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ABSTRACT

This thesis presents analysis and evaluation of characteristics of delta modulation techniques
having various types of hysteresis band for applying to ]¢) voltage source inverters. Three types
of delta modulation techniques are proposed, namely fixed hysteresis band, sinusoidal hysteresis
band and adaptive hysteresis band in order to improve PWM voltage pattern and characteristics of
harmonic spectra for appropriate applications. Analysis and design for the effects of changing
delta modulation parameters such as amplitude of sinusoidal reference, integrator time constant
and hysteresis band width have been performed. By using normalized characteristic curves, it is
easy to understand and design when modulator parameters are changed. Additionally, there are the
proposed techniques which are used to increase fundamental voltage of delta modulation
techniques especially for low inverter frequency. Also, the comparison of delta modulation and
SPWM techniques based on quality index of output voltage and output current of inverter with
THD,, THD, and DF under various load conditions has been made. In this thesis, the simulation
using PSpice of the proposed delta modulation techniques under such conditions is included. The
simulation and experimental results are compared and evaluated in order to verify circuit
operation. Design for an application of a constant output frequency source using a microcontroller
for hysteresis band control is given. Suitable filter parameters and inverter performance
investigation are also given. In addition, the preliminary comparison testing of acoustic noise
reduction and conducted EMI resulted from characteristics of harmonic spectra due to the

switching of the proposed PWM techniques is included. The results appear satisfactory.
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3.3 Adaptive Delta Modulation
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Technique with Sinusoidal Band) [26-28]
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4.3.3 wamieagatuninlivveuvadaines3¥a (A Delta Modulation Technique
with Adaptive Hysteresis Band) [13, 26-28]
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%

%%% Calculation program of parameter of delta modulation technique

%% %

%
%%% Input parameter of delta modulation technique

o/
/0

kk=input('’k=");
fec=input('fc=");
vir=input('Vr=");
fre=input('f=");
ee=13.6;

ww1=2%pi*fre;

%
potl=kk*ee/(4*fec);
pot2=(0.5*vir’2*wwi"2)/(4*fec*kk*ee);

pot3=potl-pot2

%_--
potd=pot3-pot2;
pot5=pot3+pot2;

poté=pot5-potd;

%%% Parameter of adaptive band

TESBRNRN AS . .
fprintf{("** DC = %e **\n',pot3)

fprintf('"** Amplitude(-)= %e **\n',pot2)

fprintf('** DC = %e **\n',pot4)
fprintf("** Amplitude(-)=%e **\n',pot6)

(174
/0
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%

%%% Calculation program of quality index of PWM technique

%
st=input(' Input voltage data ');
st1=abs(fft(st(1:length(st)))/round((length(st)/2)));
st2=st1(2:round((length(st)/2)));

%
inn=input(' Input current data ' );
inn1=abs(fft(inn(1:length(inn)))/round({length(inn)/2)));
in=inn1(2:round((length(inn)/2)));

o o -
zer=0;
for i=1:length(st);
if st(i)=0;
swi(i)=200;
else
sw(i)=0;
end
end

% LRSS 47478 SEER. TSEE . £8'S e

%%% Calculation program of pulse number

0 -- o B
num=0;
for r=1:length(sw)-1
if sw(r)~=sw(r+1)
num=num-+1;
end

OA) = i

v11=st2(1)/sqrt(2);
fprintf(' ** Vlrms = %e **¥\n'vll)

% e .
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L1 74
/0

hhh=st2;

hh1=160;

hh2=hhh(2:hh1);

bbb=sqrt(sum(hh2.72));
thds=(bbb/hhh(1))*100;

fprintf(' ** THDv = %e *¥\n' thds)

A IR I SRR A T s ]
hhh1=in;

hh22=hhh1(2:hhl);

bbbl=sgrt(sum(hh22.2));
thdsi=(bbb1/hhh1(1))*100;

fprintf(' ** THDi =%e **\n',thdsi)

%
athd1=st2;

athd1=rot90(athd1);

athdd=athd1(2:hhl);

annn=(2:hh1);
am11=sqrt(sum((athdd./annn).*2));
am22=(100/athd1(1))*amll;

fprintf("' ** DE1 =%¢ **\n' am?2?)

bthd1=st2;

bthd1=rot90(bthd1);
bthdd=bthd1(2:hh1);

bnnn=(2:hh1).72;

bml 1=sqrt(sum((bthdd./bnnn).*2));
bm22=(100/bthd1(1))*bm11;

fprintf(' ** DF2 = %e **\n',bm22)
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Abstract

This paper presents a characteristic comparison of delta
modulation techniques with various types of hysteresis band for UPS
applications in terms of number of commutation, outpul voliage specira
and THD, . A comparison between experiments and simulation has
been made to verify performance of designed ‘delta modulators. In

addition, filterconsideration for (Niése techniques is gwen,
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Abstract - The problem in a fixed hysteresis band delta
modulation technique is a variation of switching frequency over
the fundamental period of the modulation signal. This causes
more subharmonics and higher load current ripple when
comparing to the fixed PWM switching frequency. A simple
constant switching frequency delta modulator with adaptive
hysteresis band is proposed in this paper. This research work
contributes to comparative performance evaluation of proposed
and conventional delta modulation techniques in order to be
applied to UPS. Also, the appropriate filter design is given.

L INTRODUCTION

Static voltage source inverters (VSI) employ various PWM
techniques to improve the quality of the load voltage [1]. This
has led directly to a reduction in the size and weight of the
filter components for UPS applications and a reduction in
machine losses and other undesirable effects such as torque
ripple for drive applications. Although these techniques have
been successfully implemented for a wide range of
applications, they suffer from complex control circuitry and
moderate voltage .utilization ratio. Delta modulation has
become an established alternative to sine PWM in inverter
application for offering a sinusoidal output with low harmonic
contents and ease of control of inverter output voltage [2]-[6].
The synchronised delta modulation technique having fixed
switching frequency can be found in [7]. This allows the
solution to the unbalanced voltages in three phase system.
However, the circuitry is very complex and difficult. The
major disadvantage of delta modulation technigue having
fixed hysteresis band is'the variation of switching frequency
over the fundamental period of the modulating signal. As a
consequence, the load current ripple exists. This effect may
result in an increase in additional losses and peak load
currents. There is. a few research works for evaluating
harmonic voltages generated by fixed and adaptive hysteresis
band delta modulators for UPS applications.

In this paper, the delta modulator performance is given in
terms of load current ripple and total harmenics voltage
distortion associated with filters.

II. ANALYSIS OF DELTA MODULATION
TECHNIQUES

A.  Fixed Hysteresis Band
The principle of operation of the traditional delta
modulation can be described with the aid of the block

diagram shown in Fig. 1. A reference signal v, is compared
with a feedback signal or a carrier signal v, obtained by

0-7803-5769-8/99/510.00© 19991EEE
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integrating the modulator output signal (low pass filtering
process.), to produce an error signal e. According to the sign
and predetermisia “magnitude of e, the output of the

-modulator has two possible levels + E, whereas the time

duration between two successive levels is determined by the
slope of the reference signal.

Fig. 2(a), 2(b) and 2(c) show the waveforms at various
nodes in the modulator block diagram. It can be seen that the
feedback signal tracks the reference signal within the upper
and lower boundary levels = H. From the modulator-
operating principle, it can be observed that the output signal
is decoded by the integrator in the feedback path.

Bl G

T v

Nt ===-=-¢ /(v

WA ! \{I

Figure 2. Delta modulation technique
(a) reference voltage and feedback voltage
(b) PWM signal with the variation of switching frequency
(c) error signal with fixed hysteresis band + H
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The fact is that the presence of frequency modulation in an
ordinary delta modulator causes the variation of switching
frequency of . PWM waveforms. The variable switching’
frequency (frequency modulation) over fundamental period BN
can be expressed as : o 3

T

e 1

M

fe

3 KE| i O.SV,.Z:»}(I + cos(2w,t))
4H KiE: -

Where H : Fixed Hysteresis band
K : Integrator time constant
E : Supply voltage
V, : Amplitude of reference signal
a; : Reference angular frequency

The modulation index can also be defined as:

M =—-1-L (2)

B. Adaptive Hysteresis Band (A= B)- Beostar

From (1), in order to keep switching frequency (f)
constant, the hysteresis band becomes a ‘variation with a
function of cos(2@,t) and can be expressed as

: ” v2a2 3
a.4- KE e 05V; @y (1+cos(2a, 1)) )
af K?E?
From (3), H., can be rearranged as
H,q = (A - B) - Beos(2at) )
Where
2.2
A-B= KE_M (5)
; 4f .~ 4f.KE
| 05V2e?
-—% ®)
4f KE

|

‘ These parameters can be adjusted for required output

; voltage and frequency. The block diagram of operation of an

| adaptive hysteresis band delta modulator for PWM VSI is

‘ shown in Fig. 3. The practical circuit can.be realised as
shown in Fig. 4. The waveforms at various nodes of a
proposed circuit are shown in Fig. 5. Clearly, the error signal Figure 5. Adaptive hysteresis band delta modulation technique

shows the va.riau'?n ?f hysteresis band. This mechanism (a)  reference voltage and feedback voltage
enables PWM switching frequency to be constant for all (b) PWM signal with fixed switching frequency
PWM pulses. ; (c)  emor signal with adaptive hysteresis band
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IL EXPERIMENTAL RESULTS

In order to investigate the effective operation of the.
designed circuit, the 1-¢ IGBT full bridge inverter having dc
link voltage V&=100V, and RL load with R=40Q and
L=30mH is used. The fundamental frequency is 50 Hz. The
maximum switching frequency for fixed hysteresis band is the
same as for the adaptive hysteresis band of 1 kHz. This value
is chosen imrorder to observe clearly different performance for
both techniques.-

; Fig. 6, for fixed hysteresis band, shows the load current
waveform and corresponding current spectra for
experiments. The large ripple is apparent at around the top
and bottom of cycle due to the low switching:frequency of
PWM pulses. The percentage of THD of load curent is
approximately 42.11%.

j!

-
——

]
R

(A)

1.11
3

(b)

) 1 2 3 4
Harmowic frequesey (kHz)

Figure 6. Experimental results of fixed hysteresis band delta modulation

technique
(a) Load current scale x: 5 ms/DIV, y: LA/DIV
(b) Cormresponding harmonic current spectra

Similarly, Fig. 7, for the adaptive hysteresis band,
illustrates the load current and corresponding harmonic
current spectra. Clearly, this technique gives smaller load
current ripple when compared to a conventional delta
modulator. Apparently, unlike that of the fixed hysteresis
band, the distribution of current spectra is quite narrow. There
is also harmonic sidebands around switching frequency of 1
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kHz. This characteristic is similar to sinusoidal PWM. The
percentage of THD of load current is approximately 33.41%
which is significantly less than that of the conventional
technique. This performance has proved the improvement of
the adaptive hysteresis band technique.

o

(0} I T

g—f —p
t—

1 tR)
1.6

(b)

H
~\\~MA

° I 1 . 4
Prequency ( kHz ) ?

Figwe 7. Experimental results of adaptive hysteresis band delta modulation
technique
(a). - Corresponding harmonic current spectrum
(b) _ Load current scale x: 5 ms/DIV, y: 1 ADIV

1V. COMPARATIVE PERFORMANCE WITH A
GIVEN FILTER

In  UPS applications, the ‘modulation index, M is a
significant factor for controlling output voltage. A simple LC
low pass filter with cut-off frequency of 100 Hz is used for an
initial stage of performance evaluation for comparing total
harmonic distortion of . output voltage of fixed and adaptive
hysteresis ‘band techniques. However this is not an optimised
design. Figs. 8 and 9, illustrate the relationship between
modulation index and -rms fundamental voltage relative to dc
link voltage. The experimental and simulated results are in
good agreement. This has proved effective for designed
circuits. Both techniques offer the same level of fundamental
voltage and the linear proportion of the fundamental voltage
to modulation index. Note that the modulation index is
linearly proportional to reference voitage as shown in (2).
This is a good advantage for closed loop control of output
voltage.
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Figure 8. A variation of rms fundamental voltage with modulation index for
a fixed hysteresis band technique.
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Figure 9. A variation of rms fundamental voltage with modulation index
for adaptive hysteresis band technique.

Fig. 10 shows the comparative THD of output voltages
berween both techniques with a given LC filter and switching
frequency. At lower modulation index, %THD for both
techniques are not of significant difference whilst at higher
modulation index, -an adaptive hysteresis band offers the

considerably less a percentage of THD. This shows the better

quality waveform for adaptive hysteresis band technique over
the fixed band one. This can reduce the size of filters. Clearly,
at higher modulation index, a fixed hysteresis band technique
gives larger a percentage of THD and tends to increase in
THD. This results from the existence of the lower switching
frequency of PWM pulse; and eventually fransition into
square wave operation.mode for ‘a very high modulation
index.

V. APPROPRIATE FILTER DESIGN

Practically, a load voltage of THD < 5 % is acceptable for
UPS applications. The worst-case condition in terms of the
load voltage THD is normally lagging power factor loads [2].
In order to design the appropriate filter, the following
procedure may be performed.

The system specifications are as follows

Rated load VA rating (Sy) = 500 VA,
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Rated load voltage (V) =220 V (rms),
THD of the load voltage <5 %,
Based impedance = 96.8 Q
-The load power factor is expected to vary from 0.8 lagging

" to unity.

As shown in Fig. 10, it can be seen that the worst case
condition of THD of the load voltage. is at the high
modulation index for fixed hysteresis band. This is expected
that in common practice, the delta modulated inverter will
operate at high modulation index in order to keep output
voltage constant for feedback control operation and to use
low voltage dc supply in terms of size and cost consideration.

%THD v

9]

. * Fixed hysteresis band

L) o Adaptive hysteresis band

s

5

4

b4 045 05 055 08 085 07 O75 08 035 09
Modulation Index (M)

Figure 10. A comparison of percentage of total harmonic distortion between
fixed hysteresis band and adaptive hysteresis band techniques,

Figs. 11 and 12 illustrate effect of L-C filter parameter on
the total harmonic distortion with modulation index of 0.86.
In order to obtain THD of load voltage within 5 %, the lower
L-C values should be considered. The reason for this is that
the lower Xy; offers the better regulation of output voltage
and cost depends on capacitor size. In addition, the good
dynamic response of system requires a smaller L-C filter.
Therefore, X;; and X ar= ~hosen at its lowest and its highest
possible values, respectively while maintaining the THD of
load voltage within its specified limits. Thus, referring to Fig.
11, approximately appropriate Xy, X¢ are chosen as 0.06
pu. and 0.16 pu., respectively. However, this is not optimised
design since it is not taken into account filter cost. More
detail of normalised filter cost can be found in [2]. Quite
clearly; as shown in Fig. 12, with the same filter, adaptive
hysteresis__band ‘technique gives lower %THD when
comparing to fixed hysteresis band technique. This shows the
better performance for adaptive hysteresis band technique. In
order to investigate the validity of the appropriate filter, the
tests-have been performed with input dc voltage of 270 V and
load impedance of 95 Q with 0.8 pf lagging.



Figure 11.

Xen = 0.Tpu.
1 Xey= 0.08 pu.
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Effect of L-C filters on the total harmonic distortion of the load
voltage at 0.8 pf lagging load for a fixed hysteresis band technique.
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Figure 12.
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Figure 13.
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voltage at 0.8 pf lagging load for an adaptive hysteresis band
technique. -

/ 4 NZ|

Experimental results of fixed hysteresis band delta modulation
technique

(2) Load voltage scale x: 5 ms/DIV, y: 300 V/DIV

(b) Load current scale x: 5 ms/DIV, y: 3 A/DIV

Fig. 13 illustrates inverter output voltage and load current

with the

appropriate filter. The %THD of load voltage is

approximately 6% which is higher than as would expect. The
discrepancy could be the effect of the step-up transformer.
However, for adaptive hysteresis band, Fig.14, shows
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evidently the better performance with %THD of load voltage
of 4.5% which is within the specified limits.

A

(@ B

o LN,
A N A

Figure 14, Experimental results of adaptive hysteresis band delta

modulation technique
(a) Load voltage scale x: 5 ms/DIV, y: 300 V/DIV
(b) Load cument scalex: 5ms/DIV, y: 3 ADIV

V1. CONCLUSIONS

This paper has dealt with comparative performance
evaluation of fixed and adaptive hysteresis band delta
modulation techniques for VSI. Some results have proved the
better quality waveform for an adaptive hysteresis band over
a fixed hysteresis band technique. Also, the variation of total
harmonic distortion of output voltage with modulation index
for both techniques are illustrated. Appropriate filter design is
given. This research work is an initial stage for developing

“'delta modulator with adaptive hysteresis band to be applied
to UPS.
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Internally Trimmed
Precision IC Multiplier

AD334

FEATURES

Pretrimmed to +0.25% max 4-Quadrant Error (AD534L)

All Inputs (X, Y and Z) Differential, High Impedance for
[(Xy = X2) (Y; = Y2)/10 V] + Z; Transfer Function

Scale-Factor Adjustable to Provide up to X100 Gain

Low Noise Design: 90 pV rms, 10 Hz-10 kHz

Low Cost, Monolithic Construction

Excellent Long Term Stability

APPLICATIONS

High Quality Analog Signal Processing

Differential Ratio and Percentage Computations
Algebraic and Trigonometric Function Synthesis
Wideband, High-Crest rms-to-dc Conversion
Accurate Voltage Controlled Oscillators and Filters
Available in Chip Form

PRODUCT DESCRIPTION

The AD534 is a monolithic laser trimmed four-quadrant multi-
plier divider having accuracy specifications previously found
only in expensive hybrid or modular products. A maximum
multiplication error of £0.25% is guaranteed for the AD534L
without any external trimming. Excellent supply rejection, low
temperature coefficients and long term stability of the on-chip
thin film resistors and buried Zener reference preserve accuracy
even under adverse conditions of use, It is the first multiplier to
offer fully differential, high impedance operation on all inputs,
including the Z-input, a feature which greatly increases its flex-
ibility and ease of use. The scale factor is pretrimmed to the
standard value of 10.00 V; by means of an external resistor, this
can be reduced to values as lowas 3 V.

The wide spectrum of applications and the availability of several
grades commend this multiplier as the first choice for-all new
designs. The AD534] (+1% max error), AD534K (£0.5% max)
and AD534L (+0.25% max) are specified for operation over the
0°C to +70°C temperature range. The AD534S (£1% max) and
AD534T (+0.5% max) are specified over the extended tempera-
ture range, -55°C to +125°C. All grades are available in her-
metically sealed TO-100 metal cans and TO-116 ceramic DIP
packages. AD534], K, S and T chips are also available.

PROVIDES GAIN WITH LOW NOISE

The AD534 is the first general purpose multiplier capable of
providing gains up to X100, frequently eliminating the need for
separate instrumentation amplifiers to precondition the inputs.
The AD534 can be very effectively employed as a variable gain
differential input amplifier with high common-mode rejection.
The gain option is available in all modes, and will be found to
simplify the implementation of many function-fitting algorithms

REV.B
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PIN CONFIGURATIONS
TO-100 (H-10A) TO-116 (D-14)
Package Package
——
x1[1] e [14] +vs
x2[2] (3] NC

w3} AD534 5] o
sf[4] topview [11] 2
NCE (Not to Scale) 351 79
v1[3] (7] NC
v2[7] (8] -vg

NC = NO CONNECT

LCC (E-20A)
Package

18 OUT
17 NC
16 21
15 NC
14 22

(Not To Scale)

9 10 14 121
¥ 2y

NC = NO CONNECT

3
2]
z

such as those used to/generate sine and tangent. The utility of
this feature is enhanced by the inherent low noise of the AD534:
90UV, rms (depending on the gain), a factor of 10 lower than
previous monolithic multipliers. Drift and feedthrough are also
substantially reduced over earlier designs.

UNPRECEDENTED FLEXIBILITY

The precise calibration and differential Z-input provide a degree
of flexibility found in'no eother currently available multiplier.
Standard MDSSR functions (multiplication, division, squaring,
square-rooting) are easily implemented while the restriction to
particular input/output polarities imposed by carlier designs has
been eliminated. Signals may be summed into the output, with
or without gain and with either a positive or negative sense.
Many new modes based on implicit-function synthesis have
been made possible, usually requiring only external passive
components. The output can be in the form of a current, if
desired, facilitating such operations as integration.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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Model ADS534] ADS534K ADS534L
Min Typ Max Min Typ Min Typ Max Units
MULTIPLIER PERFORMANCE Wi SV, =¥, X - X, XY, -Y, G, g
- A0S el 5P, L5 Bl £ 1.2 T i 7, ) B T S A Bes 2 P58 B 12
Transfer Function ¢ IOXV 1, Zy ¢ loXV 2 +Zy ¢ loxV 2 +Z
Total Error' (-10VSX, Y £+10V) £1.0 +0.5 +0.25 %
Ta = min to max £1.% +1.0 0.5 %
Total Error vs. Temperature +0.022 +0.015 10,008 %I°C
Scale Factor Error

(SF = 10.000 V Nominal)® +0.25 10.1 +0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.01 +0.005 %I°C
Supply Rejection (£15V £ 1V) 10.01 10.01 +0.01 %
Nonlinearity, X (X =20V p-p, Y =10 V) +0.4 +0.2 +0.3 +0.10  +0.12 | %
Nonlinearity, ¥ (Y =20V p-p, X=10V) 0.2 +0.1 +0.1 +0.005 £0.1 %
Feedthrough?, X (Y Nulled,

X =20V p-p 50 Hz) 0.3 +0.15 *=0.3 +0.05 +0.12 %
Feedthrough’, ¥ (X Nulled,

Y =20V p-p 50 Hz) £0.01 10.01 +0.1 £0.003 %0.1 %
OQutput Offset Voltage 15 +30 12 *15 2 =10 mV
Qutput Offset Voltage Drift 200 100 100 pv/,C

DYNAMICS
Small Signal BW (Vour = 0.1 rms) 1 1 1 MHz
1% Amplitude Error (Croap = 1000 pF) 50 50 50 kHz
Slew Rate (Vour 20 p-p) 20 20 20 Vips
Settling Time (to 1%, AVoyr = 20V) 2 2 2 us
NOISE
Noise Spectral-Density SF = 10V 0.8 0.8 0.8 wiHz
SF=3V 0.4 0.4 0.4 WAHHz
Wideband Noise f = 10 Hz to 5 MHz 1 1 1 mV/rms
f=10 Hz to 10kHz 90 90 90 uV/rms
OUTPUT
Output Voltage Swing x11 | =11 11 \'
Output Impedance (f< 1 kHz) 0.1 0.1 0.1 Q
Qutrput Short Circuit Current

(Rp =0, Tx = min to max) 30 30 30 mA

Amplifier Open Loop Gain (f = 50 Hz) 70 70 70 dB
INPUT AMPLIFIERS (X, Y and Z)*
Signal Voltage Range (Diff. or CM +10 10 +10 v

Operating Diff.) +12 12 £12 v
Offset Voltage X, Y 5 £20 2 +10 +2 =10 mV
Offset Voltage Drift X, Y 100 50 50 wv/rec
Offset Voltage Z ¥5 +30 +2 *15 +2 +10 mV
Offset Voltage Drift Z 200 100 100 uvrc
CMRR 60 80 70 90 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 0.8 2.0 pA
Offset Current 0.1 0.1 0.05 0.2 pA
Differential Resistance 10 10 10 MQ

DIVIDER PERFORMANCE (22 2 (Zy=2)) (2, =2
Transfer Function (X, > X;) mV—(—;{-]-—_—;;+¥, lovmw, IOVW*H
Total Error' (X=10V, -10V<SZ<+10V) +0.75 +0.35 0.2 Yo
X=1V,-1VSZ<s+1¥) 2.0 1.0 +0.8 %
(0.1V<Xs10V, -10VEZ<10V) 2.5 +1.0 0.8 %
SQUARE PERFORMANCE _ X, .3 XX
Transfer Function (—%‘2‘ +Z, ‘{“:’Sﬁﬂ_f"‘ +Z %{'{")_* Z;
Total Error (-10 Vs X <10V) +0.6 03 +0.2 %
SQUARE-ROOTER PERFORMANCE
Transfer Function (Z, £ Z2) \lOP'(Zz—Z‘)+A’1 \,H}V(ZZ—Z,)+X: ‘IIDV(ZJle)+X2
Total Error! (1VSZ<S10V) +1.0 £0.5 +0:25 %
POWER SUPPLY SPECIFICATIONS
Supply Voltage

Rated Performance +15 £15 15 v

Operating 18 +18 18 +18 8 +18 v
Supply Current

Quiescent 4 6 4 6 4 6 mA

PACKAGE OPTIONS
TO-100 (H-10A) ADS34JH AD534KH AD534LH
TO-116 (D-14) ADS534]D ADS534KD AD534LD
Chips AD534K Chips
NOTES Specifications shown in boldface are tested on all production units at final electrical

'Figures given are percent of full scale, £10 V (i.¢., 0.01% = 1 mV).
IMay be reduced down to 3 V using external resistor between -V and SF.
$frreducible component due to nonlinearity: excludes effect of offsets.

Using external resistor adjusted to give SE =13 V.

5§ee Functional Block Diagram for definition of sections.

Specifications subject to change without notice.

Y

1est, Results from those tests are used to calculate outgoing quality levels. All min and
max specifications are guaranteed, although only those shown in boldface are tested
on all production units.

REV. B
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Model ADS5348 ADS34T
Min Typ Max Min Typ Max Units
MULTIPLIER PI::RFORMANCE (X, =X XY, - )+z (X=X, )Y, -Y3) .z
Transfer Function —':—z"""_z‘l oV 2 0V 2
Total Error' (-10V<S X, YS+10V) 1.0 0.5 %
T, = min to max 2.0 11.0 %
Total Error vs. Temperature +0.02 +0.01 %/°C
Scale Pactor Error

(SF = 10.000 V Nominal)? 10.25 10.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.005 %/°C
Supply Rejection (£15V £ 1V) +0.01 +0.01 %
Nonlinearity, X (X =20V p-p, Y= 10V) +0.4 0.2 *0.3 %

Nonlinearity, ¥ (Y =20V p-p, X = 10V) 10.2 10.1 0.1 %
Feedthrough®, X (Y Nulled,

X =20V p-p 50 Hz) 0.3 10.15 +0.3 %
Feedthrough®, Y (X Nulled,

Y =20V p-p 50 Hz) +0.01 +0.01 =0.1 %
Qutput Offset Voltage 5 +30 +2 15 mV
Output Offset Voltage Drift 500 300 uv/eC

DYNAMICS
Small Signal BW (Vour = 0.1 rms) 1 1 MHz
1% Amplitude Error (Croap = 1000 pF) 50 50 kHz
Slew Rate (Vour 20 p-p) 20 20 Vips
Seuling Time (to 1%, AVout = 20V) 2 2 s
NOISE
Noise Spectral-Density SF =10V 0.8 0.8 uvAHz
SE=3V* 0.4 0.4 uVHz
Wideband Noise f = 10 Hz ro 5§ MHz 1.0 1.0 mV/rms
f=10 Hz 1o 10 kHz 90 90 uV/rms
OUTPUT
Output Voltage Swing 1 +11 A
Output Impedance (f< 1 kHz) 0.1 0.1 Q
Qutput Short Circuit Current

(Ry =0, T, = min to max) 30 30 mA

Amplifier Open Loop Gain (f = 50 Hz) 70 70 dB
INPUT AMPLIFIERS (X, Y and Z)°
Signal Voltage Range (Diff. or CM 10 10 v

Operating Diff.) *12 *12 \'
Offset Voltage X, Y 5 +20 +2 +10 mV
Offset Voltage Drift X, Y 100 150 uvrec
Offset Voltage Z +5 +30 02 15 mV
Offset Voltage Drift Z 500 300 uvrc
CMRR 60 80 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 pA
Offset Current 0.1 0.1 pA
Differential Resistance 10 10 MQ

DIVIDER PERFORMANCE =7 i A
Transfer Function (X, > X3) 10 V(T(::-A_’lz—))- +¥% 16 V(i‘i;]'j(%*“
Total Error' (X =10V, -10V sZ < +10V) +0.75 +0.35 %
X=1V,-1V3iZE+V) 120 +1.0 %
(0.1 VsX<10V, -10VEZ<10V) *2.5 *1.0 %
SQUARE PERFORMANCE (XX, (X =X
Transfer Function -—J'F +Z; -—15;-:— *Z,
Total Error (-10V <X <10V) 0.6 #0.3 %
SQUARE-ROOTER PERFORMANCE
Transfer Function (Z, € Z,) ‘ho V(Z,-Z) +X, 1f10 VI(Z,-Z) + X,
Total Error' (1 VSZ<10V) +1,0 +0.5 %
POWER SUPPLY SPECIFICATIONS
Supply Voltage

Rated Performance 15 t15 v

Operating +8 *22 +8 *22 v
Supply Current

Quiescent 4 6 4 6 mA

PACKAGE OPTIONS
TO-100 (H-10A) AD534SH AD534TH
TO-116 (D-14) AD5348D AD534TD
E-20A AD334SE
Chips AD5348 Chips ADS534T Chips
NOTES Specifications shown in boldface are tested on all production units at final electrical

'Figures given are percent of full scale, 10V (i.e,, 0.01% = 1 mV).
*May be reduced down to 3 V using external resistor between -V and SF.
Mrreducible component due to nonlinearity: excludes effect of offsets.

$Using external resistor adjusted to give SF=3 V.
See Functional Block Diagram for definition of sections.

Specifications subject to change without notice.

REV. B
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CHIP DIMENSIONS AND BONDING DIAGRAM ABSOLUTE MAXIMUM RATINGS

i i wn in inches an m).
D(".l::;s:?:c’tg:y :):nl:::ﬂ edime‘:m(il:‘ras.) s i b A 1
Supply Voltage $18V 122V
Internal Power Dissipation 500 mW “
Qutput Short-Circuit to Ground Indefinite &
Input Voltages, Xi X2 Y1 Y2 Z; Z» 1Vs 2
Rated Operating Temperature Range 0°C to +70°C -55°C to
+125°C
Storage Temperature Range -65°C to +150°C | *
Lead Temperature Range, 60s Soldering | +300°C L
*Same as AD534] Specs.
Vg
2] sok e — = = L AL
0.100 (2.54) T | 1k
THE AD534 IS AVAILABLE IN LASER - TRIMMED CHIP FORM
_Vs

Thermal Characteristics
Thermal Resistance )¢ = 25°C/W for H-10A

8ja = 150°C/W for H-10A

B)c = 25°C/W for D-14 or E-20A
84 = 95°C/W for D-14 or E-20A

CAUTION

Figure 1. Optional Trimming Configuration

ORDERING GUIDE
Model Temperature Range Package Description Package Option
AD534]D 0°C to +70°C Side Brazed DIP D-14
AD534KD 0°C to +70°C Side Brazed DIP D-14
AD534L.D 0°C to +70°C Side Brazed DIP D-14
AD534JH 0°C to +70°C Header H-10A
AD534JH/+ 0°C to +70°C Header H-10A
AD534KH 0°C to +70°C Header H-10A
ADS534KH/+ 0°C to +70°C Header H-10A
AD534LH 0°C to #70°C Header H-10A
AD534K Chip 0°C 1o +10°C Chip
AD534SD -55°C 1o#1259G Side Brazed DIP D-14
AD534SD/883B -55°C to-+125°C Side Brazed DIP D-14
AD534TD -55°C to +125°C Side Brazed DIP D-14
AD534TD/883B 55°Q.10 +125°C Side Brazed DIP D-14
JM38510/13902BCA =55°C10#125°C Side Brazed DIP D-14
JM38510/13901BCA =552C to +125°C Side Brazed DIP D-14
AD534SE -552C 1ot 125°C LCG E-20A
AD534SE/883B -55°C tout 12596 LC E-20A
AD534TE/883B -55°C to +125%€ o oy E-20A
AD534SH =559 to +125%C Header H-10A
AD534SH/883B ~55°C to +125°C Header H-10A
AD534TH -55°C to +125°C Header H-10A
AD534TH/883B <55°C 0 +125°C Header H-10A
JM38510/13902BIA =55°Cto +125°C Header H-10A
JM38510/13901BIA -55°C to +125°C Header H-10A
AD534S Chip -55°C to +125°C Chip
AD534T Chip -55°C to +125°C Chip

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD534 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

wam A

A

WARNING!

ESD SENSITIVE DEVICE

REV. B



150

AD534

FUNCTIONAL DESCRIPTION

Figure 2 is a functional block diagram of the AD534. Inputs are
converted to differential currents by three identical voltage-to-
current converters, each trimmed for zero offset. The product
of the X and Y currents is generated by a multiplier cell using
Gilbert’s translinear technique. An on-chip “Buried Zener”
provides a highly stable reference, which is laser trimmed to
provide an overall scale factor of 10 V. The difference between
XY/SF and Z is then applied to the high gain output amplifier.
This permits various closed loop configurations and dramati-
cally reduces nonlinearities due to the input amplifiers, a domi-
nant source of distortion in earlier designs. The effectiveness of
the new scheme can be judged from the fact that under typical
conditions as a multiplier the nonlinearity on the Y input, with
X at full scale (£10 V), is £0.005% of FS; even at its worst
point, which occurs when X = +6.4 V, it is typically only
+0.05% of FS Nonlinearity for signals applied to the X input,
on the other hand, is determined almost entirely by the multi-
plier element and is parabolic in form. This error is a major
factor in determining the overall accuracy of the unit and hence
is closely related to the device grade.

AD534 STABLE | —————————————O0+Vg

§F O———————| REFERENCE
ANDBIAS |—————0-Vs

| TRANSFER FUNCTION

:} TRANSUNEAR | Vo=A [(_x,_-)—:_,:T(Yﬂ -(21~ZaJ]

0
MULTIPLIER
= ELEMENT

i
::' g A out
: | vy
O b i e Wi AMPLIFIER

Figure 2. Funetional Block Diagram
The generalized transfer function for the ADS534 is given by:

(XX (¥, -Y,)
=4 L —(Zy—=Z;
Vour [ F (Zy=Z3)
where A = open loop gain of output amplifier, typically
70 dB at dc
X, Y, Z = input voltages (full scale = +SF, peak =
+1.258F)

SF = scale factor, pretrimmed to 10.00 V- but adjustable
by the user down to 3 V.

Xy
X3
AL
Y2
Zy
Z

In most cases the open loop gain can be regarded as infinite,
and SF will be 10 V. The operation performed by the AD534,
can then be described in terms of equation:

(X, - X5) (Y= Y5) =10V (Z,- Z5)

REV. B

The user may adjust SF for values between 10.00 V and 3 V by
connecting an external resistor in series with a potentiometer
between SF and —Vs. The approximate value of the total resis-
tance for a given value of SF is given by the relationship:

SF
10-SF

Due to device tolerances, allowance should be made to vary Rgg;
by +25% using the potentiometer. Considerable reduction in
bias currents, noise and drift can be achieved by decreasing SF.
This has the overall effect of increasing signal gain without the
customary increase in noise. Note that the peak input signal is
always limited to 1.25 SF (i.e., £5 V for SF = 4 V) so the overall
transfer function will show a maximum gain of 1.25. The per-
formance with small input signals, however, is improved by
using a lower SF since the dynamic range of the inputs is now
fully utilized. Bandwidth is unaffected by the use of this option.

Supply voltages of £15 V are generally assumed. However,
satisfactory operation is possible down to £8 V (see Figure 16).
Since all inputs maintain a constant peak input capability of
+1.25 SF some feedback attenuation will be necessary to
achieve output voltage swings in excess of £12 V when using
higher supply voltages.

RSF = 5.4K

OPERATION AS A MULTIPLIER
Figure 3 shows the basic connection for multiplication. Note
that the circuit will meet all specifications without trimming.

XinpPuT T % iy e
=10V FS
=12V PK X
1% OUTPUT , £12V PK

out
I =‘0(1-"23(\"1--Y:) oz
Z 1o0v

1
OPTIONAL SUMMING
Ly ¥ INPUT, Z =10VPK

Yineur — M
+10V FS

=12V PK Y2 s ks

Figure 3. Basic Multiplier Connection

In some cases the user may wish to reduce ac feedthrough to a
minimum (as in a suppressed carrier modulator) by applying an
external trim voltage (+30 mV range required) to the X or Y
input (see Figure 1). Figure 19 shows the typical ac feedthrough
with this adjustment mode. Note that the Y input is a factor of
10 lower than the X input and should be used in applications
where null suppression is critical.

The high impedance Z, terminal of the AD534 may be used to
sum an additional signal into the output. In this mode the out-
put amplifier behaves as a voltage follower with a 1 MHz small
signal bandwidth and a 20 V/us slew rate. This terminal should
always be referenced to the ground point of the driven system,
particularly if this is remote. Likewise, the differential inputs
should be referenced to their respective ground potentials to
realize the full accuracy of the AD534.
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A much lower scaling voltage can be achieved without any re-
duction of input signal range using a feedback attenuator as
shown in Figure 4. In this example, the scale is such that Vour
= XY, so that the circuit can exhibit a maximum gain of 10.
This connection results in a reduction of bandwidth to about
80 kHz without the peaking capacitor Cg = 200 pF. In addition,
the output offset voltage is increased by a factor of 10 making
external adjustments necessary in some applications. Adjust-
ment is made by connecting a 4.7 MQ resistor between Z, and
the slider of a pot connected across the supplies to provide
+300 mV of trim range at the output.

xmpur —1% Vg — +15v
+10VFS
£1VPK |y OUTPUT, +12V PK
out =% - X3) (Y4 -Y2)
AD534 $ 90k (SCALE =1
SF Zy _L OPTIONAL
PEAKING
10kl == CAPACITOR
Z; Cg = 200pF
yinpur — M
+*10VFS
+12V PK Ys Yo R /

Figure 4. Connections for Scale-Factor of Unity

Feedback attenuation also retains the capability for adding a
signal to the output. Signals may be applied to the high imped-
ance Z, terminal where they are amplified by +10 or to the
common ground connection whete they are amplified by +1.
Input signals may also be applied to the lower end of the 10 kQ
resistor, giving a gain of ~9. Other values of feedback ratio, up
to X100, can be used to combine multiplication with gain.

Occasionally it may be desirable to convert the output to a cur-
rent, into a load of unspecified impedance or dc level. For ex-
ample, the function of multiplication is sometimes followed by
integration; if the output is in the form of a current; a simple
capacitor will provide the integration function. Figure 5 shows
how this can be achieved. This method can also be applied in
squaring, dividing and square rooting modes by appropriate
choice of terminals. This technique is used in the voltage-
controlled low-pass filter and the differential-input voltage-to-
frequency converter shown in the Applications section.
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XINPUT "% s
+10VFS
CURRENT-SENSING
=HAVIR _ix, RESISTOR, Rg, 2k MIN
out
SF Z ——————
ADSM h_» Ky =Xg) (fs=Yz) 1 |
Z; = b Ay |
lour = 5y *Rs|
yineur —1 Y1 INTEGRATOR :E—_:
=10V FS CAPACITOR 7
=Pk |y Vs (SEETEXT) ol

Figure 5. Conversion of Output to Current

OPERATION AS A SQUARER

Operation as a squarer is achieved in the same fashion as the
multiplier except that the X and Y inputs are used in parallel.
The differential inputs can be used to determine the output
polarity (positive for X; = Y, and X; =Y, negative if either one
of the inputs is reversed). Accuracy in the squaring mode is
typically a factor of 2 better than in the multiplying mode, the
largest errors occurring with small values of output for input
below 1. V.

If the application depends on accurate operation for inputs that
are always less than 3 V,; the use of areduced value of SF is
recommended as described in the Functional Description sec-
tion (previous page). Alternatively, a feedback attenuator may
be used to raise the output level. This is put to use in the differ-
ence-of-squares application to compensate for the factor of 2
loss involved in generating the sum term (see Figure 8).

The difference-of-squares function is also used as the basis for a
novel rms-to-dc converter shown in Figure 15. The averaging
filter is a true integrator, and the loop seeks to zero its input.
For this to occur, (Vin)® ~ Vout)® =0 (for signals whose period
is well below the averaging time-constant). Hence Voyr is
forced to equal the rms value of V. The absolute accuracy of
this technique is very high; at medium frequencies, and for
signals near full scale, it is determined almost entirely by the
ratio of the resistors in the inverting amplifier; The multiplier
scaling voltage affects only open loop gain. The data shown is
typical of performance that can be achieved with an AD534K,
but even using an AD534], this technique can readily provide
better than 1% accuracy over a-wide frequency range, even for
crest-factors in excess of 10.

—6- REV. B
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OPERATION AS A DIVIDER

The AD535, a pin-for-pin functional equivalent to the AD534,
has guaranteed performance in the divider and square-rooter
configurations and is recommended for such applications.

Figure 6 shows the connection required for division. Unlike
earlier products, the AD534 provides differential operation on
both numerator and denominator, allowing the ratio of two
floating variables to be generated. Further flexibility results from
access to a high impedance summing input to Y;. As with all
dividers based on the use of a multiplier in a feedback loop, the
bandwidth is proportional to the denominator magnitude, as
shown in Figure 23.

X INPUT — X, +Vg[— +15V OUTPUT, £12V PK
(DENOMINATOR) 10V (Z; - Z,)
+10VFS a2l L.y,
+H2VPK — X%z Xy =X5)
out
SF Zy [— Z INPUT
AD534 (NUMERATOR)

7, |~ *10VFS, £12VPK

OPTIONAL
SUMMING Y
INPUT t 1
+10V PK %7

l.__ Yz Vgl— -5V

Figure 6. Basic Divider Connection

Without additional trimming, the accuracy of the AD534K
and L is suffitient to maintain a 1% error overa 10Vto 1V
denominator range. This range may be extended to 100:1 by
simply reducing the X offset with an externally generated trim
voltage (range required is £3.5 mV max) applied to the unused
X input (see Figure 1), To trim, apply a ramp of +100 mV to
+V at 100 Hz to both X; and Z, (if X is used for offset adjust-
ment, otherwise reverse the signal polarity) and adjust the trim
voltage to minimize the variation in the output.*

Since the output will be near #10V, it should be ac-coupled for
this adjustment. The increase innoise level and reduction in
bandwidth preclude operation much beyond a ratio of 100 to 1.

As with the multiplier connection, overall gain can be intro-
duced by inserting a simple attenuator between the output and
Y, terminal. This option, and the differential-ratio capability of
the AD534 are utilized in the percentage-computer application
shown in Figure 12. This configuration generates an output
proportional to the percentage deviation of one variable (A) with
respect to a reference variable (B), with a scale of one volt per
percent.

*See the AD535 data sheet for more details.

REV. B

OPERATION AS A SQUARE ROOTER

The operation of the AD534 in the square root mode is shown
in Figure 7. The diode prevents a latching condition which
could occur if the input momentarily changes polarity. As
shown, the output is always positive; it may be changed to a
negative output by reversing the diode direction and interchang-
ing the X inputs. Since the signal input is differential, all combi-
nations of input and output polarities can be realized, but
operation is restricted to the one quadrant associated with each
combination of inputs.

OUTPUT, £12V PK
=10V (22 - Z3) %

i
- Xy #Vg|— +15V | REVERSE Ry
THISAND X ¥ (MUST BE
INPUTS FOR | PROVIDED)
X3 NEGATIVE |
our OUTPUTS {7
OPTIONAL SF Zy = ZINPUT
surﬂul{# AD534 10VFS
PUT, Z|—+ 12VPK
X, £10V PK <7
Yy
L.._ Y2 g l— -1V

Figure 7. Square-Rooter Connection

In contrast to earlier devices, which were intolerant of capacitive
loads in the square root modes, the AD534 is stable with all
loads up to at least 1000 pF. For critical applications, a small
adjustment to the Z input offset (see Figure 1) will improve
accuracy for inputs below 1 V.

= 5



AD534-Applications Section

The versatility of the AD534 allows the creative designer to
implement a variety of circuits such as wattmeters, frequency
doublers and automatic gain controls to name but a few.

A X4 +Vg |— +15V
A.Z_B
% A?_B?
our OUTPUT = oV
30k
L SF Zy
AD534 $ 10k
E z,
B e A £ WV
A+B
=
¥ Vg f— 15V

Figure 8. Difference-of-Squares

J—— x‘ +Vg p— +15V
CONTROL INPUT,
Ec, ZERO TO x5V -
e 2 out OUTPUT, £12V PK
: 1 :
GAIN AD534 239k0 £5e. 5%
kO 2k y oAV
Vg SF ' g )
Fk0 I 0.008F
Z;
el
SIGNAL INPUT,
Eq, 25V PK
= —1Ya Vg |— —15V.
NOTE:

S:
1) GAIN IS X 10 PER-VOLT OF E¢, ZERO TO X 50
2) WIDEBAND (10Hz ~ 30kHz) OUTPUT NOISE IS 3ImV RMS, TYP
CORRESPONDING TO AF.S. S/N RATIO OF 70dB
3) NOISE REFERRED TO SIGNAL INPUT, WITH E¢ = =5V, IS 60V RMS, TYP
4) BANDWITH IS DC TO 20kHz, ~3dB, INDEPENDENT OF GAIN

Figure 9. Voltage-Controlled Amplifier

’—— Xy +Vg = +15V
" X ouT QUTPUT = (10V) sin &
AD534 47k A U
- - WHERE 0 = % * 455
F 1
10k 2 43k0%
Z; =
INPUT, E, ¥ 23k0
0TO +10V it v
; Y2 -Vg— -1 5V

USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY
OF FIT IS WITHIN +0.5% AT ALL POINTS. 0 IS IN RADIANS.

Figure 10. Sine-Function Generator
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X +gl— s15v
MODULATION
INPUT, =E,,
Xz En
ourt OUTPUT = 12 =% Ec sin wt
SF Zy
AD534
Z;
CARRIER
INPUT ALl
Eg sin wt
y Yz Vg p— -1V

THE SF PIN OR A Z-ATTENUATOR CAN BE USED TO PROVIDE OVERALL
SIGNAL AMPLIFICATION, OPERATION FROM A SINGLE SUPPLY POSSIBLE;
BIAS Y, TO Vg/2.

Figure 11. Linear AM Modulator

sai - L% ol et
% S GUTBUT = (100V) 5%“
P, (1% PER VOLT)
SF Z4
N A INPUT
2 )
BINPUT ¥
(#Vg ONLY) 1
ol Vg —15v

OTHER SCALES, FROM 10% PER VOLT TO 0.1% PER VOLT
CAN BE OBTAINED BY ALTERING THE FEEDBACK RATIO.

Figure 12. Percentage Computer

€7— Xy Vg = +15v
X
: our
OUTPUT, +5VIPK
AD534 e
SF Z4 1+y
Y
WHEREy = —
2, Y=dov)
INPUT, ¥ £10V FS Yy
é'__ N3 Vg [— 15V

Figure 13. Bridge-Linearization Function
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AD334

REV. B

+15v
BkHz 2k
| aa | "7
+Vgl— +15v At
| . v 330p
82k
v » our ADJ - 9
OUTPUT
AD534 Tz »— +15V APPROX.
z T
SF 1 50002 2.2k AD211
=R PINS 5, 6, 8 TO +15V
z, PINS 1, 47O -15V
PR | B iy
CONTROL ol e
INPUT, E¢ &8
100mvTO IOV _ | prve ENESE g = 1kHz PER VOLT
2 - WITH VALUES SHOWN
CALIBRATION PROCEDURE:

WITH E¢ = 1.0V, ADJUST POT TO SET f = 1.000kHz. WITH E¢ = 8.0V ADJUST
TRIMMER CAPACITOR TOQ SET I = 8.000kHz. LINEARITY WILL TYPICALLY BE
WITHIN = 0.1% OF FS FOR ANY OTHER INPUT.
DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE
FOR MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE
10kHz THE AD537 VOLTAGE-TO-FREQUENCY CONVERTER IS RECOMMENDED.
A TRIANGLE-WAVE OF x5V PK APPEARS ACROSS THE 0.01:F CAPACITOR,; IF
USED AS AN OUTPUT, A VOLTAGE-FOLLOWER SHOULD BE INTERPOSED.

Figure 14. Differential-Input Voltage-to-Frequency Converter

MATCHED TO 0.025%
KA 10kf 10k
ADT41K
wa “YP Wl s15v 3R
INPUT NONPOLAR A
5V RMS FS | 10k
+10V PEAK h % out > {His?
AD534 10uF SOLID Ta
Bl
RMS + DC Lal
1ok | |SF o | _ OUTRUT
3 = 0TO +5V
AC msg % 10k} +
L=ty * R AD7413
10Ma
—{ Y2 Vg Ja- O #15V
1‘Lv ZERO
o ADJ

CALIBRATION PROCEDURE:

WITH "MODE' SWITCH IN 'RMS + DC' POSITION, APPLY AN INPUT OF +1.00VDC.
ADJUST ZERO UNTIL OUTPUT READS SAME AS INPUT, CHECK FOR INPUTS
OF +10V; OUTPUT SHOULD BE WITHIN =0.05% (5mV).
ACCURACY IS MAINTAINED FROM 60Mz TO 100kHz, AND ISTYPICALLY HIGH
BY 0.5% AT 1MHz FOR Vjy = 4V RMS (SINE, SQUARE OR TRIANGULAR-WAVE).
PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST-FACTCRS UP
TO AT LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY .

INPUT IMPEDANCE IS ABOUT 10k{]; FOR HIGH (10M{1) IMPEDANCE, REMOVE
MODE SWITCH AND INPUT COUPLING COMPONENTS.
FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 ARE OFFERED
AS A SINGLE PACKAGE RMS-TO-DC CONVERTER.

Figure 15. Wideband, High-Crest Factor, RMS-to-DC Converter




AD534-Typical Performance Curves cypical at+25°, with Vs = 15 V de, unless otherwise noted)

14

OUTPUT, R = 2k}

12

/7 ALLINPUTS, SF = 10V

10

PEAK POSITIVE OR NEGATIVE SIGNAL - Volts

v

10 12 14 16 18 20
POSITIVE OR NEGATIVE SUPPLY = Volts

Figure 16. Input/Output Signal Range vs. Supply Voltages
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Figure 17. Bias Currents vs. Temperature
(X, Y or Z Inputs)
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Figure 18. Common-Mode Rejection Ratio vs. Frequency
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Figure 19. AC Feedthrough vs. Frequency
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Figure 20. Noise Spectral Density vs. Frequency
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Figure 21. Wideband Noise vs. Scaling Voltage
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AD534
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Figure 22. Frequency Response as a Multipiier Figure 23. Frequency Response vs. Divider Denominator
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