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SAFETY PRECAUTIONS

When testing electronic equipment, there is always a danger prosent.

ns in defective equip-
bt T technician. shouid become fnmiuar S the orics vt b2
working on and observe the following precautions.

hould on equipment having the
chassis tied to one side of the AC power line.

2. When making test lead comnections 1o high voltage points, remove the
power. If this cannot be done, be sure to avoid contact with other
equipmentormetal objects. Place ono hand in your pocket as a safety
precaution and stand on an insulated floor to reduce the possibility of

3. Discharge filter capacitors before connecting test leads to them. Cay
acitors can store a charge that could be dangerous to the technician.

4. Be sure your equipment is in good order. Broken or frayed test leads
can be extremely dangerous and can expose the technician to dangerous
potentials.

5. Remove the testleads immediately after the test has been completed to
reduce the possibility of shock.

6. Do ot work alone when working on hazardous circuits. Always have
another personclose by in case of accident. Remember, even a minor
shock can be the cause of a more serious accident, such as falling a-
gainst the equipment, or coming on contact with higher voltages.
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INSTRUCTION MANUAL FOR
THE SENCORE FE160 SENIOR
., HI-LO FIELD EFFECT METER

DESCRIPTION

More and more integrated circuits, transistors and FETs are being used
eachday in electronic equipment. These components demand that a more
accurate meter with lower voltage ranges and low applied voltage on the
ohms ranges be used. The ability to read incircuit resistances without

Senior Field Effectmeter. All of the features needed in todays electronic
‘maintenance have been put into one easy to use push button meter. Check
these features and see why it is the meter for the technician on the bench
or the engineer in the lab.

(. ae tenth of a volt full scale on AC and DC

AC and DC current ranges

* True peak to peak AC ranges

Db scales for audio work

* Calibrated zero center ranges on DC

Large 7 inch meter with mirrored scale for easy reading

* AlL AC operated, no batteries to run down at any time

Low Power Ohms Function (Low applied voltage of .08 volts maximum.
Down to . 008 volts when measuring 10K or up).

* High input impedance on AC and DC (15 meg on DC, 12 meg on AC).



SPECIFICATIONS
DC VOLTS

10 positive Ranges0-0.1, 0.3, 1, 3, 10, 30, 100, 300, 1000 and 3000
10 Negative Ranges: same as above
lZeroctr. Ranges: - 0.05 00,05, - 00 15 100.15, - 00,50 0s
—15!01 S, —5«!5. - 15t015, - 50to 50, - 150 to 150, - 500 to 5

500 to 1500 Input resistance 15 megohm, shnmed by 90 pf in probe
"NORM" 10pf in 100K "ISOLATION’
Accuracy +1.5%
AC rejection: 30 db min

AC VOLTS

9 RMS ranges 0 - 0.1, 0.3, 1, 3, 10, 30, 100, 300 a
;Pme\gesO 0.28, 0.84, 2 8, 8.4, 28, 84, 280, smuvd 2800
Tequency
!npu( Tesiatencs 12 megohm shunted by 90 pf
requency response: 1db 10Hz
3 db Stz - 500KHz
Accuracy ¥ 2.5%

DC Current

10Positive ranges0 - 30uA, 100, 300, 1mA, 3, 10, 30, 100, 300

10 Negative ranges: same as above

10 Positive zero center ranges - 15 to 15uA, - 50 to 50uA, - 150 to 150
t0.500uA, - 1.5 to 1.5mA, - 5 t0 5 mA, - 15 to ISmA, - 50

SuRe - 950 v 150uR ang - 1540 1. 3A

Internal voltage drop: 0.1V

Accuracy + 2%

AC Current

10RMS ranges 0 - 30uA, 100, 300, ImA, 3, 10, 30, 100, 300 and 3A.
Internal voltage drop: 0.1V RMS
Accuracy: 3%

Ohmmeter

8 tigh power ranges (1.5V) 0 - 600 ohma, 6K, 60K, 600K, 6M, 60M,
600M and 6000M.

7 low power ranges (0.08Y) 0 - 600 ohms 6K, 60K, 600K, 6M, 60M
and 600M i
Accuracy + 2 degrees arc.



Decibel (db)

9 ranges - 20 db, - 10, 0, 10, 20, 30, 40, 50, 60
Reference: 1mV into 600 ohm.

General

/' Meter: 7" 500 microamp +2%,
Multiplies resistors 1/2% deposited carbon
Power: AC line operation 100 - 130 VAC 50 - 60Hz
convertible to 230 VAC
Voltage requirements for ohmmeter operation supplied from internal
electronic supply.
Weight 6 pounds
Dimensions: 9" 7 1/2" x 6"



OPERATION

SHIELDED TEST LEAD AND PROBE ON THE FE160

The FELG0 Senior Hi-Lo Field Effect Meter is equipped with a shielded test
inthe presence of str

e connected
the FEL60 with a BNC type connector for ease of replacement if ever nec-
gasary. Theproke is equipped with 100K isolation resistor and switch o
i n critical circuits
cuch 5 RE, IF, and awesp circulsa. _ For most meteuromencs including
DC voliages, the probe switch is left in the NORM position. The only time
that the switch is placed in the ISOLATION position is when it is necessary
to isolate the cable capacity from the circuit you are measuring or when using
the LOpower ohms function is special circuits described under making re-
sistance measurements. When the switch is in the ISOLATION position, the
DC voltage will only be 0. 6% low. The ISOLATION position should only be
ueed with DC voltage measurements ard AC voltages at o more than 60
ror will result AC voltages of higher

frequem:y than 60 Hertz.

CONTROLS ON THE FE160

The FE160 Senior Field Effect Meter are extremely simple and easy to
operate. Just depress the desired Function on the Function switch, the
sired range on the Range switch and measure. There are only two ot
front panel controls, the OHMS ADJ and the ZERO ADJ. Below is a brief
description of each switch or control and how it is used.

RANGE SWITCH: The pushbutton range switch is used to select the desired

Tange for measurement of current, voltage or resistance. When the de-
sired range is depressed, the other button that may have been depressed
from a previous measurement i locked out automatically.

FUNCTION SWITCH: The Function switch is used to select the desired
Tunction, DC voltage, AC voltage, Hi power ohms, Lo power ohms,
current, or AC current, and also acts as the on-off switch. The off button
turns the power to the FE160 off when it is depressed. When any other
function is depressed and the unit is plugged in, the FE60 is turned on.
‘The small red indicator below the OFF button is the pilot light. It will glow
red whenthe unitisonandeady 1o go. The FE160 is completely solid state
and requires no warm up i

ZERO ADJUST: The ZERO AD) is used to position the meter pointer ¢!
The zero at the extreme left of the meter for most measurements, or over
the center zero mark when using the zero center DC range



OHMS ADJUST: The OHMS AD] control i used to position the meter pointer
over the ohms zero mark on the extreme right hand side of the meter with
the test lead and common lead shorted together.

{EASURING DC VOLTAGES

Set the switch on the probe to the NORM position; depress either plus or
minus DCV button; depress the desired range for as close to a full scale
deflectionaspossible; connectthe black lead from the COMMON jack to the
chassis or common point and measure the voltage.

pffipooooo
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Fig. 1 DC Buttons on the FE160

DC voltage is read on the two black scales marked DCV just above the
:ror on the meter. The top DC scale is calibrated from 0 to 1.0 volts,
with each small scale division representing .02 volts, and is used with the
-1, 1, 10, 100, and 1000 volt ranges. The second DC scale is cal ibrated
from 0 1 3.1 volts with each small scale division representing 0.1 volts,
and is used for u.e 3, 3, 30, and 300, volt ranges. The 0 to 1.0 volt scale

i 1t by .1, 10, 100, and 1000
for the -1, 10, 100, and 1000 volt ranges respectively. ‘The 0 to 3.0 volt
scale is read directly for the 3.0 volt range and multiplied by .1, 10, and
100 for the .3, 30, and 300 volt ranges respectively.

Example: If the scale indication is .54 on the 0 to 1 volt scale and the 10
voltRange button isdepressed, you would multiply . 54 by 10 resulting in an
scwal readingof 5. 4 volts DC. I the scale reading is 1.6 on the 0 10 § volc

scale and the .3 volt Range button is depressed, the actual reading would
be .16 volts DC.




USING THE DV VOLTS ZERO CENTER SCALE

The zero center scalesare used to read plus and minus voltages without ths
necessity of changing polarity with the leads or function buttons. To uf
the zero center scales, set the probe switch to the NORM position. Depre
the plus DCV Function button and adjust the ZERO AD] until the meter pointer
reads at the zero mark on the DCV ZERO CTR scale on the meter just be-
low the mirror. This gives you ranges of plus or minus .5 volts on the
upper scale or 1.5 volts on the lower scale. The meter scales are multi-
pliedby. 1, 10, 100, or 1000 depending upon which Range button is depressed.

3ok

Fig. 2 DC Center scales

Example: If the 300 volt Range button were depressed, thenthe 1.5 volt scale
TouE muliplicd by 100 resulting in a scale of plus or minus 150 volts.
If the .1 volt Range button were depressed, the result would be a plus or
minus .05 volts. ¢
If the meter moves up scale to the right, the voltage is positive. iehe
fnter moves down scale to the left, the voltage is negative. With a cal-
ibratedzero center scale, you can not only determine the polarity of a volt-
age, but also its magnitude.

3 KV DC JACK

The special front panel jack allows the extension of the meters function to
3000 volts DC. To use this special jack, simply plug in the red test lead
provided. Depress the plus DCV button on the Function switch and the 1000
voltbuttonon the Range switch. Read the voltage on the 0 to 3 volt DC scale
and multiply by 1000. This special jack should be used for DC voltage
measurements only. If this jack is used for AC voltage measurements,
large errors will result.

MEASURING DC CURRENT

To measure DC current, from 30 microamps to 300 milliamps, set t
switchon the probe to the NORM position. Depress the plug DCC button on
the Functlon switch ard the desired Tange of current i be measured on the
e going to meas-
ure and conmect the test leads from the FE160 In sexies with the current to
bemeasured. Connect the negative or common lead from the I'160 to the
negative source of current and the positive or probe lead to the positive

10



source of current. (If the current to be measured is unknown, start witn
the 300 milliamp range and workdown. ) Reconnect the power to the equipmert
being measured and read the current on the sppropriate meter scale (!’X‘C)
If the meter reads in the negative direction, the current polarity i
vsedrom that expected. Stmply depress the negative DCC button for an

{_ scale reading.
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Fig. 3 DC Current Buttons on the FE160

Zero Center DC Current Ranges: By depressing the positive DCC Function
‘button and adjusting the ZERO AD] control until the meter rests on the center
7ero of the DCV ZERO CTR ranges on the meter, plus and minus DC cur-

it can be easily read. The desired Range is selected similar to the DC
+ ltage zero center scale and are read in the same fashion, except as cur-
at.

The 30 microamp to 300mA ranges are protected by the fuse on the rear of
the FEL60. The 3 AMP range is a coil of resistance wire and is not pro-
tected by the fuse. If it is overloaded, damage is possible, if the over-
load is not removed in a short period of time.

MEASURING AC VOLTAGES

To measure AC voltages, simply depress the ACV Function button and the
desired Range bution and measure the voltage. - The switch on the probe
should be in the NORM position. If readings on AC voltages above 60 Hertz
are made with the switch in the ISOLATION position, errors in readings will
result.




To read RMS voltages, use the bottom two black scales marked ACV RMS.
Toread peak to peak voltages, use the wo red scales marked ACV P-P. The
scale readings are multiplied by the same factors as were used in DCV
Seales, OnMhe01o1 AC RMS scale each small division represents .02 vo
andon the 0 to 3volt scale, each small division represents .1 volts. On

0 to 2.5 volt peak to peak scale, each small division represents .1 volts
andon the 0to 9 volts peak to peak, each small division represents . 2 volts.

poofooooo

3v 10V sov 100v 300V 1000V

kY 9P 20 SOPP  280PP  900PP 2800PP
-2008 -10D8 ODB 10DB 20DB 30DB 40DB SODB 60DB
ig. kb AC Volts Buttons on the FE160

Example: If the scale indication is .6 on the 0 to 1 volt ACV RMS scg

and the . 1 volt Range button is depressed, the actual reading would be

multipliedby . 1 or .06 volts AC RMS. If the scale indication is 1.6 on”. e

ASYl P-Pacale and the 28VPP Range button s depressed, the actual readjog
uld be 1.6 multiplied by 10 or 16 volts peak to peak.
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MEASURING AC CURRENT

Full scale AC current ranges from 30 microamps to 300 milliamps can be
‘measured with the push button Range switch and probe on the FE160. A full
scale range of 3 amps is also available with the special 3 amp front panel
jack. To measure AC current, depress the ACC Function button and the
desired current range on the Range switch. Turn off the equipment to be
measured and connect the common lead and probe lead in series with the
circuitin which the current is to be measured. Set the probe switch to the
NORM position. Turnthe equipmenton and read the ACC scales on the meter
in current.

. {
For the 3 amp range, use the special test lead and common lead connect
inthe circuit in series with the current tobe measured. Depress the 300 mA
Range button and read the 0 to 3 ACC scale directly in amps.

‘The circuit protection for AC current measurements are the same as for
DC currentand the rear panel fuse protects the FEL60 on the 30 microamp
t0 300 milliamp ranges.



MEASURING RESISTANCE WITH HI POWER OHMS

The Hi Power resistance function uses the standard 1.5 volt applied re-
ference voltage for measuring resistance. To use the Hi Power ranges, de-
press the HI OHMS button and the Range button that will put the resistance
to be measured as close to the center of the scale as possible. The meter
pointer will remain on the infinity mark until the leads are shorted. Short
the probe lead and common lead together and use the OHMS AD] control to
place the meter pointer over the zero mark on the extreme right hand side

of the meter. Be sure the probe switch is in the NORM position. Unshort
the leads and use the ZERO ADJ control if necessary to reset the meter
pointer over the infinity mark. Recheck the full scale zero by shorting the
leads together again. The resistance readings are multiplied by the range
listed above the Range button used.

Example: If the meter is indicating 6 and the R10K Range button is de-
pressed, the resistance is 6 multiplied by 10K or 60K.

NOTE: When using the HI OHMS Function of the FE160 for measuring in
solid state circuits, the applied voltage will be high enough to cause diodes
or transistorstoconduct. - This conduction can cause the readings to be in-
accurate due to the paralleling action of the active device. This action can
be used to an advantage for checking the front to back ratio of diodes by
reversing the meter leads. The probe lead is positive and the black common
lead is negative in the Ohms Functions.

MEASURING RESISTANCE WITH LO POWER OHMS

The Lo Power ohms Functionof the FE160 uses an internal 80 millivolt source
for measuring resistance. This low applied voltage prevents the junctions
of diodesand transistors from conducting, thereby allowing accurate in cir-
cuit resistance readings.

The operation isidentical to the HI Power ohms Function and the scales are
‘multiplied inthe same manner. There will be a need for rezeroing between
HI and LO power ohms due to the difference in voltages.

NOTE: The ohms ranges from RXI to RX1 MEG are used for Lo Power
ohms measuring. The RX10 MEG range is intended for use on Hi Power
ohms function only. Because of the high impedance and extremely low
applied voltage, the readings obtained in Lo Power ohms function on the
RX10 MEG range may not be accurate.

ren though there is only .08 volts (80 millivolts) applied in the LO OHMS
unction, there are a few germanium type transistors and some special
diodes thatmay conduct slightly with this voltage applied to their Junctions.
This will occur where the base to emitter resistance is 10,000 ohms or
higher, or the transistor has high leakage. You can reverse the test leads
or youcanreduce the applied voltage to only . 008 (8 millivolts) by using the



ISOLATION position on the probe when making resistance measurements.
Use this procedure if you are in doubt when making resistance measure-
ments in germanium circuits.

1. Depress the R10K Range button and the LO OHMS Function button. |
2. Set the switch on the probe to ISOLATION

3. With the probe and common lead shorted together, it the O1IMS
ADJ control until the meter reads 10 on the OHMS sc

4. Unhort the leads and adjust the ZERO ADJ until the meter potnter
reads on the infinity mar]

o

Repeat steps 3 and 4 again to be sure the meter is correctly "zeroed".

@

Connect the test leads across the resistance to be measured. Subtract
100K from the readings to get the actual resistance measured.

Special Ohms Scale on the Meter
With the above procedure, 10 now becomea zero, 15 becomes SOK, 20 be-
comes 100K and so

Example: If the meter reads 250 on the ohms scale, the actual resistance
would be 150K. If the meter reads 11 on the ohms scale, the actual re-
sistance would be 10K.

MEASURING RESISTANCE OF THERMISTORS

The LO OHMS Function on the FE160 is a must for making sccurate re-
sistance measurements of Thermistors of low resistance v 1t
measurements are made with the HI OHMS Function, the hlghex curz
flow through the thermistor will resultin a changing reading due to the he,
ing effect.'The Thermistor should not be held in the hand and should be kept
away from any other heat to obtain the most accurate reading.

CAUTION: Whenmakingresistance measurements, be sure that the power
the equipment under test is disconnected. If voltage is applied o the ohms




ranges on the FE160, the fuse F1 may open and have to be replaced before
any other measurements can be taken. The fuse is a 3AG .6 Amp type.
DONOTusea slow blow type fuse as inaccuracy and possible damage to the
FE160 may result.

SPECIAL NOTE

Over 90% of todays solid state circuits vee smcon diodes and transistors.
Germanium ismainly used for low level s ype diodes where extremely
low level conduction is required for best o g

When making resistance readings using the LO power ohms function of the
Sencore Hi-Lo meter, the resistance reading may be lower in value than

theactualreslotor beingmeamired. T fs due & the extremely low levels
very small, but
When Inpazallel witha large valuer e, o s slight difference
in readings. In the reverse direction, there is a leakage current that will
add with the very small current of the LO power ohms function and again
cause a reduction in the resistance readings.

Thisisalsonoted in Howard Sams Photofact by the astrick in the resistance
chart. The greatest accuracy will be in the reverse direction of the diode.

MEASURING HIGH VOLTAGE WITH THE FE160

CAUTION: High voltage is dangerous and great care should be taken when
measuring any high voltage. Be sure that the ground lead from the FEL60 is
connected to the appropriate ground point in the equipment being measured.
1 the ground lead is not connected, youare merely extending the high voltage
closer toyou. If the ground lead is connected to the wrong point on ground,
you may run the risk of possible damage to the equipment being tested and
yourself. Stand away from the equipment being measured and keep one hand
Inyoue pocket asa safety measure. High voltage In a color TV 1s sspecially
dangerous because it is regulated and can go as high as 30,000 volts. If
you should come in contact with i, it will not load down.

To measure ngh Voltage with the FE160, you will xequire the optional high
voltage probe, 39A30. You may obtain this probe from your local parts
Distributor or the Sencore Service Department. This probe extends the
~ange of the FEL60 to 30,000 volts DC. The probe may also be used with
ny DC xange 1 act as a 100 times mulnpller and increase the input im-

f the FEL60 to 1500 megohms. The .1 volt range becomes a 10
peg‘ Fange when using the 39A3D high votiage probe.

The 39A30 probe is made w come apar for rage when not being
used. The body of the probe plugs ito the handle with a mmple banana plug.




To use the 39A30 high voltage probe on the FE160, depress either the plus
DCV or minus DCV Function button depending if the voltage is positive or
negative. Set the probe switch to NORM and plug the end of the probe into
the handle of the 39A30 high voltage probe. Connect the ground lead from
the FEL60 to the common test point on the equipment to be measured.
sure to read the first paragraph labeled CAUTION and observe these tips
when using the 39A30 high voltage probe on the FE160. Depress the 3KV,
10KV, or 30KV Range button for the desired range of voltage to be measure
The acimal xeading on the meter s muiiplied by 10,000 on the 0 10§ volt
DCV scale for 30KV range, by 10,000 on the 0 to 1 volt scale for the 10KV
range, and by 1,000 on the 0 to 3 volt scale for the 3KV »

STORING THE HIGH VOLTAGE PROBE

The optional high voltage probe, 39A30, can be stored on the back of the
FEL60 in the clips already provided. The probe comes in two parts; the
handle unplugs from the barrel. The larger set of clips holds the handle
and the smaller set, the barrel. Simply press them into the clips to hold
them securely in place.

MEASURING DECIBLES (DB)
The FEL60has a convenient db scale for easy db measurements. The ning
AC voltage ranges are in perfect 10 db steps, 50 that starting from "0" db
onthe 1.0 volt range, you add 10dbfor each range above 1 volt and subtract
10 db for each range below 1 volt. Db measurements are actually a mea-
sure of the ratio between the power in the circuit under test and some re-
ference power level. The reference level used in the FE160 is 1 milliwatt
o 600 ohm. I the impedance being measured across is other than 600
ohms, you will have to use the chart in figure 7 to determine the actual
power level or db.

iy

Example: The scale reading is -4 db, the 100 volt Range button is de-

36 db. Using e chart in igure 7, the correction fator 15 plus 20 4,

‘The chart in figure 8 can also be used to_determine the actual po

dissipated in a circuit if the circuit lmpedam:e along with ei{her the apphed
voltage, or the db as measuredon the FE160 are known. ‘The chart in figure
8 also shows the selationship of AC volt to db. u the AC voltage is in-
creased ten times, the db reading goes up by 20 di
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Fig. 7 db Correction Chart

Fig. 8 Voltage vs. Power Chart (sine wave conditions only)



NOTE: The db scales on the FE160 and the charts of figures 7 and 8 apply
only when the voltage being measured is a pure sine wave as from an audio
generator. The FE160 is a true peak to peak reading meter and the complex
waveform of music or voice material will not give a true RMS reading re-
quired for the db system to work correctly.

MEASURING SMALL LEAKAGE CURRENTS

The FE160 can be used to measure extremely low leakage currents in the
nanoamp range of 0 o 10 nanoamps full scale. All that is required is a
power supply ratedat the test voltage of the device being measured and two
15 megohm resistors. Connect the two 15 megohm resistors in series across
the input terminals of the FEL60 as shown in figure 9. Connect the power
supply, the device under testand the FE160 in series as shown in figure 9.

Hio MeTER
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Fig. 9 Measuring Small Leakage Currents

Depress the . 1 volt Range button and the plus DCV Function button and set
the switch in the probe o NORM. Readthe 0 to 1 volt DC scale on the FE160
and multiply by 10 to obtain the reading in nanoamps.

CONVERTING THE FE160 FOR 230 VOLT OPERATION
The conversion of the FE160 to 230 VAC is fast and simple. Just remove
the jumpers connecting the two white and two black primary wires of the
transformer from the terminal strip. Connect the two end terminal strip
points with the blackand white primary transformer wires together and the
unitisreadyfor 230 VAC operation. To convert back to 115 VAC, simply
seperate the end blackand white wires and connect jumpers from the white
to the other white wire and the same with the black wire, connecting the
two primarys back in parallel. 2

FROM
TRANSFORMER

VIEWED FROM LEFT
SIDE FACING TERM. STRIP
Fig. 10 230 Volt AC Conversion

REMOVE THESE
PERS.



OVERLOAD PROTECTION

Your FE160 is protected against accidental overloads on all ranges and
functions. The voltage ranges are protected because the high input im -
pedance of the FE160 limits the amount of current that can flow into the
meter to damage it. On the resistance and current functions, the fuse F1
on the FEL60 protects both the meter movement and the circuitry of the
FEL60. This fuse should be replaced with one of the same type so that the
protection feature or accuracy of the FEI60 are not affected.  Input switch-
ing and components are protected against accidental overload by a sp:lrk
gap. Meter pre

FUSE TYPE

3AG .6 AMP. DO NOT use a slow blow type fuse.. Inaccuracy and possible
damage to the HI-LO meter may result

MAINTENANCE
DISASSEMBLY INSTRUCTIONS

If it ever becomes necessary to recalibrate or repair your FE160, it can be
accomplished simply by removing the unit from its case to expose all cal-
ibration controls and parts. There are four screws holding the FE160 in
its case, two on the rear of the instrument and two on the bottom of the
front panel. Remove the four screws and slide the unit from its case. To
'},eassenmly the FE160, reverse the procedure.

CALIBRATION OF THE FE160

For the locatn of the followiog adjustmeiis; xefer o the PC bosrd layour,
figure 11, and figure

DC BALANCE

The DC balance control is nd]us(ed 50 that the front punel ZERO ADJ can
position the meter pointer over the zero center mark on the zero center
scales. To adjust this control, depress the plus DCV Function button. amd
adjust the DC BAL located on the PC board until the meter reads .7 on the
0o 1 scale.

ZERO RANGE ADJUSTMENT

Set the front panel ZERO ADJ to the physical center of its rotation. The
Range and Function buttons to be as above. Adjust the ZERO RANGE AD]

on the PC board s0 that the meter reads 0 on the Jeft hand side of the moter

scales. Recheck the DC BAL adjustment and readjust if necessary.

DC VOLTS AND DC CURRENT CALIBRATION

When the DC voltage ranges are calibrated, the current range is automatic-
ally calibrated. Before calibration, checkthe mechanical zero of the meter

»



with the FE160 turned off. Tocalibrate, depress the .1V Range pupa and

the plus DGV Function buton. Sec the probe ewitch to NORM and apply
exoctly .1 volte DC to the input. Adjust Rd1. the D CAL control on the
PC board for exac[ly 1.00n the 0t 1 DCV s

{
AC VOLTS AND AC CURRENT CALIBRATION

Like the DC calibration, the AC voltage calibration is for both voltage and
current. The mechanical zero should be checkedon the meter as was done
DC calibration. Depress the .1 volt Range button and the ACV Function
button. Set the probe switch to NORMand short the test leads together and
zero the meter.  Apply exacly . 1 volt AC RMS sine wave, (60 Hz to 1 KHz)
1o the input terminals and adjust R36, the ACCAL on the PC board until the
meter reads 1.0 on the 0 to 1 ACV scale.

LO AND HI POWER INTERNAL ZERO ADJUSTMENTS

‘The RX10K and HI power internal ohms adjustments make the rezeroing of
the ohms scales for each range or between HI and LO power ohms unnec-
essary. These adjustmentswill not need resetting unless some part of the
ohms power supply has been replaced.

With the FEL60plugged inand turned on, depress the LOpower ohms Furc
Jou would before maki
any ey messursmen(s. Withthe FEL60 zeroed, depress the RX10)
Range button and adjust the RX10K ADJ until the meter is zeroed on the
right hand side of the ohms scale. The RX10K ADJ is located on the right
hand side of the Range switch as viewed from the rear of the FE160. With
the LO power ranges set, depress the HI power ohms Function button,
leaving the RX10K Range button depressed, and adjust the HI POWER OHMS
ADJ until the meter is again zeroed on the right hand side of the ohms scale.
This sets up the front panel OHMS ZERO control onall Functions and Ranges
of ohms eliminating the necessity of rezeroing when changing ranges or
functions {n ohims.

fg. 11 P.C. Board Layout (see schematic sheet for layout)

REAR VIEW OF RANGE SWITCH

Fig. 12 Location of Ohms Zero Adjustments



BUILDING A METER CALIBRATOR

If an accurate source of .1 volt AC and DC s not readily available for cal-
ibration, you may wish to build a simple meter calibrator and check such
astheone infigure 13. The accuracy of the calibration with this circuit will
be the accuracy of the two mercury batteries which is in the order of 1.5
onanewcell. The 2.8 volt battery shown is two 1.4 volt mercury batteries
in series.

IN
B e R
ns

+
T
+

WHTS  RED|
BLY

Fig. 13 Calibrater for HI-L0 meter

T1 - Any low current power transformer with a secondary voltage between
6 and 12 volts.

TRI - 2N5172 silicon transistor or equivalent

RI - 5.6K 1/2 watt 10, resistor

R2 - 10K 1/2 watt 105 resistor

Yith the AC signal from the transformer connected to the base of the tran-
Sistor, the circuit will produce a square wave of the same peak to peak
value as the battery voltage, (2.8 volts). Due to the slight error of reading
peak to peak meter, the 2.8 volts peak to peak signal will indicate exactly
3.00n the FE160 meter scale whenproperly calibrated. When the AC signal
is removed from the base of the transistor, the output will be the battery
Voltage which may be used to calibrate the DC scales of the FE160. Adjust
the DC calibration control for exactly 2.8 volts DC.

CIRCUIT DESCRIPTION

The Sencore FEL60 Senior Field Effect meter uses a balanced bridge im-
pedance converter consisting of two Field Effectand two bi-polar transistors.
This circuitry provides high input impedance and excellent stability. When
measuring AC volts an additional amplifier stage which is compensated
against changes in voltage, temperature and frequency is used to drive the
peak to peak detector.

DC Voltay

The DC voltage at the input passes through the AC rejection
sting of R1 and C1 to the voltage divider (R2 through R10). The
Range switch S38 selects the required input voltage to be applied to the gate

TRI. The FET TRI provides the necessary high input impedance, and
drives the base of TR2. The source output of TR1 and the collector output
of TR2are inparallel, with both output currents flowing through the common
load resistor R29. TR2 provides the necessary current gain required to
drive the meter. The TR3and TR4 section of the balanced impedance con-
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verter is held constant, because the gate of TR4 is tied to ground through
the AC cal control R36. The meter, in series with the DC cal control, is
connected between the collector of TR2 and the collector of TR3, with the
positive meter lead connected to the collector of TR2.

Thit c
intemperature will affect both sides of the balanced circuit equally, keeping
the circuitbalanced. The circuitsiscompensated against changes in supply
voltage, because the voltage at the source of TR# remains nearly constant
and is used as a bias voltage of TR1 gate. It is applied to the gate of TRI
through resistor R40, the DC balance control R39 and the zero adjust R50.

urrent: When measuring DC current, one of the standard resistors,

Ri7 xﬁx‘n‘ng R25, is selected by the Range switch to be put in series with
kel ngiliodah Rttt preceding para-
graph (DC voltage) isthen used to measure the voltage across the standard
resistor. The fuse F1 protects R17 through R24, or up to the 300 mA range.
The meter movement itself isprotected on all ranges hecaue it lalmiated
thru the impedance converter and shunted with a diod

Resistance (HI POWER): Tomeasure the resistance of an unknown resistor,
FET60 connects the unknownresistance, a 1.5 volt battery, and a standard
resistor in series. The FE160 thenmeasures the voltage across the unkno
resistance. The ohmsadjustcontrol has the same effect as the DC cal col-
trol, inthatitisconnected in series with the meter and is used to adjust ti.
sensitivity of the meter. When there is an infinite unknown resistance (open
circuit) the FE160 will measure the full battery voltage. The ohms adjust
control is adjusted with the test leads open, so that the full voltage will xend
hen the FE the voltag
Wil ba 7exo, and the meter will read zero, If an utknown resletance 16
exactly equal o the standard resistance in the FE160, the voltage across the
unknown resistance will be one half of the total, or the meter will read one
half scale. With a standard resistor of 600 ohms, and the unknown re-
sistance of 600 ohms, one half of the voltage would be across the unknown
resistor, and the FE160 would read one half scale. A reading of 1/2 scale
would be equal to 600 ohms. The S3A section of the Range switch is used
to select different standard resistors for the different resistance ranges.
All resistance standard resistors, except the RX10 and RX100 ranges, are
protected from overloads by the fuse FI.

Resistance (LO POWER): The LOW POWER ohms functiononthe FE160 is to
be used when working on solid state equipment in cases where the resistance
of the resistorsalone, and not the diode junction resistance of the transistors
is important. The LO POWER ohms function applies only .08 volts (805,

o the cireult belog measured, 20 that the diode junctions of any translsior
will not conduct.




The LO POWER ohms function operates the same as the HI POWER obms
fpmction, Wi, the exosption that & wltags divider comprised of RI4 aod
RIS is used to set the test voltageto .08 volts. The DC voltage measuring
Cireuts o e P10 1 il comnscred aesons the unkron resistance, but
“e sensitivity of the voltage measuring circuit s increased to that .08 volts

I read full scale. The S3A section of the Range switch is used to select
different standard resistors for the ohms ranges.

AC Voluage: The AC voltage at the input fscoupled trough C1 1o the top of
the voltage divider comprised of R2 through R10. The S3B section of me
Range switch sclects the voltage 1 be appliedw the mpulofTRl TRI a
as a source er. "The ovput of TR and TR? 16 coupled through C12
and K38 to the input of TR, TRS acts as a common emitter amplifier 1
provide a voltage gain of approximately 10 times. TRS drives the peak to
peak detector comprised of C12, CI6, CR3, and CRA. A negarive ougput
om the peak to peak detector is applied through R33 and the AC cal control
(naé) to the gate of TR4. The DC voltage applied to the gate of TR4 caused
the bridge to be unbalanced and the meter to read the AC voltage.

TROUBLE CHART

Symptom Probable cause Corrective Measure
_ilt dead, meter does  Fuse blown CR9, CRI0 Check fuse on rear of
not read Unit not plugged into AC _meter
Check diodes for open
or short
Plug unit in
3 amp range Burned out R3 Replace resistor
inoperative;
AT volts readings Probe switch 1n Set switch on probe
Inaccurate: it © "NORM"
Check components
detector; CR6 cr and replace when nec-
3 essary;
R40 changed value; Check resistance of R4
Meter reads up Defective TRI, o Check components for
scale in . 1VDC CR5 leakage and replace
position only and when necessary.
on RXIM range only;
*=gads up AC Pickup (Normal Short test leads
sale in . 1VAC condition in strong together to remove
position; electrical field); AC pickup;
‘Meter zero changes —Mechanical zero  Reset mechnical
from function to off zero with meter
" turned off




SERVICE AND WARRANTY

ou have just purchased one of the finest field effect voltmeters on the
market today. The Sencore HI-LO Meter has been inspected and tested
twice at the factory to insure the best quality instrument to you, If some-
thing should happen, the HI-LO Meter is covered by a standard 90 day
warranty as explained on y policy

For the best service on out of warranty work, send the HI-LO Field Effect
Meter directly the nature
of your problem to insure faster service.

1 you wish 1 repuic yous o HI-LORIel Ettert Mower, 9 fave oflode)
a schematic, parts list, and trouble chart. Any of these parts may be or="
dered directly from the factory service department.

We reserve the right toexamine defective components before anin warranty
replacement part is issued.

SENCORE

NO.1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT |

3200 SENCORE DRIVE, SIOUX FALLS, SOUTH DAKOTA 57107

Form 609
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NO 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
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SCHEMATIC AND PARTS LIST
FOR
FE160 HI-LO METER



Early runs of the FEI60 made use of the same P.C. board as the FE20.
Different transistors and different component values were used to arrive
at the increased sensitivity of the FEIG0. Below is a cross reference be~
tween the schematic reference numbers in the FEI60 schematic, and the
reference numbers on the FE20 P.C. board.
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FE160 FE20 FE160 FE20
matic  PC Board Schematic  PC Board
Reference  Reference Reference  Reference
c14 c1o R49 R34
c1s c12 50 R35
c16 c13 RS1DC Cal R4l
a7 C16 RS2Z range R42
c18 c17 RS3DCBal  R39
c19 Cl4 Rs4 R40
c20 cis Jumper R38
Jumper R43
R40 R26 Not used R37
RAL R27 TRL
R42 R28 TR2 TR2 & TR3
R43 R29 TR3
Ré4 R30 TR4 TRS
R45 R32 CR3& 4 CR2
R33 CRS CRI
R47 AC Cal  R36 CR6 CR3
31 CR7 CR4

Form 754 PRINTED IN USA




SCHEMATIC

REFERENCE ~PART NO.  DESCRIPTION PRICE
CAPACITORS
a1 246224 .047uf. 1KV 20% MYLAR .25
cs 24G220 39pf, 700V DISC .25
c6 246278 75pt, 630V POLY 2.5% 25
c1 246217 300pf, 63V POLY 5% .25
cs 24G188 .00Luf, 33V POLY .25
3 24G182 3300pf, 33V POLY 5% .25
c1o 24G183 .Oluf, 33V POLY 5% .25
cu 24G184 £033uf, 63V POLY 5%
c28 24G216 _Luf, 100V MYLAR 10% .25
c29 24G168 2208 .25
RESISTORS

14A70-1 32.5 MEG, 1W, 12.5KV, 2% 1.75
R3 31/4" 4212 5756 ohms/ft .75
R 14C29-3006 3 MEG, 1/2W, 1% 75

14C4-105 1 MEG, 1/2W, 25
R6,7,8 14C4-186 18 MEG, 1/2W, 5% 2

14A42-3830  3.83 ohms, 1/2W, 2%, .75
RI1 14A41-5931  59.3 ohms, 1/2W, 1%, K
RIZ 14C29-6002 600 ohms, 1/2W, 1%, .
RI13 14C29-6003 6K, A K
R14 14C29-6004 60K, 1/2W, 1% §
RIS 14A41-6065 600K, 1/2W, 1% J
R16 14A41-6676  6.67 MEG, 1/2W, 1% K
R17 14C31-8206 ~ 8.2 MEG, W, 1/: 1.25
RI§ 14C28-2606 2.6 MEG, 1/2W, 1/2% 1.25
R19 14C28-820S 820K, 1/2W, 1/2% 1.2
R20 14C28-2605 260K, 1/2W, 1/2% 1.25
R2L 14C28-8204 82K, 1/2W, 1/2%, 1.25
R22 14C28-2604 26K, 1/2W, 1/2% 1.25
R23 14C28-8203  8.2K, 1/2W, 1/2% 1.25
R24 14C28-2603  2.6K, 1/2W, 1/2% 1.25
R25 14C28-1203  1.2K, 172W, 1/2% .
R26 14AS2-11 165K, 1/2W, 1%
R27 14A41-6675 667K, 1/2W, 1
R29 14C29-3163  3.16K, 1/2W, &
R30 14C29-1003 1K, 1/2W,
R31 14C29-3162 316 ohms, 1/3W, 1% X
R32 14C29-1002 100 ohms, 1/2W, 17, .75
R33 14C29-3161  31.6 ohms, 1/2W, 1% .75
R34 14C29-1001 10 ohms, 1/2W, 1% .75
R3S 14C29-3160  3.16 ohms, 1/2W, 1% .75
R36 14291000 31.6 ohms, 1/2W, 1% 1.00
R37 63/4" 42-12 5756 ohm/ft wire .75
R4S 14C4-152  1.5K,1/2W, 5% .25
R48 14C4-224 220K, 1/2W, 5% .25

R63 14A53-4 8.2 ohms IW, 5% .25



RO4 14A53-3

SEMICONDUCTORS
TRI, 3 19C6-1
TR2 19C14-2
TR4 19C4-1
TRS 19C17-1

CRI, 2, 10 16510

50C4-7
CONTRO!

9 15C7-7

4 15C7-6
RSl 59 15C7-9
RS2, 53 15C7-:
R 15C1-11
R60 15C1-10
MISCELLANEOUS

23C40

s1 25A148-1
S1 wired 125A148-1

25132
39430

Tl

.56 0hm, 1/2W, 5%

2N5163 FET

100 ohms, PANEL MT,

500uA, 90 ohms

High Voltage Probe

23 BhY3

.50
175
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