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£ .~ SECTION1
INTRODUCTION AND SPECIFICATIONS

1-1. INTRODUCTION

The Huniron Tracker 2000, shown in Figﬁre i-l, is a versatile trdﬁbleshoétmg tool having the following'
features: '

. »  Multiple test signal frequencies (50/60 Hz, 400 Hz, 2000 Hz).

'” Four .ﬁnpedance raﬂges (1ow, medium 1, medium 2, bigh).

»  Automatic range scanning.

. Range control: High Lockout.

*  Rate of channel altemation and/or range scanning is adjustable.

* Dual polar-ity‘pulse generator for dynamic testing of three terminal devices.
- »  LED indicators for all functions.

., »  Dual channel capability for easy comparison.

g Y R »  Large CRT display with easy to operate conirols.
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} Figure 1-1. Huntron Tracker 2000.
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INTRODUCTICN AND SPECIFICATIONS

1-2. SPECIFICATIONS

The specifications fof the Tracker 2000 are listed in Table 1-1.

Table 1-1
Tracker 2000 Specifications
-ELECTRICAL
Unless otherwise specified, all measurements are within £ 5%
Impedance Ranges
Terminal Chatacteristics:
Range Open Circuit Short Circuit
Voltage (Vp) Current {mAms)
. +10%
High 60 0.57
Medinm 2 20 0.53
Medium 1 15 _ 8.5
Low 10 . 132 ST N
Autoranging Rate .......... e, adjusta‘ble from 0.3 Hzto S Hz }
~ Test Signal _ _ o o IR ‘ ’
WAVELOTIIL v oot v vemen i sine wave
Frequencies .. ...covvevianernnnneannens 50/60 Hz, 400 Hz, 2000 Hz.
Channels
Numbcr.........;.;............:....2 |
AlternationRate .. .vvveeiiriinrnreeans adjustable from 0.5 Hz to 10 Hz ]
Overload Protection . v oveeeeravnernreas 114 Amp type AGC internal fuse
: (operator replaceable)
. : l
Pulse Generator }
Level ...:..... e ... adjustable from zero.to +5 VDC ( £10%)
- withrespect to instrument common
DCMOGE . ovveevnearaeinneranes ... produces positive DC or negative DC
Pulsemode ...oovevuenreinnrnnrnnsian produces positive pulses, negative
: pulses, or both
Frequency ...........00- e same as selected test signal frequency
Duty Cyele «ovvvvviniinrnnneranannens adjustable from ~0% to 50% for each
pulse polarity , -
Output Tmpedance . ..o v vvvienenninannns 1002 {each output) :
Short Circvit Cumrent ...... e 50mA = 10% (each output) . e‘
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INTRODUCTION AND SPECIFICATIONS

) Table 1-1 {Con’t)
Tracker 2000 Specifications

ELECTRICAL (cont)
Display
TYPe it e e Monochrome CRT
Iz i e e e 2.8" (7cm) diagonal

Acceleration Potential .. ................ 1320VDC £ 20VDC (regulated)

Power Requirements

* ACLineVoltage .........ooiiais. 100VAC, 115VAC, or 230VAC
Prequency ..o oo 47 Hz - 400 Hz :
Power ... 20 Watts max
LineFuse ........ooiviiiininiianans, s Amp type AGC

(internal - operator replaceable)

* Note: 115VAC and 230VAC are selectable via an intemnal switch. 100VAC models
will only work at that voltage.

GENERAL
SiZe i e e, 9" Wx4"Hx11"D
. (23ecm W x 10em H x 28em D)
Weight ... ..o 61bs. 8 oz. (3.0kg)
Shockand Vibration ................... will withstand shock and
vibration encountered in commercial
shipping and handling.
ENVIRONMENTAL
Operating Temperature . e 0°Cto +50°C (32°F to 122°F)
Storage TemperatGre .. .........ouvent. =50°C to +60°C (-58°F to +140°F)

Relative Huridity ... coei it 0to70% R.H.
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INTRODUCTION AND SPECIFICATIONS

1-3. SAFETY CONSIDERATIONS

This manual contains information, cautions, and warnings the user must follow to ensure safe
operation, and to keep the instrument in safe condition.

WARNING

A warning denotes a hazard. It calls attention to a procedure or practice
which, if not correctly performed or adhered to, could result in personal
injury. '

CAUTION |
A caution also denqtes a hazard. It calls attention to a procedure or practice

which, if not correctly performed or adhered to, could resuit in damage to or
destruction of part or all of the instrument.

1-4. LIST OF ACCESSORIES

The following accessories are avajlable:

ITEM NUMBER HUNTRON P/IN : NSN#
Switcher 410 99-0090 6625-01-164-2224
_ Tracker Trainer 98-0055 -

Power Cord (115V/100V) 98-0015 © -
Power Cord (230V) 98-0016 ;
Micro Clips 98-0036 -
Common Test C]:ips 98-0043 | -

Huntron Microprobes 98-0078

00 ~1 @ th B W WD

Operation & Maintenance )
Manual 21-1052 -

To order any of the above items, or for further information, please contact Huntron,

14 ] HUNTRON TRACKER 2000
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SECTION 2
OPERATING INSTRUCTIONS

2-1. INTRODUCTION

"This section describes the basic oper'étion of the Tracker 2000. 'I'hroughbut the rest of this manual the

Tracker 2000 will be referred to simply as a “2000". Take time to read this section carefully so that you
can take full advantage of all of the troubleshooting capabilities of the 2000,

2-2. UNPACKING YOUR INSTRUMENT

Your instrument was shipped with two Huntron Microprobes (one red and one biack), two common test -
leads (black), two micro clip leads (blue), a power cord, and this manual. Check the shipment carefully
and contact the place of purchase if anything is missing or damaged in shipment. If reshipment is
necessary, please use the original shipping carton and packing foam. If these are not available, be sure

that adequate protection is provided to prevent damage during shipment. See Section 4-2 for shipping
information. .

2-3. GENERAL OPERATION

- Components are tested by the 2000 using a two términal system (three terminal system when the built-in

pulse generator is used), where two test leads are placed on the leads of the component under test. The
2000 tests components in-circuit, even when there are several components in parailel.

‘The 2000, is only iritended for use in boards and systems with all voltage sources in a power-off condition.

A 0.25 ampere signal fuse is connected in series with the channel A and B test terminals. Accidental
contact of the test leads to active voltage sources (e.g. line voltage, powered-up boards or systems, charged
high voltage capacitors, etc.), may cause this fuse to open, making replacement necessary. When the signal
fuse blows, short circuit signatures will be displayed even with the test leads open. '

CAUTION

! The device to be tested must have all power turned off, and have all high
voltage capacitors discharged before connecting the 2000 to the device.

The Jine. fuse should only open when there is an internal faiture inside the instrument. . Therefore the
problem should always be located and corrected before replacing this fuse.
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2-4. FUSE REPLACEMENT o | | @

To replace either fuse, disconnect the 2000 from the power line. Remove the four case serews located on

the underside of the case and lift off the top case half (see Section 4-4). The signal fuse is located in back
of the front panel on the signal printed circuit board assembly (refer to Figure 6-3). The line fuse islocated

at the back of the main printed circuit board assembly behind the CRT (refer to Figure 6-2). Replace’
either fuse with a 0.25A, 250V, type AGC fuse. . )

2-5. PHYSICAL FEATURES

Before you begin to use the 2000, please take a few minutes to familiaﬁzc ‘yourself with the instrument.
All of the extemally accessible features are discussed in Sections 2-6, 2-7 and 2-8.

2-6. Front Panel

The front panel of the 2000 is designed to make function selection eésy. All push buttons are momentary
action and have integral LED indicators that show which functions are active. Refer to Figure 2-1 and
Table 2-1 for a detailed description of each item on the front panel.

20 Bt 18 | ‘ @D}
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Figure 2-1. Front Panel. . @J
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Table2-1
Front Panel Controls and Connectors
Item No. | Name Function
1 HORIZ Control Controls the horizontal postition of the CRT display.
2, VERT Control .| -Controls the vertical position of the CRT display.
3 INTENSITY Control | Controls the intensity of the CRT display.
Power On/Off Switch | Power Switch: Rotate clockwise to turn on.
4 TRACE ROTATE Controls the trace rotation of the CRT display.
Control ' . :
5 CRT Display Displays the component signatures produced by the 2000.
6 .Range Selectors -Push buttons that select one of four impedance ranges:
S low, medium 1, mediuvm 2, and high.
7 - AUT«O .Switch Push button that initiates automatic scanning of the four
: . ranges from low to high. The scanning speed is determined by
L the RATE control (see item #14),
Chatinel A Switch Push button that causes channel A to be displayed.
] Cha;neLA Fused test lead connector that is active when channel A is
TestzTerminal selected. All test lead connectors accept standard banana
e plugs
10 ALT Switch Push button that causes the 2000 to altemate between channel
A and channel B at a speed deterrmned by the RATE control
S " (see item #14).
11 COM Test Terminal | Test lead connector that is instrument common and the
2o common reference point for both channel A and channel B.
12 Channel B Switch Push button that causes channel B to be displayed.
13 \ ChaﬁnéfBb Fused test lead connector that is active when channel B is
Test “Terminal selected.
14 RATE Control Controls the rate of channel alternation and/or rangc scannmg.
15 Gl & G2 Terminals | Pulse generator output test lead connectors.
16 WIDTH Control Controls the duty cycle of the internal pulse generator.
17 LEVEL Control Controls the amplitude of the intérnal pulse generator.
18 Pulse Generator Push buttons that select various output modes of the pulse
Selectors generator: Positive (+), Negativé (-}, anid PULSE/DC.
19 Frequency Selectors Push buttons that select one of the three test signal
‘ frequencies: 50/60 Hz, 400 Hz, and 2000 Hz.
20 HIGH LOCKOUT Push button that activates a mode where it is not possible to
Switch ‘ enter the high range either by manual or automatic range
~ selection. '

OPERATION AND MAINTENANCE MANUAL
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OPERATING INSTRUCTIONS

2-7. Back Panel

Secondary controls and connectors are on the back panel. Refer to Figure 2-2 and Table 2-2 for a detailed
description of each item on the back panel.

) 1 ' FOCUS
ACC : Q\%

—

AN 7
N/
\‘.
1 2 3 '
Figure 2-2. Back Panel.
Table2-2
Back Panel Controls & Connectors
Item No. | Name Function
1 Accessory Qutput ' Connector which prévidcs power and clock to the
Connector Huntron Switcher Model 410.
2 Powgr Cord Comnector | IEC standard connector that mates with any CEE—ZQ
) power cord. '
3 FOCUS Control .. | Controls the focus on the CRT display.

2-8. CRT Display

The CRT displays the signature of the components being tested. The displayhas a graticule consisting of
a horizontal axis which represents voltage, and a vertical axis which represents current. The axes divide
the displayinto four quadrants. Each quadrant displays different portions of the signatures. Quadrant 1
displays positive voltage (+V) and positive current (+I), quadrant 2 displays negative voltage (-V) and
positive current (+I), quadrant 3 displays negative voltage (-V) and negative current (-I), and quadrant
4 displays positive voltage (+ V) and negative current (-I). See Figure 2-3. -

2.4 - HUNTRON TRACKER 2000
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The horizontal axis is divided in eight divisions, which allow the operator to estimate the voltage at which
changes in the signature occur. This is mainlyusefulin determiningsemiconductor junction voltages under

‘either forward or reverse bias. Table 2-3 hsts the approxnnate horizontal sensitivities for each range

QUADRANT 2
{=vy+1)

-1

QUADRANT 3 ,’//L“*

VERTICAL
AXIS

QUADRANT |

{+v+I)

- HORIZONTAL
AXIS

=7
\_

| ‘
\QUADRANT 4

{+v-1) -

Figure 2-3. CRT Display.

Table2-3
Horizontal Sensitivities
‘Ran ge Volts/Div
High ~15.0
' Medium 2 ~5.0
Medium 1 ~3.75
Low ~2.5

2-9. OPERATION

-t

Theé following sections explairi howto use the front and back panel features. Use Sectidns 2-6 and 2-7 for

the description and location of each control. Signatures of components wﬂl be covered in Sections 7 thru

15.
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2-10. INITIAL SETUP

Turn the Power/Intensity knob clockwise. The 2000 should come on with the LEDs for power,
channel A, 50/60 Hz, low range, and pulse/DC illuminated. .

Focusing of the 2000 display is important in analyzing the test signatures. This is done by first turning the
intensity control to a comfortable level and adjusting the focus control {back panel) for the narrowest
possible trace. ' B

Aligning the trace is important in determining which quadrants the portions of a signature are in. Witha
short circuit on channel A, adjust the trace rotation control until the trace is parallel to the vertical axis.
Adjust the horizontal control until the vertical trace is even with the vertical axis. Open channel A, and
adjust the vertical control until the horizontal ‘trace is even with the horizontal axis. Once set, these
adjustments should not have to be readjusted during normal operation.

The power is turned off by turning the Power/Intensity knob fully counterclockwise.

2411, R_énge Selection

. The 2000 is designed with four impedance ranges (low, medium 1, medium 2, and high). These ranges

are selected by pressing the appropriate button on the front panel, It is best to start with one of the medium
ranges (i.e. medium 1 or medinm 2). If the signature on the CRT display is close to an open (horizontal
trace), go to the next higher range for a mote descriptive signature. If the signature is close to.a short
(vertical trace), go the next lower range.” ' :

The High Lockout feature, when activated, prevents the instroment from entering the high range in either

the manual or Auto mode.

The Auto festure scans through the four ranges (three with the High Lockout abtivatedj at a speed set by .

the Rate control. This feature‘allows the user to see the signature ofa component in different ranges while
keeping hands free to hold the test leads.

2.12. Channel Selection

There are two channels on the 2000 (channel A and channel B) which are selected by pressing the
appropriate front panel button. When using a single channel, the red probe should be plugged into the
corresponding channel test terminal and the black probe should be plugged into the common test terminal.

When testing, the red probe should be connected to the positive terminal of a device (i.e. anode,. +V, etc.)
and the black probe should be connected to the negative terminal of a device (i.e. cathode, ground, ete.).
Following this procedure should assure that the signature appears in the comrect quadrants of the CRT
display.

The Alternate mode of the 2000 is provided to automatically switch back and forth between channel A
and channel B. This allows easy comparison between two devices or the same points on two circuit boards.
The Alternate mode is selected by pressing the ALT button on the front panel, and the -

alternation frequency is varied by the Rate control. One of the most useful features of the 2000 is using
the Alternate mode to compare a known good device with the same type of device that is of unknown

. quality. Figure 2-4 shows how the instrament is connected to a known good board and a board under test.

This test mode uses the supplied common test leads to connect two equivalent points on the boards to the
common test terminal. Note that the black probe is plugged into the chanmnel B test terminal. -

2.6 HUNTRON TRACKER 2000
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@ When using the Alternate and Auto features simultaneously, each channel is displayed before the range
) changes. Figure 2-5 shows the sequence of these changes. ' )

f
/)
ﬂ

]

R

\.

o] or ol
)
(o] fo] {o] [o] [o][e]

——

— l-um:nnn]
e TRACKER 2000 |

RED PROBE
BLACK PROBE CAMMON
YESTLEAD

>l NEEHIRRNEE
oo o

Figure 2-4. Alternate Mode Setup.

CHANNEL
[ )
A B
HIGH ToT™8—1™ -
R * % _
A MED 2 So—1w6——|[—-» "HIGH LOCKCOUT =ON
N - - ‘
G MEGD | 34
E
LOW |—F2
t
|
?
, @ Figure 2-5. AutofAlternate Sequence,
}
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2-13. Frequency Selection -

'fhe 2000 has three test signal frequencies (50/60 Hz, 400 Hz and 2000 Hz), which are selected by pressing
the appropriate button on the front panel. In most cases the 50/60 Hz test signal is the best to start with.

The other two frequencies are generally used to view small amounts of capacitance or large amounts of
inductance.

2-14. Pulse Generator

The bu11t-m pulse generator of the 2000 allows dynamic, in-circuit testing of certain devices in their active
mode. In addition to using the red and black probes, the output of the pulse generator is connected to
the control input of the device to be tested with one. of the blue micro clips prowded The pulse generator
has two outputs (GI and G2) so that three terminal devices can also be tested in the Alternate mode.
_ Figure-2-7 shows how to hook up the 2000 in the Alternate mode using the pulse generator.

DEVICE | = DEVICE 2

6l
. <, )
A COM B G2
ONORORCS

Figure 2-6. Pulse Generator Comparison Mode.

A variety of output waveforms is available using the pulse generator selector buttons as shown in Figure
2-7. First select the Pulse mode or the DC mode using the PULSE/DC button. In Pulse mods, the LED
flashes at a slow rate, while in DC mode, the LED is continuously on. Then select the polarity of output
desired using the positive (+ ) and negative (-) buttons. Allthree buttons function in a “push-on/push-off”
mode and only interact with each other to avoid the NOT ALLOWED state.

2-8 HUNTRON TRACKER 2000
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- - POSITIVE (] O @
o) e | o

O O

NEGATIVE

oLl

PULSE @@ OFF °}| 1 0 |

-+ PULSE | — PULSE [COMPOSITE
PULSE

NOT
oc @ OFF  10—=——= 0====" ALLOWED

LEGEND

O-—oFF @ _FLASHING @ —ON

@ Figure 2-7. Puise Generator Selector Chart.

Once the specific output type is selected, the exact output is set using the Level and Width controls. The
Level control varies the magnitude of output amplitude from zero to 5 volts (peak or DC). During Pulse
mode, the Width control adjusts the duty cycle of the pulse output from a low duty cycle to 50% maximum
(square wave). The start of a pulse is triggered by the appropriate zero crossing of the test signal which
results in the pulse frequency being equal to the selected test signal frequency. The end of a pulse is
determined by the Width control setting which selects the duty cycle. The Width control has no effect
when DC mode is selected.

CPERATION AND MAINTENANCE MANUAL . 2-9
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2.15. HUNTRON SWITCHER 410 CONNECTIONS |

Refer to Figure 2-8 for the interconnection diagram to use the Huntron Switcher 410 with the 2000. The
two terminals marked TRACKER on the 410 are confiected to either channel of the 2000 using the double
banana plug cable supplied with the 410. Select the channel the Switcher is connected to. The accessory
cable, which comes with the 410, is connected between the Accessory output connector (2000 back panel}

and the two jacks on the 410 marked INPUT 8VDC- 12VDC and EXT CLK. Each of the three conmnectors .
" on the cable are different so that the cable can only be hooked up the correct way.,

TO ACCESSORY
OUTPUT

5 )
® O O _-.m

= ACCESSORY,
CABLE(PWR/CLK)

»
—.

©-@>
)

RED :  jesm—BLACK
(Jﬂr‘-‘ i e W e

REF
© QALT
OtesT

ngure 2-8. ZOGO[Switcher Interconnection.

The setup procedure supplies the 410 with power and a clock signal controlled by the Rate control on the
2000. To use the 410, set the TRACKER/OFE/EXTERNAL switch to TRACKER which illuminates the
TRACKER LED. The REF/ALT/TEST switch when set to either REF or TEST is used in the normal
manner, ie. the selected device is continuously connected through the 410 to the 2000 and signatures can

2.10 . * HUNTRON TRACKER 2000
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Q be viewed by selecting a common pin and pressing the button for a particular IC pin number. When the
REF/ALT/TEST switch is set to ALT, the 410 will alternate between the reference device and the test
device zt a frequency deterriined by the Rate control of the 2000. The Rate control on the 410 is disabled
in this mode. If the Auto scanning feature of the 2000 is activated, the alternation rate of the 410 will be
synchronized with the range scanning rate of the 2000. This activates a similar scanning sequence to that
-shown in Figure 2-5, except that forty different points on two devices can be easily examined instead of
one point on two devices with the 2000 alone.

For best results, the 50/60 Hz test signal frequency should be selected when Iusing the 410.
2-16. TRACKER TRAINING

A demonstration and training board and manual are available from Huntron which provides the user with
more instruction on the basic operation of the instrument and helps the user become more familiar with
signatures produced by the 2000.

For ordering and further information, refer.to Section 1-4 in this manual or contact Huntron.

2-17. EXTERNAL CLEANING AND LUBRICATION

WARNING

To avoid electric shock or instrument damage, never get water inside the case.
To avoid instrument damage, never apply solvents to the instrument.

@ Should the 2000 case require cleaning, wipe the instrument with a cloth that is lightly dampened with water
- or mild detergent solution. The 2000 requires no Iubrication. : . \ :

2-18. STORAGE INSTRUCTIONS

For optimum protection, store unit indoors in a dry place.

' OPEFIATION. AND MAINTENANCE MANUAL 2-11




r .. SECTION7
RESISTORS, CAPACITORS
~ AND INDUCTORS

7-1.. TESTING RESISTORS

A pure resistance across the test probes will cause the trace on the 2000 display to rotate in a
counterclockwise direction around its center axis from an open circuit position. The degree of rotation
is a function of the resistance value.

7-2. Low Range

The low range is dc:signed to detect resistance between 1Q and 1K Q. Figure 7-1 shows the effect of
resistance on the angle of rotation in low range. A 1Q resistor causes almost 90 degrees of rotation,
and a 500 resistor produces a 45 degree rotation. A 400Q resistor causes a small rotation in angle.
Resistors lower than 1€ appear as a short cirevit (i.e., vertical trace) and resistance values above 400Q
look like open circiits (i.e., horizontal trace).

e 5:-*_{.%?-1’:;._;39_:5431@ T SRR

182 Resistor 5002 Resistor 40082 Resistor

R R

Figure 7-1. Effects of Resistance on the Rotation Angle - Low Range.
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RESISTORS, CAPACITORS AND INDUCTCRS

7-3. Medium 1 Range

The medium 1 range is designed to detect resistance between 50Q and 10KQ. Figure 7-2 shows the t
signatures for a 500 resistor, a 1KQ resistor, and a 10KQ resistor using the medium 1 range. Resistors
that are smaller than 50Q appear almost as a vertical line. A 1KQ resistor causes an angle of rotation
of 45 degrees, while the display for a 10KQ resistor shows only slight rotation. Resistance values h1gher
than 10KQ produce such a small rotation angle that it appears almost as a horizontal line.

50Q Resistor 1K) Resistor 10KQ2 Resistor

Figure 7-2. Effects of Resistance on the Ratation Angle - Medium 1 Range.

7-4. Medium 2 Range RN

The medium 2 range is designed to detect resistance between 1KQ and 200KQ. Figure 7-3 shows the
signatures for a 1K< resistor, a 15K resistor, and a 200KQ resistor using the medium 2 range.

_ Resistance values smaller than 1KQ appear almost as a vertical line. A 15KQ resistor causes an angle
of rotation of 45 degrees, while the display for a 200KQ resistor shows only slight rotation. Resistors
higher than 200K.Q produce such a small rotation angle that it appears almost as a horizontal line.

1KQ Resistor 15KQ Resistor 200K Resistor

Figure 7-3, Effect-of Resistance on the Rotation Angle - Medium 2 Range.
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RESISTORS, CAPACITORS AND INDUCTORS

7-5. High Range

The high range is designed to detect resistance between 3KQ and IMQ. Figure 7-4 shows the
signatures for a 3KQ resistor, a S0KQ resistor, and a 1MQ resistor using the high range. Resistors that

.are smaller than 3KQ appear almost as a vertical line. A S0KQ resistor causes an angle of rotation of
.45 degrees, while the display for a 1MQ resistor shows only slight rotation. Resistance values higher

than 1IMQ produce such a small rotation angle that it appears almost as a horizontal line.

3KQ Résistor 50KE) Resistor 1MQ Resistor
Figure 7-4. Effects of Resistance on the Rotation Angle-High Range.
7-6. TESTING CAPACITORS
With a capacitor connected to the 2000, the voltage, V(t), across the capacitor is given as:
V() = A Sin (wt)
The current in the loop, I(t), is 90 degrees 'oﬁt of phése with respect to the voltage and is given as:” -
It) = B Cos (at) |
where A and B are constants, and o is thm_a test signal fréquency in radians/sec.
From equation (1):
V{)/A = Sin (wt)
or

VA = SINP (B 1o eneeeeenee e amnenae e (3)

From equation (2):

i(t)/B - Cos (ot)
or

/B2 = 0052“ (@)
Adding equations (3) and (4):

V(1) A% + P(tyB? = Sin® (@) + Cos” (@) = 1 ooviriiirannaniiannn (3)
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7-4

High Range, 60 Hz

‘High Range, 400 Hz

High Range, 2000 Hz

H%'lml{H
V.

Medium 2 Range, 60 Hz

‘Medium 2 Range, 400 Hz

Medium 2 Range, 2000 Hz

.
iy

.“‘|"

L

|||m1|t
lls,wll"-i

Medium 1 Range, 60 Hz

Medium 1 Range, 400 Hz

Medium 1 Range, 2000 Hz

T

-

<

4

Low Range, 80 Hz

Low Range, 400 Hz

Low Range, 2000 Hz

Figure 7-5. Signatures of a Q.22 F Capacitor. N
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RESISTORS, CAPACITORS AND INDUCTORS

This is the equation of an ellipse. It becomes a circle if A = B. The size and shape of the ellipse
depends on the capacitor value, test signal frequency, and the selected impedance range.

Figure 7-5 shows the signatures of a 0.22uF capacitor in each of the twelve combinations of range and
frequency. Note that this value of capacitance appears to be an open circuit in the low range at 60 Hz,
while in the high range at 2000 Hz this value is equivalent to a short circuit. In between the extremes
this .capacitor produces a variety of ellipsoids which demonstrates that certain range and frequency
combinations are better than others for examining this particular value. Table 7-1 lists the range of

capacitance covered by each of the twelve range and frequency combinations. The lowest value of

capacitance in each combination gives a narrow horizontal ellipsoid on the display and capacitors less
than the lower bound look like an open circuit. The upper bound of capacitance will produce a narrow
vertical ellipsoid with capacitors of greater value appearing as the vertical line signature of a short
cirenit.

Table7-1
Min/Max Capacitance Values

RANGE | TEST FREQUENCY

| 50/60 400 Hz - 2000.Hz
HIGH .OOIgF-‘IpF | SOOPF—;i pF 100pF-.02UF
MEDIUM 2 O1pF-2uF D01uE-5uF 200pF-:OS uF
MEDIUM 1 2uE-50pF 02uF-5uF .005uF-1uF
I:OW SpF-ZOOOL.lFI . -.SpF-léopF 2uF-25uF

7-7. TESTING INDUCTORS

Inductors, like capacitors, produce elliptical signatures on the 2000 display. Figure 7-6 shows the signa-
tures produced in each of the twelve range and frequency combinations by a 250mH inductor.

OPERATION AND MAINTENANCE MANUAL 7-5
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7-6

High Range, 6C Hz

High Range, 400 Hz

Medium 2 Range, 60 Hz

Medium 2 Range, 400 Hz '

Medium 2 Range, 2000 Hz

Medium 1 Range, 60 Hz

Medium 1 Range, 400 Hz '

Medium 1 Range, 2000 Hz

1

11 i
' i

T
|

L
1t

L ow Range, 60 Hz

Low Range, 400 Hz

Figure 7-6. Signatures of a 250mH Inductor. '

Low Range, 2000Kz
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7-8. TESTING FERRITE INDUCTORS

Ferrite inductors can be checked with the 2000, but produce a signature that differs from the previously
described inductor. Ferrite inductors operate well at high frequencies, but saturate at low frequencies.
Figure 7-7 shows the signatures of a 430mH ferrite inductor tested at 60 Hz. In low and mediom 1

' range the signatures show distortion. However, in medium 2 and high range, the impedance of the
inductor is low compared with the internal impedance of the 2000 so the signatures are a “split” verti-
cal trace. Figures 7-8 and 7-9 show the signatures of ferrite inductor at 400 Hz and 2000 Hz respec-

[
\/

Low Mediurm 1

Medium 2 ) High

" Figure 7-7, Sighatures of a 490mH Ferrite Inductor Tested at 60 Hz.

OPERATION AND MAINTENANCE MANUAL 7.7



RESISTORS, CAPACITORS AND INDUCTORS

ety R Ty ’
e T —r i
L 4
Low . ) Medium 1
i
\ . , N
Medium 2 High
Figure 7-8. Signatures of 420mH Ferrite Inductor at 400 Hz.
@
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Low Medium 1
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Medium 2 High
Figure 7-9. Signatures of a 430mH Ferrite Inductor at 2000 Hz.
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-.SECTION 8
TESTING DIODES

.8-1. THE SEMICONDUCTOR DIODE AND ITS CHARACTERISTICS

8-2. Diode Symbol and Definition

A semiconductor diode is formed by the creation of 2 junction between P-material and N-material within
a crystal during the manufacturing process. The standard semiconductor diode has in its symbol an arrow
to indicate the direction of forward current flow, as shown in Figure 8-1. With positive voltage applied to
the P-material and negative voltage applied to the N-material, the diade is said to be forward biased, as
shown in Figure 8-2. The current (If) increases rapidly with small increases in applied voltage (V).

When the applied voltage is reversed, the P-material is negative with respect to the N-material and very
small levels of current flow through the diode. The small current (Io) is the diode “reverse saturation
current”, and its magnitude increases with temperature. In practice, Io can be ignored.

METAL

CONTACTS _\

Figure 8-1. Diode Symbol.

Figure B-2. : Figure 8-3. , .
P-N Junciion Biased in the Forward Dirgction. P-N Junction Biased in the Beverse Direction.
OPERATION AND MAINTENANCE MANUAL ‘ . 8-1
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8-3. The Volt-Ampere Characteristic

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

I=1 stp kV) -1)

Where k is a constant depending on the temperature and material. The velt-ampere characteristic -

described by the equation above is shown in Figure 8-4. For the sake of clarity, the current (Io) has been
greatlyexaggerated in magnitude. The dashed portion of the curve in Figure 8-4indicatesthat, at a certain
reverse voltage (Viy), the diode characteristic exhibits an abrupt and marked departure from the equation

above. At this critical voltage, 2 large reverse current flows and the diode Is said to be in the breakdown
region. .

A good diode has very large reverse biased resistance and small forward biased resistance, The forward
Junetion voltage drop (V1) is between 0.5 Volts and 2.8 Volts depending on the semiconductor material,
For example, Vi is 0.6 Volts for a silicon diode, whereas Vris 1.5 Volts for a typical light-emitting diode.
The 2000 can visually display all these parameters. .

N
| I
REVERSE FORWARD
BIAS BIAS
}ro
¥
H f v
' . :
]
M—Vgg—

Figure 8-4, The Volt-Ampere Characteristic of & Semiconductor Diode.,

. 8-4. SILICON DIODES

8-5. Signatures Of A Good Diode
Figure 8-5 shows typical signatures (low, medium 1, medium 2, and high range} and waveforms, plus
the circuit equivalent for a good silicon diode. The forward junction voltage drop of a diode can be

determined (approximately) from the low range signature (each horizontal division is approx. 2.5
Volts). ’ -

8-2 . HUNTRON TRACKER 2000

P

—

2




TESTING DIODES

0—_”-—-.

- INPUT WAVEFORM " CIRGUITEGUIVALENT OUTPUT WAVEFORM

Low Medium 1

-~
-
——
—

{ Medium 2 ~ High

Figure 8-5. Signatures of a Silicon Diode at 60 Hz.
8-6. Signatures Of Defective Diodes

A diode is defective if it is open, is shorted (low impedance), exhibits high intemal impedance, or exhibits
leakage. Figure 8-6 shows the signatures of an “open” diode in all ranges.

The 2000 is capable, in the low range, of detecting resistance higher than 1€, and this resistance causes
i the vertical line to rotate in a clockwise direction. The angle of rotation is a function of the resistance.
Figure 8-7 shows the effect of circuit resistance on the trace rotation while in the low range. This small
short circuit resistance does not cause rotation in the medium 1, medium 2 and high ranges.

Figure 8-8 shows the waveforms, circuit equivalent and signatures of a diode that exhibits a nonlinear
resistance in series with the diode junction. This resistance effects the ability of the diode to turn on at
the proper voltage, and causes excessive heat dissipation.

. In low range, the 2000 is capable of detecting series resistance as low as 15, However, Medium 1 range
-’Q is only capable of detecting such resistance higher than 50Q.
E .
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~
Figure 8-7. Effect of Resistance on the Signature in Low Range at 80 Hz.
" L \:;
N
INPUT WAVEFORM CIRCUIT EQUIVALENT CUTPUT WAVEFORM

FORWARD VOLTAGE DROP

Good 1N4001 Diade,  1N4001 with 10Q series  1N4001 with 10082 series
resistance. resistance.

Figure 8-8a. Signature Deviation from a Good Diode in Low Range at 60Hz, .
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- R=0Q R = 10Q R = 1000

Figure 8-8b, Signature Deviation from a Good Diode at the Medium 1 Range at 80 Hz.

Another diode fajlure mode is leakage resistance which can be modeled as a resistance in parailel witha
perfect diode shown in Figure 8-9a.

Figures 8-9a through 8-9e show the waveforns, circuit equivalent and signatures of a diode that exhibits
a nonlinear resistance in parallel with the diode junction when reverse biased (leakage) . This resistance
effects the ability of the diode to provide maximum output for a given input. The 2000 is capable of
detecting leakage resistance with values between 10 to 2 MQ.

4 e i s o

INPUT WAVEFORM CIRCUIT EQUIVALENT OUTPUT WAVEFORM J

! Figure 8-3a. Model of Diode with Leakage Resistance.

No Leakage R = 10002 R = 1KQ
Figure 8-9b. influence of Leakage Resistance in Low Range at 6C Hz. )
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* No Leakage . ' R = 1KQ o R = 10KQ

Figure 8-8¢. Influence of Lezkage Resistance in Medium 1 Range at 80 Hz.

| No Leakage R = 10KQ . R = 100K

‘- Figure 8-9d. Influence of Leakage: Resistance in Medium 2 Range at 60 Hz.
|

No Leakage " R=100KQ ' R=1MQ

Figure 8-8e. Influence of Leakage Resistance in High Bange at 80 Hz.
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8-7. Signatures of a High Voltage Diode

High voltage diodes are tested in the same manner as that described for diodes in section 8-4. High voltage
diodes, such as the HV30, display higher forward voltage drop (V) than low voltage diodes because the
doping is different and the diode junction must withstand the rated high voltage. High voltage diodesalso

exhibit higher junction capacitance. This capacitance is most easily viewed when using the 2000 Hztest

frequency. Figures 8-10 a and b show the signatures of 2 IN4001 and a HV30 (3KV breakdown) when
they are tested at 60 Hz and 2000 Hz respectively. - - - : ' o oo

SMALL Fonmﬂn VOLTAGE HIGHER FORWARD VOLTAGE
DROP. — ]
ROP, — DROP.
11 [ I T O B O A S I 1 1
R 1 1 r 0 1 1 T 1 1

1N4001 HV30

Figure 8-10a, Signatures of a 1N4001 and an HV30 in Low Range at 60 Hz.

CAPACITANCE

1N4001 " Hva0

Figure 8-10b. Signatures of a 1N40C1 and an HV30 in Low Range at 2000 Hz.
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8-8. RECTIFIER BRIDGES

A rectifier bridge assembly is made up of four diodes configured as shown in Figure 8-11. Points A
and B are the AC power input terminals, and points C and ID are the positive and negative output
teminals, respectwely To test the bridge, the 2000 is first connected to terminals A and B as shown in

Figure 8-11.

Di [} 3

L4 [ 3

Figure 8-11, Rectifier Bridge Test Connections - AC Input.

A good bridge appears as an open circuit to the 2000 because the diodes are reverse biased. Figure 8-12
shows the signature produced by a good bridge with the 2000 connected across points A and B. Figure
8-13 shows the signatures produced by a bridge with either diode D2 or D4 shorted, white Figure 8-14
shows the signature produced with either diode D1 or D3 shorted.

8-8

X
——
-

Figure 8-12. Signature of a Good Rectifier Bridge (All Ranges at 60 Hz).
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T ]
[ A I | I A I | | O S
N T T S T Era i 11 |
L. —_
- Figure 8-13. " Figure 8-14.
Signature with D2 or D4 Shorted in Low Signature with D1 or D3 Shorted in Low

Range at 60 Hz. Range at 60 Hz.

Figure 8-15 shows the test connections of the 2000 to the positive and negative terminals of the rectifier
bridge. Channel A is connécted to the positive terminal, and common is connected to the negative
terminal. Figure 8-16 shows signatures of a good bridge when connected as shown in Figure 8-15.

Figure 8-17 shows a reversal of the test connectjons shown in Figure 8-15. Figure 8-18 shows the signa-
tures resulting from the reversal of the test connections to the bridge. -

—g >
Oow

Figure 8-15. Rectifier Bridge Cannections — DC Output. Figure 8-16. Signature of the DC
Output in Low Range at 60 Hz.

A 8
® ? -]
Figure 8-17. Rectifier Bridge - Reversed Test Connections. " Figure 8-18. Signature with DC
Cutput Reversed in Low Range
at 60 Hz.
* OPERATION AND MAINTENANCE MANUAL 8-9



~ volt-ampere characteristics of a typical 30 Volt zener diode.

TESTING LIODES
8-9. LIGHT EMITTING DIODES - R

Light emitting diodes (LEDs) may be tested with the 2000 by using the low range and connecting the
probes across the LED. A good LED provides an adequate amount of light as a result of the 2000
connections. Figure 8-19 shows the signatures for different colored LEDs, each of which exhibit
different forward voltages (Vi).

RANGE: LOW RANGE: LOW . RANGE: LOW

. COLOR:RED : COLOR: AMBER COLCR: GREEN j
Figure 8-18. LED Signatures.

8-10. ZENER DIODES BN

The zener diode is unique among the semiconductor family of devices in that its electrical properties are
derived from a rectifying junction which operates in the reverse bias reglon Figure 8-20 shows the

AMP, "
+ 10 ]
' FORWARD j
CURRENT .
<+ 5 I R
% + + }—— VOLT. ' |
30 20 10 o o 1.5 l
+.5 . . _ ,
: » : REVERSE
CURRENT
-+ 1.0 .
- —
REVERSE ' ¥ FORWARD. 1
VOLTAGE VOLTAGE i
Figure 8-20. Characteristics of a Typical 30V Zener Diode. ﬁﬁ} _
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Figure 8-20 shows that the zener diode conducts current in both directions, with the forward current
being a function of the forward voltage. Note that the forward current is small until the forward voltage
is approximately 0.65V, then the forward current increases rapidly. When the forward voltage is
greater than 0.65V, the forward current is limited primarily by the circuit resistance extemal to the
diode. This is essentially equivalent to a regular silicon diode for current flow in the forward direction.

The reverse current is a function of the reverse voltage and, for most practical pufposes, is zero until such

time as the reverse voltage equals the PN junction breakdown voltage. At this point the reverse current
increases rapidly. The PN junction breakdown -voltage (Vz) is usually called the zener voltage.
Commercial zener diodes are available with zener voltages from about 2.4 V to 200V. The 2000 displays
the zener diode breakdown voltage (Vz) on the display.

Fig&re 8-21 shows the signatures produced by the zener diode.

- —
I I R | )} 1 1 1 1 I P 11 1
b i F ) T 1 1T T 1
—.I Vo -—
s it
Low Medium 1
Test signalis not high enough to cause
Zener breakdown.
T

<
N~
—
——
<
N

Medium 2 - High
Figure 8-21. Signatures of a 1N5242 Zener Diode at 60 Hz.

In the low range, the 2000 test signal at the probes is 10 Volts peak which is insufficient to cause Zzener
breakdown for the IN5242. As a result, the signature looks identical to that of a general purpose diode
such as a IN4001. However, in the medium 1 range, the 2000 test signal is 15 Volts peakand the zener
voltage {Vz) can be seen. ' '

OPERATION AND MAINTENANCE MANUAL 8-11
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A good zener diode gives a sharp, well-defined signature of zener breakdown voltage, while an inferior
zener device gives a signature with a rounded cormer (refer to Figures 8-22 and 8-23).

2
SHARP -
DEFINED | "
Y ‘ .
z i
A
Figures 8-22. Signature of a good Zener Diode in Medium Figures 8-23. Signature of an inferior Zener Diode in
1 Range at 80 Hz, Medium 1 Range at 60 Hz.

LR R

Figure 8-24 shows that. the base-emitter junction of z silicon.bipolar transistor {(a PN2222) exhibits the
property of a zener diode. The zener voltage (Vz) can be determined from the signature. In this
example, Vz is approximately 6.3 Volts.

e L T TN 2}

V¢ . ' . @)
FORWARD [ | . — Ve -
VOLTAGE ' ;

DROP -

f—
—
——

Nc_1

VZ» §.3V

ZENER:
VOLTAGE

Low Medium 1

'
i
j
[
|
i
'

Medium 2 High

Figure 8-24, Signatures of a PN2222 B-E Junction at 80Hz,
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Figure 8-25 shows the effect of testing the PN2222 B-E junction in the high range at 2000 Hz. The
capacitance of the junctivon causes a loop to appear. =~

LOQP DUE TO
CAPACITANCE |

Figure 8-25. Signature of a PN2222 B-E Junction in High Range at 2000 Hz.
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SECTION 9
TESTING TRANSISTORS

9-1. BIPOLAR JUNCTION TRANSISTORS

A bipolar junction transistor consists of a silicon crystal in which a layer of N-type silicon is sandwiched
between two layers of P-type silicon. This type of transistor isreferred toasa PNP type. Figure 9-1 shows
a PNP and its circult symbol. ‘

A transistor may also consist of a layer of P-type silicon sandwiched between two layers of N-type silicon.
This is referred to as an NPN transistor. Figure 9-2 shows an NPN transistor and its circuit symbol.

The three layers of 2 transistor are known as the emitter, base, and collector. The artrow on the emitter
lead specifies the direction of current flow when the base-emitter is biased in the forward direction.

E c
e b E N
EMITTER 1“ COLLECTOR
B’ B
BASE

Ee N [Py N }—ecC E c
EMITTER SN COLLECTOR

BASE

Figure 9-2, NPN Transistor and Circuit Symbol.

The test signals at the 2000 probes are sinusoidal and can be used to forward bias, as well as reverse
bias, a semiconductor junction. To test a transistor, the base-emiiter (B-E), collector-base (C-B), and
a collector-emitter (C-E) connections all need to be examined. : ‘
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8-2. An Important Note About Testing Transistors

Use of this instrument may alter the currént gain (hrg or f ) of a bipolar transistor whenever the emitter
is tested. Either the base-emitter or collector-emitter test circuits satisfy this criterion. While heatin gof
the device due to the current produced by the instrument may cause a temporary change in hrg (most
noticeable in the low range), a permanent shift in hFE may occur whenever the base-emitter Jjunction is
forced into reverse breakdown ( ~6-20 Volts). The magnitude of the shift depends on the duration of the

test and the range selected with the Jow current ranges, MED2 and HIGH, producing the smallest chan ges.

Most bipolar transistor eircuit designers take into account a wide variation in hrE as a normal occurrence
and design the related circuitry to function properly over the expected range of hrg. The effects mentioned
above are for the most part much smaller than the normal device vatiation so that the use of this instrument
will have no effect on the functionality of good devices and can fulfill its intended purpose of a means to

" locate faulty components. However, some circuits may depend on the heg of the particular part in use

e.g. instrumentation that js calibrated to a certain hpg value, or precision differential amplifiers with
matched transistors. In such instances, this instrument should not be used as its use may cause the hgg to
shift outside the limited range where calibration can correct for any change.

Suggestions to minimize effects on bipolar transistors:
1. Keep the duration of the test as short as possible.

2. Use the medium 2 or high ranges as much as possible,
' Y
3. Identify the base, emitter, and collector pins of the device and then test the collector-base
junction to determine whether it is an NPN or PNP. Since the emitter is not tested there will
be no effect on hrg. Then use the three terminal test method described in Section 10, “Using
the Pulse Generator”. This test method does not reverse bias the base-emitter junction and can
determine complete device functionality. Co R '

8-3. NPN B!POLAR TRANSISTORS

A bipolar transistor consists of two PN junctions which the 2000 can examine in a manner similar to that
used for testing diodes. Figure 9-3 shows an equivalent circuit for a NPN Bipolar transistor.

c | c

Figure 9-3. Equivalent Circuit of an NPN Transistor,

9.2 HUNTRON TRACKER 2000




9-4. B-E Junction

The B-E junction exhibits a zener diode characteristic, ie., notmal diode voltage drop under forward bias,
and zener breakdown under reverse bias with Vz usually in the range of 6 to 10'Volts. Figure 9-4 shows
the signatures produced by the B-E junction of a 2N3904 NPN transistor in each range.

T 7
| S ¢ | T A 1 P 1
H T 1 l_+—|‘ Vo1 % %
= A
Low Medium 1

L L

Medium 2 High

Figure 9-4. Signature of an NPN Transistor (2N3204) at 60 Hz Base with Emitter as Commen.

9-5. C-B Juncticon

From Figure 9-3, it is seen that the C-B junction is a simple diode and it produces signatures like that of
a diode in all ranges (refer to Figure 9-3).

9-6. C-E Connection

Referring to Figure 9-3, the C-E test examines a series connection of the two junctions, i.e., a simple diode
in series with a zener diode. The resulting signatures are shown in Figure 9-6. When the collector is
positive with respect to the emitter (right side of display) the C-B diode is reversed biased and the
combination appears as an open circuit. This is expected because the normal operation of an NPN
transistor uses positive C-E voltage and there is no base drive in the test circuit. When the collector is
negative with respect to the emitter, the C-B diode is forward biased and the B-E junction goes into zener
breakdown. The low impedance section of the signature is displaced to the left of the vertical axis by the
sum of the voltage drops across the two junctions. '
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b

" Medium 1

L

1

Figure 9-5. Signatures of an NPN Transitor (2N3904) at 60 Mz Collector with Base as Cornmo

Medium 2

High

~

\.
n.

e e i e

SN RIS Y R P AT

| I N 1 ] 1 | I I i 1
N R I | 1 1 ' A 1 [
Low Medium 1
-
|1 ! L 1 N 1 g
| 1 o P VT ¥ L
Medium 2 High

Flgure 9-5. Signatures of an NPN Transistor {2N3904) at 60 Hz Collector with Emitter as Common.
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9-7. PNP BIPOLAR TRANSISTORS

The testing of PNP transistors is the same as that described for NPN transistors; except that the signatures
. are reversed from those of an NPN device. This is because in the equivalent circuit of a PNP transistor
the polarity of the two diodes is reversed (see Figure 9-7).

c . : ' : c

E O E

Figure 9-7. Equivalent Circuit of a PNP Transistor,

9-8. B-E Junction

The signatures produced by the Base-Emitter junction are shown in Figure 9-8.

1

4

Low Medium 1

F e Al Ry

L .
! _ Medium 2 High
| @ Figure -8, Signatures of a PNP Transistor (2N3906) at 60 Hz with Emitter as Common.
\i
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9-9. C-B Junction

The signatures of the Collector-Base junction are shown in Figure 9-9.

Low Medium 1

L

Medium 2 High

Figure 8-8, Signatures of a NP Transistor (2N3%906) at 60 Hz Collector with Base as Common.
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g-10. C-E Connection.

The signatures of the Collector-Emitter connection are shown in Figure 9-10.

- e
Low Medium 1
_]_.

Ly IR I B A
1 1T 1 R 17 T | SRR
g REVERSE
1 BREAKDOWN

, VOLTAGE —
Mediumz | ' | High

Figure 8-10. Signatures of a PNP Traﬁsistor {2N3906) at 50Hz Collector with Emitter as Common.
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9-11. POWER TRANSISTORS - NPN AND PNP

Transistor testing procedures described in Sections 9-3 through 9-10 are applicable to power transistors.

However, most power transistors show capacitance in the signature when the high range is used. Figure
-11 shows the loop in the signature caused by capacitance, ' :

[ . I S 1.1 . ]
R [ D N P11
| LOOP DUE TQ

CAPACITANCE

High, 60 Hz High, 2000Hz

Figure 8-11. Signature of an NPN Power Transistor (T 1750} at B0 Hz and 2000 Hz, Base with Emitter as Comrmon.

9-12. DARLINGTON TRANSISTORS

=
The Darlington transistor is basically two
transistors conpected to form a composite pair as

shown in Figure 9-12, The input resistance of Q2
constitutes the emitter Joad for QL '

Darlington transistors are tested in the same
manner as NPN and PNP bipolar transistors,
except their signatures differ. Figure 9-13
shows the equivalent circuit of a commonly

" used NPN Darlington transistor, the TIP112,
and its pin assignments,

—————— (D
L e ]

Figure 9-13. The TIP112 Barlington Transistor,

9-8 HUNTRON TRACKER 2600
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TESTING TRANSISTORS

9-13. Comparing B-E Junctions

It is useful to compare the B-E junction of a Darlington transistor with that of a regular transistor.
- Figure 9-14 shows the test circuit and Figure 9-15 shows the signatures.

:

A.?

Figure §-14. Base-Emitter Test Circuit.
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Darlingtdn Transistor Regular Transistor m%
P12 TIP29 A

TWC DIODE VOLTAGE DROP - ONE DIODE VOLTAGE DROP

—I | —~]

[ . . —
Low ) Low
1 1 1 S I |
[ #:kq- P IE 1 T 1 1
fe— —» —»
HIGHER LOWER
z —_ vz L N
Medium 1 . Medium 1 ‘
)
3
A
t 1t 1 | |
I B | A
: —— BENDING ey,
CAUSED BY NO BENDING
-1 RIAND RZ €
Medium 2 . ' Medium 2
—_—
S Y 11 1 i1 11 I I |
I D LA N B LR
High . High
Figure 9-15. Signature Comparison of a Darlington Transistor {TIP112} and a Regular Transistor (TiP29) at 60 Hz. @)ﬂ:
; Base with Emitter as Common. "
P |
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9-14, Comparing C-E Connections

This section compares the C-E connections of a Darlington transistor and a regular transistor. Figure 9-16
shows the test circuit and Figure 9-17 shows the signatures. '

4o

‘The left half of the Darlington signature is dominated by D1, while the left half of the regular transistor
shows the C-B diode in séries with the B-E zener. The right half of both signatures is an open circuit which
is correct for any NPN device as that is the normal operating quadrant and there is zero base current.

N A Extacas 1

'
|
! : ct
’

r—"===== - T T

: Q1 1
: [

B*—-—'r—{ " Q2
! DI | B
‘l R R2 i
A9 Q0: ll BX 60 \

;» ® E
1
| 3$
]

Figure 5-16. Collector-Emitier Test GITeut.

9-15. Comparing C-B Junctions

The C-B signatures of a Darlington transistor are the same as the C-E signatures. They are also the same
as the C-B signatures of a regular transistor. The only difference is in what causes the signatures: in the
Darlington, they are dominated by the C-B junction of Q1. ' '
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Dariington Transistor Regular Transistor’ N
TIP112 TIP29 ﬁ\m\ ’
—_ —_
‘ | W L. 3
| "“"H‘l 1 & | T
- —A
Low Low
7— ——
Ll | N I | L1 1 g
| I T | | A A R ol Il ) | I U |
N
Medium 1 Medium 1
]
| I | | 1 1 1 1.1 ! L1 1 J
11T 171 I 1 1T i IR r 1 1
Medium 2 : Medium 2
T —_
L1 1 1 L1 I 1 N | I |
LT D | T T R I 1 1 !
High High

Figure 9-17. Signature Comparison of a Darlington Transistor (TIP112) and a Regular 'fransistor (TIP29) at 60 Hz.
Collector with Emitter as Common. @M
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9-16. JUNCTION FIELD EFFECT TRANSISTORS

TESTING TRANSISTORS

- p+TYPE
GATE

SOURCE
]

+ 14—
v
n- TYPE Vps IGS
CHANNEL ‘

A

Figure 8-18. Basic Structure of an N-Channel JFET.
(Note: In a P-channel JFET the voltages would be reversed.)

The structure of an N-channel Junction Field Effect Transistor (JFET) is shown in Figure 9-18. Resistive
contacts are made to the ends of a semiconductor bar of N-type material (if P-type material is used, the
device is referred to as a P-channel JFET). The voltage supply connected to the ends causes current to
flow along the length of the bar.. This current is made up of majority carriers, which in this case are

electrons. The circuit symbol is shown in Figure 5-19.

[7)

Figure 9-19, Circuit Symbal for an N-Channel JFET.
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The following FET notation is standard:

SOURCE: The source () is the terminal at which the majority carriers enter the bar. The current entering
the bar at S is designated by Is.

DRAIN: The drain (D) is the terminal at which the majority carriers leave the bar. The current entering
the bar at D is designated by Ia. If D is more positive than S, then the drain to source voltage is (Vds)
positive. ' : : o '

GATE: On both sides of the N-type bar shown in Figure 9-18, heavily doped (P+ ) sections of acceptor
jmpurities have been created by alloying, by diffusion, or by some other means of creating P-N junctions.
_ These sections of impurities are called the gate (G). The gate to source voltage (Vgs) is applied to reverse
bias the P-N Junction. The current entering the bar is designated Ig.

CHANNEL: The section of N-type material between the two gate sections is the channel throu gh which
the majority carriers travel from source to drain.

9-17. Gate-Source Connection

The signatures of the Gate-Souzce connectidn are-shown in Figure $-20.

] _]] AN
I . | 1 [
I I i l L T 1 1 1
A i
Low Medium 1

T
A
1

Medium 2 . High

Figure 9-20, Signatures of an N-Channel JFET (2N5638) a1 80 Hz. Gats with Source as Comman.
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9-18. Drain-Gate Connection

The signatures of the Drain-Gate connection are shown in Figure 9-21.

1 I O A SV |
(I P 1 P I I B I
-
Low . Medium 1

e
=
—
e SO
=
s

._..
—r
-

Medium 2 High

Figure 8-21. Signatures of an N-Channel JFET (2N5638) at 60 Hz. Drain with Gate as Common.

OPERATION AND MAINTENANCE MANUAL

T T TESTING TRANSISTORS ™ T

e ik e

PR







. tos METAL
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INSULATING — '."‘E LAvER
— ,.fuvsn ip' I l ’

T T
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»
‘ ' {suasmuf HoR BODY
SUBSTRATE . M
{A) i{dealized cross-section through an N-channel deplation- {A) Idealized cross-section through a P-channel enhancement
type MOSFET MOSFET .

€t

- {B) Circuit arrangement tor N—channel depletion MOSFET {B) Circuit arrangement for P—channel enhancement MOSFET

Figure 9:23, N-Channet and P-Channel MOSFET Devices.

- 9:21. M(.)SFET'WITH PROTECTION DIODE

Protection Diode.

o Some MOSFET devices have an input pr'étection diode,
J and the 2000 displays the effect of this diode. Figure
G 9-24 shows a Siliconix N-channe] ephancement mode
|- - MOSFET (VN10KM). This device has a protection
r : . diode between the gate and source.
]
|
!{ Figure 9-24. VN10KM MOSFET with a Gate-Souree
r
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9-22. Gate-Source Connection

Figure 9-25 shows the signatures of the protection zener diode in the low, medium 1, medium 2 and high
ranges. The test signalin the lowrange is 10 Volts peak and is not high enough to cause zener breakdown.
The test signal in the medium 2 range is 20 Voits peak and is just high enough to cause zener breakdown.
However, in the high range, the test signal is sufficient to cause zener breakdown.
‘ FORWARD —_
VOLTAGE
DROP
VF : +
-...JL .
Low Medium 1
i
iy :
- :
T O I N 1 1 1
I llill:!ll.h
vy pt— ;
'VOLTAGE ST ;
Medium 2 T " High

" Figure 9-25. Signatures of an N-Channel Enhancement Mode MOSEET (VN10KM) at B0 Hz.
: Gate with Source as Common, o
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-9-23. Drain-Gate Connection

. TESTING TRANSISTORS

The signatures of the Drain-Gate connection are shown in Figure 9-26.

1

Medium 1

Medium 2

Flgure 9-26. Slgnatures of an N-Channel Enhancement Mode MOSFET (VN1 OKM at 60 Hz

High

" Drain w:th Gatdé as Common
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9-24. Drain-Source Connection

The signatures of the Drain-Source commection are shown in Figure 9-27.

Low - Medium 1
Medium 2 High Y
 Figure 9-27. Signatures of an Enhancement Mode MOSFET (VN10KM) at 0 Hz. '
: " Drain with Source as Common. Gate Open Circuit,
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g-25. MOSFET WITHOUT A PROTECTION DIODE

r—oo

Figure 9-28. VN10LM MOSFET without a Gate-Source
Protection Dicde,

OPERATION AND MAINTENANCE MANUAL

Figure 9-28 shows a Siliconix N-channel
enhancerment mode MOSFET (VNICLM). This
device does not have a protection diode between the
gate and source, and the substrate is internally
connected to the source.

The signatures of Gate-Source Connection and the.
signatures of the Drain-Gate Connection are open
circuit signatures. The signatures of the
Drain-Source Connection are the same as the
signatures of .the Drain-Source Connection of the
VN1OKM (See Figure 9-27).
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~ SECTION 10 _,
USING THE PULSE GENERATOR

10-1. INTRODUCTION

"The previous sectionshave dealt with using the 2000 with two test leads to check components. Thismethod

is all that is necessary to test two terminal components, and yields useful information for many three
terminal components as weil. However, the 2000 has additional capability to test three terminal devices
using the built-in pulse generator. The pulse generator provides a signal to the control input of 2 device
while the normal test terminals of the 2000 are used to examine the outputs of the device. This method
puts the device under test in its active region and a signature is produced that is the result of the device
turning on and off. Each test circuit in this section that uses the pulse generator shows the specific setup

of the pulse generator selector buttons for the particular application. See Section 2-14 for pulse generator
operation instructions.

10-2. SILICON CONTROLLED RECTIFIERS (SCRs)

The symbol and equivalent circuit of a silicon controlled rectifier is shown in Figure 10-1. An SCR looks

like a diode across its gate-cathode junction. Note that the gate-cathode breakdown voltage can be
observed in the High range.

ANODE ANOCDE
GATE GATE »—t

CATHODE | CATHODE

Figure 10-1. Silicon Controlled Rectifier.
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Low Medium 1
R | N | L1 1 i
ettt || 1 ‘}rn ; ]

Medium 2

High

Figure 10-2. Signatures of a SCR {C103) at 60 Hz. Gate with Cathode as Common.

An SCR is equivalent to two diodes back to back between the gate and anode junction {see Figure 10-1).
The 2000 displays these back to back diodes as an open circuit. The signatures for the anode- gate and
ancde-cathode connections. are. open circuit horizontal signatiires in all Tanges. :

(o] +
o] =

®| PULSE

‘CONTROL

SETUP

10-2

Figure 10-3, SCR Test Circuit Using the Pulse Generator.

HUNTRON TRACKER 2000

b



USING THE PULSE GENERATOR 7
@ The pulse generator can drive the gate of an SCR as shown in the test circuit of Figure 10-3. With the
Level control at zero, a horizontal trace is displayed (see Figure 10-4). This is expected since SCRs \
normally show an open circuit between anode and cathode or between anode and gate. Using maximum /
pulse stimulus (width = max), a point is reached as the level is increased where the SCR tumns on, and
the signature becomes like that of a diode. This is shown in Figure 10-5 for an SCR in all ranges.
T YT
o8
1 11 | I TS |
I B LR
L
Figure 10-4. Zero Level Al Ranges at 60 Hz.
i
| | P | L1 1 | S A |
- iIIII[IlFlIIIlIl )
L &
Y
Low Medium 1
L)
Lgow
— A
A
D O | | N T |
EEnEEs [
i
Medium 2 High

Figure 10-6. Effect of the Level Control (width = max} at 60 Hz.
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The Width control can be varied over most of its fangc of adjustment without producing any change in
s the low range signature shown in Figure 10-7. This indicates a normal SCR that is switched on by any pulse
/ that exceeds some roinimum duration and remains in conduction until the anode-cathode signal changes
polarity.

The best ranges for testing SCRs are the low and medium 1 ranges becanse those ranges have sufficient
available current to produce normal action in many: typical SCRs. In the medium 2 and high ranges, the
maximum available current is much less than the minimum holdmg current of most SCRs and therefore-
the SCR switching characteristic cannot be observed.

Figure 10-7. Low Range at 60 Hz. . @W}

. -
S

S
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USING THE PULSE GENERATOR

10-3. TRIAC DEVICES

The trac is a bidirectional thyristor that was devéloped to extend the positive or negative supply of an
SCR and to allow firing on either polarity with either positive or negative gate curyent pulses. Figure 10-8
chows the construction and symbol of a triac.

Between the gate and MT1, there are two diodes in parallel (see Figure 10-9). The resulting signatures
are shown in Figure 10-10.

Anode
Na. 2
| MT 2
N Y
Pl
Nl
GATE
| | MT!
Gate Anoc?e No. 1

Figure 10-8. The Construction and Symbol of a Triac.

MTI

Figure 10-9. Gate-MT1 Equivaient Circuit.
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Low Medium 1

)

Medium 2 High

Figure 10-10. Signatures of a 2N6070 Triac at 60 Hz, Gate with MT1 as Common.

The signatures for MT2-Gate and MT2-MT1 are open circuit signatutes in all ranges.

s

mMT2

g - -

. 0O ;

[®] PuLse A B jx .
CONTROL ' ¢so -:

: . G
SETUP MTI

Figure 10-11. Triac Test Circuit Using the Pulse Generator.
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USING THE PULSE GENERATOR

The test circuit for a triac using the pulse generator is shown in Figure 10-11. ‘With the Level control at
ze10, an open circuit trace will be displayed. Asthelevelis increased from zero {width = max) the triac
will initially turn on in the first quadrant just like an SCR. Then with a slight increase in level, the triac
turns on in the third quadrant also, which produces the back-to-back diode characteristic shown in Figure
10-12. This signature demonstrates the normal bidirectional conduction that is characteristic of a triac in
the on state. ' :

Low Medium 1
LY
~(y)-W
A\
| L 1§ T I N
| S . | B S —— 111
‘Medium2 - . ' High

Figure 10-12. MT1-MT2 Signatures of a 2N607C Triac with Gate Connected to the Pulse Generator at 60 Hz.

Tn all other ways, triacs are quite similar to SCRs. There is little change in the low range signature with
various settings of the width control onee the triac has tumed on, which verifies that a triac will continue
to conduct after a pulse fires the gate. The medium 2 and high ranges have insufficient current to detect
typical triac switching action and should not be used.

10-4. TRANSISTORS

Figure 10-13a shows the test circuit for an NPN transistor using the pulse generator to drive the base.
With the Level control at zero (fully counterclockwise), the display shows the signature in Figure 10-13b.
This signature is the same as that for the collector-base junction of an NPN Transistor in the medium 1
range. This is because the pulse generator output (G1) at zero level is equivalent to a 1000 resistor
comnected to common, and 100Q appears as a short circuit in that range.

DPERATION AND MAINTENANCE MANUAL 10-7
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@ -
[®] PuLse

CONTROL
SETUP

Figure 10-13a. NPN Transistor Test Circuit Using the Pulse Generator.

r— ./

-()-L

Y

- '“Qﬁ"i.

Figure 10-13b. Medium 1 Range at 60 I_-{z.

S—

. With the Width control turned fully clockwise, as the level is increased slowly from zero, a threshold will
be reached where the “open circuit” horizental line in the first quadrant will begin to move upward (see
Figure 10-14a). This constant current signature is like that produced by a transistor curve tracer except
that only one curve is shown instead of a family of curves. If the level is increased further, the hotizontal
portion of the signature will eventually move above the top end of the vertical axis. In the medium 1 range,
the signature will then appear as a nearly vertical line indicating a low impedance.

HUNTRON TRACKER 2000
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e

Figure 10-14b. Effect of the Width Control at Constant level on NPN Test. Madium 1 Range at 60 Hz.

The solid signature in Figure 10-14a is the result of maximum pulse stimulus. If the Width control is
reduced from its maximum to about 40%, the signature shown in Figure 10-14b results. This display
essentially shows the signatures of Figure 10-13b and 10-14a superimposed over one aicther with each
one at half intensity in the first quadrant. This composite signature means that the transistor is actually
switching on and off with the pulse stimulus.
PNP transistors can also be tested using the test circuit of Figure 10-15a. With the Level control at zero,
the signature shown is Figure 10-15b is produced. As for the NPN transistor, this signature is the result
of the collector-base junction of the transistor. '

.[:] N
@ - i
[®] puLse

CONTROL
SETUP

S I Figure 10-15a. PNP Transistor Test Circuit using the Pulse Generator,
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Figure 10-15b. Medium 1 Range at 60 Hz.

The discussion for the NPN transistor applies to the PNP as well except that the first and third quadrants

are reversed. Figure 10-15¢ shows the effect of the level control (width= max) and Figure 10-15d shows
the effect of the width control at a constant level,

= (.QL F—-}-ﬁu ’ l"'\.QL
R

1Oy i "
Figure 10-15¢. Effect of the Level control Figure 10-15d. Effect of the Width controf
(Width = Max) at a Constant Level
Medium 1 Bange at 60 Hz. Medium 1 Range at 60 Hz.

10-5. OPTOCOUPLERS

The optocoupler (Optically Coupled Isolator, Photo-coupler) is a device designed for the transformation

of electrical signals by utilizing optical radiant energy so as to provide coupling with electrical isolation
between the input and the output. ‘

These devices consist of a gallium arsenide infrazed emitting diode and a silicon photo-device and provide
high voltage isolation between separate pairs of input and output terminals. They include:

> Transistor optocouplers
* Darlington transistor optocouplers
*» SCR optocouplers '

-+ Triac optocouplers

»  Photocell optocouplers _ @w

10-10 HUNTRON TRAGKER 2000
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10-6. Transistor Optocoupler

Figure 10-16. Pin Cenfiguration of a 4N25 Transistor

USING THE PULSE GENERATOR

The 4N25 tramsistor optocoupler consists of a
gallium arsenide infrared light emitting diode
coupled with a silicon phototransistor in a
dual-in-line package.

iUsJ'.ng the 2000 in the two terminal mode, some data
-about optocouplers can be learned. The input LED

of the optocoupler can be tested as a stand alone
diode. Figure 10-16 shows the pin configuration of a
4N25. Figure 10-17 shows the signatures of the LED
part of a 4N25.

Optocoupler._
In a similar manner, the cutput NPN transistor can
be tested by examining the signatures of base-emitter
(Figure 10-18) and collector-emitter (Figure 10-19).
Y VO I S OO I N |1 1 |
R L D I IR t 7 P
Low Medium 1
—_
L1 1 1 I I S I | I I
| S AR T S I I | B B b T
—tn
Medium 2 High

Flgurg 10-17, Signatures of the LED of a 4N25 at 60 Hz. Pin 1 with Pin 2 as Common.

OPERATION AND MAINTENANCE MANUAL
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tow

B Medium 1

|
i

II

l‘“'l r L
lll IR

et
T

{TH"
L.

Medium 2

High

.\.

Figure 10-18, Signatures of the Base-Emitter of a 4N25 at 60 Hz. Pin & with Pin 4 as Common.

| IV . | | | | | T T j I .
| N D 1 T 1 l rT ! | LR
Low ! Medium 1
T T
TS N I i1 ] ol | I I B
[ IT i 1 R TF ¥ 7
4 L
Medium 2 High

Figure 10-19. Signatures of the Callector-Emitter of a 4N25 at 60 Hz. Pin 5 with Rir 4 as Common.
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TTUSING THE PULSE GENERATOR

These two terminal techniques can check the LED and the phototransistor, but they cannot verify the
optical link between the two devices. This is why the optocoupler is uniquely suited to testing in the three
terminal mode of the 2000. '

Figure 10-20 shows the test circuit for an optocoupler using the pulse generator. The optocoupler shown

‘has.an NPN phototransistor as its output device, and is Tepresentative of a large percentage of the
' optocouplers used in moderm electronic equipment. The user should note that pin 2 and pin 4 need to be

comnected with a jumper fo establish a common point for the 2000.

o] — ‘ o .z*i 5

{

CONTROL
SETUP

Figure 10-20. Dptocoupler Test Connections Using.the Pulse Generator.

Using the test circuit in Figure 10-20, if the Level control is at zero and the Width control is at maximum,

" ihe same signature is produced that was shown in Figure 10-19. This is not unexpected since there is zero

drive to the LED and therefore, zero base current in the phototransistor. As the level is increased from
zero, the horizontal portion of the trace in the first quadrant will move upward just like an NPN transistor
driven directly by the pulse generator (see Figure 10-21a). There are two main differences between the
transistor driven directly and the optocoupler transistor. First, the signature of the optocoupler in the
third quadrant is different from that of the transistor with direct drive (see Figure 10-14a). Second, the
sepsitivity of the first quadrant signature to the position of the Level control is much lower with the
optocoupler than with the transistor. This is because of the optocoupler parameter known as “current
transfer ratio” (CTR) which is the ratio of collector current in the phototransistor to the forward current
in the LED. CTR for common optocouplers is approximately one, whereas the corresponding parameter
for the transistor alone is the forward current gain (beta) which is usually in the range from 50 to 200. This
accounts for the decreased Level control sensitivity when testing optocouplers.

~
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GC}L - i
Lo -

S

Figure 10-21a. Effect of the Level Control (Width = Max) Mediurn 1 Range at 60 Hz.

Y

A

Figure 10-21b. Effect of the Width Control at a Constant Level Medium 1 Range at 60 Hz.

T’

The optocoupler can be tested with an AC stimulus by tumning the Width control to approximately 50% @;‘,;‘"}J\,
duty cycle. The resulting composite signature is equivalent to the signatures of Figure 10-19 (Medium 1 :
Range) and the 10-21a superimposed on each other. The first quadrant-curves are at half intensity due

to the switching action caused by the pulse generator, while the third quadrant is at full intensity because
the pulse generator does not affect the signature there.

Using the second pulse generator output and the Alternate mode, two devices of the same type can be
checked and compared to each other. The test connections for this method are shown in Figure 10-22.
For general discussion of testing components by comparison in the two terminal mode, see Section 13.

DEVICE | DEVICE 2

COM

A 'R
ONONO),

\ Figure 10-22. Pulse Generator Comparison Mode.
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10-7. Darlington Transistor Optocoupler

! )
2 s

4
3

The Darlington trapsistor optocoupler consists of a
gallium arsenide infrared light emitting diode
coupled with a silicon photodarlington trapsistor in
a dual-in-line package. Figure 10-23 shows the pin
configuration of a 4N31 Darlington transistor
optocoupler. The Darlington adds the effects of an
additional stage of transistor gain to the transistor
optocoupler. The two terminal test mode of a 4N31
is sirndlar to that of 4N25 discussed in the last section,
and its signatures are shown in Figures 10-24

Figure 10-23. Pin Configuration of a 4N31 Darlington through 10-26.
Transistor Optocoupler,
| 1 | | 1 1 1 | | i1
| 0 I | bl | I i 1 1
Low Medium 1
i l; 4
| I} T 1

REVERSE
BREAKDOWN
VOLTAGE

Medium 2

Figure 10-24. Signatures of the LED of a 4N31 at 60 Hz. Pin ‘1 with Pin 2 as Commor.
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Low Medium 1 1
\
I S T I
il l (L
Medium 2 High

Figure 10-25. Signatures of the Base-Emitter of a 4N31 at 60 Hz. Pin 6 with Pin 4 as Commﬁn.

| S |
| I e
.Low Medium 1
Medium 2 High

.

Figuré 10-28. Signatures of the Co!lector-Eﬁminer of 2 4N31 at 60 Hz. Pin 5 with Pin 4 as Common.

10-18 HUNTRON TRACKER 2000
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The loops that appear in the medium 2 and high range signatures in Figure 10-26 are caunsed by a 60 Hz
signal picked up by the base of the Darlington transistor.

The test circuit for a 4N31 using the pulse generator is shown in Figure 10-27, and various signatures are
shown in Figure 10-28.

)
e

@_

A a 4
@ PULSE ’ 3
CONTROL
SETUP
Figure 10-27. Test Circuit for a 4N31 Using the Pulse Generator.
OPERATION AND MAINTENANCE MANUAL 10-17
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N/ N N/
€ (- 203
I~ A ~
L.t 11 I
Py U L

Medium 1

Medium 2

High

Figure 10-28. Signature Variations of a 4N31 as a Function of Pulse Level (Maximum Pulse Width) at 80 Hz.

e
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@ 10-8. SCR Optocoupler
The GE H11C3 (see Figure 10-29 for pin con-
. figuration) consists of a galiium arsenide

i . _ infrared light emitting diode coupled with 2

f : 6 o light activated Silicori Controlled Rectifier in a
0 5 |  dual-in-line package.

[
3 *

Figure 10-29. Pin Configuration of an H11C3 SCR
Cptocoupler.

—_
@ | O I | | I
E | S A V.1 1 1
. i
Low Medium 1
‘ Mediim 2 : High

Figure 10-30. Signatures of the LED of an H11C3 at 80 Hz. Pin 1 with Pin 2 as Common.

OPERATION AND MAINTENANCE MANUAL 10-1%




USING THE PULSE GENERATOR

[V A | I . | T I DO | ) I A
LI LR | SR ! 1T 1 1 | L L
Low Medium 1
L1t 1 | T | [V T T | 4 1 !
| I I I | LR | R i F F 1
Medium 2 High

Figure 10-31. Signatures Between the Anode and Cathode of an H11C3 at 60 Hz. Pin 5 with Pin 4 as Common,

‘ !
L IR R S Ly
RS | yo1 71 LR
Low Medium 1
Medium 2 . High

Figure 10-32. Signatures Between the Cathode and Gate of an H11C3 at 60 Hz. Pin § with Pin § as Common,

1020 ' HUNTRON TRACKER 2000
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The test circuit for a H11C3 usiﬁg the pulse generator is shown in Figure 10-33.

® + : : . . .
‘ . - % : .
ol — . o . el . s
A a “
@ | pULSE * 3
CONTROL
SETUP

Figure $0-33. Test Circuit for an H11C3 Using the Pulse Generator.

The dynamic test signatures for an H11C3 are shown in Figure 10-34 for various settings of pulse level at
maximum pulse width. Different settings of pulse level and pulse width will give different signatures.

OPERATION AND MAINTENANCE MANUAL §0-21




USING THE PULSE GENERATOR

_
-
4
-
-
.
=
- .

[

© 7 Medium 1

Medium 2

Figure 10-34. Signature Variations of an H11C3 as a Function of Pulse Level for the Maximum Pulse Width at 60 Hz.
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USING THE PULSE GENERATOR

The Motorola MOC3010 (see Figure 10-35(for pin

, configuration) consists of a gallium arsenide infrared

o ' ‘ light emitting diode coupled with a light activated triac
‘ in a dual-in-line package.

2 . 45 ‘ The two terminal test mode signatures of a MOC3010

4 are shown in Figure 10-36 and Figure 10-37.
3s 4 .

Figure $0-35. Pin Configuration of a MOC3010
Triac Optocoupler.

Low Medium 1
VS I . | t ¢ 1 t 11 | I I |
I I B | IR | I | 1 Pl
Medium 2 . . High
Figure 10-36, Signatures of the LED part of a MOG3010 at 60 Hz. Pin 1 with Pin.2 as Common. v
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l-lTllu 1111_‘7'11141
rlJ_rl LI

bd
—t ||ﬁltllll

Low Medium 1’ '

\

I!Tlll]
i[ITlIIII

IlllTll_l_J
fii‘J’i]ll

Medium 2 High
Figure 10-37. Signatures of the Triac (MOC3010) at 60 Hz. Pin 8 with Pin 5 as Common.

The test circuit for a MOC3010 using the pulse generator is shown in Figure 10-38.

. + moj ! L]
) O
o] — ¢ | Y ylg i,
- 990 : 4
&1 puLSE ¥
CONTROL
SETUP

Figure 10-38, Test Circuit for 2 MOC3010 Triac Using the Pul;e Genera‘tor.

The dynamic test signatures for an MOC3010 are shown in Figure 10-39 for various settings of the pulse
level at maximum pulse width, Different settings of pulse level and pulse width will give different signatures.

10-24 HUNTRON TRACKER 2000

kw!w-m;..ﬂ. -



© i e ot i s e e - e mn mene——e | JSING THE PULSE GENERATOR

el 1.1 T T I
S I T 1 1 1 T 1
Low
| N S B | I I R I I
BN A 00N RN i 11 I R S N E lr % } ;
i
@ _ ‘ Medium 1 _ ' )
I N T S N | I N S N | I
I T T 1 1 1 | S A I A | 1T 11

Medium 2
Lt Lo
R T T

High

Figure 10-39. Signature Variations of an MOC3010 as a Function of the Pulse Level (Maximum Pulse Width) at 60 Hz.
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10-10. Photocell Optocoupler ' @S %

The Clairex CIMS51 photocell optocoupler consists of a
gallinm arsenide infrared light emitting diode coupled to a

iy ‘ | & symmetrical bilateral photoconductive cell. The cell is
}Q E electrically isolated from the input. Figure 10-40 shows

2 : 35 _ the pin configuration of a CLM51. The off resistance of
b

the cell is in excess of IMQ, thus it appears as an open

3 circuit to the 2000.

The two terminal mode signatures of CLM51 are shown in

Figure 10-40. Pin Configuration of a CLMS1 Figure 10-41 and Figure 10-42.
Photocell Optocoupler.

Low L ) : Medium 1
T —
. —— P
Medium 2 High
Figure 10-41, Signatures of the LED of a CLM51 at 60 Hz. Pin 1 with Pin 2 as Common. .
3
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—_— T
L.l 1 1 | .| | | I I R T |
7 T LA L ! | N M
- . .
" Low . Medium 1
L1 § 1 11 3 L.l 1 1 1 1 ]
LR L] 17 1T 771 17 1T 1 T B q

Medium 2 High
Figure 10-42. Signatures of the Cell of a CLM51 at 60 Hz. Pin 6 with Pin 5 as Common,

The test circuit of a CLMS1 usmg thc pulse generator is shown in Figure 10—43 and its szgnatures are
'shown in Figure 10-44.

@ -+
] ! s
Y -
© ' _ ° 2 #:*’ts
. A [ ]
@ | PULSE 900 sl .
CONTROL
SETUP

Figure 10-43. Test Circuit for a CLM51 Using the Pulse Generator,
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.. Medium 1 - -

——
-
—

L

!1Jll|L"v111'J
r b i IL

‘Medium 2

High .
Figure 10-44. Signature Variations of a CLM51 as a Function of the Pulse Level (Maximum Puise Width) at 60 Hz.
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SECTION 11
TESTING MULTIPLE COMPONENT
CIRCUITS

11-1. 2000 DIAGNOSTIC PRINCIPLES

The preceding sections discussed in detail the signatures for resistors, capacitors, inductors, diodes, and
transistors. This section examines circuits formed by multiple components, such as diedes in series or in
paraliel with a resistor. It is very important for users to understand composite circuit signatures prior to
printed circuit board level troubleshooting. Based on the information contained in the previous sections,
the following diagnostics are presented in Table 11-1.

Table11-1

Diagnostic Table
COMFPONENTS RANGE SIGNATURES DESCRIPTION
Open circuit - All Horizontal line
Short cireuit All Vertical line
Resistor All Straight diagonal line
Diode All “L” shape
Capacitor All Ellipse or circle
Inductor All Ellipse or circle

11-2. DIODE/RESISTOR CIRCUITS

When testing diode/resistor cireuits, the best signatures on the 2000 depend on whether the diode is in
series or in paralle] with a resistor, the value of the resistor, and the selected range.

11-3. Diode in Parallel with a Resistor

Figure 11-1 shows the effect of various resistance values on a diode (1IN4001) signature with the low
range selected on the 2000. When the value of the resistor is over 1KQ, it contributes little to the signa-
ture, and the 2000 displays mainly the diode effect. On the other hand, resistance cf less than 5Q domi-
nates the signature.

OPERATION AND MAINTENANCE MANUAL 11-1




@

[=1]
L]
(=]
oy
—_ o
w
—— P m ‘—nM N
2 k7] ] g
g % @ i =
a
. S g 8 o
H
WHVIA._ - . o] =
Q € - e
+- 5 & g 5
2 =
] ’ K 2
i b g o
, u.l . g
. 3
-
H— . 0
B . o
’ 3
- . . > g
. = [=
: < £ & o
e = O pul W
’ o — [a} [
—— bl g % [+]
G B
2 k] 7] 2
] G a 3
1 8 [ fra I
@« o i
. a o] T
. ——— Q m B
. 19 ] & %
— - =
' T
e K]
. d
e AL 8
3 : ; : <
& . =
o : o
5 : ‘ @
z i
S z =
a, . 2 5
= ; ’ = 8]
[ =] . (&} @ @
o I 2 8
r ’ 8 a &
g Fa
~
- -
U -
=
L}
= o
> -
it} Lol
w
f=




&

TESTING MULTIPLE COMPONENT CIRCUITS

Figure 11-2 shows the signatures for various resistors in paralle}l with a diode in the medinm 1 range of the \/
2000. Resistors with values greater than 50K have insignificant influence on the diode signature. For
resistors of less than 500, the signature is dominated by the resistor, while the didde contributes little.
The medium 2 and high range of the 2000 provide signatures similar to that of the medium 1 range, except
that they cover higher resistance values. - . :

Dicde Only 500£2 Resistor Only Diade and 5008) Resistor
Diode Only 2KE Resistor Only - . Diode and 2KQ Resistor
R Enan IS
A S 1
Diode Only 10K Resistor Only Diode and 10K Resistor

Figure 11-2. Parallel Diode/Resistor Siénatures—Mediuﬁ 1 Range.
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TESTING MULTIPLE COCMPONENT CIRCUITS

11-4. Diode in Series with a Resistor ' _ @

‘When the diode is forward biased, it is in a low impedance state and the 2000 displays only the resistor.
However, if the diode is reverse biased, the series circuit appears as an open circuit to the 2000. Figure
11-3 shows the equivalent circuits for the diode resistor series combination when forward and reversed

biased.

Figures 11-4, 11-5, 11-6 and 11-7 show the 2000 signatures for various values of resistors in series with a
diode while operating the 2000 in low, medium 1, medium 2, and high range

1

A O_‘ﬂ'—WW—ﬂCOM _ A e AN~ «COM

Actual Circuit ' Equivalent Cireuit when
‘ Dicdé is Forward Biased

A e Pl——ANA -CO_M

_Actual Circuit

A «COM @

Equivalent Circuit when
Diode is Reversed Biased

Figure 11-3. Diode/Resistor Equivalent Circuits.

-T- ——
L A
10€) Resistor - 500 Resistor - 50002 Resistor

SR R

Figure 11-4. Low Range Signatures for Various Resistors and Series Diode at 80 Hz.

S ‘}&bﬁ'&&‘ﬁﬁ:ﬁ;

&
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TESTING MULTIPLE COMPONENT CIRCUITS

1K< Resistor

5K Resistor

10KC) Resistor

Figure 11-5. Medium 1 Range Signatures for Various Resistors and Series Diode at 60 Hz.

1 1t 1 1 | j
T T i T T T 1 1 b1
20K Q Resistor S0KE€2 Resistor 10CKL2 Resistor

Figure 11-6. Medium 2 Range Signatures for Various Resistors and Series Dicde at 80 Hz.

T T
' | BRI I ER ey L1 :
e =TT =11 =ttt 'F’H
-#L—- i i _L
100K 2 Resistor B00KC2 Resistor 1M Besistor

Figure 11-7. High Range Signatures for Various Resistors and Series Diode at 60 Hz.
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TESTING MULTIPLE COMPONENT CIRCUITS

11-5. DIODE AND CAPACITOR PARALLEL COMBINATION

Figure 11-8 shows signatures for a .1y F capacitor in parallel with a 1N4001 diode tested at 60 Hz and 2000
Hz. At 60 Hz, the low range is not able to detect the .1uF capacitor. The 2000 Hz test frequency is able
to detect the .1uF capacitor in the low range. However, the diode effect is not detected at 2000 Hz in the
medium 2 and high ranges. '

Figures 11-9 and 11-10 show the signatures of 1pF and 100pF capacitors respectiveiy in parailel with a .'

1N4001 diode tested at 60 Hz and 2000 Hz. For capacitors with 2 value larger than 100pF, the diode ef-
fect will no longer be detected in the medium 1, medium 2 and high ranges for all test frequencies.

11-8 HUNTRON TRACKER 2000
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Low, 1tF, 60 Hz : ' Low, .1[4F, 2000 Hz

Medium 1, .1tF, 60 Hz Medium 1, .1 F, 2000 Hz

] ]
LR : [

IIIMIIII‘
-lllwflll

Medium 2, 1jLF, 60 Hz ' Medium 2, .1 F, 2000 Hz

High, .14 F, 80 Hz High, .1t F, 2000 Hz

Figure 11-8. Signatures of .1y F Capacitor In Parallel with 1N4001 Dicde Tes'teq at 60 Hz and 2000 Hz.
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TESTING MULTIPLE COMPONENT CIRCUITS

Low, 14F,60Hz , Low, 1UF, 2000 Hz

Medium 1, 14F, 80 Hz Medium 1, 1R F, 2000 Hz

e
‘ 1
A
Medium 2, 1uF, 80 Hz . Mediurm 2, 14 F, 2000 Hz

T T U O ) T T
b Fr 1l
A
High,111F, 60Hz : High, 1uF, 2000 Hz
Figure 11-9. Signatures of 11 F Capacitor in Parallel with 1N4001 Diode Tested at 60 Hz end 2000 Hz, @U '}j‘
4
5
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Low, 100p F, 60 Hz ' N Low, 1001 F, 2000 Hz
I N | ) T T
o1 1 T - 1 i
L
Medium 1, 1‘00[.1 F,B60 Hz Medium 1, 150}1 F, 2000 Hz
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Figrue 11-10. Signatures of 100 F Capaciter in paralle! with 1N4001 Diede Tested at 60 Hz and 2000 Hz,
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11-6. RESISTOR AND CAPACITOR PARALLEL COMBINATION

As previously discussed, a capacitor produces an ellipse and a resistor produces a rotated straight line.
Consequently, a resistor reduces the size of an ellipse and causes its major axis to rotate. The magnitude
of the angle is determined by the value of the resistor and the range selected on the 2000.

~ Figure 11-11 shows the effect of a 50KQ resistor on a .1pF capacitor (rotation and shrinkage of the el

lipse) in the High range.-

.1t F Capacitor Only ) 50KL Resistor Cnly ' Capacitor and Resistor in Parallel

Figure 11-11. Effect of a 50X2 Resistor on a .14 F Capacitor in the High Range at 60 Hz.

Figure 11-12 shows the effect of a 1K fesistor on a 1uF capacitor in the Medium 1 range.

T T
< | A
11 F Capacitor Only 1KQ Resistor Only Capacitor and Resister in Parallel

Figure 11-12. Effect of a 1KQ Resistor on a 1 F Capacitor in the Medium 1 Range at 60 Hz.
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3 11-7. INDUCTOR AND DIODE PARALLEL COMBINATION

This type of circuit is found in relays and line printers. The diode suppresses the'h_igh voltage “kick”

produced when the inductor or coil is de-energized.

Figure 11-13 displays signatures of a IN4001 diode in paraliel with an Aromat relay HB1E-DC12.-

"UTESTING MULTIPLE COMPONENT CiRcUITs  ~

a 1

Low, 80 Hz

Low, 2000 Hz

et e s

Low, 400 Hz
| 1 1
I 11

Medium 1, 60 Hz

Medium 1, 400 Hz

Medium 1, 2000 Mz

Medium 2, 60 Hz

Medium 2, 400 Hz

Medium 2, 2000 Hz

Figure 11-13. Signatures of a 1N4001 Diode in Parallel with an Aromat Relay HE1E-DC12.
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SECTION 12
TESTING INTEGRATED CIRCUITS

'12+1. INTRODUCTION

12-2. Integrated Circuit Techndlogy

An integrated circuit consists of a single crystal chip of silicon, typically 50 x 50 mils in cress-section,
containing both active and passive elements, plus their interconnections. Such circuits are produced by
the same processes used to fabricate individual transistors and diodes. These processes 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 12-1, and consists of four distinct layers
of material. The bottom layer (1) (6 mils thick) is P-type silicon and serves as a substrate upon which
the integrated circuit is to be built. The second layer (2), typically 25 mils thick, is an N-type layer
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 layer of material (3) is silicon dioxide, and it also pro-
vides protection of the semiconductor surface against contamination. Finally, 2 fourth metallic {alumi-
num) layer (4) is added to supply the necessary interconnections between components.

(a)
Diode junctions

Resiator Diodes Transistor .
@ Aluminum
_i 2 ! 3 4 metalization

[ Silicon dioxide
t 1T i ——t—Collector
P-type P - contactn”
n-type et .on N [~~-n" Emitter
- . >"<_..,_
® p-type substrate \ Base
Collector

(&)

(a) A circuit containing & resistor, two dicdes, and a transistor. (b) Cross-sectional view of the circuit in {a} when
transformed into a monolithic form (not drawn to scale). The four layers are (1) substrate, (2] n-type crystal
containing the intedrated circult, (3) silicon dioxide, and (4) aluminum metalization.

Figure 12-1, Typical Integrated Circuit Construction.
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TESTING INTEGRATED CIRCUITS

12-3. Integrated Circuit Testing Techniques ' &)

This manual bas discussed the techriques of testing tesistors, capacitors, inductors, diodes, and transistors.
All these techniques can be apphed to test integrated circuits, The signature produced across any two
pins of an integrated circuit is the resultant effect of resistors, diodes, transistors, and capacitors. Apply
the probes between two pins on an integrated circuit to display the resultant signature of these comp051te.
components.
This section provides information zelated to festing the following devices:
»  Linear operational amplifiers )
* Linear voltage regulators’
» 555 timers
» TTL digital ICs
»  Low power Schottky TTL digital ICs
» CMOS digital ICs
» MOS static RAMs
* EPROMs
»  Bipolar PROMs | | ' | Hi
. .Digital. ‘to Analog conveﬁers ;
*  Microprocessors

To test an mtegrated cireuit, the leads are connected to two pins at a time. Since the typical integrated
circuit has many pins, the number of possible testing combinations becomes very large; for example, 2 16
pin device has 120 possible two pin combinations. It becomes impractical to test all possibilities, and our
experience has shown that it is adequate to test the input and output pins with respect to V+ or V- in
order to determine whether a device is good or bad.

Since there are two ways to hook up the 2000 to any two pins of an intergrated curcuit, it is necessary to
establish a polarity convention so that the user can reproduce all signatures properly on the CRT
display. Throughout this section, the convention used is as follows:

*  The first pin mentioned is conuected to the channel A (or channel B)
test terminal on the 2000,

»  The second pin is the common pin wh.lch is connected to the COMMON .
test terminal on the 2000. -

Asan example, a ﬁgure that is titled “Signaturés Between Pin 5 and Pin 8 of an XXXX at 60 Hz"
means that the channel A probe should be connected to pin 5 of the IC and that the common probe
should be connected to pin 8. Also, the phrase “...with respect to pin 8" means that pin 8 is the com-
mon pin.

@
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TESTING INTEGRATED CIRCUITS

12-4. LINEAR OPERATIONAL AMPLIFIERS

When checking an analog device or circuit, the low range is used most of the time. Analog circuits
have many more single junctions to examine, and analog flaws are easier to detect in the low rangs. .
The 54Q internal impedance of the low range makes it less likely that other components, in parallel
with the device under test, will load the 2000 sufficiently to modify the signatures produced if the dévice

were tested out of circuit. o

When checking an op amp in-circuit, it is almost mandatory to do a direct comparision with a known-
good circuit because the many different feedback loops associated with op amps may cause an almost
infinite number of signatures. Figure 12-2 shows the schematic and connection diagram of a National
Semiconductor 1458 Op Amp.

Figure 12-3 through 12-6 shows the signatures of various pins of the EM1458 with respect to pin 8
{V+), while Figures 12-7 through 12-9 show the signatures of the same pins with respect to pin 4 (V-).
Figure 12-10 shows the signatures of a defective LM1458,

Wote: Numbers in parentheses wre fe numbers fof ampifier B,

Metal Can Package

Dusakin-Line Package

- 1
GUTPUT A ey

. 2
. MVERTING INPUT A =y

. NONANVERTING 2

.—v’

7
P QUTMT §

HPUT A

¥

IKVERTING tNPUT B

3 wowirveRTING

WRT B

Top Yiew

Figure 12-2. The LM1458 Op Amp, Schematic and Connections.
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Low

Medium 1

-

Medium 2

Figure 12-3. Signatures Between Pin 4 (V-} and Pin 8 (V+) of an LM1458 at €0 Hz.

High

e,

-T- -T-
1 1 1 ¢t S I U | | O R | d ! 1
R | L | XN I B { LR
s
Low Medium 1
-T- ' i R b
| 1 | i I | B
Medium 2 High @‘
Figure 12-4. Signatures Between Pin 2 (Inverting Input) and Pin 8 (V+) of an LM1458 at 60 Hz. . \_'”l
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{ N S R S 1 R ;
T R f—: i T
— i -
bow Medium 1
—r. *r
Pt W AN
S b e B W o oy o e A R
Medium 2 High

Figure 12-5. Signatures Betwean Pin 3 (Non;lnver‘cing Input) and Pin 8 (V+} of &0 LM1458 =at 60 Hz.

- I
Low I Medium 1
T -y
b L4
L -

Medium 2 High
Figure 12-6. Signatures Between Pin 1 {Output) and Pin 8 (V+) of an LM1458 at B0 Hz.

FHON AND MAINTENANCE MANUAL | e



TESTING INTEGRATED CIRCUITS T

1

~

Low Medium 1

T _";

-r
-1
—4—
_—

—

-

Medium 2 High
Figure 12-7. Signatures Between Pin 2 {Inverting Input) and Pin 4 (V-) of an LM1458 at 80 Hz.

_ _ )
I I S | I I | | 1 | | I I
T LR L T b1 1 T 1
Low Medium 1
- -T-
| I S | | I I | _+_+4_{
o B L T T 7 1
_l_ vl *
Medium 2 High

Figure 12-8. Signatures Between Pin 3 {Non-Inverting Input) and Pin 4 (V-) of an LM1458 at 60 Hz.

Co
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Low Medium 1

Medium 2 High

Figure 12-9. Signatures Between Pin 1 (Output) and Pin 4 (V-) of an LM1458 at 60 Hz,

Low Medium‘ 1
—_ .
I I | 1 1 I : S O | S DO B |
| P f 1 | R R L
il - .
WIEamm 2 High
@ Figure 12-10. Signatures Between Pin 8 (V+) and Pin 4 (V-) of an LM1458 at 60 Hz.
3
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12.5. LINEARVOLTAGE REGULATORS
Voltage regulators, especially the 7800 and 7900 series, are used in many pieces of electronic equipment.
12-6. The 7805 Regulator

Figure 12-11 shows the schematic and pin layout of 2 7805 + 5V regulator. Figures 12-12 through 12-14 -
show the test signatures for a 7805. Different manufacturers implement their products with different
topologies and it is expected that the signatures will vary for the same devices from different manufac-
turers. Figure 12-14 shows the signatures of a defective 7805, There is a substantial difference in the
signatures between a good device and a defective device in the low and medium 1 ranges.

=

Matal Con Package
TO-3 {K)
Aluminum

dureuT - /"\

h g
™ @ ( O
,4'/.

BOTTION VN

P\utlc Package
TG-220 (T}

|
gyt
[10]

Torervnw

A AR

Figure 12-11, Schematic and Pin Layout of the 7805,
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Low: Medium 1

Medium 2 High

Figure 12-12. Signatures Between the nput and Ground Pins - 7805 at 80 Hz.

1L IL

Low ) Medium 1

Medium 2 High

Figure 12-13, Signatures Between the Output and Ground Pins - 7805 at 60 Hz.
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-,
4

. T

H~HI—|—|—+—| R
I 1

Low ' Medium 1

Medium 2 _ “High
Figure 12-14. Signatures Between the input and Output Pins - 7805 at B0 Hz. e
T
ol 1l 1
rr i N N I
.
Low _ Medium 1
J ‘ l | l [ I ‘D I T |
[ ' T i+ 1 l 1 1T
Medium 2 High
Figure 12-15. Signatures Between the Input and Output Pins of a Defective 7805 at 60 Hz. é
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TESTING INTEGRATED CIRCUITS
12-7. The 7905 Regulator

Figure 12-16 shows the schematic and pin layout for a 7905 -5V regulator. Figures 12-17 through 12-19
show the test signatures for a 7905 voltage regulator on all ranges. A gain, these signatures are for reference
only and change slightly from manufacturer to manufacturer.

Figure 12-20 in medium 1 range, there is a significant difference in signatures.

‘ Figuré 12-20 shows the signétures of a defective 7905 voltage regulator, Comparing Figure 12-19 and .

zZ/

Q Vour

20 pF

- Al RY
20k 208

Rl
0z

Vin O

TO-3 Package ‘
ouTPUT INPYT
\(\ (CASE) : e qyTrur
O b NPUT = O :k INPUT
. ‘ ——— GAD
6ND
Bottom Yiew ) o Top v.i o

Figure 12-16. Schematic and Pin Layout of the 7905.
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\
T ]
| N I P | L l l i
I B B 1 I |__ |#"
A4 A
Low Medium 1
[ S N ¢ WD A |
1 11 1 1 1
' Mediumz- ‘ High
Figure 12-17. Signatures Between the Inptst and Ground-Pins - 7905 at 60 Hz,

-+ /H‘H H—,—-«+—L—H—4

-+

Low : Mediur 1

Medium 2 : . * High
Figure 12-18. Signatures Between the Output and Ground Pins - 7905 at 60 Hz.

J
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T
¥

—p—
e

Low . ] Medium 1
T
I I | SN O | I | l__.{
I B 1T 1T

Medium 2 High
Figure 12-19, Signatures Between the'Input and Output Pins - 7905 at 680 Hz.

Low . ’ Medium 1

Figure 12-20. Signatures Between the Input and Output Pins of a Defective 7905 at 60 HZ.

N I I a I N P R
| A I 1 T 1 |1
Medium 2 High
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12-8. 555 TIMERS

The 555 timer is a popular linear integrated circuit, and is used in precision timing, pulse generation,
and pulse width modulation applications. The 2000 is used to examine signatures between various pins
with respect to ground. Figure 12-21 shows the schematic and pin layout of the National Semiconduc-
tor LM555 timer. :

. Lo
Ve O N . h
"
. ™ '
§ LLLE:
% 06 om =L "“ﬁ
- 43
. - j
b3 | 4 g
am 2]
< 5 .
: e BT
. $ > It
THRESHOLD ] o )
P P47 '
. o
contage 3 (7 Vel EM ?
voitage O 4 .
\ a7 n
END O m o L‘j an
— o
s ]
TRIEGER D] e 442
& an
o
ns
[ 2] Sh

MWetal Can Package Duakin-Line and Small Dutiine Packages
1 A 1
GHD ——r .
TRIGGEA -—:: . -I--— DISCHARGE
3 ¥
DUTPUT wm . fo— TMRESHOLD
4] o 15 contenL
RESET v VOLTAGE
Top View

Figure 12-21. Schemati¢ and Pin Layout of an LM555 Timer.
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Figures 12-22 through 12-25, and 12-27 through 12-30, show the signatures between different pins of the
LMS555using allranges. In Figure 12-22 the 2000 displays the collector-base junction oftransistor Q7 (see
schematic in Figure 12-21). .

Figure 12-24 shows the signatures between pin 4 (reset) and pin 1 (gnd). In this case, the 2000 displays
the protection diode (not shown on the schematic).

Figure 12-25 shows the s1gnatures between pin 5 (control voltage) and pin 1. Pin 5 is connected to.resis-
tors R3, R4, R5, and the Darlington transistor formed by Q3 and Q4. Refer also to Figure 12-26.
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12-22. Signatures

Figure

|
|

|
I

I N O
& 1 |

T

| .
i

Medium 1
High

N

T b1

Between Pin 2 (Trigger) and Fin 1 of an LM555 Timer at 60 Hz.

|
Low

R

|

‘Medilrn 2
12-23. Signatures Between Pin 3 (Output) and Pin 1 of an LM555 Timer at 60 Hz.
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-
[ A 1 1 | S T A |
I 1T T T 1.1 I I S
Low Mediim 1
T I Lt S TS I N AN T O
1T 1 7T 1 1 1 L 1T 1 7
Medium 2 High

Figure 12-24, Signatures Between Pin 4 (Reset) and Pin 1 of an LM555 Timer at 60 Hz.

[ I L pgeeteaeed Zi ] ' i
| R i_“;bb'
Low Medium 1
it 1 1.4 1 1 | L 1]
I I S I | S T U (N O T O
i
~ Medium 2 High

Figure 12-25. Signatures Between Pin 5 (Control Voltage) and Pin 1 of an LMS55 Timer at 6¢ Hz.
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Figure 12-27 shows the signatures between pin 6 and pin 1. Pin 6 is connected to a Darlin gton transis-
tor (formed by Q1 and Q2) which is in series with resistor R1 (10KQ resistor), The impedance is too
high to show much change in the low range.

Figure 12-28 shows the signatures between pin 7 and pin 1. These pins are connected to the collector
and emitter of Q14, however the dominant effect is caused by the protection diode that exists between

these two pins. :
~ ™
Q4 RS
I : a3
" 15 R4
» ‘
10090 $RI RS
u _} l
|
Lt 1
I D |
A 4
Low Medium 1
: I | | S N
K i 1Tt T 17
o i
Medium 2 ' " High

Figure 12-27. Signatures Between Pin 6 (Threshold) and Pin 1 of an LM555 Timer at 80 Hz. -
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“qaf

A -
5 3 - -1
‘ [ | . | | |
; I O T 15 1 1 U D L
Low Medium 1
-1
Y N L1 1
|
A
Medium 2 High

Figure 12-28. Signatures Between Pin 7 (Discharge) and Pin 1 of an LM555 Timer at 80 Hz,

Figure 12-29 shows the signatures bétwcen pin 8 (Vec) and piﬁ 1. Figure 12-30 shows the signatures
between the same pins of an LMS555 timer which was damaged by power supply polarity reversal.

"

Low : Medium 1

| S . |
R T 117 1
Medium 2 High

Figure 12-29, Signatures Between Pin 8 (Vo) and Pin 1 of an LM555 Timer at 0 Hz.
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‘Low _ Medium 1

llll[llll
F.IIMTIII

Medium 2 High )
Figure 12-30. Signatures Between Pin 8 (Vee) and Pin 1 of a Damaged LM555 Timer at 60 Hz.

12-9. TTL DIGITAL INTEGRATED CIRCUITS
12-10. General -
The schematics of the basic gates of the various families are shown in Figures 12-31a, b, ¢, d,and e. All
are similar, containing inputs, gate, phase splitter (Q2 with emitter and collector load resistors), pull-up
mechanism (Q3/Q4) and pull-down transistor (Q5). Inall TTL circuits, except LS TTL circuits, the AND
function is formed by a multiple-emitter trahsistor in which the emitter-base junctions serve to isclate the
input signal sources from each other. :
The inputs of these gates contain input protection diodes. To test a digital IC, we need to examine:

» Inputs with respect to ground to see if the input diode and transistor are damaged.

»  Output pin with respect to ground to see if the C-E junction of Q5 is'damaged.

*  Output pin with respect to Ve to see if Q4 is damaged.

»  Veowith respect to ground. Generally, the 2000 can dis_play flaws caused by cverloading.
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o

o2

1o

ouTeuY

Figure 12-31.
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12-11. TTL Devices With Totem Pole Output

P,

Figures 12-32 through 12-34 show the signatures of input, output, and Ve with respect to ground of the
7410 TTL device. As mentioned previously, the test signatures may.vary from device to device, and from
manufacturer to manufacturer, depending on the level of doping and logic implementation.

Figure 12-32 ShOWS the s1gnatures between an input pin and the ground pin. In the low range, the input
" protection diode signature is represented by XYZ instead of WYZ (as a regular diode would have been’
represented). The difference between a regular diode and a protecuon d10de is that protection diodes

have a 50Q resistance in series with t.he. diode junction.

.. Figure 12-33 shows the signatures between an output pin and the ground pin. In the low range, the test |
voltage is not high enough to cause non-destractive breakdown.

Figure 12-34 shows the signatures between the Ve pin and the ground pin.

PROTECTION

DIODE | !

i

Low Medium 1

_
K

- 4
: 4

'.;é

Medium 2 High i

&

=

Figure 12-32. Signatures Between an Input Pin and the Ground Pin of a 7410 at 60 Hz. %
e
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| r/ l | S A R | | I B T T T 1 ir
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i
.
o1 S | A
T 1 i ¢+ 1 1 g
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i
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Figure 12-33. Signatures Between an Output Pin and the Ground Pin of a 7410 at 60 Hz.

Low ) Medium 1

Medium 2 . ) High

Figure 12-34. Signatures Between the Ve Pin and the Ground Pin of a 7410 at 60 Hz.
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12-12. LS TTL Devices ' ' | &

Implementation of LS digital ICs is different from others. The LS series is not implemented with
multiple-emitter transistor topology.. Figures 12-35 through 12-37 show the signatures between

different pins of a 74L.832.

Medium 1

Medium 2 High @

Figure 12-35, Signatures Between an Input Pin and the Ground Pin of a 74L832 at 60 Hz." .

IIIITIII]
I]i[/lilll

Low Medium 1

IR AR s ittt s 7

Medium 2 High -
Figure 12-36. Signaiures Between an Input Pin and an Output Pin of a 741532 at 60 Hz.
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Figure 12-37. Signatures Between the Vee Pin and the Ground Pin of a 74L.532 at 60 Hz.
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12-13. Tri-State LS TTL Devices

In the tri-state LS TTL family, there are many circuits that have an auxiliary contro] input that allows both
the output pull-up and pull-down circuitry to be disabled. This condition is called the high

impedance {(high Z) state and allows the outputs of different circuits to be connected to a common line
or data bus. Figure 12-38 shows a typical tri-state output device. The device to be tested has power off
so the enable pin is considered just another input pin, and tri-state devices are tested in the same
manner as other TTL devices except their signatures are different. It is extremely easy to test a tri-state
device when compared with a known-good device. Figure 12-39 shows a pin layout of a 74L.5125.

Yezo

AAA
L AL

EMABLE LP
- o4

]
LOGIKC . |
j 1 l
L U : o .
*Not used in Bulfers '

**Used only in Butters

Figure 12-38. Typigal Tri-State Qutput Control.

EQY = 1] vee
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L
H0 Eo
e
ofif— E s]o

&N [7] ¥]o

Figure 12-39, Pin Layout of a 74LS125.
F:1gure 12-40 shows the signatures between an input pin and ground pin, and Figure 12-41 shows the

signatures between the enable pin and ground pin. These two figures exhibit similar signatures because
both the input and enable pins have similar elecirical paths to ground.
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s

| S S I [
- 1T r 17T T 1 Tt T 7T 1
Low Medium 1
| - | | | | | S | | I {1
VT T 1T b T T U 1T T
2 .
Medium 2 High

Figure 12-40. Signatures Between an Input Pin and the Ground Pin of a 74LS125 at B0 Hz,
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Figure 12-41. Signatures Between the Enable Pin and the Ground Pin of 2 74LS125 at 60 Hz,
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Low Medium 1

Mediumn 2 ' High
Figure 12-42, Signatures Between the Voo Pin and the Ground Pin of 2 74LS125 at 60 Hz.

" {2-14. CMOS INTEGRATED CIRCUITS
CAUTION

WHEN TESTING CMOS COMRONENTS BE SURE TO FOLLOW ALL
STATIC HANDLING PRECAUTIONS. THESE INCLUDE:

s Store and transport in conductive packaging.
»  The person handling the device should be grounded with a 1M wrist strap.
»  All surfaces should dissapate smﬁc and be connected to earth ground.
» Al parfs should be handled by their packages and not by the leads.
THESE ARE SOME OF THE MAJOR FRECAUTIONS-

CHECK THE MANUFACTURER'S HANDLING TECHNIQUES
FOR COMPLETE PROCEDURES. :

-
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) 12-15. Quad NAND Gate

NOTE: Tests were conducted in an independent laboratory to show that the
Tracker test signals are safe to test CMOS, MOS, and low power Schorrky devices.
Refer to the Appendixes at the back of this manual.

NOTE: When teéting CMOS devices, it is recommendedlthat the Vss and Vg
- pins be shorted together o eliminate instability in the 2000 signatures.

The CMOS IC has become very popular because of its low power consumption and high noise
immunity. Figure 12-43 shows-the schematic and pin layout of a 4011B CMOS NAND gate. All CMOS
input pins have protection diodes which have fairly high DC resistance. Figures 12-44 through 12-45 show
the signatures between different pins of the 4011B. Figure 12-44 shows the signatures
between an input pin and Vss-Vad of the 4011B. In the low range, the signatures do not lock like that.of a
regular diode because of the high input resistance in series with the protection diodss.

14¢vpp

= n2 :1 4 o
LHJ_E} :
g ln le

168,73
7 Lv“

HETATTCIN

¥gs P 1

& ' . Figure 12-43, Schematic and Pin Layout of a 4011B.

N L4 4 ' >
T T _'_W :!]

. i

Low : Medium 1

Medium 2 High .

Figure 12-44, Signatures Between an Input Pin and VssVdd of a 4011B at 60 Mz,
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Low *.-Madium 1
Medium 2 High

Figure 12-45. Signature Between an Qutput Pin and VssVgq of a 40118 at 6C Hz,

12-16. Analog Switch

The 4016B quad bilateral switch is constructed
with MOS8 P-channel and N-channel
enhancement mode devices in a single
monolithic structure. Each 4016B consists of
four independent switches capable of controlling
either digital or analog signals. The gunad
bilateral switch is used in signal gating, chopper,
modulater, demodulator, and CMOS logic
implementation.

To test a 4016B analog switch we need to examine
the input, output, and control pins with respect
to Ves-Vdg. Figures 12-47 through 12-49 show
the signatures of a good 4016B analog switch.
Figure 12-50 exhibits the signatures of a defective
4016B. Comparing Figure 1247 to Figure 12-50,
the signatures show a significant difference
between a good device and a defective device.
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Figure 12-46. Schematic and Pin Layout of a 40168.
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Figure 12-47. Signatures Between an Input Pin and VssVag of a 40168 at 60 Hz.
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Figure 12-48, Signatures Between an Qutput Pin and Vss-Vdd of a 40168 at 60 Hz.
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Figure 12-48. Signatures Between a Control Pin and VssVad of a 40168 at 60 Hz,
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Figure 12-50, Signatures Between an Input Pin and Vss-Vdd of a Defective 4016B at 60 Hz.
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12-17. MOS STATIC RAM

_The 2114A’is a 4096 bit static Random Access Memory (RAM) organized as 1024 words by 4 bits using
HMOS, a high performance MOS technology. If uses fully DC stable (static) circuitry throughout, both
in array and decoding,

T ' .
s ] ] Vee
&2 4,
4 ]s wl 14
AT+ 15[ ]
YNs 211440 i,
o 13[ i,
‘1:7 1z i,
[ 1 1fJuo,
evo[ s s Iwe

Figure 12-51. Pin Layout of a 2114A Static RAM.

Figures 12-52 through 12-56 show the signatures of the Address CS, WE, J/O, and V¢ pins with respect
to the ground pin. Signaturesof the Address, CS,and WE are similar because theyhave similar fabrication
structure.

t 1 _{ i | L 1 ¢t |
P T A T I RN I | | L
. A
Low . . Medium 1
. T —_—

Medium 2 . High

Figure 12-52. Signatures Between an Address Pin and the Ground Pin of a 21 14A Static RAM at 80 Hz.
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— —_
Ll B I I | S
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Low .. Medium 1

Medium 2 High
Figure $2-53. Signatures Between the CS Pin and the Ground Pin of a 2114A Static RAM at 60 Hz.
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Medium 2 . High
Figure 12-54. Signatures Between the WE Pin and the Ground Pin of 2 2114A Static RAM at 80 Hz.
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Medium 2 High

Figure 12-55. Signatures Between ari IO Pin and the Ground Pin of a 2114A Static RAM at 80 Hz.
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4

Low
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Medium 2

Figure 12-56. Signatures Between the Vee Pin and the Ground Pin of a 2114A Static RAM at 60 Hz,
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12-18. EPROM | -

The 2708TL is an uitraviolet light erasable, electrically programmable read only memory (EPROM). The
2708TL has 8192 bits organized as 1024 words of 8 bit length. These devices are fabricated using N-channel
silicon gate technology for high speed and simple interface with MOS and bipolar circuits. The data
outputs for all three circuits are tri-state for connecting multiple devices on 2 common bus, The pin layout -
of a 2708TL is shown in Figure 12-57. The signatures of various pins with respect to Vss are shown in
Figures 12-58 through 12-64. Signatures may vary from manufacturer to manufacturer. In general,
however, the signatures will be similar. o

~ a1 Vi 24 [Jvee

ac ]2 . 23 las
as[]3 2[ 7 a9
A c 0%
A s 20 [] esmwe
AzE & 2708 19 :!\bo
adr 18]"] PROGRAM

ssr Ap[]8 17007 mse

wsss oo [} 8 ‘ 16 Jos )

" 040 .o "“151:}65 ' | : )

oz n 14 Jos
ws []12 3] o3

Figure 12-57. Pin Layout of a 2708JL.
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Figure 12-58. Signatures Bétwaen an Address Pin and the Vss Pin of a 2708JL at 80 Hz.
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Figure 12-58, Signatures Between an Output Pin and the Vs Pin of a'2TQBJ Lat 60 Hz.
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Lot 31 [N R R
g . — | | =
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4 | | L

Medium 2 High

Figure 12-60. Signatures Between the Program Pin and the Vss Pin of 2 2708JL at 60 Hz.
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Figure 12-61. Signatures Between the Vaa Pin and the Vs Pin of a 2707JL at 60 Hz.
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. . .
Low Medium 1
T

Medium 2 High

Figure 12-62. Signatures Between the CS Pin and the Ves Pin of 2 2708.JL 2t 80 Hz.
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Medium 2 High
Figure 12-63, Signatures Between the Vbb Pin and the Vss Pin of a 2708JL at 60 Hz.
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N

Low Medium 1

Medium 2 High

Figure 12-64, Signatures Between the Vec Pin and the Vss Pin of a 27080t at 60 Hz. @
12-19. BIPOLAR PROM _ L R N
The Monolithic Memories 6301-1J is a 256 x 4 PROM with tri-state outputs. It is implemented with

standard Schottky technology. The pin layout of a 6301-1J is shown in Figure 12-65. The signatures of
various pins with respect to ground are shown in Figures 12-66 through 12-65.
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Figure 12-65. Pin Layout of a 6301-1..
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{E I | 1t
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Figure 12-68. Signatures Between an Address Pin and the Ground Pin of a 6301-1J at 80 Hz.

1N — -
1 1 | I S O | [
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Medium 2 +  High
Figure 12-67. Signatures Between an Output Pin and the Ground Pin of a 6301-1J at 60 Hz.
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ﬁ'; —_
A ||

L |

Medium 2 High

Figure 12-68. Signatures Between the E2 Pin and the Ground Pin of a 6301-1J at 60 Hz.

Low : Medium 1

~ Medium 2 . ~ High
Figure 12-69. Signatures Between the Vee Pin and the Ground Pin of a 6301-1J at 60 Hz.
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12-20. DIGITAL TO ANALOG CONVERTER

The National DACO0800L is a monolithic, 8 bit, high speed, cumrent output, digital to analog converter

(DAC) implemented with bipolar technology. Figure 12-70 shows the pin layout and equivalent circuit

of a DACO800L. The signatures of various pins with respect to V' are shown in Figures 12-71 through

12-77.
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/
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Tour =4 R Vacrr) Yeer{+}—2 15 =~8y
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; [ AL COMPENSATION—] 4 13~Bg
T e
" 5 17 THRESHOLD CONTROL, ¥y o =7 5 12p=8,
NS 11— — 8 LS8 —

§ 1 four 16 RS -1
R v : 7 103,
n— G Tour=12 9l-g, use
YL s

Top View
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L] Lo
L' Yic " u 3 M " L] n L]
T" 1 T’ ?‘ ?1 Tt T' ?u Tu 1
1 1 1 1 1 )i 1 ! |
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NLTWORE ] . . 5""'uu1
1 1 T 1 -
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Figure 12-70. Pin Layout and the Equivalent Gireuit of & DAGSOOL.
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TN S AN TS T N N S Lol
IR l/ ' pame S B 3 B M i l[ L
Low Medium 1
14 L T T | 1
L T 1 1} i i
Medium 2 High
Figure 12-71. Signatures Between the Ve Pin and the V' Pinofa DAC0800L at 60 Hz.
T—
I T 1 N B | | S I I
I i b} 1 &

Low Medium 1

1

Medium 2 High
Figure 12-72. Signatures Between the lou Pin and the V" Pinof a DACOB00L at 60 Hz.
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Figure 12-73. Signatures Between a Digital Input Pin and the V™ Pin of a DAC0800L at 60 Hz.

{1 11 ] | [ S| —+__’_H
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Figure 12-74. Signatures Between the Vrm(*) Pin and the V' Finofa DACOB00L at 60 Ha.
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Figure 12-75. Signatures Between the Vrer() Pin and the V" Pin of a DACOB00L at 80 Hz.
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Figure 12-76. Signatures Between the Compensation Pin and the V" Pin of a DACOS00L &t 60 Hz.
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o N— b
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e e Ui 1 L1
1 T T

Medium 2 ‘ ‘ High

Figure 12-77. Signatures Between the V' and V" Pins of a DACOR00L at 60 Hz.
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12-21. MICROPROCESSORS

The 8080A is an 8-bit parallel centeral proccessing unit (CPU). It is fabricated on a single LSI chip
using an N-channel silicon gate MOS process. Figure 12-78 shows the pin layout of an 8080A
MicIOpPIOCEssOr. ‘ ’

Oy 1 Aqq
GND O—1 2 Ayg
' p, o=—{3 18 —=0 213

D, Ow—v14 37 p—=C Ay,
Dg O=—| 5 36 p—=0 Ayg
D, O=—=l5 35 —=0 Ag
D, Oa—ut 7 34 —0 A
0, Oe—s] 8 13 F—e0 A
D, Ceo—ei g 32 p—=0 Ag

o
‘i)
=
W

o O 8080A

1 p—=C Ag

I
0
<
—

RESET O—e{ 12 29 b—0 Aq
HOLD O——{ 13 28 ——o0 12V
INT Q=] 14 27 p—=0 A;
>3 ool 15 26 f—=0 A,

INTE Oe——] 16 25 —=0 Ag
DBIN Qw——1 17 24 =0 WAIT
WR O3 18 23 f——0 READY
SYNC O=—1 19 22— "
+5v O—1 20

2t p—+=0 HLDA

Figure 12-78. Pin Layout of an BO8CA.

The signatures of various pins with respect to the -5V pin are shown in Figures 12-79 through 12-84.
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I N R I I TN S Lt 1§ RN
A B I 1 T
Low , © Medium 1
1 N N I 4 Y O L4 ll L
T y T 1T |

Medium 2 High
Figure 12-79, Signatures Between an Address Pin and the -5V Pin of an 8080A at 60 Hz.
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Low , ' .7 Medium 1

—_ —

Medium 2 High
Figure 12-80. Signatures Between a Data Pin and the -5V Pin of an 80804 at 60 Hz.
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o
=
e

Medium 2 High

Figure 12-81. Signatures Between the Reset Pin and the -5V Pin of an 8080A at 60 Hz.

Low ‘ Medium 1
T -
- -

Medium 2 ' High

Figure 12-82. Signatures Between the +5V Pin and the -5V Pin of an 8080A at 60 Hz.
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Figure 12-83. Signatures Between the +12V Pin and the -5V Pin of an 8080A at 60 Hz.
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Figure 12-84. Signatures Between the INTE Pin and the -5V Pin of an 8080A at 80 Hz.
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- ~ SECTION 13
TESTING COMPONENTS BY COMPARISON

13-1. INTRODUCTION

The previous sections of this inanual have deseribed the techniques of using the 2000 to examine good
components. This section describes the examination of defective components using the 2000 in alternate
(comparison) mode. ' ‘

As described in Section 2, when the Alternate button is selected, the 2000 operates in the alternate mode
and will switch from displaying channel A to displaying channel B at a frequency set by the Rate control.
Tn this mode, the common on a known good circuit or device is connected to the same common on the
circuit or device under test. A dissimilarity in the signatures then shows an impedance difference between

the known good device and the device under test. Refer to Figure 13-1 for 2000 connecticns in the alternate
mode.

13-2. SETUP PROCEDURES

Set up the 2000, the known good device, and the device under test as follows:
1. Connect the channel A test lead to a known good device,
2. Connect the channel B test lead to the same nqﬂe qf the deﬁce under test.

.3, Connect the 2000 common to the same nodes of the known good device and the device
under test. . . _

4. Select the alternate button, The 2000 éircuit will alternately display the signature of the known

good device and the device under test. By examining the signature differences, a defective
component can be detected. '
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i,

RED PROBE :
COMMON
YESTLEAD

el

Flguré 13-1. Alternate Mdde Setup.

13-3. POWER TRANSISTOR MJE240

13-4. MJE240 B-E Junction

Figure 13-2 shows the signatures of a known good MJE240 using the emitter as the common. This device
has a sharp zenet voltage (Vz) across the B-E junction.

Figure 13-3 shows the signatures of a defective MJE240. This device has no zener voltages across the
B-E junction in the medium 2 and high ranges.
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Medium 1
— 7 \'74
Medium 2 High

Figure 13-2. Signatures Between Base-Emitter of a Good MJE240 Transistor

l—r L
Low Medium 1
T
1 A I | | I | { S A
1T T 1 [ | 1 t 17711
Medium 2 High

Figure 13-3. Signatures Between Base-Emitter of a Defective MJE240 Transistor,
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13-5. MJE240 C-E Connection

Figure 13-4 shows the signatures of a known good MIE240 using the emitter as common. The MIE240
has a 80 Volt C-E breakdown voltage so the tight side of the signature (positive half-cycle of the test signal)
appears as an open circuit in all ranges. The current Jeg on the left side of the signature is due to a series
connection of C-B junction (forward biased) and the B-E junction (zener breakdown). Since this is an

NPN transistor, only the left side (positive C-E voltages) is normally used in most circuits, and the reverse

breakdown does not affect anything.

Figure 13-5 shows the signatures of a defective MJE240.

' T T
I 11 RO I
“ﬁ*l ! L - }—‘l—‘*r | S

‘L —t,

Low Medium 1

—_
-

Medium 2 ) High

Figure 13-4, Signatures Between Collector-Emitter of a Good MJE240 Transistor.
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S N l/ B N
S S L
ﬂ Medium 2 High
o Figure 13-5. Signatures Between Collector-Emitter-pf a Defective MJE240 Transistor.
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13-6. HIGH VOLTAGE DIODE HV15F

In this example, there is no signature‘difference when comparing a known good diode and defective
diode in the low range. In the medjum 2 and high ranges, the difference is obvious (see Figures 13-6

and 13-7).
T Bl
1 ! | S VD T I L1 4§
] L LI D 1T 11
Low Medium 1
—_ T
N | 1.4 1 1 R I | B T |
| I I M P S N IR
-t . -
\ . _ | €
) Medium 2. o . High . T ‘
- Figure 13-6. Signatures of a Good HV15F Diode,
-T- 1
L1 ] il 1t I I
N B | S T 1
— ——
Low Medium 1
ke e
- e
Medium 2 ) High
Figure 13-7. Signatures of a Defective HV15F Diode.
13-6
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13-7. 100nF 25V ELECTROLYTIC CAPACITOR

For a good 100uF capacitor, a smooth ellipse is produced in the low range, while a defective capacitor
displays an irregular shape. Figures 13-8 and 13-9 provide a comparison of good to defective capacitors.

Low Medium 1 Medium 2 / High

Figure 13-8. Signatures of a Known Good Capacitor.

Low " Medium 1 Medium 2 / High

Figure 13-8. Signatures of a Defective Capagitor,
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SECTION 14
SOLVING BUS PROBLEMS

14-1. INTRODUCTION

- There are many different bus structures and it is not pxjactical'to analyzé each one of them. The following
paragraphs contain general troubleshooting information for several types of bus-related problems.

14-2. STUCK WIRED-OR BUS

Occasionally an integrated 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 you check the stuck bus line

diagonal line indicating a short of 4 to 10 Q (although some IC shorts are ashigh as 500). A zero Qshort
(vertical line) would indicate a mechanical short (non-IC). ‘

The shorted device is almost certain to have other pins that show serious flaws when connected to the
2000. To locate the defective device, switch the 2000 to the medium 2 range and check all the non-bussed
pins of all devices connected to the bus. Be sure the common lead is connected to ground or the positive
voltage supply. The defective device will show up as having flaws on more-than one pin; usually on several
pins. ’

14-3. UNSTUCK WIRED-OR BUS

similar manner to the previously described stuck bus. Connect the common Jead to ground or the positive
voltage supply and examine all the pins of all integrated circuits connected to the defective bus. Usually,
the defective device will have more than one pin showing an internal defect. If there are not any chips
with multiple pin failures, try heating or cooling each IC individually (using a soldering iron or circuit
cooler, respectively) while watching the signature of the bus line that shows leakage. Since leakage is
highly temperature dependent, the defective IC should cause the signature to change, whereas the good

~ ICs should cause no substantial change. If the defect cannot be traced to a single device by this method,
it is necessary to unsolder pins connected to the bus in order to pinpoint the defective device.

14-4. MEMORIES

Metmory boards can be very difficult to troubleshoot if the system does not have built-in diagnostics to
identify the section of memory where information cannot be stored or retrieved. The problem may be
easily displayed on the 2000 on a bus line, but since memory devices have most of their pins connected in
parallel, it is difficult to isolate the bus problem down to one device.

If the memory devices ate in sockets, it is a simple matter to locate the problem using the 2000. Merely

locate the bus line that provides a defective signature, then remove the memory devices one at 2 time
unti] the signature indicates a normal bus line.

OPERATION AND MAINTENANCE MANUAL . 14-1

to ground or the positive voltage supply with the 2000 in the low range, the signature will usually be a

. In tlnstype of Bus problem, the signa:ture presented on the 2000 does not indicate a short, but may show -
serious leakage current or some other flaw in the medium 2 range. This type of problem is solved ina




SOLVING BUS PROBLEMS

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

If the failure is definitely in 2 memory device that is soldered to the PCB, find a pin that is not connected
in common with the other memory devices like a chip select line (CS or CE on many memories). There

must be at Jeast one such pin per memory IC and the use of a schematic diagram is a definite help in making '

repairs of thistype. Then check this non-bussed pin using the 20001n the alternate mode, with the common
lead of the 2000 tied to the defective bus line. Connect the channel A test lead to one non-bussed pin of
one memory IC, and the channel B test lead to the same non-bussed pin of an adjacent memory IC.
Compare the two. signatures that result, looking for substantial changes in the shape of the si grature
between the two devices indicating that one of the two is probably the defective device. These changes in
shape may or may not be accompanied by a DC shift (the signature shifts fo the left or right as the 2000
alternates between channels). Ifthere is onlya DC shift and no change in the basic shape of the signature,
that is probably due to manufacturing differences between the devices and should be ignored for the
purpose of this comparison. If there are no substantial changes in the signatures of the first two devices,

they are presumed to be functional and one should proceed to the next pait in the array of memory devices

until the defective device is isolated. For example, if the PCB to be tested has sixteen memory ICs arranged
in a two by eight array, start with the two ICs on one end and step through the array two by two for a total
of eight times. If onlyone device is defective, one of those eight comparisons will show differences between
the two devices. At that point, one shonld have 2 good idea of the “ncrmal” signature that most of the
devices have exhibited. The defective device is probably the one in the identified pair that is unlike this
normal signature. This technique maynot always work: sometimes a defective bus line may cause all the
devices to showbad signatures and the defective IC cannot be isolated. Ifthis occursand there are multiple
bus line failures, try using a different defective bus line as common and test all the devices again.

If none of the above troubleshooting methods provides a solution to the bus problem, unsolder one pin at
2 time from the defective bus line until its signature retums to normal. .
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~ SECTION 15
TROUBLESHOOTING TIPS |

15-1. TIPS ON USING YOUR 2000

- This séctibn describes several tips that may be useful when using the 2000 to test various types of-'de-

vices and circuits, This information is provided as a supplement to all testing information provided
thus far in this manual. It is recommended reading whether or not it appears to apply to an immediate

troubleshooting situation or not. There is no logical order to the presentation of the troubleshootin g
tips presented below, = :

Nearly all testing is performed with the medium 2, medium 1 or low range selected on the 2000. The
high range should only be used if testing at a high impedance point, or if higher test voltage is required,
such as when it is desired to examine the zener re gion of a 40 Volt device. Sometimes component de-

fects are more obvious in one range than another, so if a suspect device appears normal for one range,
try the other ranges. ‘ o

When testing a single bipolar junction, such as a diode, a base-emitter Jjunction, or a base-collector
junction, the low range usually offers the best signature. However, if the device is being checked for re-
verse bias leakage, then a higher range should be used.

Attempt to relate the failure mode of the circuit under test to the type of defect indicated by the 2000,
For example, a catastrophic printed circuit board failure can be expected to be caused by a failed de-
vice with a dramatic signature difference from that of a normal device of the same type. A mar ginally
operating or intermittent board may have a failed component that indicates only a small pattern differ-
ence from normal. oo ' ‘ S '

Devices made by different manufacturers, especially digital integrated circuits, are likely to produce
slightly different signatures. This is normal and does not necessarily indicate a failed device,

When performing in-circuit testing, always do a direct comparison to a known-good circuit of similar
design, until a good skill level is acquired using the 2000,

I a fajlure symptom cannot be related to a specific area of the printed circuit board, begin by examin-
ing the signatures produced at the connector pins. This method of troubleshooting shows all the inputs
and outputs and will often lead directly to the failed area of the board.

It should be kept in mind that leakage current doubles with every 10° Celsius rise in temperature. Leak-
age current shows up on the 2000 as a rounded transition {where the signature shows the change from
zero current flow to current flow) or by causing curvature at other points in the signature. Leakage cur-

Never begin the testing of an integrated circuit using the low range. If the low range is initially used,
confusion can result from the inability of this range to display the various Junctions. Alwaysbegin testing
using the medium 1 range and, if the signature is a vertical line, switch to the low raige to check for a short
or low impedance (less than 500 ). Switch to the low range if the device is suspect and appears normal

in the medium 1 range. (This will reveal a defective input protection diode not evident using the medium
1 range.)

OPERATION AND MAINTENANCE MANUAL 15-1




TROUBLESHOOTING TIPS T

Tt should be noted that the 2000 test leads are non-insulated only at the tips. Be sure that good contact ﬁ@,«
is made to the device(s) under test. T

Bipolar integrated circuits containing internal shorts produce a resistive signature (2 straight line) be-
ginning in the one o’clock to two o’clock position and ending in the seven o’clock to eight o’clock posi-
tion on the 2000 display when using the low range. This type of signature is always characteristic ofa

shorted integrated circuit, and results from 2 resistive value of 4 to 10Q. A shorted diode, capacitor,
transistor junction, etc. always produces a vertical (twelve o’clock) straight line on the 2000 display
when using the low range.

When testing analog devices or circuits; the low range is used in mogt instances. Analog circuits contain

. many mote single junctions, and any defects in these junctions show more easily when using the low
range. Also,the 54Q internalimpedance offered by the 2000 in the low range makes it less likely that
other components in parallel with the device under test will load the 2000 sufficiently to alter the signa-
ture. :

When testing an op amp in-circuit, it is highly recommended that it be compared directly with a known
good circuit. This is because the many different feedback paths associated with op amps can cause an
almost infinite number of signatures. '

Often when checking a zener diode in-circuit, it will not be possible to examine the zener region due to
circuit leakage from parallel components. If it is necessary to observe the zener region under this con-
dition, one side of the diode must be unsoldered to eliminate the loading effects of the cireuit.
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APPENDICES

NOTICE

The following appendices are the results of tests performed on the Tracker HTR 1005B. The low, me-
dium 2, and high ranges of the 2000 have the same power ratings as the low, medium, and high
ranges respectively of the Tracker HTR 1005B. The medium 1 range of the 2000 has a power rating

‘between the low range and the medium range of the Tracker HTR 1003B.
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APPENDIX A

HUNTRON TRACKER CMOS TEST

MTL Microtesting' Limited

Alton, -Hampshire, England

REQUIREMENT

It 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 CMOS devices.

Equipment used.

Five Huntron Trackers were used to conduct five tests simultaneously. All had been checked as con-
forming to manufacturers’ standards prior to the test. Types were as follows:

Qty 1 Huntron Tracker Type HTR 1005BE
Qty 3 Huntron Tracker Type HTR 1005B-1
Qty ! Huntron Tracker Type HTR 1005B-15

The Compar-a-trace model was used in the Tracker mode (mode switch in “up” position) except dur-
ing the actual Compar-a-trace test.

60 CMOS devices were obtained from three manufacturers as shown below. All were brand ngwde-
vices and were delivered in protective packing, Half of the devices were retained as reference devices
and were kept in protective conductive foam except when removed for data-logging at the beginning
and end of the test. Each device was numbered and retained the same number throughout the test.

Device
No. Manufacturer © Type No. Type ‘ Used for
1 Motorola MC14071BC  Quadruple 2-input OR Gate Test
2 Motorola MC14071BC  Quadruple 2-input OR Gate Test
3 Motorola MC14071BC  Quadruple 2-input OR Gate Test
4 Motorola’ MC14071BC  Quadruple 2-input OR Gate Test
5 Motorola MC14071BC = Quadruple 2-input OR Gate Test
6 Motorola MCI14071BC  Quadmuple 2-input OR Gate Reference” ™%
7 ‘ Motorela MC14071BC  Quadruple 2-input OR Gate Reference
8 Motorola MC14071BC  Quadruple 2-input OR Gate Reference
9 Motorola MC14071BC  Quadruple 2-inpwt OR Gate Reference
10 Motorola . MC14071BC  Quadruple 2-input OR Gate -  Reference
v 11 . Motorola MC14081BC  Quadruple 2-input AND Gate  Test
12 Motorola MC14081BC  Quadruple 2-input AND Gate  Test
13 Motorola MC14081BC  Quadruple 2-input AND Gate  Test
14 Motorola MC14081BC  Quadruple 2-input AND Gate  Test
15 Motorola MC14081BC  Quadruple 2-input AND Gate  Test
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Device

No. Manufacturer Type No. Type Used for
16 Motorola MC14081BC  Quadruple 2-input AND Gate  Reference
17 Motorola MC14081BC  Quadruple 2-input AND Gate - Reference
18 Motorola MC140818C  Quadruple 2-input AND Gate  Reference
i9 Motorola MC14081BC. Quadruple 2-input AND Gate  Reference
20 . Motorola MC14081BC  Quadruple 2-input AND Gate  Reference
21 N.s.C. MC14071BCN Quadruple 2-input OR Gate Test
2 N.S.C. MC14071BCN Quadruple 2-input OR Gate Test
23 N.S.C. MC14071BCN  Quadruple 2-input OR Gate Test
24 N.S.C. MC14071BCN  Quadruple 2-input OR Gate Test
25 N.S.C. MC14071BCN Quadruple 2-input OR Gate Test
26 N.s.C. MC14071BCN Quadruple 2-input OR Gate Reference
27 N.5.C. MC14071BCN Quadruple 2-input OR Gate Reference
28 N.S.C. MC14071BCN Quadruple 2-input OR Gate Reference
29 N.5.C. MC14071BCN Quadruple 2-input OR Gate Reference
30 N.S.C. . MC14071BCN Quadruple 2-input OR Gate Reference
31 N.S.C. MC14081BCN  Quadruple 2-input AND Gate  Test
32 N.S.C. MC14081BCN Quadruple 2-input AND Gate  Test
33 N.S.C. MC14081BCN Quadruple 2-input AND Gate  Test
34 N.S.C. MC14081BCN Quadruple 2-input AND Gate  Test
35 N.S.C. MC14081BCN Quadruple 2-input AND Gate  Test
36 N.S.C. MC14081BCN Quadruple 2-input AND .Gate Reference
37 -NS.C. . MC14081BCN Quadruple 2-input AND Gate . . Reference
38 N.S.C MC14081BCN  Quadruple 2-input AND Gate  Reference
3 N.S.C. MC14081BCN Quadruple 2-input AND Gate  Reference
40 N.S.C. MC14081BCN Quadruple 2-input AND Gate  Reference
41 R.CA. MC14071BE - Quadruple 2-input OR Gate Test
42 R.C.A, MC14071BE  Quadruple 2-input OR Gate Test
43 R.CA. MC1407iBE  Quadruple 2-input OR Gate Test
44 R.C.A. - MC14071BE  Quadruple 2-input OR Gate Test
45 R.CA. MC14071BE  Quadruple 2-input OR Gate Test
46 R.C.A. MCI1407i1BE  Quadruple 2-input OR Gate = Reference
47 R.C.A. MC14071BE  Quadruple 2-input OR Gate Reference
48 R.C.A. MC14071BE  Quadruple 2-input OR Gate Reference
49 R.C.A. MC14071BE  Quadruple 2-input OR Gate Reference
50 R.CA. MC14071BE  Quadmuple 2-input OR Gate. Reference
31 R.CA. MC14081BE  Quadruple 2-input AND Gate  Test
52 R.C.A. MC14081BE  Quadruple 2-input AND Gate  Test
53 R.CA. MC14081BE  Quadruple 2-input AND Gate  Test
54 R.C.A. MCI14081BE  Quadruple 2-input AND Gate ~ Test
55 R.CA. MCI14081BE Test

Quadruple 2-input AND Gate
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Device

No. Manufacturer = Type No. Type Used for

56 R.C.A. " MCI14081BE  Quadruple 2-input AND Gate Test
57 RCA. MC14081BE  Quadruple 2-input AND Gate Test
58 R.C.A. MC14081BE  Quadruple 2-input AND Gate Test
59 RCA. . MC14081BE  Quadruple 2-input AND Gate: Test
60 . R.CA. ‘MC14081BE  Quadruple 2-input AND Gate Test

A test jig was constructed using Vero-Board and high quality gold flashed 14-pin DIL sockets. Each
socket was isolated from all others by track cutting in order to avoid any effects of circulating earth
currents due to variations in the output levels of the various Huntron Test units. As each device
contained four identical gates only one gate per device {(pins 1, 2, and 3) was checked on each device,
atthough data logging checked all gates. : '

PROTECTION

All devices were,-kept in conductive foam except when actually being tested. Devices were only
handled when a wrist earth strap (connected to the Test House Silent Earth) was being worn. The

bench on which the tests were carried out was surfaced with a conductive mat also connected to the Si-
lent Earth.

TEST SYSTEM

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

All devices (both reference and test) were data-logged on Imperial Technology IT200 equipment prior
to the start of the tests. The test devices were then data-logged again after pin 1 tests were completed
and again after the pin 2 tests. The final data-logging was completed when all tests on pins 1,2,and 3
were complete with the Huntrons switched to the low range

All test devices were then tested in a similar way using the Huntrons on medium range, except that the
test devices were not data-logged after pins 1 and 2 were completed. Data-logging 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 to check the effect (if any) on the Huntron
Compar-a-trace action on the CMOS devices a sample device of each manufacturer was subject to ten’
minutes Compar-a-trace action on the low range (2.53V) output at approx .9Hz cycle rate (Nos. 2, 22,
42; and 12, 32, 52). The six devices (3 x4071 and 3 x 4081) were then data-logged.

In order to ascertain whether leads connecting the Huntrons to the devices under test could act as
antennae in the region of weak fields of electro-magnetic radiation, thus causing damage to the devices,
the five Huntrons were left connected to five test devices (2 x Motorola-No 1, a 4071 and No 11, a4081;
2 x NSC-No 21, a 4071, and No 31, 2 4081; and 1 x RCA-No 41, a 4071).
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The devices under test were then subjected to radiation from a battery driven, all solid-state frequency
modulation type transmitter operating on 145MHz. The PA input power was approximately 2 watts
and the antenna was a 1/4 whip vertical located approximately 19” (1/4) from the center of the
interconnecting wiring. Modulation was NOT applied but the carrier was switched at irregular inter-
vals. Induction was evident by “jumping™ of the Huntron traces, except on the type HTR 1005BE. RF
was radiated for approximately 15 minutes. The devices were then data-logged. All sixty off devices
were then loaded onto static burn-in boards with input and output pins terminated to Vee by 47K pull-
up resistors and then loaded into a Ceetel burn-in chamber at 125 degrees Celsius. After 48 hours at
125 degrees Celsius the devices were removed from the oven and all devices data-logged. The devices
were then re-loaded into the bum-in chamber for a further 120 hours bum-in at 125 degrees Celsius.
The devices were then finally data-logged to determme the long-term effect (if any) of the Huntron
Trackers.

ROTATIONAL TESTING

In order to ensure that any variations in cutput levels of the three types of Huntron Instruments used
did not affect part of the test series devices only, devices under test were “rotated” around the test in-
struments as shown in the table below. The figures shown represent the Test Nurmber followed by the
Section Number, i.e. 9/2 = Test No. 9, the 2nd Part.

HUNTRON INSTRUMENTS

Device 1 2 3 . 4 3
No. : : i

1 11 -3 5/1 9/1 71
2 72 2 32 5/2 9/2
3 972 /7 13 372 o 572
4 513 C 9/3 S/ ‘ Y3 33
5 3/3 53 9/3 73 1/3
1 2i1 4/1 6/1 10/1 8/1
12 82 22 42 62 S 102
13 1012 - 81 212 42 62
14 6/3 103 8/1 2/3 : 4/3
15 43 6/3 10/3 8/3 o 2/3
21 7M1 11 ©o3f 5/1 9/1
2 92 72 12 32 512
23 - 512 oo 712 12 : .32
24 32 512 . .92 72 12
25 13 . 313 53 9/3 713
31 ') N 211 . 41 ‘ 6/1 Lo 10/1
32 10/1 8/1 2/1 o401 6/1
33 62 1072 8/1 272 42
34 42 62 - .82 10/2 202

35 23 C 43 63 1073 8/3
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Device

No. . '~ HUNTRON INSTRUMENTS

41 51 o1 /i 11 31
42 3/1 - 501 9/1 M Y
43 12 32 5/1 92 72
44 , 3 I T 33 .53 - " 9[3
45 93 73 .13 313 5/3
51 6/1 _ 1011 8]1 2t 41
52 411 6/1 10/1 8/1 2/1
53 22 42 6/1 10/2 . 8p
54 8/3 2/3 43 6/3 1073
55 10/3 8/3 23 4/3 6/3

RESULTS SUMMARY

1. Motorola devices appeared to be more sensitive on the input pins when subject to the Tracker
tests.

2. No change in functionality of DC pararmeters were exhibited on any device subjected to stimultus
from the Huntron on all ranges prior to bumn-in at 125 degrees Celsius.

3. Device No. 1 (Motorola 14071) failed supply current after 48 hours burn-in. Device No. 3

(Motorola 14071) failed supply current and functionality i in gate No 4 (pins 11, 12 and 13)
after 48 hours burn-in.

4. Device No. 1 failed supply current and functionality in gate No. 4 (pins 11, 12 and 13) after 168
hours burn-in. Device No. 17 (Motorola 14081 Reference device) failed supply current after
168 hours burn-in.

CONCLUSIONS

Although three devices failed during static burn-in it is felt that the failures cannot be attributed to any
harmful effects due to stimulus from the Huntron Trackers as the failure modes were totally indepen-
dent of pins 1, 2 and 3 which were pin stimulated by the Trackers. Furthermore, one of the dévices
which failed during bum-in was a Reference device which was not connected to the Tracker in any
form. .

It should be noted that the burn-in condition which was applied to the devices was very extreme (viz,,

'125 degrees) for plastic encapsulated devices and that the incident of failure is unlikely to be related to
the test performed by the Huntron Tracker.
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Appehdix 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 and TTL integrated circuits.

COMPONENT TESTED: Motorola MC 14011 and TI 741511
(1) Burn-in (100%) 180 pieces at 125 degrees Celsius = 48 hours
(2) Electrical (100%) to cbtain 150 units to be labeled as follows: .

Label 25 units as HH1, HH2, HH3uucinerene
Label 25 units as HM1, HM2, HM3
Label 25 units as HL1, HL2, HL3.....ccoiriineirneeresasnsanian:
Tabel 25 units as VHI, VHZ, VH3.....oc s
Label 25 units as VM1, VM2, VM3 ...
Label 25 units as VL1, VL2, VL3 nnnenneaninssssenens

3) Electrical (100%) in the following sequence:

(b ML, HMZoooooooeeeesrosmeerecesseereen AM25
() HL1, HLZuoooeeorresmiseesserses HI25
(@) VHL, VHZoooooereresosoreseeeesisiin VH25
(e VML, VM2eomorericarrersrmsesssssss - VM25
o VL1, VLZiooiooorossessssssssseress V125

For DC Parametrics and function per the manufacturers specifications. Ta = 25 degrees Celsius.
They are to be tested on HP5054 digital IC tester. All parameters datalogged. Propagation delay
tested per specification for passffail only.

(4) Connect Huntron Tracker to sequencer (sequencer is a piece of equipment supplied by
Huntron Instruments, Inc. which applies testing ‘signals from the Tiacker and tester to device
under test) to each piece of equipment and turn on power.

(5) (a) Set Tracker range to HIGH.
(b) Set Tester range to HIGH.

(c) Insert. HH1 in zero-insertion force socket marked “Huntron Tracker” located on top
of sequencer.

(d) Activate “start™ button on sequencer. The red LED will come on when sequencing is
completed (it takes about 90 seconds).
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(e) Remove devices under test.

(D Repeat steps (c), (), (&), (§), for HH2, HH3,..,HH2S.

(6) Set Tracker and tester range to medium and repeat steps (c), (d), (e}, (f); for HM1,
© HM2,..,HM25 and VM1, VM2,...,.VM25.

{7) Set Tracker and tester range to low and repeat steps (c), (d), (¢), (), for HLI,
HI2,. HI25 and VLI, VL2,...,, VL25.

(8) Electrical test (100%) in the following sequences:

HH, HH2...cvvivrverrrrernrsrsniorenas HH25
HMI, HM2...corvercrnrenerrisnenes HM23
HL1, HI2,..... SR, HL25
VHL, VH2.errmeneecvenes VH25
VML, VM2..iennnississsenana VM25

For DC parametrics and function per the manufacturer’s specifications T4 = 25 degrees Celsjus.

Propagation delay tested per specification for pass/fail only All parameters datalogged on the HP5054
digital tester.

TEST REPORT

Component Concepts, Inc., an independent test lab for active electronic components, performed test-

ing on the effect of part exposure to the Huntron “Tracker”. The Huntron “Tracker” is an in-circuit !
" stand-alone component tester. Two types of parts were tested and pertinent data recorded priorto. )

test with the “Tracker™. The parts were then tested and data logged after the “Tracker” test. The two e

sets of data, pre- and post-, were then compared for any possibie effect that the “Tracker™ might have

upon the parts. Seventy-five pieces of 74L811% and seventy-five of 4011's were tested, All parts passed

after testing with the Huntron. The datalogged parameters were input and operating current, and out-

put voltage. No discernible effects were observed upon analysis of the pre- and post- data logs.

_ The exact test flow is as follows:
1. All parts before f:esting were subjected to 48 "houx's Ibum-in at 125 degrees Ccisius.
2. 74LS11 and 4011 tested for pass/fail operation at 125 Celsius.
3. 75 of each part tested for _propaggtio_n. delay, passffail.
4. Parts datalogged for specific parameters.
5. Parts subjected to test by the Huntron instrument,
6. Propagation delay tested.
7. Post-test datalog performed, some parameteré recorded.

8. Datalogs apalyzed to determine any effects of the Huntron “Tracker” upon parts.
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TEST DISCUSSION '

_The testing proccdurﬁ used can only validate the externally measurable parameters of the part and its

furiction. The internal functioning of the part can be assumed to follow with the externally measurable
parameters. - :

The Iot of parts received from Huntron were umform in date code and manufacture. All parts were
100% functional after a static burn-in of 48 hours. The TTland CMOS parts were tested on a Hewlett

. Packard 5045 IC Tester (Ser.# 1712A00222). The data was recorded on a companion HP9825 Calcu1a~

tor. Huntron provided a “Tracket” and-“Sequencing Unit”. The Huntron “Tracker” (Ser# »
21F01001), was connected to the sequence unit which, according to Huntron, auntomatically connected
the leads of the part to the tester one lead at a time. The actual functioning of the sequencer and the
two test units are not the responsibility of Component Concepts other than the following of instructions
provided by Huntron for proper operation. After bumn-in the parts were tested pass/fail for propaga-
tion delay in a bench set-up using a pulse generator and a 100MHz HP oscilloscope. The parts were
also datalogged. They were then tested on the sequencer with the two testers attached. After being
tested with the sequencer the parts were again tested for propagation delay and datalogged. Atall
times attention was paid to static ESD precautions.

TEST RESULTS

At pre-test, after burn-in, all parts were functional for DC and AC parameters, seventy-five parts wers
data-logged from each part type, 74LS11 and 4011BC. A comparison of data after testing showed nio

 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 format which clearly shows the value recorded be-
‘fore and after the differences between the two values. The majority of differénces between values are

within the accuracy limits of the HP5045 Tester. Points where there are differences greater than that
value are not significant in number to produce any possible negative conclusions on'tester interaction

with the tested parts. Based on the collected data, the Huntron “Tracker™ had no discernable impact
on the parts tested.
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