|

! il Y ﬁms'ammﬂ'nmmummﬁ'm*a’zﬂz'lna | ’\._j

mm

LR i | BN \
{ ;‘ PR (1 ““.“ill ¥
l f .-(: ; pd 3““." A
N b vl X | I“LIEL 7
\ | \ | \ [ : 150 } [ i
\ \ ) \ 1y
G (RN ‘ S
{ | LAY ]
14 g ! { Yy
{ { 1““| ¢
| Rk A
' i ) .'!: R

ﬂ'i'ss:w)ﬂmjai'wa*s'a mmmzy'tmﬂ"s::mum " mﬂ u&nm

\

mﬂ SIGN or 'rwc) WIRES CURREN NT SIGNAL TRANSCE WE {rea
' FOR RE MOTE cowneou.. AND TELEME rs mm S

* ;‘,1 i
| ‘ ( {
| A ARl ; ‘I\Ll“, | !
i! U A ‘
. ;w‘ \
\ b _ ke
r , 1 b
I E Y
| v
"
1 1.; “ \ ; b :
! TR
BN EAME s
Vgl : i A ) Yy Rl oA L b
SOMCHAL  SUPAPH | b o
TR ATy TS B AN U AV
\J‘I‘ “"“ "- e ;\l P
\ |
-Iw :' " ll
Al -"." W
o (i
{ !

QW B Ly o e
L EATHT mmmﬁwn ] uvmmmuﬁmaw ﬂa x..g,rmg'a IR um aRguniyTa

IR0 me 1
vwnHInEy .

of \ _— YR I '
q091 ammﬁfuﬁmﬁmmwmmm mmzmmwmm

W.H. 2546 ‘
15BN 974-324-508-1

AP



9 o
S hNPANArN NITIONINAIAANTZIN
L ]

[

mMIvenUUUMITUEST YR IMNTTHANUUH e

fmTunumvguuazmsTaszazlng

DESIGN OF TWO WIRES CURRENT SIGNAL TRANSCEIVERS
FOR REMOTE CONTROL AND TELEMETERING

N

JUNMNAI)

U FMN

SOMCHAI SUPAPH

(oW
own: soion.. 30925, Brvsonrmmsssnes
4, wvon, 1.1.3.8:0, 246 [ FR—

IneniivusiiihuduniisvesmsfnnaamingnslSyandainssumansumiadia
M1 Iaanssulvvh
VanaInenae
s = S s
aoumalulagnszosmndudigammamanszila
L. 2546

ISBN 974-324-508-1



DESIGN OF TWO WIRES CURRENT SIGNAL TRANSCEIVERS
FOR REMOTE CONTROL AND TELEMETERING

SOMCHAI SUPAPH

A THESIS SUBMITTED IN PARTIAI. FUI.FIT I MENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
GRADUATE SCHOOL
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
2003

ISBN 974-324-508-1



a J
NEHNUE

[S))

g

=

(3]

-é o =&
YOUNANH
U o
stiailszdian
IELTEN

=y
711N

UauNnInenay
amdumalulagnszaeundudnammsannizil

Y =) = d
11]‘5‘1]'59&’Jﬂ‘c’l114w1-!ﬁ

msoenuuLdiudsdENanssIIITT e SMTVNUMILALLAY
myinsze na

DESIGN OF TWO WIRES CURRENT SIGNAL TRANSCEIVERS FOR
REMOTE CONTROL AND TELEMETERING

WWaNY  gnm

41061103

WINTTURTATUMITBUhA

rangsunih

v

d a d @ W a
INTEUYANINNHNUT  seasIude T

a d !
AMZNIINMTABUINENHWUS Meileie
e
4
WALATDUTAFNA ANTFsE W/
¢ & aw o ~
WAL ITNAA AapE TR il =~ SV
o = o Aav o o
A3.79ANA oUUANTYT O] ﬂ,@
a & =t o / ~
WALlszan s DTG EREL rd_— po~sso—
Fa
5A.A5. TUFY EER e i

[l
=

Su/sdewd Naeu 25 wwwu 2546 a1 10.00-12.00 .

1 Vv v
FOUNAY B ©INT 12 FU FU 4 (W9 E12-403)

~

a3neiadssemdn

i e

SuR. . 2T AROU NN . SRS

oooooo I TP sesesshssssnscsccsssnsse Flallosnsnnansnnne




o Y

a o e 1 at A 1
o Ineniinus MIDOALUUAITUTITYYIUNTSUATUVUN TG ANY

dmivnuaugu uazmsiaszes lna

Ferinfiny1 WYY AN
sHaszdien 41061103

gan ANITUMARTUN T UG
MmN Aanssu W

.9, 2546

b
d a d v @ a
D1TIRAIVANINNTNUS  5.AT. TuTe 5230

UNAALD

3 )
Ingriwusatuiiauenanns mseenuuuiudadyananszualFmodya

o

& 1 ar as = s o
ioantlsgaelumsnivguuazmsinszes Ina Taodyaaiiuuasdaziiudyaunseua
wuyewiaen annsansziuuazasldlunanferdn  msesnuuudsudidyanaiiteaue

wisznoulUdae 2svsmenwunszumuuuausiiafifijaeenanaa 1 @7 uazlesmeny

=3 ﬂilﬂ’. é ar 1 1 s s s
ﬂizuﬁuUUﬁU‘UHﬂﬂ‘Uﬂﬂﬂﬂﬂﬁuii}ﬂ%ﬂ 197 ﬂﬂi’JﬂJﬂUﬂ’lﬁ'lu‘ﬂ'lu 2 UAENATDUTUITOUL

q

MsM1UYeIeesnooniuy Tasld11sunsy PSPICE ounuUnN1sHIauv093993



Thesis Title Design of Two Wires Current Signal Transceivers

For Remote Control and Telemetering

Student Somchai Supaph

Student ID. 41061103

Degree Master of Engineering

Programme Electrical Engineering

Year 2003

Thesis Advisor Assoc. Prof. Dr. Vanchai Riewruja
ABSTRACT

This thesis presents the design of an analog current signal transceivers using two wires connection for
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ABSTRACT
In this article, an analog custent signal transceiver using two wires connection for remote
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Abstract

A peak detector for curvent signal, using bipolar technology,
is presented in this article. The proposed circuit comprises current
limiter connccted with voltage lo cuerent converter, The crossover
delay time of the current limiter is compenssled by a clams AR
configuration. The citcuit achieves wide dynamic range. PSPICE
simulation results demonstrating the circuit performance are also

included.
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Abstract

A High-speed Max/Min circuit, using CMOS echnology., is
propased in this articke. The proposed circuit comprises current mirror
and switkch el d with

ic circuit minimum circuit.

The circuit can be sclect maximum or minimum value. This circuit
schicves wide dynamic range that is frequency response can be up to
10 MHz and uses 10 low valtage supply 3 Volis. The performance of
circuit have been demonstrated by PSPICE simulation.
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Electronically Tunable Phase-Shifter Based on CMOS Techuology
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Abstract

A current-mode electronically tunsble phase shifler based
on CMOS technology Is presented. The proposed circuit makes use of
the input resistance of the curremt mirror and the transconductance
parameter compensaled circuit 10 provide an electronically tunable
phase-shifter. The temperature eifect to the circuit performance is
compensated. PSPICE simulation results demonstrating the

characteristic of the proposed circuit also are included.

Keywords : Phase-Shifter, All-pass filier, CMOS integrated circuits
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A Current-mode peak detector circuit

V. Riewruja., A. Linthong., A. Kaewpoonsuk., R. Guntapong and S. Supaph
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Abstract

In this article, a current mode peak detector circuit is
presented. The simple circuit configuration comprises four
MOS transistors and one extecnal capacitor, The realization
method is suitable for fabrication using CMOS technology
and all transistors are operated in their saturation region,
The proposed circuit exhibits a very low drop rate and
provides high accuracy, high-speed and wide dynamic
range. The proposed circuit has very low power dissipation
and operates using a single 2.5V supply. Simulation results
confirmed the characteristic of the proposed circuit are also
included.

1. Introduction

A peak detector is a useful circuit building block used i
electronic  systems, analog measurement and instru-
mentation. For example, it can be used in AC voltmeter to
measure non-sinusoidal waveform [1], [2], an automatic
voltage regulation loop of an uninterruptible power supply
[3], a nuclear pulse spectroscopy [4], an automatic voltage
gain control in radio receiver [5] and a floppy and hard
disk drives [6]. Classical approach that can usually be
employed to realize peak detector is through the use of
diode and capacitor. The limitation of this approach is the
detecting signal amplitude must greater than the dicde “on”
voltage to avoid an inaccuracy. Usually, the application of
peak detector requires the signal amplitude in the order of
millivolts or microampere. The use of diode in the
feedback loop of an operational amplifier (op-amp) has
been used to improve an accuracy of the classical
approach. However, in practice it is not economical for
integrated circuit design, particularly for the case of op-
amp type, since each op-amp requires a substantial chip
area in itself. Recently, the high frequency peak detector
realizable in monolithic form is introduced [5]. The
realization toghnique is based on blpolar technology and
provides a differential output to eliminate the output offset
voltage. In CMOS technology, the further references on the
realization of a peak detector can be found in [6] - [8]. The
MOS precision current peak detector is proposed in [6].
The advantage of this approach is a simple circuit
configuration anda low voltage operation. However, the

use of MOS transistors operate in class B and MOS diode
are effected the speed of the peak detector. The purpose of
this article is to propose a CMOS circuit technique for the
realization of a current peak detector, The realization
method can result in fully integrated peak detector. The
resulting performances of the circuit have high accuracy,
high speed and wide dynamic range.

2, Circuit description

The proposed current-mode CMOS peak detector is shown
in figure 1. Assuming that the transistors M, and M, are
well matched and all transistors operate in their saturation
regions. The operation of the circuit can be explained as
follows. The transistors M, - M; form as a unity gain
current mirror. The transistors M, and M, function as a
current follower to provided a charge current to the
capacitor C, and a path of the negative current Iy,
respectively. If the positive input signal current I, > 0, the
current L, flows through the input of the current mirror
M, — M; that cause the voltage at node A to increase and
the gate-source voltage of the transistor M, to decrease
effecting the transistor My to cutoff. The gate-source
voltage of the transistor M,, Vg, is risen and held by the
capacitor C, with the charge current from the transistor M,
The voltage V¢ can be written as

Ve =1ﬁ;—j" #Vp 0

where B, and V. are the transconductance parameter
(K'sW/L) and the threshold voltage, respectively, of the
transistor M;. The gate-source of the transistor M; is
connected to the capacitor C, then the drain current of the
transistor My, [, can be stated as

. W .
low =lg =Kp E(Vc -Vr)? (2)

where I, is the drain current of the transistor M,. When the
capacitor voltage rises to the steady voltage Ve that causes
the transistor M to cutoff. The voltage V¢ still torces the
trangistors M, and M, to operate equal drain current. If the



input signal current is less than the previous input signal
current causes the voltage at node A to decrease, Therefore
the transistor M; still turns "off" and the voltage V¢ is
unchanged. The drain current of the trangister M; and the
output current Ly, are equal to the previous input signal
current, If the input signal current exceeds the output
current I, than the voltage at node A is increased and the
transistor M; is active, The voltage V¢ is risen to force the
drain current of the transistors M, and M; equal to the
input signal current and held.

J
=
Figure 1. The proposed circuit

For the negative input signal current L,<0, the voltage at
node A is decreased causes the transistor M; to cutoff, The
nepative input signal current flows through the transistor
M, and uneffects 1o the voltage V. Therefore the drain
current of the transistor M, and the current I, are equal to
the previous hold current, It should be noted that the
current L., i3 the peak of the input signal current. The
equivalent parallel resistance of the capacitor C, causes the
decay of the voltage Ve, The drop rate of the voltage Ve,
AV/ At, can be expressed as

My T 3)
A G

where Dguage i5 the leakage current of the capacitor Cy. The
drop rate can be minimized by using a large value of the
capacitor C;. However, the response time of the peak
detector is increased with the increasing capacitance.

3. Simulation Results

The performance of the proposed circnit in figure 1 was
observed uging the PSPICE analogue simulation program,
The BSIM MOS model of the 0.5um double-poly CMOS
process were used for circuit simulation, The ratio of
channel widths and lengths (W/L) of the devices used are
shown in table 1. The power supply, Vpp, were set to 2.5V
and R, = 1k€. Figure 2 shows the transient response of
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the circuit for the input current I;, which is varied from OpA
to 400pA and C, = 0.1nF. The result shows that the
teansfer characteristic of the circuit is linear over a entire
dynamic range. Figure 3 shows the transient response for
amplitude variable triangle waveform input current L. The
capacitor C, was s¢t to 0.InF. The simulated transient
response for sinusoidal waveform input current I, for the
frequencies 1kHz, 100kHz and IMHz are shown in figure
4. It is evident that the performance of the proposed circuit
is a very low drop rate and provide high accuracy and high-
speed.

Transistors (W/L)
M,-M, 4/2  pmAim
M; 0.5/0.5 pm/um
M, 50/2  pmfim
Table 1. The ratio of channel widths and lengths
of the MOS transistors
400pA;
lin
IGM
BOOPA < « # v v v v s r e e e e e e AT
200pA{ - - -
TOORA] =+ o ce cm e e e
e"\ 20048 400ps 60018 80048
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Figure 2. Transicat response of the proposed circuit for the input
current [, which is varied from OpA to 400pA
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Figure 3. Transient response of the proposed circuit for amplitude
variable triangle waveform input current [,
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Figure 4. Transient response of the proposed circuit for the
peak Amplinnde L = S0pA, Lo = 100pA and
Ly = 150pA
(a) for frequency 1kHz and C; = 0.1nF
(b) for frequency 100kHz and C, = Q.InF
(c) for frequency 1MHz and Cy = 0.01oF
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4.Conclusion

A new current-mode peak detector circuit has been
introduced. The circuit comprises four NMOS transistors
and one extemal capacitor. The realization method is
suitable for fabrication using CMOS technology. The
gimulation results have shown that the circuit performance
is very low drop rate and provides high accuracy, high-
speed and wide dynamic range.
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Abstract

An integrable circuit technique for implementing high-
speed analog two-input Max/Min circuit is described. The
realization method is suitable for fabrication using CMOS
technology. The proposed circuit comprises a current
mirror and electronic switch connected with a absolute
value circuit. The maximum or minimum operation of the
proposed circuit can be selected by an extemnal control
voltage. The proposed analog Max/Min circuit has a very
sharp transfer characteristic and is suitable for real-time
systems. Simulation results verified the circuit
performances are agreed with the expected values.

1. Introduction

A maximum (Max) and minimum (Min) operations are
most frequently used in the fuzzy inference systems.
Recently, the applications of the fuzzy inference in
industry, robotics, image processing and home electronics
are receiving much attention [1]. Usually, the approach of
the fuzzy inference systems is implemented in the form of
software on digital computers. The processing speed of a
digital computer is inefficient for the real-time application.
An analog circuit technique can provide the advantage of
high-speed operation. The realizations of Max/Min
operations in analog circuit form so far have been
implemented by using either a second generation current
conveyor (CCII} [2] or an operational transconductance
amplifier (OTA) [3] as a basic active circuit element.
These approaches require diode function as an electronic
switch 10 eliminate undesirable signal to provide Max/Min
operations. However, the high-speed performance of these
approaches is limited by the delay caused by the transition
between "on" and “off" state of diodes. The dynamic range
of the Max/Min circuits using OTA are also limited by the
input stage of an OTA. Another approach is based on the
use of CMOS circuit technique to provide Max/Min circuit
[4]. The disadvantage of this approach is some of MOS
transistors change the operation regions, saturation and
nonsaturation region, that causes the distortion on the
output signal and limits the operating speed.

The most reported realizations of Max/Min circuits so far
have been implemented either maximum or minimum
circuits. If both Max and Min circuits can integrate into
same circuit scheme, then there are advantages to be
gained. The purpose of this article is to propose a CMOS
circuit technique for realization of the selectable Max/Min
circuit. The proposed circuit consists of a current mirror
and electronic switch connected with an absolute value
circuit. The realization method can result in high accuracy
and high-speed. The maximum or minimum operations can
be selected by using an external voltage control.

2. Circuit description

The block diagram of the proposed principle is shown in
figure 1. The input current I and I is taken to find
average value, Ly, = (T + Ti)/2. The output current of
fullwave rectifier [8] resulted from the difference value of
Ing and Ly, AL The output current Ly produced by this
circuit has two condition, the first condition is the
maximum value of the summation of I, and JAl| and the
second condition is the minimum value of the difference
between I, and |AL|.

Pullwave wl
Rectifier

Fig. 1. The block diagram of the proposed circuit

Figure 2 shows the circuit that follows by the proposed
principle in figure 1. An average value circuit [5-6]
comprised two unity current mirrors of the transistors M —
M; and M; — M, that provide the summation of 1;; and L,
through node A. Denote that the transistor M, — My form
as a current mirror with current gain equal to 0.5 and the
transistors are all matched and operated in their saturation
region. The drain current of the transistors M; and M, can
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Fig. 2, The proposed circuit
be stated as From the equation (2), (3.1) and (3.2) then the result can
be written as
L, +1I
l.=1,,=1 = il in2 1
e o Ly + A1 when Vg = Vpp
Lo = 1C))
L =[] when Vp = Vgg

where Iy is the drain current of the transistors M;. The
transistors M,y — My, form as an electronic switch that is
used to select a Max or Min operation, The input current
of an electronic switch provides only positive current
flow through it. Then the transistors Mg — M;¢ function
as a fullwave rectifier [8] to provide an absolute value of
the current Al for the input of the electronic switch, The
transistors M,; and M,y are operated in class B that
function as an inverter. For the positive control voltage
Vi, the transistors M,y and M, are turned “on™ and the
transistor My; and My are turned “off”. Therefore the
current |Al| flows through the transigtor My, and is
mirrored to node D by the current mirrors M,y — M, and
Mzs — Mz Similarly, the negative control voltage Vg
causes the transistors M,7 and M,y to turn “on”, and the
current |Al| flows through the transistors M,y and mirrors
to node D by the current mirror My — My, Considering
at node D the output current of thig circuit is given by

@

o =Tazg + ]uvg =lin

The drain current of the transistor Ma; and Mag can be
written as

0 when Vi =V,

Iin = @)
|ag] when Vj m Vg
a1 when Vg = Vpp

laag = (32)
0 when Vy = Vgg

Due 10 Ly, is the middle value between maximum input
current, L g, and minimum input current, Ly, i), for
the current |AI| is the difference value between the
average current lo,; and the input current [, then the
equation (4) can be rewritten as

-]

It should be noted that the proposed circuit in figure 2
has a characteristic as two input current domain
Max/Min circuit and can be controlled by external
control voltage.

I when Vg =Vp,

m (max)

&)

I when Vj =V

in (min)

3. Simulation results

The performance of the proposed circuit were observed
using the PSPICE analogue simulation program. The
supply voltage Vpp = -Vgs = 3V, The current source [,
and I, are set 1o 30pA. The sinusoidal input signal
current I, is 200pA  peak—to—peak and I is 200pA
peak-to-peak with phase shift 7/2 radius. The CMOS
0.5pum process parameters were used for the circuit
simulation  The ratio of channel widths and lengths
(W/L) of devices are shown in Table 1. The simulated
transient response for two input frequencies, | MHz and
10MHz, are shown in figure 3. It is evident that the
performance of the proposed circuit is almost consistent
with ideal case.
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Fig.3. Transient response of the proposed circuit
(a) for frequency  1MHz
(b) for frequency 10MHz

89

Transistor W/L(jum)
M- M, 2.9/1.7
MM, 2.341.7

M- Myg 25007

Ma;- Mag 171

Table 1 The ratio of chanael widths and lengths
4, Conclusion

A high speed Max/Min circuit is presented. The
Max or Min operation can be selected by an external
control voltage. PSPICE analogue simulation program
confirmed the circuit performance is high accuracy and
high speed operation,
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