
Number 10 on your Feedback urd

AUTO VIM: PART2
Part 1/: Smart power supply for every bench

by L.B. Cebik W4 RNL

inverting input pa sses 1.2V. The resistor
chai n includes sepa rate cal ibration trimmers,
Rm, for each range. A 50 rnA meter from
Rad io Shack with an internal resistance of
about 21500 forms the base from which the
other res istor values were calcula ted. The
IN9 l4 and the 1.5V Ze ner provide meter
protection.

Two of the remaining 339 sect ions con
trol indicator lights which tell the user
wh ich ra nge the meter uses. With the va lues
shown, the circuit flips to the high range j ust
as the needle passes the SO rnA mark , and
returns at about 45 rnA . The d ifference
derive s fro m the int roduction of a small
amount of hysteresis (the 5MO feedback re 
sistor) to obtain good switching act ion with
slowly cha ngi ng voltages. The circuit is more
than fast enou gh to protect itself when going
from ncarly no current on one po lari ty to
nearly full current on the other. It's much
faster than any mecha nical or heating effects
upon the meter.

Output for a d igital voltmeter emerges di 
rectly from pins 4 and I of the 4066. If the
d igital meter has a three or three and a half
figure readout. the bui lder can om it the au
to ra nging feature and the indicator lights.
This option permits us ing onc 4066 for both
monitors , s ince each 4066 has four indepen
de nt switches per package. Set the gain of the
DC amplifiers to a level giving the desired
vo ltage per rnA for the dig ital metering
circuitry .

As with the voltage monitor, construction
is not crit ical, and the parts fit on a 3 x 3
lh- inch pe rlboard backed against the voltage
monitor board with four ~ inch pillars . The
squeeze is a bit tighter due to the larger sensor
res istors (. 220 at 3 watts) and the number of
trimmers. Again , be sure all trimmers are
accessible for late r adjustment.

Calibrate the current monitor in sections,
starting with the sensors. In fact , I added
input and output pins for the sensors and DC
ampli fiers (shown as small circles in Figure
4 ), only connecting them together after init ial
adjustments. The TL08J /09 1 op amps re
qu ire careful balancing, hence the use of JO
tum pots.

Circuit output with no current load on the
supply will go to zero and j ump to a few vo lts
of the opposite polarity . Set the value as close
to zero as possible . Check the balance across
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circuits provide an ou tput voltage per rnA
of line current equal to .001 times the product
of Rl and R3 divided by R2. The circuit
shown provides .OO33V per rnA , or 1.65V
at 500 rnA . Sensor circuit ou tpu t is posi tive
for the TL08 1/2N3904 combinat ion and
negative for the TL09112N3906 duo. Al
though most data book circuits show FETs
rather than transistors used with the FET
input op amps. the bipolar transistors work
bette r at the 5V end of the power supply
range . Note the ta-tum trimmer pots marked
Rb, which will recei ve ane ntion d uri ng
circuit calibration .

A DC amplifier follows each sensor to in
crease the voltage to a level desi red for mea
surement. As with the voltage monitor, the
negat ive amplifie r invert s while the positive
docs nOI , thus y ielding positive voltages for
the bi lateral switch. Each amplifie r has a gain
of 6.7 so that the metering circuit will see
12V at 500 rnA . wh ich is within the linear
range of the op amps and w ithin the swilching
range of the 4066. Each section of the LF353
includes an offset balancing circuit to de
crease errors introduced by re mnant vol tage
outputs.

The 4066 bilate ral switch operates j ust as in
the voltage mon itor, switching in time with
the positive and negative readings accord ing
to the s ignals fro m the flip-fl op. One sect io n
performs another chore, that of shorting and
unsho ni ng pan of the meter res istor chain as
the current rises above o r falls below 50 rnA
at the sensors. A section of a 339 comparator
causes the output 10 change whenever the
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Current Monilor

Althou gh voltage monitoring circuits are
g rowing mo re common in bench supplies.
there 's still iin le useful current monitoring . A
single meter for gross current measurement
provides little help for monitoring low cur
rent circuits. while a sens it ive meter pegs
long before the supply nears its maximum
rated output . Automatic monitoring of both
po sitive and negative current drain appears
only in expe nsive ind ustr ial and lab equip-
me nt in the S2.500-and-up class. A simple.
reliable. and effective current monito ring cir
cu it, however, has long had a place in the da ta
books .

The current mon itor in Auto-VIM owes
much to National Semiconductor's Linear
Databook ci rcuit for rout inel y conve rt ing
current dra in to a vo ltage output without re
sorting to ultra-precise resistor matching .

The sensor ci rcuits in Figure4 use d ifferent
op am ps to sense positive and negative cur
rent flow . Th e TL081 (or LF35 I ) Bi-FET op
am p uses P-channel inputs which work with
input voltages close to the positive supply
val ue, but fail as the input voltage approaches
the negative supply voltage . By contrast, the
newer TI NFET op amp, the TL09I , with its
N-channel inputs , shows precisely the opl'D""
s ite charac terist ics. Between the two. we ob
tain separate hut parallel sensors for positive
and negative supply currents .

The transistors. whose base current is con
troll ed by the op amp output . control the
voltage seen at the 3.3 kO resistor . In fact . the

Fil1urt' 5. SdIrmatic of tht' current sensors po...eredfrom Ihr fixed supplies.
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Figu,~ 6. Board la.mlll Jknch~sfo, AUTO- VIM.

Fjgu,~ 7. Scnematic diagram of a onr meter (DVM) uuto-polanty v(Jllag~ und current monitor .
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provision for manual override. A s ingle me
ter permits some circui t ry simplifications
through a slight change of technique .

Figure 7 shows a one-meter moni tor that
automatically switches through both posi tive
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 nor only has
eight control lines , but can be sequenced to
o the rs as wel.. cycl ica l monitoring over many
values becomes easy . Connect ing the fifth
output (o r the one after the last o ne used) to
the reset line gives ins tanta neous return to the
first line , resta rt ing me cycle without inter
ruprion .

To permit manua l override. the signals

pillars and fastened 10 the case bouom with
L-brackets . This technique saves space and
permits easy dismounting for circuit experi
me nts . In fact . the photos show the supply
just before alteration of the voltage monitor to
the c ircuit 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 conven ient
arrangement should work as well as the one
shown.

A One-Meter Monitor

For some applicat ions. a single meter may
sat isfy monitoring requirements . A digital
voltmeter might we ll do voltage and current
duty on a regularly cycled basis if there is a

the full power ran ge , as the remnant voltage
will vary according to how we ll 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
variat ion in the sensor ci rcuits . with op amp
power derived from the fixed supply . This
method yields lesse r remnant voltages as the
power supply changes vol tage, but is limited
by the fact that the fixed supply and the upper
limits of the variable supply a re so close to
gether. The sensor goes nonlinear as the vari
able supply approaches the fixed supply.

For this c ircuit, an 18V dual Fixed supply
for Ihe sensor circuits would be ideal . al 
though this value would exceed the limits on
the CMOS chips. Hence, fo r the bench sup
ply shown, powering the TL081 /091 sensors
from the variable supply provided more accu
rate readings , with a maximum remnant read
ing of und er 2 rnA at the meter.

Separately balance the DC amplifiers by
grounding their inpul resisto rs and adjust ing
the balance trimmers , Rb , fo r no OUlpUI.
Connect the sensor outputs and adjust the
ga in of each amplifier , using some standard
high wat tage resistors 10 SCi calculable load s .
A ioooo, 5W resistor, for example , will
provideaload of5mAaI5V,IOmAaI IOV,
and 15 mA at 15V , while a 2500, 5W resistor
will quadruple all values. Set the comparator
t rimmer. Rt , fo r an inpul of abou t 1.2V.

Using a small load , adju st me 2kO mete r
trimmer for accurate reading at or ncar full
sca le. Using a larger load (j USI being sure that
the meier shifts from the 50 to 500 rnA scale).
adjust the 20kO meter trimmer for accurate
readings . Now monitor changing loads to be
sure the meier shifts range as des ired . and
check thai the LEOs indicate the proper
ran ge .

A lthou gh the ca libratio n procedure is
somewhat complex as such things go. it per
mils the building of an auto-polar ity , auto
ranging circuit with common. inexpensive
components. In my view. spending ham time
instead of family money makes good sense .

Final As.-.embl)'

The entire supply and control c ircuit ry fits
into a cabinet 3 inches high by 5 inches deep
by 8 inches wide . All controls, fit o n Ihe front
panel. The fit is close , but more than ade
quare . The meters obviously tak e up the most
space . For convenience, even the fuse has its
front panel space.

Between the fronl panel and the boards.
there is about an inch and a half of space for
panel components and thei r leads . This cases
final assembly. which requires a considerable
number of connections to the panel and from
one board 10 another . For low current con
nections , I used ribbon cable for case of han 
dling and the buill- in color coding that re
duces wiri ng errors . Wherever possible , I
connected one end of each wire set before
final assembly. laking care ful notes on which
color wire connected to wh ich other terminal .

The power supply SCC1ion mounts horizon
tally on half-inch pillars , and occupies most
of the cabinet space . The monitor boards
mou nt vertically back-to-beck . separated by
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Curn-nt Monitor Pans...."'AS276-1716
AS27$-1 745
AS 276-171S
o;g;.Key
AS 276-1712
FlS27&- t603
FlS 27&-1604
FlS 27$- I l22
Digi-l<ey
FlS27t).17S1
Oigi-Key
[l;gH<ey
aeeece
[);gH<ey
();gH(ay
All Electronics
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SUPER ICOM

7~. YO W resistor
l00k0, \IoW~

1501o!l. Ilo W _ or
4701Ul. Ilo W Ill'Sls1or
lEOand panel mount
SPOTeenler oft lOggIt swilc/'I
8 pin DIP lIOCllel
14pon DIP SOCl<eI
Peflboard
Post$ and llardware
T46connection pinsR__

P""
noel P-cIIIInnel BifEl opamp
TlO91 N-etIanMlNFETop amp
lf353 dual BiFETop amp
4066bilaleral switch
l M339quad complIralOf
2N39lMNPN tranJ.islOf or lIClui'iaJent
2N3906 PNPIl'ansislOf or IlQlli'lIIIen(
lN91 4$ilicondiode
1.SV Zener diode
50 microammete<
5l<C PC bo3td tntnrner pol
100 PC board~ pol
IOkO, lOturnlrimmefpol
2OI<!l PC board lrimmer pol
10Qk(lPC bOard trimmerpol
.220.~~ ,esislor
100 0 . ww resistor
220 0, YO W resistor
1.Sll0 . \10 W resislor
3.31<0. \10 W~
7.SkO, ww resistor
101<0, ww resistor
201<.0. YO W resistor
9un. \Io W resistor
llXlkO.....Wresislor
220110. \Ii W resistor
SlOkO. V. W resistor
6201<.0.w W resIStor
5 1010. \Io W resislor
8 pin DIP sockelS
14 p<n DIPSOCkel$
Per1board
POIIISand hIIrctw-are
T-C6 COO. l8C1ion p;ns
Robbon tllble

I U"U ICO_ '~· 1$. 13. 2 vollS. !llllllli.
double th! capacity of the Icom 8p·7.
Sw oufput.
IUI'fR ICO_ .~·81 9 6 'IOhs. 1~

50'\ IIIore capacity Ih,n [he leom BP·8

80th are rapId base charg! only, or
slide in ""all charger. 4 inches high, BP·
75 or 81'·85 $6500'
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PARTS LIST

FIS 276-1101

Circuit Speciali$ts

Circu~ Spec.islS
Cireuil St:.... ·.sSI$
Circuit Specilllists
FlS 272·1020-Oigi-K~
Dig~Key

D~~Key

AS 270-1154J._
oq.KeyDigi-Key

BY POPULAR REQUEST

SUI'fI UlWOOlI PU SStrl-m.
&4 'IOIts, 9OOma. doublt the
capacity of the f'B.:!SIf'B.2'6 for
the :!5OOr.?Wl/3500 I3600 Chart"!
with eilh!f l h! standard ""an
til_get or dfOP in tIl_Qllf. 3
irw;hes Jl9I S61Xr

Dol-' Pow", Supply
s..-
AIl Electronics
FlS 27()'364
FlS 27S-662

von-g. MonltorParts
s..
FlS276-17t4
D~i-Key

Oigi-Key-

SUPER KENWOOD

'~oj,j S3 CO sl1oppl"'l & ~andhrig CT res!d""ts add N Ie>:
Compl!!! lin! 01NICAOreplacement packs lor teem, xenwccc. vaesu. Tempo.santee. Azden.
Cordless rerecnenes. Alkalin! . Nicad and G!II-C! lIs. All NtCAD packs includ! a 1 y!ar
guarant!! . commercrar RadiO Packs also avauabre.
For all your battery needs. writeor call today lor acemprete catalog. nearer inquiries invited.

End. replacemtnl FNB·2 Nicad pack lor
V.esu FT--404R /207Af2(Bl /7OJf! 524(13'

SUPER PERFORMANCE BATTERIES

P""
n 084 quad BIFEl opamp
4066 bilateral $wilCh
.a13dual D-type Mip-llop
S5S or 7S55 (CMOS) Iimer
0 10 15 vo/tmeter with

edema! seriesresIstor
,01 I'F. 50Vdi$Ccapacrtors
2kOPC board trimmer pol
101<QPC boIIl'll b i". net pol
100k0PC bolIrd tornmer pol
100 O. V. W resistor
11<0. Yo W ftMlOf
9.1en. \10 W resisIof
15kO. \loW~

201<0. V. WI'lIIIisIOf

Ou.-.tity PII1

1 18V. 2 amp trat'l$l<ltmef
1 'h imp fuse and holder
1 SPST togghu ""rtch
1 Uneeord
6 I N4Oll150 PlVdiode
1 78GUl vinable pos,t,ve lIOhage

regulator
79GUl vatiable neQIlilie voltage....-
781 S " l SV regulalOf
791S - I SV regulalor
:2200 IlF. 3SV electro/ylOc t llPacitor
,1 I'F. 3SV tanllllum capar:itoJ
.22 ¢'. 3SV tantalum capKiIor
1 I'F, asv tantall1lTl t llpllCitor
2,2IlF. asv tanlalum CapacItor
2 section linear polentiomeler.

101<0 !section
500 0 PC boIIl'll bi ••net pot
I ,SkO. ....W rlISislOf
2kO. V. W resistor
421<0. ....Wrnistor
4.1l<O. \lr,W~

S.6ll!l .....W~
lEDanCI panel mount
Heatsinks for To-202JTo-220 cases
Cabinet: 3 Y.l • 7 ~ • S* inches_.
Mounting posl$ and hIIrd'orllre
T46 or similar connection p<ns
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from the selector pass through
a tri-state buffer, the 450 3.
No nnally , the selector enable
pin (13) and the buffer d isable
pin ( I) are at ground (th rough
a 20kO resistor) . Under these

.conditions , the mete r cycles
automatically. The two-pole ,
five -po sition non-short tn g
rotary switch establishes these
conditions in its center posi
tion . At any other position,
the di sable and enable pins
go Hi g h , inte rr uptin g the
cycle . The switch also sends
the desired 4066 switch con
trol pin High , thus ho ld ing
the meter on this readi ng until
the switch is returned to the
ce nter posit ion. The 4503 out
put s will also support ind i
cator LEOs with 1.5kO series
r e si st or s wit ho u t furt her
buffering.

The sensors appear only in
ou tline form , since they are
identical 10 those in Figures 3
and 4 . Since the T L084 and
the LF353 are quad and dual
op amp vers ions of functional
ly the same circuitry, one can
interc hange positions for all
bu t th e two c u r re nt inpu t
se nsors. For this application,
se para te DC amp lif ie rs for
each of the voltage senso rs are
preferable, since: they permit
sepa rate calib ratio n o f both
positive and negati ve voltage
monito rs. T he 4066 o utput
ca n drive any analog o r digital
meter . T he o nl y necessary
variatio ns will be in amplifie r
gains 10 supply acceptable sig-
nal le vel s to th e met eri ng
circuits .

The monitoring ci rcuits we have looked
at are expandable in many directions to serve
a large number o f monito ring needs. Adding
current monitoring 10 the more co mmon
vol tage monitoring provides an espec ially
helpfu l d imensio n to the ave rage bench
supply in the ham shac k. Since the whole
supply shou ld cost no more than about fifty
dollars , including a case and two meters
(almost ha lf the cost), there' s no good reason
why every ham shack shou ld not have a
supply with all the benefits of automatic
voltage and current monitoring . AUTO-VIM
will certainly ea rn its keep. Having used it
for only a few months, I have already recov
ered its cost in pans I d id not burn up . I can
now spot trouble before my nose tells me it is
too late . fII

[Part I , including Figures 1-4 , was publ ished
in the August issue.]
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149 Palmef Road. Southbury. CT 00488
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