medium rangaes the mace rolates i clock:
wise direction from the horizontal {open clreuity position,
For the fow range. the trace roiates clockw e from the open
circuit diazonal positon. On all vanees. the Tength of the
trace 1 peduced beviuse of the voltaee drop carsed by the
interna impoedanve of the tracket

OPER CIRCUITY

— \\%/

500 OHMS

| e = ANGLE OF
ROTATION

SO0-COHM RESISTOR

GPEN CIROWTY

_— N

% -
-
E0) OHME /g
b b T T SO N |
[ B R N
- 20"
-
-
-~
- b,

JO-OHM RESIETOR

5.1.2 Low Range

PR obn Froure 51 shows the effoct of rosistance on the
ancle of rotation athe low range. A S00-ohm resistor vaises
@ sdivht Goce eotation. A Mol resistorn Cuauses the trace (o
rofete e such an angle hat i becomes o hovzontal e, A
Zhohin rosistor catees S8 degrees of rotation. anad o zero-

oy rosis o ndieatod by aoverticad ise.
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5.1.3 Medium Range

This range is designed to detect resistance between 1K and
200K ohm. Figure 5-2 shows the tracker trace for a lk
resisior, a 13K resistor, and a 200K resistor, using the
medium range. Resistances of smaller values than 1K appear
almost as a vertical line. A 15K resistor causes an angle of

rotation of 45 degrees, while the tracker trace for a 200K
resistor causes only slight rotation. Resistor values higher
than 200K, produce such a small rotation angle that it
appears almost as a horizontal line.

I OHus

ROTATION
ANGLE

B 2001 OHMS

18K OHMS

IK RESISTOR

15K RESISTOR

200K RESISTOR

Figure 5-2. Effects of Resistor on Angle of Rotation - Medium Range

5.1.4 High Range

This range is designed to detect resistance between 3K and
one megohm. Figure 5-3 shows the tracker trace for a 3K
resistor, a 50K resistor, and a one Megohm resistor, using the
high range. Resistances smaller than 3K appear almost as
a vertical line. A 50K resistor causes an angle of rotation of

43 degrees, while the tracker trace for a one megohm resistor
causes only slight rotation. Resistor vaiues higher than one
megohm produce such a small rotation angle that it appears
almost as a horizontul fine.

3K OHMS

/ROTATION
ANGLE

50K OHMS

1% OHRS

JE RESISTOR

50K RESISTOR

IMEGOHM RESISTOR

Figure 523, Effects of Resistor on Angle of Rotation - High Range
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5.2 CAPACITORS
With a capacitor connected to the tracker as shown in Figure
5-4:

the voltage (V) across the capacitor is given as

M) =aSinwt ... (1)

the current Ht) in the loop is 90 degrees out of phase
with respect to the voltage (V) and is given as
I =bCoswt ... ... ... .. ... ... . ...... (2}

where a and b are constants, w is the test signal
frequency
From equation (1}
V(t)/a = Sin wt
or

Vetyias = Sin‘wt oo (3)

From equation (2):

Ity = Cos wi

or

/b =Cos™wt ... (4)
Add equations (3) and (4):

Vi + P/’

= Sin'wt + Cos'wi

£ T (5)

Thas is the equation of an eilipse. It becomes a circle ifa =b.

The size and shape of the ellipse depends on capacitor value
and tracker range. Figure 5-5 shows the tracker paiterns for
various capacitor vatues in the low range. Figure 5-6 shows
the tracker patterns for various capacitor values in the
medium range. Figure 37 shows the tracker patterns for
various capacitor values in the high range.

COM

Ao

L

o] LT

Figure 5-4. Capacitor Test Connections

2EODUF

uF 100uF

2200uFM

Figure 5-3. Capacitor Patierns Using the Low Rangs
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P Y

1uF

0.01uF (.1uF fuF

Figure 5-6, Capacitor Patterns Using the Medium Range

i 4 [T -
H t (2 |
33QpF i
330pF 0.0taF 0. 1uF
Figure 5-7. Capacitor Patterns Using the High Range

For capaciior testing. low range covers 1uF to 2200uF: high ranges. Figure 5-8 shows that the trace for a capacitor of
medium range covers 0.01uF to 1LOuF, and high range covers kess than G uF appears as an open cireuit in the low range.
330pf 1o 0.1aF. Capacitive values less than LuF appear as an Figure 59 shows that the frace for a capacitor higher than
open circuit in the low range, while capaciiors with values 10uF appears as a shost ¢irenit in the medium and high
higher than 10uF appear as short circuit in the medium and ranges.

N N W | | S T T T S O S
L S B oor I A | t L
Figure 5-8. 0. lu¥ Capacitor in the Low Range Figure 5-9. 10aF Capacitor in the Medium and

High Ranges
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5.3 INDUCTORS

[nductors preduce o sinular offect on trucker putierns to
capacitors. except that the current kigs the voltuge applied o
the inductor Like capucitors. inductors produce wn elliptival
pattern, Figure 3-10 shows the patterns for a OH inductor in
the low, medivm. and high ranges,

For a6 H inducior, the impedance ar the wst signal freguency
{80H7) s so large compared with low range internal impe-
dence. that itappears as an open cireair. In the nredium and
high ranges. distorted elipses are produced. The distortion s

vatsed by the non-lineur properties of the sron core muaterial.

Figuge 311 shows the test vireuit and elecincal equivalent for
a 2520 mH inductor, Figure 312 shows the pattern for the 230
mH mductor (which s equivalent to an inductance in series
with an 84-ohin resistor). In high range. the inductive reac
tance (due o the 250 mH mdectance) s iosienificant com-
pared o the resistunce (84 ohms). which 1s a fairly good
short, soa vertion] line s observed, Howevers w smaldt ollipse
poseen in the medium and low ranges.

ROTATION
ARGLE

ROTATION
ANGLE

“ b
HIGH MEDIUM LOW
Figure 5- 14 Patteras for a 6H Inducior
A (}\
80 84 OHMS
Froure 5-11 Test Cireuit for o 230mH Inductor
{1 1 bod i
L N D L R
HIGH MEHUM LOw

Figure 512 Patterns Tor o 2530m#H Inducior

5-5



5.4 TOROID INDUCTORS

Toroid inductors can be checked with the tracker, but pro- inductor. Toroids are tested using the low range, and typically
duce a pattern that differs from the previously described produce the pattern shown in Figure 5-13,

Figure 5-13. Pattern for a Toroid Inductor - Low Range




6.1 TRACKER DIAGNOSTIC PRINCIPLES

The preceeding sections discuss in detail the test patierns for
diodes, transistors, resistors, capacitors, and inductors. Sec-
tion 6 examines circuits formed by multiple components,
such as diodes in series. or parallel. with a capacitor. cic. It is

SECTION 6

TESTING MULTIPLE
COMPONENT
CIRCUITS

very important for users to understand composite circuit
patterns prior to printed circuit board level troubleshooting,
Based on the information contained in the previous sections,
the following diagnostics are presented in Table 6-1.

Tabic 6-1. Diagaostic Table

COMPONENTS

RANGE

PATTERN DESCRIPTION

Open circuit

Short circuit

Resistor

iHode

Capacitor

inductor

Low

Medium. high

All

Low

Medium, high

Low

Medium, high

All

All

Diagonal line

Horizontal line
Vertical hae

Straight lines rotated clockwise from diagonal line

Straight bine rotated clockwise from honzontal Hine

Check mark

L7 shape
Ellipse or circle

Elfipse or circle

6-1




6.2 TESTING DIODE/RESISTOR CIRCUIT displays mainly the diode effect. On the other hand, resistors
of 1ess than five ohms will dominase the pattern.

When testing diode/resistor circuits, the test pattern on the

tracker depends on whether the diode is in series or in

paralle! with a resistor, the value of the resistor, and the

tracker range.

6.2.1 Diode in Paralle! with Resistor com

Figure 6-1 shows the test circuit for a diode in parallel with a
resistor. Figure 6-2 shows the effect of various resistance
values on a diode {IN4OO) pattern with the low range
selected on the tracker. When the value of a resistor is over
1000 ohms. it contributes listle to the pattern, and the tracker Figure 6-1, Test Circuit for a Parailel Diode and Resistor

Q;?;,E?/

i E1IIQI1I1
I R T3 1 riilﬁili%

J .
DIODE ONLY 10-OHM RESISTOR ONLY DIODE AND RESISTOR
- i
e ||
e i —tn
DIODE ONLY 50-GHM RESISTOR ONLY BIODE AND RESISTOR

]

DIODE ONLY I0D0-0OHM RESISTOR ONLY DIODE AND RESISTOR

Figure 62, Parallel Diode/Resistor Traces - Low Ranpe

6-2




Figure 6-3 shows the patterns for various resistors in parailet ohms, the pattern is be dominated by the resistor. while the

with the ditde and the medium range selected on the tracker, diode contributes fittle. The high range of the tracker pro-
Resistors with values greater than 200K have insignificant vides traces similar to that of medium range. except it covers
influence on the diode pattern. For resistors of less than 1000 higher values of resistors,

Ekltqilli 111:@111
11;:1!!1%%!311 fEilE{Iti

DIODE ONLY IK-OHM RESISTOR ONLY DIODE AND RESISTOR

IS . | i LI S T H [ ] ] [
| A | A A | [ I 1 ] P
DIODE ONLY SK-OHM RESISTOR ONLY DIODE AND RESISTOR
| . | £ i ] Bned [ A i 1 |
N T M | I A L D ] W—M-J
wancomses e
PIODE ONLY PRUK -OHM RESISTOR ONLY DIODE AND RESISTOR

Firanre 6-3, Paralie! Diode/Resistor Traces - Medinn Range
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6.2.2 Diode in Series with Resistor

Figure 6-4 shows the test circuit for a diode and resistor
connected in series. When the diode is forward biased, itis in
a low impedance state and the tracker displays only the
resistor. However, if the diode is reverse biased, the series
circuit appears as an open circuit to the tracker. Figure 6-5

combination when forward and reverse biased.

AG\ .

COM D
80O R

Y

Figure 6-4. Test Circuit for a Series Diode and Resistor

¥ @k ANAR

ACTUAL CIRCUIT

o

¥ B AP e

EQUIVALENT CIRCUIT WHEN DIODE
IS FORWARD-BIASED

K B ——pf

I

also shows the equivalent circuits for the diode-resistor series

Figures 6-6, 67, and 6-8, show the tracker patterns for
various values of resisiors in series with a diode while
operating the tracker in the low, medium, and high ranges.

ACTUAL CIRCUIT EQUIVALENT CIRCUIT WHEN DIODE
IS REVERSE-BIASED
Figure 6-5. Diode/Resistor Equivalent Circuits
DHODE
FORWARD r— i

BIASED

DIODE

0 OHMS REVERIE 30 OHES 300 OHES
i, BIASED ....l.. ks
[6-0GHM 50-OHM RESISTOR 500-0HM RESISTOR

Figare 6-6. Low Range Patterns for Varous Resistors and Series Diode




-

IV S |
A |
2K OHMS

HOR OHMS

00K OHMS

ZK-OHM RESISTOR

1OK-OHM RESISTOR

HI0-OHM RESISTOR

Figure 6-7. Medium Range Patterns for Various Resistors/Series Diode

3K OHMS

R W WO | S S | i ) | F |
i1 1T {1 i P H [ S A
SOK OMMS SO0K OHMS

SK-OHM RESISTOR

SOK-OHM RESISTOR

SOOK-OHM RESISTOR

Figure 6-8. High Range Patterns for Yarious Resistors/Series Diode

6.3 DIODE AND CAPACITOR PARALLEL COMBINATION

Figure 6-9 shows the test circuit for the parallel diode-
capacitor combination. Figures 6-10 through 6-13 show the
tracker displays for differeat values of capacitance with all
three tracker ranges. In Figure 6-13, the 100uF capacitor
causes a vertical trace in the medium and high range regard-

less of the diode.

Capacitors having values higher than 1000uF dominate the
pattern and diode effect i negligible. In such a case. the
medium and high ranges produce a vertical trace while the
low range yields a small elipse. Refer to Figure 6-14, which
shows the effect of a Z200uF capacitor in parallel with a
diode.

AG\

COM

8O

Ci o
T

Figure 6-9. Test Circuit for Paralle! Diode/Capacitor Combination

6-5




NOTE: CAPACITOR HAS NO EFFECT ON LOW RANGE PATTERN

T S T | I T
| I I R N
LOW MEDIUM HIGH
Figure 6-10. Tracker Display - Diode and a 0.01uF (Capaciior
NOTE: CAPACITOR HAS NO FFFECT ON LOW RANGE PATTERN

I I . | I -
| I T R |
LOW MEDIUM HIGH
Figure 6-11. Tracker Display - Diode and a O Tul Capaeltor
NOTE: DIODE HAS LITTLE BEEFECT ON THE MEDIUM AND HIGH RANGE PATTERNS
| R N T Lo Ak
I B LA R
LOW MEDIUM HIGH
Fizure 6-12. Tracker Display - Diode and a ! OuF Capacitor
NOTE: DIODE HAS NO EFFECT ON MEDIUM AND HIGH RANGE PATTERNS
- FT
] O S N VO 0 S O N WO T B S N I N D O
A B T R 11 L I |2 T
A el
LOW MEDIUM HIGH

Fioure 6-13 Tracker Display Using & 100u¥ Capacitor



amgsnn

P

MEDIUM/HIGH

Figure &-14. Tracker Display Using a 2200uF Capacitor in Parallel with a Diode

LOW

6.4 RESISTOR AND CAPACITOR PARALLEL COMBINATION

Aspreviously discussed, a capacitor produces an ellipse. and

A resistor produces trace rotation and amplitude reduction.
Conseguently, a resistor reduces the size of an ellipse and
causes s major axis i rotate. The magnitude of the angle s
determined by the value of the resistor and the range selected
on the tracker. Figure 6-1% shows the test circuit for the

parallel capacitor-resistor combination, while Figure 6-16

shows the effect of a 55K-ohm resistor/001ulF capacitor

) O\

COM

80

combingtion. and Figure 6-17 shows the etfect of a 3K-ohm

reststor/Q. 1 2uF capacitor combination.

%%

Figure 6-15. Test Circuit for Resistor and

Capacitor in Paraliel

imiil!
T T T T R M

CAPACITOR ONLY

Figure 6-16. Eftects of'a S3K-Ohm Resistor and 0.01uF Capacitor in the High Range

RESISTOR ONLY

CAPACITOR AND RESISTOR

P .
[
e

CAPACITOR ONLY

Figure 6-17. Eftects of a 3K-Ohm Resistor and 0.12uF Capacitor in the Medium Range

RESISTOR ONLY

CAPACTTOR AND RESISTOR




6.5 INDUCTOR WITH DIODE

This of type circuit is found in relays and line printers. The tion, connect the tracker probes to points A and B shown in
diede suppresses the high voltage “kick” produced when the Figure 6-18. Figures 6-19 through 6-22 show the patterns
inductor or coil is de-energized. To test this device combina- produced by the described circuit conditions,

{ RELAY

Figure 6-18, Inductance/Diode Combination

GIODE _— '-T-~
S W | A
1T T 1 A T
INDUCTANCE
EFFECT RN
Figure 6-19. Pattern of Good Working Figure 6-20. Pattern of Open Coil -
Circuit - Low Range l.ow Range
T W DR T |
LA S | L DL
.
Figure 6-21. Pattern of Open Diode - Figure 6-22. Pattern of Shorted Diode -
Low Range Low Runge




7.1 INTRODUCTION

7.1.1 Integrated Circuit Technology

An integrated circuit consists of a single-crystal chip of
silicon, typically 50 x 30 mils in cross-section, containing
both active and passive clements, plus their interconnec-
tions. Such circuits are produced by the same processes used
to fabricate individua! transistors and diodes. These proc-
esses include epitaxial growth, masked impurity diffusion,
oxide growth, and oxide etching, using photolithography for
pattern definition.

The basic structure of an integrated circuit is shown in Figure
7-1, and consists of four distinet layers of material, The

(a)

Resistor Diodes

ECTION 7

TESTING
INTEGRATED
CIRCUITS

bottom layer (1) (6 mils thick) is P-type sificon and serves as a
substraie upon which the mntegrated circuit 15 to be built. The
second tayer (2). typically 25 mils thick, is an N-type faver
which is grown as a single-crystal extension of the substrate.
All components are built within the N-type layer using a
series of diffusion steps. The third tayer of materisl {3) is
stlicon oxide, and it also provides protection of the semicon-
daetor surface against coatamination. Finaily. a fourth
metallic aluminum) layer (4) 15 added o supply the neces-
sary iterconnections between components.

ur

- Dode junctions

Transistor

/t'\luminum
) 4 o7 metalizntion
. Q\ R L - Silicon dioxide

i
DD /
?g 2 1 Vt# 3

f 1 A n'mru u\ L e ol Gotor
o) polype I P contaet n’
é n-type ] 2] ~nt BEmitter
iy pelype sulrstrate " Base
T - T Coleetor
‘ (&)
(&) A circuit containing o resistor, two diodes, and o fron-
sistor.  (b) Cross-sectional view of the circuit in (o) when tronsfarmed

into o monolithic form (not drown 1o scale).

The four tayers are (3

substrate, (2) n-type crystal containing the integrated circuit, (1) silicon

dioxide, and (1) aluminum metslization,

lo scaje,)

(After Phillips.” Mot drown

Figure 7-1. Typweal Integrated Cirenlt Construction




7.1.2 integrated Circuits
Testing Technigues

So far, this manual has discussed the techniques of testing
resistors, capacitors, inductors, diodes, transistors. FETs.
and UJTs. All these techniques can be applied to test inte-
grated circuits. The tracker pattern produced across any two
pins of an integrated circuit, is a resultant effect of resistors.
diodes, transistors, and capacitors. Apply the tracker probes
between two pins on an integrated circuit to display the
resultant pattern of these composite components.

This section provides information related to testing the fol-
Jowing devices:

- Linear operational amplifier

- Linear voltage regulators

- The 553 timer

- TTL digital ICs

- Low power Schottky digital 1Cs
- CMOS digital ICs

To test an integrated circuit, the tracker leads are connected
to two pins at a time, Since the typical integrated circuil has
many pins, the number of possible testing combinations
kecomes very large: for example. a 16-pin device has 240
possibie two-pin combinations. It becomes impractical to test

all possipibities, and experience shows that it is adequate o
test the input and outpul pins with respect to V+ and V- in
order to determine whether a device is good or bad.

7.2 LINEAR OPERATIONAL AMPLIFIERS

When checking an analog device or circuit. the low range is
used a large percentage of the time. Analog circuits have
many more single junctions o examine, and these will usu-
ally show any flaws more easily in the Jow range. Also, the
32-chm internal impedance in the low range makes it less
likely that other components, in parallel with the device
under test, will load the tracker sufficiently to modify the
patterns produced if the device were tested out-of-cireuit.

When checking an op-amp in-circuit, it is almost mandatory
to do a direct comparison with a known good cireuit because
the many different feedback foops associated with op-amps
may cause an almost inflaite number of patterns, Figure 7-2
shows the schematic and connection diagram of a National
Semiconductor #4538 op-amp.

Figures 7-3 through 7-6 show the patierns between pin 8
{V 43 and the other pins of an 1L.M-{458 while Figures 77
through 7-9 show the patierns between pin 4 (V) and the
other pins.
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Figure 7-2. The LM-1458 Op-Amp. Schematic and Connections




LOW MEDIUM HIGH
Figure 7-3. Patterns Between Pins | and 8(V + and Output Pin}
S — —
L] IX / | b IO I i
U R | A A R A A W
LOW MEDIUM HIGH

Figure 7-4. Patterns Between Pins 3 and 8(V 4 and V)

A N | l_ [ ‘l-..ﬁ ]
S I I [ !
LOW MEDIUM HIGH

Figure 7-5. Patterns Between Pins § and 3 (V + and Noa-Inverting Input)

MEDIUM

_
[ D ¥
HIGH

Figure 7-6. Patterns Between Pins 8 and 2 (V + and [nverting Input)
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LOW MEDIUM HIGH
Figure 7-7. Patterns Between Pins 4 and 1 (V- and Output Pin)
A | | e ||
. e e
LOW MEDIUM HIGH

Figure 7-8. Patterns Between Pins 4 and 3 (V- and Non-Inverting Input}

L N T | | W — Lok
L A [ LA |
LW MEDIUM HIGH

Figure 7-9. Patterns Between Pins 4 and 2 (V- and Inverting loput)




7.3 LINEAR VOLTAGE REGULATORS

Voltage regulators, especially 7200 and 7900 series, arc used
in most picees of electronic equipment.

7.3.1 The 7805 Regulator

Figure 7-10 shows the schematic and the connection of 78G5
regulator. Figure 7-11 shows the test connections 1o the 7805

1
NPT

Ars
3
iy
>
s
Qo
e

W e . [ —

#ia
k-1

GNE

voltage regulator werminals, Figures 7-12 through 7-14 show
the test patierns for a 7805 voltage regulator, and vary for
voltages other than 5 volts. Different manufacturers imple-
ment their products with different topologies and # is
expectad that the patterns wil vary for the same devices from
different manufacturers.

RMotal Can Package
TO-3 {K)
Aluminurn

pe Rl \{""\\’ L RO
D
\e®
eyt /\,.,W

BRFTOA ey

Mastic Package

FO-220 (T)
e T
ENE O l’"_ﬁ:ﬁcm‘.
e eyt
r
Ry

Figure 7-10. 7805 Schematic and Pin Layout

Figose 7- 11, Test Connections to the 7805 Regulator




LOW MEDIUM HIGH

Figure 7-12. Patterns Between Input and Ground Pins - 7803

S O \ S N . LI S W F
(N T ! L T £ 1 L A
LOW MEDIUM HIGH

Figure 7-13. Patterns Between Quiput and Ground Pins - TROS

W MEDIUM HIGH

Figure 7-14. Patterns Between input and Outpus Pins FEO5



7.3.2 The 7905 Regulator

Figure 7-15 shows the schematic and connection diagrams (or through 7-19 show the test patterns for a 7905 voltage regula-
7905 negative voltage regulator. Figure 716 shows the test tor on all sanges. Again, these patterns are for references
connections 1o the 7905 voltage regulator. Figures 717 only and change shghdy from mangtacturer to manufacturer,

3] Rig
A 3

1]
R

Figure 7-15. Schematie and Connections of the 7905 Regulator

Figure 7-16. Test Connections to the 790% Regylator
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LOW MEDIUM HIGH
Figure 7-17, Patterns Between Input and Ground Pins - 7905
I I T E A N S L4 ! ]
I D R E LR 1 i L
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LOW MEDIUM HIGH
Figure 7-18. Patterns Between Output and Ground Fins - 7905
- —
il | 4
L § i
LOW MEDIUM HIGH

Figure 7-19. Patterns Between toput and Output Pins - 7905




7.4 555 TIMERS

The 555 thimer is a popular lincar integrated circuit, and is
used in precision timing. pulse generation, and pulse width
modulation applications. The tracker is used to cxamine
patterns between various pins with respect to ground. Figure

7-20 shows the schematic and connection diagram of the
Mational Semiconductor LM355 timer, Figure 7-21 shows
the wst conacctions of the 1L.M355 10 the tracker,
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Figure 7-21 Test Connections 1o the L3535 Timer




Flgures 7-22 through 7-25, and 7-27 through 7-29, show the
patterns between different pins of the LM555 using all ranges
of the tracker. In Figure 7-22, the tracker displays the base-
collector junction of transistor Q7 (see Figure 7-20).

Figure 7-24 shows the patterns between pins 4 {reset) and 1.
in this case. the tracker displays the junctions cascaded by
transistors Q235 and Q34 (see Figure 7-2(. Consequently, a
transistor pattern is expected.

Figure 7-25 shows 1est patterns between pins 5 (controd
voliage) and L Pin 5 is connected to resistors R3, R4 RS, and
the Dartington transistor formed by Q3 and Q4. Refer alsoto
Figure 7-26. The impedence between pins 3 apd 4 13 too high
t0 cause any sigaificant etfect in jow range. As & result. a
diagonal line. slightly rotated. is produced.

bedod d I O bt bk | N N B
N I [ N B 1 1 % LD S |
LOW MEDIUM HIGH
Figure 7-22. Patterns Between Pins 2 and |
LOW MEDIUM HIGH
Figure 7-23. Patteras Between Pins 3 (Output) and |
I | | T W D | S I bdbind LI N .
| N D [ 17 1 [ [ R N
LOW MEDIUM HIGH
Figure 7-24. Patterns Between Pins 4 {reset) apd |
[ T R I T i et
N B B 4 i Pt LA I | I I | k
LW MEDHIM HIGH

Eigurg 7225 Patierns Between Pins 5 (control voltage) and |

710




Figure 7-27 shows test patterns betweenpins6and 1. Pin 6 is
connected to a darlington transistor (formed by Q1 and Q2)
which s in series with resistor R (10k resistor) The impe-
dence is too high to show much change ia the low range.

i
[
LW MEDIUM HIGH
Figure 7-27. Putterns Between Pins dand |
S N N | || i Eed o b i
LA A R | i T 1 L | L
. . Y
Lo MELUM HIGH
Figare 7-28. Patterns Between Pins 7 and 1
LS W | i 1.4 | W |
LA A | LI [ [ |

LI

MEDIUM

Figure 729 Parterns Between Pins B (Vo) and L{an (b oy 4dy )

i

Figure 7-28 shows test patterns between pins 7 and 1. These
pins are connected to the collector and emitter of Ql4. A
typical transistor C-E patlern is scen.

71




7.5 TTL DIGITAL INTEGRATED CIRCUITS
7.5.1 General

The schematics of the basic gates of the various families are
shown in Figure 7-30a. b, ¢, d. and e. All are similar,
contaming an input and gate, & phase spliter (Q2) with
emitter and cotlector load resistors, a pull-up mechanism
{Q3/Q4) and a pull-down transistor (Q35). In ali except LS-
TTL circuits, the AND function is formed by a multi-emitier
transistor in which the emitter-base junctions serve fo isolate
the input signal soarces from each other,

(a)

The inputs of these gates contain input protection diodes.

test a digital 1O, we need fo examine:

-Inputs with respeet 1o ground 1o see if the input
diode and transistor are damaged o1 not.

-Output pin with respect to ground o see it the C-E
Junction of Q5 transistor is stili good.

-Output pin with respect to Voo to see H transistor
(24 is still good

Vee with respect to ground, Generally. the tracker
can “catch™ flaws caused by overioading.

(b} 1 Vee
28k 27E0 0 % 55 0
INPUTS [oF]
A a1 oz o
" | OUTPUT
¥
Q3

o n

pas]

11}

voo
. | t1o6
(¢ AP
4% >7Ex I:‘SIZ.! e
A
] a3
Da
o1 Y ae
- AS [+1]
B g Qz
04 sk QUTPUT
b2 202
5
= 28k 35k
Q8
Yoo

(d)

Figure 7-30.
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7.5.2 TTL Devices

Figure 7-31 shows the tracker test connections to a 7410
NAND gare. Figures 7-32 through 7-35 show the patterns of
input, output, and Vee with respect to ground of the 7410
TTL device. As mentioned previously, the test pattorns may
vary from device to device, and from manufaciures to manu-
tacturer, depending on the level of deping and logic imple-
mentation.

Figure 7-32 shows test patterns taken between inpus and
ground. In the low range. the input protection diode pattern is
represented by ABC instead of ABD (as a regular diode

would have been represented). The difference between a
regular diode and protection diode is that protection diode
has a 50-ohit resistance in series with the diode junction.

Figure 7-33 shows the est patterns between output and
ground. In low range. the test voliage is not high enough to
cause nor-desiructive breakdown. These patterns are typical
transistor C-E junction patterms.

Figure 7-34 shows the test patterns between Vee and ground.

A Q\
COM

80

it

$TT

Figuge 7-31, Test Crrewit for the 7410 NAND Gate

REGULAR D
DIODE 18 s

PROTECTION
DIODE

LOW MEDIUM HIGH

Figure 7-32. Patterns Between Input and Ground - 7419

LOWY

MEDIUM HIGH

Figure 7-33. Paterns Between Quiput and Ground - 7410

713




LOW MEDIUM HIGH

Figure 7-34. Patterns Between Voe and Ground - 7410

7.5.3 L8 TTL Devices

Implememation of LS digital ICs is different from others multiple-cmitter tansistor topology. Figures 7-35 through 7-
{refer to Figure 7-30). LS series are not implemented with 37 show test patterns between different pins of a 741500

NOTE: THE HIGH RANGE SHOWS THE REVERSE BREAKDOWN VOLTAGE

S I S N O |
I R R e A
LOW MEDIUM HIGH

Figure 7-35. Patterns Between Input and Ground - 741.500

COMDUC T1ON
WODE T

LOW MEDIUM HIGH

Figure 7-36. Patterns Between Ouiput and Grouad - 741500
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LOW MEDIUM HIGH

Figure 7-37. Patterns Between Vee and Ground - 741500

7.5.4 Tri-State TTL Digital Devices

In the later, or tri-state, TTL families, there are many circuits
that have an auxiiliary control input that ailows both the
output pull-up and pull-down circoitry 1o be disabled, This
condition is called the high impedance (high Z) state and
allows the cutputs of different eircuits to be connected to 2
common ine or data bus. Figurs 7-35 shows atypical tri-state

£ L
$ :
QUTPUT 3 2
EMABLE
-3

[#1:]

TNot used in Buffers
*“Used only in Bulfers puias

;|%

Figure 7-38. Typical Tri-State Output Contrel

output device. The device to be tested has power off| so the
enable pin is considerad just another input pin, and tri-state
devices are tosted In the sume manner as other TTL devices
except thewr patterns are different. 1t js extremely easy 1o test
a tri-ste device when compared with a known-good device,
Figure 7-39 shows a connection diagram of 74i25.

oo {7

Figure 7-39. Connection Diagram of a 74125

7415




Figures 7-40 through 7-42 show paiterns of a 74123 tri-state Figure 7-40 look like those of a typical diode with reverse
buffer taken at different pins. The test patterns shown in breakdown voltage Vb,

S S [ S S | .
| I B | LI I A T
LOW MEDIUM HIGH

Figure 7-40. Pattern Between Enable Pin and Ground

bk | T .
A S | I T
LOW MEDIUM HIGH

Figure 7-41. Pattern Between Input Pin and Ground

L O W i 4 i ! i i i
L I [ I
LOW MEDIUM HIGH

Figure 7-42. Pattern Berween Ouiput Pin and Ground
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7.6 CMOS INTEGRATED CIRCUITS

NOTE: Tests were conducted in & independent laboratory ©
show that all ranges are safe w test CMOS, MOS and low
power Schottky devices. Refer to the Appendixes at the back
of this manual.

The CMOS IC has become very popular because of its low
power censumption and high noise immunity. Figure 7-43
shows the schematic and connection diagram of RCA
CD401lUB CMOS NAND gate. Al CMOS input pins have
protection diodes which have fairly high de resistance. Thus,
in low range. the tracker does not produce a diode patiern.

Figures 7-44 through 7-46 show tracker patterns between
different pins of the CD4011UB.

Figure 7-44 shows the test patterns between the input pin and
ground of the CD4011. In the low range, the pattern does not
ook like that of a regular diode because of high input
resistance in series with protection diodes. In the medium
and high ranges, the solid trace is moving back and forth
between A and B as indicated by the dotted traces. This is due
w0 the beating of the oscillator frequency and the power
supply frequency.

[ _E —t
I,J'}’
PR o LI
e
Vo=t et
Lo -
sies-2a73

Figure 7-43. Schematic and Connection Diagram of a CD40HIUB

REGUL AR
DIODE ™l ]
!

H

. IHPUT

!
PROTEC TION alilig
| oiooe ak
O METDHUM HIGH

Figure 7-44, Patterns Between the Input Pin und Ground - C134611
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Figure 7-43 shows the test patterns between the output pin Figure 7-16 shows the tes! patterns between the Voo and

and ground of the CID4011. The tracker displays the two lower ground pins of the CD4GIL In the low range, the trace looks
transistors which are connected in series. like that of a diode. Again. m the medium and high ranges,

the traces show a beating effect.

S S | | S S I | . I T
[ T L [ D R [ N S
- e b
LOW MEDIUM HIGH

Figare 7-45. Patterns Between the Ouiput Pin and Ground - CD4011

- -
RN ' P i1
| S s D - 1
T seating T BEATING
LOW MEDIUM HIGH

Figure 7-46. Patterns Between the Yoo Pin and Ground - CD401
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7.7 MICROPROCESSORS

NOTE: Tests were conducted m a independent laboratory 1o
show that all racker ranges are safe to test CMOS, MOS and
tow power Schottky devices, Refer to the Appendises at the
back of this manual,

Figure 7-47 shows the test patterns between pins 1 and 12 of
an 8080 microprocessor. The tracker displays an internai

short when used in the low range. while the medium range is
used to indicate a good device.

Figure 7-48 shows the test patterns between pins 11 and 24 of
an 8080 microprocessor. using the tracker in the medium
mange.

- -

- . I S T N N S 3 U

(N S R L A [N B R | | [
MEDIUM LOW

GOOD DEVICE

BAD DEVICE - INTERNAL SHORT

Higure 7-47. Patterns Between 8080 Pins 11 and 12

-

b

s
et
.
Jon S,
wsssodbinan

MEDIUM

GOOL DEVICE

MEDIUM

BALDL DEVICE

Figure 7-48. Patierns Between 3080 Pinx 1] and 24
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8.1 SILICON CONTROLLED RECTIFIERS

{SCR)
The silicon controlled rectifier is a modification of a Schot- Between the gate and cathode, there is diode DI, If the
thy diode. A gate connection is formed to the lower P layer of  tracker is connected to the gate and cathode as shown in
the NPNP structure. As shown in Figure 8-1. Figure 8-2, a diode pattern appears on the display as shown in
Figure 8-3.
ANODE

ANODE

pmenemad 2 1 | B | U ey

GATE
o
CATHODE
CATHODE CATHODE
CONSTRUCTION SYMBOL DIODE MODEL

Figure 8-1. Siticon Controlicd Rectifier (SCR)

Figurg 8-2. Text Circuit for the C103 SCR




LOW

MEDIUM

HIGH

Figure 8-3. Test Patterns Between Gate and Cathode of a GE C103 SCR

Between the gate and anode, two diodes. D2 and D3, are
cornected back-to-back. The tracker displays the hack-to-
back diodes as an open circuit. Testing across the anode and
cathode terminals also appears as an open circuit to the
tracker. Figure 8-4 shows the tracker connections to fest the
anode and gate. Figure 83 shows the conagcctions to test the
anode and cathode.

Figure 8 - 4. Anode and Gate Test Connections

Figure 8-6 shows the test patterns of an anode with respect to
the gate or cathode of 2 CH03 SCR. For a good SCR. they
should be open-circuit in all ranges.

NOTE: HUNTRON TRACKER MODEL 2000 DYNAMI-
CALLY TESTS SCR AND TRIAC DEVICES.

Figure 8-3. Anode and Cathode Test Connections

S D I S W N N I S
L N A A A A [ R
LOW MEDIUM HIGH

Figure 8-6. Test Patterns for a C103 SCR




8.2 TESTING TRIAC DEVICES

: The TRIAC is a bidirectional triode thyristor that has been
developed te extend the positive or negative supply of an SCR
to allow firing on either polarity with either positive or
negative gate current pulses. Figure 87 shows the construc-
rion and symbol of a TRIAC,

Anode
MNo. 2

Gate  Anode No. 1

Apply tracker probes to the TRIAC 2N6070 as shown in
Figure 8-5. Between gate and A2, there are two diodes in
paraliel.

Apply the tracker probes as shown in Figure 8-10. The tracker
should display an open circuit in all ranges.

A, A

Figure 8-7. The Construction and Symbol of a TRIAC

Figure 8-8. The Test Circult {or the TRIAC

N S W | N
A [
LOW MEDIUM HIGH

Figure 89 Test Patterns Berween 6 and A1 - Motorola TRIAC 2N6070
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TEST A2 AND Al

com (-

of

TEST ALANDG

b A

Figure 8-10. Test Connections for A2 and Al Al and G

g —T‘- -5
}__%____% T i | IS 4
v i LI B 1 1

LOwW MEDIUM HiIGH

Figure 8-11. Test Panerns for A2 and AL AT and G - Open Clrcuits




9.1 GENERAL

The power supply is the most common functional block i
electronic eguipment. Traditionally, it has been impossible to
troubleshoot without being in a power-on condition. With
power on. components, even good ones, can be damaged duc
o excessive current Jevels.

Basically, all linear power supplies consist of a transformer. a
rectifier, electrolytic capacitors. and a lead that represenis
the rest of the system. Figure 9-1 shows the typl(,‘sl power
supply { hqmulx_m circult ).

SUPPLIES

When testing power supplies, make sure all power is removed
from the supply and all capacitors are discharged. If the
supply is 2 linear type, then proc eed 10 test all the capucitors,
rectifiers, zener diodes, series regulator transistors, control
fransistors. e1c.

Switching regulator supplies are a little different to test
because the ac input is first rectified and fittered and then fed
to the swilching devices.

| !

I l i ! |

; & i ¢ 3111 I : i

! | | l t |

| | ] 1000 uF b ['£7] 100 onm

]

L, | 1 ! i

l B i o i t

| ' E | :

I TRANSFORMER i RECTIFIER | FILTER | LOAD |
3 |

| i 1 ; l

Figure 9-1. Typical Power Supply - Equivalent Circuit
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9.2 TESTING PROCEDURE

With the tracker connected across points A and B in Figure 9-
1. the display shown in Figare 9-2 should be obtained. Figure
9-2 shows a pattern generated i the medivm range. The
diode etfect and inductive effect are reflected to the primary
through transformer action,

If the primary winding of the transformer is an open circuit,
the display shows a horizonal Hne in the medium and high
ranges. and a diagonal e w the low range. Refer o Figure
9-3,

H the diode 5 open. the renmuinder of the clrcunt is discon-
nected from the tanstormer. The tracker displays only the
primary winding inductance, and shows o slightly disrorted
ellipse due to iron core saturation. Refer 1o Figure 94,

With the tracker probes connected across pomts C and D of
Figure -1, the patterns shown m Figures 9-3 through 9410
will resudt from the indicated circuit conditions. Figure 9-5
shows the display of a good working circuit,

DIODE
EFFECT
I IK~N\1 I
B N
REACTIVE
EFFECT
MEDIUM

Frgure 9-2 Pattern Across Tramtorner Primary

MEDIUM/HIGH

LOW

Figuze 9-3. Pattern Due 10 Open Transtormer Primary

MEDIUM

Figure 9-4. Pattern Due o Open Diode

9-2

LOW

Fiure 9.5 Pattorn of & Geod Circun




“Figure 9-6 shows the pattern produced by a shorted dinde. Figure 9-8 shows the patiern produced by a sherted capacitor.

With the shorted diode, the tracker displays the secondary With the shorted capacitor, the tracker displays the diode
winding, the capacitor, and the W00-ohm resistor. all 1w gffect and the inductive effect from the winding in paraliel
parallel. However, a1 80 Hz, the 0GtF is dominant (no with the diode,

dicde eftect),

Figure 97 shows the pattern produced by an open diode, With the open capacitor. the tracker displays the circuit in
With the open diode, the tracker displays the secondary Figare 9-9 and produces the trace shown in Figure 9-10.

winding only.

IMDUCTANCE EFFEQT

LOW LOW

Figure 9-6. Pattern with Shorted Diode Figure 97, Pattern with Open Diode

DIODE -

IHDUCTANCE
o EFFECT

LOW

Figure ¥-8. Pattern with Shorted Capacitor

LOw

Figure 949, Open Capucitor Equivalent Cireun Figure 9-10. Pattern with Open Capaciter
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10.1 INTRODUCTION

The previous sections of this manual have described the
techniques of using the tracker fo examine good components.
This section describes the examination of defective compo-
nents using the tracker in the alternate (comparison) mode.

As descriped in Section 2, when the channel select switch is
placed in the center position, the tracker operates in the
alternate mode and will switch from displaying channel A 1o
displaying channel B at approximately one second inervals,
In this mode. the common inpazt terminal is connecied o an
appropriate common on a known good circuir or device, and
to the same common on the circuit or device under test. A
dissimilarity in the patteras then shows an impedance differ-
ence between the known good unit and the unit under tesied.
Refer o Figure 10-1 for tracker connections in the aliernate
mode,

10.2 SETUP PROCEDURES

Set up the wacker, the known good device, and the device
under fest as follows:

Fo Connect the channcl test lead A to a known good device.

20 Connect the channel B the same node of the device
under test.

3 Connect iracker conynon to the same nodes of the known
good device and the device under test.

4. Set the seloct switch to the center position. The tracker
cirenit Wil altermuely display the pattern of the known
good device and the deviee under wst. By examining the
paitern differences, a defective compoenent can be
detected.

SELECT SWITCH

T GOOD i TEST
DEVICE DEVICE

Gpmany
]

Figuve 10-1, 4 Typical Circuit for Test by Comparison
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10.3 HIGH VOLTAGE TRANSISTOR (TIP-50)

10.3.1 TiP-50 B-E Junction

Figure 10-2 shows the patterns of a known good TIP-30 using The B-ID junction has become a diode with o paradlel resiss-
the emitier as common. This device has good zener voltage anve of approsimately 250 chms I the medium and high

(Vi) across the B-E junction.

ranges. the tracker cannet differentiate borween a fow impe-
dunce caused by o forward biased diode . and that ciused by o
250-ohm resistance. so the frace appears as o short, How-

Figure 10-3 shows the patterns of a defective TIP-530. This ; e _
device has ne zener voltage across the B-E juaction in the ever, in the low range. @ 25G-ohm resistance produces only o
medinm and hich ranves. | slight rotation of the open cireuit trace and the diode juncrion
T is still visible.
', "ET CAPACITANCE
- | | ;
Yz
o - —
LOW MEDIUM HIGH
Figure 102, Patterns of a4 Known Good TIP-58
I . o de il IR N S S S .
(N B B | [ B [ A [
LOW MEDITM HIGH

Frause 1023

10-2
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10.3.2 TIP-50 C-E Junction

Figure 10-4 shows the patterns of a known good TIP-50 using
" the emitter as common. The TIP-50 has a 500-voit C-E
breakdown voltage so the left side of the trace {positive halt-
cycle of the test signal) appears as an open circuit in all
ranges. The right side of the trace is due to a series connec-
tion of the C-B junction (forward biased) and the B-E junc-
tion (zener breakdown). Since this is an NPN transistor, only
the teft side (positive C-E voltages) is normally used in most
cireuits, and the reverse breakdown does not affect anything.

Figure 10-5 shows the patterns of & defective TIP-50. The B-E

junction has become a fow resistance (see section 10.2.1) so
the knee is much cioser to the vertical axis as only the C-B
junction is still intact,

The defective TIP-50 transistor was found in the tracker
circuitry which failed to reguiate the high voltage powsr
supply. For the C-E junction, there are obvious pattern
differences m all ranges. For the B-E junction, there is a
slight pattern difference in low range: however the difference
is obvious in medinm and high ranges.

N N S | L L. 1.1 A T N IR S
T | E I I A I N
LOwW MEDIUM HIGH

Figure 10-4, Patterns of a Known Good TIP-50

T . | S
L I | { i LA
LOW MEDIUM HIGH

Figure 10-3. Patierns of a Defective TIP-30
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10.4 HIGH VOLTAGE DIODE

There is no pattern ditference between a known good diode
and a defective diode i the low and medium ranges. In the

HV-15F

high range. the difference is obvious. Reter wo Figures 1046
and 10-7.

ﬂv |
I N | S . i i Y rarchemsenc
I T | l i i i § [ ¥ H i
- ke
LOW MEDIUM HIGH
Figure 10-6. Patterns o a Known Good Diode - HV-151
5
| S N N W ! L A B |
I | i i [ | I N?
LEARY
LOW MEDIUM HHGH

Figure 10-7. Patterns of a Defective {Leaky) Diode - HY- 135

10.5 100uF 25V ELECTROLYTIC

CAPACITOR

For & good H00ul capacitor, o smooth ellipse 1 produced in
the tow range, while a defective capaciior displays an frecen-

lar shupe. Figures 1028 and 109 provide a compurison of
good o defective cupaitors.

g S
. "’é""'{ P4 ! E SN N i o I
i : L R i L [

LOW MEDITM HIGH

10-4

Frgure 10-8. Patterns of o Known Good Capacitos,




LOW MEDIUM HIGH

Figure 10-9. Patterns of a Defective Capacitor,

16.6 1458 DUAL OP-AMP
When testing the 1438 op amp, use pin 4 {V-) as the common low and medium ranges. Figures 0-10 through 10-17 show
reference. Apply the probes to all pins in sequence using the various possible patterns when testing the 1458 op amp.

LOW MEDIUM

Figure 10-10. Patterns of Good 1458 - Pins 1 and 4

LOW MEDIUM

Figure 10-11. Patterns of Defocuve FSE - Pins 1 and 4
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i0-6

o ! S T — | I S
i f A B 1 1
LOW MEDIUM

Figure 10-12. Patterns of Good 1458 - Pins 2and 4

illiiﬂ!lj
IliEJli!?

LOW

MEDIUM

Figure 19-13. Patierps of Defective 1458 - Pins 2 and 4

LOW

MEDIL M

Figure 19-14. Patterns of Good 1438 - Pins 5 and 4




N i |
I § P
LOW MEDIUM

Figure 10-1

Patterns of Defective 1458 - Pins 5 and 4

A .
LOW MEDIUM

Figure 10-16. Patterns of Good 1438 - Pins 8 and 4

r—

LOW

MEDIUM

Figure {0-17 Patterns of Defective 1458 - Pins S and 4
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10.7 7605 NEGATIVE REGULATOR

When defective, the 7905 produces a very small output cach device with the channel A and channel B probes. Figure
voltage. To test the 7903, set the tracker to the comparison 10-18 shows the pin assignment of the 7905, and Figures 10-19
mode and connect the commen prebe of the tracker 1o both through 10-24 show the traces produced when testing vagious
the defective and known good device. Check the other pins of pins of both good and defective devices.
O 7908
F“ QUTPUT
8
INPUT
GND

Figure 10-18. 7905 Pin Assigaments

LOW MEDIUM HIGH

Frgure 10-19. Patterns ol a Good 7905 - Ground and Input

N W S boddd FI N ‘Er | S
L \I [ LA A R E LI R
LOW MEDIUM HIGH

Figure 10-24. Putterns of a Detective U035 - Ground and Input
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bt 1 I } ) o
L I T T | [ I B i H [ |

LOW MEDIUM HIGH

Figure 10-21, Patterns of o Good 7905 - Ground and Gutput

i § |- | W T . LS S T H i 1.1
Pl t [ L D B % L R B ¥ H 7

LOW MEDIUM HIGH

Figure 10-22. Patterns of a Defective 79035 - Ground and Gutpu

i } 5 ; LIS | ! bod
LI B ¥ i HE

LOW MEDIUM HIGH

Figure 10-23. Paterns ol a Good 79035 - Input and Quipws
Lood i 1] I | b b d ! i 1.
i i L | LA D LI N S i § 8
LOYW MEDUM HICHH

Figure 1024, Patterns of o Defective

U - Input and Oueoud
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11.1 INTRODUCTION

There are many different bus structures and it is not practical
to analyze each one of them. The following paragraphs
contain treubleshooting information for several types of bus-
related problems.

11.2 STUCK WIRED-OR BUS

Occasionaliy an inegrated circuit will develop an internal
short on a lead that is connected to a common bus. This
causes a portion of the bus to remain fixed at some voltage
level. If vou check the stuck bus line to grourd or the positive
voltage supply, with the tracker i the Jow range, the display
wikl be a diagonal Hing indicating a short of four to fen ohms.

The shorted device is aimost certain to have other pins that
show serious flaws when connected to the tracker. To locate
the delective device, switch the tracker to the medivm range
and check all the pins of the ali devices connected 1o the bus.
Be sure the other tracker lead ts connected to ground or the
positive voltage supply. The defective device will show up as
having flaws on more than one pin: ususally on several pins.

11.3 DEFECTIVE WAVESHAPE ON BUS

in this type of bus problem. the waveshape presented on the
itacker does nit indicate a short. but may show serious
leakage current or other type of flaw. This type of problem is
solved in the proviously described stuck-bus. Connect one
tracker lead to ground or the positive voltage supply and and
examing all the pins of all integrated cicuits connecied o the
defective buy Usually, the defective device will have more
than one pin showing an intornad defect. 1 the defect cannot
be raced to o single device by this method, # 15 necessary
desolder pins connected to the bus i order 0 piapoint the
noint of defect.

11.4 MEMORIES

Memory boards can be very difficult to troubleshoot if the
system does not have buili-in diagnostics to identify the
section of memory where Informarion cannot be stored or
retrieved. The problem may be easily seen with the tracker on
a bus line, but since memory devices have most of their pins
connected in parallel. it is difficult 10 solate the bus problem
down to one device.

If the memory devices are in sockets it 1s a simpie matter to
locate the problem using the tracker. Merely locate the bus
tine that provides the defective wavelorm, then remove the
memory devices one a1 2 time until the waveform indicates a
normal bus line.

If the memory devices are soldered in. fault isolarion
becomes more difticuls. it should be noted that most memory
failures are not due to failure of memery devices themselves,
but more often to failures in the devices that access and
controt the memory section of the equipment. With this in
nind, examine the memory control section of the equipment
before spending much time on the actual memory devices.

it the failure is definitely in a memory device that is soldered
to the PCB. find a pin that is not commonly-vonnected to the
other memaory devices. Then check this pin using the tracker
in the alternate mode, with the common lead of the tracker
tied fo the defective bus hine. Conpect the channel A tracker
tead 1o one non-bussed pin of one memery device. and the
channel B probe on the same non-bussed pin of another
memary device. Compare all the memory devices in thiy
fashion. looking for a de shaft (the waveshape shifts tothe lelt
or right).

It more than one device shows a de shift. suspect the one
showing the greatest shift. The use of a schematic diagrum is
a definite help in making repairs of this type.

if none of the above troubieshooting methods provides a
]

selution to the bus problem, unsolder one pin &t s time from
the defestive bus line until Bs waveshape retarns o normal.
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This section deseribes several tips that may be useful when
using the tracker to test various types of devices and circuits,
This information is provided as a supplement to all testing
information provided thus far in this manual. It is recom-
mended reading whether or not it appears to apply (o an
immediate troubleshooting situation or not. There is no
logical order to the presentation of the troubleshooting tips
presented below.

Nearly all testing is performed with either the medium or low
range selected on the tracker. The high should only be used if
testing at & high impedance point. or it higher test voltage s
required, such as when is desired w examing the zener region
of a 40-volt device. Sometimes component defects are more
obvious in one range than another. so it a supect device
appears normal for one range. try the other ranges.

When testing @ single bipolar junction, such as a diede, a
base-emitter junction, or a base-collector junction. the low
range usually offers the best wacker display. However, if
checking the device for reverse bias leakage, then a higher
range should be used,

Attempt to relate the fatlure mode of the circuit under test 1o
the type of defect indicated by the tracker. For example. a
catastrophic printed circuit board failure can be expected to
be caused by a failed device with a dramatic patiern differ-

ence from that of 4 normal device of the same type, A

marginally operating or mtermittent board may have a failed
componert that indicates only a small pattern difference from
normal.

Devices made by different manufacturers, expeciatty digial
integrated circuits. are hikely to produce slightly different
patterns on the tracker. This is normal and does not necessar-
ily indicate a failed device,

When performing in-circuit testing. always do a direct com-
parison (o a known good cireuit of similar design. i at all
possible. untii a good skill fevel is acauired using the tracker.

11 a tatdure symptom cannot be reladed 10 a specific area of the
. - . ' - - . }
printed cereuit board. begin by examining the patieris pro-

ECTION 12

TROUBLE-
SHOOTING TIPS

duced at the connector pins. This method of troubleshooting
shows all the inputs and outputs and will often lead directly to
the failing arey of the board.

It should be kept in mind that leakage current doubles with a
ten-degree Celsius rise in temperature. Leakage carrent
shows up on the tracker as a reunded transition (where the
patiern shows the change from zere current tlow to current
flow) or by causing cusvature at other points in the pattern.
Leakage current causes curvature due to non-lineariy.

NEVER begin the festing of an integrated circuit using the
low range. If the low range is initially used. confusion can
resull from the inability of this range to display the various
junctions. Always begin testing using the medium range and,
if the pattern 1y a vertical Hne, switch to the Jow range 10
check for a short or low impedance {less than 500 ohims).
Switch to the Jow range if the device is suspect and uppears
normal in the medium range. (This will veven] a defective
input proiection diode not evident using the medium range.)

it should be noted that the wacker test keads are noa-insulated
at the tips. Be sure that good contact is made to the deviee(s)
uwnder test,

Bipolar integrated circuits containing inernal shors produce
a resistive pattern {(a straight line} inthe ten o’ clock 10 eleven
o' clock position on the sracker display when using the low
range. This type of pattern is always characterisiic ol a
shorted integrated circuit, and results from a resistive vatue
of four 1o ten ohms. typical of a shorted integrated circuit. A
shorted diode. capacitor. transistor junction. ete. always
produces a vertical {twelve o'clock) straight line on the
tracker display when using the low range.

When tesiing an analog devices oo clrcuits, the low range is
used in most instances. Analog circuits contain many more
single junctions. and any defects in these junctions show
more easily when using the fow vange. Also, the 32-ohm
miernal impedance offered by the tracker in the low range
inakes it less likely that other components in parallel with the
device under test will foad the fracker sulficiently w alter the
pattern.
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When testing an op amp in-circuit. it is highly recommended
that it be compared directly with 4 known good circuit. This
15 because the many different feedback paths associated with
op amps can cause an almost iafinite number of patterns on
the tracker,
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Often when checking u zener diode in-circuit, it will not be
possible to examine the zener region due to circuit leakage.
it is necessary to observe the zener region under this condi-
tion. it is necessary to unsolder one side of the diode to
eliminate the Ioading effects of the circuit,




APPENDIX A

HUNTRON TRACKER CMOS5 TESTS
MTL Microtesting Limited
Alton, Hampshire, England

REQUIREMENT

Tt was required to ascertain whether normal usage of various types of Huntron Tracker instruments on any, or all. of their
ranges could cause damage or catastrophic failure of normal C-MOS devices.

Equipment used
Frve Huntron Trackers were used to conduct five tests simultancously. All had boen checked as being to manutaciurers
standards prior to the test. Types were as follows:

Qv 1 Hunatron Tracker Type HTR-1005-BE
Qty 3 Huntron Tracker Type HTR-1005-Bi
Qty | Huntron Tracker Type HTR-10U5-BL-§

The Compar-a-trace mode! was used in the Tracker mode (mode switch in up ™ position) except during the actual
Compar-a-trace Test.

60 C-MOS devices were obtained from three manufacturers as shown below, Al were brand new devices and were
defivered in protective packing. Half of the devices were retained as Reterence devices and were kept in protective
conductive foam except when removed for data-logging at the beginning and end of the west, Each device was sumbered
and retained the same number throughowt the est,

Device

No.o Manufacturer Type No. Type Used for
1 Maotorola MCIH71BC Quadruple 2-mput OR Gate Tewt
2 Motorola MOC144718BC Guadruple 2-input OR Gate Test
3 Motorola MO 14071BC Quadrupie 2-ipput OR Gate Test
4 Motorola MC14071BC Quadruple 2-input OR Gare Test
3 Motoroh MC071BC Quadruple 2-input OR Gate Test
H Motorola MO 07 IRC Quadruple 2-input OR Gate Reference
7 Motornia MCI07IBC Quadruple 2-input OR Gate Reference
2 Motorota MCHO7TIBC  Quadraple 2-input OR Gate Reference
9 Motorola MOA07IBC Quadruple 2-input OR Gale Reference
G Motorola MCIA07IBC Ouadruple 2-mput OF Gate Reference
il Motorola MCI4081BC Cuadruple Z-input AND Gate Test
i2 Maotorola MO14081BC Cuadraple 2-input AND Gate Test
i3 Motorala MO T4081BC Guadraple Z-input AND Gate Test
14 Maotorola MOT4081BC Cuadruple 2-input AND Gate Test
15 Motorolds MO 1408 EBC Cuadruote Z-input AND Gate Test
16 Motorsa MO 140818C Quadruple 2-tnput AND Gate  Reference
17 Biotorols MOIA0BIBT Quadraple 2-input AND Gae Referonce
18 Motorola MOI408 1B {Ouadruple Z-input ANIY Gate Reference
19 Maotorola MO8 B Cuadruple 2-input ANLD Gaie Reference
0 Muotorols MO ORI RO Cuadruple 2-input AND Gate Relerence
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21 N.5.C. MC14071BCN  Quadruple Z-mput OR Gate Test
22 N.5.C. MCI407IBON  Quadruple 2-input OR Gate Test
23 N.&5.C. MCI4071BCN  Quadruple Z-input OR Gate  Test
24 NS MCI407IBCN - Quadruple 2-mput OR Gute Test
25 N.5.C MCI4071BCN  Quadruple 2-input OR Gate Test
26 N.S.C. MCI4071BCN - Quadruple 2-input OR Gate Reference
27 N.5.C. MCH407IBCN  Quadrupie 2-input OR Gate Reference
28 N.S.C. MCI407IBCN - Quadruple 2-input OR Gate Reference
29 N.5.C. MCI407iBCN  Quadruple 2-input OR Gute Reference
30 N.5.C. MCOHO7IBCN  Quadruple 2-input OR Gate Reference
31 N.S.C. MCHOSIBCN  Quadruple 2-input AND Gate Test
32 N.S.C. MCOT4081BCN  Quadruple 2-input AND Gate  Test
33 N.S.C. MCI408IBCN  Quadruple 2-input AND Guate Test
34 N.§S.C. MCI4081BCN  Quadruple 2Z-input AND Gute Test
35 N.S.C. MCH4081IBCN  Quadruple 2-mnput AND Gate Test
36 N.5.C. MCI40BIBCN  Quadruple 2-input AND Gute Reterence
37 N.5.C. MCI408IBCN  Quadruple 2-tnput AND Gate Reference
3% N.S.C. MCL4081BCN  Quadruple 2-mput AND Gute Refercnce
39 N.S.C. MCI4081BON - Quadruple 2-input AND Gate - Reference
40 N.S.C. MCI408IBCN  Quadruple 2-input AND Gate  Reterence
41 R.C.A. MC14071BE Quadruple 2-input GR Gate Tost
42 R.C.A. MC14071BE Quadruple 2-input OR Gate Tost
43 R.CA. MCHG71BE  Quudruple 2-input OR Gate Tewt
44 R.CA. MCI4G71BE CQuadruple 2-input OR Gute Tew
45 R.C.A. MCI14071BE Cuadruple 2-input OR Gawe Test
46 R.C.A. M 14071BE Quadruple 2-input OR Gaw Reforenge
47 R.C.A. MCI14071BE Quadruple 2 —mpm OR Gage Reterence
45 R.CA, MCT407IBE  Quadruple 2-input OR Gate Reference
49 R.C.A. MC14071BE Quadruple 2-input OR Gae Reference
50 R.C.A. MC14071BE Quadruple 2-input OR Gate Reference
3l R.CA. MCI408IBE  Quadruple 2-mput AND Gute . Test
52 R.C.A MC 14081 BE Quadruple 2-ioput AND Gate Test
33 R.C.A. MOLHOBIBE  Quadruple 2-mput AND Gate Test
54 R.C.A. MCI14081BE Quadrupic 2-mput AND Gate Test
35 R.C.A MC 1308 BE Quadrupie 2-input AND Gate - Test
36 R.C.A. MC4081BE Quadrapte 2-input AND Gate  Refercnce
57 R.C.A MOT408IBE  Quadruple 2-input AN Gate Reterence
38 R.C.A. MCH081BE Quadrupic 2-input AND Gate  Referonee
39 R.C.A. MCI408IBE Quadruple ’—input AND Gate  Reference
60 R.C.A. MCI4081BE Cuadruple 2nput AND Gate Reference

Atest jig was constructed using Vere-Board and high quality gold thashed dopin DI sovkots. Bach socket was Isolated
from alf others by track catting in order to avoid aoy effects of circulating carth cusrents due 1o varkations in the outpat
feveds of the various Huntron Testunits. Axs cach dovice contained four identical gates only one gite persdevice (pins |, 2
and 3) was checked on each device | aithough duta logging checked adl gares

PROTECTION
All devices were kept in conductive foam except when actually beimg tested. Devices were ondy handiod when o wris

earth strap {connected to the Test House Silent Earth) was being worn. The beneh on which the tosts wore carried ow
was surfaced with a conductive mat alse connected w the Sitent Farth,
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TESTRYSTEM

The five Huntron Trackers were connected to the five test sockets with the Huntron black socket connected to pin 7
which was made 2 common carthpoint for all untested gates. and an carth point for the unconnected inputs in the tested
gate. The Huntror's were left connected for a pertod of one hour, and then switched off and the devices changed. The
first check was carried out on the Huntron low range with connections 1o pin | and pin 7 with pin 2 earthed. Pin 3 was
left open circuit. After all test devices had been checked on pin 1 of the Huntrons were then reconnected to pin 2 land pin
7 with pin | earthed and pin 3 open circuit. The final check per device was with the Huntrons connected to pins 3 with
pins 1 and 2 carthed.

Ali devices (both reference and test) were data-logged on Imperial Technology [T200 equipment prior to the start of the
tests. The test devices were then data-Jogged again after pin | tests were completed and again after the pin 2 tests. The
final data-logging was completed when all tests on pins |, 2 and 3 were compiete with the Huntrons switched to the low
range.

All test devices were then tested in a simlar way using the Huntrons on mediom range. except that the test devices were
not data-logged after pins 1 and 2 were completed, Data-togging did take place when tests on pin 3 were complete.
Devices were then tested using the high range with data-logging again taking place on completion of tests on pin 3,

In order 1o check the effect (if any) of the Huntron Comparc-a-trace action on the CMOS devices a sample device of
cach manufacturer was subjected to ten minutes Compare-a-irace action on the low range {2.53V) output at approx 9Hz
cyche rate, (Nos 12,32, 52, 2,22 and 42). The six devices (3 x 4071 and 3 x 4081} were then data-logged.

In order to asceriain whether leads connecting the Huntrons to the deviees under test could act as antennas in the region
of weak ficlds of electro-magnetic radistion thus causing damage to the devices. the five Huntrons were left connecied to
five test devices (2 x Motorota - No 1L a 4071 and No . a 4081 2 x NSC - No 21, a 4071 and No 31, a 4081 ; and 1 x RCA
- No 41, a2 4471).

The devices under test were then subjected e radiation from a battery driven, all solid-state frequency modulation type
transmitier operating on 45MHz The P4 input power was approximately 2 watts and the antenna was a Va whip vertical
located approximately 197 {Va) from the centre of the interconnecting wiring. Modualation was NOT applisd but the
carrier was switched at irregular intervals. Induction was evident by ~“jumping” of the Huntron traces, except on the
type HTR-)U3-BE. RF was radiated for approximately 15 minutes. The devices were then data-logzed.

All sixey off devices were then loaded onto static burn-in boards with npot and ouipu pins terminated 1o Voo by 47K
pull up resistors and then loaded into a Ceeted burn-in chamber at 125 dogrees Celsins.

After 48 hours at 125 degrees Celsius the dovices were removed from the oven and all devices data-logged. The devices
were then re-loaded into the burn-in chamber for a further 120 bours burn-m ot 123 degrees Celsivs, The devices were
then finally duta-logeed to determing the long-term effoct (18 any) of the Hantron Trackers,

ROTATIONAL TESTING

In order o ensure that any variations in output levels of the three types of Huntron wmsteaments used did not atfoct part of
the tost series devices only. devices under test were “rotated”™ around the test instruments as shown in the Table below,
The figures shown represent the Test Number followed by the Seetion Number. t.e. 9/2 = Test No. 9, the Znd Part,

DEVICE HUNTRONINSTRUMENTS
NOS 1 2 3 4 3

H /1 3/ S/ 9/1 /1
2 7/ 172 32 372 972
3 92 72 i3 3/2 572
4 3/3 93 7/3 1/3 3/3
3 343 573 9/3 743 /3
11 271 4/1 6/1 1041 8/1
12 8/2 272 472 0/2 b2
13 16/2 811 2/2 4/2 6/
14 6/3 iG/3 8/1 243 4/3
13 473 6/3 10/3 53 /3
21 7 171 371 MR 9/1
22 9/2 72 1/2 32 312
23 572 9 1 T 12 3i2
3z 32 G2 7i2 142
25 173 33 543 9/3 7/3
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31 8/1 2/1 411 6/1 10/1
32 10/1 8/1 271 4/1 6/1
33 H/2 1072 8/1 22 472
24 412 6/2 8/2 10/2 22
35 213 43 6/3 1073 813
41 571 9/1 771 /3 RIS
42 371 5/1 9/1 71 1/1
43 /2 32 S 9/2 72
44 713 1/3 313 5/3 9/3
45 9/3 773 113 3/3 3/3
51 6/1 HH 8/1 2/1 443
52 4/1 6/1 10/ 1 8/1 271
53 2/2 4/2 6/1 10/2 82
54 8/3 2/3 43 6/3 [16/3
55 H3 8/3 2/3 4/3 6/3

RESULTS SUMMARY
1. Motoroia devices appeared to be mote sensitive on the input pins when subject 3o the Tracker tests.

2.No change in functionality of dc parameters were exhibited on any device subjected to stimulae from the Huntron on
all ranges prior to burn-in at 123 degrees Celsius,

3. Device No t (Motoroia 14071} failed supply current after 48 hours bura-in, Device No 3 (Motorola 14071 tailed
supply current and functionaiity in gate No 4 (pins 1112 and 13) atter 48 hours burn-in.

4. Device No | failed supply current and funciionality i gate No 4 (pins 11 12 and 13) after 168 hours burn-in. Device
No 17 (Motorola 14081 Reference device) fuited supply current alier 168 hours bura-in.

CONCLUSIONS

Although three devices failed during static burn-in 1t is felt that the farlures cannot be contributed to any harmful alfects
due to stimuiae from the Huntron Trackers as the fatlure modes were totally independent of ping 1, 2 or 3 which were
pins stimulated by the trackers. Furthermuore, one of the deveies which failed during burn-in was a Reference device
which was not connected to a Tracker in any fori,

It should be noted the the burn-in condition which were applied 1o the device is very extreme (viz 125 degrees) tor plasic

encapsulated devices and that the meident of failure is unlikely 1o be refated o the test performed by the Huntron
Tracker.
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APPENDIX B

HUNTRON TRACKER TTL AND CMOS TESTS
Component Concepts
Everett, WA 98201

OBJECT: To determine the effect of the testing signals from a Huntron Tracker in-circuit component tester on
performance of CMOS integrated circuits.

COMPONENT TESTED: Motorola MC 14041 and T /HLS 1

{1} Burn-in (i00%) 180 pieces at 125 degrees Celsius = 48 hours

(2} Electrical {100%) to obtain 150 units to be labeled as follows:

Label 23 units as HH L, HH2, HH3 ..., ... HH235
Label 25 upits as HM L HM2, HM3 .. .. ... HM23
Label 25 unitsas HLE, HL2 HLY ... ... .. HI1.25
Label 25 units as VHIL, VH2Z, VH2Y ... . ... VH23
Label 25 units as VML VM2, VM3 ... VM23
Label 25 units as VLI VL2, VL3 .. ... .. VI25M

{3y Blectrical (100%) in the following sequence:

{a) HHIL.HH2 . . .. HH25
{by HM{i HMZ ... . HM23
{¢y HLLHLZ ....... HiL.23
{dy VHILLVH2 .. ... . VHIS
fe) VML VM2 00 VM2S
() VLI, VL2 ... . VL25

For DC Parametrics and function per the manufacturers specification, TA =25 degrees Celsius. They are to be fested on
HP5034 dhgital iC tester. Al parameters data logged. Propaguation delay tested per specification for pass/fuil onty

() Conneet Huntron tracker 10 sequencer {seguencer s a piece of equipment supplied by Huntron Instruments. Inc.
which applics testing signals from Tracker and tester o device under test) to each piece of equipment and 1urn on power,

(3} (uy  SetTracker range 1o HIGH.

(h)  Set Tester range to HIGH,

(¢} Insert HHI in zere-insertion force socket marked “Huntron Tracker’ tocated on top of sequencer,

{dj  Activate “starr button on sequencer, The red LED wili come on when seguencing is completed. (it takes 90

seconds ),

() Remove deviees under test,

{f)y  Repeatsteps (o, {d), (o), (), for HH2.HH3 . . HH25
(69) Set tracker and rester runge o medivm and repeat steps (), (d), (e (O described in (5) for HM1 HMZ, 0 0.
HMIS, and WML VM2 0L VMIS
(7 Set tracker and wster range o fow and repeat steps (0, (d), @) (D desersbed in (Sy tor HLEL HLZ, 000 HLZE and
VLL VLD, .0 VLA
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(8) Electrical test (100%) in the following sequences:

HHI, HH2 ... .. HHZ25

HMIL HM2 ., HM23

HLL HL2 . ... HL25

VHL VH2 .. .. VH25

VML VM2 o VM25

VLI VI.2 ... . VL23

For DC parametrics and function. T=25 degrees Celsius, Propagation delay tested per specification for pass/tal} only.

All parameters data logged on HP3054 digital tester.

TEST REPORT -

Component Concepts, Inc., an indepeadent test lab for active electronic components. performed testing on the effects of
part exposure to the Huntron ™ Tracker™. The Huntron ~Tracker™ is an in-circuit stand -alone component tester. Two
types of parts were tested in pertinent data recorded prior Lo test with the " Tracker™. The parts were then tested and
datalogged after the “Tracker™ test. The two sets of data. pre- and post-. were then compared for any possibic effects
that the " Tracker™ might have upon the parts. Seventy-five pieces of 74LS1s and seveniy-five of 4011s were tested. Aldl
parts passed after testing with the Huntron. The datdogged parameters were input and operating currrent. and output
voltage. No discernible effects were observed upon anatysis of the pre- and post- datalogs.

The exact west flow is as follows:

1. All parts before testing were subjected to 48 hours burn-in 2t 125 degrees Celsius.
2. 7ALS L and 4011 tested tor pass/fail operation at 123 degrees Celsius.

3. 75 of cach part tested for propagation delay, pass/fail.

4. Parts datalogged for specific parameters.

5. Parts subjected to test by the Huntron instrument

6. Propagation delay tested.

7. Post-test datalog performed. same parameters recorded .

8. Datalogs analyzed to determine any etfects of Huntron “Tracker™ upon parts.

TEST DISCUSSION

The testing procedures used can only validate the externally measurable parameters of the part and it tunction, The
mternal functioning of the part can be asstmed to follow with the externally measureable parameters.

The lot of parts received from Huntron were uniform in date ¢ode and manufacture . Al parts were 100% funcuonal after
a static burn-in of 48 howrs. The TTL and CMOS parts were wested on a Hewlett Packard 5045 10 Tostier (Ser.
#I7I2A00222). The data was recorded on a compation HP 9825 Caiculator. Huntron provided o Tracker and
“Sequencing Unit”. The Huntror " Trackes™ . (Ser. #21FO00GD, was connected 10 the sequence unt which, acrording o
Huntron, automaticalty connected the leads of the part to the esters one lead ai a time. The parts were Jivided into e
lots. Part numbers 137 were tested by the Huntron umt. The actual functioning of the sequencer and the two st units
are not the responsibitity of Component Concepts other than the following of insteuctions provided by Huntron for
proper operation, Atter burn-in the parts were tested puss/luil for propagation delay i a bench set-up using i pulse
generator and a 100MHz HP oscilloscope, The parts were also datalogeed. They were then tested on the sequencer with
the two testers attached. After being tested with the sequencer the parts were again tesied for propugzation deliy and data
logged. Atall dmes attention was paid fo siate ESDI precautions.
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TEST RESULTS

Al pre-test, after burn-in, all parts were functional for DC and AC parameters. seventy-five parts were datalogged from
each part type, 7™L51 and 4011 BC. A comparison of data after testing showed no significant change in either input
current or output voltage under load. The data printed out by the HP9825 Calculator was reduced to a more readable
formut which clearly shows the value recorded before and after the differences between the two values. The majority of
differences between values are within the accuracy limits of the HP 5045 Tester. Points where there are differences
greater than that value are rot significant in number to produce any possible negative conclusions on tesler interaction
with the tested parts. Based on the coliected data. the Huntron “Tracker™ had no discernible impact on the parts they
fest.
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