A Denmark DKr. 70.00
Germany DM 15.00

Greece Dra.760

Holland Dfl. 14

Italy L. 7300

IR £3.30

Spain Pts, 780

$ingapore 55 12.60

USA $6.70

. A REED BUSINESS PUBLICATION

performunce Zetex
power fransistors*

*UK readers only

/ acquisifion
er Windows?

|

|rcI deS|gn for 7? .
i e [l




True rms measurement has become
straightforward thanks to dedicated ICs. The
information in this article has been compiled
by Dan Ayers and EW+WW staff.

READING

ince the advent of digital multimeters,

cmzmeers have been able to make quick,

=mple and relatively accurate voliage
messamemenis for both de and ac. A common
= mhapoy side effect of this however is an
swerr=liznce on the seemingly definitive
mmmber on the readout.

B =i=rence o the meter’s specifications oflen
shows that the last digit displayed may be far
Som he real vzlue. A more fundamental
gesston i whether even the range is
sooroprizte. Although a low to middle priced
wlometer is adequate for de and certain ac
—essarements, a crucial range is usually missing
- Ems. -

Why rms 2

Wim=lly all electronic systems call for some
===ms of mottitoring ac voltage. It is casy to
sibrzin the peak. or peak-to-peak, value of a
se=sl By pumping a capacitor with a rectifier,
i subsequent op-amp  buffering is
swecntorward. This is useful fo indicate
waes 2o amplifier or similar system is
smpeoacking iis clipping limits.

A sesesy used in many ac voltmeters is to
sow the mean average deviation, or MAD, of
z s=mal fom 2 predetermined reference,
ssmmily the mean This so-called ac average
cam Be ms=ful_ but 2 more versatile measure is
#i= === wolizee of a signal. This fundamental
mumeey provades information about the
ememw avaslable or psed over fime.

e smoied f0 2 resistive load for a given
pennd of Sme. amy signal of the same rms
sl wawld camse the same amount of heat
dsspanee. Semetemes described as effective
waiizee sms cas=sponds to the de voltage that
il g e sene heating effect.

. dhe m==m average deviation s
dispiewes an & scale calibraied in Tms volts.
St ties s=np oaly shows 2 comrect reading
wiien e weweionm spplied is of the samc .
st s e wavcionm wsed to calibrate the
meer My dsstsl sminmeters only give a
waliid ac s=adfime for S=miy low frequency.
S| weveimss below around 400Hz.

L

Fig. 1a). Deriving
the rms value of
a signal using
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As lang as the waveform is known, the true
rms value of a signal can be calculatzd from
the MAD, With many real-world signals such
as noise and those associated with distortion
however, this can cause problems. Compating
the MAD valucs with the true rms values for
differing waveshapes clearly demonstrates the
limitations, Table 1.°

It is helpful that if unrclated signals are
summed, then the rms of their sum is equal to
the squarc root of the sum of the squares of
their individual rms values. The rms value is
also convenient for assessing signals with
random cheracleristics. It represents the
statistical standard deviation of a slationary

zero-mean random process’.

improved by
adding analogue
divider.

Suipus

Circuit methods for true rms

For high accuracy, thermal methods of
deriving the rms level of a signal are the most
appropriate. This is because the heating effect
of an ac voliage corresponds dircetly with the
ms value, ie. that of the de voltage required to
produce the same heating in the same load.
“There are many drawbacks here, mainly due
1 the time taken for the temperature of
different parts of the system to stabilise.

In the simplified thermal converter of Fig.
1h), two units, each comprising a heater H.
thermally coupled to a temperature sensor 7.
are thermally insulated from each other. The
first is heated by the applied signal, the second
is forced by the difference amplifier to the
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Table 1. Comparison
between mean absolute
deviafion and rms
voltages for common

same temperature. If both units have identical thermal
paths to the environment, then the outpul voltage is
proportional to the rms value of the input.

A practical system might have thermocouple sensors
and a chopper-stabilised device for the difference
amplitier. This configuration suffers from limited
dynamic range. Power through the heaters is
proportional to the square of the rms.vollage, and heater
overload is a distinct possibility.

This problem is overcome in Fig, 1h), Here, the output

waveforms. Mean Waveform RMS | MAD | CF
zbsolute deviation is also —
imown as ac average.
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amplifier still strives to maintain the temperature
difference at zero, but now the power in the second
heater is fixed. An analogue divider maintains
equilibrium as its control voltage Y is proportional to the
rms of inpul voltage X, As a result, the rms function is
provided without the heaters having to function over an
unmanageable range’.

Convenience is much enhanced by using
computational elements to obtain the tms value.
Analogue-to-digital converters and digital processing are
relatively expensive however. Fortunately, old-fashioned
analogue techniques with modem manufacturing
methods have resulted in accurate and easy to use

-integrated circuits,

The complete function required is:
P
| ]TV3d-
E‘rm.c o i!’ F,J- !
W7y
Computation is simplified by considering the
integration and division by 7" as 4 running average. In
practice, this is valid for most types of signal
encountered, so:

There are two basic approaches to obtaining the true
rms value of a signal — explicit and implicit!, The
explicit or direct approach is shown in Fig. 2 (a). Two
inputs of a four-quadrant multiplier are fed with the
input signal, producing a squaring function. Positive-
going voltage created is averaged over time, and the
square root of this dc value is taken. This can be done by
inserting a squarer into the negative feedback loop of an
amplifier,

Although good accuracy is possible, this approach is
more complex and more expensive. In addition,
dynamic range is at least an order of magnitude
narrower than with a comparable implicit arrangement.y

Dynamic range is particularly significant when
measuring signals with a high crest factor, or cf. This is
the ratio of peak to rms voltage. Obtaining a valid
measure of a signal with a large crest factor needs a
proportionalely greater headroom.

The implicit approach follows
manipulation of the rms equation to;

from a little

2
L e I/m
s T V

ey

producing the more elegant configuration Fig. 2h).
Assuming an adeguate CR ume constant, the rms
voltage output is held constant over the period of the
signal being averaged and division by this value can be
carried out before the average 1s taken,

Error sources in rms conversion

An ideal rms converter provides a dc output voltage
exactly cqual to the mms value of its input voltage,
regardless of the amplitude, frequency, or shape of the
input waveform. Of course a practical rms converter has
CrTOrs,

Static errors are offsets and scale factor crrors that
apply to dc and low-frequency sinewave Lo aboutlkHz.
Under these conditions, the finite bandwidth of the
converter — and the effective averaging time — can be
made negligible compared to the input and output offset,
and scale factor errors. Here, rms can be interpreted as
the square root of the low pass filtered, or averaged,
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ANALOGUE

square of the inpl.’f voliage. CREST FACTOR, (V,./¥....)
An ms to dc 's overall ‘static’ error is . ' 3 558 7 ™
specified in perce > plus a constant. As 0 I } ‘
shown in Table 2, specified at lmV i - | .
crpret o ] Fig. 4, Error versus dut
S [, A“‘i” C)lrgc.fe for an MAD ac 4
output voltage will differ H i : T detector and AD637-
mput by at most ImV E .. ™~ ] | based rms converter.
1. Note that, this is less 5 P A,
J6AJ converter. e | -
ider a sinewave mput of 1V g ,:: L | ]
o the input of an AD6377. Actusl wo| ! e
voltaze  will  be  within: i ‘ T T ]
=(1mV+5mV). This is 6mV from " W s 0 20 10 54 3 2 1
IV, or between (1,994 and 1,006V PUTY CYELE, %, GF INPUT

can be classified into the standard
t voltage, scale factor (gain) error, and
s. Therefare, nonlinearity sets a limit on the ultimate best
al rms converter has an input/output  case accuracy of the rms converter.
= cteristic that deviates from the ideal. The For the AD637, nonlinearity is typically better than
or explanation given by Figures 3a,b) . ImV (0.05%) over a 2V full-scale rms range; for the
he major classes of errors commonly ADS5364 the nonlinearity equals 5mV or less. Typically
! the ADG36 has less than 1mV nenlinearity over its 0 to
E els. the mms converter’s input offset voltages  200mV specified input range.
car oint of the ideal absolute valuc transfer As shown by Fig. 4, the errors of true rms to de
3 Te positive relative (o the zero output  converters, although varied, are considerably lower than
th zero input voltage applied. Practical  those errors found in precision mean-absolute deviation
sc offset errors deicrmine both the  rectifiers when the duty cycle of the input waveform is
ccuracy of the converter for low-level  varied.

T

the ICs discussed here, the combined total of
erors is typically less than ImV. At higher input .
of the order of few hundred millivolts, scale | TABLE 2: Typical rms-to-de converter specifications.
and linearity errors may dominate offset errors. A
- [actor error s defined as the difference belween the ’ AD536AJ AD637J AD636J
slope of the actual input/output transfer and the | input dynamic range 7Vrms 7Vrms 1V rms
to [ transter. If a 100mV mms input change | Nominal fsd rms 2V rms 2V rms 200mVv
o s 2 99mV change m output, then the scale factor | Peak trans. Input 120V 15V 2.8V
error is 1%. Max total error
In addition to the single polarily example just given, |No external trim
here can be a different scale factor for both negative and mV/% reading 5mV 0.5 imV £0.5 0.5mV 1
mput voltages. The difference in these scale | Bandwidth, (-3dB)

rs. termed the ‘de reversal errar’, is shown in Fig, Full Scale 2MHz 8MHz 1.3MHz
3¢). When testing this parameter. a dc voltage is applied 0.1 Vrms 300kHz 600kHz 800kHz
to the converter’s input, say +2V, and then the polarity | Error at Crest Factor

mput voltage is reversed to —2V. Difference of 5, rms -0-3%3@1V 10.15%@1V -

the two readings will equal the dc reversal  {0.5%@200mVY
3 Power supply
mlmesanty. as its name implies, is the curved portion . | Volts min +3 13 ‘ +2/-2.5
nput/output transfer characteristic, This is shown max +18 - 18 12
rated form in Fig. 3c. This emor is due to | Current typ. 1mA 2mA 800pA
> max 2rgA 3mA 1mA
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Bandwidth considerations
In practice, ac inputs are of the most interest to users of
mms converters. For 1kHz sinewave inputs, there is
negligible difference between readings at this frequency
and performance at de. As a result, dc measurements
provide a convenicnt wuy of determining crrors at
around 1kHz, :

At higher input [requencies, bandwidth characteristics
of the rms converter become most important. As shown
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Fig. 6. Internal functions
together with external
offset and scale factor
trimming circuifs for
AD536A af a), AD636 af
b) and ADG37 at c).

Fig. 7. Converter for rms
measurement using
standard chips shows log-
antilog calculation of
square/square-root
functions.

by Figs 5a,b,c), ac bandwidth drops off as the input
level is reduced; this is primarily due to gain-bandwidth
limitations in the absolute value circuits.

Caurion should always be used when designing mms
measuring systems which must deal with complex
wavelorm amplitudes above 1V mms. Trimming is
recommended for applications needing the lowest
possible offset and scale factor crrors, Figs 6a,b,c).
Ground the signal input point, ¥, and adjust trimmer R,
for an output of zero velts. Alternatively, R can be
adjusted to give the comect output with the lowest
expected value of Vpy applied. This second method
allows the lowest possible error over the expected inpul
range, but resulis in higher errors below this range.

Connect a IkIlz calibrated full scale input 1o V.
Adjust trimmer £y 1o give the same output voltage. This
adjustment provides specified accuracy with a 1kHz
sinewave input and slightly less accuracy with other
input wavefarms.

With comrect trimming, the remaining errors in an rms
vonverter will be duc to nonlinearity effects of the
device; unfortunately, nonlinearity errors cannot be
reduced by external trimming. .

RE s@k

Absoluke Value

Practical circuits
Although it is possible to produce close approximations
to squaring and square root functions relatively dircctly,
log/fantilog blocks can give greater accuracy and
simplify initial setting up®. These blocks are often hased
on the éxponential response of transistors.

Figure 7 uses lwo standard chips to produce a
log/antilog implicit rms converter which is adequate for
many applications; the separate computing elements arc
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clear to see.

Several companies produce dedicated rms chips, and
the circuit of Fig. 8 shows how straightforward such
devices arc to apply. The S5M2710 is a particularly
versalile device. With a minimum of external
components it can provide rms. absolute value and peak
conversion, or altematively the log of any of these®.
Figure 9 would be suitable [or a meter calibrated in
decibels — very useful for audio work.,

High impedance input rms dpm and dB meter
Only two integrated cireuits and a liquid crystal display
are needed to produce high quality, dpm/dB meter.

Voltage input to the meter feeds through a 10MQ
input atlcnuator to pin 7 of the ADG36. Buller output,
pin 6, is ac coupled to the rms converler's input, pin 1.
Resistor Ry provides u “bootstrapped’ circuit to keep the
input impedance high,

Output from the rms converter is sclecled by the
linear/dB switch; selecting pin & for linear, pin 5 for dB.
The selected output avels from the linear/dB switch
through low pass filter R|5, Cg 10 the input of the meter

R3 182k D2

R4 188k al

Input

chip, which is a 7/06 type a-to-d converter. The AD389
2 x Log Inug"i”-— c2 8 fuF
18 s 3
== iR
Antilog 1 D e
c1 18 3 1 3 lotpit
. 08

Bl 4T
Lz
R2 10k B Ton
! R W
T
Gy
82k
Wotes : o
U1 - Us 149 TLOTE
01 - 0§ iNd148 ' £ 8ok

All transiskors in CR30498, ~umhers ~eFer te pine.
For inpreves accurscy, e Sk onultiturn Poe PL
U3 43 to Bu or to zliou zero estting, to point X
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provides a stable 1.2V reference voltage for supplying
the calibration circuitry.

To calibrate, first adjust trimmer Rg for the 0dB
refercnce point, Next, set R4 for the decibel scale factor,
and finally, adjust R to set the linear scale factor. Total
current-consumption is typically 2.9mA from a standard
9V transistor radio battery.

This circuit uses the ADA36 low power rms converter
to extend battery lile and provide a 200mV full scale
sensitivity. It provides better accuracy and bandwidth at
200mV rms input than the A5364, which would need
preamplifier to achieve similar results.

Programmable-gain rms measurement

Measurement of the rms of complex waveforms of
varving magnitude normally requires a high quality.,
compensated input attenuator. In contrasi, the
programmable gain rms preamplifier circuit of Figure
10 features an AD544 bifet operational amplifier as an
mnverting input buffer with four remotely switchable gain
ranges: 200mV, 2V, 20V, and 200V full scale,

Switching gain resistors in the buffer feedback loop
allows the use of a low voltage cmos multiplexer to
remotely control the gain of potentially high voltage
input signals, The preamplifier’s input is well protected
on all ranges for input voltages up to 500V peak.

Input connects to Jy, with R and diodes D, » forming
the amplifier’s input protection. Capacitor (' prevents
high frequency roll-off, which would occur due to the
R/C time constant of the 1MQ input resistor and the
stray capacitance at the AD544 summing junction. The
AD7503 cmos multiplexer switches the appropriate
feedback resistor for cach gain connecting the resistor
between the operational amplifier output, pin 6, and its
summing junction, pin 2.

Capacitors (47 arc compensation capacitors which are
adjusted for fat response at each gain setting. Address
lines- Aps select the desired input range of the

To calibrate and
factors need to
oﬁsel! freqwenc

mﬂmty
crest factor aﬂd__tru rm

TR snnple cl
th is built aro
irequency may be varied
zliering the resistor and/or:
gutput is sent to a 1 -of 10 dec de
mark/space ralio and the p
the remaining Schmitt frigge

For controlling  amplitude

circuit can suifer from ringing onth
This aifects the rms level, especially athigher
r=i=s. Should this be a problem, it is advl
str2p a variable resistance of around 47
#he op-amp input pins and trim for best shape.

Setore testing an rms circuit, the zero should ﬂrst

be checked and any offset noted A suitable dc
seterence voliage should then be set at, say, 5V. It is
L
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Fig. 8. Dedicated rms converter chips can reduce component count and improve

accuracy.
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Fig. 9. Versatile converter chip configured for log of rms conversion. This

configuration is useful for audio decibel mefering,

preamplifier. Resistors Ryg o2 are gain calibration
controls for cach selected gain. Output of the A6/
operational amplifier is converted to its rms equivalent
voltage by the ADS36A4 rms-de converter. .

Input ranges are 200mV, 2V, 20V and 200V rms. For
the respective, ranges, —3dB bandwidth points are

>4kHz, 600kHz,1.5MHz and 600kHz. For the lowest
range, bandwidth will vary with the degree of stray
capacitance at pin 9 of the AD7503.

reuit und
avold loadin

clk 8991234557898 23

3L

SRECDN

@ 218 1 = |

Simple pulse generator with fixed mark/space ratio and variable ampitucs

allows easy assessment of rms converter accuracy.
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i to the amplifier input is 360pV on the
he signal-to-noise ratio is 75dB. Output
ime is 397ms to reach 1% of input.

lines Ay, should be set for each gain.
n tnm potentiometers Ry 0,12 should be
adjusted for the correct gain on each range.
nsation capacitors Cs g 7 should be adjusted for
sponse on each range, For this, use a variable
v sinewave input c;1gna11 and an oscilloscope to
tor the AD544 output, pin 6. Alternatively use a
voltmeter on its dc scale connected to the
r’s output.

Reading ultra-low frequencies

Reducing input frequency requires lengthening the
2 and filtering time constants to maintain the
levels of dc error. Consequently, successively
r values of C'syv are needed. With very large values
'eraging capacitor, needed for frequencics below

OHz, Csv can become physically too large and”also
prohwblt the use of low-lcakage devices,

Figure 10 uses two very low input bias current
amplifiers, permitting. large values of averaging
resistance — in this case 10M£2. This circuit has been
optimized to exhibit less than 0.1% averaging error for
input signals as low as 0.1Hz. The ViV funttwn
appears at pin 9 of the AD637.

As a result of transient noise spikes, the circuit may
overload because the filter stage averaging capacitor has
been drastically reduced. Normally, the averaging
capacitor is called Cyvy but in this case it has been
renamed €. Reducing the capacitor allows output at pin
9 of the AD637 1o respond to the square of the input
signal rather than to the average of the input square

For applications where high crest factor-low frequency
signals are to be measured, € should be increased to
3.3pF. In conjunction with the internal 25kQ filtering
resistor, this capacitor forms a low-pass filter with a 2Hz
corner [requency. This attenuates higher frequency
signaly — lransients — by the ratio of the transient.
frequency to that of 2Hz. This means that in the case of

a9

Ditlies oosen 10 v g AVEREGING ERROR «
WITH A 87 SECOND 1% SETTLING Ti

ALLTESISTONS 14 WaT] 4% CAIIGON CONPOSITION.

1L
R TR bk ot SR O Mic-capaciTons
CAV, (2 and C3 ARE POLYPROPYL

ALY

60Hz transients, they will be reduced by 60Hz/2Hz or
30 times. Practically speaking, there will be effective
transient protection.

In addition, larger or smaller values of C; may be used
as required by the specific application. If a low-pass
filter is used ahead of the AD637, out-of-band signals

are less likely to cause an overload. This allows smaller

values of C to be used in these circuits.

Since raising €' causes increased averaging of higher
frequency signals, the ViV, function will be linearly
converted to the average of Vg /Vg, as the input
frequency goes up. This prevents the instantaneous
square of the input signal from appearing at pin 9 of the
AD637. ]
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