
op.AMPSop-amps show their versatility in instrumentation circuits.
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AC YIN (via R4-R is simply inver­
ted to produce a + Yo T' The circuit
analysis for the positive wing of AC
YIN is a bit more complic ted . Op­
amp ICI inverts the signal to pr duce
a negati ve output that is pas cd
through DI to the summing junction
of IC2, where it's combined with the
positive AC YIN (via R4-R5). At the
summi ng junction, the negative out­
put of ICI is doubled and inverted via
IC2 , R3-R5 , to produc e a +2YO UT '

while the positive AC YIN is only CD

inverted via IC2, R4-R5 , to produce ~

- 9V

FIG. 3-PRECISION HALF-WAVE rectifier.

negative- going hal f-wave rectifi ed
output, the polarities of the two di­
odes must be reversed .

igure 4 shows how to combine an
op-amp half-wave rectifier and an in­
verting amplifi er to build a precision
full-wave ~ ctifier. When the AC YIN
swin gs negati e , the inverted output
of ICI goes to ear zero because of
D2. At the invertin g input of ICi , the
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Precision rectif iers
Figure 3 shows a precision half­

wave rectifier. When the AC YIN goes
negative , the output swings positive ,
whic h forward biases D1. The op­
amp's gain equals unity because DI 's
forward resistance is negli gible .
When the AC YIN goes positive , the
output swings negative , but is limited
to - 600 mY by D2. Resistor R3 cor­
rects for op-arnp DC-current errors,
and holds the noninverting input at
grou nd potential. The negative-feed­
back loop will always try to hold pin 2
at virtual ground (because the idea is
to drive the inverting input to the
same potential as the noninvert ing in­
put.) Consequently, the output at DI 's
cathode does not swing much below
zero. The YOUT is a positive-going
half-wave rect ified signal that resem­
bles pulsating DC . To produce a

through RI when the signal falls be­
low the peak value. eanwhile , IC2
is used as a (voltage 1'0 I wer) buffer
stage, so that RI is not shunted by any
external loading.

FIG. 2-PEAK DETECTOR with buffered output.

FIG. 1-HALF-WAVE RECTIFIER circuit.

RAY MARSTON

Electronic rect if iers
Convent ional diodes can' t rectify

millivolt AC signals becau they
do n' t conduct unti l their knee vo tage
is exceeded . Silicon diodes have kn
values of about 600 mY, and thus
don ' t rectify AC voltages below that
value. Luckily, op-amps can effec ­
tively reduce the diode 's knee voltage
by a factor equal to the open -loop
gain; a diode can then rect ify AC­
signa l amplitudes that are smaller
than a millivolt .

Figure I is a half-wave rectifier con­
nected as a noninverting amplifier;
feedback is through 0 1. (Notice that
the rect ified output is taken from the
invert ing input.) When the noninvert­
ing AC-YINswings positive by only a
few microvolts, the output is quickly
driven to Drs 600-mY knee voltage.
The feedback through DI forces the
inverting input to accurately follow
the positive-input signals . However,
when the AC-Y IN swings negative,
the negative output causes D I to be­
come reverse-biased, whose reverse­
leakage resistance (typ ically hun­
dreds of megohms) acts as a voltage
divider with RI; that determines the
op-a rnp's voltage ga in during the
ne gat ive-inpu t swing. The circui t
thu s follows the positi ve-input sig­
nals , but rejects the negat ive ones
and, hence , has the characteristics of
a nearly perfect rectifier.

Figure 2 shows a peak-voltage de­
tector. Capac itor CI charges rap idly
throu gh DI to the peak positive value
of AC YIN' but discharges slowly

RECISION VOl:rMETERS. AMMETERS . AND

ohmmeters use op-arnps in a wide
varietY' f applications. You' ll find op­
amp recti ier s. ran ge-scal in g net ­
works, con rters, and voltage refer­
ences . Let's tak a look at how those
circuits work .
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is distinguished from power supplies
using an output filter-capacitor, which
delivers a steady-state DC equal to the
rectifier's peak output-voltage .

Digital meters
Preci si on Di git al Vo lt Meter

(DVM) modules using op-amps can
form the basis of a DC multimeter. To
fun ction as a multi range DC volt­
meter, the input voltage is conditioned
through an attenuation network; for a
multi range DC ammeter, the input
current is applied through a multi­
range current shunt.
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FIG. 8-5-RANGE AC VOLTMETER (converter) using a DVM module.
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FIG. 7-AC/DC CONVERTER used with a DVM module.

FIG. 6-PRECISION FULL·WAVE AC/DC converter.

DC DUTPU
0-2VOLTS

01
6 lN4148

Cl R2
l lJ.F 22.2K

02
lN4148

Rl 02
10K 2 lN4148

6
AC VIN

01
lN4148

R6 - 9V
4.7K

FIG. 4-PRECISION FULL-WAVE rectifier.

Figure 5 shows a half-waveconvert­
er that uses a voltage gain of 2.22 via
R2/Rl , while integration is accom­
plished via CI-R2. Figure 6 shows a
full-wave converter with a voltage
gain of 1.11 , while integration is ac­
compli shed via CI-R5 . Notice that
op-amp converters compute the aver­
age value of rectified AC-voltage; that

a - VO UT' The summing resultant is
+VOUT at the IC2 output that is
equal to the original AC VIN positive
swing . Therefore , the IC2 output sig­
nal is always a positive-going full­
wave rectified signal.

AC-to-DC converters
In a standard DC power supply, a

rectifier takes the AC current from a
step-down transformer and produces
a pulsating DC current, which is then
filtered into steady-state DC by a large
filter capacitor. That system has
worked great for years , and still does,
but designers' would like to get rid of
those bulky filter capacitors; and in­
deed, a more compact arrangement is
possible by using an op-amp rectifier
combined with an integrating feed­
back-capacitor.

FIG. 5-PRECISION HALF-WAVE ACIDC
converter.
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RANGE

b
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convert a I-rnA meter into a fixed­
range DC-mV meter having a full­
scale sensi tivity of I mV, 10 mV, 100
mV, or I volt. The table shows appro­
priate values of RI for the full-scale
sensitivities. To null the op-amp's in­
put-offset voltage, short-circuit the
input terminals and adjust R6 for zero
deflection of the meter.

Figure 12 shows how you can put
together a 4-range DC-mV meter hav­
ing full-sca le ranges of 1 mV, 10 mV,
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FIG. 11-A DC MILLIVO LT meter.
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coil meter, the I-rnA DC range of an
exis t ing multimeter can be sub­
stituted, and the circuits shown in
Figs. II to 15 will functio n as " range
converters." Notice that each circuit
has a 2.7K resistor in series with the
op-amp's output. That resistor limits
the available output current to a few
milliamps , thereby providing the
meter movement with automatic over­
load protection .

Figure II shows a simple method to

FIG. 1Q-S-RANGE OHMMETER (converter) using a DVM module.

FIG. 9-S-RANGE AC AMMETER (converter) using a DVM module.

Analog meters
As shown in Figs. II to 15, an op­

amp can al so convert a st andard
(D'Arsonval) moving-coil meter into
a sensitive voltage, current, or ohm­
meter. All of the circ uits are designed
aro und the LF3S6 JFET op-amp,
which has a high input impedance,
and opera tes from a ± 9-volt supply.
Offset nulling is provided to set the
output to precisely zero . The moving­
coil meter should have a full-scale
sensitivity of I rnA.

o Instead of using a I-rnA moving-
~ 0

As shown in Fig. 7, a DVM module
can be used to measure AC (rather
tha n DC) voltage by connecting a
suitable AC-to-DC converter to its in­
put. Op-amp ICI is used in the nonin­
verting mode, with DC feedback
applied through R2, and AC feedback
applied through CI-C2 and the diode­
resistor network. Resistor R7 adjusts
the amplifier ga in over a limited
range . The rectified output of the cir­
cuit is filtered by components R6-C3
for DC co nversion.

Figure 8 shows a frequency-com­
pensated attenuator network used to
convert a standard DVM modul e into
a 5

0-

range AC voltmeter. Figure 9
shows how a switched-shunt network
can be used to convert a DVM module
into as-range AC ammeter.

Figure 10 shows how to convert a
DVM mod ule into a S-range ohm­
meter. The circuit actually functions
as a multi-range constant-current gen­
erator, where a constant current feeds
(from Q I collector) into Rx . The re­
sulting voltage drop across Rx­
which is directly proportional to the
unknown Rx value-is read by the
DVM module .

Transistor Q I and the op-amp are
wi re d as a voltage-fo llower-the
emitter-voltage follows the voltage set
by potentiometer R8. In practice , that
voltage is set at precisely I volt below
VDD ' Consequently, the Q I current
source equals I volt divided by the
selected (R3 to R7) range-res istor val­
ue. For example , the current through
the R3 range resistor when the non in­
vertin g input is set to I volt equals I
volt/ IOOO ohms, or 1.0 rnA. The
DV M module typically read s full
scale when its input voltage equa ls
200 mV. That reading is obtained
when 1.0 rnA X Rx has a value equal
to 200 mY; therefore, Rx should
equal 200 ohms for a full-scale DVM
reading.
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Voltage reference
An op-amp can function as a volt­

age reference by connecting a known
voltage to its noninverting input. Fig­
ure 16 shows a positive-voltage refer­
ence whose output is fully variable
via R3 from + 0 .2 to + 12 volts.
Zener diode DI provides a regulated

FIG. 16-VARIABLE POSITIVE-VOLTAGE
reference.

scale ohmme te r, having full-scale
ra nges fr om 1000 o hms to 10
megohms. Range resis tors R5-R9
determine the full-scale values . Tran­
sistor QI applies I volt to one side of
the range-resistor network . The gain
of the op-amp is determined by the
ratios of the selected range resistor
and Rx. When the range resistor and
Rx are equal, the meter will read full
scale.

To zero-set the meter in Fig . 15,
follow this procedure: Set SI to the
1O,000-ohm position and short circuit
the Rx termin als. Now adjust RI3 to
set the meter needle to zero. Next ,
remove the short circuit and connect
an accurate 1O,000- ohm resistor in the
Rx position . Now adjust RI4 for full­
scale deflection . The circuit is now
fully calibrated and ready to be used .
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FIG. 14-4-RANGE AC millivolt meter.

FIG. 15-5-RANGE LINEAR-SCALE ohmmeter.

FIG. 13-4-RANGE DC microammeter.

FIG. 12-4-RANGE DC millivolt meter.
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100 mY, and I volt. Figure 13 shows
how you can make a DC- fLA meter
having full-sca le ranges of I fLA , 10
fLA , 100 fLA, and I fLA. The range
resistors should have a tolerance of
2% or better.

Figu re 14 show s a useful fixed­
range AC-mY meter. The circuit 's in-

put impedance is equal to RI , which
varies from 1000 ohms at I-mY full­
scale sensitivity, to I megohm at 1­
volt full-scale sensitivity. The useful
frequency range is about 100 kH z
when used in the 1- to 100-mY range ,
and 50 kHz for the I-volt range .

Figure 15 shows as-range linear-

FIG. 17-VARIABLE NEGATIVE-VOLTAGE
reference.

12-volt source voltage. The CA3 140
op-amp can track input reference volt­
ages to within 200 mY above ground .
Figure 17 shows a negative-voltage
reference whose output is fully varia­
ble via R3 from - 0.5 to -12 volts.
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FIG. 2o-0VERLOAD PROTECTED, 3-30-volt stabilized power supply.

LF TRANSMITTER

continued fro m page 46

voltage or increase the number of
turns on L2. Now you have to tune C6
again, and note the shape of the tun­
ing curve. If you see only a single
peak while tunin g C6 , try increasing
the loading by moving L2 toward the
" hot" end of Ll. If you see a double­
peaked tuning response, reduce the
loading by moving L2 toward the
ground end of Ll . Repeat those steps
as necessary in order to achieve the
most efficient match at l-watt input
power.

The exact transmit frequency can
be trimmed by adjusting trimm er ca­
pacitor C2. The adju stment range will
depend on the particular crystal used
in your unit.

Fortunately for beginners and new­
comers to "basement radio, " slow­
speed CW is the favored operating
mode , so you won 't have to do much
brushing up on your dits and dahs. At
185 kHz the biggest enemy is noise­
both atmospher ic and man-made. It is
for those and other reasons, that the
best signal-to-noise ratio can be ob­
tained by using a low data-rate mode
(slow keying).

Most operators congregate toward
the upper end of the band, centering
around 185 kHz. Keep in mind that
many stations use crystal control , so
it is importan t that you tune your re­
ceiver as carefully as possib le when
calling CQ, and don't be surprised to
hear a reply several kHz away from
your ca ll ing frequency. The winter
month s are the most popular for ex­
perimental LF operation because
northern latitudes suffer from extreme
atmo spheric noise from May through
September. The best openings gener­
ally occur on cold winter nights when
the band is stable and quiet. Under
those conditions it is possible to es­
tablish regular contacts to 100 miles
or so, with occasional OX of several
hundred miles.

The trick to success ful LF opera­
tion is experime ntation, so don 't hesi­
tate to tr y di fferent antenna and
matching network de si gn s . Even
though you will find the transmitter en
useful , once you get hooked, you will ~

fi nd yourse lf co ns ta ntly pl anning m
changes . You will always be on the ~
lookout for .a big spool of #6 magnet ~
wire , and daydreaming about helium a;
cooled, superconducting coil s. R-E ~
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porate automatic overload-protection
circuitry. Here , resistor R6 senses the
magn itude of the output curre nt .
When I amp is exceeded , the resulting
voltage drop across R6 starts to bias
Q3 on; that shunts away transistor
Ql 's base-dri ve current , thereby limit­
ing the output current. R-E

02
2N3055

mi ze th e affe cts of temperature
changes on the junction voltage . TIle
output-c urrent limit is determined by
the power rating of the transistor. To
extend the output range down to zero
volts , co nnec t pin 4 to a - 2-vo lt
power supply.

Figure 19 shows an alternat ive type
of power supply circuit , whose output
voltage is variable from + 3 to + 15
volts at currents up to 100 rnA. A fixed
3-volt reference is applied to the non­
invertin g input via Zener diode 01
and the R2-R3 divider network . Vari­
able voltage gain is set by potentiome­
ter R4 . When R4' s wiper is at one
extreme position , the circuit has unity
gain for an output of + 3 volts; when
the wiper is in the other extreme posi­
tion , the circuit has a gain of x 5 for
an output of + 15 volts . The gain is
fully variable between the two values .

It is quite easy to modify the power­
supply circuit shown in Fig. 19so that
it can supply up to ten times the out­
put current. That can be done by using
a Darlington transistor pair at the out­
put instead of the s ingle transistor
shown, to supply the current. You'll
also have to power the circuit with 40
to 45 volts, instead of 18 .

Of course , any of the circuits we've
shown can be altered to suit your spe­
cific needs . Just don't exceed any
component's ratings.

Figure 20 shows how you can incor-
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Voltage regulators
Figure 18 shows how to modify Fig.

16 to function as a l-1 2-volt variable
power supply having an output cur­
rent ca pability of about 100 mA .
Notice that the base-emitter junction
of the output transistor is included in
the negative feedback loop to mini-

R2
10K

1 18V (UNREGULATED)

+18V (UNREGULATED)

FIG. 19-5TABILIZED POWER SUPPLY,
3-15 volt, (HOO rnA.

FIG. la-VARIABLE-VOLTAGE regulated
power supply.

The LF356 op-amp can track input
reference voltages to within - 0 .5
volts below ground. The op-amps in
Figs. 16 and 17 are wide-band de­
vices ; resistor R2 is used to enhance
their circuit stability.




