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SAFETY PRECAUTIONS

Whentestingelectronic equipment, there fs nlwnys a danger present.

ted ations in defective equip-
ment. The technician should become famlllar with the device that he is
working on and observe the following precautions.

1

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

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

k.

3. Discharge filter capacitors before connecting test leads to them. Cap~
acitors can swre & charge that could be dangerous t the technician.

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

5. Remove the extleads immediatelyater the teat has been completed to
reduce the possibility of shocl

6. Do not work alone when working on hazardous circuits. Always have
another personclose by in case of accident. Remember, even & 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 comj componenka deman that a more
accurate meter with lower voltage ranges and low applied voltage on the
ohms ranges be used, The ability to ‘ead incircuit vesistances without
having the transistor or diode conduct is more important today than ever
before. Sencore engincers have met this demand head on with the FE160
Senior Field Effectmeter. AL of the features needed in todays electronic
‘maintenance have been put into one casy to use push button meter. Check
these fearures and see why it s the meter for the technician on the bench
or the engineer in the lab.

a¢ tenth of a volt full scale on AC and DC

AC and DC curzent 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, 1o batteries to run down at any time

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

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

10 positive Ranges0-0.1,0.3,/1, 3 10,.30; 100, 300, 1000 and 3000
10 Negative Ranges: same as ahove
10Zeroctr. Ranges: - 0.05 10 0.05, - 00 1510 0.15, - 00.5to 0y

S 1.511.5, - 5105, - 151015, - 5010 50, - 150 to 150, - 500 to 50r,

1500 101500 laput resistance 15 megohm, shunted 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 and
9 PP ranges 0 - 0.28, 0.84, 2.8, 8.4, 28, 84, 280, wmdzsoo
Frequenc:
Input resistance 12 megobm shuated by 90 pf
Frequency response: 1db 10Hz - 150KHz
3db 5tz - 500KHz
Accuracy + 2. 5%

DC Current

10Positiveranges0 - 30u, 100, 300, 1mA, 3, 10, 30, 100, 300

10 Negative ranges: same as above ;

10 Positive zero center ramscs |5 t 15uA, - 50 to 50uA, - 150 o 150
500 to 500uA, = 1.5 to 1. -5t 5mA, - 15w I5mA, - 50

SR -5 v ts0uR ang 1B 00 1. 34

Internal voltage drop: 0.1V

Accuracy ¥ 2%,

AC Current

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

Chmmeter

8 bigh power rangee (1.5Y) 0 - 600 ohms, 6K, GOK, 600K, €M, 60M,
00M and 6000M,

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

9-ranges - 20db, - 10, O 10. 20, 30, 40,50, 60
Reference:-dmV into 600 o

Generat

.Y/ Meter: 7" 500 microamp +2%
Multiplies resistors 1/2%, deposited carbon
Power: AC line operation 100 - 130 VAC50 - 60Hz
convertible 1o 230 VAC
Voltage requirements for ohmmeter operation supplied from internal
electronic supply
Weight 6
Dimmansion 9 7 1/2"x 6"
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OPERATION

SHIELDED TEST LEAD AND PROBE_ON THE FE160

“The FELG Senior Fi- Lo Ficld Effect Meter is equipped with a shielded teat
lead to allow accurate measurements on AC voltages in the presence of strt
The is connected
the FEL60 with a BNC type connector for ease of replacement if ever nec-
essary. Theprobe is equipped with a 100K isolation resistor and switch to
i in critical circuits
such as RF, IF, and sweep circuits. For most measurements including
es, the probe ewiich is left in the NORM position. The only time
that the swicch is placed in the ISOLATION position is when it is necessary
toisolate the cable capacity from the circuit you are measuring or when using
the LOpower ohms function is special circults described under making re-
sistance measurements. When the switch is in the ISOLATION position, the
DC voltage will only be 0. 67 low. The ISOLATION position should only be
used with DC voltage measurements ard AC voltages at o more than 60

ror will result voltages of higher
fxequency than 60 Hertz.

CONTROLS ON THE FE160

The FE160 Senior Field Effect Meter are exiremely simple and easy to
operate. Just depresa the desirad Funcrion on the Fuoclon avitch, @
sired range on the Range switch and measure. There are only

front panel cantrols, the OHMS ADJ and the ZERO ADJ. Below aa brist
description of each swilch or control and how it is used.

RANGE SWITCH: The push button range switch is used to select the desired
Tange for measurement of current, voltage or resistance. When the de-
Sired range is depressed, che other button that may hnve been depressed
from a previous measurement 1 Jocked out automaticall

FUNCTION SWITCH: The Function switch is used to select the desired
Tunction, DC voliage, AC voltage, Hi power ohms, Lo power ohms, DC
current, or AC current, and also acts as the on-off switch, ‘The off button
turns the power 1o the FEL60 off when it is depressed. When any other
function is depressed and the unit is plugged in, the FE160 is turned on.
‘The small red indicator below the OFF button is the pilot light, It will glow
redwhenthe unitisonandready 1o go. The FEL60 is completely solid staze
and requires no warm up time.

ZERQ ADJUST: The ZERO AD) is used to position the meter pointer 6!
6 20 41 16 excreme Iei of the mever for moss measurements, or over
the center zero mark when using the zero center DC range
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OHMSADJUST: The OHMS AD) contral is used/to"positionithe meter pointer
over. he ohms-2ero mark on the exizeme 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 raige for as close 0 a full scale
deflection aspossible; connect the black lead from the COMMON jack to the
chassis or common point and measure the voltage.

nffpoooooo

av v W av 1oV =ov 100V 300V 1000V

oooooooog

Fig. 1 ©OC Buttons on the FEI60

DC voltage ia read on the two black scales marked DCV just above the
.. YOr on the meter. The top DC scale is calibrated from 0 fo 1.0 volts,
Vith each small scals division Tepreseating . 02 volts, and is used With the
.1, 1, 10, 100, and 1000 volt ranges. The second DC scale is cal ibrated
from 0 1o 3.1 volts with each small scale division representing 0. 1 volts,
andisusedfor the . 3, 3, 30, and 300, volt ranges. The O to 1.0 volt scale

d the 1.0 volt. by .1, 10, 100, and 1000
for the .1, 10, 100, and 1000 volt ranges respectively. The 0 1o 3.0 volt
scale is read direcily for the 8.0 volt range and multiplied by .1, 10, and
00 for the .3, 30, and 300 volt ranges respectively.

Example: If the scale indicarion is .54 on the 0 to 1 volt scale and the 10
T Range button adepreased. you woutd multiply .54 by 10 resulting in an
actualreadingof 5, 4 volts DC. I the scale reading is 1.6 on the 0 to 3 volt

le and the .3 volt Range button is depressed, the actual reading would
be .16 volts DC.
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USING THE DV VOLTS ZERO CENTER SCALE

The z8ro center scales are algied to_zead plus and hinus, yoltages without t
necessity of changing polarity with the leads or function buttons, To uf
the zerocenter scales, set the probe switch to the NORM position. Depre|
the plus DOV Function button and adjuse the ZERG AD) antl the meier 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 volta on the lower scale. Tne meter scales are multi-
Phiediy 1, 10, 100, o 1000 depending upon which Rangs mition 5 depressed

e gy

> Flg. 2 DC Center scales

If the 300 volt Range butron were depressed, thenthe 1.5 volt scale
ould be multiplied 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 1o the right, the voltage is positive. e
pointer moves down scale to the left, the voltage is negative. With a cai-
ibratedzero center scale, you can not only determine the polarity of a volt-
age, but also its magoitude.

3 KV DC JACK

The special front panel jack allows the extension of the meters function to
3000 volts DC. To use this speciat fack, simply plug in the red test lead
provided. Depress theplus DCV button on the Function switch and the 1000
volthutton on 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 resulr

MEASURING DC CURRENT

To measure DC current, from 30 mmumps o 300 milliamps, set &

switchon the probe to the NORM position. Depress the plug DCC button on
the Function switch and the desired $ ronge of current 1 be measured on the
& going 1o meas-
e Commect o ot e From the FELEQ in sesien it b carront o
bemeasured. Comnect the negative or common lead from the T £160 o the
negative source of current and the positive or probe lead to the positive

1o
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gouEeot dirrend (I fhe Ghrrerio be ‘meastired 4 Unknowit,) StATT witn
down, ) power 0 the equipmert
beingmeastired and read e Aurrens i the Seagprifigpiercd scic (bc).
Tf the meter reads in the negative direction. the current polarity i
( tecdfrom that expected. Simply depress “Uhe negative DCC button for an
. scale reading.

oooooonofn

cuArenT—

av v 3y 10V 30V 100V 300V a0
(LA UL C T T R uxloumw
2800 SpP 2806

0040

304A 100xA 3004A  ImA  3mA  1OmA  30mA 100mA 300mA
000100/ 20F

Fig. 3 DC Current Suttons on the FE160

ZeroCenter 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
: Ttage zero center scale and are read in the same fashion, except as cur-
1ot

e 30 microamp to 300mA ranges are protected by the fuse on the xear 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 button and measure the voltage. The switch on the probe
shouldbe in the NORM position. If readings on AC voltages above 60 Hertz
aremade with the switch in the ISOLATION position, errors in readings will
result,
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o réad RMS voltages, use thebotedm two flack scéles marked ACY RMS.
‘ToFead peak to peak voltages, nse(he pro ref{ecslesgnarifa fvf g e
scale reatings are multiplied by ro. factors.as were used in DCV
Sealos. Onths0to1 ACRMS scale waci sl cuvlsfon represents -02 vof
andonthe to 3 volt scale, each small division represents .1 volts. On

1o 2.5 volt peak to peak scale, each small division represents .1 volts
andon the 0 to9 volts peak to peak, each small division represents . 2 volts,

Acv

Lvorraae—!
v av v av 18V 36V 190V 300V 1000V
awe s ase e amer 200 50097 280087

oo0o0000

2005 -1008 OUB 10D8 20D 3J0DB 40DB SODE  60DB
Fig. & AC Volts Buttons on the FEI60

Example: If the scale indication is .6 on the 0 o 1 volt ACV RMS scq

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

multsplied by .1 or .06 volis AC RMS. If the scale Indication te 1.6 on’. e

ACV P. Pacaleand the 28VPP Range button is depressed, the actual readyog
would be 1.6 multiplied by 10 or 16 volts peak © peak.

o

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 pacel
Jack. To measure AC current, depress the ACC Function button and the
desired current range on the Range switch. Turn off the equipment o be

and connect the common lead and probe lead in series with the
clrcultin which the current s t© be measured.  Set the probe switeh 1o the
the ACC scales on the meter

in curmn.

{
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 1A
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
to 300 milliamp ranges.
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MEASURING RESISTANCE WITH HI POWER'OHMS

The Hi Power resistance function luses the standard 1. volt applied re-
ference voltage for measix ing resistance. To use the 11i 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 rematn on the infinity mark until the leads are shorted. Short
the probe lead and common lead together and use the OHMS ADJ 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 ff necessary to reset the meter
pointer over the infinity mark. Recbeck 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 RI0K 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 transistors toconduct.  This conduction can cause the readings to be in-
accurate dueto the paralleling action of the active device. This action can
be used to an advantage for checking the front o back ratio of diodes by
.reveraing 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, thefeby 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 1o the ifference in voltages.

NOTE: The obms ranges from RX1 to RX] 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 obrained in Lo Power ohms function on the
RX10 MEG range may not be accurate.

ren though there is only .08 volts (80 millivolis) 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 emitier resistance is 10,000 ohms or
higher, or the transistor has high leakage. You can reverse the lest leads
or youcanreduce the applied voltage to only . 008 (8 millivolts) by using the
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ISOLAT(ON poshion an the probe.ten making fesisiance megsurenuns
Use this if you are fia doubt when making resistance measure-
oAty In Gemmaniog clfcolty

1. Depress the RI0K Range button and the LO OlfMS Furction button.

2. Set the switch on the probe to ISOLATION

3. With the probe and common lead shorted together, adjust the O}MS
ADJ control until the meter reads 10 on the OHMS scale.

4. Unshort dhe teads and sdjust the ZERO ADJ uncil the meter pointer
reads on the infinity mark.

5. Repeatsteps 3 and 4 again to be sure the meter is correctly “zeroed”.

o

Connect the test leads across the resistance o be measured, Sublract
100K from the readings 1o get the actwal resistance measured.

e 9. 6 Special Onms Scale on the Meter

With the above procedure, 16 now becomes zero, 1 becomes SOK, 20 be-
comes 100K and 5o or

Example: If the meter reads 250 on the ohms scale, the actual resistance
would be 150K. If the meter reads 11 on the ohme scale, the actual re-
sistance would be J0K.

MEASURING RESISTANCE OF THERMISTORS

The LO OHMS Function on the FEIG0 is a must for making accurare re-
sistarce measurements of Thermistors of low reaistance values. If "¢
measurements are made with the HI OHMS Function, the higher curl
flow through the thermistor will resultin a changing reading due to the el
ing effect. The Thermistor should ot be held in the hand and should be kept
away from any other heat o obtain the most accurate resding.

CAUTION: Whenmakingresistance measurements, be sure that the power
the €quipment under test is disconnected. If voltage is applied to the ohma
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ranges on-the:FE160, the fuse Fl.may ope and haye to be replaced hefore
any other measurements can be taken. The fuse.is a 3AG .6 Amp type.
DONOTube a slow blow type fuse ds inabcuracy and possible damage to the
FEL60 may reault.

SPECIAL NOTE

Over 90% of wdays solid state circuits use silicon diodes and transistors.
Germanium {smaioly used for low level signal type diodes where extremely
low level conduction {6 required for best zesults,

When making resistance readings using the LO power obms function of the
Sencore Hi-Lo meter, the resiatance reading may be lower in value than
the actual resistor beingmeasured. This is due to the extremely low levels

which ium diode will i fon is very small, but
When inpazallel witha large value resintor, cam miroduce a sHEM diference
in readings. In the reverse direction, there g 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.

‘Thisisaleo noted 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 I
connectedto the appropriate ground point in the equipment being measured.
I the ground lead is not connected, youare mexely extending the high voltage
closer to you. If the ground lead is connecied to the wrong point on ground,

o may run the isk of possible damige (o the equipment being tested and
Jourselt. Stand awoy from the cuipment belng measured and keep one hand
in your pocket as a safety measure. Kigh voltage in a color TV is especially
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 mensuzemgh Voltage with the FE160, you will require the optional tigh
voltage probe, 39A30. You may obtain this probe from your local p:
Distributor or (he Sencors Sorvice Department. Tnte probe exienda te
<ange of the FEI60 to 30,000 volts DC. The probe may also be used with
sy DC range 10 act as a 100 times multiplier and increase the input im-

iance of the FEL60 to 1500 megohms. The .1 volt range becomes a 10
vol\ range when using the 39A30 high voltage probe.

i
The 39A30 probe is made to come apart for easy storage when not being.
used. The body of the probe plugs into the handle with  simple banana plug.
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ToGise the 39A30 high bltagé probe'on the FET60, depress eifher UiE plus

tiehandle of the 3930 high voltage probe. Connect (e ground lead from
the FEL60 to the common test point on the equipment to be measured. Bé
sure o read the first paragraph labeled CAUTION and observe these tips
when using the 39430 high voltage probe on the FE160. Depress the 3KV,
10KV, or 30KV Range button for the desired range of voltage t be measured
The actual reading on the meter is multiplied by 10,000 on the 0 0 3 volt
DCV scale for 30KV range, by 10,000 on the 0 10 1 volt scale for the 10KV
range, and by 1,000 on the 0 1 3 volt scale for the 3KV range.

STORING THE HIGH VOLTAGE PROBE

The optional high voltage probe, 39A30, can be stored on the back of the
FE160 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)

he FEL60has a conveaient db seale for easy db measuzements. The nicg
AC voltage ranges are in perfect 10 db steps, o that starting from "0" db
onthe 1.0volt range, you add 10dbfor each range above 1 volt and subtract
10db for each range below 1 volt. Db measurements are actually a mea-
sure of the ratio between the power in the circuit undex test and some re-
ference power level. The reference level used in the FE160 is 1 milliwate
into 600 ohms. 1f 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.

Example: The scale reading is -4 db, the 100 volt Range button is de-
pressedand the impedance is6ohms. The 100 volt range is 4 ranges higher
than the 1 volt range, so we must add 40 db o the meter reading giving us
36 db. Using the chart in figure 7, the correction factor is plus 20 db,

an actual db measurement of 5 mf

The chart in figure 8 can also be used to determine the actual power b«iﬁg
dissipated in a circult If hecircult impedance along wich elther the applied
voltage, or the dbas measured on the nown. The chart in figure
B also shows the relationshap of AC volts to db.  If the AC vliage 18 1n-
creased ten times, the db reading goes up by 2
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Zo-“nmmm0n mman.

07 I3
IMPEDANCE 1N OHMS
Fig. 7 db Correction Chart

wFm w-r0< O>

Fig. 8 Voltage vs. Power Chart (sine wave conditions only)
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NOTE: The db scales on the FE160 and the charts of figures 7 and § apply
only wheri e "Voltage being measured is a pure sine wave as from an audio
genetator. The FE160/1s a tfue peakto peak reading meterjand the eomplex
wayeform of-musiclor voice material will nof give a true RMS reading re-
quired for the db system to Work corfectly.

MEASURING SMALL LEAKAGE CURRENTS

The FE160 can be used to measure extremely low leakage currents in the
nanoamp range of 0 to 10 nanoamps full scale. All that is required is a
power supply rated at 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 FE160 as shown In figure 9. Connect the power
supply, the device under testand the FEL60 in series as shown in figure 9.

{

Hi4o MeTER

(avoe)

EVICE o | LeAxage
Unoen
YNoEn CORRENT

Fig. 9 Measuring Small Leakage Currents

Depress the . 1 volt Range button and the plus DCV Function buttonand set
the switch in the probe to NORM. Read the 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 black and 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
o primarys back in parallel. .
sumper

2i0vAC

FROM
TRANSFORMER

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

REMOVE THESE
UMPERS.

"
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OVERLOAD PROTECTION
Your 5160 is prdtected againat-accideutal-owrloadsion all sarges and
functions, The/voltage ranges are protected becalse the high iput im -
pedange of the FE160 llml[s the amount of cugrent that can flow into the
eter to damage it. On-the resistance ‘and eurrent functions, the fuse FL
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
pmtecrionfeamreor accuracy of the FE160 are not affected.  Input switch-
and components aro protected aguinst accidental overload by a spack
s wrminals.

FUSE TYPE

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

MAINTENANCE
DISASSEMBLY INSTRUCTIONS

I it ever becomes necessary to recalibrate or repair your FE160, it can be
accomplished simply by removing the unit from its case to cxpose all cal-
ibration controls and parts. There are four screws holding the FEL60 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
),eassemuy the FE160, reverse the procedure.

CALIBRATION OF THE FEI60

For the location of the following adjustments, refer to the PC board layout,
figure 11, and figure 12

DC BALANCE

The DC balance control is adjusted 5o that the front panel ZERO AD 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 and
adjust the DC BAL located on the PC board until the metex xeads .7 on the
0101 scale.

ZERO RANGE ADJUSTMENT

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

on the PC board 8o that the meter reads0 on the left hand side of the meter

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 mechaaical zero of the meter
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with"the FEL60 turned off. R, oy g myamynd
thewplus DCVeFuncion button. et the probe switch 1o NORM and apply
egeetl) 1fpotes D wofthe foug, e rll 3 RF e oo
PCboard for exactly 1.0'on'the 0 o1 DCV s

{

AC VOLTS AND AC CURRENT CALIBRATION

Like the DC calibration, the AC voltage calibration is for both voliage and
current. ‘The mechanical zero should be checkedon the meter as was done
DC calibration. Depress the .) volt Range button and the ACV Function
urion, Sot th probo awltch to NORM end short he test leads ogetter and
7ero the merer.  Apply exacly -1 volt AC RMSsine wave, (60 Hz to 1 KHz)
o the loput terminals aod adjust RS, the AC CAL on he IC board until te
meter xeads 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 obms scales for each range or becween HL and LO power ohms unnec-
essary. These adjustmentswill not need resetting unless some part of the
obms power supply has been replaced.

Withthe and turnedon, LO; ohms Fum:mzl
RX1 Range button. as you would before maki
any resistance measurements, Withthe FE160 zeroed, depress the RX10)
Range button and adjust the RX10K ADJ until the meter is zeroed on the
xight hand side of the ohms scale. The RXIOK AD] is located on the right
hand side of the Range switch as viewed from the rear of the FEI60. With
the LO power ranges set, depress the HI power obms Function button,
leaving the RX1OK Range button depressed, and adjust the Hi FOWER OHMS
ADJ until the meter is againzeroed onthe right hand side of the ohms scale.
‘This sets up the front panel OKMS ZERO control onall Functions and Ranges
of ohms eliminating (he necessity of rezeroing when changing ranges or
tunctions in obms.
9. 11 P.C. Board Layout (sse schematic sheet for layout)

REAR VIEW OF RANGE SWITCH

Fig. 12 Location of Ohms Zero Adjustments
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BUILDING/A METER CALIBRATOR

Ifanaccurate source of..d VOILAC andiDC st réadily available for cal-
ibration, you may wish to build a simple meter calibrator and check such
asthe one 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 batterics
in eeries.

<7

WA ReD 28V

™

Rl
| A2

Flg. 13 Callbrater for Hi-LO meter

T1 = Any low current power transformer with a secondary voltage between
6 and 12 volts,

TR1 = 2N5172 silicon transistor or equivalent

RI - 5.6K 1/2 watt 10, resistor

RZ - 10K 1/2 watt 10% resistor

vm. the AC signal from the transformer connected 1o the base of the tran-

dibtor, the circuit will produce a square wave of the same peak o peak

value asthe battery voltage, (2.8 volts). Due to the slight error of reading
peak to pesk meter, the 2. 8 voits peak to peak signal will Jndicate exactly

B Oonthe FE160 meter acal whenproperly calibrated. When the AC signal

is removed from the base of the transistor, the output will be the battery

voltage wiich mey b used to calibrate the DC scales of the FEL60. Adjust
e DC calibration control for exactly 2.8 volts DC.

CIRCUIT DESCRIPTION

The Sencore FE160 Senior Field Effect meter uees a balanced bridge im-
pedance converter consietingof 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
o peak detector.

The DC voltage at the input passes through the AC rejection
¥ Consisting o Rl and G to the vallage divider (R2 hzovgh R10). Tho
Range switch S38 selects the required input voltage to be applied to the gate
of TR1. The FET TRI provides the necessary high input impedance, and
drives the base of TR2, The source output of TRI and the collector output
of TRZare in parallel, with both output currents flowing through the common
load resistor R29. TR2 provides the necessaxy current gain required to
drive the meter, The TR3and TR4 section of the balanced impedance con-

2
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verter isheld'constant, because the gate of TRA is tied 1o ground through
WeAC cal conczol R36) The metery, in series with heDC cal-control, is
connected between the collestor of, TR2 and the collector of TR3, with the
positive meter lead conpected to the collectar of TR2

m“g

hi
intemperature will affect both sides of the balanced drcull equally, keeping
the inst changes in supply
voltage, because the voltage at the source of TR4 remains nearly constant
and is used as a bias voltage of TR1 gare. It is applied to the gate of TR
through resistor R40, the DX balance control R39 and the zero adjust R50.

DC Current: When measuring DC current, one of the standard resistors,
R17 through R25, is selected by the Range switch to be put in series with
che circuit to be measured. The circuit described in the preceding para-
xaph (DG voluzge) bahen woed 1 meamure the voltage across the o
resistor. The fuee F1 protects R17 through R24, or up to the 300 mA xange.
“The meter movement itself is protectea on all ranges plvebeiehtin
ehru the impedance converter and shunted with a diode,

Mﬂlsume 1"] POWER): Tomeasure theresistance of an unknown resistor,
FEI&0 co the unknown resistance, a 1.5 volt battery, and a standard
resistor n serics. The FE16D thenmeaturcs o voltage scross the ankmon
Tesistance. The ohms adjustcontrol has the same effect as the DC cal col-
twol, inthatitisconnected in eeries with the meter and is used to adjust tf.
sensitivity of the meter. When there is an infinite unknown resistance {open
cmmc) the FE160 will measure the full battery voltage. The ohms adjust
ntrol is adjusted mmme test leads open, 5o that the fnll voltage will read
'hen the gether, the voltage
will be zero, and Lh eter will read zero. If an unkmvm resistance is
Exactly oqunt t the standard restatance Inthe 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 reeistor 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 i used
o select different standard resistors for the different resistance ranges.
Al 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 transistore
is important. The LO POWER ohms fanction applies only .08 volts (8017,
o the circuit helng measured, o that the diode junctions of any transistor
will not conduct
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The’LO.POWER obms filnction opcrates the Same as'the Hl POWER 0hms
function, with-the exception that+a,yoltage divider comprised of R14 and
R1S is used 1o ser the teat voltage to 108 yolts, The DC yoltage measuring
Circiit of the FE160 is still connected across the unknown resistance, but
e ety of the voltage tesuringlrcul s creased to tat .08 volts

read full scale. The 83A section of the Range switch is used to select
illrent standssd sesimmots for e oS ranges.

AC Voltage: The AG voltage at the mpux is coupled through Cl to the top of
the voltage divider comprised of R2 through RI0. The S3B section of me

Range ovitch eclects the voltage 1 e appliedto theinputof TR TRI a

er. ‘The output of TRI and TR2 is coupled through cxz
2 B33 1o the input of TRS, TRS acts as & common emirter amplitier ©
provide a voltage gain of approximately 10 tmes. TRS drives tme pek o
peak detector comprised of C12, C16, CR3, and CR4. A negative output
from the peak to peakdetector is applied through 33 and the AC cal control
(R36) to the gate of TR4. The DC voltage applied to the gate of TR caused
the bridge o be unbalanced and the meter to read the AC voltage.

TROUBLE CHART
Symptom Probable cause Corrective Measure

il dead, meter does Fuse blown CR9, CRI0 ' Check fuse on rear of

not read: Unit not plugged into AC _meter
Check diodes for apen
or short
Plug unit in
35 Tange Burned out K3 Replace resistor
inoperative;
AC Volts readings Probe switch in T Switch oA probe
Inaccurate: ‘wrong position: t0 "NORM”
Defect in /P Check components
detector; CR6 cr and replace when nec-
CR7, C16 essary;
R40 changed value; Check resistance of R4
Meter readsup  Defective TRI, or  Check components for
scale tn . 1VDC CRS leakage and replace
position only and when necessary.
on RXIM range only;
Tgads up “AC Fickup (Normal Short test Teads
-+ svale 1 . 1VAC condition In strong together to remove
position; electrical field); AC pickup;
‘Wieter zero changes  Mochanical zero  Reset mechnical
from function to off zero with meter
function wr
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SERVICE AND WARRANTY

You have just purchased one of the finest field effect voltmeters on the
market today. The Sencore HI-LO Melter has been inspected and tested
ewice at the factory to insure the best quality instrument to you, If some-
thing should happen, the HI-LO Meler i covered by a standard 90 day
warranty as explained o .

For the best service on out of warranty work, send the HI-LO Field Etfect
Meter directly the nature
O your problern o Inevre fastes scrvice.

1f you wish t repair your own HI-LOField Effect Meter, we have included
a schematic, parts list, and trouble chart. Any of thesé parts may be ors”
dered directly trom the factory service department.

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

SENCORE

NO.1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPHENT
3200 SENCORE DRIV, SIOUX FALLS, SOUTH DAKOTA 57107

Form 609
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=1 ENCORE

NO 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMEN
3200 SENCORE ORIVE, SIOUX FALLS SOUTH DAKOTA 7107

SCHEMATIC AND. PARTS LIST
FOR
FE160 HI-LO METER
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Early, runs of the FEI60 made use,of the same, P. Caboard as-the FE20.
Differeat transistors and different component valugs were uged @ arrive
at the) increased sensitivity of the FEI60. Below_is @ cross reference|be-
dWeen the schematic reference numbersiin the-FEI60-schematic, and the
reference numbers on the FE20 P.C. board.

Hﬁj §torevs Q«Qme

FE20 PC BOARD

FEL60 FE20 FEL60 FE20

Schematic  PC Board Schematic PG Board

Reference  Reference Reference  Reference

cl4 c1o R49 . R34

c15 c12 RSO R3S

c16 c13 RS1 DC Cal  Rél

c17 c16 RS27Z range R42

c18 c17 RS3DCBal  R39

c19 cu4 RS54 R40

c20 cis Jumper R38
Jumper R43

R40 R26 Not used R37

R4l R27 TRE

R42 R28 TR2 TR2 & TR3

R43 R29 TR3

Réd R30 TR4 TRS

R4S R32 CR3& 4 CR2

R4O R33 © CRs CR1

R47 AC Cal  R36 CR6 CR3

R48 R3L CR7 CR4¢

Form 754 PRINTED IN USA
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SCHEMATIC
REFERENCE:

CAPACITORS,

PART NO.

24G224

246216
246168

14A70-1

14A42-3830
14A41-5931
14G29-6002
14C29-6003
14C29-6004
14441-6065
14A41-6676
14C31-8206
14C28-2606
14C28- ems
14C;

14C28- 5204
14C28- 2604
14C28-8203
14C28-2603
14C28-1203
14A52-11

14A41-6675
14C29-3163
14C29-1003
14C29-3162
14C29-1002
14C29-3161
14C29-1001
14C29-3160

DESCRIPTION PRICE
Qa7 1KV 09 MYIAR 25
3901, .25
75pt, 30V POLY 2.5% 125
300pt, 63V POLY 5% .25
00Luf, 33V POL. .2
3300pf, 33V POLY 5% 25
o1uf, 33V POLY 5%, .25
033uf, 63V POLY 5% 25
. luf, 100V MYLAR 10% .25
L22uf .25
32.5 MEG, 1W, 12.5KV, 2% 1.75
5756 ohma/it .75
3MEG, 1/2W, 1% .75
1 MEG, 1/2W,

667K, 1/2W,
3.16K, 1/2%, 1
1K, 1/2W,

316 ohms, lﬁw. 1%
100 ohms, 1/2W, 1%
81.60hms, 12, 17
10 oh , 1%
5,16 ame, 1/2W, 1%
31,6 ohms, 1/2W, 1%
736 obm/ft wire
15K, 1/2W, 5%
220K, 1/2W, 5%,

8.2 ohme W, 5%
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R4 1453-3

SEMICONDUCTORS
TRL, 8 19C6-1
TR2 19CI4-2
TR4 19C4-1
TRS 19C17-1
CRI, 2,10 16510
11, 12,13,

14, 15, 16,

17, 18

CR3, 4, 5 50C5-1
CR6, 7, 8 50C3-2
CR9

50C4-7
CONTROLS
R9 15C7-7
R47 15C7-6
RSl 59 15C7-9
RS2, 53 15C1-2
RSS 15C1-11
R60 15C1-10
MISCELLANEOUS
ML 2340
25A148-1
51 wired 125A148-1
25A148-2
52 wired 125A148-2
39633
25132
39430

.56.abm, 1/2W, 5%

2N5163 FET
(specify color)
TD401 PNP dual
2N5172 NPN
D40DI

Rect. Sil.
1 amp 400P1V

10V Zener

SMEG, Vert, FC.

Function switch wired
Test probe complete

with cable for FEL60

Mini slide gwitch for probe
High Voltage Probe

23 BY3
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FEIGO FE METER
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