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WARNING

PLEASE OBSERVE THESE SAFETY PRECAUTIONS

Do not attempt to check capacitors in-circuit. This unit is to be operated only
by technically trained people who understand the shock hazard and dangers of
applying up to 1000 volts during the leakage test.

Every precaution has been taken in the design of your “Auto-Z” to insure that it is as
safe as possible. However, safe operation depends on you, the operator.

1. Do not use the “Auto-Z” in circuits where power is still applied. Disconnect the
AC line cord from AC power and discharge filter capacitors before making any test lead
connections.

2. Never exceed the limits of the “Auto-Z” as printed in the specification section, and
additional warnings throughout this manual.

3. Be sure your test equipment is in good working order. Broken or frayed test leads
can cause improper test results and expose you to dangerous test voltages. A burned out
warning LED will fail to tell you that dangerous, high leakage voltage is present at the
test leads.

4. Observe the voltage rating and polarity of the component under test. Exceeding
the voltage rating of a capacitor or applying the wrong voltage polarity during the leakage
test, may damage the capacitor or cause it to explode.

5. Improper fuse voids warranty. Fuses are for your protection, so always replace any
fuse with the proper type and rating. Avoid situations that blow the fuse. When a protec-
tion fuse blows, note what caused the failure. Then prevent future fuse failure by following
proper procedures.
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SIMPLIFIED OPERATIONS

Capacitor Parameter Tests

5. Read VALUE of capacitor
in pF, uF, or F on display

7. Read % of 11. Read LEAKAGE in
D{\ on display / uA or mA on display
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3. Connect capacitor to test leads position

Inductor Parameter Tests

5. Read VALUE of inductor in
uH, mH or H on display\

8. Read Inductor Ringer test on display
Reading of 10 or more indicates good component
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DESCRIPTION

Introduction

Capacitor and inductor usage is extensive, encompas-
sing all facets of industrial and consumer electronics.
Very few circuits lack either of these components. Be-
cause the transistor gave way to the IC, and the IC
gave way to the LSIC, capacitor and inductor usage
continues to increase rapidly since neither of these com-
ponents can be physically incorporated into ICs on a
broad basis. Though they have changed some in phys-
ical size, capacitors still perform the same basic func-
tions. But in today’s circuits, more than ever before,
the tolerances and parameters of capacitors and induc-
tors are critical to proper circuit operation.

Capacitor value and tight tolerance is just one impor-
tant parameter. In today’s high performance circuits,
leakage, dielectric absorption, and ESR are necessary
indicators of a capacitor’s ability to perform properly
in circuit. Inductors too, require tight tolerances and
quality checks. Unless all of these parameters can be
thoroughly analyzed, troubleshooting becomes a gues-
sing game.

The Sencore LC77 “AUTO-Z"” takes the guess work out
of capacitor and inductor testing. It provides automatic
tests of capacitor value, leakage, ESR, and a patented
dielectric absorption test. Inductors are automatically
analyzed for value and quality with patented tests. The
LC77 is a complete, automatic, microprocessor-control-
led capacitor and inductor analyzer. Its features make
it ideally suited for both single component analyzing
in service or maintenance work, or for large volume
batch testing in a lab or incoming inspection.

Features

The Sencore LC77 “AUTO-2” is a dynamic, portable,
automatic capacitor and inductor tester. It is designed
to quickly identify defective components by simply con-
necting the capacitor or inductor to the test leads and
pushing a test button. The test result is readily dis-
played on an LCD readout in common terms. All
capacitor and inductor test results may also be dis-
played as good/bad compared to standards adopted by
the Electronic Industries Association (EIA). User de-
fined limits may also be programmed into the LC77 for
the good/bad comparison.

In addition to testing capacitors for value up to 20
Farads, the LC77 checks capacitors for leakage at their
rated working voltage, up to 1000 volts. ESR is checked
with a patent-pending test, and an automatic, patented
test checks capacitor dielectric absorption. A patented
inductance value test provides a fast, accurate test of
true inductance. A patented ringing test checks coils,
deflection yoke, switching power supply transformers,
and other non-iron core inductors with a fast, reliable
good/bad quality test.

Automatic lead zeroing balances out test lead capaci-
tance, resistance, and inductance for accurate readings
on small capacitors and inductors. The LC77 is pro-
tected from external voltages applied to the test leads
by a fuse in the TEST LEAD JACK and special circuitry
which locks out all test buttons when voltage is sensed
on the test leads.

Battery operation makes the LC77 completely portable
for on-location troubleshooting in all types of servicing
from industrial equipment to avionics to cable fault
locating. An optional SCR & Triac tester extends the
LC77 test .capabilities to provide a fast, accurate test
of these components. The LC77 may be interfaced into
any IEEE 488 Bus system for fully automatic, computer
controlled testing in a laboratory or incoming inspec-
tion area.

Specifications

DIGITAL READOUT

TYPE: .45”, 6 digit, 7 segment LCD

READINGS: Fully autoranged with auto decimal place-
ment. One or two place holding zeros added as needed
to provide standard value readouts of pF, uF, F, uH
or mH.

ANNUNCIATORS: pF, uF, F, uH, mH, H, uA, mA, %,
V, kQ, MQ, OHMS, RINGS, SHORT, OPEN, WAIT,
GOOD, BAD.

CAPACITORS (Out of circuit)

Dynamic test of capacity value is determined by
measuring one RC time constant as capacitor is charged
to +5 V through:

1.5 Megohms for 0 - .002 uF

15 Kilohms for .002 uF - 2 uF
\;‘alues above 2 uF are charged with a constant current
of:

60 mA for 2uF - 2000uF

416 mA for 2000 uF - 19.99 F
Maximum voltage across capacitors larger than 2000
uF limited to 1.75 V.

ACCURACY: +/-1% +/—1pF +/-1 digit for values
to 1990 uF. +/-5% +/—.1% of range full scale for
values 2000 uF to 19.99 F.

RESOLUTION AND RANGES: 1.0 pF to 19.99 F, fully
autoranged:

dpF — 1.0pF to 199.9pF
1pF — 200pF to 1999 pF
00001 uF — 0.00200uF to 0.01999uF

.0001uF — 0.0200uF to 0.1999 uF
.001uF — 0.200uF to 1.999 uF
OluF — 2.00uF to 19.99uF



duF — 20.0uF to 199.9uF

1uF — 200uF to 1,999 uF

10uF — 2,000uF to 19,990 uF

100uF — 20,000uF to 199,900uF

.001F — 0.200F to 1.999F

.O0lF — 2.00F to 19.99F
CAPACITOR LEAKAGE

READOUT: User selectable between leakage current
and resistance.

ACCURACY: +/-5% +/-1 digit.

APPLIED VOLTAGE: Keyboard entry; 1.0 to 999.9
volts in .1 volt steps; accuracy +0 —~ 5%. Short circuit
current limited to 900mA, power limited to 6 watts.

RESOLUTION AND RANGES: .01uA to 20 mA, fully

autoranged:
.O0luA — 0.01uA to 19.99uA
JuA— 20.0uA to 199.9uA
1uA — 200uA to 1999 uA
OlmA— 2.00mA to 19.99mA

CAPACITOR ESR (Test patent pending)

ACCURACY: +/-5% +/—1 digit.
CAPACITOR RANGE: 1 uF to 19.99 F.
RESOLUTION AND RANGES: .10 ohm to 2000 ohms,

fully autoranged:
.0lohm — 0.10ohms to 1.99 ohms
dlohm — 2.0chms to 19.9ohms
lohm — 20ohms to 199 ohms
10ohm — 200ohms to 1990 ohms

CAPACITORD/A (U.S. Patent # 4,267,503)

ACCURACY: +/-5 counts.
RANGE: 1 to 100%.
CAPACITOR RANGE: .01 uF to 19.99 F.

INDUCTORS (In or out of circuit)

A dynamic test of value determined by measuring the
EMF produced when a changing current is applied to
the coil under test. (U.S. Patent # 4,258,315)
CURRENT RATES: automatically selected

50 mA/uSec — OuH to 18uH
5 mA/uSec — 18uH to 180 uH
SmA/uSec — 180uH to 1.8mH
50 mA/mSec — 1.8mH to 18 mH
5 mA/mSec — 18mH to 180 mH
S5 mA/mSec — 180mH to 1.8H
.05 mA/mSec — 1.8H to 19.99H

ACCURACY: +/-2% +/—-1 digit
RESOLUTION AND RANGES: .10 uH to 20 H, fully

autoranged
.01uH — 0.10uH to 19.99uH
.1uH — 20.0uH to 199.9uH
1uH — 200uH to 999 uH
001lmH— 1.000mH to 1.999mH
.01lmH — 2.00mH to 19.99 mH
1mH— 20.0mH to 199.9mH
1mH — 200mH to 999 mH
.001H — 1.000H to 1.999H

O01H— 2.00H to 19.99H

RINGING TEST

A dynamic test of inductor quality determined by apply-

ing an exciting pulse to the inductor and counting the

number of cycles the inductor rings before reaching a

preset damping point. (U.S. Patent # 3,990,002)

INDUCTOR RANGE: 10 uH and larger, non-iron core

ACCURACY: +/-1 count on readings between 8 and
13.

RESOLUTION: +/-1 count.

EXCITING PULSE: 5 volts peak; 60 Hz rate.

GENERAL

TEMPERATURE: Operating range: 32° to 104°F (0°
to 40°C) Range for specified accuracy (after 10
minute warmup): 50° to 86°F (10° to 30°C)

POWER: 105-130V AC, 60Hz, 24 watts max. with
supplied PA251 power adapter. Battery operation
with optional BY234 rechargeable battery. 210-230V
AC operation with optional PA252 Power Adapter.

AUTO OFF: Removes power during battery operation
if unit sits idle longer than 15-20 minutes.

BATTERY LIFE: 8 hours typical inductor testing; 7
hours typical capacitor testing.

SIZE:6"x9”x11.5”(15.2cm x 22.9cm x 29.1cm) HWD

WEIGHT: 6 lbs. (2.7kg) without battery, 7.6 lbs (3.4kg)
with battery.

GOOD/BAD INDICATION: Functions on all tests. Re-
quires user input of component type and value, or
input of desired limits.

IEEE: Requires the use of Sencore IB72 Bus Interface
Accessory.

The following interface codes apply: SH1, AH1, T8,
L4, SRO, RLO, PPO, DCO, DTC, CO. All readings
are test accuracy +/—1 count.

Specifications subject to change without notice

ACCESSORIES

SUPPLIED:
39G143 Test Leads
39G144 Test Lead Adapter
39G201 Test Button Hold Down Rod
64G37 Test Lead Mounting Clip
PA251 AC Power Adapter/Recharger

OPTIONAL:
39G85 Touch Test Probe
FC221 Field Calibrator
BY234 Rechargeable Lead Acid Battery
SCR250 SCR/Triac Tester
CC254 Carrying Case
CH255 Component Holder
CH256 Chip Component Test Lead
IB72 Bus Interface Accessory
PA252 220V AC Power Adapter/Recharger



Controls

1. COMPONENT TYPE select buttons. Use with
TEST buttons (4), and COMPONENT PARAMETERS
buttons (6) for component limit testing.

a. - e. capacitor type buttons - Use with other beige
color coded capacitor buttons (4a - d) and (6m - 0).

f. SPARE - Provides a spare button to allow for
future component types and internal memory up-
dates.

g. - i. Inductor type buttons - Use with other blue
color coded inductor buttons (4e - f) and (6s - u).

2. LCD DISPLAY

2a. SHORT - Indicates that test leads , or component
connected to test leads, are shorted when LEAD
ZERO OPEN button (9a) or CAPACITOR VALUE
TEST button (4a) is pushed.

2b. OPEN - Indicates that test leads, or component
connected to test leads, are open when LEAD
ZERO SHORT button (9b) or INDUCTOR VALUE
TEST button (4e) is pushed.

2¢. WAIT - Indicates internal circuits are discharg-
ing after CAPACITOR LEAKAGE TEST button
(4c) is released. Also indicates external voltage on
test leads. All tests are locked out while WAIT
indicator is on.

2d. DIGITAL READOUT - Indicates value of test
result. Last two digits are place holders and indi-
cate 0 on large readings. Displays error message
if error condition exists.

2e. READING ANNUNCIATORS - Automatically
light to qualify the reading displayed in the DIGI-
TAL READOUT (2d).

2f. GOOD - Indicates that component meets pre-de-
fined tolerances for the test selected by TEST but-
ton (4).

2g. BAD - Indicates that the component does not
meet the pre-defined tolerances for the test
selected by TEST button (4).

3. APPLIED VOLTAGE LCD DISPLAY - Displays
the amount of leakage voltage to be applied to the TEST
LEAD (10) when the CAPACITOR LEAKAGE button
(4b) is pressed. Voltage is selected using COMPONENT
PARAMETERS keypad (6a-1 & 6r).

4. TEST buttons

a. CAPACITOR VALUE - Depress to test capacitor
value.

b. DIELECTRIC ABSORP - Depress to read per-
centage of dielectric absorption.

c. CAPACITOR LEAKAGE - Depress to test
capacitor leakage after the capacitor working vol-
tage is entered with the COMPONENT
PARAMETERS keypad (6).

d. CAPACITOR ESR - Depress to test capacitor
ESR.

e. INDUCTOR VALUE - Depress to test inductor
value.

f.INDUCTOR RINGER - Depress for ringing (qual-
ity) test on coils, yokes/flybacks and switching
transformers after selecting inductor type with
COMPONENT TYPE switches (1g-i).

5. CAUTION INDICATOR LED - Blinks as a warning
when leakage voltage is set to 25 volts or higher, as
indicated on APPLIED VOLTAGE LCD DISPLAY (3).
Voltage is only present at test leads when CAPACITOR
LEAKAGE test button (4c) is depressed.

6. COMPONENT PARAMETERS keypad - Use to
enter parameters for limit testing.

a-k. NUMERIC INPUT - Use to enter numerical
value portion of parameters. Use with COMPO-
NENT PARAMETERS buttons (m-u).

1. CLR - Push once to clear NUMERIC INPUT entry.
Push twice to clear all parameters and COMPO-
NENT TYPE switches (1).

m-0. CAPACITOR VALUE MULTIPLIER - Use
after NUMERIC INPUT entry (6a-k) to enter
capacitor value. Push to recall entered value.

p-a- PERCENTAGE buttons - Use after
NUMERIC INPUT entry (6a-k) to enter compo-
nent tolerance. Push to recall entered value.

r. VOLTS - Use with NUMERIC INPUT (6a-k) to
select desired test voltage for capacitor leakage
tests.

s-u. INDUCTOR VALUE MULTIPLIER - Use
after NUMERIC INPUT entry (6a-k) to enter in-
ductor value. Push to recall entered value.

7. PULL CHART - Provides simplified operating in-
structions and quick reference tables.

8. LEAKAGE Switch
a. CURRENT - Selects readout of leakage current
in uA or mA when CAPACITOR LEAKAGE but-
ton (4c) is depressed.
b. OHMS - Selects readout of leakage in ohms when
CAPACITOR LEAKAGE button (4c) is depressed.

9. LEAD ZERO Switch
a. OPEN - Use with CAPACITOR VALUE button
(4a) and open test leads to balance out test lead
capacitance.
b. SHORT - Use with INDUCTOR VALUE button
(4e) and shorted test leads to balance out test lead
inductance.

10. TEST LEAD INPUT JACK - Provides a connec-
tion for attaching supplied test leads (17) or optional
CHIP COMPONENT TEST LEADS (30). Unscrew jack
for access to protection fuse.

11. POWER Switch

a. OFF - Removes power from all circuits.

b. AUTO OFF - Provides power for approximately
15 minutes after auto off circuitry is reset. Auto
off is bypassed when LC77 is powered from the
AC Power Adapter.

¢. ON & BATT TEST - Turn unit on and reset auto
off circuitry. Remaining battery life is displayed
in LCD DISPLAY (24).
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Optional Accessories

22, 39G85 TOUCH TEST PROBE - Use for in-circuit
testing of coils and inductors from foil side of P.C. board.

23. FIELD CALIBRATOR (FC221) - Use to periodi-
cally check calibration of LC77.

24. RECHARGEABLE BATTERY (BY234) - Pro-
vides portable operation for the LC77. One battery re-
quired.

25.SCR/TRIAC TEST ACCESSORY (SCR250) - Use
for testing SCRs and Triacs.

26. IEEE 488 BUS INTERFACE ACCESSORY -
Connects between the INTERFACE ACCESSORY
JACK (13) AND THE IEEE 488 port of a Bus controller
to allow the LC77 to be used in automated test setups.
(Not Pictured)

E-Z Hook® is a registered trademark of Tele Tek Inc.

1
4

27. 220 VOLT POWER ADAPTER (PA252) - Plugs
into POWER INPUT (15) to power unit from 210-230
VAC line. Also recharges the (optional) BY234 Battery
when installed inside the LC77.

28. CARRYING CASE (CC254) - Provides protection
and easy carrying for the LC77 and its accessories.

29. COMPONENT HOLDER (CH255) - Use to hold
components for fast tests when doing volume testing.
(Not Pictured)

30. CHIP COMPONENT TEST LEAD (CC256) -
Special shielded test leads for testing small surface
mount (Chip) components. (Not Pictured)

Fig. 5 — Optional Accessories.
10




Supplied Accessories

17. TEST LEADS (39G145) - Special low capacity
cable with E-Z Hook® clips. Connect to TEST LEAD
INPUT (10).

18. 39G144 TEST LEAD ADAPTER (39G144) - Use
to adapt TEST LEADS (17) to large, screw terminal
capacitors.

19. TEST BUTTON HOLD DOWN ROD (39G201) -
Use to hold CAPACITOR LEAKAGE button (4¢) depre-

ssed when reforming capacitors.

20. TEST LEAD MOUNTING CLIP (64G37) - Use
to hold Test Lead when not in use.

21. POWER ADAPTER (PA251) - Plugs into POWER
INPUT (16) to power unit from 105-130 VAC line. Also
recharges the (optional) BY234 Battery when installed
inside the LC77.

Fig. 4 — Supplied Accessories.



Rear Panel Features

12. BATTERY COMPARTMENT COVER - Provides
access to the (optional) BY242 rechargeable battery.

13. INTERFACE ACCESSORY JACK - Allows the
(optional) IB72 IEEE 488 Bus Interface Accessory (26)
to be connected to feed LC77 readings to an automated
measuring system.

14. TEST BUTTON HOLD DOWN ROD HOLDER
- Holds TEST BUTTON HOLD DOWN ROD (19) when

not in use.

15. 39G144 TEST LEAD ADAPTER MOUNTING
CLIP.

16. POWER INPUT - Connects to supplied PA251
POWER ADAPTER (21) for 110V AC operation, or to
PA252 (27) for 220V AC operation.

Fig. 3 — Location of rear panel features.



OPERATION

Introduction

Before you begin to use your LC77 “Auto-Z”, take a
few minutes to read through the Operations and Appli-
cations sections of this manual and acquaint yourself
with the features and capabilities of your instrument.
After you have familiarized yourself with the general
operation of the LC77, most tests can be performed with
the information on the front panel.

AC Power Operation

For continuous bench operation the LC77 is powered
from any standard 105-130V (50-60 Hz) AC line using
the PA251 Power Adapter. When 220V AC operation
is required, power the LC77 with the optional PA252
220 VAC Power Adapter. Connect the Power Adapter
to the POWER IN JACK located on the rear of the
LC77, as shown in Figure 6.

The power adapter serves as a battery charger to re-
charge the (optional) BY234 battery when it is installed
in the unit. The BY234 may be left installed in the
LC77 at all times without danger of over charging.
Connecting the Power Adapter bypasses the auto-off
circuitry in the LC77 and allow continuous, uninter-
rupted operation.

AR TR I A ST S TR s

Fig. 6 — Connect the PA251 to the 12 V DC input for
AC bench operation and to recharge the optional bat-
tery.
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WARNING

Using an AC adapter other than the PA251
or PA252 may cause damage to the LC77, may
cause the optional battery (if installed) to im-
properly charge, or may cause measurement
errors on low values of components. Only use
a Sencore PA251 or PA252 Power Adapter
for AC operation.

To operate the LC77 from an AC line:

1. Connect the AC line cord of the power adapter to an
adequate source of AC power.

2. Connect the power adapter lead to the POWER
INPUT JACK on the back of the LC77, as shown in
figure 6.

3. Push the POWER switch on the LC77 up to the ON
& BATT TEST position and release. The WARNING
LED will momentarily blink to indicate it is operational
and the displays will reset and read zeros.

4. The LC77 is immediately ready for use. If precise
measurements are required, allow the unit to operate
for 10 minutes to reach specified accuracy.

WARNING

The CAUTION INDICATOR LED must
momentarily flash when the POWER switch
is first turned on and moved from the OFF to
the ON & BATT TEST position. Failure of the
light to flash indicates a problem with the
LED or safety circuits. DO NOT operate the
LC77 in this condition, since it exposes the
operator to dangerous voltages without
adequate warning.

Battery Operation

The LC77 is designed to operate as a completely port-
able unit with the optional BY234 rechargeable battery
installed. The operation of the LC77 when it is battery
powered is the same as when it is AC powered. The
length of time the “Auto-Z” will operate before the bat-
tery needs recharging depends on several factors: 1. the
test functions used; 2. temperature; 3. battery age.

Leakage tests place the heaviest current drain on the
battery - greater currents result in shorter battery life
between recharging. Value tests place the least drain
on the battery. For typical operation, the LC77 provides
approximately 7 hours of complete capacitor testing
(value, ESR, D/A and leakage), and 8 hours of complete



inductor testing (value and ringing). These times, of
course, will vary with temperature and battery age.

As the temperature of the battery decreases, its capac-
ity also decreases. The operating time between recharg-
ings decreases at the rate of approximately 1 hour for
every 20 degrees F drop in temperature below 70°F.
The BY234 battery is a sealed, lead-acid type which
requires no maintenance other than recharging. As a
battery ages, it will require more frequent rechargings.
If used properly, the BY234 will provide several years
of service before needing replacement.

You can maximize the lifetime of the BY234 several
ways: 1. Never allow the battery to deeply discharge.
The LC77 has a built-in battery test and low battery
shut off circuitry. Check the remaining charge period-
ically and recharge the battery before the low battery
circuit shuts the unit off. 2. Keep the battery fully
charged. The BY234 will not be harmed if it is left
installed in the LC77 during AC operation. Instead,
this will keep the battery fresh and ready for use and
will actually lengthen its useful lifetime. 3. Recharge
the battery before using it if it has sat idle for more
than a couple of weeks. Lead-acid batteries normally
lose some of their charge if they sit idle for a period of
time.

WARNING

Observe these precautions when using lead-
acid batteries:

1. Do not dispose of old lead-acid batteries in
fire. This may cause them to burst, spraying acid
through the air.

9. Do not short the “+” and “—" terminals
together. This will burn open internal connec-
tions, making the battery useless.

3. Do not charge 12 volt lead-acid batteries
with a voltage greater than 13.8 VDC. High
charging voltage may damage the battery or cause
it to explode.

4. Do not drop the battery. While lead-acid bat-
teries are well sealed, they may break if dropped
or subjected to a strong mechanical shock. If the
battery does break and the jelled electrolyte leaks
out, neutralize the acid with baking soda and
water.

5. Do not charge the battery below 0° C or
above +40° C.
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Fig. 7 — The optional BY234 is installed in the LC77
for portable operation.

To install the optional BY234 Battery:

1. Open the BATTERY COMPARTMENT COVER lo-
cated on the rear of the unit by unscrewing the
thumbscrew. Fold the cover down on its hinge.

2. Slide the battery end that does not have the connector
attached into the battery compartment. (The wire
should be facing out after the battery is in place.)

3. Connect the plug from the battery to the jack inside
the battery compartment. :

4. Close the battery compartment cover and tighten the
thumbscrew to hold the door and batteries in place.

Note: Recharge the BY234 overnight before using it for
the first time.

Battery Test

The LC77 has a built-in battery test feature which
shows the remaining battery recharge. A reading of
100% indicates that the battery is fully charged. As the
battery charge is used up, the reading will drop in 10%
intervals. The low battery circuits will turn the unit
off shortly after the battery test reading drops to 0%,
and before the battery level drops too low for reliable
operation. The LC77 never fully discharges the battery
which helps extend the life of the BY234.



To perform the battery test:

1. With a BY234 installed, move the POWER switch
to the ON & BATT TEST position.

2. Read the percentage of remaining battery charge in
the LCD DISPLAY, as shown in figure 8.

3. If the reading shows 0%, the unit may not operate,

or operate for just a short time since the low battery
circuit turns the LC77 off at this battery level.

Ltnoﬁ ]Lc:ns JL”""‘ J L
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Fig. 8 — Push the Power switch to “On & Batt Test”
to read the remaining battery charge.

Recharging the Battery

The BY234 battery should never be allowed to remain
discharged for more than a few hours, since this will
shorten its lifetime. The battery must be recharged
whenever the battery test reads 0%. However, you
should recharge the battery more often than this to
lengthen the battery’s lifetime and keep the LC77 ready
for portable use at all times.

To recharge the battery, simply leave it installed inside
the LC77 while the unit in connected to the PA251 AC
Adapter/Charger and the Power Adapter is connected
to a source of AC power. The charging time required
to return the battery to 100% depends on how far it is
discharged. The battery will trickle charge while the
LC77 is in use and powered from the AC adapter, but
it will recharge the quickest if the POWER switch is
in the “OFF” position. Normally, a battery will com-
pletely recharge in about 8 hours with the POWER
switch “OFF".
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Auto Off

To conserve battery charge, the LC77 contains an auto
off circuit. This circuit keeps the batteries from running
down if you should forget to turn the unit off, but keeps
the “Auto-Z” powered up during use. The auto off circuit
will shut the LC77 off after approximately 15 minutes
if none of the front panel buttons have been pushed.
Pushing any COMPONENT TYPE button, COMPO-
NENT PARAMETERS button, TEST button, or
momentarily moving the POWER button to the ON &
BATT TEST position will reset the auto off circuits.
The auto off circuits are bypassed when the LC77 is
operated from the PA251 AC Adapter/Charger.

To operate the LC77 using the optional BY234 bat-
tery:

1. Install the BY234 battery into the LC77 battery com-
partment.

NOTE: If you are using the BY234 for the first time,
be sure to charge the battery before using the LC77.
Though factory tested, the BY234 may not be charged
when you receive it.

2. Push the POWER switch to the ON & BATT TEST
position and release. The WARNING LED will momen-
tarily blink to indicate it is operational and the displays
will reset and read zeros.

3. The LC77 is immediately ready for use. If precise
measurements are required, allow the unit to operate
for 10 minutes to reach specified accuracy.

WARNING

The CAUTION INDICATOR LED must
momentarily flash when the POWER switch
is moved from the OFF to the ON & BATT
TEST position. Failure of the light to flash
indicates a problem with the LED or safety
circuits. DO NOT operate the LC77 in this con-
dition, since it exposes the operator to danger-
ous voltages without adequate warning.

Test Leads

The test leads supplied with the LC77 (39G143) are
made of special, low capacity coaxial cable. Using any
other cable will add extra capacity to the meter circuits,
which may not be within the range of the lead zeroing
circuits. Attempting to zero the leads with another,
higher capacitance cable connected will cause the LCD
DISPLAY to show the message error. This indicates
that the value is beyond the zeroing limits of the LC77.

If the test leads ever require replacement, new leads
(part # 39G143) may be ordered directly from the: SEN-
CORE SERVICE DEPARTMENT at 3200 Sencore
Drive, Sioux Falls, SD 57107.



Test Lead Mounting Clip

A TEST LEAD MOUNTING CLIP (64G37) is supplied
with the LC77. This clip is useful to hold the test leads
out of the way when not in use, but keeps them ready
and within reach at any time. The mounting clip may
be attached on the top of the LC77, on the side of the
handle, or wherever it is most convenient. To mount
the clip, peel off the backing, place the clip in the desired
location and press it firmly in place.

Fig. 9 — The test lead mounting clip holds the test
leads out of the way, yet ready for use at anytime.

NOTE: Do not mount the TEST LEAD MOUNTING
CLIP to the sides of the “Auto-Z” as this will interfere
with the handle movement.

Test Lead Adapter

Some larger value electrolytic capacitors have screw
terminals rather than the conventional wire leads or
solder terminals. To connect the LC77 to these
capacitors you will need to use the supplied 39G144
TEST LEAD ADAPTER. The TEST LEAD ADAPTER
converts the E-Z Hook® clips of the test leads to alligdator
clips which will clamp onto the large screw terminals.
A mounting clip on the back of the LC77 stores the
TEST LEAD ADAPTER when it is not in use.
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Fig. 10 — The 39G144 Test Lead Adapter allows large,
screw-terminal capacitors to be connected to the
LC77.

To use the TEST LEAD ADAPTER:

1. Connect the red E-Z Hook® of the LC77 test lead to
the red TEST LEAD ADAPTER terminal.

2. Connect the black E-Z Hook® to the black adapter
terminal.

3. Connect the red TEST LEAD ADAPTER lead to the
“+” capacitor terminal, and the black lead to the “-”
terminal.

4. Test the capacitor in the usual manner.

Test Lead Fuse

A 1 amp, Slo-Blo (3AG) fuse is located in the TEST
LEAD input jack on the front of the “Auto-Z”. This fuse
protects the unit from accidental external voltage or
current overloads. The fuse may need replacement if
the following conditions exist:

BLOWN FUSE CONDITIONS:

- Display reads “OPEN" during inductor lead zeroing
- Display reads “OPEN" during inductance test

- Ringing test reads “0”

- ESR test reads “Error 7”7

- No Leakage readings

- Readings do not change with test leads open or shorted

Refer to the maintenance section, located at the back
of this manual for information on replacing the test
lead fuse.



Leading Zeroing

The test leads connected to the LC77 have a certain
amount of capacitance, resistance, and inductance
which must be balanced out before measuring small
value capacitors and inductors or before measuring
capacitor ESR. The test lead impedance should be
zeroed when the LC77 is first turned on. It will remain
zeroed as long as the unit is powered on. If the LC77
is battery operated and is turned off by the Auto Off
circuits, however, the leads must be rezeroed.

To zero the test leads:

1. Turn the LC77 on by momentarily pushing the
POWER switch to the ON & BATT TEST position.

2. Connect the test leads to the TEST LEAD INPUT
jack on the front of the “Auto-Z”.

3. Place the open test leads (with nothing connected)
on the work area with the red and black test clips next
to each other, but not touching.

4. Move the LEAD ZERO switch to the “Open” position.
Release when a.“ —” begins to move through the display.

5. Connect the red and black test clips together.

6. Move the LEAD ZERO switch to the “Short” position,

and release when a “—" begins to move through the
display.
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Fig. 11 — The impedence of the test leads is balanced
out with the LEAD ZERO button.

Entering Component Data
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Fig. 12— Controls used for entering component data.

To use the LC77 to perform the automatic Good/Bad
tests explained later in this manual, you must enter
data about the component under test into the LC77
“Auto-Z” (All component tests can be performed with-
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out entering component data if automatic Good/Bad
test indications are not desired). The component data
tells the LC77 the “ideal” parameters necessary to
make the Good/Bad determination.



The component data which can be entered into the LC77
includes: component type, value, tolerance and rated
working voltage for capacitors, and component type,
value, and tolerance for inductors and coils. These
parameters are usually marked on the component, or
can be determined by looking the component up in a
parts list or replacement guide. The Applications sec-
tion of this manual contains information on how to
identify capacitor and inductor types.

NOTE: All component data can be cleared by pushing
the “CLR” button on the gray COMPONENT KEYPAD
twice.

To Enter Component Type:

NOTE: The component type switches tell the LC77 what
kind of component is being tested.

1. Press the desired COMPONENT TYPE button. Use
the beige color coded buttons when checking capacitors
and the blue buttons when checking inductors.

9. A red LED indicator in the corner of the COMPO-
NENT TYPE button lights when that button is selected.

To Enter Component Value:

1. Enter a number, up to 3 significant digits, equal to
the value of the capacitor or inductor. (Example: “123”.
or “123000.”). Each digit will appear in the display as
a key is pushed.

a. The LC77 rounds the entry down if you enter a
number having more than 3 significant digits (Exam-
ple: “1239” becomes “1230”).

b. The LC77 accepts numbers up to 6 places before the
decimal. (Example: “100000”). Entries larger than
this reset to 0.

c. The LC77 accepts numbers up to 5 places after the
decimal for numbers less than 1. (Example:
;?,.00001 ”). Entries smaller than this result in “Error
d. All unnecessary place holder digits are dropped.
(Example: “.06700” becomes “.067”).

e. Push the “CLR” button once to clear the value entry
and start over.

2. Enter the desired CAPACITOR VALUE MULTIP-
LIER or INDUCTOR VALUE MULTIPLIER.
a. The capacitor value range is 1 pF to 19.9 F. The
inductor value range is .1 uH to 19.9 H. Entering
values beyond this range causes an “Error 2”.

b. The LC77 accepts non-conventional value nota-
tions, such as “.00001 F”, “.00002 uF” or “100000 pF”’

3. After entering the multiplier, the display momentar-
ily shows the entered value and multiplier before re-
turning to a “0000” reading. The LC77 is now ready
for the next parameter entry.

4. To check the entered capacitor value at any time,
push any beige colored CAPACITOR VALUE MULTIP-
LIER button. To check the entered inductor value push
any blue colored INDUCTOR VALUE MULTIPLIER
button.

5. To change an entered value parameter, repeat steps
1&2.
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To Enter Component Tolerance:

1. Enter a 1, or 2 or 3 digit number up to 100 which
equals to the “+” value tolerance of the capacitor or
inductor. Do not use a decimal.

2. Press the white “+%” PERCENTAGE button.
3. Enter a 1 or 2 digit number up to 99 which equals

to the “-” value tolerance of the capacitor or inductor.
Do not use a decimal.

4. Press the white “-%” PERCENTAGE button.

5. To check the entered percentage, press the white
“+9%” or “-%” button at any time.
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Fig. 13 — To enter component data select the COMPO-
NENT TYPE switch which corresponds to the compo-
nent being tested (a). Next, enter the component value
(b) and value tolerance (c). Finally, if testing a
capacitor, enter the rated working voltage (d).



To Enter Leakage Voltage:

1. Enter the desired voltage from 1 to 999.9 using the
gray keys on the NUMERIC INPUT keypad. A decimal,
followed by one digit may be entered, but is not neces-

sary.

2. Push the white “V” key to enter the voltage. The
voltage will appear in the APPLIED VOLTAGE LCD
DISPLAY. For values greater than 25 volts the red
CAUTION INDICATOR LED will blink.

NOTE: The voltage is applied to the component Test
Leads when the CAPACITOR LEAKAGE test button is
pushed.

3. To enter a different voltage, repeat steps 1 & 2.

Error Codes

Several error conditions may occur while using the
LC77 which cause an error message to appear in the
LCD display. These are usually caused by small errors
in the operation of the LC77, although severely defec-
tive components may also cause certain error condi-
tions. The error conditions are explained below.

Error 1 - Component Type Selection Error - This
error occurs when a component test is attempted, and
either an incorrect COMPONENT TYPE switch is
selected for the test, or no COMPONENT TYPE switch
is selected when required.

Possible causes:

1. Performing a capacitor test with an inductor COMPONENT TYPE
switch selected.

2. Performing an inductor test with a capacitor COMPONENT TYPE
switch selected.

3. Performing the INDUCTOR RINGER test without an inductor
COMPONENT TYPE switch selected.

4. Performing any component test with the “Spare” capacitor COM-
PONENT TYPE button selected.

Error 2 - Entered Value Beyond Range of Unit -
The component parameter entered via the keypad or
IEEE is beyond the measuring range of the LC77.

Possible causes:

1. Entering a capacitance value greater than 19.9 Farads, or less
than 1 picofarad.

2. Entering an inductance value greater than 19.9 Henrys, or less
than .1 microhenrys.

3. Entering a leakage voltage greater than 999.9 volts.

4. Entering a tplerance percentage greater than +100%, or less than
-99%.

5. Entering a tolerance percentage that includes a decimal.

NOTE: Entering a leakage voltage less than 1 volt will
set the leakage supply to 0 volts.
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Error 3 - Entered Value Beyond Range Of Test -
The component parameter entered via the keypad or
IEEE is beyond the limits of the automatic good/bad
test. The component may still be able to be tested, but
not for a good/bad indication.

Possible causes:

1. Performing an ESR test with a capacitor value of less than 1 uF
entered.

2. Performing a D/A test with a capacitor value of less than .01 uF
entered.

3. Performing an INDUCTOR RINGER test with an inductor value
of less than 10 uH entered.

Error 4 - Value Beyond Zeroing Limit - The amount
of inductance or capacitance at the TEST LEAD INPUT
is beyond the range of the zeroing circuits. An open
(greater than 20 Kilohms) or shorted (less than 1 ohm)
test lead will cause the “OPEN” or “SHORT” annun-
ciator to come on, rather than preduce an “Error 4”.

Possible causes:

1. The capacitance at the TEST LEAD INPUT is greater than 1800 pF.
2. The inductance at the TEST LEAD INPUT is greater than 18 uH.
3. The resistance at the TEST LEAD INPUT is greater than 1 ohm.

Error 5 -*No Voltage Entered - This error occurs
when the CAPACITOR LEAKAGE button is pushed
and no test voltage has been entered.

Error 6 - Invalid IEEE Command - An improper
command was sent to the LC77 via the IEEE bus.

Possible causes:

1. Sending a command that is not recognized by the LC77.
2. Wrong command syntax.

NOTE: Refer to the IEEE 488 Bus Operation section of

this manual for information on using the “Auto-Z” with
IEEE control.

Error 7 - Component Out Of Test Range - The com-
ponent under test exceeds the limits of the test which
was attempted.

Possible causes:

1. Measuring ESR of a capacitor having a value less than 1 uF.

2. Measuring capacitance value on an extremely leaky capacitor.

3. Attempting a capacitor value test with 1 ohm to 2 Megohms of
resistance connected across test leads.



Capacitor Testing
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Fig. 14— Controls used for capacitor parameter tests.

The LC77 “Auto-Z” checks capacitors for value from
1.0 pF to 20 Farads in 12 automatically selected ranges.
The automatic features of the LC77 “Auto-Z” allow you
to perform two levels of automated capacitor testing:
basic parameter testing, and automatic good/bad test-
ing. For basic parameter testing, you simply connect
the component to the test leads and push the test button.
The LC77 measures the capacitor and displays the test
result. You must look up the values of leakage, ESR
and dielectric absorption in a table to determine if the
capacitor is good or bad.

For automatic good/bad testing, you first enter the
parameters of the capacitor before performing the test.
Then the LC77 will display the test results alohg with
a good/bad indication of the capacitor. Only selected
parameters need to be entered into the LC77, depending
upon which tests you desire a good/bad readout for.

Capacitance Measurement Accuracy

The LC77 measures the RC charge time as the capacitor
is charged through a precision resistor. This gives the
most accurate measurement of true capacity available.
Capacity values measured with the “Auto-Z” may or
may not exactly match readings on other instruments
which use a different measuring technique. Bridges,
for example, measure capacitive reactance using an AC
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signal. Capacitive reactance changes with frequency.
Therefore, two bridges operating at different frequen-
cies will give different capacity readings.

Electrolytic capacitors may normally read up to 50%
higher than their marked value when measured with
the LC77. This is because electrolytics are marked ac-
cording to their value as measured on an AC-type im-
pedance bridge. The value of an electrolytic changes
greatly with the measurement frequency. This should
cause no problem in determining if an electrolytic
capacitor is good or bad, since most electrolytic
capacitors have up to 80% value. The capacitor should
read close to its marked value, or within tolerance when
checked with the LC77. In addition, electrolytics most
commonly fail due to leakage, dielectric absorption, or
ESR. When an electrolytic does change value, the value
drops far below the marked value.

The LC77 “Auto-Z” is designed to measure capacitors
out of circuit. Impedances found in the circuit will upset
the “Auto-Z” readings. Capacitors can not be checked
in circuit accurately or reliably with any test method.
Capacitors in circuit however, may be tested by unsol-
dering one lead from the circuit. When doing this, be
sure to remove power from the circuit. If the unit is AC
powered, unplug the AC line cord. Whenever possible,
remove the capacitor completely from the circuit to test
it.



WARNING

When checking capacitors, remove the
capacitor from circuit if possible. Otherwise,
make sure the power is removed from the cir-
cuit and the AC line cord to the unit contain-
ing the capacitor is unplugged. Always con-
nect the capacitor to the LC77 test leads be-
fore depressing the CAPACITANCE VALUE
test button.

Measuring Small Capacitance
Values In Noisy Environments

The sensitive “Auto-Z” measuring circuits may be af-
fected by large, outside signals (such as the AC fields
radiated by some lights and power transformers) when
small capacitance values are being measured. Special
circuits in the LC77 help minimize noise pickup and
stabilize the readings.

Measurements of small value capacitors in noisy envi-
ronments may be further improved by grounding the
LC77 case to earth ground. When possible, power the
LC77 with the PA251 AC Adapter/Charger connected
to a properly grounded AC outlet. The PA251 Adapter/
Charger maintains the third wire ground shield and
keeps the noise away from the measuring circuits inside
the “Auto-Z”.

Capacitor Parameter Testing

The LC77 checks capacitors for capacitance value, leak-
age, dielectric absorption and Equivalent Series Resis-
tance (ESR). These tests are made directly using the
beige colored TEST buttons. Simply connect the compo-
nent to the test leads, push the desired TEST button,
and read the test result in the LCD display. You can
determine if the component is good or bad by comparing
the measured ESR and leakage values to the standard
values listed in the tables in this manual and on the
Pull Chart underneath the LC77.

NOTE: Except for the capacitor leakage test, no compo-
nent parameters need to be entered to perform any
capacitor parameter test. If any blue Inductor COMPO-
NENT TYPE button is selected, error code “Error 1”7
will appear in the LCD readout when you attempt to
make a capacitor test. Push the “CLR” key on the gray
NUMERIC KEYPAD twice to clear any parameters.

The following procedures provide all the necessary in-
formation required to perform the capacitor parameter
tests. A more detailed description of each of the
capacitor tests and failure modes can be found in the
Applications section of this manual.
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Measuring Capacitor Value

To Measure Capacitor Value:
1. Zero the test leads, as explained on page 16.

2. Connect the capacitor to the test leads. If the
capacitor is polarized, be sure to connect the black test
clip to the “-” terminal of the capacitor and the red test
clip to the “+" capacitor terminal.

3. Depress the CAPACITOR VALUE button.
4. Read the value of the capacitor in the LCD DISPLAY.

NOTE: The “SHORT" annunciator appearing in the
LCD display when the CAPACITOR VALUE button is
depressed indicates a resistance of 1 ohm or less at the
test leads. Check the test leads. If they are not shorted,
the capacitor is bad.

Some capacitors will cause the display to read “Error
7. These capacitors have too much leakage current to
allow the LC77 to make a value check and should be
considered bad.
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Fig. 15 — To measure capacitance, connect the
capacitor to the test leads and push the CAPACITOR

VALUE button. The amount of capacity appears in the
LCD display.

Measuring Capacitor
Dielectric Absorption

Dielectric Absorption is often called “battery action” or
“capacitor memory” and is the inability of the capacitor
to completely discharge. While all capacitors have some
minute amounts of dielectric absorption, electrolytics
may often develop excessive amounts which affect the
operation of the circuit they are used in.



To check a capacitor for dielectric absorption, press the
DIELECTRIC ABSORPTION button and compare the
value to the chart. A fully automatic good/bad test may
also be used to test for dielectric absorption. This test
is explained in a later section.

To measure capacitor dielectric absorption:

1. Connect the capacitor to the test leads. If the
capacitor is polarized, connect the red test clip to the
“+” capacitor terminal and the black test clip to the
“" terminal.

2. Depress the DIELECTRIC ABSORPTION button. A
“” will appear and slowly move through the display
indicating that the test is in progress.

3. Read the percentage of dielectric absorption on the
display.

4. Compare the measured D/A to the amount listed in
Table 1 for the capacitor type you are testing to deter-
mine if the capacitor is good or bad.

NOTE: Depending on the capacitor’s value, type and
actual D/A, the LC77 may, in a few cases, take up to 10
seconds to display a reading.

Maximum Allowable Percent Of D/A

Capacitortype Maximum % of D/A

Double Layer Lytic Meaningless. D/A may normally
be very high.

Aluminum Lytic 15%

Tantalum Lytic 15%

Ceramic 10%

All others 0%

Refer to the Applications section of this manual for
capacitor type identification.

Table 1— Maximum amounts of Dielectric Absorption.

Measuring Capacitor
Leakage (In microamps)

Capacitor leakage occurs when some of the voltage from
one plate flows (leaks) through the dielectric to the
other plate. The amount of leakage current through
the dielectric depends on the voltage applied across the
plates. For this reason, always check a capacitor for
leakage at (or as close as possible to) its rated voltage.
Voltages up to 999.9 volts may by applied with the
LCT77.

To check capacitors for leakage, enter the working vol-
tage of the capacitor and press the CAPACITOR LEAK-
AGE button. Compare the measured leakage current
to the maximum allowable amounts in the leakage
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charts. The capacitor is good if the measured leakage
is below the amount shown in the chart. A fully automa-
tic good/bad test may also be used to check capacitors
for leakage. This test is explained in a later section.
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Fig. 16 — To test capacitor leakage, enter the working
voltage of the capacitor.

To measure capacitor leakage:

1. Connect the capacitor to the test leads. If the
capacitor is polarized, connect the red test clip to the
“+" capacitor terminal and the black test clip to the
“.” terminal.

2. Set the LEAKAGE switch to the “Current” position
to read the leakage of the capacitor in uA or mA.

3. Enter the normal working voltage of the capacitor
as explained earlier in the section “Entering Compo-
nent Parameters” on page 16.

WARNING

The LC77 is designed to be operated by a tech-
nically trained person who understands the
shock hazard of up to 1000 volts applied to
the test leads during the capacitor leakage
test. DO NOT hold the capacitor in your hand,
or touch the test leads or capacitor leads
when making the leakage test.

4. Depress the CAPACITOR LEAKAGE button and
read the amount of leakage in the LCD display.

5. Compare the measured leakage to the maximum
allowable amount listed in the Leakage Charts on pages
23 and 24 for the type, value, and voltage rating of the
capacitor you are testing.

NOTE: By entering the Component Type and Value
parameters for the capacitor, the LC77 will automati-
cally display the measured leakage along with the same
good/bad indication as the Leakage Charts.



Voltage will be applied to the capacitor as long as the
CAPACITOR LEAKAGE button remains depressed,
and the leakage readings will decrease as the capacitor
continues to charge. Some capacitors may take a few
seconds to charge up to the applied voltage and may
cause the display to overrange with a flashing “88.88
mA” display. Continue to depress the CAPACITOR
LEAKAGE button until the leakage reading drops
below the maximum allowable amount listed in the
Leakage Chart.

When the CAPACITOR LEAKAGE button is released,
the LC77 discharges the capacitor through a low value,
high wattage resistor. The LC77 contains safety circuits
which sense the voltage across the test leads. Therefore,
when you release the CAPACITOR LEAKAGE button
after checking a large value capacitor, or after applying
a high leakage voltage, the display may show “Wait -
- - -” until the voltage is gone from the test leads. All
data input and test buttons will be locked out until the
display returns to “0000”.

LEAKAGE IN PAPER, MICA AND
FILM CAPACITORS

Paper, mica and film capacitors should have extremely
small amounts of leakage. Measuring any leakage
when checking these types of capacitors indicates a bad
component. The leakage reading may take 1-2 seconds
to show an accurate display while the capacitor charges.

LEAKAGE IN CERAMIC CAPACITORS

Leakage in ceramic capacitors is generally very low.
Ceramic disc capacitors, however, may have small
amounts of normal leakage. Ceramic disc capacitors
with voltage ratings above 50 WVDC should have less
than 1 uA of leakage. Some discs with working voltages
less than 50 WVDC may have a lower insulation resis-
tance, and therefore may show somewhat more leakage,
depending upon manufacturer. In general, a 10 WVDC
ceramic disc capacitor may show as much as 16 uA of
leakage, and 25 WVDC ceramic disc may read up to
2.5 uA of leakage and still be considered good.

LEAKAGE IN ALUMINUM ELECTROLYTICS

Because of their larger value and higher leakage
characteristics, aluminum electrolytic capacitors may
take several seconds to charge. The LC77 display may
overrange (flashing 88.88 mA display) indicating the
charging current is greater than 20 mA while the
capacitor is charging. Table 2 shows the approximate
time that you can expect the LC77 to overrange for a
given capacitor value and applied voltage. After the
LC77 stops overranging, the current will drop in prog-
ressively smaller steps as the capacitor charges. When
the cap is fully charged, the leakage readings will
change just a few digits up or down. You do not need
to wait until an electrolytic capacitor is fully charged
to determine if it is good. Simply keep the CAPACITOR
LEAKAGE button depressed until the leakage reading
falls below the maximum amount shown in the Leakage
Charts.
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Table 2 — Meter Overrange time versus capacitor
value and applied voltage.

LEAKAGE IN TANTALUM ELECTROLYTICS

Tantalum electrolytic capacitors have much lower leak-
age than aluminum electrolytics of the same size and
voltage rating. Therefore, tantalum lytics will give a
leakage reading in a much shorter time than an
aluminum lytic - typically within 2 to 5 seconds. Com-
pare the measured leakage with the amounts shown in
theble;kage charts to determine if the capacitor is good
or bad.

LEAKAGE IN NON-POLARIZED
ELECTROLYTICS

Electrolytic capacitors which are non-polarized should
be checked for leakage in both directions. This requires
that you measure leakage twice, reversing the LC77
test lead connections for the second test. The maximum
allowable leakage for a non-polarized electrolytic in
either direction is twice that of a similar polarized elec-
trolytic of similar capacitance value and voltage rating.

Leakage charts

The following leakage charts list the maximum amount
of allowable leakage for the most common aluminum
electrolytics and dipped soiled tantalum capacitors.
These charts are also duplicated on the pull chart below
the LC77. Good capacitors (as far as leakage is con-
cerned) will measure lower than the amounts shown
in the Leakage Charts. When measuring leakage, you
do not need to wait for the readings to drop to zero or
to its lowest point. The capacitor is good for any leakage
rﬁading which is lower than the amount shown in the
chart.

Leakage values shown in Table 3 for aluminum elec-
trolytic capacitors are the worst-case conditions, as
specified by the Electronic Industries Association (EIA)
standard RS-395. The values are determined by the
formulas: L = 0.05 x CV (for CV products less than
1000) or L= 6 x square root of CV (for CV products
greater than 1000. (The CV product is equal to the
capacitance value multiplied by the voltage rating).



The tantalum capacitor leakage values listed in Table
4 are for the most common type of tantalum capacitors
— dipped solid, type 3.3. These values are specified by
EIA standard RS-228B, following the formula: L = 0.35

x square root of CV. In a few applications outside of
consumer service, tantalum capacitors other than type
3.3 may be encountered. Refer to the manufacturers’
specifications for the maximum allowable leakage for
these special capacitor types.

Standard Aluminum Electrolytic Capacitors

Maximum Allowable Leakage (in Microamps)

Capacity
muF | 15V | 3ov | eov 10v 15V
10 5 5 5 5 5
15 5 5 5 5 5
22 5 5 5 5 5
33 5 5 5 5 5
47 5 5 5 5 5
6.8 5 5 5 5 5
10 5 5 S 5 8
15 5 5 5 8 1
2 5 5 7 1 17
3 5 5 10 17 25
47 5 7 14 24 35
68 5 10 20 Ul 12] et
100 8 15 30 s0f 202 8|
150 1 px) 45 221 288
220 17 B[l 28] - WM 38 |
330 2 sof - -267) - M6| 42
470 s ost -89 A s
g80 [~ 7 1ol am |- a8 495 | " - 608 r700]
oelivo | - 45|  e00f C 75| -89 -
S5 02| s69| 75| - 900f - 19f:
35 4a7| " o89| - -sso| :tos0f - 1289)
42t .8 844 - 1000) -13ss|oowsat)
s0d Foro12] 1008 1o | 1593|1840 134 |
o6l esm) 12| ses| 198 : - 02 K ,
10000 |~ 736| “-1009| 1470 - 1897| 2324| 2683 |  -3000]-"-85507 4243 ¢ 6000 | - 8485
ceoof 12i3]  1e00| 24| oms|  acss| ssma| i4sar| 5198|748
1000 1541] 2180] 2814] saar| - 3s80| ads0] 5265| - e2m8| 8099
“yges ) 1es8| o670 aaa7r| 4| asm| 50| [ s8] rmor
1593 "2263] 3188| 4113] sos8| 5817 es04| "-7635| 9188
2459 78| 4490 5499 6350 7089 | 8400
210  3832| 4948| c0e0| 6o97]| 78| 9258
3288| 4648| 6000| 78| sa85| 0487
45| s632| 7348{ 9000
4g74| 6833| 8899

industry standards.

NOTE: No industry standards are available for component values in the shaded areas. These values have been
extrapolated from existing standards and manufacturers data. All values not shaded are based on existing EIA

Table 3 — Maximum allowable leakage for aluminum electrolytics per EIA standards.
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Dipped Solid Tantalum Capacitors

Maximum Allowable Leakage (in Microamps)

Capacity | 15V | 30v | 6OV 10V 15V 20V 25V 35V SOV | 100v | 200v | 300v | 40ov | S00v | 60OV | 1000V
1.0 1.0 1.0 1.0 1.0 10 1.0 10 1.0 1.0 35 49 6.1 70 78 86 1

15 1.0 1.0 1.0 10 1.0 1.0 14 10 20 43 6.1 74 8.6 96 1" 14

22 10 10 10 10 10 10 18 12 20 52 73 9.0 10 12 13 16
33 10 10 10 10 10 15 22 20 30 6.4 9.0 1 1 14 16 2
47 10 10 10 10 15 20 26 25 35 76 1" 13 15 17 19 2
68 10 10 10 15 20 25 30 30 65 9.1 13 16 18 20 2 29
10 1.6 16 1.6 20 25 3.0 40 50 78 1 16 19 22 25 27 35

15 22 22 22 25 30 40 70 50 96 14 19 ) 27 30 3 4
2 28 28 28 30 50 95 10 10 12 16 23 28 3 7 40 52
3 34 34 34 50 75 15 10 1 14 20 23 3% 49 45 49 4
47 40 40 40 10 10 15 15 16 17 2 ) a2 4 54 59 [
68 50 50 50 15 15 20 15 17 20 29 4 50 58 65 n 9
100 10 10 10 15 20 20 17 21 25 35 49 61 70 78 86 m
150 15 15 15 2 20 19 2 2% 30 ) 61 74 86 % 105 136
220 20 20 20 20 20 23 % 31 ¥ 52 e 9. -t04| - 116 127 184;
330 20 20 20 20 P 3 32 38 45 64 9| o) cagz]-- 142 156 201
470 2 ) 2 2 29 3 38 45 54 76 107 1] - 152} 170 18] - 20
680 2 2 2 2 35 4 4% 54 65 91 129 | ~-158] - 83| 4| - -224] - 289]
1000 3 35 35 35 4 49 55 65 78 1 157] - e} | o m 350
1500 4 4] 43 4 53 61 68 80 9% 135 192 - 28| -enl - am 32| - 491
2200 52 52 52 52 64 7 82 a7 - 18 164 2% -m4) - 28| - 42| - 519
3300 4 64 64 64 8 90 101 19 142 201 284 |- - 38| - 402 450 AR
4700 76 % 76 76 93 107] . 120 142 170 240 39| - 418 f>-480] -- 537 58| - 759
6800 91 91 91 9 12 120 1] ] co04f 289 48| - 50 577} 645 707 913
10000 o M| i n mi - 13 157 15 207 - 247 350 o5 o086 - 700| - 783 87| o7
15000 | “'138] . 188 136 . 136 166 192 214 54| . 38 429 oo6| - 742| o esy|- 9| 10s0| 1356
22000 184] 184 164 164 201 2 260 307 367 519 74| esm|. 18| - me| 22| 1642
33000 201 -2t 21| 248 2284) 318 78 450 636 899 1ot |- 12r2| a2 1557 201
47000 240 240 240 240 294 339 an 449 537 759| o3| 1314| 1518f .-1697| 1859] 239
68000 289 289 289 289 353 408 456 540 845 013 1201| 1s81| 1825) 2041| 2236| 2888
100000 | - - 350 350 350 350 429 495 553 855 83| wor| 1ses|- 17| 2214 2as| 2| as00
150000 49 429 429 429 835 606| - o678 802 95| 1386| 1e17|  2sd8| ami| 3| 0| a2
200000 495 495 495 495 606 734 783 ort| 10| 1s70] 2210] 2m0] a130| 3s00] se0| 59

NOTE: No industry standards are available for component values in the shaded areas. These values have been extrapolated from existing standards
and manufacturers data. All values not shaded are based on existing EIA industry standards.

Table 4 — Maximum allowable leakage for solid tantalum electrolytics per EIA standards.

Measuring Capacitor
Leakage (In Ohms)

At times it is useful to know the amount of capacitor
leakage in terms of resistance. For example, it is often
easier to visualize what effect a 1 Megohm resistor will
have on a high impedance circuit than it is to translate
to effect of a capacitor having 1 microamp of leakage.
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Yet, as far as the circuit is concerned, the DC loading
is the same.

The LC77 uses a regulated DC power supply to provide
voltages for checking capacitor leakage. Because a D
voltage is used, the leakage currents can easily be con-
verted to a resistance. Placing the front panel LEAK-
AGE switch in the “Ohms” position allows the LC77
to display leakage current in ohms.




To measure capacitor leakage in ohms:

1. Connect the capacitor to the test leads. If the
capacitor is polarized, connect the red test clip to the
“4+” capacitor terminal and the black test clip to the
“.” terminal.

2. Set the LEAKAGE switch to the “Ohms” position to
read the leakage current in ohms.

3. Enter the normal working voltage of the capacitor
as explained earlier in the section “Entering Compo-
nent Parameters” on page 16.

WARNING

The LC77 is designed to be operated by a tech-
nically trained person who understands the
shock hazard of up to 1000 volts applied to
the test leads during the capacitor leakage
test. DO NOT hold the capacitor in your hand,
or touch the test leads or capacitor leads
when making the capacitor leakage test.

4. Depress the CAPACITOR LEAKAGE button and
read the amount of leakage resistance in the LCD dis-

play.
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Fig. 17 — Place the LEAKAGE switch in the “ohm”
position to measure leakage resistance.

Measuring Capacitor ESR

Equivalent Series Resistance (ESR) occurs when a
capacitor develops abnormally high internal resistance.
The LC77 tests capacitors for abnormal amounts of in-
ternal resistance using a patent pending ESR test.

To test a capacitor for excessive ESR, simply press the
CAPACITOR ESR button and compare the measured
ESR to the maximum allowable ESR listed in Table 5
for aluminum electrolytic capacitors, and Table 6 for
tantalum capacitors. A fully automatic good/bad test
may also be used to test capacitors for excessive ESR.
This test is explained in a later section of this manual.
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Fig. 18 — Depress the ESR button and read the amount
of ESR in the LCD display.

To measure capacitor ESR:
1. Zero the test leads, as explained on page 16.

2. Connect the capacitor to the test leads. If the
capacitor is polarized, be sure to connect the black test
clip to the “-” terminal of the capacitor and the red test
clip to the “+” capacitor terminal.

3. Depress the CAPACITOR ESR button and read the
amount of ESR in ohms on the digital display.

4. Compare the measured ESR to the value listed in
the following ESR tables for the capacitor type, value,
and voltage rating of the capacitor you are testing.

NOTE: By entering the component type, working vol-
tage, and value parameters for the capacitor, the LC77
will automatically display the measured ESR along with
the same good/bad indication as the ESR tables.



IS

Standard Aluminum Electrolytic Capacitors

Maximum Allowable ESR (in Ohms)

CAPACITY

inuF 1.5V 3.0V 6.0V 1ov 15V v 25V KLY 50V 100V | 200v | 300v | 4o0v | S00Vv | 600V | 1000V
10| 663 663 663 663 464 464 464 464 332 332 265 265 265 265 265 265
15 442 442 442 442 310 310 310 21 21 177 177 177 177 177 1 177
22 302 302 302 302 21 m 21 151 151 121 121 121 121 121 121 121
a3 201 0 201 201 141 141 141 101 101 80 80 80 80 80 80 80
47 141 141 141 14 9 % ] n n 56 56 56 56 5 56 56
98 98 68 68 68 49 4 39 39 39 39 39 39 39
66 66 4 46 46 k<] 33 27 27 27 27 27 27 27
4 4 3 3 3 2 2 18 18 18 18 18 18 18
30 30 21 21 21 15 15 12 12
20 20 14 14 14 10 10 8.04 8.4
14 14 9.88 9.88 9.88 7.06 7.06 565 585
9.76 9.76 6.83 6.83 683 488 488 390 390
663 6.63 464 464 464 332 332 265 265
442 442 3.10 310 3.10 22 221 17 177
3.02 3.02 1 2.1 1 1.51 1.51 T2 121
201 201 141 141 1.41 101 101 . -808]. 804
4 141 1.4 988 988 885|565
7818 976 976 683 683 390 390
| 688 663 663 464 484 L285) 265
A2 442 442 310 310 oan|ooan
T 802 302 302 21 21 ]t a2
. 201 20 a4 A4 0800 080
4 181 141 099 099 058l 086
" pe8 098 08| 068 068 . : . 088 039
5 068 066 086 ] 48| 048] . 027 £
T Y R o0 L : o8| o8
71030 030 080|021 02| : I B B T 02 012

0] 0o Tcoeo] o] o] o4l o] o0

oo1a| o0l 04 010 010 010

NOTE: No industry standards are available for component values in the shaded area. These values have been extrapolated from existing standards
and manufacturers data. All values not shaded are based on existing EIA industry standards.

Table 5 — Maximum allowable ESR for aluminum electrolytics per EIA standards.

Capacitor Automatic
Good/Bad Testing

The LC77 “Auto-Z” can automatically display a “good/
bad” indication for capacitor parameter tests. The au-
tomatic tests are much faster than manual parameter
tests, since you do not have to look up the result in a
chart, or interpolate between listed values. The LC77
compares the measured values of dielectric absorption,
leakage, and ESR to tables and formulas stored in its
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microprocessor memory. The tables and formulas in the
“Auto-Z” memory are the same as those printed in this
manual, and are based on EIA standards and manufac-
turers’ data. Not every parameter for some capacitor
types are specified by EIA standards or manufacturers’
data. The LC77 will not produce a “good/bad” display
for capacitor parameters not covered by industry ac-
cepted standards. The capacitor types and parameters
which will produce a “good/bad” indication are listed
in Table 7.



Maximum Allowable ESR (in Ohms)

Dipped Solid Tantalum Capacitors

CAPACITY
inuF 15v | 3ov | sov | 1ov v | 2v | 2v | v | sov | 10ov | 200v | 3cov | soov | soov | eoov | 1000v
10 | 133 133 133 | 796 | 796 | 796 | 796 | 663 | 663 | 663 | 663 | 663 | 683 | 663 | €63 | 683
15| 884 | 884 | 884 | 531 | 531 | 531 | 531 | a2 | a2 | w2 | a2 | w2 | 42 | 42 | a2 | w42
22| 603 | 603 | 603 | 362 | 362 | 32 | 382 | %1 | 301 | 301 | 309 | 301 | 301 | 300 | s01 | 304
33 | 402 | 402 | 402 | 241 | 2e0 | 2a1 | 2e1 | 200 | 200 | 200 | 204 | 204 | 200 | 21 | 201 | 201
47| 282 | 22 | 282 | w69 | w69 | 169 | 169 | 141 | a1t | 44 ] a1 | a1 | 140 | 142 | w1 | 14
68| 195 | 195 | 195 | nz | nz | vz | vz | vz | vz [ wr | vz | g | x| o nr | vz | onz-
0] @3 | @3 | 133 | 796 | 796 | 796 | 796 | 796 | o6 | ves | 7o | 796 | 796 | 796 | 798 | 786 -
15| 8es | ees | 8es | sar | s3 [ sar | sar | sa | sar | sat | 531 | sa; | sm | sm; | 53 | 531 -
2| 603 | 603 | 603 | a2 | 362 | 362 | 362 | 362 | 362 | 382 | 362 | 3e2 | 362 | 3&2 | ae2 | 3e2.
3| a0 | 402 | 402 | 241 | 240 | 240 | 240 | 241 [ 241 [ 241 | 241 | 241 | 24t | 241 | 241 | ‘241~
a7 | 282 | 282 | 282 | 169 | 169 | 169 | 169 | 169 | 169 | 169 | 169 | 169 | 169 | 160 | 1690 | 189 -
68 ( 195 [ 195 | 195 | w7 | w7z [ ow | wr f o | owr [ar | o1 | o | o |t | | et
100 | 13 | 13 | 133 | og0 | os | oso | 080 | o080 | o8 | 080 .| o0g. | 060 .| 080 | .08 -} 080 | :080%:
150 | 088 | 088 | 088 | 088 | o088 | o088 | 088 | 053 | 053 | 053] 053 | 053 | 053 | 088 | o0s |ossd
220 | o060 | o060 | oe0 | o060 | o060 | o060 | 060 | 036 | 036 | 036 | 036 | 036 | 036 | 036} 035 fl“’oh&'ﬁZ]
330 | 040 | 040 | o040 | o040 | o040 | os0 | o040 [ o024 | 02¢ | 024 | 024 | 024 | 024" | 024 | o026 | 024
470 | 028 | o028 | 028 | 028 | 028 [ 028 [ 02 | 017 | o7 | 07 |07 |07 | o7 | o7 | odr | oi7;
680 | 020 | 020 | 02 | o020 | 02 | o020 | 02 [ o012 [ o012 [. 02 | 012 | o012 | o012 | 012 .} oiz | 7013
00 | 013 | 013 | o013 | o013 | 013 | 013 | 013 | 008 | 008 | 008 | 008 | 008 | 008 | 008 | 008 | 008,
1500 | 009 | 009 | oos | ooo | ooo | 009 | o009 | o005 | o005 | 005 | oos | o005 | 005 | 005 | o005 | e05.]
2200 | 006 | 006 | 006 | 0056 | 006 | 006 | 008 | 004 | 004 | 004 | 004 | 004 | 004 [-004 | 004 | 064F
3300 | 004 | o004 | 004 | 004 | 004 | o004 | o004 | 002 | o002 | o002 | 002 | o002 | 002 | ooz | o002 | -0g2:
4700 | 003 | 003 | 003 | 003 | o003 | 003 | oos | 002 | o002 | oo | o002 { co2 | 002 | 00 | oo f -0
6800 | 002 | 002 | o002 | o002 | 002 | o002 | 002 | 0ot | 0o | 0o | oot { oo | 00t | om0 | oot} eors

NOTE: No industry standards are available for component values in the shaded areas. These values have been
extrapolated from existing standards and manufacturers data. All values are based on existing EIA industry
standards.

Table 6 — Maximum allowable ESR for dipped solid tantalum electrolytics per EIA standards.

r(

S

Fig. 19 — Controls used for capacitor good/bad testing.
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CAPACITOR TYPE

TESTS TO PERFORM

Value Leakage D/A ESR
Aluminum Lytic X X X X
Double Layer Lytic ' X X
Tantalum X X X X
Ceramic % X
All other caps X X
(paper, film, mylar, etc.)

Table 7 — The LC77 will provide an automatic good/bad test of the capacitor parameters shown here.

To perform an automatic good/bad test, you must enter
the capacitor type, capacitance value, and voltage rat-
ing of the capacitor to be tested so the LC77 can deter-
mine the good/bad limits. If you desire to grade
capacitors according to value, you must also enter the
desired “+” and “-” value tolerances. The value toler-
ances, however, do not need to be entered for automatic
good/bad tests of leakage, ESR, or dielectric absorption.

TEST caP | +% | <% | CAP |comPON.
VALUE VOLTAGE| TYPE
Cap. Value X X
Cap. Leakage X X X
Cap.ESR X X X
Cap.D/A X X X

Table 8 — These parameters must be entered into the
“Auto-Z” for acomplete good/bad test of a capacitor.

To perform an automatic good/bad capacitor test:
1. Zero the test leads.
2. Connect the capacitor to the test leads.

3. Place the LEAKAGE switch in the “Current” posi-
tion. The LC77 will not give a good/bad reading with
the switch in the “Ohms” position.

4. Enter the component type, value, and voltage rating
of the capacitor to be tested. (Refer to the section “En-
tering Component Data” on page 17.)

5. To grade capacitors according to value, enter the “ +”
and “-” value tolerance.

6. Push the desired capacitor TEST button.

7. Read the test result in the LCD along with the good/
bad indication.

8. The display must show a “good” reading for all of
the tests listed in table 7 under the type of capacitor
being tested.
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NOTE: The leakage test function may require from 4 to
8 display updates for the leakage value to settle before
a good/bad indication is displayed.

Sasnnonoon
S=alnouonen
= DEEEEED

LEAD ZERO

TEST LEAD

Fig. 20 — The LC77 provides an automatic good/bad
indication of each capacitor parameter.



Inductor Testing
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Fig. 21 — Controls used for inductor testing.

The LC77 “Auto-Z” measures the true inductance of
coils using a fast, reliable patented test. Coils from
.1uH to 19.99 H are automatically measured for value
by connecting the test leads and pressing the test but-
ton. A patented Ringer test dynamically checks the “Q”
of the coil and provides a proven good/bad check.

Balancing Out Lead Inductance

The LC77 test leads have a small amount of inductance
which must be balanced out for greater accuracy when
measuring inductor values smaller than 1000 uH. This
lead inductance is balanced out with the LEAD ZERO
switch.

To balance qut test lead inductance:

1. Connect the test leads to the TEST LEAD INPUT
JACK on the LC77.

2. Connect the red and black test clips together.

3. Move the LEAD ZERO switch to the “Short” position,
and release when a “--” begins to move through the
display.

4. The test lead inductance will automatically be ba-
lanced out for all subsequent inductance tests as long
as the “Auto-Z” remains on.
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AUTO -Z
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Fig. 22 — Connect the test leads together and push
the LEAD ZERO button to “Short” to balance out the
test lead impedence when checking small value induc-
tors.

NOTE: Zeroing or not zeroing the test leads will not
affect the Ringer test.



Inductor Value Testing

Inductors are tested for value with the LC77 by simply
connecting the inductor to the test leads and pushing
the INDUCTOR VALUE button. No component type
switches need to be selected to measure inductance

value. Make sure none of the beige capacitor type but-

tons are selected, or the LC77 will only display “Error
1” when the inductor test button is pressed.

NOTE: Only the blue color coded LC77 buttons are used
for inductor value testing.

To measure inductance value:

1. Zero the test leads.

2. Connect the inductor to the test leads.

3. Push the INDUCTOR VALUE button.

4. Read the inductance value on the LCD display.

NOTE: The LC77 display will read “OPEN” if the com-
ponent connected to the test leads has more than 20
kilohms of resistance when the INDUCTOR VALUE
button is pressed. Check the connections to the inductor.
If you are testing a multitap coil or transformer, be sure
you are connected to the proper taps. If the connections
aregood, theinductor hasanopen windingandis bad.

Inductor Automatic
Good/Bad Testing

The LC77 provides two good/bad tests for inductors.
The first good/bad test is the patented Ringing test
which checks for shorted turns (low Q) in the inductor.

The second LC77 good/bad test compares the actual
measured value of an inductor to a user-entered value
and tolerances. Both tests will display a good/bad read-
out along with the measured parameter.

NOTE: The blue color coded TEST and COMPONENT
TYPE Select buttons are used for inductor good/bad
tests.

Checking Inductors
With The Ringer Test

A shorted turn in many coils will go unnoticed with a
value test, since the shorted turn changes the induc-
tance value only a small amount. The patented Ringer
test, however, provides a fast and accurate good/bad
indication of non-iron core coils larger than 10 uH by
checking their quality or “Q” factor. The Ringer test is
sensitive enough to detect even a single shorted turn
on a coil. The “Auto-Z” measures Q by applying a pulse
to the coil and counting the number of ringing cycles
until the ringing dampens to a preset level. A good coil
will indicate “GOOD”, and 10 or more rings will be
shown in the LC77 LCD display. A shorted turn will
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lower the Q of the coil, causing the LC77 display to
read “BAD” and show less than ten rings.

In addition to air core coils and RF chokes, vertical
deflection yokes, horizontal flyback transformers and
switching power supply transformers are reliably
checked with the Ringer test. The LC77 automatically
matches the coil impedance to the necessary testing
parameters for the inductor type when the proper induc-
tor COMPONENT TYPE switch is selected. Simply
select the component type and press the INDUCTOR
RINGER test button to obtain the good/bad indication.
Refer to the Applications section of this manual for
more details on inductor types.
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Fig. 23 — The inductor COMPONENT TYPE switches
match the Ringer test circuits to the inductor impe-
dance.

To perform the Ringer test:
1. Connect the coil to the LC77 test leads.

2. Select the proper inductor COMPONENT TYPE
switch.

3. Push the INDUCTOR RINGER button.

4. Read the condition of the coil as “GOOD” or “BAD”
in the LC77 LCD display.

Special Notes On Using The Ringing Test:

1. Do not ring coils and transformers having laminated
iron cores, such as power transformers, filter chokes and
audio output transformers. The iron core will absorb
the ringing energy and produce unreliable test results.

2. Good coils below 10 uH may not read “GOOD” because
the small inductance value may not allow the coil to
ring. Compare the number of rings to a known good coil.



The patented Sencore Ringing test is based on the @ of
the coil. However, the readings on the “Auto-Z” may not
agree with the Q readings obtained using a “Q Meter”
or bridge. This is because the Ringing test has been
simplified to provide a simple good/bad test, rather than
a frequency dependent reactance/resistance ratio.

Testing Inductor Values
Using The Good/Bad Test

The LC77 will automatically compare the measured
value of an inductor to its marked value and display a
good or bad result, based on the component being in or
out of tolerance. In order for the “Auto-Z” to compare
the marked value to the measured value you must prog-
ram the inductance value and tolerance into the LC77
using the NUMERIC KEYPAD. Then when you push
the INDUCTOR VALUE button, the measured induc-
tance value will be displayed along with a good/bad
reading based on the programmed tolerance.

Fig. 24 — The LC77 will provide a good/bad test of
inductance value if the marked value and tolerance is
programmed in.

To Use The Good/Bad Inductance Test:
1. Zero the test leads.
2. Connect the inductor to the test leads.

3. Enter the marked value, along with the “+” and “-”
tolerance of the inductor to be tested. (Refer to the
section “Entering Component Data” on page 17.)

4. Push the INDUCTOR VALUE button.

5. If the measured inductance value is within the prog-
rammed value tolerance the “GOOD” annunciator will
come on.

6. If the measured inductance value is outside the prog-
rammed value tolerance, the “BAD” annunciator will
come on.

IEEE 488
BUS OPERATION

All ofthe LC77 “Auto-Z” tests may be totally automated
or incorporated into an automated test system through
the use of the IEEE 488 General Purpose Interface Bus
(GPIB). The LC77 is interfaced to any IEEE system or
controller using the (optional) IB72 IEEE 488 Bus In-
terface accessory. The IB72 makes the “Auto-Z” a fully
compatible IEEE instrument.

As an IEEE compatible instrument, the LC77 may have
either of two functions. As a “listener” it can receive
instructions from the IEEE 488 bus controller to change
functions or ranges. The LC77 listener functions pro-
vide complete automation, as the controller is able to
send any values or tolerances needed for good/bad test-
ing comparisons and the controller can select any of
the “Auto-Z” test functions.

As a “talker” the LC77 can send readings back to the
IEEE 488 bus controller as the controller requests
them.

Connecting The LC77
For IEEE Operation

The IB72 IEEE 488 Bus Interface accessory must be
connected to the LC77 “Auto-Z” for IEEE operation.
The IB72 acts as a translator between the GPIB signals
and the microprocessor inside the LC77 “Auto-Z”. The
IB72 connects to the INTERFACE ACCESSORY JACK
located on the back of the LC77. The standard GPIB
cable then connects to the IB72.

IEEE 488 BUS INTERFACE [l
MODEL 1872

-----

Fig. 25 - The IB72 IEEE 488 Bus Accessory interfaces
the LC77 to any GPIB system for automated operation.



When using the LC77 in a Bus system only operate the
LC77 from its PA251 AC Adapter/Charger. The PA251
AC Adapter/Charger prevents the auto-off circuits from
removing power from the LC77 during an automated
test. If the auto-off circuits shut the “Auto-Z" down, the
bus controller may become hung up in the middle of
its program.

Each instrument in an automated bus system must be
assigned its own address in order for the controller to
send instructions to or receive readings from one instru-
ment at a time. The address of the LC77 is set with a
group of miniature slide switches on the back of the
IB72. Refer to the IB72 instruction manual for details
about addresses and setting these switches.

To connect the LC77 to an automated GPIB sys-
tem:

1. Remove power to the LC77 and to the IB72.

9. Set the Bus Address slide switches on the back of
the IB72 to the address you have assigned to the LC77.

3. Connect the male DIN connector on the IB72 to the
Interface Accessory Jack on the back of the LC77.

4. Connect the AC power adapters to the LC77 and to
the IB72 and connect them to AC outlets.

5. Confirm that power has reached the units by check-
ing the power LED on the IB72 and the digital readout
on the LC77.

6. Follow the instructions for your controller to load
and run the software.

BUS ADDRESS
NOTE: Press *‘Reset’” button
after changing address
BCD ADDRESS

DC INPUT
ONLY Use
Sencore
PA235

Fig. 26 - The LC77's address is selected by the Bus
Address switches located on the rear of the IB72.
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Special Note On IEEE Programs

The computer programs or software used to automate a
system must be written for the specific application being
performed. The amount of programming required de-
pends on the type of IEEE 488 controller used and what
you want the automation to accomplish. Most IEEE 488
programming is done in the BASIC computer language,
although any other language compatible with your con-
troller can be used as well. The examples covered in this
section are written in BASIC, since it is the most com-
monly used computer language for GPIB applications.

Sending Data To The LC77

As a “listener”, the LC77 accepts commands from the
controller. These commands can be used to select a
function or to send parameters to the LC77 for good/bad
comparison testing. The commands sent to the “Auto-Z”
during bus operation duplicate the front panel pushbut-
tons. Follow the same programming sequence and
range limits as for manual (non-IEEE) operation.

The listener codes consist of one, two or three charac-
ters, and relate to the function being selected or the
data being entered. Most listener codes consist only of
the code characters. The listener codes used to enter
data for good/bad testing consist of a number, followed
by the character code.

Most controllers send information over the bus by
means of a “print” statement. The information to be
sent is usually placed into a variable, and the variable
is then printed to the bus, along with the address of
the instrument. Study the information with your con-
troller for details about sending information to instru-
ments.

The codes may be sent by the controller as either upper
or lower case (capital or small) letters,

All data sent to the LC77 must end with a linefeed
character, to be recognized by the LC77. Some control-
lers automatically add this character to the end of every
string of data, while others have a special function
which adds the linefeed when activated with a software
command. If your controller has neither of these op-
tions, you can add a linefeed character by storing the
character in a variable and then adding this variable
to your data before sending it to the bus.

Fig. 27 shows how the linefeed character can be stored
in a string-variable called “LF$”. This variable can
then be combined with the function stored in “LIS-
TENS$” before being sent to the bus.



100 LP$=CHR$(10): REM CHR$(10) IS A LINEFEED
110 LISTEN$=LISTENS+LF$: REM ADDS THE LINEFEED TO THE DATA

120 PRINT LISTEN$: REM  SENDS THE STRING TO THE BUS
Fig. 27 - Use this routine to add a linefeed character
to the end of data statements sent to the LC77.

The data or listener codes sent to the LC77 fall into
four groups: 1. Component Type Commands, 2.
Value Multipliers, 3. Test Function Commands,
and 4. General Commands. All listener codes are
listed in Table 9. They are also listed in section 12 of
the Simplified Operating Instructions on the pull-chart
under the unit for ready reference.

Component Type Commands

Aluminum Lytics ALM
Double Layer Lytics DBL
Tantalum Caps TAN
Ceramic Caps CER
All Other Caps AOC
Spare SPR
Coils CcOL
Yokes & Flybacks YFB
Switching Transformers SWX
Value Multipliers:
(to be preceeded by numeric value)
pF,uF,F,UH,MH,H, +%, =%,V
Test Function Commands

Capacitor Value CAP
Capacitor Leakage (current) LKI
Capacitor Leakage (chms) LKR
Dielectric Absorption D/A
Capacitor ESR ESR
Inductor Value IND
Inductor Ringer RIN

General Commands

Lead Zero Open LDO
Lead Zero Short LDS
No Function NFC
Control Panel On CPO

Table 9 - IEEE control codes for the LC77.

Component Type Commands:

These codes duplicate the front panel COMPONENT
TYPE switches and must be sent to the LC77 if you
want the test results to be compared to the tables and
calculations associated with the LC77 microprocessor.
Asin non-IEEE operation, the LC77 uses these to estab-
lish the good/bad limits for the leakage, ESR, dielectric
absorption, and coil ringing tests. The good/bad results
may be in error if the wrong Component Type Command
is sent.

Note: The LED’s on the COMPONENT TYPE switch
which indicate if the switch is selected DO NOT light
when the LC77 is under IEEE control.
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Value Multipliers:

These GPIB listener codes let the controller send com-
ponent data information to the LC77 including the ideal
component value and value tolerance limits. The codes
duplicate the non-IEEE operation of the component
parameters keypad for entering component data.

COMPONENT PARAMETERS
NUMERIC INPY? ENTER RECALL

a 1 2 3 4 pF HF F E

g 8 (] L4 0 +% -% v E.
@ 9 -] e JICLR ]| un mH H E

an tcan coN 1Cavantc - e e me s -

Fig. 28 - During IEEE operation the Value Multiplier
Codes allow component data to be entered into the
LC77.

As with manual operation each Value Multiplier Com-
mand includes a number, followed by the listener code.
There are four types of Value Multipliers for IEEE
programming: 1. Capacitor value, 2. Inductor Values,
3. Percent tolerance, and 4. Capacitor voltage. The first
three are only used for LC77 automatic good/bad com-
parisons. The capacitor voltage code also sets the LC77
power supply to the selected voltage for the leakage test.

When sending a component value to the LC77 it is not
necessary to send long strings of zeros to establish de-
cimal readings. Instead, use the value multipliers uF
(microfarads) pF (picofarads), and F (farads) for
capacitors and uH (microhenries), mH (millihenries),
and H (henries). For inductors the characters may be
sent in upper or lower case. For example, “uF”, “UF”,
or even “Uf’ will all produce the same results. The
LC77 also ignores any blank spaces between listener
code characters. This means that “10UF”, “10 UF” and
even “10 U F” work equally well.

The complete Value Multiplier code consists of the cor-
rect numeric value, the Value Multiplier, and the End
Terminator. The following examples show valid com-
mands, with the End Terminators not shown:



4.7 uF
(enters capacitor value of 4.7 microfarad)

100 pF
(enters capcacitor value of 100 picofarads)

15V
(enters leakage voltage of 15 volts)

20+ %
(enters value tolerance of +20%)

5H
(enters inductance value of 5 Henrys)

The amount of component data which needs to be en-
tered with the IEEE Value Multiplier codes for a good/
bad test depends on the LC77 function. The chart in
Table 10 shows the component parameters needed for
each good/bad test. Sending additional data to the LC77
will not affect the tests.

TEST CAP IND |+%| % | CAP [COMPONI
VALUE | VALUE VOLTAGE| TYPE

Cap. Value X * * X
Cap.Leakage| X X X
Cap.ESR X X X
Cap.D/A X X X
Ind. Value X * * X
Ind. Ringing X
X= Must be entered for good/bad results.

*= Tolerances are set to zero percent at power-up.

Table 10 - These parameters must be entered for the
LC77 to produce a good/bad test result.

NOTE: The LC77 will send good/bad indicators back
to the controller for each reading if all necessary infor-
mation has been supplied. To stop the LC77 from send-
ing the “G” or the “B” as part of its returned data, simply
send a zero value reading, such as “OpF“. The other
Value Multipliers (such as percentages or voltage) will
remain in the LC77 memory until changed or until
power is removed from the unit.

The plus and minus component tolerance limits must
be sent in the correct form. First, the number must be
a whole number, with no decimal. Then, the percen-
tages must be within the allowable range. The largest
negative number allowed is 99 percent (—99%). and
the largest positive number allowed is 100 percent
(+100%). Numbers that are outside this range, or that
contain a decimal, produce an “Error 2” condition.
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Setting The Leakage Voltage:

The leakage power supply must be set to the desired
voltage before selecting a leakage test with the LKI or
the LKR codes. The supply can be set to the nearest
tenth of a volt. The listener code simply consists of the
desired voltage followed by the letter V and the End
Terminator. For example, “100V” sets the supply to
produce 100 volts when a leakage function is activated.

The highest voltage which can be programmed into the
LC77 is 999.9 volts the lowest is 1 volt. Attempting to
enter a voltage higher or lower than this range will
produce an “Error 2” condition.

The leakage power supply only applies power to the
test leads after one of the two leakage functions have
been selected with the LKI or LKR listener code. The
power supply automatically removes voltage from the
test leads when the controller sends any other listener
code, or when any front-panel button is pressed.

WARNING

The warning LED on the front of the LC77
will flash as a reminder that a shock hazard
of up to 1000 volts may be applied to the test
leads when a leakage test is selected. Use ex-
treme caution when the LED is blinking.

NOTE: When not using a leakage test, send the listener
code “OV” to the LC77 to prevent accidentally applying
a voltage to the test leads.

Test Function Commands:

One of the seven listener Test Function Codes must be
sent to the LC77 before the controller can request a
reading. The selected function is cancelled by any other
listener code sent to the LC77, meaning that a Test
Function Command must be the last listener code sent
before a reading is requested.

The LC77 will remain in the last function selected until
it receives another test function command or listener
code. The controller can select an LC77 test, go on to
other instruments on the bus, and then come back to
the LC77 at a later time to request a reading. This
allows tests which require longer times, such as
capacitor leakage, to be used without slowing the oper-
ation of other instruments on the bus.



TEST

CAPACITOR] [CAPACITOR
VALUE LEAKAGE

DIELECTRIC] JCAPACITOR
ABSORP ESR

INDUCTOR INDUCTOR
VALUE RINGER

Test Function Commands
Capacitor Value CAP
Capacitor Leakage (current) LKI
Capacitor Leakage (ohms) LKR
Dielectric Absorption D/A
CapacitorESR ESR
Inductor Value IND
Inductor Ringer RIN

Fig. 29 - The LC77 TEST functions are selected via
IEEE using the Test Function Commands.

The LC77 starts a test from its beginning every time
it receives another Test Function Code. Therefore, if
the LC77 has been preset to a function for a delayed
reading, make certain that the controller does not re-
send the code just before a reading is taken.

General Codes:

The four general listener codes activate special func-
tions when sent to the LC77. The codes let the controller
instruct the LC77 to compensate for the test leads, clear
a function, or return control of the LC77 to the front-
panel switches.

The LC77 must subtract residual effects of the test
leads when testing ESR, and small capacitor or inductor
values. The Lead Zero (LDO) and Lead Short (LDS)
listener codes duplicate the operation of the front-panel
LEAD ZERO button to null out the effects of the re-
sidual resistance, capacitance, and inductance of the
test leads and test fixture. The leads must be shorted
before sending the LDS command and opened before
sending the LDO command. If not, the test lead impe-
dance will not be compensated for.

NOTE: The leads can be nulled manually before turning
control of the LC77 over to the automated system. Simply
follow the procedures for manually nulling the effects
of the leads, as explained on page 16. The LC77 will
remember the correct compensation until the power is
turned off.

The No Function Command (NFC) cancels any test that
is in progress and places the LC77 into the standby
mode (no button pressed.) You only need to send “NFC”
if you want to clear a test. For example, you may wish
to turn off the capacitor value test function while you
remove one component and replace it with a different
one. It is not necessary to send “NFC” when changing
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functions with a Test Function Command or when
changing component parameters with a Value Multip-
lier Command, since any listener code clears the cur-
rent function. Sending the “NFC” command when the
LC77 is not in a test function has no effect.

IMPORTANT

Do not disconnect or connect any components
to the LC77 after performing any capacitor
or inductor test without first sending a No
Function Command (NFC) or other command
first to clear the test function. The LC77 may
be damaged if a charged capacitor, or static
voltage is connected to it. Also, a severe shock
hazard may exist to the user if a capacitor is
removed after a leakage test without first
being discharged.

The front-panel switches are automatically disabled
whenever the LC77 receives its first GPIB command
through the IB72. As a reminder of this, any LEDs
associated with the COMPONENT TYPE switches will
turn off as soon as the LC77 receives a GPIB command.
The panel will remain locked out for all functions until
the Control Panel On (CPO) code is sent or until power
to the LC77 is removed.

NOTE: One exception is the capacitor leakage function.
Depressing any of the front-panel switches will unlatch
the leakage power supply.

Reading Data From The LC77

The LC77 will send data to the controller through the
IB72 IEEE 488 Bus Interface accessory whenever the
controller sends the correct talker address and a “Talk”
command. The data returned over the bus will be the
same as the reading appearing in the LCD display.

Error messages will also be returned over the bus. The
error codes will be the same as the codes during manual
(non-bus) operation, and are listed on page 37.

NOTE: Most controllers automatically combine the
“Talk” command with the instruction containing the
address, so there is not a separate step required in the
program. Consult the manual for the controller you are
using for information on its operation.

Once addressed, the LC77 sends a reading over the bus
every time it updates the reading on the LCD display.
The softwear in the controller determines how many
readings are recorded. Some applications only need a
single reading, while other applications may require
collecting several readings in a row.

The only difference between collecting a single reading
or collecting a series of readings is in the controller
software. If only one reading is desired, the controller
will trigger the talker function, and then wait until
one reading is received. Then the controller sends a bus
instruction which causes the LC77 to stop sending read-
ings.



One way to stop the LC77 from sending readings is to
simply address a different instrument on the bus with
the controller. The LC77 will remain in the test func-
tion, but the readings will not be sent to the controller
until the LC77’s talk address is again selected by the
controller.

A second method to stop the LC77 from sending read-
ings is to send any listener code, including the No Func-
tion Code (NFC), to the LC77. This will both stop the
readings and place the LC77 into its standby mode.
Always use this method if a different component is
going to be connected to the LC77.

NOTE: The LC77 does not need (nor does it respond to)
the special “GET” (group-execute-trigger) command
used in some controllers. It will begin sending results
as soon as the talk command is complete.

Data Format

All data returned from the LC77 falls into a standard
data format. Each data string is 17 characters long and
contains information in four data fields. The software
can keep the entire string of characters together, or it
can separate the data into three parts for calculations
or processing.

CAPXXX-XXXEXXXGCRLF
Header Numetlcvl')ata Field End
Terminator

Good/Bad Indicator

Fig. 30 - The data format returned by the LC77 is a
string of 17 characters long.

The four fields of the data string are: 1. Header, 2.
Numerical Data Field, 3. Good/Bad Indicator, and 4.
End Terminator. Each field has the same number of
characters for all test functions, allowing the same sub-
routines to process any returned data. Here are the
details for each field of data.

Header: The first three characters identify the test
function which produced the reading. The three charac-
ters sent back from the instrument are usually the
same as the test function commands used to select a
function when the LC77 acts as a listener. These codes
let the software identify the source of the data, confirm
that the correct function is producing readings, or label
the data for future retrieval.

In certain cases, the Header identifies some special con-
ditions, such as errors or shorted or open components.
The controller software should test for these conditions
before processing readings for accurate test results, as
explained in the section “Error Testing” on page 37.
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NOTE: The LC77 will return a Control Panel On(CPO)
header if it is addressed to talk but has not received a
valid listener code. A No Function Command (NFC) is
returned if the LC77 has received a valid listener code,
but has not been given a Test Function Command.

Numerical Data Field: The 11 spaces following the
Header (characters 4 through 14) contain the numerical
results of a talker function. The values returned from
a test function are in scientific notation, allowing any
value to be represented with the same number of
characters. Error codes appear as a single digit (from
1 to 7) without the scientific notation.

Good/Bad Indicator: The single space following the
Numerical Data Field (the fifteenth character) is re-
served for the results of the automatic LC77 good/bad
tests. The single letter “G” or “B” appears in this pos-
ition when the LC77 has sufficient information to deter-
mine if the reading is good or bad. If a piece of data
(such as the tolerance or ideal value) is missing, the
position occupied by the Good/Bad Indicator is left
blank.

NOTE: A leakage test function may require from 4 to 8
readings for the leakage to settle before providing a good/
bad indication.

End Terminator: All data ends with both a carriage
return (ASCII decimal 13) and a linefeed (ASCII deci-
mal 10) character, as recommended by the IEEE 488
standard. Many controllers respond to either character,
while others only respond if the linefeed is present. A
few controllers, however, may stop accepting data when
the carriage return character is sent, leaving the LC77
hung up waiting to send its last (linefeed) character. If
this happens, you may need to put an extra GET or
INPUT statement into your program to let the LC77
send its last character into an unused variable. Refer
to the manual for the specific controller that you are
using for information on the end terminator it actson.

Separating Data Fields

The BASIC commands needed to separate the three
fields of information into separate variables are LEFT$
and MID$. The LEFT$ command can collect the three
characters of the Header if they need to be compared
to information within the program. The MID$ com-
mand is used to separate the Numerical Data Field and
the Good/Bad Indicator from the other results.

2000 REM SUBROUTINE TO SEPARATE DATA INTO 3 PARTS

2010 HEAD$=LEFT$(RESULT$,3): REM FIND HEADER

2020 ANSWER=VAL(MID$(RESULT$,4,11)): REM VALUE

2030 GOOD$=MID$(RESULT$,15,1): REM FIND GOOD/BAD

2040 RETURN: REM JUMP BACK TO MAIN PROGRAM

Fig. 31 - The formatted data returned by the LC77 can
be easily separated into string-variables using simple
BASIC commands.
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For example, the controller could place a reading from
the LC77 into a string-variable called RESULT$. The
subroutine in Figure 31 can then separate the header
into the string-variable HEADS$, the Numercial Data
into the numerical-variable ANSWER, and the Good/
Bad Indicator into the string-variable GOODS$.

Line 2010 moves the first 3 characters into the header
variable. Line 2020 selects the 11 characters, starting
at the fourth position, and then converts the result to
a value (with the VAL statement) before placing it into
ANSWER. Line 2030 selects the fifteenth character
and moves it to GOODS$. This subroutine can be used
to separate data from any reading into the three main
parts.

Program languages other than BASIC have similar
commands which can separate the data into its different
fields.

Advanced Programming Ideas

After the data has been separated, there are many
things your program can do to process it. This section
explains how to add these refinements to your BASIC
programs. In each case, we will refer to the short sub-
routine listing in Figure 31, with a GOSUB 2000 state-
ment, resulting in the LC77 reading being stored in
the variables HEAD$, ANSWER, and GOODS$.

Error Testing

Your controller software should test for error conditions
(often called “error trapping”) after every reading has
been collected from the LC77 to avoid an error from
causing unexpected results. The software can either
report the error or skip over it, but should do one or
the other without crashing the program. If your prog-
ram is particularly advanced, it may test for the type
of error (as indicated by the error number returned in
the Numerical Data Field) and then branch to different
parts of the program which can take the correct action
to compensate for the error.

Error Description

1 Component Type selection error
Entered value beyond range of unit
Entered value beyond range of test
Value beyond zeroing limit
No voltage entered
Invalid IEEE command
Component out of testrange

N O bW

Table 11 - Error codes returned by the LC77 during
IEEE operation.
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Most errors cause the LC77 to return a header with
the three letters “ERR”. A simple test for this header
allows the program to be alerted to the error. The value
of the Numerical Data Field tells the controller which
of seven errors have occurred. The error codes are sum-
marized in Table 11. Refer to the section entitled “Error
Codes” for a more detailed explanation of each error
condition. The program segment listed in Figure 32
tests for errors and then prints a message which indi-
cates its cause.

200 GOSUB 2000: REM SEPARATE DATA INTO PARTS

210 IF HEAD$<>"ERR" THEN GOTO 300: REM NO ERROR FOUND
220 ON ANSWER GOTO 230,240,250,260,270,280,290

230 PRINT "COMPONENT TYPE SELECTION ERROR": GOTO 300
240 PRINT “VALUE BEYOND RANGE OF UNIT": GOTO 300

250 PRINT “VALUE BEYOND RANGE OF TEST": GOTO 300

260 PRINT "VALUE BEYOND ZEROING LIMIT": GOTO 300

270 PRINT “NO VOLTAGE ENTERED": GOTO 300

280 PRINT “INVALID IEEE COMMAND": GOTO 300

290 PRINT "COMPONENT OUT OF TEST RANGE": GOTO 300

300 ...(Rest of Program)

Fig. 32 - A simple BASIC subroutine allows any errors
to be identified.

Line 210 in Figure 32 causes the program to jump over
the error messages for any header except “ERR”. The
next line takes advantage of the ON..GOTO function
of BASIC which sends the program to line number 230
if ANSWER =1, to line 240 if ANSWER =2, etc.

NOTE: Errors detected by the LC77 do not cause a ser-
vice request (SRQ) on the bus. The LC77 does not re-
spond to serial or parallel polls because errors are sent
as part of the normal data string, instead of with a
service request.

Good/Bad Results

The string-variable GOODS$ in Figure 31 will contain
a single ASCII character, either G or B. The contents
of GOODS$ can be tested with simple IF statements and
used to produce any desired output. If the Good/Bad
Indicator Field is blank, the program can indicate that
the result is not available because the LC77 has insuf-
ficient data to make a comparison. If the field contains
the letter “G” or “B”, the controller can print a message
concerning the quality of the part. Figure 33 lists a
BASIC subroutine which can be used to check the good/
bad test result.



140 GOSUB 2000: REM SEPARATE DATA INTO PARTS

150 IF GOOD$=" “ THEN PRINT “NO GOOD/BAD TEST"
160 IF GOOD$="G” THEN PRINT "THE RESULT IS GOOD"
170 IF GOOD$="B" THEN PRINT "THE RESULT IS BAD"

180 ...(Rest of Program)

Fig. 33 - This subroutine can be used to read the result
of the LC77 automatic good/bad test.

Shorted Capacitors:

The LC77 automatically senses if a capacitor is shorted
before performing a capacitor value test. If a short is
detected, the LC77 sends the letters “SHT” as the
Header Field of the returned data and displays “Short”
in the LCD display. Adding one line of program code
will test for this condition. This line should appear be-
fore any part of the software program which depends
on a value reading, so that the value test will be skipped
in case of a shorted capacitor. The program section
listed in Figure 34 tests for shorts, prints an error mes-
sage on the CRT, and jumps to line 400, which handles
the error.

200 GOSUB 2000: REM SEPARATE DATA INTO PARTS
210 1IF HEAD$="SHT" THEN PRINT "CAP IS SHORTED": GOTO 400
220 ...(Rest of Program)...

400 ...(Error Handling Functions)

Fig. 34 - The LC77 returns a “SHT" data Header when
a shorted capacitor is tested. This sample subroutine
checks for the short indication.

Open Inductors:

The LC77 automatically senses if an inductor is open
(or if the test leads are not connected to the coil) before
performing an inductor value test. If an open is de-
tected, the LC77 sends the letters “OPN” as the header
and displays “OPEN” in the LCD display. One addi-
tional program line will test for this condition. Place
this line before any portion of the program which de-
pends on an inductor value reading, so that the value
test will be skipped in case of an open inductor. The
program section listed in Figure 35 tests for opens,
prints an error message on the CRT, and jumps to line
300, which handles the error.

100 GOSUB 2000: REM SEPARATE DATA INTO PARTS
110 IF HEAD$="OPN" THEN PRINT "COIL IS OPEN: GOTO 300
120 ...(Rest of Program)...

300 ...(Error Handli{ng Functions)

Fig. 35 - Open test leads or an open inductor cause
the LC77 to return the data header “OPN". This simple
subroutine may be used to check for an open condi-
tion.

Making Leakage Tests With IEEE:

When testing for leakage on large capacitors, the first
reading returned by the LC77 may be outside the nor-
mal leakage limits because the capacitor is charging.
In the case of electrolytics, several readings may be
needed before the capacitor drops to a “good” level,
since an electrolytic also goes through a re-forming
process every time it is charged from zero. This means
that the controller software should ignore the first few
readings in order to accept a meaningful reading.

There are several ways to handle this in the software.
For example, the program could place the LC77 into
the leakage function (with the “LKI” listener code) and
then set a softwear timer to insert the correct delay
(based on the normal charging time of the capacitor)
before reading the leakage value. During this time, the
controller could work with other instruments on the
bus to keep the delay from slowing down other steps
in the automated system. Rather than a fixed time
delay, the software can be written to ignore a certain
number of readings before recording the one which is
to be checked for value.

In either case, the controller can base its decision on
whether the capacitor is good or bad by using the Good/
Bad Indicator in the returned data. For the automatic
good/bad test to function the capacitor’s value, voltage,
and type must be sent to the LC77 prior to the test.
This allows the LC77 microprocessor to compare the
leakage readings to the internal formulas and tables.
The program steps listed in Figure 36 can be used to
report on the capacitor’s condition. The program then
Jumps to line 200 for further testing. If GOODS$ contains
neither a “G” nor a “B” then the steps from 140 to 199
take the steps needed to work with a non-good/bad test.

100 ...(Program with leakage delay)

110 GOSUB 2000: REM SEPARATE DATA INTO PARTS

120 IF GOOD$="G" THEN PRINT "LEAKAGE IS OKAY": GOTO 200
130 1IF GOOD$="B" THEN PRINT "LEAKAGE IS BAD": GOTO 200
140 ...(Prograa steps for no G/B test) ...

200 ...(Rest of Program)

Fig. 36 - The good/bad indicator Field Returned by the
LC77 can be checked to test capacitor leakage.

Making ESR Tests With IEEE:

The capacitor test for Equivalent Series Resistance
(ESR) may cause unexpected program errors if your
software does not handle the returned data correctly.
Remember that ESR tests are only valid on electrolytic
capacitors with values larger than 1 microfarad. Also
remember that some caspacitors may have such high
levels of ESR that the value is above the measuring
range of the test. Therefore, make certain that your
software tests for the following conditions:

1. An “ERR 1” occurs if any component type other than
ALM, DBL, or TAN has been sent to the LC77 in its
listener mode.



2. An “ERR 3” occurs if the capacitor under test meas-
ures less than 1 microfarad.

3. An “ERR 7” occurs if the amount of ESR is above
2000 ohms.

4. The leads must be zeroed (either manually or by
using the “LDS” listener function) before making ESR
tests, or the added lead resistance may cause erroneous
results.

Programming Examples

It would be impossible to write a program that would
work for every LC77 user. First, there are numerous
types of bus controllers. Additionally, dozens of per-
sonal computers (PC’s) can be converted to bus control-
lers by adding a GPIB control card or expansion device.
Each PC could use any of several different GPIB cards.
But in addition to hardware differences, the application
of the LC77 will be different for each bus system. For
example, a Reliability Lab will run different tests than
an Incoming Inspection System will.

Several programming hints are provided in this section
to help you get your LC77 bus system up and running.
The first examples are “building block” programs which
allow you to plug the specific details for your controller
into an LC77 “Auto-Z” test program. Two complete
programs are included at the end of this section. Those
programs are ready to run, provided you have the same
hardware for which they were written.

Sending Listener Codes

The specific steps needed to send listener codes to in-
struments on the bus depend on the controller you are
using. Some controllers only require the addition ofa
special code (such as a control character) intoa standard
PRINT statement. Most, however, require several addi-
tional initialization steps to tell the controller’s micro-
processor which expansion slot or memory location con-
tains the interface card, the address of the instrument
being addressed, which method is used to address the
talkers or listeners, and so on.

This doesn’t have to complicate programming, however,
if you use subroutines to take care of all these details.
You simply debug these subroutines once, and call them
each time you send information over the bus. Your
main program places a couple of pieces of information
into variables before turning control over to the sub-
routine which, in turn, handles all the details of com-
municating with the bus.

Fig. 37 shows an example of a program which uses a
subroutire at line 10000 to send information to any
instrument on the bus. This subroutine needs two pieces
of information: the listener address of the instrument
and the data to send to it. The primary address is placed
into the variable ADDRESS, and the data into the
string-variable CODES$ before calling the subroutine.
Once ADDRESS has been loaded, it does not need to
be changed unless the controller needs to work with a
different instrument. This is the reason line 100 is the
only one which uses the variable ADDRESS.
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Line 10000 will be unique to each controller. Refer to
the manual for the specific controller you are using for
details on how it sends data to the IEEE bus.

The steps listed in Figure 37 send all the information
needed by the LC77 to test an aluminum electrolytic
capacitor with an ideal value of 50 uF, a working vol-
tage of 15 volts and a tolerance of +80% and -20%. The
primary address of the LC77 is 8. Each “GOSUB 10000”
line sends the data to the unit.

100 ADDRESS=8: REM PRIMARY ADDRESS OF LC77
110 CODE$="50 UF": REM IDEAL VALUE

120 GOSUB 10000: REM SEND VALUE TO LC77
130 CODE$="15V": REM WORKING VOLTAGE

140  GOSUB 10000

150 CODE$="ALM": REM CAPACITOR TYPE

160  GOSUB 10000

170  CODE$="80+Z": REM POSITIVE TOLERANCE
180 GOSUB 10000

190 CODE$="20-%": REM NEGATIVE TOLERANCE
200 GOSUB 10000

Fig. 37 - This sample program uses a subroutine to
simplify sending data over the bus to the LC77. The
subroutine called up is unique to each controller.

Sending Talker Codes

As with sending listener codes, all the steps needed to
transfer information from the LC77 back to the control-
ler can be done in a subroutine which is called every
time the program requests a reading. In the example
listed in Figure 38, the subroutine is at line 12000. The
listener subroutine is still at line 10000.

Some controllers require a different talker and listener
address, but these addresses can be calculated by the
program. The subroutine at line 10000 calculates the
necessary listener address, while the subroutine at line
12000 calculates the needed talker address from the
value already stored in the variable ADDRESS. Thus,
it is not necessary to place a new value into the AD-
DRESS variable.

The last line of the subroutine starting at line 12000
includes an INPUT statement which collects the LC77
reading and places it into the string-variable RE-
SULT$. RESULTS is then processed through another
subroutine to separate the data into its three parts.



210 CODE$="CAP”: REM LISTENER CODE FOR CAP VALUE
220 GOSUB 10000: REM SEND CODE TO UNIT

230 GOSUB 12000: REM REQUEST READING FROM UNIT
240  CVALUE$=RESULT$: REM TRANSFER FROM SUBROUTINE
250 CODE$="LKI": REM LISTENER CODE FOR LEAKAGE
260 GOSUB 10000: REM SEND CODE TO UNIT

270 GOSUB 12000: REM REQUEST READING FROM UNIT
280 LEAK$=RESULT$: REM TRANSFER FROM SUBROUTINE
290 CODE$="D/A": REM CODE FOR DIELECTRIC ABSORB.
300 GOSUB 10000: REM SAME AS BEFORE

310 GOSUB 12000

320 DAS=RESULTS

330 CODE$="ESR": REM CODE FOR ESR TEST

340 GOSUB 10000

350 GOSUB 12000

360  ESR$=RESULTS$

Fig. 38 - A subroutine can be used to simplify reading
the data sent over the bus by the LC77. The subroutine
called is unique to each controller.

Sample Programs

The two sample programs which follow are ready to
run. However, they will only work for the type of bus
controller stated in the open remark section of the prog-
ram. Use them as a guide for connecting the LC77 into
your IEEE bus system.

1 REM THIS PROGRAM ALLOWS THE USER TO ENTER THE

3 REM STANDARD VALUES FOR ANY CAPACITOR, SENDS THE

3 REM VALUES TO THE LC77, AND THEN SHOWS THE RESULTS
4 REM AS GOOD OR BAD. COPYRIGHT (C) SENCORE FIELD

5 REM APPLICATION DEPARTMENT, 1987. THIS PROGRAM MAY
6 REM MAY BE USED AS IS OR MODIFIED BY ANY LC77 OWNER
7 REM WITHOUT FURTHER PERMISION FROM SENCORE, INC.

10 REM
20 D$ =
30 28 =

CHR$ (4): REM DOS COMMAND CHARACTER

CHR$ (26): REM IEEE CARD COMMAND CHARACTER

40 Q$ = CHR$ (17): REM SCREEN TO 40 COLUMNS

50 G$ = CHR$ (7): REM RINGS BELL

60 FOR X = 1 TO 19:BL$ = BL$ + " ": NEXT X: REM
FORMS 20 BLANK SPACES

70 DATA  ALM,DBL,TAN,CER,AOC

80 FOR X = 1 TO S: READ CT$(X): NEXT X

1000 REM dokksdkk INPUT DESIRED VALUES #tdikk

1010 HOME : GOSUB 10200: REM SELECT PRIMARY ADDRESS

1020 REM #¥kikx%x BEGIN IDEAL INPUT #ikidkk

1030 HOME : VTAB 7: INVERSE : HTAB 6: PRINT "
IDEAL VALUES: ": NORMAL

1040 PRINT : HTAB 6: INPUT "  VALUE: “;V$

1050 V = VAL (V$): REM CONVERT TO NUMERIC VALUE

1060 IF V = 0 GOTO 1020: REM  ZERO VALUE NOT ACCEPTED

1070 VTAB 9: HTAB 16: PRINT V;" -

1080 VTAB 11: HTAB l: INVERSE : PRINT "MULTIPLIER:";:
NORMAL : PRINT " (1) PF, [2] UF, [3]) F ";: GET K$

ENTER

1090 MU$ = "F":VM = 1
1100 IF K$ = "1" THEN MU$S = "PF":VM = 1E - 12
1110 IF K$ = "2" THEN MU$ = “UF":VM = 1E - 6

40

1120 IF K$ < "1" OR K$ > "3" GOTO 1080: REM REPEAT UNTIL
VALID

1130 VTAB 10: PRINT BL$;BL$: REM COVER WITH BLANK

SPACES

1140 VTAB 9: HTAB 25: PRINT MU$: REM ECHO SELECTION TO
SCREEN

1150 v$ = STR$ (V) + MU$: REM PREPARE STRING TO SEND TO
METER

1160 HTAB 6: INPUT " +%: “;PP$

1170 PP = VAL (PP$): REM REMOVE NON-NUMERIC CHARACTERS

1180 PP$ = STR$ (PP) + "+X": REM PREPARE STRING TO SEND
TO METER

1190 HTAB 6: INPUT "
1200 PN = VAL (PN$): REM
1210 PN$ = STR$ (PN) + "-2"
1220 HTAB 6: INPUT " VOLTAGE: “;VT$
1230 VT = VAL (VT$): REM REMOVE NON-NUMERIC CHARACTERS
1240 VT$ = STRS (VT) + "v"
1250 PRINT : PRINT " ARE THESE VALUES CORRECT? (Y/N)
“s: GET K$
1260 IF K$ = "y" THEN K$ = "Y"
1270 IF K$ < > "Y" THEN 1020
1280 HOME : VTAB 7: INVERSE : HTAB 6: PRINT “
CAPACITOR TYPE: ™: NORMAL
PRINT
HTAB 6: PRINT "[1]
HTAB 6: PRINT “(2])
HTAB 6: PRINT "[3)
HTAB 6: PRINT “{4]
HTAB 6: PRINT "[5] ALL OTHER CAPS"
PRINT : HTAB 6: PRINT "SELECT NUMBER FOR TYPE: ";:
GET K$: PRINT K$
1360 IF ASC (K$) < 49 OR ASC (K$) > 53 THEN PRINT
G$;G$: GOTO 1280: REM  ACCEPT ONLY 1 THROUGH 5
1370 TY$ = CT$( VAL (K$)): REM SELECT THREE-LETTER

-%: ";PN$
REMOVE NON-NUMERIC CHARACTERS

SELECT

1290
1300

1310
1320
1330
1340
1350

ALUMINUM LYTIC"
DOUBLE LAYER LYTIC”

TANTALUM LYTIC"
CERAMIC CAP”

CODE
1380 VTAB 19: HTAB 6: INVERSE : PRINT " SENDING VALUES
TO Z METER *: NORMAL

1390 GOSUB 10000: REM TURN ON IEEE CARD

1400 PRINT LA$;Z$;V$: PRINT LAS;Z$;PP$: PRINT
LA$;Z$;PN$: PRINT LAS;2$;VT$: PRINT LAS$;2$;TY$

1410 REM ---LA$=LISTEN ADDRESS, Z$=CONTROL-2

1420 REM kkkdxx BEGIN TAKING READING ik

1430 FG = 0: REM RESET “COMPONENT BAD” FLAG

1440 GOSUB 10100: REM RETURN COMMUNICATIONS TO
KEYBOARD

1450 HOME : VTAB 14: HTAB 6: INVERSE
READINGS ": NORMAL

1460 GOSUB 10000: REM TURNS ON IEEE CARD

1470 DA$ = "D/A": GOSUB 10500

1480 zD$ = RZ$

: PRINT " TAKING

1490 DA$ = "CAP": GOSUB 10500
1500 Zvs = RZ$
1510 DA$ = “LKI“: GOSUB 10500
1520 Z1$ = RZ$
1530 DA$ = “ESR": GOSUB 10500
1540 ZR$ = RZS$

1550 DA$ = "NFC": GOSUB 10500: REM
1560 GOSUB 10100

1570 REM  k#ddkx PRINT RESULTS sdkdik

1580 HOME : REM  CLEARS SCREEN

1590 PRINT " THE RESULTS OF THIS TEST ARE:": PRINT
1600 PRINT "IDEAL VALUE: ";V$

1610 RE$ = 2ZV$: REM LOAD VALUE INTO SUBROUTINE

CANCEL PANEL

VARIABLE
1620 GOSUB 2000: REM  SEPARATE DATA INTO PARTS
1630 IF HE$ = "ERR" THEN GOSUB 2100: GOTO 1710

1640 IF HE$ = "SHT" THEN PRINT "CAPACITOR IS SHORTED":
GOTO 1920

1650 PRINT " MEASURED VALUE: "AN

1660 GOSUB 2200: REM GET GOOD/BAD RESULT

1670 PC = 100 * (AN - (V * VM)) / (V * VM): RENM
CALCULATE PERCENTAGE

1680 PC = INT (10 * PC) / 10: REM
PLACE

1690 PRINT “ THE VALUE DIFFERED BY "PC"%"

1700 PRINT : PRINT "“THE LEAKAGE TESTED AT "VT" VOLTS"

1710 RES$.= ZI$: REM LOAD LEAKAGE INTO SUBROUTINE

SET DECIMAL AT ONE

VARIABLE
1720 GOSUB 2000: REM  SEPARATE DATA INTO PARTS
1730 IF HE$ = "ERR" THEN GOSUB 2100: GOTO 1770

1740 LK = AN * 1E6



1750 PRINT " WAS “"LK" MICROAMPERES."

1760 GOSUB 2200: REM GET GOOD/BAD RESULTS

1770 PRINT : PRINT “"D/A TEST:"

1780 RE$ = ZD$: REM LOAD D/A RESULTS INTO SUBROUTINE
VARIABLE

1790 GOSUB 2000: REM  SEPARATE DATA INTO PARTS

1800 IF HE$ = "ERR" THEN GOSUB 2100: GOTO 1840

1810 AN = INT (10 * AN) / 10: REM  SET DECIMAL TO 1
PLACE

1820 PRINT " DIELECTRIC ABSORPTION: "AN"X."

1830 GOSUB 2200: REM GET GOOD/BAD RESULT

1840 PRINT : PRINT "ESR TEST:"

1850 RE$ = ZR§: REM LOAD ESR VALUE INTO SUBROUTINE
VARIABLE

1860 GOSUB 2000: REM  SEPARATE INTO PARTS

1870 IF HE$ = "ERR" THEN GOSUB 2100: GOTO 1900

1880 PRINT " SERIES RESISTANCE: "AN" OHMS.”

1890 GOSUB 2200: REM  GET GOOD/BAD RESULTS

1900 GB$ = " GOOD ": IF FG = 1 THEN GB$ = " BAD "

1910 PRINT : PRINT "THE CAPACITOR IS ";: INVERSE :
GB$: NORMAL

1920 PRINT : PRINT "END OF RESULTS, PRESS ANY KEY “;:
GET K$

1930 HOME : VTAB 9: HTAB 6: INVERSE :
NEXT OPTION: ": NORMAL

1940 PRINT : HTAB 6: PRINT "[1] ENTER NEW VALUE"

1950 HTAB 6: PRINT "(2] MAKE ANOTHER TEST"

1960 HTAB 6: PRINT “[3] REPEAT PRINTOUT"

1970 PRINT : HTAB 6: PRINT "SELECT NUMBER OPTION: ";:
GET K$

1980 IF K$ < 1" OR K$ > "3" THEN PRINT G$: GOTO 1930

1990 ON VAL (K$) GOTO 1020,1420,1570

2000 REM 304440 SUBROUTINE SEPARATES DATA #4#44%

2010 HE$ = LEFT$ (RE$,3): REM FIND HEADER

2020 AN = VAL ( MID$ (RE$,4,11)): REM FIND NUMERIC
VALUE

2030 GD$ = MID$ (RE$,15,1): REM

2040 RETURN

2100 REM ####000SUBROUTINE FOR ERROR HANDLING###2444

2110 PRINT G$;"Z-METER ERROR #"AN" DETECTED:"

2120 ON AN GOTO 2130,2140,2150,2160,2170,2180,2190

2130 PRINT "COMPONENT TYPE SELECTION ERROR": RETURN

2140 PRINT "VALUE BEYOND RANGE OF UNIT": RETURN

2150 PRINT "VALUE BEYOND RANGE OF TEST": RETURN

2160 PRINT "VALUE BEYOND ZEROING LIMIT": RETURN

2170 PRINT "NO VOLTAGE ENTERED": RETURN

2180 PRINT "INVALID IEEE COMMAND": RETURN

2190 PRINT "COMPONENT OUT OF TEST RANGE": RETURN

2200 REM ###60# SUBROUTINE TESTS GOOD/BAD RESULT
Faze04

IF GD$ = * * THEN PRINT "NO GOOD/BAD TEST"

IF GD$ = "G" THEN PRINT "THE RESULT IS GOOD"

IF GD$ = "B" THEN PRINT "THE RESULT IS “;: INVERSE

. PRINT " BAD ": NORMAL :FG =1

2240 RETURN

9997 REM

PRINT

PRINT " SELECT

FIND GOOD/BAD RESULT

2210

2220
2230

Rk ke dkdrd ek A AR ik kA ARk ke A ek ik Aok ook

9998 REM THE FOLLOWING SUBROUTINES APPLY TO
ADDRESSING THE APPLE-BRAND IEEE-488 CONTROLLER CARD
FOR THE APPLE // COMPUTER.

9999  REM
Hikk ko ki ook ook ik ook ok koo ko koek

10006 REM  ##### SUBROUTINE ENABLES BUS #4#44

10010 PRINT D$

10015 PRINT D$;"INF&": REM CARD IS IN SLOT FOUR

10020 PRINT D$;"PR#4": REM  TURNS ON SLOT FOUR

10030 PRINT "LF1": REM ENABLES LINEFEED FOR EOF
CHARACTER

10040 RETURN

10100 REM  ##### SUBROUTINE RETURNS TO KEYBOARD ####4

10110 PRINT D$;"PRF0": REM RETURNS OUTPUT TO CRT

10120 PRINT D$;"IN#0": REM RETURNS INPUT TO KEYBOARD

10130 RETURN

lOZOga#sgﬂ ###44 SUBROUTINE FINDS TALK/LISTEN ADDRESSES

10210 REM RETURNS TALK ADDRESS IN VARIABLE TA$

10220 REM RETURNS LISTEN ADDRESS IN VARIABLE LAS

10230 VTAB 7: HTAB 6: INVERSE : INPUT " ENTER PRIMARY
ADDRESS:" ;K$: NORMAL

10240 AD = VAL (K$)

10250 IF AD < 1 OR AD > 30 THEN HOME : VTAB 9: PRINT
G$;G$;” ADDRESS MUST BE BETWEEN 1 AND 30": FOR X = 1
TO 500: NEXT X: GOTO 10230

10260 LA = AD + 32: REM CALCULATE LISTEN ADDRESS

10270 LA$ = "WT” + CHR$ (LA)

10280 TA = AD + 64: REM CALCULATE TALK ADDRESS

10290 TA$ = "RD" + CHR$ (TA)

10300 RETURN

10500# REM #4444 SUBROUTINE COMMUNICATES WITH BUS
(33444

10510 REM DATA MUST BE IN DA$ BEFORE CALLING

10520 REM LISTEN AND TALK ADDRESSES ARE IN LA$ AND TA$

10530 I = 1: REM SET LOOP COUNTER TO NORMAL

10540 IF DA$ = "LKI" OR DA$ = "LKR" THEN'I = 3: REM
TAKE THIRD LEAKAGE READING

10550 PRINT LA$;2$;DA$: REM SEND LISTEN ADDRESS AND
COMMAND

10560 FOR N =1 TO I

10570 PRINT TA$;Z$;: REM SEND TALK ADDRESS
10580 INPUT RZ$: REM COLLECT READING IN RZ$
10590 NEXT N

10600 RETURN

Fig. 39 — Sample program using the Apple lle as a controller with an Apple IEEE-488 controller card installed. To
use the Apple lle with a different control card change lines 10,000-10,600 accordingly.
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10 1o ettt dodaboded 1
15 1
20 ! This sample program is written for the Fluke 17XXA Instrument |
25 | controller. It illustrates the bus operation of the LC77 end |
30 t command syntax needed to automatically analyze a capacitors or |

40 ! or may be modified as needed by any LC77 owner without any '
45 | further permission from Sencore, Inc.
50
S5
60
100 OIM C(10),C$(12)

110 TIMEOUT O

120 INIT

130 CL$=CHRS(27)+' (2J'

140 PRINT CPOS(0,0)+CLS

1000 | *** Enter Capacitance Test Data ***
1010 PRINT CLS

1020 PRINT CPOS(S,30)+'1
1030 PRINT CPOS(6,30)+2
1040 PRINT CPOS(7,30)+'3
1050 PRINT CPOS(8,30)+'4 Ceramic caps';

1060 PRINT CPOS(9,30)+'5 All other caps';

1070 PRINT CPOS(11,30)+'Enter the capacitor type';\INPUT C(1)

1080 ! C(1)=capacitor type

1090 IF C(1)<>1 AND C(1)<>2 AND C(1)<>3 AND C(1)<>4 AND C(1)<>5 THEN 1010
1100 PRINT CLS+CPOS(8,0)+'Enter the capacitor working voltage';\INPUT C(2)
1110 { C(2)scapacitor working voltage

1120 PRINT CL$S+CPOS(8,0)+'Enter the capacitor value (.0WuF)';

1130 INPUT C$(0)

1140 t C$(0)=capacitor value

1150 PRINT CLS+CP0OS(8,0)+'Enter the capacitor tolerance';\INPUT C(4)

1160 | C(&)=capacitor tolerance

2000 | *** LC77 Lead 2ero ***

2010 LCS=CHRS(27)+* [2K' \C$(5)=LCS\C$(4)=LCS

2020 C$(2)=LCS\C$(3)=LCS

2030 PRINT 210, 'CPO*

2040 PRINT CLS+CHRS$(7)

2050 PRINT CP0S(8,22)+'Open then leads and touch the screen'

2060 WAIT FOR KEY\KX=KEY

2070 PRINT CLS+CHRS(7X)

2080 PRINT 310, 'L0O*

2090 INPUT 310,28

3000 | *** LC77 Test Data Set-up ***

3010 PRINT CLS+CHRS(7X)

3020 PRINT CPOS(8,10);

3030 PRINT 'Hook the leads to the capacitor to test and touch the screen’
3040 WAIT FOR KEY\K%=KEY

3050 PRINT CL$+CHR$(7X)

3060 T1$=MID('ALMDBLTANCERAOC', (C(1)*3%)-2%,3%)

3070 C$(6)=!

3080 FOR JX=1 TO LEN(CS(0))

3090 T23=M10(C$(0),JX, 1X)

3100 IF INSTR(1X, 'upfUPF',T28) THEN C$(6)=C$(6)+T2S

3110 IF INSTR(1X,'.0123456789",T28) THEN C$(7)=CS(7)+T2S

3120 NEXT JX

3130 PRINT 210,T1$

3140 PRINT 310,C(2); 'V’

3150 PRINT 10,VAL(CS(7));C$(6)

|-

!

1

|

t

35 1 inductors. Written by Sencore, this program may be used 'as is'!

[}

'

!

} LC77 is at IEEE address 10
!

Aluminum Lytic!;
Double Layer Lytics';
Tantalum caps’;

3160 PRINT 310,C(4); ' +X!

3170 PRINT 210,C(4);'-%*

4000 | *** Capacitor Value Test Routine ***

4010 PRINT 310, 'CAP!

4020 INPUT 310,CS(1)

4030 IF MID(CS$(1),15%,1%)='G" THEN C$(8)='Good' ELSE C$(8)a'Bad’
4040 IF LEFT(C$(1),3)<>'ERR* THEN CS$(1)=MID(CS(1),4%,11%)

4050 Z1$=M1D("' FuFpF’, (INT(VAL(RIGHT(CS(1),10%))/6X)*2X)+1%,2%)
5000 ! *** Capacitor Leakage Test Routine ***

5010 PRINT 310, 'LKI*

5020 INPUT 310,CS$(2)

5030 IF LEFT(C$(2),3%)='ERR' THEN C$(2)=CHR$(27)+' [2K'\GOTO 8010
5040 IX=INSTR(1%,C$(2),'-")

S0S0 IF IX<4X OR I%>10%X THEN 1%=3%

5060 C$(2)=NUNS(VAL(MID(CS(2),I%+1%,10%-1%X)))

5070 PRINT 310, *LKR*

5080 INPUT @10,C3(3)

5090 C$(3)=NUMS(VAL(MID(C$(3),4%X,7%)))

5100 IF VAL(C$(3))=8888 THEN C$(3)aCHRS$(27)+' [Sm3B88'+CHRS(27)+" (m!
5110 IF C(1)=2 THEN 4060

6000 | *** Capacitor Delectric Absorption Test Routine **+

6010 PRINT @10, 'D/A!

6020 INPUT 310,CS$(4)

6030 IF MID(CS(4),15%,1%)='G* THEN C$(11)3'Good' ELSE C$(11)='Bad’
6040 IF LEFT(CS(4),3X)="'ERR' THEN C$(4)sLCS\GOTO 6060

6050 C$(4)=NUMS(VAL(MID(CS(4),4%,7%)))

6060 IF C(1)>3 THEN 8010

7000 { *** Capacitor ESR Test Routine **+

7010 PRINT 310, 'ESR®

7020 INPUT 310,CS(5)

7030 IF MID(C$(S),15%,1%)='G’ THEN C$(12)a'Good' ELSE C$(12)='Bad’
7040 C$(5)=NUMS(VAL(MID(CS(S),4%,7%X)))

8000 t *** Display Results on Screen ***

8010 PRINT CLS

8020 PRINT 310, 'CPO*

o

8030 PRINT CPOS(4,25)+'Value <-----ccsvscncnen V;VALCLEFT(CS(1),7%));218;
8040 PRINT CPOS(4,65)+C$(8)
8050 PRINT CPOS(S,25)+'Leakage (current) ----- 1;C8(2);

8060 IF CS(2)<>LCS THEN PRINT 'uA‘;CPOS(5,65);C8$(9)

8070 IPRINT CPOS(S,65)+C$(9)

8080 PRINT CPOS(6,25)+'Leakage (resistance) -- ';C$(3);
8090 IF C$(3)<>LCS THEN PRINT CHRS$(24);1CPOS(6,65);C$(10)
8100 PRINT CPOS(7,25)+'Dielectric Absorption - ';C$(4);
8110 IF C$(4)<>LCS THEN PRINT '%';CPOS(7,65);C8(11)

8120 PRINT CPOS(8,25)4'ESR ---vcconvecnerceces v;C8(5);
8130 IF C$(5)<>LCS THEN PRINT CHR$(24);CPOS(8,65);C$(12)
8140 PRINT CPOS(14,25)+'Touch the screen to rerun the program'
8150 WAIT FOR KEY\KX=KEY

8160 PRINT CHRS(7%)

8170 GoTo 130

Fig. 40 — Sample program using a fluke controller.
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APPLICATIONS

Introduction

The procedures explained in the Operation Section of
this manual explain how to use the LC77 “Auto-Z”.

Once you become familiar with the basic operation of
the “Auto- Z”, you will discover many additional appli-
cations of the unit. This section will provide you with
further information on using the LC77 features for ex-
tended capacitor and inductor tests, as well as other
special applications.

Identifying Capacitor Types

Capacitors are often grouped according to the kind of
dielectric that is used to separate the plates, and are
named accordingly. For example, an aluminum elec-
trolytic capacitor has an aluminum oxide dielectric.
While a mylar capacitor uses mylar dielectric. (Refer
to the Appendix for an explanation of dielectric and
other capacitor theory).

Many different types of capacitors are used in elec-
tronics. Each type has certain properties that make it

better suited for particular applications. Properties
such as temperature coefficient, ESR, dielectric absorp-
tion, leakage, voltage break down, and frequency
characteristics are taken into account when selecting
the capacitor type to be used. When troubleshooting a
circuit, it is not important to know why a certain type
of capacitor was selected. It is best to simply replace a
bad capacitor with a good capacitor of the same type
value and voltage rating. This is especially true when
the component is in a “Safety Critical” circuit. Because
different capacitor types have different characteristics,
it is important that you know what type of capacitor
you are testing in order to know if the LC77 test results
areacceptable or not.

Capacitors are divided into five different types for test-
ing with the LC77. Each has different parameters
which require different good/bad limits. These five
capacitor types have different physical characteristics
to determine an unknown capacitor type. These charac-
teristics are explained in the following paragraphs and
are summarized in Figure 41.

Aluminum Electrolytic Capacitors
+

LA T

= b

Double Layer Electrolytic Capacitors

(Typically much smaller physically than similar
value Aluminum Lytics. Value usually marked
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Fig. 41 — Each capacitor type may be identified by its unique physical charaoteristics.
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Aluminum Electrolytics

Aluminum electrolytic capacitors (aluminum lytics)
are the easiest capacitor type to identify. They are most
commonly cylinder shaped and have radial or axial
leads. Large value aluminum lytics often have screw
terminals or solder lugs. The case of an aluminum lytic
usually is rolled in or formed out near the lead end to
hold the end cap and seal. All aluminum lytics have a
seal that is soft and rubber like to allow gasses to vent.
Depending on the physical size of the case, the soft seal
may make up the entire end of the case, or it may be
just a small section of a hard end cap. Aluminum lytics
have the largest physical size to capacity ratio of all
capacitor types. These capacitors may also have several
sections, with each section having a different capaci-
tance value but sharing the same negative terminal,
usually the case. This is unique to aluminum electroly-
tics, and whenever you encounter a capacitor having
several different capacitance value sections, it will be
an aluminum electrolytic.

Because of their unique physical characteristics, most
aluminum lytics usually aren’t easily confused with
other capacitor types. Axial lead aluminum lytics, how-
ever, may possibly be mistaken for axial lead tantalum
lytics. The lead weld, shown in Figure 43, is an identify-
ing characteristic of the tantalum in electrolytic and
is a quick way to differentiate between an axial lead
aluminum lytic and a tantalum lytic. Aluminum lytics
do not have a lead weld on either terminal.

1000UF =~ 10+ 75%
_25VDC 30 SURGE ¢
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o™
o
1
o
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BONMRK  AMRIENT

AR VAN

Fig. 42 — All aluminum electrolytics have a rubber
seal.

Tantalum Electrolytics

Dipped tantalum electrolytics are rapidly replacing
aluminum lytics in many electronic circuits. They have
less leakage and higher value tolerances than
aluminum lytics. Tantalum electrolytic capacitors are
about one half the size of a similar aluminum electroly-
tic of the same value and voltage rating.

The most common shapes of tantalum capacitors are
illustrated in Figure 41. While they may have many
shapes, tantalum capacitors always have polarized

45

leads. Lead polarization is often the only way to distin-
guish a tantalum lytic from another type of capacitor.
Once you become familiar with the polarity markings
used, tantalum lytics are not difficult to identify. The
polarity markings are not meant to be difficult to notice
or understand, although if you are not aware of them,
they might be overlooked. Pay careful attention so that
you do not overlook the polarity indication and misiden-
tify a tantalum capacitor as another type.

The simplest and most common polarity indicator is a
“+ " sign near one of the leads. This is often used along
with a second type of indicator. Figure 44 shows several
examples of lead identification used in tantalum
capacitors. In addition to the “+” sign, each capacitor
shown has a second indication of the “+” lead: a lead
weld, a tapered case, a rounded corner, a line, or an
extra ridge near the “+” lead.

Fig. 43 — Axial lead tantalum capacitors, like the one
shown here, are easily identified from axial lead
aluminum electrolytics by a solder weld on one end.

A “+” indicator is not printed on all tantalum
capacitors. In many cases the polarity indicator will
simply be the lead weld, a tapered case or rounded
corner, a line, or an extra ridge on the case. Several
other polarity identifiers are also used. The end or side
nearest the plus lead may be painted one color. Also at
times, just a dot or a line on the side of the package
will be used.

NOTE: Tantalum capacitors may use dots or stripes to
indicate value or tolerance. Do not confuse the value
color code for the polarity indicator of a tantalum
capacitor. The polarity indicator will be larger and iso-
lated from the color code.

+

B\ -

Fig. 44 — Tantalum electrolytic capacitors always
have a polarity indicator.



Fig. 45 — A tantalum chip capacitor (left) can be iden-
tified from a ceramic chip capacitor by its positive
lead.

Tantalum capacitors are also available in the small
surface mount or “chip” type. Tantalum chip caps could
be confused with the ceramic chip cap, since they are
similar in size and appearance at first glance. But as
Figure 45 shows, a tantalum chip capacitor is polarized
and has an easily identifiable positive lead. The polarity
identification that may give you the most difficulty in
identifying a tantalum capacitor is lead length. The
only identification of the positive lead on some tan-
talum capacitors is that it is longer than the other lead.
Of course, this presents no problem when the capacitor
is new, but once it has been installed into a circuit
board, the leads are cut off to the same length. In this
situation, use the circuit as the clue to the cap’s type
and polarity.

Double Layer Electrolytics

Double layer electrolytic capacitors are commonly
known by trade names such as “Supercap” or “Gold
Cap”. These capacitors are quite easy to identify. Dou-
ble layer lytics have an extremely large capacitance
value for their physical size. They are found in various
physical shapes and sizes, as shown in Figure 46. Their
value is marked in Farads, rather than in picofarads
or microfarads.

The polarity of a double layer lytic is often printed on
the case, although a longer lead may also be used to
identify the positive terminal. Some double layer lytics
use a line next to one lead which may be either “+” or
“.” If there is no other marking, the terminal that is
part of the metal case is the negative lead.

Fig. 46 — Double layer lytic capacitors have a very
large amount of capacitance for their physical site.
their value is usually marked in Farads.
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Ceramic Capacitors

Ceramic capacitors may be found in many different
sizes and shapes. The most common type of ceramic
capacitor is the flat, round ceramic disc, as shown in
Figure 47. The ceramic disc is unique in its shape, and
is easily identifiable from other ceramics, and other
types of capacitors. The ceramic disc is also unique from
other types of ceramic capacitors in that it may have
small amounts of normal leakage.

Fig. 47 — The most common type of ceramic capacitor
is the ceramic disc. It has unique parameters which
require it to be tested differently than other ceramic,
or film capacitors.

Two other kinds of ceramic capacitors which are easily
identified from other capacitor types are the axial lead
and chip types. As Figure 48 shows, some axial lead
ceramic capacitors may look the same as resistors and
inductors which also use the same case type. You can
easily determine if the component is a resistor,
capacitor or inductor from its location in the circuit.
The LC77 can also be used to help identify these un-
known components, as explained in a following section,
“Identifying Unknown Components”, on page 48.

Fig. 48 — Ceramic capacitors may also include an
axial lead and chip-type package. Axial lead ceramics
often look like other axial lead components.

Ceramic chip capacitors are unique in their appearance.
Only a tantalum chip capacitor looks somewhat alike.
However, as shown in Figure 45, a tantalum chip
capacitor has a recognizable polarity indicator. A
ceramic chip capacitor does not.

There are a few other kinds of ceramic capacitors be-
sides the three types identified here. These types, such
as molded ceramics and encapsulated ceramics, are
very similar in appearance to film capacitors, and are
difficult to differentiate from films by physical appear-
ance. This presents no problem though, when testing
these ceramics with the LC77, since any leakage or
D/A in a ceramic capacitor, other than a ceramic disc,
is not allowable. If you are unable to identify the

capacitor as a ceramic, test it as an “ALL OTHER
CAPS” type.



All Other Capacitors

The final capacitor type capitalized grouping for LC77
“Auto-Z” good/bad testing is “ALL OTHER
CAPACITORS”. As its name implies, capacitors in this
category do not have the electrical (or physical) charac-
teristics to fit into any of the other categories.
Capacitors included in this grouping are films, micas,
air dielectrics, papers, oil filled capacitors, and other
similar types. (There are numerous types of film
capacitors such as mylar, polyester, polycarbonate,
polystyrene, and polypropylene). Though each of these
capacitor types have different dielectrics and somewhat
different parameters, they are all similar in that when
tested with the LC77, they should have no dielectric
absorption or leakage. Also, because of their relatively
low capacitance value, ESR is of little importance and
is not measurable. If you measure any leakage, or D/A
in an “All Other Capacitor” type it is bad.

NOTE: When replacing any of these capacitors, always
replace it with the same type originally used in the cir-
cuit. For example, a mylar film capacitor should only
be replaced with another mylar film. This is especially
important for components in areas of the schematic de-
signated as “Safety Critical”.

Identifying Inductor Types

Inductors, like capacitors, may be found in many shapes
and sizes depending on the application in which they
are used. The LC77 will provide an accurate Ringer
test on all types of air core and ferrite core inductors,
provided the proper INDUCTOR COMPONENT TYPE
switch is selected. Each inductor type has a normal
range of impedance, and the INDUCTOR COMPO-
NENT TYPE switches match the impedance of the
LC77 Ringer circuits to the particular inductor type
being tested. With the proper COMPONENT TYPE
switch selected, an inductor with just a single shorted
turn will produce a “BAD” indication in the Ringer test.

Air and ferrite core inductors break into three, easy to
identify types: Yokes and flybacks, switching transfor-
mers, and coils. Select one of these three INDUCTOR

COMPONENT TYPE switches when performing the
Ringer test.

Yokes And Flybacks

Yokes are used exclusively in video applications to de-
flect a CRT electron beam. As shown in Figure 49, they
can not be easily mistaken for any other type of induc-
tor. Yokes have a ferrite core, surrounded by two pairs
of windings, which fits over the CRT neck. It is held in
place with a plastic shell attached to the CRT neck.

Flyback transformers are also easy to identify. They
too are used exclusively in video applications, and pro-
duce high voltage for the CRT. A flyback has several
terminals which are often soldered to a PC board chas-
sis. One or two heavily shielded leads exit the flyback
tocarry high voltage toa tripler, or to the CRT directly.
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Fig. 49 — Yokes (top) and flybacks (bottom) are induc-
tor types which are easily identified.

Switching Transformers

Switching transformers are used in power supply cir-
cuits to step voltages up or down. However, they are
much different from conventional power transformers
in both appearance and operation, and should not be
mistaken for a power transformer. Power transformers
usually operate at 60 Hz, and therefore contain a lami-
nated iron core which is often visible. Because the iron
core is low Q and absorbs all ringing energy, power
transformers cannot be tested with the LC77.

Switching transformers, on the other hand, are much
smaller and lighter than power transformers. They are
wound around a ferrite core which easily rings when
good. Switching transformers operate at much lower
currents and much higher frequencies than power
transformers. Two common switching transformers, the

PC board mount and toroid types, are shown in Figure
50.

Fig. 50 — The torriod (left) and PC mount are two
common types of switching transformers.



Coils

All non-iron core inductors which can not be classified
as yokes, flybacks, or switching transformers are tested
with the “Coils” INDUCTOR COMPONENT TYPE
switch selected. These include RF/IF transformers, RF
chokes, postage stamp inductors, axial lead inductors,
free form coils, as well as some other types.

=

\—""/ -
Fig. 51 — Air and ferrite core inductors are tested with
the “coil” component type switch selected.

Identifying Unknown
Components

Occasionally you may encounter small value inductors
and axial lead ceramic capacitors which look like the
more common axial lead film resistor. If these compo-
nents get mixed up in your parts bin, you may have
difficulty identifying the component. This may also be
a concern with chip capacitors, chip inductors, and a
few other axial lead inductors and capacitors on which
the markings are difficult to interpret or are not visible.

——

Fig. 52 — Some small value inductors (left) capacitors
(center) and resistors (right) may be hard to tell apart.
The LC77 provides a quick test to identify such un-
known components.
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You can use the LC77 tests to sort these component
types from each other. Figure 53 shows, in flow chart
form, the procedure you need to follow. Before begin-
ning the test, zero the test leads in both the “Short”
and “Open” position of the LEAD ZERO switch. You
begin identifying the component with a capacitor value
test. Depending on the reading, you either use the leak-
age test or inductor value test to further isolate the
component. Finally, if the component appears to be an
inductor, you use the ringing test as confirmation.

Connect Unknown Capacitor Inductor or Resistor

Measure C Value

Reading < opf,
“0000" or error >

< 200 pf > 200 pt

Component may be

Component is capacitor
resistor or small capacitor

Reading is value

Measure
leakage at 10V

> QuA ] OuA

Component is
resistor

Measure L Value

<0 >0 1 “Open”

Component is

Component may be
small value resistor|

large resistor

Component is capacitor
or resistor > 100m chm

Inductor Ringer Test

‘ > 10

Component is
inductor

Fig. 53 — Use this flow chart to help identify small
axial lead inductors, capacitors, and resistors from
one another.

< 10

resistor or

Component may be
very low Q coil

IMPORTANT

Do not apply more than 10 volts across an
unknown capacitor, resistor or inductor.
Most chip, “film” package, and axial lead in-
ductors and capacitors will have voltage rat-
ings greater than 10 volts. If in doubt about
an unknown component’s voltage rating, use
another method to identify it, if possible, or
use a lower test voltage.

NOTE: This test is only intended to help you sort induc-
tors, capacitors and resistors in “film resistor” type, chip
type or small axial lead packages which are difficult to
identify by physical appearance or any other means.




Capacitor Testing
Applications

Interpreting Capacitor
Value Readings

The LC77 “Auto-Z” automatically displays the three
most common capacitor values of picofarads (pF), micro-
farads (uF), and Farads (F). When measuring capacitors
with the LC77, you may encounter some capacitors with
a value marked without a decimal, such as “25000 pF”,
but that read “.0250 uF” on the LC77 display. You may
also encounter, as an example, a capacitor which is
marked “3300 pF” by some manufacturers, yet an iden-
tical replacement is marked “.0033 uF” by another
manufacturer.

As these examples illustrate, capacitors can be marked
in pF, uF or even F. A fourth value multiplier, the
nanofarad (nF) is seldom used to mark a capacitor, but
is used occasionally in design and industry. Table 12
will help you to easily convert from one reading to
another.

Checking Leakage Between Sections
Of A Multi-Section Lytic

Multiple section aluminum electrolytic capacitors are
common, especially in many older power supplies. Such
capacitors are actually several capacitors, inside one
can, sharing the same negative terminal.

Leakage sometimes develops between one or two sec-
tions of multi-section lytics. This leakage is especially
difficult to troubleshoot without the LC77 leakage test
because signals from one section of the capacitor are
coupled to another section. This results in multiple
symptoms in the operation of the device in which the
capacitor is used. An ohmmeter will not show leakage
between sections of a multi-layer cap because the leak-
age only occurs near the capacitor’s operating voltage.

To isolate this type of leakage with the LC77 you simply
perform the standard leakage test. As you test each
section, short each of the remaining sections to ground.
Any increase in leakage when a section is shorted to
ground indicates leakage between sections.

Changeto Farads Microfarads Nanofarads Picofarads
From
Farads move decimal move decimal maove decimal
6 placesright 9 placesright 12 placestoright

Microfarads move decimal move decimal move decimal

6 places left 3placesright 6 places right
Nanofarads move decimal move decimal move decimal

9places left 3placesleft 3placesright
Picofarads move decimal move decimal move decimal

12placesleft 6 places left 3placesleft

Table 12 — Capacitor value conversion chart.

Dielectric Stress

Many ceramic capacitors change value when they are
DC biased. The applied DC voltage causes physical
stress within the ceramic dielectric causing it to de-
crease in value. This value change is called “dielectric
stress”. Normally a ceramic capacitor will return to its
normal value within several seconds after the voltage
is removed.

You will not normally notice dielectric stress when
checking a ceramic capacitor with the “Auto-27, unless
you apply a voltage to it with the capacitor leakage
test. Then you may find that the capacitance value has
decreased by as much as 50% in ceramic capacitors
having values 10 pF or smaller. This is a normal charac-
teristic of small value ceramics.
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Fig. 54 — Test the leakage of one section of a multi-
section lytic, then short one of the remaining sections
to ground. Any increase in leakage current indicates
leakage between that section and ground.



WARNING

This test should only be performed by a per-
son who understands the shock hazard of up
to 1000 volts applied to the test leads during
the capacitor leakage test. DO NOT hold the
capacitor in your hand, or touch the test leads
or capacitor leads when making this leakage
test.

To check for leakage between sections of a multi-
layer cap:

1. Connect one section of the capacitor to the LC77 test
leads. Be sure to observe proper polarity.

2. Enter the working voltage of the section being tested.
Note that a multi-layer lytic may have a different work-
ing voltage for each section.

3. Depress the CAPACITOR LEAKAGE button and
read the leakage current on the LCD display. It must
be within the maximum allowable leakage limits for
its value and voltage rating.

4. Connect one end of a short jumper to the common
terminal of the capacitor.

5. While depressing the CAPACITOR LEAKAGE but-
ton, connect the other end of the jumper to each of the
capacitor terminals not already connected to the LC77
test leads.

6. A good multi-section electrolytic will show no in-
crease in the leakage reading asthe jumper is connected
to each terminal.

Intermittent Capacitors

Occasionally an electrolytic capacitor may become in-
termittent. A poor weld of the lead to the internal foil
plates or other mechanical problem can cause the
capacitor to function randomly. Often such capacitors
will also exhibit high ESR when they are working. (The
internal construction of an electrolytic capacitor is
shown in the Appendix).

If you suspect an intermittent capacitor, move its leads
around and pull on them as you perform a capacitor
value test. A change in capacitance indicates an inter-
mittent component which should be replaced.

Checking Ceramic Capacitor
Temperature Characteristics

Ceramic capacitors are designed to have a wide range
of capacitance value and temperature characteristics,
(More details are given in the Appendix.) Replacing a
capacitor with one that has the same characteristics is
especially important in certain oscillators and other
temperature critical circuits. You can quickly deter-
mine the basic temperature characteristics of a ceramic
using the LC77 and a heat source, such as a heat gun.

Simply connect the capacitor to the LC77 and measure
its value. Then apply heat to the capacitor while you
continue to measure its value. A COG or NPO type
capacitor will not change in value, or change very
slightly as heat is applied. An N type ceramic will de-
crease in value, while a P type ceramic will increase
in capacitance.

Checking Capacitance Of
Silicon Diodes And Transistors

The capacitance of silicon diodes and transistors, as
well as the reverse leakage paths of silicon and ger-
manium transistors can be easily measured using the
LC77. Figure 55 shows the connections necessary for
these measurements. If the LC77 display shows “0.0
pF” when testing capacitance, or flashing “88.88 mA”
when testing leakage, the connections are reversed. No
special precautions are necessary when measuring
capacitance, however be sure to follow these precau-
tions when testing leakage:

1. Do not apply more than 3 volts to a transistor when
testing Ibeo.

2. Set the leakage supply to the maximum voltage rat-
ing of the transistor when testing Icho or Iceo, but do
not exceed the rated voltage. Exceeding the rated vol-
tage may cause the transistor to zener, and will damage
the junctions.

NOTE: The capacitance of germanium transistors and
diodes can not be measured with the LC77 because of
their high leakage. Leakage tests of germanium devices
are the same as for silicon devices.

PNP
Black -
ICBO and ~
B to C Capacity Red
Red \
4 ICEO and
* E to C Capacity
Red
\ / NPN
IBEO and Black _Red-p
B to E Capacity IC80 and A
Black ¥ B to C Capacity Black

o \

ICEO and
E to C Capacity

A
Black
\ /
IBEO and

Bto ECap\a:ig Red
e » &
Red Black

Reverse
Lezgge / Junctions are shown Reverse bias. Ex-
Juncti change Red and Black for forward con-

unction duction
Capacity uction.

Fig. 55 — The connection for measuring the capaci-
tance of silicon junctions and leakage paths for silicon
and germanium junctions.



Testing High Voltage Diodes

High voltage diodes, such as those found in video high
voltage and focus voltage sections may require up to
200 volts before they are forward biased and begin to
conduct. They cannot be tested with an ohmmeter since,
with only a few volts applied, a good high voltage diode
will simpy indicate “open” no matter how the ohmme-
ter is connected.

The capacitor leakage test of the LC77 provides suffi-
cient voltage to bias high voltage diodes into conduction
and also to test them for reverse breakdown. Test the
diode for normal forward conduction first. Then reverse
the test leads and check for reverse leakage.

Fig. 56 — To test a high voltage diode, enough voltage
is needed to forward bias all the junctions.

WARNING

This test should only be performed by a per-
son who understands the shock hazard of up
to 1000 volts applied to the test leads when
the the CAPACITOR LEAKAGE TEST button
is depressed. DO NOT hold the diode in your
hand, or touch the test leads or diode leads
when making this test.

To test a high voltage diode:

1. Connect the red test lead to the diode anode (“-” end)
and the black test lead to the diode cathode (“ + " end).

2. Enter 50 volts into the leakage supply and depress
the CAPACITOR LEAKAGE TEST button.

3. If the LC77 display shows no leakage, apply more
voltage until the diode begins to conduct, as indicated
by a leakage current reading of 100 uA or greater.

4. Once the diode begins to conduct, do not apply any
higher voltage as this will cause excessive current flow
through the diode and damage it.

5. If you apply 999.9 volts to the diode and it still shows
no conduction, it is open and you do not need to continue
the test.

6. When the diode begins to conduct, release the
CAPACITOR LEAKAGE TEST button and reverse the
test lead connection to the diode.

7. Set the leakage power supply to the PIV (peak inverse
voltage) of the diode shown in a replacement guide. If
the PIV is greater than 1000 V (as it will be for most
high voltage diodes) set the leakage power supply to
999.9 volts.

8. Depress the CAPACITOR LEAKAGE TEST button
and read the leakage current. A good high voltage diode
will typically show less than 2 uA of reverse current.
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Reforming Electrolytics

Aluminum electrolytic capacitors often decrease in
value and develop leakage if they sit unused for long
periods of time. (This is often the case with electrolytics
on stockroom shelves or in parts bins). These symptoms
are caused by the loss of some of the oxide dielectric.
The oxide is formed by a chemical reaction in the elec-
trolyte when voltage is applied to the plates. With time,
this oxide deteriorates. In many cases the electrolyte
has not dried up and the oxide coating can be reformed
by applying a DC voltage to the capacitor for a period
of time.

You can use the LC77 leakage test power supply to
reform the dielectric. Reforming may take an hour or
longer before the capacitor reforms and the leakage
drops to a normal amount.

Use the 39G201 Test Button Hold Down Rod supplied
with the LC77 to hold the CAPACITOR LEAKAGE
TEST button depressed while you are reforming the
capacitor. The hold down rod fits between the
CAPACITOR LEAKAGE TEST button and the carry-
ing handle, and can be adjusted longer or shorter as
needed. A hold down rod rather than a locking button
is used as a reminder to you and others that voltage is
being applied to the test leads.

WARNING

Use the 39G201 Test Hold Down Rod with ex-
treme caution. Do not touch the test leads or
the capacitor leads while the Test Hold Down
Rod is being used. Voltage up to 1000 volts is
present when the CAPACITOR LEAKAGE
TEST button is depressed. Make sure that the
capacitor being reformed will not touch or
come in contact with any metal object while
voltage is applied to it.
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Fig. 57 — The Test Button Hold Down Red keeps the
CAPACITOR LEAKAGE button depressed when re-
forming capacitors.



To reform an electrolytic:
1. Connect the capacitor to be reformed to the test leads.
2. Enter the rated voltage of the capacitor into the LC77.

3. Depress the CAPACITOR LEAKAGE TEST button,
and while holding it in, place the 39G201 Test Button
Hold Down Rod between the button and the handle.

4. Adjust the length of the rod by holding one end and
turning the other until the hold down rod keeps the
CAPACITOR LEAKAGE TEST button depressed.

5. After the capacitor has reformed for at least one hour
and the leakage has dropped to a normal amount, allow
it to set for 30 minutes. Then recheck the value and
leakage to see if reforming has improved the capacitor.

WARNING

NEVER use the Test Button Hold Down Rod
to hold in any button except the CAPACITOR
LEAKAGE TEST button. Damage to the LC77
may result if it is used to latch another button
since the protection circuits inside the LC77
are bypassed when a test button is depressed.
The warranty will be voided if the LC77 is
damaged by connecting a charged capacitor
or any other voltage to it with any of the other
buttons held in with the Test Button Hold
Down Rod.

Inductor Testing Applications
Testing Inductors In-Circuit

The LC77 “Auto-Z” can be used to measure the induc-
tance of a coil with the component still in circuit. In-cir-
cuit inductance measurements, however, may be af-
fected by the impedance of the circuit. Low values of
parallel resistance will lower the circuit impedance and
cause the LC77 to measure a lower inductance value.
Table 13 lists the amount of parallel resistance which
will cause a 10% or less change in the measured induc-
tance. Resistances larger than the amounts shown will
not have a significant effect on the inductance test.

Inductor Value Minimum Parallel Resistance
1uHto18uH 10to 100 ohms
18 uHto 180 uH 2510200 ohms
180uHto 1.8 mH 50to 500 ohms

1.8mHto 18 mH 150 ohms to 1.3 kilohms

18 mHto 180 mH 400 ohms to 3 kilohms
180mHto1.8H 800 ohmsto 7 kilohms
1.8Hto20H 5k to 25 kilohms

Table 13 — Inductors may be measured in-circuit if
the parallel resistance is greater than the amounts
listed here.

NOTE: Good inductors may not normally ring if con-
nected in-circuit, unless the paralleled impedance is
quite high. However, if an inductor does ring in-circuit,
it is good.
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Often an inductor mounted in-circuit has leads which
are too short to attach the test lead clips to. The (op-
tional) 39G85 Touch Test Probe is especially useful for
measuring such coils. It provides 2 needle-sharp points
which will pierce through the coating on the foils allow-
ing contact to the coil leads.

inductors mounted on PC boards.

Mutual Inductance

Mutual inductance occurs when two or more coils are
wound on the same form and connected together. In
such cases, the total inductance measured across the
windings will not equal the sum of the measured induc-
tances of the individual coils. This is due to the mutual
inductance of the coils. The total measured value may
be higher or lower than the individual inductances,
depending on whether the coils are aiding or opposing.
In addition, the effects of mutual inductance depend on
the type of core material, the spacing of the turns, and
the type of turns used. The amount of inductance mea-
sured by the “Auto-Z” will be the same inductance seen
by the circuit.

: s (TUTO LINE T LD : C. IS LTR YL :
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228b uH 1870 uH

(When Mutual Inductance Adds) (When Mutual Inductance
Subtracts)

Fig. 59 — The effects of mutual inductance may add
or subtract from the sum of the individual.

Ringing Peaking Coils

Peaking coils are often wound around a resistor. The
resistor serves to lower the Q of the coil to prevent
ringing. For this reason, some good peaking coils will
not read good on the Inductor Ringer test. The lower
the resistor value, the fewer rings the coil will read.



The best test for peaking coils is to observe the number
of rings, rather than the good/bad indication, and com-
pare the coil to an identical known good component.

Ringing Metal Shielded Coils

Sometimes coils, such as IF transformers, may be placed
inside a shield to reduce in-circuit interference. These
shielded coils may not ring good when tested with the
Inductor Ringer test because the metal shield absorbs
some of the ring energy.

A shielded coil is good if it rings ten or more. However,
if it rings less than ten, remove the metal shield, if
possible, and test the coil again. If it now rings 10 or
more, the coil is good. If you are unable to remove the
metal shield, make a comparison test using an identi-
cal, known good component.

Ringing Flyback Transformers

A flyback transformer is a special type of transformer
which produces the focus and second anode voltages fer
a CRT. Many flybacks also have several lower voltage,
relatively high current windings which power other
circuits and the CRT filament. Because of the high
voltages present, a flyback transformer may develop
an internal shorted turn. A shorted turn reduces the
efficiency of the transformer and usually causes severe
circuit problems. Inductance measurements are of little
value when troubleshooting a flyback, since a shorted
turn causes little change in inductance value. In addi-
tion, the inductance value is seldom known. The LC77
Inductor Ringer test will detect a shorted turn in any
of the primary or secondary windings of a flyback.

Red Lead

Damper
H. Opt Tube [
Black Lead
Tube I
Black Lead b+
Red
Solid State

Fig. 60 — Connect to the primary side of a flyback to
do the ringing test.

A flyback transformer may be tested in or out of circuit
with the LC77 Ringer test, although several external
loads may need to be disconnected before a good flyback
will ring. Connect the LC77 to the primary of the
flyback and select the “YOKES & FLYBACKS” COM-
PONENT TYPE switch. Depress the INDUCTOR
RINGER TEST button and read the condition of the
flyback as “GOOD” or “BAD” in the LC77 display. If
the flyback rings “BAD”, disconnect any loads until the
display reads “GOOD”. If the flyback is completely dis-
connected and still rings “BAD” the flyback has a
shorted turn, or the winding, to which the test leads
are connected, is open. In either case, the flyback should
be considered bad.

NOTE: Certain flybacks have removeable cores. The fer-
rite core must be installed inside the windings in order
for the flyback to ring “GOOD”.

A few flybacks used in some small solid state chassis
have a low impedance primary which will not ring when
good. However, these flybacks will always have a sec-
ondary winding which will ring good if the transformer
is good. Simply ring the secondary windings. If one
rings good the flyback does not have any shorted turns.
If no winding rings good the flyback is bad.

A coil in the secondary of a flyback may occasionally
open, rather than short. An open coil will not load the
other windings as a short does. If the operation of the
chassis indicates the possibility of an open winding,
leave the LC77 connected to the primary winding and
short each of the windings with a jumper. Shorting out
a winding will reflect back to the primary and cause
the ring test to go from “GOOD” to “BAD”. If the ring
test does not change, the winding being shorted with
the jumper is open.

WARNING

Do not connect the LC77 testleads to a flyback
in-circuit until all power to the chassis has be
removed, and the AC line cord has been dis-
connected.

Fig. 61 — Use a jumper to determine if a flyback wind-
ing is open. An open winding will not cause theringing
test to change when a jumper is placed across it.



To ring a flyback transformer:

1. Connect the red test lead to the collector of the hori-
zontal output transistor, or to the plate cap of a horizon-
tal output tube.

2. Connect the black test lead to B + side of the primary
winding. In a tube set connect to the cathode of the
damper diode or anode of the boost rectifier.

3. Pull the socket off the CRT (remove the high voltage
rectifier tube in a tube chassis) to prevent the filaments
from loading the secondary and giving a false ringing
indication.

4. Depress the INDUCTOR RINGER TEST button. If
the LC77 display reads “GOOD” the flyback is good,
and the remaining steps are not necessary.

A “BAD” reading indicates that either the flyback has
a shorted turn or that it is being loaded down. The
following steps will locate the defect. Continue discon-
necting the loads in the following order until the flyback
rings “GOOD”. If the flyback rings “GOOD?” after you
disconnect a load, double check that load to make sure
it is not defective.

5. Disconnect the horizontal yoke windings and repeat
the ringing test.

6. If the ringing test still reads bad, remove one end of
the damper diode in the solid state chassis and repeat
the test.

7. If the ringing test still reads bad, unplug the con-
vergence coils and repeat the test.

8. If the ringing test still indicates bad, disconnect any
remaining low voltage, AGC or other windings one at
a time.

9. If all the loads are disconnected and the ringing test
still indicates bad, the flyback has a shorted turn.

Many flybacks used in solid state chassis have the high
voltage rectifier diodes (tripler) built in to the secondary
winding. These flybacks are called Integrated High Vol-
tage Transformers (IHVTs). The Ringing test will lo-
cate defective turns in these types of flybacks as well.
A problem with the diodes will result in problems with
the high voltage, even though the Ringing test indicates
“GOOD”. If the flyback rings “GOOD” but produces no
high voltage, one of the diodes is open. If the high vol-
tage is several thousand volts too low and the flyback
rings good, one or more of the diodes is shorted. In
either case, the flyback is defective and must be re-
placed.

Ringing Deflection Yokes

Video deflection yokes are special inductors which are
used to move a CRT electron beam both vertically and
horizontally. As with flybacks, the LC77 Ringing test
provides a quick and reliable good/bad test. Yokes
should be tested while they are still mounted on the
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CRT, since a shorted winding may be caused by the
pressure of the yoke mounting. Relieving the pressure
may cause the short to go away.

A deflection yoke has two sets of windings (horizontal
and vertical) which must both test good. The yoke leads
must be disconnected from the circuit. This is often
accomplished by simply pulling the yoke plug from the
chassis. The vertical windings may often have damping
resistors across them which also must be disconnected.
These resistors may be on the chassis, in which case
simply pulling the yoke plug will disconnect them.

They may also be soldered right to the yoke, meaning
you will need to unsolder one side of the resistor. Test
both yoke windings with the “YOKES & FLYBACK”
COMPONENT TYPE button selected.

NOTE: Test the vertical windings individually on yokes
that have series connected vertical windings. The verti-
cal windings should read within 3 rings of each other,
but may not necessarily ring “GOOD” with 10 or more
rings. Any such yoke that has a ring difference greater
than 3 rings, or an inductance value difference greater
than 10% will give problems in the chassis.

WARNING

Do not connect the LC77 to the yoke in the
chassis until all power has been removed and
the AC plug has been disconnected.

Fig. 62 — Test deflection yokes with the ringing test
while the yoke is still mounted on the CRT.



To test horizontal yoke windings:

1. Disconnect the yoke from the circuit by pulling the
yoke plug or unsoldering the wires.

2. Connect the test leads to the horizontal winding.

3. Select the “YOKES & FLYBACKS” COMPONENT
TYPE button.

4. Depress the INDUCTOR RINGER TEST button and
read the test result in LC77 display.

5. If the horizontal windings test “GOOD”, continue on
and test the vertical winding. The vertical windings
must also test “GOOD” before you consider the yoke
good. If the horizontal winding test “BAD” the yoke is
defective and there is no need to test the vertical wind-
ings.

To test the vertical windings:

6. If the yoke has damping resistors across the vertical
winding, unsolder one end of the resistor.

7. Connect the test leads to the vertical winding

8. Depress the INDUCTOR RINGER TEST button and
read the test result in the LC77 display.

9. If the vertical windings do not test “GOOD?”, the yoke
is defective.

Special Note On Solid State
Yokes And Flybacks:

A few yokes and flybacks have very low Q for use in
certain solid state chassis. These components may not
ring “GOOD” but may rather ring only 8 or 9 times.
To determine if they are good or bad simply add a
“shorted turn” and again check the number of rings. If
the yoke or flyback is good, the number of rings will
drop drastically when the short is added. A defective
voke or flyback will not be affected by the shorted turn
and the number of rings will change only 1 or 2 counts
if at all.

A simple “shorted turn” is a piece of solder or heavy
gauge wire formed into a loop. Press the loop close to
the windings of the yoke or wrap it around the core or
windings of the flyback.

Cable Testing Applications
Testing Coaxial Cable

Coaxial cables and transmission lines have characteris-
tics of both an inductor and a capacitor, as illustrated
in Figure 63. The LC77 “Auto-Z” can be used to deter-
mine the length of a piece of coaxial cable (or the dis-
tance to a break) and the distance to a short between
the center conductor and shield. Any breakdown in the
dielectric can also be detected using the LC77 leakage
power supply.
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R
L, b

L, = Series Inductance

C; = Shunt Capacitance
R, = Shunt Resistance (dielectric leakage)
R, = Series Resistance

Fig. 63 — A length of coaxial cable consists of capaci-
tance and inductance distributed throughout the
cable’s length.

DETERMINING THE DISTANCE TO AN OPEN

A length of coaxial cable open at both ends is equivalent
to a long capacitor, with the two conductors forming
the plates. Every type of coaxial cable has a normal
amount of capacitance per foot, specified in picofarads
per foot (pF/ft). The capacitance per foot values for some
common coaxial cable types are listed in Table 14. The
length of a piece of cable, as well as the distance to an
open, is found by simply measuring the capacitance
between the center and outer conductors and dividing
this total capacitance by the cable’s capacitance per
foot value. If possible, measure from both ends of the
cable to more accurately pinpoint the break. In most
cases, the length of a cable can be determined within
1-2%.
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Fig. 64 — Use the LC77 to measure the distance to
breaks or shorts in buried cable.

To measure the length of a cable:
1. Zero the LC77 test leads.
2. Connect the red test lead to the center conductor and

the black test lead to the braided shield outer conductor
of an open (unterminated) cable,



3. Press the CAPACITOR VALUE TEST button and
read the total capacitance of the cable.

4. Divide the LC77 capacitance reading by the cable’s
capacitance per foot value. This gives the length of the
cable, or the distance to the break in feet.

You can also use this test to determine the length or
to pinpoint a break in multiconductor cable that has 3
or more conductors. Due to variations in conductor spac-
ing and noise pickup, however, the accuracy will not
be as good as for coaxial cable. Follow the same proce-
dure as above, except tie all but one of the conductors
together to form the outer “shield”. Measure the capaci-
tance between this “shield” and the remaining single
wire. You can determine the capacitance per foot for
the cable using the procedure in the section “Determin-
ing Capacitance And Inductance Per Foot”.

NOTES: 1. The accuracy of these measurements de-
pends on the cable tolerance. The values listed in Table
14 are nominal amounts which may very slightly (within
2%) with cable manufacturer. 2. Excessive crimping or
clamping along the cable will change the total capaci-
tance reading.

50-55 Ohm

Nominal Nominal Nominal
RG/UCable Type| Impedance | CapinpF/FT | Inductance
5B/U 50 205
8u 52 295
8UFoam 50 26
8A 52 29.5
10AU 52 29.5
18AU 52 29.5
58/U 53.5 285
58/U Foam 50 26
58A/U 50 30.8
58C/U 50 29.5
58C/UFoam 50 26
74AU 52 295
174U 50 30-30.8
177V 50 30
212U 50 295
213U 50 30.5
214U 50 30.5
215U 50 30.5
219U 50 30
225U 50 30
2241V 50 30

Table 14 — Capacitance per foot values for common
coaxial cable types.
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LOCATING A SHORT IN COAXIAL CABLE

A coaxial cable which has a short between its center
conductor and outer conductor is similar to a very long
inductor. The LC77 can be used to determine the dis-
tance to a short using the Inductor Value test. The
amount of inductance per foot of a coaxial cable is not
usually published by the cable manufacturer, and the
amount for the same type of cable may vary signific-
antly from one manufacturer to another. Therefore, to
calculate the distance to a short you must first use a
same length of cable to determine the inductance per
foot value, as explained in the following section. Record
this amount in Table 14 for each type and manufacturer
of cable you encounter.

To determine the distance to a short:
1. Zero the LC77 test leads.
2. Connect the red test lead to the center conductor and

the black test lead to the braided shield outer conductor
of a shorted cable.

70-75 Ohm
Nominal Nominal Nominal

RG/UCableType | Impedance | CapinpF | Inductance uH/FT
6Al 75 20

6A/UFoam 75 20

11U 75 20.5

11UFoam 75 173

1AV 75 20.5

12AU 75 20.5

13A/U 74 20.5

34B/U 75 20

35B/U 75 20.5

59U 73 21

59/UFoam 75 17.3

59/BU 75 205

164U 75 20.5

216/U 75 20.5

80-125 Ohm
Nominal Nominal Nominal

RG/UCableType | Impedance | CapinpF | Inductance uH/FT
62V 93 135

62A/V 93 135

63B/U 125 10

7B 93 135

79B/U 125 10




3. Press the INDUCTOR VALUE TEST button and
read the total inductance of the cable.

4. Divide the LC77 inductance reading by the cable’s
inductance per foot value. This gives the distance to
the short in feet.

Note: To help pinpoint the short with greater accuracy,
measure the inductance from both ends of the cable.

DETERMINING CAPACITANCE AND
INDUCTANCE PER FOOT

The capacitance and inductance per foot values for a
particular type of coaxial cable can be determined by
measuring a sample cable of known length. After
measuring the amount of capacitance and inductance
with the LC77, divide the total amounts by the length
of the sample. Sample lengths of at least 10 feet are
recommended for accurate capacitance measurements,
and 25 feet for accurate inductance measurements.

To determine capacitance and inductance per
foot:

1. Zero the LC77 test leads.

2. Connect the red test lead to the center conductor and
the black test lead to the braided shield outer conductor
at one end of the sample cable.

3. Leave the other end of the cable open to measure
capacitance; short together to measure inductance.

4. Press the CAPACITOR VALUE or INDUCTOR
VALUE TEST button and read the total capacitance
or inductance of the cable.

5. Divide the LC77 reading by the length of the sample
cable. Record for future reference.

USING THE LC77 TO FIND AGING CABLE

All coaxial cables exposed to the elements eventually
degrade to the point where they need to be replaced.
The LC77 can be used for preventative maintenance
checks of coaxial cable to determine if deterioration is
beginning to occur. As a cable begins to fail, the dielec-
tric separating the conductors becomes contaminated
causing a change in the cable’s capacitance and the DC
leakage through the dielectric.

All cable has a normal amount of capacitance per foot
and any significant change that occurs over a period of
time indicates a developing problem. The best check
for aging cable is to measure and record the total capaci-
tance of the installation when it is first installed. If the
initial value is not known, you can multiply the length
of the cable by its nominal capacitance per foot. Then
compare periodic capacitance measurements back to
the initial amount and look for any changes. As the
dielectric becomes contaminated, the LC77 capacitance
reading will increase.
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The LC77 leakage power supply also provides a good
test of a cable’s condition. Simply measure the amount
of leakage through the dielectric between the conduc-
tors. Most cables have a maximum operating voltage
of 1000 volts or more and should be tested with the
LC77 leakage supply set to 999.9 volts. A few “air space”
dielectric types of coaxial cable, such as RG37, RG62,
RG71, and RG72 have a maximum operating voltage
of 750 volts and should be tested at this lower voltage.

WARNING

This test should only be performed by a qual-
ified person who understands the shock and
safety hazards of up to 1000 volts applied to
the test leads and open ends on the coaxial
cable.

A good piece of cable should have no leakage when the
voltage from the LC77 is applied between the center
conductor and outside shield. The length of the cable
being tested will make no difference on the leakage
reading. Any leakage reading indicates the dielectric
is breaking down.

High Potential Testing

The LC77 “Auto-Z” can be used to locate leakage cur-
rents as low as .1 uA, such as the leakage between PC
board foils, leakage between windings of a transformer,
and leakage between switch contacts and shafts. These
leakage currents are much to small to be measured
with an ohmmeter, but are measurable when a high
voltage potential (Hi Pot) is applied with the LC77
leakage power supply.
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Fig. 65 — Small leakage paths can be detected with
the LC77 Hi Pot test.



WARNING

These tests are only to be performed by a per-
son who understands the shock hazard of up
to 1000 volts applied to the test leads and to
the component under test when the Capacitor
Leakage button is depressed. Do not hold the
test leads or the component under test in your

hands when making any Hi Pot test.

Traces on a bare printed circuit board should show no
leakage when tested at 1000 volts with the LC77. Any
leakage indicates contamination on the board, or fine,
hair-like projections from the etched traces shorting
between the traces. The (optional) 39G85 Touch Test
Probe may be used to make easy connection to the foils.
It provides needle-sharp points that are adjustable for
different trace spacings.

AC power transformers should be tested to make sure
they provide proper isolation from the AC line. Trans-
formers should be tested for leakage between the pri-
mary and secondary, as well as for leakage between
the windings and the metal core or frame. To test for
leakage between primary and secondary disconnect all
transformer leads from the circuit. Connect one of the
LC77 test leads to one of the primary leads and the
other LC77 lead to one of the secondary leads. If the
transformer has more than one secondary winding,
each should be tested for leakage. Most transformers
used today have a 1500 volt break down rating and
should have 0 microamps of leakage when tested at
1000 volts with the LC77. Any leakage indicates a po-
tential shock and safety hazard.

Measuring Resistors To 1 Gigohm

Focus and high voltage resistors up to 1 gigohm may
be measured using the leakage power supply in the
LC77. These resistors are often much too large in value
to be measured with any other test. The “Auto-Z” will
read the resistance of these resistors without any calcu-
lations.

The range of resistance which the LC77 will measure
depends on the applied voltage. Table 15 shows the
amount of applied voltage needed to produce a usable
resistance reading. Simply place the front panel LEAK-
AGE switch in the “Ohms” position, set the leakage
power supply to a voltage just high enough to read the
anticipated resistance, and depress the CAPACITOR
LEAKAGE TEST button. The “Auto-Z” will display the
amount of resistance directly in ohms.

WARNING

This test is only intended to measure high vol-
tage resistors. Some resistors have voltage
ratings of 200 volts or less and will be dam-
aged by high test voltages. Apply only enough
voltage to the resistor (as shown in Table 15)
to produce a reading.
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Tgble 15 — To measure restance values up to 1
gigohm, enter the necessary leakage voltage amount
to place the restance value within the shaded area.

Applications Of The
Leakage Power Supply

Many times a variable voltage DC power supply is
needed in troubleshooting and other applications good
as applying a bias voltage or powering a circuit. The
LC77 leakage power supply may be used in these appli-
cations to provide voltages in 0.1 volt steps from 1.0 to
999.9 volts DC. Simply enter the desired voltage using
the COMPONENT PARAMETERS keypad and use the
39G201 Test Button Hold Down Rod to keep the
CAPACITOR LEAKAGE button depressed.

'The amount of current being drawn by the circuit con-
nected to the LC77 will be displayed in the LCD display
up to 19.9 milliamps. (Currents greater than 20 mA
will cause the LCD display to overrange). The leakage
power supply is current limited and will not be damaged
by excessive current draw. When over loaded, the out-
put voltage will drop to a level that will not damage
the supply. Table 16 shows the amount of current which
the leakage power supply can provide with less than a
10% reduction in output voltage.
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Table 16 — Current output capabilities of the “Auto-Z"
leakage power supply.
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MAINTENANCE

Introduction

The LC77 is designed to provide reliable service with
very little maintenance. A fully equipped Factory Ser-
vice Department is ready to back the LC77 should any
problems develop. A schematic, parts list, and circuit
board layouts are included along with this manual on
separate sheets.

Recalibration And Service

Recalibration of the LC77 is recommended on a yearly
basis, or whenever the performance of the unit is notice-
ably affected. Precise standards are required to insure
accurate and National Bureau of Standards (NBS)
traceable calibration. For this reason it is recommended
that the LC77 be returned to the Sencore Factory Ser-
vice Department for recalibration. The address of the
Service Department is listed below. No return authori-
zation is required to return the LC77 for recalibration
or service. In most cases, the unit will be on its way
back to you within 3 days after it is received by the

Service Department at: Sencore Factor‘y Service
3200 Sencore Drive
Sioux Falls, SD 57107
(605)339-0100.

Circuit Description And
Calibration Procedures

A complete circuit description, and a detailed calibra-
tion procedure listing the necessary standards and
equipment, are available for the LC77 “AUTO-Z".
These items may be purchased separately through the
Sencore Factory Service Parts Department at the ad-
dress and phone number listed below.

Replacement Leads

The 39G143 Test Leads on the LC77 are made from a
special low capacity cable. Replacing the test leads with
a cable other than the low capacity test lead will result
in measurement errors. Replacement 39G143 Test
Leads are available from the Sencore Service Parts De-
partment.

“Spare” Button

The “SPARE” button on the front panel is provided to
keep your LC77 “Auto-Z” from becoming obsolete. If a
new or different type of component is introduced in the
coming years, your LC77 may be updated by changing
the EPROM chip or by changing the EPROM memory
itself. Be sure to return the warranty card sent with
the LC77 so that you can be notified if an update takes
place.

Blown Fuse Conditions

A 1 amp, Slo-Blo (3AG) fuse is located in the test lead
_ input jack on the front of the “Auto Z”. This fuse protects
the unit from accidental external voltage or current
overloads. The fuse may need replacement if the follow-
ing conditions exist:
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-Display reads “OPEN" during inductor lead zeroing
-Display reads “OPEN” during inductance test
-Ringing test reads “Error 17

-ESR test reads “Error 7”

-No leakage readings

-Readings do not change with test leads open or shorted

Fuse Replacement

The fuse for the test lead input is located behind the
BNC input jack. Remove the fuse holder by turning the
BNC connector counter clockwise and unscrewing the
connector until the fuse is free. The BNC connector of
the test leads may be used as a “Wrench” to aid in the
removal of the fuse holder. When replacing the fuse
holder, make sure it is screwed in tightly to prevent
the connector from turning when connecting and dis-
connecting test leads. Replace the fuse with a 1 Amp
Slo-Blo (3AG) fuse only.
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Fig. 66 — Remove the TEST LEAD BNC jack to replace
the input protection fuse.

Display Test

The LCD display of the “Auto-Z” LC77 may be tested
at any time by performing the battery test and pushing
the CLR button at the same time. All the segments of
the LCD readout will momentarily turn on followed by
a sequential readout of all the numbers and symbols
on the display. Any missing segments, symbols, or num-
bers indicate a defect either in the display itself or an
internal circuit. In this case the Sencore Factory Service
Department should be called for service instructions.
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Fig. 67 — Push the “CLR” button while holding the
power switch to “ON & BATT TEST” to check LCD
display.



APPENDIX

Introduction

The capacitor is one of the most common components
used in electronics, but less is known about it than any
component in electronics. The following is a brief exp-
lanation of the capacitor, how it works, and how the
“Auto-Z” measures the important parameters of the
capacitor.

Capacitor Theory
and the “Auto-Z”

The basic capacitor is a pair of metal plates separated
by an insulating material called the dielectric. The size
of the plates, the type of dielectric, and the thickness
of the dielectric determines the capacity. To increase
capacity, you can increase the size of the plates, increase
the number of plates, use a different dielectric or a
thinner dielectric. The closer the plates, or the thinner
the dielectric, the larger the capacity for a given size
plate. Because flat plates are rather impractical,
capacitors are generally made by putting and insulat-
ing material (dielectric) between two foil strips and
rolling the combination into a tight package or roll.

Dielectric
%
7 A

Foil plate
for this

for this
end

Fig. A — Many capacitors are made of foil separated
by a dielectric and rolled into a tight package.

The old explanation of how a capacitor works had the
electrons piling up on one plate forcing the electrons
off of the other to charge a capacitor. This made it
difficult to explain other actions of the capacitor. Fara-
day’s theory more closely approaches the way a
capacitor really works. He stated that the charge is in
the dielectric material and not on the plates of the
capacitor. Inside the capacitor’s dielectric material,
there are tiny electric dipoles. When a voltage is applied
to the plates of the capacitor, the dipoles are stressed
and forced to line up in rows creating stored energy in
the dielectric. The dielectric has undergone a physical
change similar to that of soft iron when exposed to
current through an inductor when it becomes a magnet.
If we were able to remove the dielectric of a charged
capacitor, amd then measure the voltage on the plates
of the capacitor, we would find no voltage. Reinserting
the dielectric and then measuring the plates, we would
find the voltage that the capacitor had been charged
to before we had removed the dielectric. The charge of
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the capacitor is actually stored in the dielectric mater-
ial. When the capacitor is discharged, the electric di-
poles become re-oriented in a random fashion, discharg-
ing their stored energy.

g = ARG
IR
CHARGED UNCHARGED
CAPACITOR CAPACITOR

Fig. B — Applying a potential to a capacitor causes
the dipoles in the dielectric to align with the applied
potential. When the capacitor discharges the dipoles
return to an unaligned, random order.

When a capacitor is connected to a voltage source, it
does not become fully charged instantaneously, but
takes a definite amount of time. The time required for
the capacitor to charge is determined by the size or
capacity of the capacitor, and the resistor in series with
the capacitor or its own internal series resistance. This
is called the RC time constant. Capacity in Farads mul-
tiplied by resistance in Ohms equals the RC time con-
stant in seconds. The curve of the charge of the capacitor
is the RC charge curve.

100

— ]
/)

90

N

/

~
o

S

Percent of charge
[-2]
[—]
N

30

20

10

O0RC  1RC 2RC 3RC 4RC 5RC

Fig. C — Capacitors follow an RC charge time as they
charge to the applied voltage.
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The “Auto-Z” makes use of this charge curve to measure
the capacity of a capacitor. By applying a pulsating DC
voltage to the capacitor under test and measuring the
time on its RC charge curve, the capacity of the
capacitor can be determined very accurately.

Capacitor Types

There are many different types of capacitors, using dif-
ferent types of dielectrics, each with its own best capa-
bility. When replacing capacitors, it is best to replace
with a capacitor having not only the same capacity and
tolerance, but the same type of dielectric and tempera-
ture characteristics as well. This will insure of con-
tinued performance equal to the original.

The capacitor is often named according to the type of
dielectric which is used, such as paper, mylar, ceramic,
mica or aluminum electrolytic.

Paper and mica were the standard dielectric materials
used in capacitors for years. Ceramic became popular
due to its stability and controlled characteristics and
lower cost over mica. Today, there are many dielectrics
with different ratings and uses in capacitors. Plastic
films of polyester, polycarbonate, polystyrene, poly-
propylene, and polysulfone are used in many of the
newer large value, small size capacitors. Each film has
its own special characteristics and is chosen to be used
in the circuit for this special feature. Some of the plastic
films are also metalized by vacuum plating the film
with a metal. These are generally called self-healing
type capacitors and should not be replaced with any
other type.

Ceramics

Ceramic dielectric is the most versatile of all. Many
variations of capacity can be created by altering the
ceramic material. Capacitors that increase, stay the
same value, or decrease value with temperature
changes can be made. If a ceramic disc is marked with
a letter P such as P100, then the value of the capacitor
will increase 100 parts per million per degree centig-
rade increase in temperature. If the capacitor is marked
NPO or COG, then the value of capacity will remain
constant with an increase in the temperature.

Ceramic disc capacitors marked with an N such as
N1500 will decrease in capacity as the temperature
increases. The negative temperature coefficient is im-
portant in many circuits such as the tuned circuits of
the radio and television IF. The temperature coefficient
of an inductor is positive and the inductance will in-
crease as the temperature rises. If the tuning capacitor
across the coil is a negative coefficient, then the net
result will be a zero or very little change.

General type ceramic discs are often marked with such
letters as Z5U, Z5F, Y5V, X5V, and so forth. This indi-
cates the type of temperature curve for the particular
capacitor. Ceramic capacitors that are not NPO or rated
with N or P type characteristics will have wider temper-
ature variations and can vary both positive and nega-
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Fig. D— Temperature change versus capacity change
of P100 to N750 temperature compensated ceramic
disc capacitors.
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Fig. E— Temperature change versus capacity change
of N750 to N5600 temperature compensated ceramic
disc capcitors.

tive with temperature changes. The Z5U probably has
the greatest change and will only be found in non-crit-
ical applications such as B + power supply decoupling.
These type of capacitors should not be used in critical
applications such as oscillator and timing circuits.

A ceramic capacitor marked GMV means that the value
marked on the capacitor is the Guaranteed Minimum
Value of capacity at room temperature. The actual
value of the capacitor can be much higher. This type
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of capacitor is used in bypass applications where the
actual value of capacity is not critical.

Ceramic capacitors have been the most popular
capacitors in electronics because of the versatility of
the different temperature coefficients and the cost.
When replacing a ceramic disc capacitor, be sure to
replace the defective capacitor with one having the
same characteristics and voltage rating.

Aluminum Electrolytics

The aluminum electrolytic capacitor or “Lytic” is a very
popular component. Large value capacity in a relatively
small case with a fairly high voltage rating can be
obtained quite easily. The aluminum lytic is used in
power supply filtering, audio and video coupling and
in bypass applications.

The aluminum lytic is made by using a pure aluminum
foil wound with a paper soaked in a liquid electrolyte.
When a voltage is applied to the combination, a thin
layer of oxide film forms on the pure aluminum forming
the dielectric. As long as the electrolyte remains liquid,
the capacitor is good or can be reformed after sitting
for a while. When the electrolyte drys out the leakage
goes up and the capacitor loses capacity. This can hap-
pen to aluminum lytics just sitting on the shelf. When
an aluminum lytic starts drying out, the capacitor be-
gins to show dielectric absorption. Excessive ESR is
also a common failure condition for aluminum lytic
capacitors.

62

Tantalum Electrolytics

The tantalum electrolytic capacitor is becoming very
popular. While the leakage in the aluminum lytic is
very high due to the nature of its construction, leakage
in tantalum capacitors is very low. In addition, tan-
talum capacitors can be constructed with much tlghter
tolerances than the aluminum lytic. The tantalum is
much smaller in size for the same capacity and working
voltage than an aluminum lytic. Tantalum lytics are
popular in circuits where high capacity and low leakage
is required. The capacity and voltage rating of the tan-
talum lytic is limited, and for extremely large values
of capacity and higher voltages in power supply filter-
ing, the aluminum lytic is still the first choice.

Dilelectric
Oxide Layer
Cathode Anode
Electrode Electrode
,.. 4’.‘.%6-' 8‘-‘3-'0‘%°
+
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:."‘S-.s: “'".5""0“‘-’" 5

JE SR

Rg
= Series Resistance Rp
(Leads, Electrodes,
= Loakage Resistance
And Electroiyte) Ot Dielectric Film

Fig. G — Construction of an electrolytic capacitor and
its equivalent circuit.



A Capacitor Is More
Than A Capacitor

An ideal capacitor is defined as “a device consisting of
two electrodes, separated by a dielectric, for introducing
capacitance into an electric circuit.” Unfortunately, we
don’t work with ideal components. The capacitors we
encounter every day in our service work are much more
complex than this simple definition. In an actual
capacitor, a certain amount of current leaks through
the dielectric or the insulation. Capacitors have inter-
nal series resistances, can exhibit an effect called dielec-
tric absorption, and the capacitance can change in
value. If we were to draw a circuit to represent an
actual capacitor, it might look like the circuit in Figure
H.

Capacitor
F————————— -
N
| |
| |
' l
' |
: |
|
| c1 Rs :
e H

Fig. H — Equivalent circuit of a practical capacitor.

The capacitor C1 represents the true capacitance, the
resistance Rp represents the leakage path through the
capacitor, and the resistance Rs, called the Effective
Series Resistance (ESR) represents all of the combined
internal series resistances in the capacitor.

Leakage

One of the most common capacitor failures is caused
by current leaking through the capacitor. Some
capacitors will show a gradual increase in leakage,
while others will change rapidly and even short out
entirely. In order to effectively test a capacitor for leak-
age, it is necessary to test the capacitor at its rated
voltage.

When a DC voltage is applied to a capacitor, a certain
amount of current will flow through the capacitor. This
current is called the leakage current and is the result
of imperfections in the dielectric. Whenever this leak-
age current flows through an electrolytic capacitor, nor-
mal chemical processes take place to repair the damage
done by the current flow. Heat will be generated from
the leakage current flowing through the capacitor and
will speed up the chemical repair processes.

As the capacitor ages, the amount of water remaining
in the electrolyte will decrease, and the capacitor will
be less capable of healing the damage done by the vari-
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ous leakage paths through the dielectric. Thus, as the
amount of water in the electrolyte decreases, the
capacitor will be less capable of healing the leakage
paths and the overall leakage current in the capacitor
will ultimately increase. The increase in leakage cur-
rent will generate additional heat, which will speed up
the chemical processes in the capacitor. This process,
of course, will use up more water and the capacitor will
eventually go into a run-away mode. At some point,
the leakage current will finally get large enough to
adversely affect the circuit the capacitor is used in.

Dielectric Absorption

One of the most common types of failures of electrolytic
capacitors is dielectric absorption. Dielectric absorption
is the result of a capacitor remembering a charge that
is placed on it. The capacitor cannot be completely dis-
charged and a voltage will reappear after the capacitor
has been discharged. Another name for dielectric ab-
sorption is battery effect. As this name implies, a
capacitor with excessive dielectric absorption will act
like a battery in the circuit. This will upset the circuit
by changing bias levels. A capacitor with excessive
dielectric absorption will also have a different effective
capacitance when it is operating in a circuit. Dielectric
absorption will not normally show up in film or ceramic
capacitors, but if the “Auto-Z” test does indicate dielec-
tric absorption the capacitor is likely to fail in use.
Dielectric absorption in these capacitors will generally
be associated with a high leakage as well.

Cathode
Lead
Resistance R4

Cathode
Lead-To-Plate
Resistance Rz

Resistance Of
Cathode Plate

Resistance
Due To
Electrolyte Ra

]
WA
)
"]

Resistance Of
Anode Plate

Anode
Lead-To-Plate
Resistance Rg

Anode
Lead
Resistance R7

Fig. | — The Effective Series Resistance (ESR) is com-
posed of all the combined internal resistances in the
capacitor.



Equivalent Series Resistance

Another problem which develops in capacitors is high
Equivalent Series Resistance (ESR). All capacitors
have a certain amount of ESR. Sources that contribute
to ESR include lead resistance, dissipation in the dielec-
tric material, and foil resistance. Small, non-electroly-
tic capacitors should have extremely small amounts of
ESR. An electrolytic capacitor which has excessive ESR
will develop internal heat which greatly reduces the
life of the capacitor. In addition, ESR changes the im-
pedance of the capacitor in circuit since it has the same
effect as adding an external resistor in series with the
component.

Fluctuating ¢
AC
Capacitor
Isolated
Rg From Power
Supply Line

Fig. J — The Equivalent Series Resistance has the
result of isolating the capacitor from the power supply
line, reducing its filtering capabilities.

Value Change

Capacitors can change value. On some multi-layer foil
capacitors, poor welding or soldering of the foil to the
leads can cause an open to one of the foils to develop
due to stress of voltage or temperature. This can result
in a loss of almost one-half of the capacitor’'s marked
capacity. Ceramic disc capacitors can also change value
due to fissures or cracks. Small fissures or cracks in
the ceramic insulating material can be created by ther-
mal stress from exposure to heat and cold. Sometimes
very small fissures develop which do not effect the
capacitor until much later. The crack will reduce the
capacitor to a smaller value. Although the ceramic is
still connected to the leads, the actual value of capacity
could be a very small portion of the original value de-
pending upon where the crack occurs. The “Auto-Z”
will let you know what the value of the capacitor is
regardless of its marked value.

Electrolytic capacitors are another example of
capacitors that can change value in circuit or on the
shelf. As these capacitors dry out, they eventually lose

their capacitance due to the failure of the aluminum
oxide film making up the dielectric. A change in value
in an aluminum electrolytic will often also be preceded
by other defects, such as high leakage, high dielectric
absorption and/or high internal resistances.

\ Quter Coating
Ceramic
.!—-—"""\"'-—_— Dielectric
Capacitor
Plate

Crack
{Fissure)

Lead soldered
to capacitor
plate

Fig. K — A ceramic disc is made of a silver coated
ceramic dielectric which is coated with a protective
coating. Large cracks or fissures in the dielectric may
develop which change the capacitance value.

As Figure L shows, the ESR is the combined resistances
of the connecting leads, the electrode plates, the resis-
tance of the lead to plate connections, and the losses
associated with the dielectric. All capacitors have some
ESR. Normal amounts of ESR are tolerated by the
capacitor and the circuit it is used in. Defects can occur,
however, in the capacitor which will increase the ESR
in the capacitor. Any increase in ESR can affect the
circuit in which the capacitor is used, as well as the
capacitor itself.

Excessive ESR caused heat to build up within the
capacitor, causing it to fail at an accelerating rate. ESR
also reduces the ability of a capacitor to filter AC. As
the model in Figure M shows, the series resistance RS
isolates the capacitor from the AC it is to filter.



Dipped Tantalum Capacitors

Capacitance in
Picofarads Capacitance
Rated 1st 2nd Tolerance — ;
Color Voltage | Figure Figure | Multiplier 10% — Sitver dot ~—— 1st Figure
5% — Gold dot )
-+ 2nd Figure
Black 4 0 0 - Voltage
and i e Multiplier
Brown 6 1 1 — Polarity
Red 10 2 2 -
Orange 15 3 3 -
Yellow 20 4 4 10,000
Green 25 5 5 100,000
Blue 35 6 6 1,000,000
Violet 50 7 7 10,000,000
Gray - 8 8 -
White 3 9 9 -
Ceramic Disc Capacitors
Manufacturer’s
Code X
ABC____)_._-—--—' Capacity—__/
1004 \ Value { "
NPO Tolerance—\
*Working
Voltage /
Temperature
Range
*1f No Voltage Marked,
Generally 500 VDC
Typical Ceramic Disc Capacitor Markings
Z 5 F 1 0 0 J
-|- -IV T l T -|—
Max. Capac. 1st & 2nd
Low Letter High [Numerical | Change Over | Letter Fig. of Numerical Tolerance on Letter
Temp. |Symbol | Temp. Symbol Temp. Range | Symbol Capacitance |Multiplier Symbol Capacitance Symbol
+10°C Z +45°C 2 +1.0% A 1 0
-30°C Y +65°C 4 +1.5% B 10 1
-55°C X +85°C 5 +1.1% ] 100 2 =5% J
+105°C 6 +3.3% D 1,000 3 +10% K
+125°C 7 +4.7% E 10,000 4 +20% M
+7.5% F 100,000 5 +100%,-0% P
+10.0% P - +80%,-20% z
+15.0% R —
+22.0% S .01 8
+22%,-33% T 1 9
+22%, -56% V) .
+22%, -82% v Capacity Value and Tolerance of

Temperature Range ldentification of Ceramic Disc Capacitors

Ceramic Disc Capacitors
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Film

FIRST DIGIT
OF VALUE

Type Capacitors

—>152K

SECOND DIGIT T— -~
OF VALUE w
(%)
2
MULTIPLIER || =
l o
o
| ¢
MULTIPLIER TOLERANCE OF CAPACITOR
For the
Number Multiplier Letter 10 pF or Less | Over 10 pF
0 1 B +0.1pF
1 10 C +.25 pF
2 100 D +0.5pF
3 1,000 F +1.0 pF + 1%
4 10,000 G +20pF + 2%
5 100,000 H + 3%
J + 5%
8 0.01 K +10%
9 0.1 M +20%
EXAMPLES:

152K = 15x 160 = 1500 pF or .0015 uF, = 10%
759J = 75x0.1 = 7.5pF, £5%

NOTE: The letter ‘‘R’’ may be used at times to signify a decimal
point; as in: 2R2 = 2.2(pF or uF).

First
significant figure

- Second
significant figure

Mica capacitors-Black
(AWS paper capacitors-
silver)

Decimal multiplier
Tolerance
AWS and JAN fixed capacitors

(First dot silver or black)

Characteristic

—

First :
significant figure —— Decimal
Second __.l multiplier
significant figure
Second

First significant figure
significant figure | I Third

(Not silver significant figure
or black)

L— Decimal multiplier

Voltage rating Tolerance

Ceramic Feed Through Capacitors

Multiplier n
g Tolerance
Significant { 1st c Temperature
figure 2nd coefficient
Signifi- Tolerance
cant 10 pF Over Temperature
Color Figure Multiplier orLess 10pF Coefficient
Black 0 1 2pF 20% | 0
Brown 1 10 | 0.1pF 1% | N30
Red 2 100 - 2% | N60
Orange 3 1,000 - 2.5% | N150
Yellow 4 10,000 - — | N220
Green 5 - 5pF 5% | N330
Blue 6 —_ —_ -— N470
Violet 7 - - — | N750
Gray 8 0.001 [0.025pF | — | P30
White 9 0.1 1pF 10% | +120t0-750
(RETMA)
+ 500 t0 -330 (JAN)

Gold - — - — | P100
Silver — — — — | Bypass orcoupling

Postage Stamp Mica Capacitors

Significant Tolerance Voitage
Color Figure Multiplier (%) Rating
Black 0 1 - -
Brown 1 10 1 100
Red 2 100 | 2 200
Orange 3 1,000 | 3 300
Yellow 4 10,000 | 4 400
Green 5 100,000 5 500
Blue 6 1,000,000 { 6 600
Violet 7 10,000,000 | 7 700
Gray 8 100,000,000 | 8 800
White 9 1,000.000.000 | 9 900
Gold - 0.1 5 1000
Silver - 0.01 10 2000
No color - — 20 500




Standard Button Mica
1

S 4
‘\.qu ,\. ‘ 3
Y
& . N
- A
(A3
N
1stDOT 2nd and 3rd DOTS 4th DOT 5th DOT 6th DOT P o
Identifier Capacitance in pF Multiplier Capacitance Temp.
Tolerance Characteristic
1st & 2nd Letter
Color Sig. Figs. Percent Symbol
Black Black 0 1 +20% F
Brown 1 10 + 1% F
Red 2 100 +2%or x1pF| GorB
Orange 3 1000 + 3% H
NOTE: Yellow 4 +100
Ideqtifie( is | Green 5
omittedif  I'gye 6 -20 PPMI°C
capacitance | yio|et 7 above 50 pF
must be Gray 8
specified to
M White 9 0.1 +100 PPM/°C
significant Gold +5% J below 50 pF
figures. Silver +10% K
Radial or Ayial Lead Ceramic Capacitors 5 Dot or Band Ceramic Capacitors
(6 Dot or Band System) (one wide band)
~
'Eitheer A-First significant figure
“y!gd B-Second significant figure
Temperature coefficient C-Decimal multiplier
1 D-Capacitance tolerance
DOTS OR SNNHR
I F‘_‘E—I }__‘BANDS Fixed cermic capacitors, 5 dot or band system
Nominal Capacit H H
Temp. Coefficient Capacitance o “‘l'acld:ae!acz onee CO'OI’ COde fOI' Ceramlc Cgpamtors
1stand
1t | 2na |2ndsig| Mt 10 pF Over Capacitance
T.C. Cotor | Color | Fig. | plier | Color | orless 10pF Cotor Tolerance
P100 Red |Violet 0 1|Black | =20pF | £20% | Black 1st& 2nd
£O30 Green [Blue 1 10]8rown | =0.3pF | = 1% | Brown Significant ol Over 1°LPF 'léemp.
NFO Biack 2 100lRed ~ 2% TFed Color Figure |Multiplier| 10 pF | orless oeff.
NO30 Brown 3 1.000]|Orange = 3% | Orange
NOBO | Red 4 |10,000|vellow +100% 0% Yellow Black 0 1 |£20% | 20pF 0
N150 Orange 5 Green | z0.5pF = 5% Green Brown 1 10 + 1% N30
N220 Yell 6 B! Bi
N30 | Green 7 Viotet Violet Red 2 100 |+ 2% N80
Orange K} 1000 N150
N470 Blue 8 01 Gray =0.25pF +80%-20% Gray .
N750 Violet 9 A |wnite | =10pF  =10% White
1500 | oranaelorangel Yellow 4 N220
ran
N2200 Yellosv Orange Green 5 N330
N3300 | Green Orange Blue 6 + 5% | 05pF N470
N4200 Green |Green Violet 7 N750
N4700 Blue |Orange|
NSG00 | Greon [Stack Gray 8 0.01 0.25pF | P 30
N330 i
oo | white White 9 0.1 +10%| 1.0pF P500
N750
= 1000 Gray
N3300

= 2500 Gray |Black
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5 Band Ceramic Capacitors
(all bands equal size)

/

color 1st, 2nd Band Multiplier Tolerance Characteristic
Black 0 1 +20% (M) NPO
Brown 1 10 Y5S
Red 2 100 Y5T
Orange 3 1K N150
Yellow 4 10K N220
Green 5 N330

Blue 6 N470
Violet 7 N750
Grey 8 +30% (N) Y5R
White 9 SL(GP)

Gold - 0.1 +5% (J) Y5F
Silver - 0.01 +10% (K) Y5P

Tubular Encapsulated RF Chokes

Back
-
Mil Spec. Indent. Tolerance 2 1 g
i £ S W) sssrsssraasassani
: N 3 3 [Tz
1st Fig. ! i S
9 Mult. 2nd Fig. S
[I — s | [l
Color Figure Multiplier Tolerance
‘““POSTAGE STAMP’’ FIXED INDUCTORS
Black 0 1 1stDigit 2nd Digit  Multiplier
Brown ] 10 Color 1st Strip 2nd Strip 3rd Strip
Red 2 100 Black or (Blank) 0 0 1
Orange 3 1,000 Brown 1 1 10
Yellow 4 Red 2 2 100
Green 5 Orange 3 3 1,000
Blue 6 Yellow 4 4 10,000
L Y
Violet 7 Green 5 5 100,000
Gray 8 Blue 6 6
White 9 Violet 7 7
None 20% Gray 8 8
Silver 10% White 9 9
Gold 5% Gold X1
Multiplier is the factor by which the two color figures are Silver X.01

muitiplied to obtain the inductance value of the choke coil in uH.

Values will be in uH.
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GLOSSARY

Aging — operating a component or instrument at con-
trolled conditions for time and temperature to screen
out weak or defective units and, at the same time,
stabilize the good units.

Anode — the positive electrode of a capacitor or diode.

Capacitance — the measure of the size of a capacitor.
Usually expressed in microfarads and picofarads. De-
termined by the size of the plates, and the dielectric
material.

Capacitive reactance — the opposition to the flow of
a pulsating DC voltage or AC voltage. Measured in
ohms.

Capacitor — an electronic component consisting of
two metal plates separated by a dielectric. Can store
and release electrical energy, block the flow of DC cur-
rent or filter out or bypass AC currents.

Cathode — the negative electrode of a capacitor or
diode.

Charge — the quantity of electrical energy stored or
held in a capacitor.

Clearing — the removal of a flaw or weak spot in the
dielectric of a metalized capacitor. The stored energy
in the capacitor vaporizes the material in the im-
mediate vicinity of the flaw. Also called self-healing or
self-clearing.

COG — same as NPO. Very small capacity charge for
large temperature changes.

Coil — an inductor wound in a spiral or circular fash-
ion. Can be wound on a form or without a form such
as an air coil.

CV product — the capacitance of a capacitor multip-
lied by its working voltage. Used when determining
the leakage allpwable in electrolytic capacitors. The
CV product is also equal to the charge that a capacitor
can store at its maximum voltage.

Dielectric — the insulating or non-conducting mater-
ial between the plates of a capacitor where the electric
charge is stored. Typical dielectrics include air, impre-
gnated paper, plastic films, oil, mica, and ceramic.

Dielectric absorption — the measure of the inability
of a capacitor to completely discharge. The charge that
remains after a determined discharge time is expressed
in a percentage of the original charge. Also called
“Capacitor Memory” or “Battery Action”.
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Dielectric constant — the ratio of capacitance be-
tween a capacitor having a dry air dielectric and the
given material. A figure for determining the efficiency
of a given dielectric material. The larger the dielectric
constant, the greater the capacity with a given size
plate.

Disc capacitor — small single layer ceramic capacitor
consisting of disc of ceramic dielectric with silver depo-
sited on both sides as the plate. The ceramic material
can be of different compositions to give different tem-
perature curves to the capacitor.

Dissipation factor (DF) — the ratio of the effective
series resistance of a capacitor compared to its reac-
tance at a given frequency, generally given in percent.

Electrolyte — a current conducting liquid or solid be-
tween the plates or electrodes of a capacitor with at
least one of the plates having an oxide or dielectric film.

Electrolytic capacitor (aluminum) — a capacitor
consisting of two conducting electrodes of pure
aluminum, the anode having an oxide film which acts
as the dielectric. The electrolyte separates the plates.

Equivalent series resistance (ESR) — All internal
series resistances of a capacitor are lumped into one
resistor and treated as one resistor at one point in the
capacitor.

Farad — the measure or unit of capacity. Too large
for electronic use and is generally measured in micro-
farads or picofarads.

Fissures — cracks-in the ceramic dielectric material
of disc capacitor, most often caused by thermal shock.
Some small fissures may not cause failure for a period
of time until exposed to great thermal shock or mechan-
ical vibration for a period of time.

Fixed capacitor — a capacitor designed with a specific
value of capacitance that cannot be changed.

Gimmick — a capacitor formed by two wires or other
conducting materials twisted together or brought into
close proximity of each other.

GMV — Guaranteed Minimum Value. The smallest

value this ceramic capacitor will have. Its value could
be much higher.

Henry — The unit of the measure of inductance. Also
expressed in microhenry and millihefry.

Inductor — a device consisting of one or more windings
with or without a magnetic material core or introducing
inductance into a circuit.



Inductance — the property of a coil or transformer
which induces.an electromagnetic force in that circuit
or a neighboring circuit upon application of an alternat-
ing current.

Inductive reactance — the opposition of an inductor
to an alternating or pulsating current.

Impedance — the total opposition of a circuit to the
flow of an alternating or pulsating current.

Insulation resistance — the ratio of the DC working
voltage and the resulting leakage current through the
dielectric. Generally a minimum value is specified, usu-
ally in the several thousand megohms range.

Iron core — the central portion of a coil or transformer.
Can be a powdered iron core as in small coils used in
RF tothe large iron sheets used in power transformers.

Leakage current — stray direct current flowing
through the dielectric or around it in a capacitor when
a voltage is applied to its terminals.

Metalized capacitor — one in which a thin film of
metal has been vacuum plated on the dielectric. When
a breakdown occurs, the metal film around it im-
mediately burns away. Sometimes called a self-healing
capacitor.

Monolithic ceramic capacitor — a small capacitor
made up of several layers of ceramic dielectric sepa-
rated by precious metal electrodes.

Mutual inductance — the common property of two
inductors whereby the induced voltage from one is in-
duced into the other. The magnitude is dependent upon
the spacing.

NPO — an ultra stable temperature coefficient in a
ceramic disc capacitor. Derived from “negative-posi-
tive-zero”. Does not change capacity with temperature
changes.

Padder — a high capacity variable capacitor placed
in series with a fixed capacitor to vary the total capacity
of the circuit by a small amount.

Power factor — the ratio of the effective resistance
of a capacitor to its impedance.

Reactance — the opposition of a capacitor or inductor
to the flow of an AC current or a pulsating DC current.

Self-healing — term used with metalized foil
capacitors.

Solid tantalum capacitor — an electrolytic capacitor
with a solid tantalum electrolyte instead of a liquid.
Also called a solid electrolyte tantalum capacitor.

Surge voltage — the maximum safe voltage in peaks
to which a capacitor can be subjected to and remain
within the operating specifications. This is not the
working voltage of the capacitor.
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Temperature coefficient (TC) — the changes in cap-
acity per degree change in temperature. It can be posi-
tive, negative, or zero. Expressed in parts per million
per degree centigrade for linear types. For non-linear
types, it is expressed as a percent of room temperature.

Time constant — the number of seconds required for
a capacitor to reach 63.2% of its full charge after a
voltage is applied. The time constant is the capacity in
farads times the resistance in ohms is equal to seconds
(T=RO).

Trimmer — a low value variable capacitor placed in
parallel with a fixed capacitor of higher value so that
the total capacity of the circuit may be adjusted to a
given value.

Variable capacitor — a capacitor that can be changed
in value by varying the distance between the plates or
the useful area of its plates.

Voltage rating — see working voltage.

Wet (slug) tantalum capacitor — an electrolytic
capacitor having a liquid cathode.

Working voltage — the maximum DC voltage that
can be applied to a capacitor for continuous operation
at the maximum rated temperature.



SERVICE & WARRANTY

Warranty

Your Sencore instrument has been built to the highest quality standards in the industry. Each unit has been tested, aged
under power for at least 24 hours, and then retested on every function and range to insure it met all published specifications
after aging. Your instrument is fully portected with a 1 year warranty and Sencore’s exclusive 100% Made Right Lifetime
Guarantee in the unlikely event a manufacturing defect is missed by these tests. Details are covered in the separate booklet.
Read this booklet thoroughly, and keep it in a safe place so you can review it if questions arise later.

Service

The Sencore Factory Service Department provides all in or out-of-warranty service and complete recalibration services for Sencore
instruments. NO LOCAL SERVICE CENTERS ARE AUTHORIZED TO REPAIR SENCORE INSTRUMENTS. Factory service assures you of
the highest quality work, the latest circuit improvements, and the fastest turnaround time possible because every technician specializes
in Sencore instruments. Sencore’s Service Department can usually repair your instrument and return it to you faster than a local facility
servicing many brands of instruments, even when shipping time is included.

YOU DO NOT NEED AUTHORIZATION TO RETURN AN INSTRUMENT TO SENCORE FOR SERVICE. Be sure you include your name and
address along with a description of the symptoms if it should ever be necessary to return your instrument. Ship your instrument by
United Parcel Service or air freight if possible. Use parcel post only when absolutely necessary.

BE SURE THE INSTRUMENT IS PROPERLY PACKED. Use the original shipping carton and all packing inserts whenever possible. If the
original packing material is not available, make certain the unit is properly packed in a sturdy box with shock-absorbing material on all
sides. Sencore suggests insuring the instrument for its full value in case it is lost or damaged in shipment.

A separate schematic and parts list is included if you wish to repair your own instrument. Parts may be ordered directly from the Factory
Service Department. Any parts not shown in the parts list may be ordered by description. Maintenance instructions and circuit
descriptions may be ordered from the Service Parts Department.

Wae reserve the right to examine defective components before an in-warranty replacement is issued.

SENCORE FACTORY SERVICE
3200 Sencore Drive

Sioux Falls, SD 57107

(605) 339-0100

TWX: 910-660-0300

Fill in for your records:

Date Purchased:

Serial Number

Run Number

(NOTE: Please refer to the run number if it is necessary to call the Service Department. The run number may be updated
when the unit has been returned for service.)
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LC77 CALUBRATION PROCEDURE

WARNING: THESE SERVICING INSTRUCTIONS- ARE FOR USE BY QUALIFIED PERSONNEL
ONLY. TO AVOID ELECTRIC SHOCK, DO NOT PERFORM ANY SERVICING
OTHER THAN THAT CONTAINED IN THE OPERATING INSTRUCTIONS UNLESS
YOU ARE QUALIFIED TO DO SO.

ACCESS/DISASSEMBLY

Access to the interior of the LC77 for recalibration and/or service may be
obtained using the following procedure.

1. Unplug the unit from the AC Power adapter.

2. Remove the four screws (two on each side) at the rear of the instrument.

3. Place the unit on end with the handle and front panel pointing upward.
Pull gently on the handle while holding the back portion of the case.
The case will now slip from the chassis and rear portion exposing the
printed circuit boards and all the calibration controls.

EQUIPMENT REQUIRED FOR CALIBRATION

The following equipment is recommended for use in calibrating the LC77.
These are high accuracy standards and will allow the calibration of the
meter to the specifications in the front of the manual. Lower accuracy
standards will reduce the accuracy of the LC77. If capacitors and induct-
ors of known values are available, they may be used for calibration.

If known values of capacitors and inductors of the following equipment is
not available, the meter may be returned to the Sencore Service Department
for check out and recalibration for a nominal service charge.

EQUIPMENT RECOMMENDED MINIMUM SPECIFICATIONS

Capacitance Sources 1500pF * .25%
1.2uF * .25%

SOO0uF * .5%

Inductance Sources 200H * .5%

80uH = .5%

800uH *.5%

8mH £ .5%

60mH * .5%

80mH *.5%

800mH * .5%

2H *.5%

8H *.5%
Resistance Sources 1 ohms 1/2W 1%
(Note: Wirewound resistors should 15 ohms 1/2W 1%
not be used) 20 ohms 1/2W 1%

150 ohms 1/2W 1%
250 ohms 1/2W 1%
1500 ohms 1/2W 1%
SOK ohms 1W 1%
Digital Voltmeter +.5%

(1)



Adjustable OC voltage source 0-15vdc 250mA

100 Hertz sine wave source 4Vpp

Oscilloscope + 3%

NOTE: Allow a 10 minute warm up.period for the LC77 before calibrating.

INDICATOR LAMP CHECK

Push each "COMPONENT TYPE" switch on the LC77 noting that the corresponding
indicator lights.

POWER SUPPLY

Connect the DWM ground to the LC77 ground (black clip on test leads) for
- the power supply measurements.

1. Probe the anode of CR16 on the leakage supply board (3000) and adjust
R40 for a DVM reading of 14.5Vdct .1V.

2. Probe IC6, pin 3, on the leakage supply board (3000) and adjust RS3 for
18vdc + .1v.

I+

3. Probe ICl4, pin 2, on the main board (2000) and adjust R48 for a .2vdc
1mv.

1+

4. Probe IC27, pin 9, on the main board (2000) and adjust R71 for 1.7Vdc
.02v.

NOTE: Connect the probe of the DVM to the red clip of the LC77 leads for
the following measurements:

5. Enter into the keypad "100V" and push capacitor leakage on the main board,
adjust R201 (pot that is in series with R181) for 97.5Vdc on the DVM.

6. Enter into the keypad "4V" and push "CAPACITOR LEAKAGE". On the main
board, adjust R202 (pot in series with R182) for 3.90Vdc on the DVM.

7. Enter into the keypad "1V" and push "CAPACITOR LEAKAGE". On the Leakage
supply board (3000), adjust R69 for a .975Vdc on the DVM.

8. Repeat steps € and 7 until they are correct.

9. Enter into the keypad "1.5V" and check that the DVM reads between
1.425Vdc and 1.500Vdc.

CAPACITANCE CALIBRATION

1. Short the LC77's leads and push the "LEAD ZERO" switch on the LC77
front panel to "SHORT".

2. Open the LC77's leads and push the "LEAD ZERO" switch on the LC77 front
panel to "OPEN".

3. Connect the LC77 test leads to a 1500pF cap and push "CAPACITOR VALUE"
button. Adjust R55 on the main board (2000) for a reading of 1500pF =
SpF on the LC77 readout.



9.

(3)

Rezero and repeat step 3 until reading is correct.

Connect a 1.2uf capacitor to the LC77 leads and press the "CAPACITOR
VALUE" button. Adjust R59 on the main board (2000) for 1.2uF *.00SuF.

Connect a SOOufF cap to the LC77 leads and press the "CAPACITOR VALUE"
button. Aadjust R158 on the main board (2000) for a reading of S00uF *
2uF. '

Switch the DVM to DCOmA and connect the leads to the LC77 leads.

Push the "DIELECTRIC ABSORPTION" button and adjust R80 on the main
board (2000) for a DVM reading of 41l7mA * 2mA. (This test will cycle,
so adjust only when the source is on). If the LC77 display goes to
"WAIT" function, release the "D/A" button and adjust R80 on the main
board (2000) until a reading is displayed on the LC77 LCD display.

Set the DVM back to DVC and disconnect the leads.

LEAKAGE CALIBRATION

Open the leads.
Turn R189 on the main board (2000) full CCW.

Connect the scope to IC43, pin 6, on the main board (2000) and slowly
adjust R189 until the scope toggles high.

Enter into the keypad "1V" and select "TANTALUM CAPS" and press
"CAPACITOR LEAKAGE". Adjust R46 on the.main board (2000) for 0.000uA =
.0luA on the LC77 display.

Set the DVM to read DCmA.

Connect a SOK ohm resistor in series with the leads of the LC77 and
DCmA meter.

Enter into the keypad "SV" and push the "CAPACITOR LEAKEAGE" button. Note
that the LC77 reads approximately 80.0uA and agrees with the DVM
within 20 counts.

Enter into the keypad "SOV" and press "CAPACITOR LEAKAGE". Note that the
IC77 reads approximately 780uA and agrees with the DVM within 20 counts.

Enter into the keypad "500V" and press "CAPACITOR LEAKAGE". Note that the
IC77 reads approximately 7.7mA and agrees with the DVM within 20 counts.
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DIELECTRIC ABSOPRTION

1. Short the leads.
2. Adjust R191 on the main board (2000) fully CCW.

3. Push the "DIELECTRIC ABSORPTION" button and adjust R191 until the LC77
reads 0%.

ESR CALIBRATION

1. On the main board (2000) set Riﬁ, R19, R20, R188 to mid rotation.

5. Connect the 20 ohm resistor to the LC77 test leads and push the
“CAPACITOR ESR" button. Adjust R20 on the main board (2000) for a
readout of 20 ohms =+ .5 ohms.

3. Connect the 150 ohm resistor to the LC77 test leads and push the "CAPACITOR
ESR" button. Adjust R19 on the main board (2000) for a readout of 150 ohms

+ 2 ohms.
4. Repeat steps 2 and 3 until both are correct.

5. Connect the 1500 ohm resistor to the LC77 test leads and push the
"CAPACITOR ESR" button. Adjust R188 on the main board (2000) for 1500
ohms * 20 ohms.

6. Connect the 250 ohm resistor to the LC77 test leads and push the
"CAPACITOR ESR" button. Check that the LC77 reads 250 ohm * 10 ohms.

7. Rezero the IC77 leads (short).

8. Connect the 15 ohm resistor to the LC77 test leads and push the "CAPACITOR
ESR" button. Adjust R14 on the main board (2000) for 15 ohms * .2 ohms.

9. Connect the 1 ohm resistor to the LC77 test leads and push the
"CAPACITOR ESR" button. Check to see that the LC77 reads 1l ohm * .05 ohms.

10. Rezero the leads (short) and repeat steps 8 and 9 until the two steps
are correct.

RINGER CALIBRATION

1. Hook a 8H coil across the LC77 leads.

2. Set the scope's channel A to 1V/DIV, Channel B to 5V/DIV, time base to
10M sec, normal trigger, + polarity trigger source to EXT.

3. Connect the EXT. trigger input of the scope to the gate of TR26 on the
2000 board, Channel A across the test leads of the IC77 and Channel B
to pin 3, IC2 on the 2000 board.

4. Push the "COILS" button listed under component tvpe and then push the
inductor ringer button.




(5)

(¥7]

Channel A of the scope will display a waveform that consists of a
series of decaying pulses, and Channel B is a series of square waves.

6. Disregarding the first pulse on Channel A, adjust R2095 so that the
duration of the Channel B waveform is as long as one of the ringing
pulses on Channel A.

7. Push the yokes and flybacks button and determine the point at which the
ringing pulse decreases to 25% of its maximum amplitude. Adjust R91 on
the 2000 board so the duration of the Channel B pulses end at the 25%
point of Channel A pulse.

INDUCTANCE CALIBRATION

The following procedure requires the use of standard inductors or inductors
of known value. The inductors of known value must be close to the values
shown in the procedure to insure that the proper range is calibrated.

Each time a control is to be adjusted, the "VALUE" pushbutton must be
depressed on the front panel.~

1. Short IC77 leads and zero the unit.

1+

2. Connect the leads to a 8H coil and adjust R11l7 for a reading of 8H
.16H.

1+

3. Connect the leads to a 2H coil and adjust R147 for a reading of 2H
.04H.

4. Repeat steps 2 and 3 until correct.

5. Connect the leads to a 800mH coil and adjust R115 for a reading of
800mH * 16mH.

6. Connect the leads to a 80mH coil and adjust R2113 for a reading of 80mH *
1.6mH. ’

7. Short the leads and rezero the unit.

8. Connect the leads tc a 8mH coil and adjust R1ll for a reading of 8mH *
.16mH.

9. Connect the leads to a 800uH coil and adjust R109 for a reading of
800uH * 16uH.

10. Rezero the leads.

11. Connect the leads to a 80uH coil and adjust R107 for a reading of 80uH *
.SuH.

12. Rezero leads and repeat step 1ll.
13. Connect the leads to a 20uH coil and adjust R10S for a 20uH * .10uH.

14. Rezero the leads and repeat step 13.
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LC102 “RUTO ZI* CIRCUIT DESCRIPTION & ANALYZER NODTES

The LC102 "Auto I" Meter Capacitor-Inductor Analyzer is the only
microprocessor controlled instrument in the service industry that is
dedicated to finding defective capacitors and inductors reliably, accurately,
and automatically. It has the ability to completely aralyze the cordition of
capacitors and coils with only the push of a button. Other instruments check
‘capacitors for value only, but that is only half of -the picture. Capacitors
also tend to get :1eaky,- develop dielectric absorption, or develop ESR which
-Coils -can deveiop a sxngle-shorted turng
- thereby changing its qualnty {r}) character:stics, but not change ‘in value
appreciably. The LC1@2 “"Auto Z® will test all of these paraweters. fncther
advantage of the LC192 is the fact that this unit is portable. It can be
. powered by battery and w1ll turn xtself of f after approxiwately 15 minutes

after 1t5 last reading.“

 POMER SUPRLTES . - S : .
"* 7 Looking ‘at the’ biock dlagram. we uzll began by degcrxbxng the pOwer

supplies. The LCI02 contains two power supplies: one is. the main supply
which generates the naeded voltage for the microprocessor ard wmeasuring
cxrcuxtry and the other is a variable 1 to 100@ volt leakdge supply. These
. two power supplies are located on the 3080 board. - The LC102 can be powered
‘by: a-BY234 battery, or a PR251 power -adapter, . ér both. ‘When the PA251 is
c0nnected, its output ‘ig fed to the 14.S volt regulator section.. This
regulator section performs.two functions,” It reduces and regulates the
PA251's 18 volt output -and also-charges the battery when installed. The
Pulse ‘Width. Nodulator, transformer, -and’ rect;f:er section of the rain supply
" converts the 12-14.5 volts delivered from the battery or power. adaptor to
multiple voltage outputs.” The power supplies! outputs are: +18 volts, +12

volts, +5 volts, and -3 volts.

The Léakage‘Supblx produces’ the voltage for the capacitor leakage tect.
The output of the leakage supply is controlled by the microprocessor via twe
digital-to-analog converters. This supply operates by ccnverting the IT
*volts received feom the main supply to 'z lower or higher. value as- -control led
by the Pulse Width Modulator. The 12 volts is. amplified by a 1:3 €urrs vatic
transformer and then rectified and filtered. A portion of this output
voltage, determined by the D/A converters; is sampled. peak detected, and
compared to a raeference voltage. UWhen the sampled portion is equal to the
reference, the supply is stable and .its output will} remain constant. The
- leakage supply also incorporates an active load: which has several purpcses.

switching supplies must be properly loaded in- order for thew te
The active load provides a’ constant 208 uR drain to load

the supply at all times. Second, the active load is used to reduce overshoot
of ‘the output during turn on, UWhen the output reaches its full selected
voltage, the active load temporarily irncreases the supply lopad thus slowing
the. fast rise in output valtage.
of discharging the filters once the supply is turned off.

was not incorporated, a dangerous voltage would remain on the filter
capacitors, thus creating a shock hazard rnot only to the technician working

on the un:t but also to the techn:cian using the unxt.

First,
operate correctly.

If this feature
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‘Last, the active load provides a safe means’
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MICROPROCESSOR

7] 02

The Main board (2000 board) contains the circuitry for performing all of

the tests to effectively test capacitors and inductors.

board is the microprocessor,

The heart of this

It, with its software held in the EFROM, contrcls the extensive array of
The microprocessor also determines all automatic good/bad

mentory mapped I1/0.
irdicators and performs any calculations needed for these 1ndxcators or any

other calculated display outputs.

Looking at the block diagram, we can see. that the microprocessor 1is

conﬁected to every section of ‘the LClee main board through either its: control_;

" bus or data bus.

1nstructxons, or program,

'CQPQCITQNCE

The LCi@2 measures capacxtance by the formula C-(1 x dt)/dv.
a known current (I is applxed to a capaoxtor{
chargxhg the capacxtor. the tzme it takes ‘t© pass between-two voltage points
This ‘time is then converted dxrectly to a measurement of

tést,

. is measured.
,capacxtance.‘

Qlthough there are twelve software ranges ° for dxsplaylng capacxtance,,

only four hardware ranges exist.” . A full 12 ranges- are aceomp11shed by. using

“the. hardware ranges to cover wider capac1tances and ad)usting the dlsplay
The. table shown below tells whtch hardware ranges are used with

accordingly. .

) each software range.

SOFTWARE RANGE -

. 1pF-199. 9pF
d@ﬁpF-lQBBQF

.QOEUF— @199uF -

,GEUF -. 1999uF
- 2uF" = 1:99SuF°
2uF ~ =19.99uF
20uf =199.9ufF
SB0uF -1999uF

2000uF=-19930uF
<0000-1999aduF
.8F - 1.999F

cF -~ 20F

‘The capacitarce measurirng sequerce beqins with. the largest current

source selected. If the capacitor is smaller than the particular hardware

from the EPROM,

‘The microprocessor, ‘operating at & MHz, receives its

The Address Latch halds the
address information used by the EPROM and also Control ard Data 1/0.

' HARDWARE RANGE  CURRENT
@ -.002uF 3.3 uA
. . o ) . e
.002uF - 2uF - 330 uA
- 2uF - 2000uF 60 mA
eaqeuF‘- oF 416 mR
o 416 mA
6@ mR
" 416 wA
" 60 A

TABLE 1.

MODE

Cont i nuous
'ﬂ .

Pu;sed

n

TRIP LEVELS

. Sv-3.5v

‘During the o
While this current is

range is capable of measuring, the microprocessor down ranges and selects the
- naxt lower hardware range until either the lowest rarnge is reached or a valid

capacxtance reading is.takern,

If,

while in the first range,

the LC102

encounters a large capacitor that does not read withirn a spec1f1c amount of -

02/02/98 08:52
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time, or a larpe capacitor with high ESR is seen, the unit assumes that the
capacitor is a large cap ().2F) and enters a mode where the capacitor is
pulsed with the 60 mR and 416 WA current source. The reason that the
capacitor is pulsed is so the ESR usually found within large capacitors and
the internal resistance of the LC1@2 circuitry will not effect the
capacitance readings as the upper trip limit is set at a low 1.75 volts. The
upper trip level is tested only during the time that the 6@ mAR and 416 nA

source is off. (Pulsed mode)

The different trip levels used in the capacitance test are shown in
Table 2.. There is also a .25 volt lower trip level used dur:ng the dlscharge

‘cycles of the top two. hardware ranges.,“

Becaqge the testing of large value, double layeb capacitors takes longer
that the'testing of standard capacitors, a "thinking bar" indicator has been
incorporated into the double layer test to signify its operation and infaorm

‘the useér as to the operation of the test. When the capacitance valae buticn .

is pressed and the unit determ:nes that a double. layer capacitér is being
ltested, the "@000".display turns to the thinking bars. The bars cont'nue to .
scroll across the dxsplay -as’ the “test progresses. Two seconds between bar
movement indicates that the unit is in the discharge mode and one seécond
between bar movement indicates that the capacmtor is ¢harging. GOnce a
readxng is dxsplayed, the units holds that reading,. giving no futher updates.
. Note that this ‘readirnp hold only takes place after a double layer capacxtor -

has been read.

. DIELECTRIC QBSORDTION
When the LCiOE fzrst enters the D/a test. it checks to see if the

capacitor urder test has- a charge on it. If it does, the’ unit will enter &
"wait“ mode and discharge the capacitor through a low resxstance dxscharoe

FET. It will discharge the capacitor for -two seconds and test it again, only
continuing on with the D/A test if the capacitor has been’ fully dxscharged.

. Once the capacxtor is. dlscharged ‘the unit enters the actual B/A ‘est.

- For two seconds, a 41€ mA current source is turried on and the capacitor 15
charged. The voltage applied to the capacitor at this time is limited to 3
volts to avoid damaging any low.veltage capacxtors. Rfter the two second’
charge time, the supply is turnEd off and a discharge FET is turnec on. The
capacitor is discharged for two seconds and then released tc a high” .
impedence. RAfter 2/3 of a serond from the release of the discharge FET,

. measurement of the voltage on the capacitor is taken. This veltage is then
converted to a percentage by the mncrnpr0cessor avd dxsplayed as Dieiectric

ﬂbsorpt10n in percentage. ,

-
a

CAPACITOR LEAKRGE
In order to effectively measure leakage current through a capacitor, the

voltage across the device must be kept constant and rno voltage should be
developed across the measuring circuitry. ARlse, if the measuring circuitry
ranges, there can be no effact seen by the capacitor because of this ranging.
By utilizing a current-to-voltage converter, the gréund lead or ground return
is constantly kept at ground potential. The I/V Converter used in the LC1Q2
has four automatically selected rarges and produces an cutput voltage
relative to its input current or in this case, the leakage current of the
-capacitor. The .four ranges with the1r respective current capabilities are

lested below.

Page 3.
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RANGE CURRENT RANGE

2 - 19.99uA
20uR-199. 9uA
-20@uA-1. 99mA
2mA-19.99mA

W) e

TRBLE 2

.. ESR BLOCK . - : y
The cn‘cultry for ESR measurement will be euplamed in block dlagr‘am L

form at this time, First of ‘all, what is ESR? ESR (Equivalent Series _
Resistance) is the inherent characteristic of a capacitor to have a certain
amount of resistance in series with its capacitance qualities. I1f ESR

- becdmes ‘large enough, ' thé" capacitor becomes in essence, an open“~ capacitor.
The voltage developed across’ a capacxtor w:th no ESR when it i¢ charged,
rises in a straight lipe because a constart current generator is used,: The :
:formuba for the charge: ramp ‘is 'dv = (I/C)(dt). bn a capacztor u1th ESR1 the-
" charge current must first overcome any internal resistance. - Because voltage
across a resxstance changes instantly, the charge curve will be a stralght,
vertical line on the waveform. AQfter the resxstance 'is overcome and. the

" /capacitance takes effect,. a normal charge ramp - results.. ‘The formula for this

- vamp is dv = (1/C)(dt) + IR, ‘where R 1s the ESR.. ESR is measured iv the

" first’ 1nstant of.a charge ramp.j

'FVOLISj \kﬂ:fs

TitaE ::;_:7.'

T\mz -—) .
" CAPACITOR ~WiTw ESQ

c_/\PAf.('roa \A\Tu No es&
o=@ & B 43w
FIGURE 1
The current for charging the capacitor-under—test is derived from cne of

three constant current generators. The generator that will be selected.is
determxned by the mlcropvocessor Just as the mxcwoprocessov controls the

Page 4
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timing of the entire circuit. First the 12uS Pulse Gerierator is triagered.
This generator then controls the current that is used to charge the
capacitor-under—test. This capacitor is charged for 1QuS. Imnmediately,
after the charge cycle begins, a pulse generated by the .SuS Pulse Generator
-allows the Sample and  Hold circuit to measure the voltage: developed across
the tested capacitor during the first .SuS of the charge cycle. At the erd
of the 1@uS charge period, the selected current generator turns off and a
transistor in the discharge circuit is turned on. The capacitor-under-test .
is then discharged and a new charge and discharpe cycle is ready to begin.
After the Sample and Hold circuit has measured and held and ESR voltage
reading, it is.thern passed on to the A/D converten. The adjusted ESR vo}tagg

,xs then read directly as ESR in ohms.

INDUCTRNCE BLOCH
Inductance measuremerts. are made by supply;ng a constantly 1ncreasxng

current (ie..current ramp) through the coil under test and samplxng the peak

" .DC current "across the co6il. The constantly varying current causes a revedse
EMF across the coil, accordxng to the defining equation for inductance £ = L
di/dt. Therefore, by changing the. constant di/dt for the different ranges, 4
the reverse EMF  is dxrectly proportional to the ‘inductance. However,; uhen.“
the current reaches its peak value, there is: also an IR component in the ’
volbage that is seen across the coxl.. . . . R

. We then hold the peak pnc current acrOSS theé coil and measure this IR.
component. The voltage across. the coxl is supplled to two peak detectors by
-ueans of the -inductance: buffer, IC28. The Inductance Peak. Detector measures
and holds.the voltage pulse actoss the coil durxmg the time that the.current

-This voltage has a peak value of L dx/dt + IR where I is the.

is increasing.
“Now thzs peak current is

peak current and R.is the resistance of the cotl.
held for a time, during which the Resistarce Peak Detectcr stores the iR draop

- across the coil. These two stored voltages are then subtracted by the
‘difference Amp 1C28, seo that we are left with only the L di/dt voltage, -which
is then measured by the A/D converter and microprocessor. We will look at
this circuit ‘in more deta11 when we get intc the schematxc. o

-RINGER BLOCK : :
‘In the LC1G2 ringer. cxrcuxt, a pulse, tr;ggered by the m:croprocessor

and formed by TR17 and TRIB, is fed to the coil under test. The ringinp
‘signal from the coil is détected, converted into TTL pulses, and finaily
counted by the microprocessor. Impedance matching is not selected manuvaliy,
but instead;, the microprocessor sequentially scans through four impedarce
matching capacitors and displays only the highest ringing value. Rl}1 of the '
guess work of whxch impedance mateh is to be used 15 removed by allowing the

mxcroprocessor ‘to make the decision.

The level'at which the LC1@2 quits counting rings is deternined by the
selection of the front panel component type switches. At least orie of the
lower three comporient types must be selected or an Evror 1 will result. UWith
Coils or Switching Transformers selected, the LC102 counts all of the ringing
pulses received from the coil. . When the. Yokes and Flybacks comporent type is
selected, only the top 75% of the received ringing pulses are counted. The

ringer counting circuitry cuts off at the 254 level.

Page S
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FRONT PANEL AND DISPLAY BLOCK
The LC102 front parel bhoard provides two very important functions. It

allows information and control to be entered into the unit and displays
processed information for user interpretation. Input to the LCIQ2 is
accomplished on a 8x5 membrane keyboard. . This keyboard is scanned'by.the

wicroprocessor.

There are two LCD displays on the front panel of the LCi@2. One is a 6

digit and is used for displaying entered value and all test values and

results, The other is.a 4 digit and is used to constantly display the

voltage that is entered for the leakage supply. ‘The two displays can be
tested by accessing a3 dzsplay test routire. This routine is called by . Coay
holdxng the On/Batte»y t95t ‘and pressxng the CLR button at the same - ‘time. .

There are also 9 LED's, whlch .are used to 1nd:cate component type
selection, and two flashing LED's. Ore is used to warn the user when yas
volts has-been entered into the leakdge supply. The. other flashing LED is-

. used,.in conjunction with .a buzzer, to warn the user of possxble shock haﬁard'7
should the test lead fuse ever: blow. : '

CIRCUIT DESCRIPTION .. -

| POVER SUPPLIES . . SRR L
Now, turning. to- the schematlc of the ‘Power Supply Board. let's dxscuss

‘in detail the’ cxrcuxtry associated with ‘the two power suplies used in the
tCig2. The PAZ51 Power Qdaptor is connected to the termirnal marked AC..

Here, the 18 volts delivered by the power adaptor is nassed thvough CR2S ard
additicrially filtered by C14 ard C16. The 14.5 volt regulator is composed of
ICS, and LM317T Adustable Regulator and its associated ecortral ‘resistors.

R40 1is adJusted for ‘a regulator output of t4.5 volts. CR16 .and R4S make up
the battery charging section which wWwill charge the BY234 when installed.

Also rote that at the AC input, there is a line syntc generator made up of
TR9, TR1@, and several bias resistors. The rtircuit tells the microprocessor -
when the RC Power Rdaptor is conrected- and. whether .or not to inccrporate the
.auto off function. The main power switch FET (TRIS) is used to pass the
battery and/or power adaptor voltage .tao. the Suttch1ng sectxon of -the main-
supply. A FET is used here. to allow not only. standard on/off .control by sw.,
but also m:croprocessor controlied auto off capabilities. * The battery .
voltage is passed through CR18, a 3 amp Schottky dicde for low forward
voltage drop, and the AC Power Rdaptor voltage is passed through CRi7.

A Pulse Width Modulator (IC4) is the central contral of the main 4
switching power supply.” The supply operates as follows: Current pulses are
generated in T2 by.the switching of TRI3 and TR14 -as dictated by the output
of 1C4, pin 1@. Voltage is then developed across T&'s secondary ard is
rectified and filtered. Tha positive voltage is rectified by CR23 and
filtered by C26 and C28. The negative voltage is in turn rectified by CR24,
filtered by C25 and C27, and regulated to -S volts by IC?. The positive
voltage is fed back to Pin 1 of IC4, a non—inverting irput of an internal
op-amp comparator. Qt Pin 14, there exists an accurate S volt refererce.
This reference, passed through R56 is . fed into the inverting iaput of the
internal op-amp. RSQ and C31 provide feedback for stable aperatior. The
Pulse Width Madulator does just as ite rame implies; it controls the width of
the pulses that are gererated in T2's primary. UWhen the pulse width is wide,
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a larger voltage is developed across TZ2's output thus creating a larger
rectified DC voltage. WuWhen the pulse width is narrow, Just the coposite
happens. A rnarrow pulse width produces a lower voltage output on T2's
secondary. The output pulse width of IC4 is then automatically adjusted
until the 5 volts that is fed back from the rectified secordary output equals
that of the interral S volt reference. Once the output has settled to S
volts, the pulse width will remain corstant, charnging only for variances in
load current, which must be. compensated for to maintain a stable and aecurate
output voltage. The circuit runs at a frequency of around 27 KHz as is
determined by C20.and RS1. There is also a reference voltage at Pin 4,
labeled as dead time. This reference voltage determines the maximum duty
Cycle that the output pulses can achieve.. If the duty cycle would:becowe too
“high- (1e...not erough off time) the transforuer (T2). would become saturated.
Minimum dead txme prevents this from happening. looking to the switched side
of T2 (the primary winding) we see that this “flyback" voltage is also
rectified and filtered by CR21 and C21. The voltage developed at this point
is used to supply the 18 volt regulator -and also ‘to keep -the main switch FET
turned on as the voltane across the gate. must be kept, hxgher than the voltage ;
present at its source.- Zener diode CR2@ limits the amount of voitage at this"
point to 15 .volts above the. nornal 12 volt supply line. ..This not orly keeps )
the voltage from running too hxgh for the filter capacxtors and 18 volt
regulator, but also protects TR14 from tiransients developed across the
'prxmary of T2 by dumping the. energy back onto the 12 volt line. TRl is
‘normally held on by the microprocessor which in turn keeps TR12 turned off.
When 'the auto off sequence begins, the mxcroprocessor allows TRi1 to turn off'“
thus allowing TRI2 to turh on. Now that the voltage which is normally kept -
--TR1S, the main switch FET turned on, .is removed, .the switch turns off and
removes from the power supply and LClea cxrcu:try. . :

U51ng 11 to 12 volts to produce an output that if capable of 1 to 1000
volts at 6 Watts, the leakage supply incorporates wuch of the same technology
that is used in the main supply. Here, a Pulse Width Mocdulatow (ICZ3)
controls and regulates the output voltage via a closed loop feedback system.
The start of the loop is a flyback switching transforwer and associated
switching circuitry. - When IC3 switches from @ to 12 volts, a charge is
dumped into TR4, thus tﬁrhlng it on. This in turn causes the current to flow

- in the primary. of Tl and_ creates-a magrnetic. field. When IC3 s output drops -
back to @ volts, TR2 is turned on which in turn pulls the charge out of TR4,
thus turning it off. TR3 is used to aid in the turn off of TR4 for faster
and more reliable switching actior., When TR4 turns off, current stops
flowing in the primary of Tl and the magnetic field collapses. This action
irduces current in T1's secondary. The cutput of T1 is then rectified by CRE
and CRY and then filtered by Cl@, Ci1, C13, C32, and L1.  The rectifying and
fllter1ng section is balanced by Re7, RBB R&S, R32, and 831 .

Qutput voltage selectxon is achxeved by selecting a reference current
via Digital-to-Rnalog Converter on the main board. The D/A Converters are
microprocessor controlled and will be discussed later. B8y setting a
reference current at the D/A control pin, it takes a certain cutput veltage.
to produce a correspondxng current through R32 and R33 that will offset the
reference current and end up with a respective referance voltage. The D/A
outputs and ICZ are protected against excessive voltage by CR12, CR14, and

CR1S.
Page 7
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located at the D/A control pin, 1s buffered by

The reference voltage,
This

IC2b and summed with a calibrated reference voltage buffered by 1C2a.
calibrated reference voltage is adjusted by R69 and is set during power
supply calibration. The summed voltage, located at Pin 8 of ICI is peak
detected to keep any ripple and/or noise on the supply output below the
selected output voltage. The peak detector voltage is then referred to as

the conditioned output reference voltage.
Pin 14 of IC3 produces a stable and accurate 5 voit reference. This

reference passed through Ri@ and CR4, is compared to the output voltage
reference. If the output reference voltage is lower than the reference
voltage, IC3 increases the pulse width which in turn increases the output
© voltage. When the referénce voltages are equal, IC3 lowers the pulse width
" and contxnues to adjust' it in order .to keep-the output ‘voltage constant.

The leakage supply is initially turned on and off by a control line from
the microprocessor. bWhen S volts is applied to the base of TR1, through R1G,
TRi conducts thus lowering the voltage at Pin 16 of IC3..- This volfage is’
then below the voltage on Pin 1S and the supply: beg;ns to turn on and come up

. to voltage. When the micropracessor control line goes to grourd, TR1 turns o
off allowing Piri 16 to rise to 12 volts and thus turn;ng off the output of
.1C3. Another thing that’ happens duv:ng tunoff is that TRB turns on ard
discharges the output fxlters through the actxve load, which Nlll be .

descrlbed }ater.

UhLle ‘the supply is 1n1t1ally tu»nxng on, the output voltage is’ r1s1ng o
‘ at a fairly fast rate. Just as the output-reaches full voltage, TR? is ~ . -~~~
momentarily turned on to slow . the output voltage rise by. drawing 33 times the.
normal current through ‘the active load.  This keeps the output veltage from -
overshooting the entéred: voltage. The control of this operation comes from
IC1a after comparirg the output »eference voltage avd a value Just. above the

main reference voltage.

The active load is & very important part of the leakage supply. First,
in order for a switching supply to operate.corvectly, it mist have some ’
arount of load orn its output. The actxve'load used here keeps a constant
load of about 2@@uA on the power supply, rno matter what .the output voltage is .
set to. - The active ldad also. keeps the-supply fram oversheoting ‘and:’ .- .
discharges the filter capacitors when it is ‘shut’ off as mentioned before.

The active load operates as follows; Five volts is fed to the gate of
" TR6 via R22. This voltage turns the FET (TR6) on, which in turn develops a

voltage across the 180K source resistor (R24). This voltage is around &
volts, which equates to a 200uR load (2v/1QQK = 2QQuA).

. A Because there ic a
balanced corndition between the voltage on the scuirce and the gate veltage,
any change in output voltage will reflect in a corresponding change in FET
resistance to keep the voltage across R24 constant.

As the voltage on the‘drain of TR2 rises, the source will follow because
the .FET is turned on via R23. The voltage at the source of TRZ is limited to
approximately 409 volts by CRE and CR7. This distributes the high voltage

between the twe discharge FETs.

The discharge load (R2S5) and the overshoot load (R26) are selected via
TR8 and TR7 respectively. The reason that the heavier loads work is that TR6
will turn on as hard as necessary to develop a balanced voltage across the

babe a8
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“load* resistors RZ4, R2S, or R2E; whichever is selected.

The supply is current timited by the circuit comnsisting of TR1, R21, -and

R33. When the voltage drop across R3S becomes greater than .6 volts, TR2
bagins to conduct and raises Pin 3 of 'IC3. When this feedback pin is pulled
high, the Pulse Width Modulator decreases the pulse width and in turn limits

the output voltage.

CAPACITANCE CIRCUIT DESCRIPTION
To measure capacitarnce the LC192 uses 1 of 4 current sources and applies

this constant current to a capacitor; measuring the time it takes for the .
voltage. to pass between two. predetermived points. The lowest two current
sources are simple transistor su1tches, applylng 'S volts to a .calibrated -
-resistor network. - Here, S volts.charges the capacitor under ‘test through
1.52 Meg +/-S0K (RSS & RS6) adjustable resistance for the 3.3uR current
source ard through. a 15.2K +/-500 ohm (RS9 & RE®) adjustable resistance for
the 330uR current source. The 6@mA is controlled by 1€22,. Pin 14, and . .

incorporates IC41, a LM3177T voltage regulator, as an adjustable current
‘source, The BOmQ from IC41 is passed to the capacitor under test by CR25

. thru CR23. ~ The’ 416hA° 5ource funtxons as more than a current source. First, -
-it uses as its current source drnver, a LM317T (IC24) voltage regulatOr and
is adjusted. by R81. Its primary turn on signal is derived at 1C23, Pin 1.

IC4 and CR31 limit the maximun voltage that the Qlﬁmﬂ current source can
achieve to 3 volts.. Two more sections of: 1C23 are used not .only to céontrol
the current source, but _also to force the voltage .at the current source's.
output ‘to follou the voltage present on the- leads (1e..track the output).
This is done to keep the internal capacitance of CR14 from affecting.
. capacitance readxngs. During the pulse test . for Double Layer. capacztors, the
'3V limit is removed from the 417mﬁ source and the pulse voltage limit is
.allowed go as high as approximately 8 volts. This is dore to help cvercome

the ESR associated with these types of capacitors.

The upper and lower voltage trip points are deterwined by the voltage on .
Pins 5 &-9 of 1C27, a LM319 high speed comparator. -The lower trip point,” Pin
S5 of I1C27, is rormally held at 1V by resistor - divider network R161 & R7é.
Uhen TR4® is turned on by the mlcrOproeessor the lower trip level becoases
© .5V-and when -TR4t is turnéd on, ‘the trip level becomes .. 25V.- :Only TR4®.or
TR41 is on at one tine, never both. ' . On Pin 9 of IC27,. the upper 3.5V trip
level resides. This voltage is set by R74 & R164, ard wheri TRIE is turned on .
by the "F" latch, the upper trip level is lowered to 1.75 volts. R71 is used .

to calibrate this voltage.

During the charging of the CUT, IC27 serves as a window comparétor

allowing 6MHz to pass through 1/4 of IC23, ownly during the time that the
voltage across the capacitor is between the two “window®” voltages. This &MHz
is passed during this time, through IC25 & IC13 to IC31, where it is divided
down for the input to the microprocessor, Ti. The input pulses counted at T1
_and left over in IC31 are used for the capacitance caleculations. Durirg the
time between ranges; TRIS1 as cantrolled by the mzcroprocessor, d1scharges

the CUT.

D/A CIRCUIT DESCRIPTION
The 416mA current source is the same as that used in the capacitance

During the initial phase of the test, 416mR is passed

measuring section.
After the two second

. through relay L9 to the test leads and on to the CUT.
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charge time, relay L9 releases and relay L1 engages. Discharge FET TR8 is
turned on and the capacitor discharges for 2 seconds. TR8 is then turned off
and L1 is released. After 2/2 of a second, tha voltage on the cap is
measured via a high impedance buffer, I1C33. R33, adjusting the offset of
IC33, is used to calibrate the D/A readings. The output of the D/A input
buffer is fed to the A/D converter IC14, via the A/D input selector, ICIS.

LEAKAGE CIRCUIT
- Part of the leakapge weasuring system is the leakage power supply which

has been previously covered. But, part of the leakage supply which was not
covered is the dlgital-to-ana]og converter which sets up a reference current
that the supply uses to determine what the cutput voltage will be. When a
valid voltage is entered via the front panel keyboard IEEE, the LC102
microprocessor calculates what code must be sent ta the D/A converter. This
‘code is latched by IC35 for’ the MSB and IC37 for the LSB. .In ordér to cover
the full range of 1 to.999.9 volts in .1 volt increments,” two D/A converters —
Two D/A convertars give a resclution of. 16 bits, The MSB D/A

“ must be used.
‘converter's maximum output current "is .Sma and it i& trimmed by REGX. The
LSE D/R converterts output current is 2uA and it is trimmed by R202. These

- pots are ‘adjusted. during the leakage supply voltage calibration. The two-D/R

Aconvertars are comb:ned by tyxng the:r outputs together. ‘_j, e o

- wben measurxng leakage current.'one of four automatxcally seleeted
ranges are used to set the gain of the current-to-voltage converter wade up
of IC43 and its associated circuitry. When the leakage- button is pressed,

. the mzcroprocessor starts the current voltage converter in the highest range

"by engaging LS and connectxng the 10 ohm ﬁesxstov'(R171) into the feedback
loop. Also, the output of IC44 is conrected to the A/D converter (IC14) via _
the A/D input selector (IC1S). If the microprocessor reads too low of an
input for that range, it will range down until the reading is valid or the
bottom range is reached. @As the unit ranges downward, it will sequentialy
select R172 (100 ohm), R177 (1.1K), and then only R178 (iQK) for the lowest -
range. Also, during the’ leakage test L& is engaged which diverts the return

curwent from ground to the I7v converter P

The follouxng table ShOHS whxch resxstors and relays ‘are used for Each
partlcular range: - .

RANGE RELAY ENGAGED RESISTOR USED = CURRENT RANGE
1. Highest LS , Ri71, R178. 2mA-20mA
2. . B - R172, R178 . 200uAR-1. 9mA
3. S B A _R177, R178 20uR-193¢A
4. Lowest . Nore. ' R178 - ’ R2uAR-19.9uA
TABLE 3

Tr0ubleshoot1ng hint: If the unit reads several mA with no load connected -
and can not be calibrated out, L4 may be fused. .

ESR CIRCUIT DESCRIPTION )
During the ESR test, L1 is energized and any signal sent to or received

from the leads is passed via this relay. At the start of the ESR test, the
sicroprocessor sets Pin S of [C21, a 4@66 bilateral switeh, high and stores
any initial voltage on the capaciter {n C8. Pin S of IC21 drops low and a
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selected current source is turned on for a period of about 19uS. “F4" is
also set high when a ramp is turned on. Rt this time, a 1uS pulse, generated
by Ci@, R3®, and IC2¢ is sent to Pin 6 of IC21 to sample the voltage
developed across the CUT at the instant the current is applied. This voltage
is then held in Ci2, Normally, the 1uS sample and hold pulse is delayed . 1uS
by R165 and Cl1, but when the highest range is used (20@-2Kohm! the sample
ard hold pulse is delayed SuS to sample further into the ramp. This
additional delay, switched in by TR42, is incorporated because of the
rounding of the leading edge of the current pulse due to internal capatitance
and the high impedance of the generator.
After the resistance value has been stored, the D/A voltage value,
'stored in C8, is subtracted and the final ESR value is sent ‘to the QID
converter (1014) via Q/D input’ 5elect, '1C1S.

Under the contﬁol of the mieroprocessor, the three ESR‘ranges'aFe
sequentially stepped through, highest to lowest range. In between ranges,
TR8 is turned on to discharge the CUT. : s - ‘ : ' -

INDUCTANCE - . :
- The LG102 measures 1nductance by applyxng a ‘current ramp to the coil
under test, as described in the inductance circuit block diagram descrxptlon.
The cqurrent ramp is generated by 1C26, £32, and one of the resistor networks
selected- by IC16, an analeg multlpller.- ‘The ramp 'speed is’ determxned by the
"resistor network value selected by the microprocessor. . Nhen ICY16 selects one.
-of its seven ihputs, capacxtor c32 begxns to charge.  As the voltage at Pin 6
of IC26 rises, it charges €32 and raases the ‘voltage on Pin 2. EHecause Pin &
is being pulled toward -5 volts, it opposes the current comxng from C328. The
‘rise of the voltage is thern a llnear ramp whose speed is determined hy how
"hard Pin 2 of 'IC 26 is being pulled ‘toward -S volts and counteraetxng the
rise of voltage caused by the charg:ng C32. HKnowing how this circuit- -
operates, we can tell that R104 and R185 will produce the strongest current
and opposition to C32, thus producing the steepest ramp. R111 and R117 being
the highest resistance value will produce less. opposition to C32 ard -
consequentxally, the slowest and-most gradual ramp. -

The selected ramp located on Pin 6 of IC26 is then fed to selected .
voltage-to-current converters via ICl?, another 4051-analog multxplier. " The -~
. selection of IC16 and IC7 is always identical ta’ dxvert the current voltage
ramp to its current voltage—to-current converter. Both are microprocessor
controlled. When the top of the ramp is detected by comparator LM3@6 (iC2S),
two things happer. IC3@, Pin 4 goes high and turns the range off. Rlso, at
this time, IC32 is ciocked producing a logic high on Pin 13 and low on Pin
. 18.  The inductance sample and hold is then turned off, leaving the
,1nductance sample stored in C37. 1C3@, Pln 3 goes hlgh after a short de! ay
set by R14Z2 and C35, resistance of the coil is then sampled and held in C3S5.
IC28d subtracts the resistance from the inductance value and sends the
. corrected inductance value to the A/D converter via the analog data selector,

IC13.

Also, note that the output of ICZ8, Pin 7 is divided down by R1SZ and
R154 and sent to the A/D converter. This point is used by the microprocessor
to test if a high resistance across the leads exists, thus invdicating an open

coil.
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During the inductarce test, L8 is ererqgized and the microprocessor
sequences through the ranges (Range 6 to Range R) until a value reading is
taken or range A, the lowest range, is reached. Figure 2 shows the waveforns
across various points in the inductance measuring eurrent.
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FIGURE 2
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. front panel board via a separate flex cable.

Bo2

"98 02702 10:24 FAX

RINGER CIRCUIT DESCRIPTION
After the “Inductor Ringer” button on the front parel of the LC1@Z is

pressed, (coils, yokes & flybacks or switching transformers must be
selected), the microprocessor latch E4 is temporarily dropped from a high to
This in turn causes TRi? & TR18 to conduct and send a S volt
pulse through CRi6 and on the test coil via erergized L18. The returned
pulses from the ringing coil are buffered by TR19 & TR28. The buffered ring
signal is then squared by TR22. R9S is calibrated to bias TR22 into
conduction. For the 285% cutoff level, R91, switched in by the microprocessor
via TR21, is set so TRZZ will count only the upper 75% of the incoaing ring
signal. The squared ringing signal passes through 1/4 of IC2 and 1/4 of IC13
and on to IC31, a HEF4040 binary counter. .This counter stores the value of
ringing pulses and is then emptxed into the nxcroprocessor txmer/counter

a low state.

1nput pin, Ti. -

Ruto ranging is accomplished. by sequentlally selecting the impedarce
matching capacitors C26, C&7, and C28; storing the ring value; and displaying
the highest value received. The impedance matching capacitors are switched
by TR24, TR25, and TR26; and are under microprocessor contral via the “F° .-

latch,

FRONT PANEL CIRCUIT. ’
The front panel board is connected to the main board with a 26 conductor,

.The front panel- membrane’ switches are then connected to the
The keyboard is scanned by the

‘Scanning is done by sequentxally outputing a low to each
During each

ribbon cable.

mxcroarocessor.-
column on the keyboard viz a latch on the main board (1C4Q).

column output an input buffer on the main board (ICS) tests the .rouws of the
keyboard to see. if any have been pulled low. A low would indicate that a key
has been pressed. The microprocessor also sends a pulse to the latch inputs
of IC4 and ICS. This, in turn, latches the respective coaporent type LED on.

The two LED displays receive their data from DB7 of the microprocessor.
The main display and the voltage display each have. their .own clock which is’
used to put the data inte the particular display latch. ICG'bro&uces‘the
backplane for the LCDs and also flashes the uarnxng LED uhen 1nstructed,tg'do

. so by the microprocessor.

" PROTECTION CIRCUIT

In order to protect the user from possible shock hazard, the LCl@2Z
incorporates a circuit to detect a blown test lead fuse and warn the user
should such a condition ever exist. This circuit cperates by passing 8 volts
to the test.lead (after the fuse) through CR42, CR43, and R218. If the fuse

is good, the 8 volts will be dropped through R218 and approximately @ volts

will be delivered to bin 3 of 1C48. However, should the fuse be blown, the 8
volts will no longer be shunted through R34 and R3S to grournd, but will
remain and be delivered to IC46, thus tripping the comparator and setting off
the warning system. The warning system consists of a front panel LED and a
buzzer which is pulsed. Should the )25 volt LED be flashing at the time when
the fuse blows, that LED's flashing will stop as soorn as the fuse warning LED

begins to flash.
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