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AUTO-VIM
PART I

A Dua15-15 Volt Bench Supply with
Automatic Voltage and Current Monitors

by L.B. Cebik W4RNL

T he adve nt of three and four pin mono
lith ic volta ge regulators in born fi xed

and variable voltage models for two dollars
or less each has simplified the construction
of bench supplies for the ham shack or ex
perimenter' s workshop . A few dollars and a
few pans y ield perfectly good supplies in the
5 to 15V range. which covers most building
and testing needs. Current capabilities de
pend only on the particular regulator model
and the size ofthe heal sink we choose. It's a
snap now to build a well-regulated bench
supply!

• Automatic curre nt ranging between 50 rnA
and 500 rnA full scale ranges, regardless of
voltage polarity .

- A pa n s cost of about fifty dollars or less.
Auto-VIM stands for AUTOmatic Voltage

and current (I) Monitoring . In add ition to
providing circuit and construction detai ls
on this benc h supply. this anicle supplies
enough backg round to vary the circuits to
personal need s. This includes the adapta
lio n of the circuit fo r use with dig ital
voltmeter ci rcuits. For supply monitoring.
I pre fer analog me ters , but preferences
vary according 10 the type of work prescribed
for the bench supplies . In addit ion, there' s a
one meter voltage and current monitoring
circuit .

Basic Deslgn Concept

The basic design of the power supply ap-
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FiKU'~ 2. Schematic ofth~ duai, l'Uriable po....er supply ana fixed 15
V supplies.
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401 3 and 339 control panel LEOs indi
cate polarity and ammeter range.

Accuracy

Minor inaccuracies introduced by
imbalances in the current sensing op
amps and calibration errors limit the
absolute precision with which the ci r
cuits will read out either voltages o r
cu rre nts . Current residuals depend
upon the tracking accuracy of the posi
tive and negative supplies . and are min
imized by splitti ng DC ampli fier duties
between the sensors and the follow-up
353 stage. With careful mechanical ad
justment of tracking . these reduce to 2
mA or less (apan from other sources o f
calibration error) .

The accuracy of the voltage monitor de
pends upon the accuracy of the calibrat ion
results. Power supply monitors provide gen
eral indications rather than spec ific measure
ments of test circuit performance. The latter
require mo re precise measurements with the
usual array of test bench equipment . There
fore. an accuracy of 10% in general monito rs
is usually good enough. and 5 % accuracy is
more tha n most applications require. Careful
construct ion and calibration permit these cir
cuits to bette r the 5 % mark plus o r minus the
inherent accuracy of the analog mete rs them
selves (generally 2 to 3 %). These fi gures
suggest that the monitor can provide a valu
able se rvice to the bui lder and experimenter.
In fact. it has al ready saved me nea rly its ow n
cost in components that d id not die in test
ci rcuits.

Achieving good circuit results depe nds on
careful compo nent se lection and calibration
throughout the supply. Ordinary ham shack
VTVMs and DMM s are fine . In fact. the
circuit requires only 5% tolerance compo
nents at its critical points. plus some care.
The care contributes to the circuit's fai rly low
cost. In o rder to catch all the salient circuit
features. let 's explore the major ci rcuit divi
sions one at a time .

Variable Hu al PO,", eI'" Supply

Figure 2 shows the dual power supply that
forms the core of the project . The supply is
standard in almost every feature . The 18V.
two amp transformer provides am ple re
se rve capacity for the supply at peak loads.
despite the simple half-wave rectifiers. The
large filler capacitors minimize ripple to the
regulato rs. T racking with the 78G179O series
four pin regulators is quite simple. compared
to others on the market. Moderate size heat
sinks for the TO-202 packages will handle the
supply 's requ ireme nts. The remainin g com
ponents are standard data book recommenda
tions.

Th e 78 15 /79 15 pos it ive a nd ne ga 
tive fixed regulators provide the voltage for
the monitor components. For the small load
involved (under 20 mA exclusi ve of BEDs.
which are set at about 10 rnA each). Zener
regu lation might do. but the fi xed three pin
regulators are cheap. nearly foolproof. and
run cool without hea t sinks.

To establish the values o f the control com-

Figuft' 3. Schematic of the auto-po larity voltage monitor.

pone nts R I and R2, measure the actual value
of the dua l JOkO potent iometer. Most inex
pensive varieties top out at less than ,OkO. In
my case. I found 84200 the maximum value.
I obtained several pots and chose the unit
whose individual maximum values were most
nearly equal. The close r the values. the better
the tracking of the two supplies.

The rest of the process is a mailer of fol
lowing data book formulas . with a few adj ust
ments . For bo th regulato rs. the o utput
voltage { vo) equals the sum of RI and R2
divided by R2. with the result multiplied by
the control voltage tvc) . For the 78GUI . VC
is 5V. and for the 790UI it is 2 .23V. The
data books recommend a I rnA control cur
rent . which gives 5kO and 2.2kO for the
positive and negative regulator values of R2.
With the less than nominal maximum pot
value. however. (84200 instead of 10 k),
4.2kO yielded a positive output range from 5
to 15V with the 78GU I . Applying similar
logic to the 79GU' negative regulator gave a
value of 18750 for R2 and a se ries resistor of
23450 for the potentiometer Icg . Breaking
the fi xed values into fi xed resistors and ci r
cuit board trimmer pots yielded the values in
Figure 2 .

The procedure for calculating the negative
reg ulator values begins with the formula for
R I . which equals R2 times the d ifference
between the output voltage (Vo) and the con
trol voltage (Vel. all d ivided by the control
voltage . At min imum output (5V) when the
potent iometer is also at minimum. RI will be
1.25 R2. and at maximum voltage (15V) with
the pot also at maximum. RI will be 5.73 Rl.
Since the d ifference between R I at maximum
and minimum is 8400 0 (the measured range
o f the pot). 5 .73 R2 minus 1.25 R2 will also
be 8400 O . R2 thus equa ls 8400 divided by
4,48(Le.• 5.73 - 1.25). or 1875 0 . A 1500 0
fi xed resistor plus a 500 OPC board trimmer
give room for adjustment. Since Rl at mini
mum (when the JX}t is at 0 0 ) is 1.25 R2.
which we just set at 1875 O . then the series
resistance for the R I JX)t leg of the contro l
circuit will be 2345 O . A 2kO resistor plus a
500 0 trimmer again provide room for ad
justment.

Calibrat ing the tracking is easy. Check the
pos itive supply range and later the 4 .2kO
resistor until the output extends from 5 to
I5V. When the positive supply voltage range

is satisfactory. then set both negat ive
PC board trimmers to midrange. With
the dual pot set to minimum value . ad
just the trimmer in R2 to let the negative
voltage equal the pos it ive vo ltage
(about 5V).

Turning the dual pot to max imum,
adjust the trimmer in the R I leg to let
the maximum negative voltage equal
the ma ximum positive voltage . Retrim
rnlng both the circu it board pots o nce
more should yie ld stable results. Now
output voltage tracking will depend o n
how well the dual pot sections track.
Even with inexpensive dual pots . the
variation should run less than a tenth of
a volt between supplies . If the erro r is
greater. but consistently high or low for

one supply. then repeat the calibration. If the
erro r varies across the voltage range. a differ
ent dual pot may be in order. Careful pot
selection can thus save the cost of precision
potentiometers and the complexity of elec
tronic tracking ci rcuitry .

As the photographs show. construction is
not critical. Perfboard works very well when
placing one set of stand-o ff pillars under the
tra nsfonner mounting wings. rather than at
the comers of the board . Use heat sink grease
between the variable regulators and their
finned sinks. Also note that the pinouts of
corresponding positive and negative regula
tors differ. Do not let local QRM cause a
reversal here! My experience says that at
least one of the regulators will fry at first rest.

My perlboard construction techniqu es
make use of T-46 pins for off-board connec
tions. In this project. there are many board
to-board and board-to-panel connections. so
have a good supply of pins and plan their
placement carefully. Since. as the photos
show. the project will fill the case . be sure
that no pins interfere with cabinet screws.

Volta~e Monitor

The voltage mon itor makes use of some
automat ic metering principles previously re
poned in 73. but updates them to eliminate
the need for measuring the forward vo ltage
d rop of diodes and for taking the drop into
account when designing the power supply
section. By using op amps to sense a portion
of the pos itive and negative voltages. it's
possible to control the voltage and not exceed
the op am p limits. while still making accurate
measurements. The trade-off for this conve
nience is the need to cal ibrate the circuit care
fully .

As in the earlier voltmeter ci rcuit. it begins
with a timing clock (7555 or 555) . The clock
circuit provides sho rt square wave pulses. as
the on-time is controlled by the l5kO resis
tor . The diode shunts the 470kO resistor dur
ing capacitor charge. but the discharge goes
through the resistor. extending the off-time to
about 3 seconds . The 4013 fl ip-flop provides
alternate 3 second periods for reading posi
tive and negative values. The builder can
alte r the 470kO resistor to change the read
periods. or inse rt a 500kO circuit board trim
mer pot in series with a 330kO resistor to
provide for an adjustable period .
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Voltmeter Ca libr ation

Calibration of the voltmeter is a cinc h.
Balance the DC amplifier by grounding the
lOOkO input resistor at the switch (4066)
end and adjusting the trimmer marked Rb
until the output is zero. Adjust the input
voltage setting trimmers so that the VOltage
to the buffers is one-fifth (or the desired frac
tion) of the power supply voltage . Using a
co nvenient voltage. adjust the DC amplifier
gain trimmer. Rg , so that the output is IOV
(o r the desired amount) for 15V from the
power supply . Finally. set the meter trim
mer, Rm, so that the meter shows l 5V for
l 5V from the power supply . The only other
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gain and I . with another IOOkO subtracted
for the trimmer pot . Unlike the unity gain
buffers , which require no offset balancing,
the DC amplifier shows a rem nant offset
voltage which detracts from accuracy . The
external balance ci rcuit at the inve rting input
terminal provides easy adjustment for no out
put when the 100kO input resistor to the
non-inverting termi nal is grounded rather
than connected to the 4066.

The analog meter circu it uses a Radio
Shack D-to-l5V voltmeter which comes with
an external series resistor of about 15kO .
This ci rcu it replaces the series resistor with
another combination to drive the I rnA meter
movement . Since the op amp output voltage
corresponds to the sensed voltage. IOV from
the DC amplifier equals 15V at the resistor
divider terminal. Ten volts at \ rnA requ ires
a IOkO series resistor, which is shown as
9.l kO plus a 2kO tr immer pot for cali
bration.

Construction is not critica l here either,
since only DC and slowly timed pulses are
involved . Use IC sockets for construction
ease . As with the supply boa rd, use pins lib
erally for off-board connections. The 3 x 3
Ih -inch perfboard squares shown in the pho
tos easily hold the circuitry with room to
spare . Be sure to place the trimmer pots in
easy access areas for calibration after mount
ing the board in the cabinet. Since lead length
make s no difference , mounting all trimmers
along the top edge of the boa rd will ease later
calibration.

The4013 D-type Ihp-Ilop is ina stan
dard di vide-by-two circuit . Be sure 10
bypass pin 14 10 ensure good action .
Some combinations of clocks and n ip
flops will miss some o r even all beals
without it. The extra ponionof the two
sect ion chip keys the indicator LEOs
and provides clocking pulses to the cur
rent monitor. The Set and Reset pins (6
and 4) are grounded for clocked opera
tion through 20kO resistors. Setti ng ei
ther high with the single pole, double
throw, center off toggle switch will
override the clock . locking the readout
either positive or negative. along with
its indicato r LED.

If complernem-Q controls the posi
tive readout. then a high Reset line
locks tile ci rcuit for continuous pos itive Figuu 4.
readout. Likewi se . a high Set pin locks monitor.
the Q output high for continuous nega-
tive readout. Returning the switch to center
allows the clock to take over. and the circuit
will cycle with the next clock pulse . Thus,
There is a simple but effect ive manual over
ride for the automat ic circuit whenever we
wish to closely monitor anyone of our
voltage or current readings .

The voltage sensors consist of unity gain
buffe rs follow ing a simple resistive voltage
divider network . Feeding between one -tenth
to one-third of the voltage to the buffers en
sures that the voltage will never rise to near
the op amp supply voltage . Ncar that point.
op amps cease to amplify linea rly . and accu
racy deteriorates. For this circuit. the net
work provides 20 % of the supply voltage to
the buffers . The positive voltage buffer is
non-inverting, while the negative buffer in
verts. The result is that the rest of the ci rcuit
alway s gets a positive voltage. The circuit is
similar to one developed by Pepper (Radio
Electronics , March 1983. page 64).

Following the buffers is the 4066 bilateral
switch. whose individual switches close
when their associated control pins go High
according to the output from the nip-flop.
The 4066 is an improved version of an ea rlier
switch chip and shows a resistance of only
about 800 per switch section. Thi s low resis
tance is insignificant for these ci rcuits. A DC
amplifier follows the switch to set the voltage
fed to the meter c ircuit .

For some applications. the builder may
wish to use separate DC amplifiers for each
buffer and install them ahead of the 4066
switch. A gain of3 .3 provides a maximum of
IOV for an ana log meter, well with in the op
amp limits. For use with digital voltmeter
circuits. adjust the gain of this amplifier ac
cord ing to need . For example. with an origi
nal one-tenth sample at the resistor div ider
and a unity gai n amplifier at this point. the
ci rcuit will show .5 to I .5V for power supply
settings of 5 to 15V (e ither polarity). Digital
measurement would thus require only a
change in decimal point pos ition.

Since the DC amplifier is non-inverting,
the feedback resistor network of Rfand Rg is
eas ily altered . Keeping the IOOkO trimmer
and the lOOkO input resistor. Rf then equals
\OOkO times the difference of the desired

cautions concern the flip-flop. Ident ify
the positive and negative control lines
and be sure that the manual override
switch and indicator LEOs correspond
correctly to these lines . Identify the
positive and negative control lines for
the current measuring circuit so that the
meters will read together.

Current Monitor

Although voltage monito ring ci rcuits
are gro wing more common in bench
supplies, there's still lill ie useful cur
rent monitoring. A single meter for
gross curre nt measurement provides
little help for monitoring low current
circuits, while a sensitive meter pegs
long before the supply nears its maxi

Sch"malic uf Ih" (lUlo-polarity. aUlo-ranging current mum rated output. Automatic monitor-
ing of both positive and negative cur-
rent drain appears only in expensive

industrial and lab equipment in the $2,500
and- up class. A simple , reliable , and effec
tive current monito ring circuit, however. has
long had a place in the data books.

The current monitor in Auto-VIM owes
much to National Semiconductor' s Linear
Databook circuit for rout inely converting
current drain to a voltage output without re
soning to ultra-precise resistor matching .

The sensor circuits in Figure 4 use different
op amps to sense positive and negative cur
rent flow. TheTL081 (o r LF351 ) Bi-FET op
amp uses P-channel inputs which work with
input voltages close to the positive supply
value , but fail as the input voltage approaches
the negative supply voltage. By contrast. the
newer T I NFET op amp, the TL09I , with its
Nchannel inputs. shows precisely the oppo
site characteristics . Between the two, we ob
ta in separate but parallel sensors for pos itive
and negative supply currents.

The transistors. whose base current is con
trolled by the op amp output . control the
voltage seen at the 3.3kCl resistor. In fact . the
circuits provide an output voltage per rnA
of line current equal to .001times the product
of RI and R3 divided by R2. The ci rcuit
shown provides .0033V per rnA , or 1.65V
at 50) mA o Sensor circuit ou tput is positive
for the TL081 /2N3904 combinatio n and
negative for the TL09112N3906 duo . Al
though most data book circuits show FETs
rather tha n transistors used with the FET
input op amps, the bipolar transistors work
better at the 5V end of the power supply
range . Note the IO-turn tr immer pots marked
Rb, which will receive atte ntion during cir
cuit calibration.

A DC amplifier follows each sensor to in
crease the voltage to a level desired for mea
surement. As with the voltage monitor , the
negati ve amplifier inverts while the positi ve
does nol . thus yielding positive voltages for
the bilateral switch . Each amplifier has a gain
of 6 .7 so that the metering circuit will see
12V at 50) mA , which is within the linea r
range of the op amps and with in the switching
range of the 4066. Each section of the LF353
includes an offset balancing circuit to de
crease errors introduced by rem nant voltage
outputs . (to be conrinued)1IJ
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