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.

L ) L

COMPONENT TYPE COMPONENT PARAMETERS
SUMEE WP T EMTER BECALL

@
R | ey 1 2 3 4 pF uF F
\Tnes £
e
e L + % -% v
tramc sLomn —— 5 (] 7 8 g
C] C] (]
cons [[ecse et IR M ISP ™MLY
POWER TEST LEAD  LEAD ZERO LEAKAGE A WARNI
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T . CURRENT operated by a
.u T rESY L . pen URREN ctuighuadbiieg
angon 1000 volts 10 e
‘oﬂ \ Gl Do not hold
o o laakaga test.
MODELLCT™ o

PULL CHART

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

SENCORE AUTO -2 CAPACITOR-INDUCTOR ANALYZER
o s GOOD
L LS, rRiNGS BAD
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NUMERIC INPUT ENTERIRECALL
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POWER TEST LEAD
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BATT TEST /
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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.

29

AUTO -Z

CAPACITOR - INDUCTOR ANALYZER
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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.
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