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ABSTRACT. This article presents a novel and simple amplitude detector for sinusoidal
signals. The realization technique utilizes up/down counting and holding capabilities of
up-down counter without low-pass filter or sample-and-hold circuit requirement. The pro-
posed circuil consists of a control signal generator, a peak detector, a windows detector,
a digital-to-analog converter, and an up-down counter. The proposed detector can pro-
duce both analog output and 12-bit digital output signals, which are proportional to the
amplitude value of analog input signals. In addition, output signals with small ripple
can be achieved. The experimental results show that the proposed detector can work with
the input voltage in range 250 mV to 5§ V. The mazimum frequency for input signals is
approzimately equal to 100 kHz with mazimum analog output error of 0.8 %.
Keywords: Amplitude detector, Envelope detector, Peak detector, Tracking technique,
Up-down counter

1. Introduction. Amplitude detector is an important circuit building block in commu-
nication, instrumentation, and measurement systems. The function of amplitude detector
is to generate output signals proportional to an amplitude or peak value of sinusoidal in-
put signals. Its applications can be found in literature [1-4]. One of well-known amplitude
detectors is implemented using rectifier and low-pass filter [5,6]. The second approach for
detecting root-mean-square value of input amplitude signal is based on low-pass filter
connected with squarer and divider [7,8]. However, all the mentioned detectors suffer
from two major problems. The first limitation is that several cycles of input signal are
required for low-pass filter to settle to the corresponding average DC level; thus the cir-
cuit operation speed is low. The second problem due to a filter capacitor is the ripple
between previous values and succeeding tracking. The third approach is implemented us-
ing 90-degree phase shifter, square root circuit, and square circuits [9,10]. These proposed
detectors are based on the concept of orthogonal function set with fast settling. Unfor-
tunately, they can support only fixed frequency sinusoidal signals. The fourth approach
based on CMOS technology requires closely matched transistors, which can be accurately
realized only in monolithic integrated circuit form [11,12]. The fifth approach in [13] is
based on the use of control logic circuit, peak detector, and sample-and-hold circuit to
provide analog output proportional to input amplitude. In order to obtain the 8-bit dig-
ital output signals, the amplitude detector using counting technique has been introduced
in [14]. However, its operation speed is slow since the counter used requires to be reset

645




646 A. KAEWPOONSUK, R. KATMAN, A. JULSEREEWONG AND V. RIEWRUJA

before succeeding operation cycle. Alternatively, the successful method based on the use
of up-down counter for implementing a frequency-to-voltage converter has been proven
[15]. The aim of this article is to propose the similar technique using up-down counter.
However, we develop this idea in the different way to realize an amplitude detector. Comni-
pared with the methods in [13,14], the proposed detector provides both analog output
and digital outputs and can support wider input frequency range. Experimental results
that verify the circuit performance are also given.

2. Concept and Design Technique. The schematic of the proposed amplitude detec-
tor as shown in Figure 1 consists of a control signal generator, a peak detector, a windows
detector, a digital-to-analog converter (DAC), and an up-down counter. The three last
circuits function as the 12-bit counter-and-tracking analog-to-digital converter (ADC).
For the purpose of operation analysis, we assume that the sinusoidal input can be stated
as

Vin = Aysin (27 fint) = A, sin (27t /T},) (1)
where Ay, fi, and T}, are the amplitude, the frequency, and the time period of input
signal, respectively. Figures 2(a) and 2(b) show the signal waveforms at various nodes
of the proposed detector for the cases of V,,, < A, and Vour > A, at initial condition,
respectively. The sequential operation cycle of the proposed circuit within two periods of
input signal can be divided into 4 steps, which can be explained as follows.

Comnter and tracking rechuque-based ALY

Peak Detector
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FIGURE 1. Schematic of proposed amplitude detector using up-down counter
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FIGURE 2. Signal waveforms at various nodes of the proposed detector
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In the st step, the control signal @, changes its state from high (1) to low (0) to
allow the peak detector to track and hold the most positive peak value of Vj,. After time
t = T;u /4, the voltage output (V},) is then determined as

V, = A, (2)

In the 2nd step, the control signal @, changes its state from low (0) to high (1) to
apply the clock signal for the counter. The detected signal V, is compared with the
analog output Vo, by two comparators Comp#2 and Comp#3. The comparison results
Q2 and Q.3 are used to enable the counter to count up or down. If Qe = 1 and Q.3 = 0
(Vowr < Vp), the counter counts up and the counted signal becomes the digital output
Doyi. Simultaneously, the digital bits are converted into the analog signal (V) using the
DAC, and V,,; is also fed back to compare with V. If Qe =0 and Qu3 = 1 (Vp > Vol
the counter counts down. For the case of Q. = 1 and Qcs = 1 (Vour = V}), the output of
the gate G4 (Q4) becomes low, so no clock signal is applied to the counter. The counter
will be stopped when V,,; =V}, or the signal Q, changes its state from high to low. At
this time, the counter will hold the digital output D,,;, and the analog output V,,, will
be constant before the next operation cycle. This means that if the signal (), changes
its state from high to low when V,,; < Vp, the counter will start to count from the held
value.

In the 3rd step, the signal @, changes its state from high to low to stop the work of
the counter. No clock signal is applied to the counter.

In the 4th step, the signal Q; changes its state from low to high to reset the detected
value of the peak detector for succeeding operation cycle.

3. Circuit Parameter Analysis. The circuit parameters that affect the performance
of the proposed detector are investigated. The first parameter is the operation time of
each cycle that varies according to the twice of the period of sinusoidal input signals. The
second parameter affecting the detection time is a slew rate of the ADC, which can be
given by

slew rate = foxViep/2" (3)

where fu denotes the frequency of clock signal used. V;. is the full-scale output of the
DAC, and n is the bit number. The third parameter is the maximum change of V,,, that
can be generated in each operation cycle as

Avlut(max) = slew mt@(Tm/Q) = fer V;'ef/(2fz712”) (‘1)

The fourth parameter is the detection time, Tysec, Of the proposed detector for pro-
viding Vour = V,. The time Tyeee; can be expressed as

- } ZnA‘,/'/(kaV;ef) -+ Tm/Q; for IAV‘ S AVnmv(nmx) (5)
detect 2"AVo/(ForVires) + Tin/2 + 2mTi; for |AV| > AV,ui(max)
where
AV =W Vs (6)
m = int |AV /Avuui.(max) (7)
AV = AV = mAViyumax) 8)

Based on (3)-(5), if AV =1V, fu =1 MHz, f;,, = 1 kHz, n = 12, and V;ef = 5V, then
slew rate = 1.2207 V/s, AVoui(max) = 0.61 V, and Tyereer = 2.819 ms can be obtained.
Considering (4) and (5), it is evident that the frequency fer should be greater than the
frequency f;, to achieve the short detection time. In order to obtain the Tyepecy, according
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to the first condition of (5) (or Tyetect < 277,), the frequency f;;, should be approximately
as
fm < f:klwf/ (QA"'/;>ut(mz\x)27l) < fckvr@f/ (214[2“) (9)
If fer is set according to Equation (9), and the amplitude of the input signal modulated
with carrier frequency f, is continuously varied (see Figure 3), the maximum error can be
approximately given by
Er70or(max) = 4fala/2/. (10)

From (10), it can be seen that the error Errormax) can be reduced by setting f, > f,.

—
FIGURE 3. Maximum error FIGURE 4. Proposed ampli-
due to continuously chang- tude detector constructed on

ing input amplitude PCB

4. Experimental Results and Discussion. For experimental purposes, the proposed
amplitude detector of Figure 1 was constructed on printed circuit board (PCB) as shown
in Figure 4. The commercial 74LS193, LM319, PKDO1, MC14027BCP, HEF4081BP,
HD14070BP and CD4011BCN devices were employed to form as the counter, comparator,
peak detector, JK-flip flop, AND gate, EX-OR and NAND gate, respectively. The DAC
was realized using the DAC7541 and OP37 devices. The supply voltages were set to 4
7 V. The clock signal was set to 1 MHz. The values for components were chosen as:
Ry =R3=R;=Rs=Rs =1kQ, Ry =100 kQ, R; = 5 kQ (variable) and C' = 100 uF.

To test the circuit operation, applying sinusoidal input was set in different conditions.
For fixed 1 kHz input frequency and varied input amplitude, the results are displayed
in Figures 5 and 6 and summarized in Table 1. For rapidly changed input frequency
and fixed amplitude, the results are shown in Figure 7, while Figure 8 shows the results
obtained from applying modulated sinusoidal input.

From Figure 5, it is seen that the measured results agreed well with the sketched sig-
nals of Figure 2. From Figure 6, the minimum input amplitude detected by the proposed
detector is approximately equal to 250 mV, and the maximum error of analog output is
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FIGURE 5. Measured results for 1 kHz input frequency
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FIGURE 6. Measured results for varied input amplitude in range 0.25 - 5 V

TABLE 1. Digital outputs for varied input amplitude in range 0.5 - 5 V

Input Amplitude (V) | 12-bit Digital Output Cdll;:;ll:tsdo\lﬁiff((\i,l)om b:i(:l(ot“j(l};“
0.5 0001 1001 1111 0.507 0.14
1.0 0011 0100 1111 1.034 0.68
1.5 0100 1101 1111 1.522 0.44
2.0 0110 0111 1111 2.030 0.60
2.5 0111 1101 1111 2.460 0.80
3.0 1001 1011 1111 3.046 0.92
3.5 1011 0011 1111 3.514 0.28
4.0 1100 1101 1111 4.022 0.44
4.5 1110 0101 1111 4.491 -0.18
5.0 N0 B i S (oW 4.994 0.12

FIGURE 7. Measured results for rapidly changed input frequency and fixed amplitude

less than 0.8% of full scale (5 V). From Table 1, the maximum error of digital output
is less than 0.92%. However, a further improvement of the accuracy for digital output
can be expected if the accurate comparators are employed. From Figure 7, it is shown
that the proposed circuit can well operate without any problems for continuously chang-
ing frequency input. From Figure 8, the proposed circuit can be used to implement a
demodulator for low-frequency data with double sideband full carrier. In addition, the
total harmonic distortion (THD) is obtained from applying modulated sinusoidal input
Vin, when the frequencies of the data and carrier are varied from 1 Hz — 1 kHz and fixed
at 50 kHz, respectively. It is seen that the THD is less than 5% for the data frequency
below 100 Hz.

5. Conclusion. A simple technique based on up-down counter for realizing a sinusoidal-
amplitude detector has been described in this article. The proposed scheme can produce
both analog-output and digital-output signals proportional to the amplitude of sinusoidal




650 A. KAEWPOONSUK, R. KATMAN, A. JULSEREEWONG AND V. RIEWRUJA

AN LT

K
R J

S SPSPOURN
i I i woon

Frequency (1

(a) Various signals (b) THD versus frequency of I,
FIGURE 8. Measured results for modulated sinusoidal input

analog-input signal. It is shown that the experimental results conform very well to theo-
retical values.
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Abstract

In this paper, a control signal generator to enhance operation speed of a sinusoidal-
amplitude detector is described. Realization technique exploits a phase shift behavior of an all-pass
filter connected with logic circuit to generate two signals for controlling the sequential operations
of peak detector and sample-and-hold circuit. Based on proposed generator, not only the amplitude
detector with simple configuration but also fast operation can be obtained. Circuit performances

experimentally tested on a bread board are agreed with the proposed expectations.
Keywords: Amplitude detector, peak detector, all-pass filter, phase-shifter
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Abstract

The design of digital output amplitude detector for sinusoidal signal is presented in this paper. The proposed circuit consists of a
peak detector, an analog-to-digital converter (ADC), and a control signal generator. The ADC implementation uses successive
approximation technique. The proposed detector can produce the 12-bit digital output signal proportional to the peak amplitude of
analog input signal without sample-and-hold circuit. The detection time is two cycle periods of input signal. The proposed detector has
been verified using experimental results with the commercially available electronics components. The full-scale input voltage of ADC
was set to 3V, The experimental results show that the proposed ADC can work with maximum error of + 13 m'V. Input frequencies
in variation from 4 Hz to 125 kHz for amplitude detector were tested. Experimental results for input voltage in range 500 mV to 5
W are in good agreement with the expectad values.

Kevwords! amplitude detector, analog-to-digital converter, successive approximation technique
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10. Resolver-signal Demodulator Using Phase Shifter
Anucha Kaewpoonsuk, Ratchanoo Katman (Naresuan
University, Thailand), Apinai Rerkratn, Vanchai Riewruja
(King Mongkut's Institute of Technology Ladkrabang,
Thailand)

An alternative approach to implement the fast resolver-
signal demodulator 1s presented in this paper. The realization
technique 1s utilized the phase shift behavior of all-pass filter
connected with designed logic circuit to generate the
reference signal from exciting signal of resolver rotor. The
proposed demodulator produces two output signal voltages,
which are proportional to sine and cosme envelopes of
resolver-shaft angle without low-pass filter circuit
Experimental results venfymg the performance of the
proposed circuit are closely agreed with the expected values.

11. A Simple Technique for Measuring Amplitude of
Transient Signals

Anucha Kaewpoonsuk (Naresuan University, Thailand),
Wandee Petchmaneelumka, Thepjit Cheypoca (King
Mongkut’s Institute of Technology Ladkrabang, Thailand)

This paper presents a simple circuit technique based on
commercially available devices for measuring the amplitude
of transient signals. The proposed technique produces digital
output proportion to the amplitude of sinusoidal analog input
signal without low-pass filter. The realization method
employs a peak detector, a comparator, an analog-to-digital
converter, and a microcontroller. In addition. the devices
used in the proposed circuit are simple and low cost. The
conversion tmme 15 one cycle period of mput signal
Performances of the propesed circuit are discussed mn detail
and confirmed by experimental results.

12. An Analysis of the Portable Breath Alcohol Testing
Set Performance

Somchai Arunmungmsmi, Narong Mungkung, Nathwut
Kowattanajarankyy (Kmg Mongkut's University of
Technology  Thonburi, Thailand), Toshifumi  Yuj
(University of Miyazaki, Japan)

This paper was aimed to develop a breath alcohol meter. The
principle of alcohol level detecting meter 15 to measure the
amount of alcohol percentage in the human blood by
checking the air flow from human mouth as well as alcohol
from the stomach. Blood alcohol concentration is measured
using the energy conversion theory between electrical and
chemical conversion to electrical quantity. In this paper an
analog alcohol breath meter was developed. Signal from the
sensor was amplified by an amplifier circuit and fed into an
analog ammeter for readings of the alcohol concentration.
The S10; gas sensor model 1s used to measure percentage of
alcohol. The reference alcohol standard solutions of ranging
from 15 to 145 mg % were used in the calibration and
testing process.

13. Analysis and Improvement of Modeling Method of
Polysilicon Trap in 3-dimensional Bit Cost Scalable
Technology

Seonjun Choi, Seung-Beck Lee (Hanvang University,
Korea)
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In this work, we propose an improved method to analyze
leakage currents in the 3-dimensional bit cost scalable
technology (BiCS) vertical polysilicon channel string by
applying the grain boundary trap model. The model can well
describe the gran boundary trap m the sub micron
polysilicon body and the various characteristics resulting
from the traps can be well analyzed and predicted by using
this model. We investigated the I-V characteristics and the
leakage currents depending on various variables(grain size,
thickness position) using TCAD simulation tool and we
found that using the grain boundary trap model, the transfer
charactenistics and the leakage current simulations results
were more realistic than using the expoenetial trap model
We found that the grain boundary under the DSL gate has
greater effect on the string performance than the ones m the
WL gate, and the transfer characteristics and the leakage
current 1s changed by the position of gramn boundary n
polysilicon channel.

14. Increasing Channel Area of 3D Stackable Vertical
Gate Flash Memory by Inter-bit Line Dielectric
Reduction

Taeeon Park, Seomjun Choi, Seung-Beck Lee (Hanyang
University, Korea)

In this work, we propose a new structure to reduce leakage
in a vertical gate (VG) NAND 3-D Flash memory structure
by using a pt ($) shaped gate and ultra thin body around the
polysilicon channel In the Pi gate structure since the
channel width is defined by the 1sotropic etching of the inter-
bit line dielectric layer. the current levels may be maintamed
while having a thinner channel The ultra-thin body structure
may have reduced depletion width of bit line, so band
bending and band shift on the bit line 1s easy to achieve. We
mnvestigated the I-V characteristics of the different structures
using TCAD smulation tool and we confirmed that
compared with the VG-NAND structure, the result of the p1
gate structure shows a doubling of Ion. twe orders of
magnitude lower Ioff. and better subthreshold characteristics.

15. Development of Plasma Generator Control for Split
Type Air Conditioner

Krisada Phetploy (Talvang Technical College Office,
Thailand). Prasit Mongkholkaset (Nakhonratchsrima
Technical College Office. Thailand)., Narong Mungkuag,
Nattawut Korwattanacharoenkyy, Somchai Armnmngrusmi
(Kmg Mongkut's University of Technology Thonbur,
Thailand), Yuttana Janthasira (Nongbualampoo Technical
College, Thailand)

This paper presents the plasma generator which the research
this time have the objective for analyses the system controls
the occurrence plasma at use 1 the air-conditioner. Flyback
Converter give work at 10 - 30 KHz (DC high voltage)
frequencies change a pot modifies high frequency circuit n
rectifier and filter of output for get the direct current that the
voltage output 10 kVdc for bring apply with electrode high
irregularly in  building group electrode cause the
phenomenon Corona discharge m ozone production and the
development control the occurrence plasma test the usability
i the atr-conditioner. The all by set up the origin plasma
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A Simple Technique for Measuring Amplitude of Transient Signals
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Abstract

This paper presents a simple circuit technique

based on commercially available devices for
measuring the amplitude of transient signals. The
proposed  technique produces digital output

proportion to the amplitude of sinusoidal analog
input signal without low-pass filter. The realization
method employs a peak detector, a comparator, an
analog-to-digital converter, and a microcontroller.
In addition, the devices used in the proposed circuit
are simple and low cost. The conversion time is one
cycle period of input signal. Performances of the
proposed circuit are discussed in detail and
confirmed by experimental results

Keywords: Amplitude detector, peak detector,
interface circuit, amplitude-to-digital converter.
1. Introduction

In instrumentation and measurement systems,
there are some situations that strongly require for
measuring amplitude of sinusoidal input signals. For
example, hardware realizations of automatic gain
control (AGC) [1] and electrical impedance
tomography [2] need the amplitude measurement
circuit as one of major components. There are two
common approaches for computer-based display and
control systems; directly digitizing technique and
analog amplitude-computation technique. The digital
computation technique is normally based on a
numerical algorithm processed by digital processor.
Unfortunately, a delay time occurs in the
computational process. Thus, this result is not
feasible for applications in real-time system. The
analog amplitude-computation technique provides a
high-speed operation, which results in a real-time
determination. In the past, one of circuit
implementation methods for analog amplitude-
computation technique has been reported [3]. This
approach is based on the use of rectifier-low pass
filter circuit connected with analog-to-digital
converter (ADC). However, this method requires
several cycles of input signal to settle output signal
and causes the ripple output. Alternatively, analog
amplitude detector schemes are based on the CMOS
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technology [4-5]. These approaches require closely
matched transistors, which can be accurately realized
only in integrated circuit form. For a small quantity
of the circuit implementation, the integrated circuit
realization is unsuitable owing to economic
considerations. Therefore, the use of commercially
available devices such as operational amplifier
(opamp) IC, ADC IC, and microcontroller to
implement the amplitude detector is really
interesting.

In this
processing

paper, mixed analog and digital signal
technique for measuring amplitude of
transient signals, is presented. The proposed
realization method utilizes a peak detector
characteristic to hold the peak-amplitude of the input
signal before applying to ADC controlled by
microcontroller. Based on the proposed technique, a
high-speed operation and a small ripple output signal
can be easily achieved.

2. Circuit Description

The diagram of the proposed circuit is shown in
Fig. 1. It consists of the peak detector, comparator,
ADC, and microcontroller. The signal ¥, denotes a
sinusoidal input voltage of the circuit. The amplitude
of ¥, can be monitored as a DC voltage by the
action of peak detector and be converted into digital
output bits, D,,, by the use of 12-bit serial-output
ADC. The microcontroller is employed to control the
operation of ADC. In order to illustrate the proposed
operation, the waveform sketches relating to the
various nodes are shown in Fig. 2. Assume that the
input voltage V;, is given by

Vie = AsinQ2af,t) = )

where 4,, f,,, and T,, are an amplitude, frequency,
and period of input signal, respectively. For initial
conditions, we assume that the Oy, pulse is low,
and the peak detector output V. is zero. The
sequential operation can be explained as follows.
Step 1: when the input signal ¥, is greater than
zero and the comparator output Q... is high. Peak
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Fig. 2 Waveform signals of the proposed circuit.

detector will detect the most positive peak value of
V.. After t = T;,/4, its voltage output V. is then
determined as

Step 2: when the input signal V;, becomes the
negative voltage, the comparator output Oy 1S
changed from high into low for exciting the
microcontroller. The ADC controlled by the
microcontroller starts on converting Veu into
digital output forms, D,,, according to the
amplitude of V. Then, the microcontroller will
send the digital signal D, to the display device.

Step 3: the microcontroller generates Oy, for
reset the output voltage V.. of peak detector to be
zero. The peak detector is then ready to succeeding
tracking

3. Experimental Results

To verify the performances of the proposed

technique, the circuit as shown in Fig. 1 was

implemented on a breadboard. The ADuC842
device is used as 12-bit serial-output ADC, where
the full-scale input voltage of 5 V was chosen, the
quantization step of 1.22 mV can be thus achieved.
The LM741 and LF351 ICs are employed as the
opamps A, and A,, respectively. The LM311 and
CD4066 ICs are formed as the comparators C; and

C, and the analog switch sw, respectively. The
supply voltages were set to +7V. The
communication between the microcontroller and

computer used for display is performed via RS-232
cable. The monitor on computer was developed by
using Visual Basic programming language.

Fig. 3 shows the sampled results of the
proposed circuit, where the sinusoidal input of
1 kHz frequency and 1 V peak amplitude was
applied. In Fig. 3(a), the signals Vi,, Oreaas Vipears
and Oy, are measured by using oscilloscope. It is
apparent that the results are in good agreement with
the expected signals as illustrated in Fig. 2. From
the monitor screen of the computer as shown in
Fig. 3(b), it is clearly seen that the output of
measuring input amplitude is equal to 1 V DC.
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(a) Measured signals
(Vertical scale, CH,: 1V/div.; CH,: 5V/div.; CHj:

1.02

(b) Monitor screen on the computer
Fig. 3 Measured signals for 1 kHz sinusoidal input
signal with amplitude 1V.
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Fig. 4 Measured results for varying amplitude of
input signal
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(a) Measured signals
(Vertical scale, CH,: 5V/div.; CH,: 5V/div.;
CH;: 2V/div., horizontal scale: 1s/div.)

(b) Monitor screen on the computer
Fig. 5 Measured signals for amplitude-modulated
input signal.

Fig. 4 shows the results obtained from applying
sinusoidal input signal with constant frequency (1
kHz) and varied amplitude (0 V to 5 V). It is
evident that the proposed circuit can respond
instantly to the changing amplitude input signal
and also can measure the lowest input amplitude
approximately equal to 150 mV. The maximum
error was estimated from experimental results to be
approximately 1% of full scale reading. In addition,
the experimental results confirm that the proposed
technique can measure the amplitude value of
sinusoidal input within one cycle period when the
input frequency is less than 1 kHz. Otherwise, the
conversion time or operation speed of the proposed
technique is more than one cycle period. However,
the maximum input frequency that can be measured
by the proposed method is about 23 kHz.

Fig. 5 displays the sampled results for applying
the 0.5 Hz triangular input signal modulated with
1 kHz carrier. It is clearly seen that the proposed
technique can function as a demodulator that
provides the output signal in the form of enveloped
value of input signal.




4. Conclusion

This paper has described the mixed analog and

digital technique to measure amplitude value of

transient signals. The method consists of the peak
comparator, ADC, and microcontroller

The digital output can be also achieved without

detector

connecting low-pass filter. Experimental results
that the
correctly and provides good performances.

confirm proposed method functions
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Abstract: This paper presents a simple method based on sinusoidal-amplitude detector for realizing the resolver-signal
demodulator. The proposed demodulator consists of two full-wave rectifiers, two +unity-gain amplifiers. and two
sinusoidal-amplitude detectors with control switches. Two output voltages are proportional to sine and cosine envelopes
of resolver-shaft angle without low-pass filter. Experimental results demonstrating characteristic of the proposed circuit

are included.

Keywords: resolver converter. demodulator, amplitude detector

1. INTRODUCTION

Resolver is a reliable and robust angular position
transducer suitable for various positioning applications
such as robots. machine tools, and radars. The shape of
resolver looks like as a small motor. A basic equivalent
of resolver consists of one rotor winding and two stator
windings. Usually. the rotor winding is used as an input
part excited with sinusoidal voltage. If the frequency of
excitation signal () is higher than the angular speed of
rotor (e). the stator waveforms of the resolver can be
given by

Vi = kd,, sin(e.1)sin(8,) = k¥, sin(8,) (la)
7 = kA, sin(@.1)cos(6,) = k1, cos(6,) (1b)

where V,=4,sn(e,.7) is a sinusoidal excitation voltage.
Vi, and ¥, are voltage values of the first and second
stators, respectively, & is a transformation ratio between
stator and rotor windings. and f=at 1s the angular
position of rotor. To achieve a signal linearly
proportional to &, resolver converter enabling
determination of the angle from s and cosine signals
Vi, and V5, can be employed. The implementations of
resolver converters can be found in literatures [1-7].
Demodulator, one of important parts in most proposed
methods, is used to detect envelopes of stator
waveforms 75, and 7,. However. design conditions of
demodulator are not focused in literature. One of well
known demodulator is implemented with an analog
multiplier and a low-pass filter [1-3]. Unfortunately the
low-pass filter causes the phase shift (or time delay) of
sensed information.

The aim of this paper is to present an alternatively
technique without low-pass filter for implementing
resolver-signal  demodulator. To obtain  simple
configuration and good performance, the proposed
technique utilizes sinusoidal-amplitude detector. which
has been introduced in literature [8].
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2. CIRCUIT DESCRIPTION

2.1 Sinusoidal-amplitude Detector

Fig. 1(a) shows a smmusoidal-amplitude detector
controlled by its mput signal [8]. It consists of a peak
detector. a sample-and-hold circuit. and a control logic
circuit. The waveform sketches relating to various nodes
are shown in Fig. 1(b). The sequential operations of the
detector can be divided into four steps. Firstly, the peak
alue of the input signal is tracking and holding.
Secondly, the peak value is sampled and sent to the
output node. Next. the last value of sampled signal is
held until the next sample period. Lastly. the output
voltage of the peak detector is reset for succeeding
tracking.

Peak Detector

Sample-and-Hold

Vin

Controlied-Swiches L
(a) Circuit diagram
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step ~.| ep

1| ¥ I. ¢

NN A ANA
NAVAAVARV/

M
[.] [

i
A |—,—
Vout I Time

(b) Waveform sketches
Fig. 1 Sinusoidal-amplitude detector.
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Fig. 2 Proposed resolver-signal demodulator.
2.2 The P1‘0p_osed meodulator i kd, sin(6,) :0<6, <nx
The simple circuit diagram of the proposed resolver- Ty sn(@) ‘7<8<2r (2a)
signals demodulator based on amplitude detector is LT ot Em e
shown in Fig. 2(a). The demodulator consists of two
full-wave rectifiers. two zunity-gain amplifiers. two kd, cos(6,) :0<8 <x/2,
sinusoidal-amplitude detectors. and the control signal V,=1—kd, cos(8,) :7/2<86,<37/2 (2b)
generator. Both simusoidal-amplitude detectors are -
N kd, cos(6,) :37/2<6 <27

simultaneously controlled by control signals ¢ and ¢.
The signal ¥, denotes the sinusoidal excitation voltage
of the resolver. The signals 7; and V7, are the voltage
values as expressed in Eqs. (1a) and (1b). respectively.
The operation of the proposed demodulator can be
explained as follows.

The signals V.. V. and ¥y are applied to the voltage
comparators Comp.;. Comp.,. and Comp.s. respectively.
Their outputs drive the control signal generator, which
is used to generate the control signals ¢, ¢, ¢s. and g.
To prevent error of sequential operation during negative
envelopes, the full-wave rectifiers are then used to
rectify the signals 7; and V. If we assume that a>>a,.
then the relationship between voltage V. V. and
angular position & can be approximately written as

978-89-93215-02-1 98560/10/815 ©ICROS
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where V7, and Vy, are assigned to input for
+umity-gain amplifiers#1 and +unity-gain amplifiers#2.
respectively. Both tunity-gain amplifiers controlled ¢
and ¢ are employed to control the phase of output
signals 7, and ¥V, according to the sine and cosine

envelopes of 6. Finally, the signals ¥; and 7 result in
V. =kA_sin(6)
V. =FkA_cos(8)

Fig. 2(b) shows waveform sketches at various points of
proposed demodulator.
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Fig. 3 Overall resolver-signal demodulator.

3. EXPERIMENTAL RESULTS

Based on the simple circuit diagram in Fig. 2(a). the
possible implementation circuit is shown in Fig. 3. To
verify the performances of the proposed demodulator,
the circuit as shown in Fig. 3 was implemented on the 2
breadboard. A synchro resolver (Sanyo Denki,
101-4100) driven by a variable speed dc motor was used - el | lo— |
as an illustrative case study. The frequency of the » 3.............1_—1_..........4 | R———
excitation signal equals 3 kHz. The comparators
Comp.;-Comp.; were constructed by using LM319 ICs. J—
CMOS-gate components were selected for all logic J— ed ! !
gates. OP07. DIN4148, and CD4066BC devices were
used for op-amps. diode and analog-switches.
respectively. Resistors were chosen as R=1 MQ.
Ry=R:=R&=1 kQ.R;=R/=Rg=R,=R;;=10 kQ.R=500 Q. (®) Var. Vio. ¢5. and ¢y
and Re=5 kQ. Capacitors were chosen as C11=C»=0.1xF.
Cu:ng:O‘Ol ‘i(F. and C13:C33:100 pF

(€) V. Vo Vo and V.

@) Ver, Vo, | Var |, and | Vg

Fig. 4 Measured results of the proposed demodulator.
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Fig. 4 shows the measured results gotten from setting
the motor speed of 7.5 rpm. It is apparent that the
proposed circuit functions correctly and provides the
good performances.

4. CONCLUSION

In this paper. a simple demodulator based on
sinusoidal-amplitude detector for resolver converters
has been presented. Performances of the proposed
demodulator are confirmed by the experimental results.
It is evident that the circuit produces two output signals
proportional to sine and cosine envelopes of
resolver-shaft angle without delay time.
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