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AUuTO VIM: PART2

Part Il: Smart power supply for every bench

Current Monitor

Although voltage monitoring circuits are
growing more common in bench supplies,
there’s still little useful current monitoring. A
single meter for gross current measurement
provides little help for monitoring low cur-
rent circuits, while a sensitive meter pegs
long before the supply nears its maximum
rated output. Automatic monitoring of both
positive and negative current drain appears
only in expensive industrial and lab equip-
ment in the $2,500-and-up class. A simple,
reliable, and effective current monitoring cir-
cuit, 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 routinely converting
current drain to a voltage output without re-
sorting to ultra-precise resistor matching.

The sensor circuits in Figure 4 use different
Oop amps (o sense positive and negative cur-
rent flow. The TLO81 (or 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 TI NFET op amp, the TLO91, with its
N-channel inputs, shows precisely the oppo-
site characteristics. Between the two, we ob-
tain separate but parallel sensors for positive
and negative supply currents.

The transistors, whose base current is con-
trolled by the op amp output, control the
voltage seen at the 3.3kQ resistor. In fact, the
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circuits provide an output voltage per mA
of line current equal to .001 times the product
of R1 and R3 divided by R2. The circuit
shown provides .0033V per mA, or 1,65V
at 500 mA. Sensor circuit output is positive
for the TLO81/2N3904 combination and
negative for the TLO91/2N3906 duo. Al-
though most data book circuits show FETs
rather than transistors used with the FET
input op amps, the bipolar transistors work
better at the 5V end of the power supply
range. Note the 10-turn trimmer pots marked
Rb, which will receive attention during
circuit calibration.

A DC amphifier follows each sensor to in-
crease the voltage to a level desired for mea-
surement. As with the voltage monitor, the
negative amplifier inverts while the positive
does not, 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 500 mA, which is within the linear
range of the op amps and within the switching
range of the 4066. Each section of the LF353
includes an offset balancing circuit to de-
crease errors introduced by remnant voltage
outputs.

The 4066 bilateral switch operates just as in
the voltage monitor, switching in time with
the positive and negative readings according
to the signals from the flip-flop. One section
performs another chore, that of shorting and
unshorting part of the meter resistor chain as
the current rises above or falls below 50 mA
at the sensors. A section of a 339 comparator
causes the output to change whenever the
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Figure 5. Schematic of the current sensors powered from the fixed supplies.

inverting input passes 1.2V. The resistor
chain includes separate calibration trimmers,
Rm, for each range. A 50 mA meter from
Radio Shack with an internal resistance of
about 215042 forms the base from which the
other resistor values were calculated. The
IN914 and the 1.5V Zener provide meter
protection.

Two of the remaining 339 sections con-
trol indicator lights which tell the user
which range the meter uses. With the values
shown, the circuit flips to the high range just
as the needle passes the 50 mA mark, and
returns at about 45 mA. The difference
derives from the introduction of a small
amount of hysteresis (the SMQQ feedback re-
sistor) to obtain good switching action with
slowly changing voltages. The circuit is more
than fast enough to protect itself when going
from nearly no current on one polarity to
nearly full current on the other. It's much
faster than any mechanical or heating effects
upon the meter.

Output for a digital voltmeter emerges di-
rectly from pins 4 and 1 of the 4066. If the
digital meter has a three or three and a half
figure readout, the builder can omit the au-
toranging feature and the indicator lights.
This option permits using one 4066 for both
monitors, since each 4066 has four indepen-
dent switches per package. Set the gain of the
DC amplifiers to a level giving the desired
voltage per mA for the digital metering
circuitry.

As with the voltage monitor, construction
is not critical, and the parts fitona 3 x 3
Y4-inch perfboard backed against the voltage
monitor board with four % inch pillars. The
squeeze is a bit tighter due to the larger sensor
resistors (.22 at 3 watts) and the number of
trimmers. Again, be sure all trimmers are
accessible for later adjustment.

Calibrate the current monitor in sections,
starting with the sensors. In fact, I added
input and output pins for the sensors and DC
amplifiers (shown as small circles in Figure
4), only connecting them together after initial
adjustments. The TLO81/091 op amps re-
quire careful balancing, hence the use of 10
turn pots.

Circuit output with no current load on the
supply will go to zero and jump to a few volts
of the opposite polarity. Set the value as close
to zero as possible. Check the balance across
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the full power range, as the remnant voltage
will vary according to how well the positive
and negative lines track each other. Be sure it
never changes polarity for any voltage in the
power supply range. Figure 5 shows a slight
variation in the sensor circuits, with op amp
power derived from the fixed supply. This
method yields lesser remnant voltages as the
power supply changes voltage, but i1s limited
by the fact that the fixed supply and the upper
limits of the variable supply are so close to-
gether. The sensor goes nonlinear as the vari-
able supply approaches the fixed supply.

For this circuit, an 18V dual fixed supply
for the sensor circuits would be ideal, al-
though this value would exceed the limits on
the CMOS chips. Hence, for the bench sup-
ply shown, powering the TLO81/091 sensors
from the variable supply provided more accu-
rate readings, with a maximum remnant read-
ing of under 2 mA at the meter.

Separately balance the DC amplifiers by
grounding their input resistors and adjusting
the balance trimmers, Rb, for no output.
Connect the sensor outputs and adjust the
gain of each amplifier, using some standard
high wattage resistors to set calculable loads.
A 1000Q, SW resistor, for example, will
provide a load of 5 mA at 5V, 10 mA at 10V,
and 15 mA at 15V, while a 25002, 5W resistor
will quadruple all values. Set the comparator
trimmer, Rt, for an input of about 1.2V.

Using a small load, adjust the 2kQ meter
trimmer for accurate reading at or near full
scale. Using a larger load (just being sure that
the meter shifts from the 50 to 500 mA scale),
adjust the 20kQ meter trimmer for accurate
readings. Now monitor changing loads to be
sure the meter shifts range as desired, and
check that the LEDs indicate the proper
range.

Although the calibration procedure is
somewhat complex as such things go, it per-
mits the building of an auto-polarty, auto-
ranging circuit with common, inexpensive
components. In my view, spending ham time
instead of family money makes good sense.

Final Assembly

The entire supply and control circuitry fits
into a cabinet 3 inches high by 5 inches deep
by 8 inches wide. All controls, fit on the front
panel. The fit 1s close, but more than ade-
quate. The meters obviously take up the most
space. For convenience, even the fuse has its
front panel space.

Between the front panel and the boards,
there 1s about an inch and a half of space for
panel components and their leads. This eases
final assembly, which requires a considerable
number of connections to the panel and from
one board to another. For low current con-
nections, | used ribbon cable for ease of han-
dling and the built-in color coding that re-
duces wiring errors. Wherever possible, I
connected one end of each wire set before
final assembly, taking careful notes on which
color wire connected to which other terminal.

The power supply section mounts horizon-
tally on half-inch pillars, and occupies most
of the cabinet space. The monitor boards
mount vertically back-to-back, separated by
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Figure 6. Board layout sketches for AUTO-VIM.
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Figure 7. Schematic diagram of a one meter (DVM) auto-polarity voltage and current monitor.

pillars and fastened to the case bottom with
L-brackets. This technique saves space and
permits easy dismounting for circuit experi-
ments. In fact, the photos show the supply
just before alteration of the voltage monitor to
the circuit shown in Figure 3. To supplement
the photographs, Figure 6 sketches the gener-
al layout of each board. Since construction is
so non-critical electronically, any convenient
arrangement should work as well as the one
shown.

A One-Meter Monitor

For some applications, a single meter may
satisfy monitoring requirements. A digital
voltmeter might well do voltage and current
duty on a regularly cycled basis if there is a

provision for manual override. A single me-
ter permits some circuitry simplifications
through a slight change of technique.

Figure 7 shows a one-meter monitor that
automatically switches through both positive
and negative voltage and positive and nega-
tive current readings. The 555 or 7555 clock
feeds a 4022 one-of-eight selector wired for
one-of-four use. Since the chip not only has
eight control lines, but can be sequenced to
others as weli, cyclical monitoring over many
values becomes easy. Connecting the fifth
output (or the one after the last one used) to
the reset line gives instantaneous return to the
first line, restarting the cycle without inter-
ruption.

To permit manual override, the signals



from the selector pass through
a tri-state buffer, the 4503.
Normally, the selector enable
pin (13) and the buffer disable
pin (1) are at ground (through
a 20kQQ resistor). Under these
‘conditions, the meter cycles
automatically. The two-pole,
five-position non-shorting
rotary switch establishes these
conditions in its center posi-
tion. At any other position,
the disable and enable pins
go High, interrupting the
cycle. The switch also sends
the desired 4066 switch con-
trol pin High, thus holding
the meter on this reading until
the switch is returned to the
center position. The 4503 out-
puts will also support indi-
cator LEDs with 1.5k series
resistors without further
buffering.

The sensors appear only in
outline form, since they are
identical to those in Figures 3
and 4. Since the TL084 and
the LF353 are quad and dual
op amp versions of functional-
ly the same circuitry, one can
interchange positions for all
but the two current input
sensors. For this application,
separate DC amplifiers for
each of the voltage sensors are
preferable, since they permit
separate calibration of both
positive and negative voltage
monitors. The 4066 output
can drive any analog or digital
meter. The only necessary
variations will be in amplifier
gains to supply acceptable sig-
nal levels to the metering
circuits.

The monitoring circuits we have looked
at are expandable in many directions to serve
a large number of monitoring needs. Adding
current monitoring to the more common
voltage monitoring provides an especially
helpful dimension to the average bench
supply in the ham shack. Since the whole
supply should cost no more than about fifty
dollars, including a case and two meters
(almost half the cost), there’s no good reason
why every ham shack should not have a
supply with all the benefits of automatic
voltage and current monitoring. AUTO-VIM
will certainly earn its keep. Having used it
for only a few months, 1 have already recov-
ered its cost in parts I did not burn up. I can
now spot trouble before my nose tells me it is

oo late. B8
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PARTS LIST
Dual Power Supply 2
Source 6
18V, 2 amp transformer All Electronics '
Yz amp fuse and holder RS 270-364 !
SPST toggle switch RS 275-662 2
Line cord !
1N4001 50 PIV diode RS 276-1101 !
78GU1 variable positive voltage 3
regulator Circuit Specialists 3
79GU1 variable negative voltage 2
regulator Circuit Specialists 2
7815 + 15V reguiator Circuit Specialists g
7915 — 15V regulator Circuit Specialists
2200 yF, 35V electrolytic capacitor RS 272-1020
1 uF, 35V tantalum capacitor Digi-Key No.
22 yF, 35V tantalum capacitor Digi-Key :
1 wF, 35V tantalum capacitor Dig-Key 1
2.2 yF, 35V tantalum capacitor Digi-Key !
2 section linear potentiomaler,
10kQ) /section Circuit Specialists :
500 Q) PC board trimmer pot Digi-Key ,
1.5k0), YsW resistor 1
2k0), VaW resistor 1
4.2k0), YaW resistor !
4.7k}, YaW resistor 1
5.6k02, Ve W resistor !
LED and panel mount Jameco !
Heatsinks for TO-202/T0-220 cases  Digi-Key &
Cabinet: 3 % x 7 % x 5 % inches RS 270-269 !
Perfboard 4
Mounting posts and hardware 2
T46 or similar connection pins g
Voltage Monitor Parts e
Part Source <
TLOB4 quad BIFET op amp RS 276-1714 ]
4066 bilateral switch Digi-Key 3
4013 dual D-type flip-fiop Digi-Key :
555 or 7555 (CMOS) timer Digi-Key g
010 15 voltmeter with 10
external series resistor RS 270-1754 1
.01 pF, 50V disc capacitors Jameco !
2kQPC board trimmer pot Digi-Key 1
10kXPC board trimmer pot DighKey 1
100kQPC board trimmer pot Digi-Key .
100 Q2, W resistor e
1kQ2, Ve W resistor
8.1k}, YW resistor
15k(2, YaW resistor
20k0), Ve W resistor

75k02, VaW resistor
100k02, VaW resistor
150k(), %W resistor
470k02, VaW resistor
LED and panel mount
SPDT Center ofl toggle switch
B pin DIP socket

14 pin DIP socket
Perfboard
Posts and hardware
T46 connection pins
Ribbon cable

RS 275-664

Current Monitor Parts
Part Source
TLOB1 Pchannel BiFET op amp RS 276-1716
TLO91 N-channel NFET op amp RS 276-1745
LF353 dual BiFET op amp RS 276-1715
4066 bilateral switch Digi-Key
LM339 quad comparator RS 276-1712
2N3904 NPN transistor or equivalent RS 276-1603
2N3906 PNP transistor or equivalent RS 276-1604
1N914 silicon diode RS 276-1122
1.5V Zener diode b
50 microammeter
5k0) PC board trimmer pot
10k02 PC board trimmer pot
10k€2, 10 turn trimmer pot
20k0) PC board trimmer pol
100k0) PC board trimmer pot
.22 02, 3W 5% resistor
100 02, Va W resistor
220 00, VaW resistor
1.5k02, YaW resistor
3.3k}, YW resistor
7.5k}, VaW resistor
10k(, YaW resistor
20k0), Ya W resistor
91k(2, Ya W resistor
100k(2, YaW resistor
220k(), Ya W resistor
510k02, Va W resistor
620k(2, Y« W resistor
5M0Q, %W resistor
8 pin DIP sockets
14 pin DIP sockets
Perfboard
Posts and hardware
T46 connection pins
Ribbon cable

Digi-Key
RS 270-1751

i
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[Part 1, including Figures 1-4, was published

in the August issue. ]
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SUPER PERFORMANCE BATTERIES
SUPER KENWOOD

BY POPULAR REQUEST

SUPER KENWODD PB-258/PB-263.
B4 wvoltss 900ma double the
capacity of the PB-25/PB-26 for
the 2500/2600/3500/3600. Charge
with either the standard wall
charger or drop in charger. 3
inches high. $6500*

Exact replacement FNB-2 Nicad pack for
Yaesu FT-A04R/207R/208R /T08R S$24.00*

*Add $3.00 shipping & handling, CT residents add 7% tax
Complete line of NICAD replacement packs for Icom, Kenwood, Y aesu, Tempo, Santec, Azden,
Cordless Telephones, Alkaline, Nicad and Gell-Cells. All NICAD packs include a 1 year
guarantee. Commercial Radio Packs also available.

For all your battery needs, write or call today for a complete catalog. Dealer inquiries invited.

HHPCRIPHEX Inc.

Southbury, CT 06488
(800) 634-8132 In CT (203) 264-3985

149 Palmer Road «

SUPER ICOM

SUPER ICOM BP-78.13.2 volts, 900ma,
double the capacity of the lcom BP-7,
Sw output.

SUPER ICOM BP-8S. 9.6 volts, 1200ma,
50% more capacity than the lcom BP-&

Both are rapid base charge only, or
slide in wall charger. 4 inches high. BP-

7S or BP-8S $65.00°

Inserts lor:

Kenwood PB-25 $26.00°
Kenwood PB-25H. PB-26 $27.00"
lcom BP-3 $20.00*
lcom BP-5 [S00maj $26.00°

.

CIRCLE 68 ON READER SERVICE CARD
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