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For less than the price of many tran-
sistor multimeters, you can now build
your own real digital volt-ohmmeter.
Gone forever will be your days of having
wobbly meter pointers, reading the wrong
scales, or trying to read accurately from
a cramped and highly nonlinear ohms
scale. There will be no more problems

caused by VOM circuit loading or bent
or broken pointers resulting from circuit
overload.

You can just clip the DVM to your
circuit and read volts or ohms as they
brightly and unquestionably pop up on
the front panel of the instrument. Just
clip and read—instantly! It's that simple.
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This DVM is no slouch on performance
either. It has better than =1 percent
accuracy over most portions of the sev-
en available scales. It is self-zeroing
and automatically self-calibrating. Three
voltage scales, 0-2, 0-20, and 0-200 volts
are provided, each at reasonably high
impedances—in fact, you can read down
to 10 millivolts with ease. Four ohm-
meter scales, useful from one ohm to
over 200,000 ohms, are also available. If
you like, you can easily add extra outside
circuits to measure digitally anything
you can convert into a 0-2-volt d.c. sig-
nal, including a.c. voltage and current,
d.c. current, speed, and temperature.

Like its far more expensive brothers,
this DVM is a multiple-slope integrating
device. This means it averages the input
signal over a relatively long measuring
time. It’s done in a way that automatical-
ly rejects all a.c. line-induced hum and
noise and also eliminates practically all

V/F MODULE PARTS LIST

C1—100-pF, 235-v0lt clectrolytic cupacitor

C2—0.1-pF, 55-voit Mylar or tauntaluw capucitor

CIJ—0.0018-4F, 50-voit Mylar or polystyrenc ca-
pacilor { sce text)

C3—1-uF electrolytie capacitor

D1, D3, D5—IN914 silicon compuler diodc or
equivalent

D2—1N43750 1-wetl, 27-voll zener diode

D4, D6—1.X4734 1-wall, 5.6-volt scnce diode

Q1—Z'ransistor (1otorola MPS6521, do not sud-
stitute)

Q2—Trausistor (Metorola 11°56523, do not sub-
stitnte)

03-05—~—Traunsistor (Motorola MPS2923)

Q6—Uuijunction transistor (T'cxas lustruments
71543, do ot substitute}

R 1—10-megohm

R3—68-0km

R4—3 3-mcgohm

R35—2700-0km

R6—680,000-0hm

R7—100,000-0/m

R8—3300-0km

RO—4700-0km

R10—330-0ktm

R11—12-0km

R 12—6800-0/tm

R13—1000-0km

K 15—590-00em

R16—5900-0/im

R17—60,400-0/11:

R13-—565,000-0/tm

R2—10.000-0ftmt trimmer  polcitiomcter (CTS
type U-201 or similar)

R 13—250-0km trimmer potentioncter (CTS lype
U201 or similar)

Mise.—3" x 3-}4” PC boord, PC lceminals or
eyclets (14) (optional), aluminem mounting
bracket (sece Fig. 11) with hkardware, solder.

Note:—The following are available from South-
west Technical Products, 219 W. Rhapsody,
San Antonio. Texas 78216: etched and dritled
prinled circnit board, ¥ 155V, $3.25. complete
kit of all above requircd parts, #CV-155, $16
postpaid in USA.

oll resistors
Y -walt
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other high-frequency noise that may be
present. The instrument is essentially
“blind” to 60-Hz hum and only measures
the d.c. component of the input, even if
hum or noise is present. All this is done
automatically—all you do is watch a con-
tinuous output display that updates its
readings fifteen times a second.

While not a beginner’s project, the
extensive use of integrated circuits
makes the construction of the DVM rela-
tively straightforward and easy on a
module-by-module basis. A complete kit
is available as well as individual circuit
boards, dialplates, and individual module
kits. If you’'d rather build things on your
own, all parts are obtainable on the
market, and complete preparation details
of all the circuit boards are given here.
Either way, when you’re done, you’ll have
a real DVM—-at a fraction of the cost of
commercial equivalents and with perfor-
mance untouched by anything analog.

Construction. The project has been
broken down into five modules plus the
case and some panel components. Module
1 is the voltage-to-frequency (V/F) con-
verter. Modules 2 and 3 are decimal
counting units (DCU's) described in the
February 1968 issue of POPULAR ELEC-
TRONICS, or you can use the improved,
low-power versions described in the Win-
ter 1969 ELECTRONIC EXPERIMENTER'S
HANDBOOK.

Module 4 is the gate circuit, which
simultaneousty provides the 0, 1, and
overrange counting needed to complete
the digital display. Module 5 is the pow-
er supply.*

It is best to construct each module
separately following the details very
carefully. Each module has its own parts
list and schematic. If you prefer to
purchase circuit boards or partial kits,
details are given in the parts lists.

Voltage/Frequency Cenverter. This
circuit, shown in Fig. 1, is the “heart”
of the DVM and converts the input d.c.

*Important: The circuits labeled GND throughout
this project are not actually ground commnections
and should not be connected to the metal case.
They ure cenmtmon conncctions censtituting an in-
dividual circuit and yrounding them to theé case
may prodice circututiny currents which interfere
with_the operation of fhe meter. The metal case
should be either left /?oanng or connected to the
SW terminal on the V/F module. This i8 one side of
the inupnt signal und 18 actually the reference point
for the system.

3



oo¥ o
72

OHMS GND GATE F

signal to a series of pulses that are
counted by the DCU’s.

You can purchase the printed-circuit
board for this module or you can make
one using the actual-size layout shown
in Fig. 2 and following the drilling de-
tails of Fig. 3. File or multiple-drill the
slots required for the two trimming po-
tentiometers (R2 and R13). If you wish,
you can add optional terminals or eyelets
to make wiring easier.

Components are installed on the board
as shown in Fig. 4. Be sure to install all
semiconductors properly and double-
check electrolytic capacitor polarities. Be
especially careful not to interchange R2
with R1S.

Gate Module. This is actually the con-
trol center of the DVM. The start and
stop signals for the V/F converter and
the reset signals for the various count-
ing circuits are generated in this module.
The schematic for this module is shown
in Fig. 5.

A printed-circuit board is suggested
for this module. You can purchase one
(see Parts List for Fig. 5), or you can
etch and drill your own following the
actual-size layout shown in Fig. 6 and
the drilling information shown in Fig. 7.
Don't forget to install the two jumpers
on the component side of the board as
shown in Fig 7. Do not use a drill larger
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On the cover, just behind the
Digita Volt-Ohmmeter, can be
seen another advanced experi-
menter’s test set using PosuLArR
EvectronIcs’ low-cost digital read-
out (see our Februasy 1968 issue
or the 1969 Winter Edition of
ELECYRONIC EXPERIMENTER’'S HanD-
sBook). This particular unit is a
frequency counter capable of.indi-
cating from 1 Hz to 2 MHz in five
ranges. It is now in the final design
stage and complete construction
detalls will appear in a forthcom-
ing issue of this magazine.

Fig. 2. If you make your own V/F
converter-onhmmeter current ref-
erence PC board, carefully copy
this actual-size etching guide.

Fig. 3. Place etched and cleaned
board foil-side up on a block of
scrap wood, carefully locate and
mark hole centers, and drill all
the way through from foil side.

#60 DRILL [REMAINING HOLES).

[=]

CUT TO ST RZ, RI3

1716 ORILL (14) - ADD PC
TERMINALS OR EYELEYS IF '
DESIRED {OP TIONAL) - " ¢

/64 DRILL (2]

ONE REQ'D~MAKE FROM 1/16” SINGLE - SIDED FIBERGLASS PC MATERIAL

than #67 for the IC mounting holes.
Optional eyelets or PC terminals can be
added where indicated.

Mount the components as shown in Fig.
8. Use a low-wattage soldering iron and
fine solder when mounting the IC’s. The
rectangular IC's are identified by a notch
and dot at one end, while the round IC's
have either a flat or a dot at pin 8.

Power Supply. The power supply is
not assembled on a PC board, but is
wired point-to-point at one end of the
chassis. The schematic is shown in Fig.
9. A conventional tube-type transformer
is used. The 250-volt, center-tapped sec-
ondary has two functions. It provides the
125-volt a.c. reference, and its output is

POPULAR ELECTRONICS



HOW IT WORKS
V/F CONVERTER

The block diagram {ot this modulc abpears
here while the wmplue schemativ s showo in
Fig. 1. The waveiorms are keyed Lo 168t pair.ts
shown on the diagrams,

The 0-2-vult input irom the function sclector
is subtracted from a +27-voll supply generated
by the hower sunbly moduic and regulated by
2ener diode 2. Thus the Input voluige at the
v/ converter acwually varies irom +27 10 +23
volts as the instrument input Zoes trom 0 Lo +2
volts. Note that all inpui signals arc reforenced bo
+4-27 twolts and not lo the peivcr suppiy contiton
(GND).

Diode D4 provides reverse bularity and over-
load protection for the circuit. Transistor Q! is
an e¢mitter Tollower that provides a high imput
impedance. Transistor 22 is a complementary
emitter inllower that bucks out the vilset produced
by €)¢ and causes a voltsge identical o the input
veltage o apbear across A5 and the front-panel
CAL 1.35 coutrol. The current thraugzh these re-
sistors can be set for a constant input vuliage by
adjusting the CAL 1.35 control. Practically the
sunte curreim appears at Q2% collector as Nows
through RS and the CAL 1.33 control. Transistor
@2’s oulput current is then broportional to the
original input voltage. Tramsistor (22°s output
current drives a conventional unijunction saw-
loath oscitlator cousisting of CJT (é and inte-
grating capacitor C3. A series ui I-ul.-.(‘s at A1 of
()2 changes In jrequency as the input voitage
changes in amplitude. These output pulses are
sent Lo the 0-199 digital comuter aml display
modules

The UJl oscillator is turned on and offi by

gating transistor Q3. ‘This transistor is driven by
the Gate module and wliows the oscillator o run
for 16.7 milliscconds and then shorts it out ior
the aext 50 milliscconds and keeps this up con-
tinuously, recycing 15 times a second. The fre-
dyuency produced by the wscillator is determined
Ly the input voltage. The time this {reauency is
produced is derermined only by the Gate module
and (5. As a reswh, the oscillawr generites 0 to
1979 pulses Yor a 0-1.99-volt inpul signal, once
cich measurement inmterval, This is how the
digital display apbears o be reading the actual
valueof the inpul signal.

There would be a slight linearity problem if
the current on (/2 were allowed 10 go down to
zero, Thus a littde more emitter voltage (about
0.3 voits) is udded by the iront-pancl ZERO po-
tentiometer Lo remove a correspomlingly constant
anount of collectur current L(about 100 micro-
amperes) all the time. This shifts the operating
peint ol (2 0 a more lincar region but still lets
0-2 volts vi input produce 0-200 pulses per 16.7
milliseconds at the output.

The estra 100 microamperes of current is
“dumpud™ into the collector oi 03, which is biased
Lo act as a current sink.

The current source for the ohmmeter is also on
the V/I hoard, but it is a completely separate
circuit. The colleclor current of tramsistor (3
is either 0.01, 0.1, 1, or 10 milliamperes, depend-
ing on the resistor sclecied for its emitter circuil
(K15, R16, R17, or R13). These resistors are
not duite decade multiples of cach other, be-
cause they compensate for sliglu circuit noit-
linearities.

Rase cnrrent for Q5 is reculated by D&, tem-
perature-compensated by L5, and adjusted over
i limited ranze by RIS, Resistor K14 preveots
osciflation bot otherwise docs not adiecct the out-
put current.

Many hours ol design went into this particular

\'/F circuit, which is tar Iess cxpensive than the
|';:§r?:*:‘2§5 uiual operational-amblifier ¥/ converters used
O .
in commercizl gear. It IS of utmost lmporl.mcc
DC;L“,f;‘,ﬂg,?W el that you neither substitute transistors for (32,
SELECTOR { or 06, nor attempt any modification of 1he cnrcull
unl.~>s voun consider yoursell an expert in analog-
w1 Le-digital converter dcsuzn
CONVERTER
Q2
LINEARIZING CURRENT-
CURRENT SENSITIVE ; S ICOONT-PULSES,
SINK OSCILLATOR TO UNITS DCU
a4 Q6
boe
C HMS
GATE INPUT KEYING e REFERENCE
PRom ‘GatE o— 1 o1 eare SOURCE [0 CURRENT FOR
MODULE a5 a3 OHMMETER
KO INPUT SIGNAL NO INPUT SIGNAL INPUT SIGNAL
ZERO PROPEALY SET ZERO TWO COUNTS ZERO PROPERLY SET
c RIGH
GATE FI8Y,
MO;L%LE | ] o
INPUY ! —
]-‘E:Ff—ﬂ)m: —
ms
. ], LD
BT e THRESHOLD
GSCILLATOR
WAVEFORM _/ \ A ,
F ’ — +3V
QUTPUT TO } JIIIHI
COUNTER

NO COUNTS

TWO COUNTS

0-200 COUNTS IN
PROPORTION TO
INPUT SIGNAL

¥ CAN SE MEASURED ONLY WITH IOM SCOFPE PROEE

December, 1968
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; — ‘;---] | R2-INPV'T CURRENT ADJUST
4 W 5 | P
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ir +£ - g\ |
?'Q.th- -R7-e oAl
rgijepy ‘L AN | - RI3-OHMS CALIBRATE
"1‘?_:?'.'"' & SN\
ot--cz—:,_;g i+ TN\ |
i e st 03",/ | REFERENCE 70 FUNCTION
i Lo jes e |\ S ———SWITCH AND ZERO POY
! MO Ky 4.\ #————T0 POWER SUPPLY VIA RI
FEIL AL ehne pu4 e ®—— 70 OHMS-SELECTOR
o @ | ¢ |9@=® ¥4 L OMMS CURRENT TO
.[ L W e 15555 ¥ | SELECTOR SWITCH
LR o
| LT AN
TR Iacy
2 Ea o488 T =meo
Eule g-? -4 OFo
NGt NBPw & &3%
-
5 EEi08% 3 %8
a 352 Tee o 2
ZES353% » . ¥
>.had5g 4 Fig. 4. Avoid accidental-
o 5wy L o - #
22 = ly interchanging R2 and
=wn

R13. Author's prototype
is shown in photo, right.

+6vocC

Fig. 5. This Gate mod-
ule circuit is the basic
timer for the DVM.

Q
MPS2923

na ¥
aron$

__+3.6vDC

ICI
MCT89P

- ac GND GATE
FROM QUTPUT
60MHz TO V/F
MODULE

ALL IC'S VIEWED FROM TOP
34

RESET COUNT +6v
OUTPUT TO FROM
#NITS ANO TENS OCU
ENS DCU'S CARRY

% SEE"HOW |T WORKS" POX FOR WAVEFORMS
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also rectified to provide a 30-volt d.c.
supply. Resistor R1 is a voltage dropping
resistor which dissipates a large amount
of power and must be located where the
heat produced will do no damage.

The power from the ‘*‘filament” wind-
ing of T1 is rectified to provide 6-volt

and 3.6-volt d.c. supplies. Rectifier
RECT1 is a full-wave bridge. Capacitors

GATE MODULE PARTS LIST

Cl1—]1-pF, 25-volt electrolytic capacitor

C2—J00-pF, 10-velt clectrolytic capacitor

C3—0.2-uF, 10-volt ccramic disc capacitor

C-'—0.001-pJ°, 30-volt Myfur capacitor

C5—0.1-u& capacitor

D1—1X914 silicon computer diode or cquivaicns

11-13—6.3.volt, 50-m:1 pilot lemp and lcns us-
sembty, two orange and owe red (Soulhiwest
Technicat Products %0-6.5 und 7 R-6.3 respece
tively. or cquivalcnt)

1C1—Intcgrated circuit (Motorole MC789F)

IC2, IC5—1utcgrated circunit ( Motorale M C790P
or 1C7910)

IC3—{tntegruted circnit { Fuirchitd pi914)

ICs—-lutcgrated circuit ( Fairehild ul.900)

(01-Q3—2N5129 Iransistor or Motorole A PS2923

R1—220,000-0km, % -walt resistor

R2—1000-0/m, V4 avatt resistor

R3—3300-0km. Yi-watll resistor

R3-R6—470-0hm, Y4 -walt resistor

Misc.—PC board, 3" x 3-14", PC icrminals or
eyelcts (7) (optional), #24 jumpers (2), sol-
der, lamp bracket {(scc Fig. 12}, mounting
bracket and hardware (see Fig. 11).

Note:—The following Gule modnle parts are
availadle from Southwest Technical Products,
219 W Rhapsody, San Amtonio, Texas 78216:
ctched and drilled printed circuit board 155G,
$3; complcte kit of ell uecessary parts #CG-

155, $10.85 postpaid in US.\.
December, 1968

Fig. 6. Actualsize etching guide
must be copied exactly as shown
to insure proper component fit.
Small dots near solder terml-
nals indicate IC indexes.

Fig. 7. Proper location of hole cen-
ters and selection of drills are
critical for the Gate moduie
board. Once holes are drilled,
immediately install jumpers.

/8" MATCH DRILL TO

BRACKET (2) #60 DRILL
#24 WIRE JUMPERS \
ON COMPONENT SIDE; X
POSITION EXACTLY
AS SHOWN \\
K |
#67 OAILL l
(REMAINING HOLES}. \‘\l I
38"
Y
9/7€4” OAiLL (2}~
. i y
/ L =
i / 1
y, = J

/

(16" ORILL |7} IF OESIAED, SET PC rt‘.riumLs

OREYELETS {CPTIONAL}
C2, C8, and C/ provide filtering for the
d.c., and diodes DS, D4, and D5 drop the
rectified voltage from 6 to 3.6 volts. The
unrectified voltage from the 6.3-volt
winding is also used for the pilot or
decimal-point lamps. Resistor R2 is in
series with this supply to reduce the
voltage on the lamps 80 that they do not
glow brighter than the counting lamps.

Most of the power supply components

can be mounted on terminal strips or a
component board as shown in Fig. 10.
The rest of the components are mounted
on the chassis.

Assembly. To mount the modules in the
chassis, aluminum support brackets such

35



++(6V)

o OVERRANGE

iyl 232 OVERFLOW RESET RESET PULSE
“TENS"© COUNTER » LATCH GENERATOR TO UNITS AND
CARRY 12 IC5 172 ICS Ic4 3 TENS DECADE

AN FILTER SQUARING 4 CATING
\wpuT o= RI,R2,R3 CIRCUIT COUNTER WAVE FORM

ci,ol ICH1,C3 Ic2 10 V/F

MOOULE
A B c
2V P-P
HOW IT WORKS r

GATE MODULE

This module is a three-in-enc board. First, it’s
a gale generator that produces the on-for-one,
off-for-three gating waveform used in the V/F;
iUs also a reset gencrator that automatically pro-
vides a short pulse the instant the V/I is told
to start producing a new count; and fnally, it
contains an 0, 1. overran®e counter used Lo com-
plete the 0-199 digital displuy. The complete sche-
maltic is shown in Fig. 3.

The gate waveform is generated by Litering the
60-Hz supply Lo ebtain a smooth sine wave. The
filter removes any noise from the power line that
might cause inaccuracies, while /C'1, a hex invert-
er, produces a rectangular wave with a fall time
sufiiciently steep o trigger the next stage. Capac-
itor C3 provides positive feedback to improve the
square-wave form.

The next stage, /C2, is a divide-by-four counter
consisting of two [K ilip-flops connecled as cas-
caded binary dividers. Dual-gate /C3 is g 1-0{-4
decoder producing a gating waveform that is
grounded for L6.7 milliseconds (one 60-Hz peri-
od), and positive for the next 30 milliscconds
(three €0-Hz periods). Since this process takes
up four 60-FHz cycices, the irectuency ol the com-
posite waveform is ¥4 of 60 Hz, or 15 Hz: hence
the 13 measurements per second.

The gate outpul is routed to the V/F converter
and Lo a half-monostable reset gencrator consist-
ing of C4 and bulfer /C4. This circuit generates
a very brief (about 2 microscconds) resct pulse
which crases the display before the V/F con-
verter can produce its first output pulse. The reset
pulse poes to the two decimal counters as well
as resetting the 0. 1. overrange portion of this
module.

+1.3Vv
R} B O ;B ) IS O (O 3
16.7
| ms ; i
e 50ms — = +36V
¢ L] L1 L
1
11
] i
{ | +2v
) | o
4
C c
0 o]
u DISPLAY u DISPLAY
N N
T T
ERASE ERASE ERASE

The 0. 1, overrange counter, /C3. has two Rip-
flops. One is a binary divider; the second is a
latch that goes on when full scale is reached. re-
gardless of how many more counts arrive. This
counter takes the output of the ten’s DCU and
cenverts what would be an 0-99 dispiay into an
0-199 plus overrange capability.

A power-line gatc may be expected to be ac-
curate to =£0.05%, while the digital 0-199 dis-
piay used is only inherently accurate to *+0.53%.
Thus, the instrument accuracy s determined by
the display and the V/1* accuracy. Without a far
more exhenzive V/F circuit, extra decade modules
or a more precise time base will not increase the
instrument’s accuricy:.

Photo of author's prototype shows
properly wired Gate module board
with indicator lamps and bracket
in place and optional solder termi-
nals at left;, external wiring can
be soldered directly to board.

POPULAR ELECTROMNICS



DANGER! MIGH mrn:\\;” T
FROM §0Hz REF. ON T (4 C)——= | .__'

FROM POWER SUPPLY (GND)——— o
OUTPUT TO V/F MODULE (GATE) ——=

TO POWER SUPPLY + (3.6V)——

TO RESET ,UNITS AND 10'S DCU (RST)———

FROM CARRY ,10'S DCU wwml——"( 1

] |y "
: AL

| &\

FROM POWER SUPPLY + (6V)

——

WK SEE "HOW IT WORKS“BOX FOR WAVEFORMS

® JUMPER

as those shown in Fig. 11 can be used.
The photos show how these brackets are
used for support.

A three-hole bracket is required for
the indicator lamps of the gate module.

~ This can be fabricated as shown in Fig.

12. (One of the brackets supplied with
the DCU kit can be used as a guide.) Use
orange plastic covers for the 0 and 1
bulb, and a red one for the overrange in-
dicator.

12"0"

q-.—g—ov:n!n’mn:
i Fig. 8. Double and triple check compo-

nent numbers, values, and orientation on
board both before and after soldering.

The complete schematic for the DVM
is shown in Fig. 13. The photos show
the assembly used by the author, al-
though any other similar neat arrange-
ment can be used. While layout is not
critical, be sure to keep the instrument
neat and compact to minimize the chance
of wiring error. Be sure to use very
short, heavy ground connectors. A
ground buss of #12 solid wire between
modules is strongly recommended.



POWER SUPPLY
COMPONENTS
BOARD .

'-l-' T/8
9/16" [+—
242"
3 34"
z |
18° X 3/160A [ MA;LZ sele quu:ner:un
sLoT l ONE NEEOED FOR EACH
AL B 2T MODULE
9/64" D wa"*
DRILL (2) BB 9

- uo‘l—-—«?

Fig. 1l. If necessary, to avoid interference with
components or wiring, deepen the notched cutout.

It is best to use color-coded wiring to
minimize wrong connections and facili-
tate any possible troubleshooting. The
resistors associated with S may be as-
sembled directly on the switch before in-
stallation. Also, use green-colored lenses
on the decimal-point indicators.

The 1.35-volt reference cell (BI) is
mounted wherever convenient within the
chassis. Note that there are two types of
mercury cell: those for general-purpose
use and those for standard or voltage-
reference purposes. Make sure that you
get the latter. The accuracy of the DVM
will be no better than the accuracy of
the calibration standard.

38

Fig. 10. Power supply circuit
is located along rear apron of
chassis. Modules are at left,
while CAL and ZERO controls,
range/function switch, polar-
ity selector are at right.

Setup and Calibration. After a carefu!
wiring check, the DVM may be plugged
in and S1 placed in the ZERO position.
One digit in each column should light
brightly and continuously. Turning the
ZERO control through its entire range
should change the display from 000 to
030. At about the mid-point of the con-
trol, the reading should be 001.

The proper setting of the ZERO con-
trol is the position immediately before

9/32" DRILL-ENLARGE SLIGHTLY TO SUIT
VARIATIONS IN PLASTIC LENSES

@ LP
» hd i 1
| T ] | i
| | | |
7 2 s/e” —-—-—l s/16"
I veoRLL(2) 1732" ALUMINUM

{&)DRILLING GUIDE
OPTIONAL EPOXY

PILOTS PRESS FIT IN PLACE 5

ARE HELD BY WEDGING ACTION
OF BULE PRESS INSTANT TRANSFER
NUMERALS IN PLACE, PRO-
TECT WITH ACRYLIC SPRAY

e __ 3/64" CLEARANCE FOR
"1 ‘AbJacenT pecave

POP RIVET OR
w4 HARDWARE

(B) MOUNTNG DETARS

Fig. 12. Arrange lamp mounting holes in two ctosely
spaced, staggered columns to obtain small size.
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Fig. 13. The heavy line connecting the GND terminals in this overali wir
ing diagram is NOT a chassis ground; it is a convenient floating common bus.
COMPLETE DVM PARTS LIST
B1—1.35-volt A\ mercury refercuce cell $2—D.p.d.t. stide switch
C1—0.1-pk, 50-volt M ylar capacitor Misc~Vinyl clud ¢luminiem cusc and supporl
ti-13—6.3-v0lt, 50-mil pitot tomp. assembly, 34”7 knobs (2), 1-34" knob (1),
1. J2—5cay binding post, (red and black) backup plate for controls, diatplale foplionul),
M 1=V /F module { sce text) mounting hardware, brackets for 12, M3, (see
A2, M3—Deccimat counting unit. Scc PQPULAR Fig, 11). wire, solder, 1308- lo 1500-0him pre-
ELECTROXNICS Febriary 1968 or Winter cision resisfor, gruen jewels (2}, cle,
1969 ELECTROXNIC EXPERIMENTER'S  Dialplate:—Iford enodised oltuminum dialplate
NANDBOOK (scc notc). evailable from Reitl's Photo Finishiug, 4627
Ma—Gatc module (sce text) N, 11th St., Phocnix. Ariz. 83014. In bluck and
M3—Power supply (sce text) silzer, $3.00; in rcd, gold, or copper, $3.43,
R1—250-0ltm, 2-watt lincar potcntiomctcr postpaid in US.(, Stock =DY AI-1.
R2—1000-0ltm. 2-wolt tincer polentiomcter Note—Kils for the dechival counling units urc
R3—1 2-mcgohm, Vi-wall resistor available from Soutlieest Tecknical Prodncts,
R1—102,000-0/rm, Y -woll, 1% precivion resistor 219 W. Rhapsody, Sen Antowin, Texas 78216
R3—209.000-0/tm, Y -wall, 1% precision resistor for 812 cach, postpaid in USA. A complete kil
RE6—2.00-megvhtin, Y aweatt, 1% precision resistor of ali above porls, including a punched and
or series resistor combination machined, vinyl-clad case and suppor! assem-
R7— 1000-0}tm, ¥4-wuil resistor bix, but less diviplule and Bl is availuble frous
SI1—Fivc-deck, five-pole, fen-position, nonshort- the same source Jor $79.50 plus posioge for
ing rotary switch 634 ponunds,
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HOW IT WORKS
OVERALL OPERATION

The iuncti’on selector includes switch S and
its associated circuits. Here all input signals are
cortveried to 0-2-volt d.c. voltages across a onc-
mcegohm resistance. When measuring 2 volts d.c.
or less, the signal is applied directly 10 the re-
mainder of the circuit. Above 2 volts, the signal
is attenuated by 10 or 100. For ohims measure-
ment, a calibratedd and temperatore-combensated
current source supplies 0.01, 0.1, 1, or 10 mA to
the input terminals. The voliage drop across the
resistance (between 0 and 2 volts) is then an ac-
curatc measure of the resistance. For example,
1 mA of current through a £600-ohm resistor pro-
ducces a vollage drop of 1.6 volis. l3ecause maxi-
mum ohmmeter current is only 10 mA on the
lowest range (less on the higher resistance
ranges). you can safely micasure most current-
sensitive devices without fcar of damage,

For calibrating and zeroing the instrument.
the function sclector switch conntcts cither s
1.35-volt mercury: standard battery or a shart
circuit to the inpul.

The 0-2-volt d.c. signal from the function se-
lector is fed to a voltage-to-frequency (\7/1°)

converter. This is a current-driven unijunction
nscillator whose output frequency is proportional
to the input voltage. Unlike indutstrial V/F con-
veriers, this one runs “oven loop™ and relies on
calibration and inherent lincarity ratber than on
complex and expensive feedback schemes for ac-
curacy, Linearity. range, and cesolution are more
than adequate for the one-part-in-200 digital dis-
play used,

The output of the V/F converter drives a 0-199
counter/displiy {DCU’s) and turms on a red
overranke indicator when full scale is exceeded.

I{ this woere the cntire circuit, the digital dis-
play would be a blur of numbers thiat would jist
keep on adding up the output pulses irom the \'/I*
cenverter. Additional circuitry, called the gate-
and-reset ¥cncrator, continuously turns the V/F
converter off and on and erases the old display
before presenting an up-dated one.

In the gate and rcset Zenerator, the 60-Haz
power from the line is used 1o geuerate a signal
that turns the V/I converter on for onc-fourth
of the time and allows the display’ to show the
results for three-fourths of the time. Fmmediately
after the \'/F converter is turned on, a very briel
resel pulse is generated 10 crase the counter dis-
play before the new results can arrive at the
DCU's.

The V'/F converter then averages the input
voltage und generates the pertinent freduency’

Ciss during its on time. 'I‘l}c countcr/displqy motiule
VOLT counts and displays lhlg .fru(mcncy d‘urmrz l_hc on
REFERENCE time, and when the V/F is turned ofii, the display
indicates the lotal number of pulses generated
[ during the on time. During the off time, the dis-
play holds the last valae until reset for the next
e measureinent. Since all this happens fifteen times
REFERENCE cach second, you gct the effect of a continuous
CURRENT display that rapidly follows the input-vollage
GENERATOR variations.
- 0-200
;:::J.;g: 2| we =% counten | ovennance
SWITCH CONVERTER AND INDICATOR
DISPLAY
INPUT
- 3
GATE
GATE RESET
[] AND Lt
REFERENCE O— RESET
| GENERATOR

you get the 001 reading. If you turn the
control down all the way, you’ll pick up
some serious low-scale errors.

After zeroing, switch to the CAL 1.35
position. When the CAL potentiometer is
turned through its entire range, the indi-
cator should go from about 1.20 to about
1.50 with 1.35 at about the middle of the
range. If you cannot get the readings
low enough, or if 1.35 is at the lower end
of the control, add one or two 500-pF
mica capacitors across integrating ca-
pacitor C3 in the V/F module till you
get the proper range.

Very rarely, it may be necessary to
change the value of R11. This occurs be-
cause of variations in the characteristics
of @6, the unijunction transistor. If the
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V/F converter oscillates but does not
drive the counter, either increase or de-
crease the value of R1I1 (in a range of
6.8 to 22 ohms) until proper operation is
obtained.

Always rezero the instrument before
calibrating. The settings will be remark-
ably stable after a few minutes’ warmup.
A slight interaction between the CAL
1.35 and the ZERO controls is normal, so
always recheck the ZERO setting after

calibrating.
To check zeroing, short test leads
together, and misadjust zero control

to get an 001 reading. Switch SI to

0-2 range. The reading should stay at

001. Remove the short. If the reading
{Continued on page 108)
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SAVE BIG MONEY

ON ELECTRONICS

Buy from RADIO SHACK, America's
biggest nationwide electronics store |-
chatn, Send now for your free copy ]
of our new 1969 hargain-packed‘!

electronics catalog . . . plus a| [f
ear of special bargain bulletins. |
rite to— 1

RADIO SHACK®

2727 West 7th St., Dept. YT

VOLT-OHMMETER

(Continued from page 40)

changes, adjust R2 on the V/F module to
get an identical 001 reading with the
input test leads either open or shorted.
Center the adjustment on the 001 read-
ing and then adjust it slightly lower, fa-
voring the 000 reading.

DIGITAL VOLTMETER SPECIFICATIONS

Ranges: D.c. voits: 0-2, 0-20, 0-200. Ohms:
0-200, 0-2000, 0-20,000, 0-200,000. Range
extendable to anything that can be repre-
sented by a variable 0-2-volt d.c. signal.

Input Impedance (Voltmeter): 0-2, 1 meg-
ohm; 0.20, | megohm; 0-200, 10 megohms.

Maximum Ohmmeter Current: 0-200,000
ohms, 10 g¢A; 0-20,000 ohms, 100 gA; 0-2000,
1 mA; 0-200, 10 mA.

Resolution: One part in 200, any range. £5
millivolts on 0-2-volt range, *0.5 ohms on
0.200.0hm range.

Accuracy: Better than ==1% of full scale, =1
count over most portions of most ranges. In-
ternal calibration with 1.35-volt secondary

mercuty standard.

Stabitity: Less than 1 count drift per 20 min-
utes after 15-minute warmup.

Noise Rejection: Instrument is a fully inte-

Fort Worth, Texas 76107
FREE CATALOG AND BARGAIN BULLETINS

L o - grating, multiple stope type and is essentially

‘'blind'' to any 60-Hz line-borne hum or noise
AdAress .ooo.oiiiiiiiiiiiiiiiiii and has a high degree of rejection to all other
VWA b e s Statel Fou v Zip Pigir IEERUBGERRORS:

Update Time: 15 measurements per second;
Radio Shack — subsidiary of Tandy Corporation instrument integrates input for 16.7 milli-
Over 300 stores coast to coast seconds and displays for 50 milliseconds.

fassssssdcsneeeEeesseeEEEdaaEnEaansndll Miscellangous: Automatic overrange indi-
CIRCLE NO. 32 ON READER SERVICE PAGE cator, floating decimal points for ‘‘actual
| value” indication; zener input protection; polar-
= G = =T | ity reversal switch; internally self-calibrating;
useful accuracy to 200% of full scale.

NN NN AR S .-

ELECTRONIC EXPERIMENTER’S

To calibrate the ohmmeter portion,
"< ELECTRONIC HANDBOOK ZERO and CALibrate the DVM as de-

EXPERIMENTER'S ;"e':f i;ﬂogﬁ.:agrtﬂﬂctaiti:s rarJd tchi‘al- scribed above. T'hen place the test leads
PRI | the- cizctronics. hobbyiat, Over | | across a precision 1% resistor between
148 pages. 1300 and 1500 ohms (do not use higher

1968 Winter Edition
1967 Spring Edition
1966 Fall Edition . ...
1966 Spring Edition ......
1965 Fatl Edition ..........

Titles listed above $1.25 each

or lower values) and switch to the 0-2K
resistance range. If the DVM does not
read exactly the resistance being mea-
sured, adjust R13 on the V/F module

Order by number from till it does. The instrument is now fully
Ziff-Davis Service Div., 595 Broadway * New York, calibrated on all scales.
N.Y. 10012. Enclosed add’'l 15¢ per copy for ship- i i
ping and handling (50¢ for orders outside L!.SVA.) Read‘]USt the ZERO and C'Alerate 135
PAYMENT MUST BE ENCLOSED WITH ORDER front-panel controls any time you like.

This gives you an instant check on how
the VM is doing. The internal trimmers
will rarely if ever need readjustment. -- 33—
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