\ \ { ‘“I:, A | ) \“’
m"z’mm XAl 'mws 0 :.wmmm 35 7 m vi'Mﬁ?{f 194
un 199 aerd WA’ ammmm A 16 Mc,{[wﬂ%r N"ﬂ”é’ CIBA

REAL !/A'H'f)&\ ) (Jn' Q. BAHHAN REAND MULTIP H’o\‘“““?
SINUS 'CBRT')M 0S5 ‘%E 1 Al’@h CIRG U J“) U“‘lN(u GOBAS

A e 4 ; 7
EM Y ﬁ Weisbib JR"JW*@ ﬁ :
ummwa | PISITCHALERMPONG |
B
P L8 AR Al . e e ) y @, )
'Wﬂ%hﬂ%?&ﬂ&%ﬂﬁﬁﬂﬁh&%ﬂﬁhﬁﬂﬁﬂndﬂrw g ‘qummMmMﬁmwm asa e
mﬂwmywm“mﬁwamﬂ f i

of ', (SO &Y

LU ‘ﬂﬂ’.ﬂ“mlﬁm 1
wEau ﬂ"?ﬁ@ﬂ JkilmM} ﬂJTMILﬂ[lIIMﬂ l‘[L’ﬂu ity l'?ﬂ‘ﬁm'ﬂ‘é'i‘ﬂ'ﬂfﬂﬁﬁvluUI\i

'ﬂ‘J.ﬂ"E.- 2550
KMITL-2007-EN-1-080-045



w d a d & d
fn‘smms1:11’Jamaaﬁwnmmasgﬂﬂaummu

suumasestazuuurmetalagld199s CDBA

REALIZATIONS OF QUADRATURE AND MULTIPHASE
SINUSOIDAL OSCILLATOR CIRCUITS USING CDBAs

aa d
Qs Nagmannas

SUMAYTEE PISITCHALERMPONG

a ¢ o ! 3 o a v a
InenitnusiiludunidsvesmsmnammangasiSyanimnssumansimiadia
MVINIAINITNIZULAIVAN
ar a8 a8 ar
VunaIngae

L% = v o
andumalulagnszosundudinammamansziia
N.A1.2550

KMITL-2007-EN-M-080-045


CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox


REALIZATIONS OF QUADRATURE AND MULTIPHASE

SINUSOIDAL OSCILLATOR CIRCUITS USING CDBAs

SUMAYTEE PISITCHALERMPONG

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN CONTROL SYSTEM ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2007
KMITL-2007-EN-M-080-045



COPYRIGHT 2007
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLCGY LADKRABANG



a3

a ¢ o o a o J ¢
wa"?‘nﬂmwuﬁ AIITIUANITIEN I ﬂ'saammmmasgﬂﬂﬁw}ﬂuuuuu

¢
ﬂ'JfJﬂﬁlﬂﬂ'jLLﬂﬁ!lﬁJUﬂﬂ"lBlﬂﬁTﬂUi%’N%‘i CDBA

s a e = o
HnAnw W AAFIRANN

o o &
FHANNANY 47060555
USayan IRINTSUAAATUNIT AR
MR INTIVITVUAIVAY
WA 2550

¥
g = o

dal a o J 4 L4
mmmml?ﬂynnmuwuﬁ IALAT.ITWIA AIAT TR

UNAAYD
a a  ad, o o - o A s ¢
MuwnsiauemMsdunszeeaFaawes s aumeinuuniensuaes
uaznvunaroa laglda9es coBa iWugdnsalieaiivindn ssesiinauouuuusneziiu
L) & o o Qs
NITVOAFANIABTUUAIBATUIDT F3152N0UAILINNS CDBA  §1U7U 2 #1 ad1umy
o ar v o o @ a 4 0
VU 3 A0 azAunuYszeiuau 3 @ Tasaansoadiaussduerdayagiaauaned sy
s aa W Ay a : = a
2 e niyulaseny 900 Wou lvluniseeadamauazinnudlumsoeadamnves
25 (@) Ansamuguuazilsa ldedesdaszlsemnnansnudedu
o = = 4 & v
Wwesiiuauenvudesziiusesadammosuuunaeme Fasznoudi199s
[ - a a &l et = a 3 4 3 @ o
Han A9 WITOUNINTIADINIMIGYTonaz93dUNTNeT Tasmusaadiausaduioidng
A P " o ° o " a =
waduanoiniiysanaiiy 1807 1 n imana manudlunisoeadamavesiaes
= S o 3 1 a w1 L4
poagamnes niumueansaulsi ldlurnalssun 3 fna Tavmsisumginsel
¥
wiagrnelulees mamssaesmsiauvesies lasldTusunsy PSPICE suntananisde

wvinaaes Ineldlediues ADs44 cunsadudunanmsiinaue lumangus



Thesis Title Realizations of Quadrature and Multiphase Sinusoidal Oscillator

Circuits Using CDBAs
Student Mr.Sumaytee Pisitchalermpong
Student ID. 47060555
Degree Master of Engineering
Program Control Engineering
Year 2007
Thesis Advisor Assoc.Prof.Dr.Worapong Tangsrirat
ABSTRACT

In this thesis, the realizations of the quadrature and multiphase sinusoidal oscillators with
the employment of the current differencing bufferd amplifiers (CDBAs) as active components are
proposed. The first proposed circuit configuration is the CDBA-based quadrature oscillator,
which is composed of two CDBAs, three resistors and three capacitors. Quadrature outputs of the
sinusoidal with 90° phase difference are available from the proposed quadrature oscillator. The
oscillation condition and the oscillation frequency ((0,) can be orthogonally tuned.

For the second proposed configuration, the multiphase sinusoidal oscillator employing
CDBAs is given. The circuit consists of n cascaded CDBA-based lossy integrators and a CDBA-
based inverter, which can generate n sinusoidal output voltages with phase difference of 180%n.
The oscillation frequency can be wide range adjusted, approximately three decades, through the
passive element values. Simulation results using PSPICE program and experimental results using

the commercial available AD844 ICs are given to confirm theoretical analysis.
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a3l 5.3 ()
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3 a=2b w, =1.713b
5 a=1414b w, =0.728b
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9 a=1.063b w, =0.36b
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6.0V — T
o S, =26.13 kHz
o Vol
v v02
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ov r T T #-
0 20 40 60 80
Frequency (kHz)

51 5.9 wamoueuBIvEITlNATIANIND
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2INHA$IABINTMNUYDIIIAIFUN 5.9 vzmuldInerdna v, , v, uag v, 104

v v 1
nqvseeadatamosuuuatnan 1aviniseonuuuiuinin UM sosadalaninin

"o n’: (4 ' {a o F - 1 o & '
26.13 kHz idunaauedys Tavannudildvinniss s 26.76 kHz Giia

uanaaiu liinnuazdeandestuwai ldnnmsfuIumangug

1] ¥ ]
M50 5.3 AR VAR URIATIWVBINITMINAUD

Hamornic Frequency Fourier Normalized Phase Normalized
no. (Hz) component Component (Deg) Phase
1 2.676E+04 8.025E+00 1.000E+00 -1.536E+02 0.000E+00
4 5.352E+04 8.705E-02 1.085E-02 2.321E+01 3.304E+02
3 8.028E+04 1.560E-02 1.944E-03 -6.416E+01 3.966E+02
4 1.070E+05 3.872E-02 4.825E-03 3.521E+01 6.496E+02
5 1.338E+05 4.275E-02 5.327E-03 1.306E+01 7.810E+02

DC component = -2.311220E-02

Total harmonic distortion = 1.315629E+00 PERCENT
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Output Phase comparison
Capacitor b i

voltage

(nF) (kHz) y,andv, v,and v, v,and v,

(v)
0.01 15.96 2473 60° 120.06° 180°
0.1 16.04 253.07 60° 120° 180°
1 15.98 26.76 60° 121.39° 180°
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60 MHz, 2000 V/ps
Monolithic Op Amp

AD844

FEATURES

Wide Bandwidth: 60 MHz at Gain of -1

Wide Bandwidth: 33 MHz at Gain of =10

Very High Output Slew Rate: Up to 2000 V/ps

20 MHz Full Power Bandwidth, 20 V p-p, R, = 500 £

Fast Settling: 100 ns to 0.1% (10 V Step)

Differential Gain Error: 0.03% at 4.4 MHz

Differential Phase Error: 0.158 at 4.4 MHz

Low Offset Voltage: 150 mV Max (B Grade)

Low Quiescent Current: 6.5 mA

Available in Tape and Reel in Accordance with
EIA-481A Standard

APPLICATIONS

Flash ADC Input Amplifiers

High Speed Current DAC Interfaces
Video Buffers and Cable Drivers
Pulse Amplifiers

GENERAL DESCRIPTION

The AD844 is a high speed monolithic operational amplifier
fabricated using Analog Devices’ junction isolated complemen-
tary bipolar (CB) process. It combines high bandwidth and very
fast large signal response with excellent dc performance. Although
optimized for use in current-to-voltage applications and as an
inverting mode amplifier, it is also suitable for use in many
noninverting applications.

The AD844 can be used in place of traditional op amps, but its
current feedback architecture results in much better ac perfor-
mance, high linearity, and an exceptionally clean pulse response.

This type of op amp provides a closed-loop bandwidth that is
determined primarily by the feedback resistor and is almost inde-
pendent of the closed-loop gain. The AD844 is free from the slew
rate limitations inherent in traditional op amps and other
current-feedback op amps. Peak output rate of change can be over
2000 V/ps for a full 20 V output step. Settling time is typically
100 ns to 0.1%, and essentially independent of gain, The AD844
can drive 50 €2 loads to +2.5 V with low distortion and is short
circuit protected to 80 mA.

The AD844 is available in four performance grades and three
package options. In the 16-lead SOIC (R) package, the AD844] is
specified for the commercial temperature range of 0°C to 70°C.
The AD844A and AD844B are specified for the industrial
temperature range of -40°C to +85°C and are available in the

REV.E

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties that
may result from its use, No license is granted by implication or otherwise
under any patent or patent rights of Analog Devices. Trademarks and
registered trademarks are the property of their respective companies.

CONNECTION DIAGRAMS

8-Lead PDIP (N) and 16-Lead SOIC
CERDIP (Q) Packages (R) Package

——
NULL[1] e ADB44 [8]NuLL nelile apess [Hlno
OFFSETNULL [ 2] [15] OFFSETNULL
-IN ﬂ. +Vg w3 ) v
N[ (6] outpPuT = "
~vg[3] JOPVIEW 1y ne [4] [13] e
(Not to Scale) N E E] OUTPUT
ne [ 1] 7z
v-[7] [10] N
NC [a] ml?fa"éﬁ‘a'fa, [o]ne

NC = NO CONNECT

CERDIP (Q) package. The AD844A is also available in an
8-lcad PDIP (IN). The AD844S is specified over the military tem-
perature range of -55°C to +125°C. It is available in the
8-lead CERDIP (Q) package. A and S grade chips and devices
processed to MIL-STD-883B, REV. C are also available.

PRODUCT HIGHLIGHTS
1. The ADD844 is a versatile, low cost component providing an
excellent combination of ac and dc performance.

2. It is essentially free from slew rate limitations. Rise and fall
times are essentially independent of output level.

3. The AD844 can be operated from +4.5 V to £18 V power
supplies and is capable of driving loads down to 50 Q, as well
as driving very large capacitive loads using an external network.

4. The offset voltage and input bias currents of the AD844 arc
laser trimmed to minimize dc errors; Vog drift is typically
1 pV/°C and bias current drift is typically 9 nA/°C.

5. The AD844 exhibits excellent differential gain and differen-
tial phase characteristics, making it suitable for a variety of
video applications with bandwidths up to 60 MHz.

6. The AD844 combines low distortion, low noise, and low
drift with wide bandwidth, making it outstanding as an
input amplifier for flash A/D converters.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 www.analog.com
Fax: 781/326-8703 © 2003 Analog Devices, Inc. All rights reserved.
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ADS44]J/IAD844A ADS844B ADS844S
Model Conditions Min Typ Max Min Typ Max Min Typ Max | Unit
INPUT OFFSET VOLTAGE' 50 300 50 150 50 300 Y
T Trgk 75 500 75 200 125 500 | pv
vs. Temperature 1 1 5 1 5 uviec
vs. Supply 5V-18V
Inidial 4 20 4 10 4 20 Ay
TrineT s 4 4 10 4 20 YAY
vs. Common Mode Vem =210V
Initial 10 35 10 20 10 35 A%
TMIN"TMA)( 10 10 20 10 35 [J.V/V
INPUT BIAS CURRENT
~Input Bias Current’ 200 450 150 250 200 450 nA
Tan Taax 800 1500 750 1100 1900 2500 | nA
vs. Temperature 9 9 15 20 30 nA/°C
vs. Supply 5V-18V
Initial 175 250 175 200 250 nA/N
Train-Taax 220 220 240 220 300 nA/V
vs. Common Mode Vem =210V
Initial 90 160 90 110 90 160 nA/vV
TaneTaax 110 110 150 120 200 nA/V
+Input Bias Current! 150 400 100 200 100 400 | nA
Taun-Thax 350 700 300 500 800  1300| nA
vs. Temperature 3 3 7 7 15 nA/°C
vs. Supply 5V-18V
Initial 80 150 80 100 80 150 nA/NV
Trin-Tamx 100 100 120 120 200 nA/V
vs. Common Mode Vem =210V
Initial 90 150 90 120 90 150 nA/vY
TrurThiik 130 130 190 140 200 | nA/NV
INPUT CHARACTERISTICS
Input Resistance
~Input 50 65 50 65 50 63 Q
+Input 7 10 7 10 i 10 MQ
Input Capacitance
~Input 2 2 2 pF
+Input 2 2 2 pF
Input Voltage Range
Common Mode +10 +10 +10 v
INPUT VOLTAGE NOISE £2 1 kHz 2 2 2 nVAHz
INPUT CURRENT NOISE
~Input f>1 kHz 10 10 10 pANHzZ
+Input £2 1 kHz 12 12 12 pANHz
OPEN-LOOP TRANSRESISTANCE | Vour=+10V
Ripap =500 Q 2.2 3.0 2.8 3.0 22 3.0 MQ
TarinTamax 1.3 2.0 1.6 2.0 1.3 1.6 MQ
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? f=4.4 MHz 0.03 0.03 0.03 Y%
DIFFERENTIAL PHASE ERROR? f=4.4MHz 0.15 0.15 0.15 Degree
FREQUENCY RESPONSE
Small Signal Bandwidth
Gain = -] Note 3 60 60 60 MHz
Gain =-10 Note ¢4 33 33 33 MHz
TOTAL HARMOMIC DISTORTION | f= 100 kHz,
2 Vrms® 0.005 0.005 0.005 %
SETTLING TIME
10 V Ourput Step +15 V Supplics
Gain = -1, to 0.1%°* 100 100 100 ns
Gain = -10, to 0.1%" 100 100 100 ns
2V Output Step +5 V Supplies
Gain = -1, 10 0.1%’ 110 110 10 ns
Gain = -10, to 0.1%* 100 100 100 ns
-2- REV. E
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ADS844JIAD844A ADS844B ADB844S
Model Conditions Min Typ Max Min  Typ Max Min Typ Max | Unit
OUTPUT SLEW RATE Overdriven
Input 1200 2000 1200 2000 1200 2000 Vips
FULL POWER BANDWIDTH
Vour =20 V p-p’ Vg=%15V 20 20 20 MHz
Vour =2 V p-p’ Vg=%15V 20 20 20 MHz
THD = 3%
OQUTPUT CHARACTERISTICS
Voltage Ripap =500 Q2 10 11 10 11 10 11 +V
Short Circuit Current 80 80 80 mA
Tan-Taax 60 60 60 mA
Output Resistance Open Loop 15 15 15 Q
POWER SUPPLY
Operating Range +4.5 t18 145 T8 +4.5 t18 Y
Quiescent Current 6.5 1.5 6.5 75 6.5 7.5 mA
Tam—Tamax 7.5 8.5 3 8.5 8.5 9.5 mA
NOTES

'Rated performance after a 5 minute warm-up at T = 25°C.
’Input signal 285 mV p-p carrier (40 IRE) riding on 0 mV to 642 mV (90 IRE) ramp. R, = 100 (; R1, R2 = 300 ).
*Input signal 0 dBm, C; = 10 pF, Ry = 500 Q, R1 = 500 Q, R2 = 500 Q in Figure 2.
*Input signal 0 dBm, C; =10 pF, Ry = 500 €2, R1 = 500 Q, R2 = 50 Q in Figure 2.
Cy, = 10 pF, Ry, = 500 Q, R1 = 1 kQ, R2 = 1 kQ in Figure 2.
°Cy. = 10 pF, Ry, = 500 Q, R1 = 500 ©, R2 = 50 £ in Figure 2.

Specifications subject to change without notice. All min and max specifications are guaranteed.
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AD844

ABSOLUTE MAXIMUM RATINGS' METALLIZATION PHOTOGRAPH

Supply Voltage . .. .ovovevvi 18V ~ Contact factory for latest dimensions.
Power Dissipati0n2 ............................ 1.1W Dimension shown in inches and {millimeters).
Output Short Circuit Duration ................. Indefinite -IN Rkl NULL  +V,
Common-Mode Input Voltage . .................... Vg
Differential Input Voltage . ...............vvvenen.. 6V
Inverting Input Current
CONUNUOUS  © o v vveveeie s e eeae e enanaanes 5 mA
Transfent ..ices vases WaF L8 65 05 508 09 pew o e 10 mA
Storage Temperature Range (Q) ......... -65°C to +150°C
S -65°C to +125°C
Lead Temperature Range (Soldering 60 sec) ......... 300°C
BSD BATINE vovin wimin me novin 4an i misen sisdsins 583 B o3 1000 V
NOTES
1Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device at these or any other conditions above those
indicated in the operational scctions of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect device
reliability.

?8-Lead PDIP Package: 8, = 90°C/W.
8-Lead CERDIP Package: 8, = 110°C/W.
16-Lead SOIC Package: 8j, = 100°C/W.

SUBSTRATE CONNECTED TO +Vg

ORDERING GUIDE

Temperature Package
Model Range Option*
ADB844AN -40°C to +85°C N-8
AD844ACHIPS -40°C to +85°C Die
AD844AQ -40°C to +85°C Q-8
AD844BQ -40°C to +85°C Q-8
ADB844]JR-16 0°C to 70°C R-16
ADB844JR-16-REEL 0°C to 70°C 13" Tape and Reel
AD844JR-16-REEL7 0°C to 70°C 7" Tape and Reel
ADB844SCHIPS -55°C 10 +125°C Dic
AD844SQ -55°C to +125°C Q-8
AD844SQ/883B -55°C to +125°C Q-8
5962-8964401PA -55°C to +125°C Q-8

*N = PDIP, Q= CERDIP, R = Small Qutline IC (SOIC).

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily
accumulate on the human body and test equipment and can discharge without detection. Although the
ADB844 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.

WARNING'

i ESD SENSITIVE DEVICE
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Typical Performance Characteristics—AD844

(Ty = 25°C and Vs = =15V, unless otherwise noted.)
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Inverting Gain-of-1 AC Characteristics
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Inverting Gain-of-10 Pulse Response
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UNDERSTANDING THE AD844

The AD844 can be used in ways similar to a conventional op
amp while providing performance advantages in wideband
applications. However, there are important differences in the
internal structure that need to be understood in order to
optimize the performance of the AD844 op amp.

Open-Loop Behavior

Figure 1 shows a current feedback amplifier reduced to essen-
tials. Sources of fixed dc errors, such as the inverting node bias
current and the offset voltage, are excluded from this model
and are discussed later. The most important parameter limiting
the dc gain is the transresistance, R, which is ideally infinite. A
finite value of R, is analogous to the finite open-loop voltage
gain in a conventional op amp.

The current applied to the inverting input node is replicated by
the current conveyor so as to flow in resistor R,. The voltage
developed across R, is buffered by the unity gain voltage follower.
Voltage gain is the rato R/Ryy. With typical values of R, = 3 MQ
and Ry = 50 Q, the voltage gain is about 60,000. The open-
loop current gain is another measure of gain and is determined
by the beta product of the transistors in the voltage follower
stage (see Figure 4); it is typically 40,000.

1l

3R

Figure 1. Equivalent Schematic

The important parameters defining ac behavior are the trans-

capacitance, C,, and the external feedback resistor (not shown).
The time constant formed by these components is analogous to
the dominant pole of a conventional op amp and thus cannot

be reduced below a critical value if the closed-loop system is to
be stable. In practice, C, is held to as low a value as possible

(typically 4.5 pF) so that the feedback resistor can be maximized
while maintaining a fast response. The finite Ryy also affects the

closed-loop response in some applications as will be shown.

The open-loop ac gain is also best understood in terms of the
transimpedance rather than as an open-loop voltage gain. The
open-loop pole is formed by R, in parallel with C,. Since C, is
typically 4.5 pF, the open-loop corner frequency occurs at
about 12 kHz. However, this parameter is of little value in
determining the closed-loop response.
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Response as an Inverting Amplifier

Figure 2 shows the connections for an inverting amplifier.
Unlike a conventional amplifier, the transient response and the
small signal bandwidth are determined primarily by the value of
the external feedback resistor, R1, rather than by the ratio of
R1/R2 as is customarily the case in an op amp application. This
is a direct result of the low impedance at the inverting input. As
with conventional op amps, the closed-loop gain is ~R1/R2.

The closed-loop transresistance is simply the parallel sum of R1
and R,. Since R1 will generally be in the range 500 Q to 2 kQ

and R, is about 3 M} the closed-loop transresistance will be
only 0.02% to 0.07% lower than R1. This small error will often
be less than the resistor tolerance.

When R1 is fairly large (above 5 k€2) but still much less than R,
the closed-loop HF response is dominated by the time constant

R1C,. Under such conditions the AD844 is over-damped and
will provide only a fraction of its bandwidth potential. Becausc
of the absence of slew rate limitations under these conditions,
the circuit will exhibit a simple single pole response even under

large signal conditions.

In Figure 2, R3 is used to properly terminate the input if desired.
R3 in parallel with R2 gives the terminated resistance. As R1
is lowered, the signal bandwidth increases but the time
constant R1C, becomes comparable to higher order poles
in the closed-loop response. Therefore, the closed-loop
response becomes complex, and the pulse response shows
overshoot. When R2 is much larger than the input resistance,
R, at Pin 2, most of the feedback current in R1 is delivered
to this input, but as R2 becomes comparable to Ry, less of the
feedback is absorbed at Pin 2, resulting in a more heavily
damped response. Consequently, for low values of R2 it is
possible to lower R1 without causing instability in the
closed-loop response. Table I lists combinations of Rl and
R2 and the resulting frequency response for the circuit of
Figure 2. TPC 13 shows the very clean and fast £10 V pulse
response of the AD844.

ViN O

R2 AD844
A3 8

OPTIONAL

Ry 3

lI}—ﬂ

Figure 2. Inverting Amplifier
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Table I.

Gain R1 R2 BW (MHz) | GBW (MHz)
-1 1 kQ 1 kQ 35 35
-1 500 Q 500 Q 60 60
-2 2 kQ 1 kQ 15 30
-2 1 kQ 500 Q 30 60
-5 5 kQ 1 kQ 52 26
-5 500 Q 100 Q 49 245
-10 1 kQ 1000 23 230
-10 500 Q 50 Q 33 330
-20 1kQ 500 21 420
-100 5 kQ 50Q 3.2 320
+100 5 kQ 50Q 9 900

Response as an I-V Converter

The AD844 works well as the active element in an operational
current-to-voltage converter, used in conjunction with an exter-
nal scaling resistor, R1, in Figure 3. This analysis includes the
stray capacitance, Cs, of the current source, which might be a
high speed DAC. Using a conventional op amp, this capacitance
forms a “nuisance pole” with Rl that destabilizes the closed-
loop response of the system. Most op amps are internally com-
pensated for the fastest response at unity gain, so the pole due
to R1 and Cg reduces the already narrow phase margin of the
system. For example, if R1 were 2.5 kQ, a Cs of 15 pF would
place this pole at a frequency of about 4 MHz, well within the
response range of even a medium speed operational amplifier,
In a current feedback amp, this nuisance pole is no longer deter-
mined by R1 but by the input resistance, Ryy. Since this is about
50 Q for the AD844, the same 15 pF forms a pole at 212 MHz
and causes little trouble. It can be shown that the response of
this system is:

K Rl
Foor =l T, )

where K is a factor very close to unity and represents the finite
dc gain of the amplifier, 7d is the dominant pole, and T# is the
nuisance pole:

.
K=gTr
Td = KRIC,

Tn= RINCS (assuming Ry << RlY

Using typical values of R1 = 1 kQ and R, = 3 MQ, K is 0.9997;
in other words, the “gain error” is only 0.03%. This is much less
than the scaling error of virtually all DACs and can be absorbed,
if necessary, by the trim needed in a precise system.

In the AD844, R, is fairly stable with temperaturc and supply
voltages, and consequently the effect of finite “gain” is negli-
gible unless high value feedback resistors are used. Since that
would result in slower response times than are possible, the
relatively low value of R, in the AD844 will rarely be a signifi-
cant source of error.
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Figure 3. Current-to-Voltage Converter

Circuit Description of the AD844

A simplified schematic is shown in Figure 4. The AD844 differs
from a conventional op amp in that the signal inputs have
radically different impedance. The noninverting input (Pin 3)
presents the usual high impedance. The voltage on this input is
transferred to the inverting input (Pin 2) with a low offset
voltage, ensured by the close matching of like polarity transis-
tors operating under essentially identical bias conditions. Laser
trimming nulls the residual offset voltage, down to a few
tens of microvolts. The inverting input is the common emitter
node of a complementary pair of grounded base stages and
behaves as a current summing node. In an ideal current feed-
back op amp, the input resistance would be zero. In the AD844,
it is about 50 Q.

A current applied to the inverting input is transferred to a
complementary pair of unity-gain current mirrors that deliver
the same current to an internal node (Pin 5) at which the full
output voltage is generated. The unity-gain complementary
voltage follower then buffers this voltage and provides the load
driving power. This buffer is designed to drive low impedance
loads, such as terminated cables, and can deliver £50 mA into a
50 Q load while maintaining low distortion, even when operat-
ing at supply voltages of only +6 V. Current limiting (not
shown) ensures safe operation under short circuited conditions.

m +Vs

—6] our

{a]-vs

Figure 4. Simplified Schematic
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It is important to understand that the low input impedance at
the inverting input is locally generated and does not depend on
feedback. This is very different from the “virtual ground” of a
conventional operational amplifier used in the current summing
mode which is essentially an open circuit until the loop settles.
In the AD844, transient current at the input does not cause
voltage spikes at the summing node while the amplifier is settling.
Furthermore, all of the transient current is delivered to the
slewing (TZ) node (Pin 5) via a short signal path (the grounded
base stages and the wideband current mirrors).

The current available to charge the capacitance (about 4.5 pF)
at the TZ node is always proportional to the input error cur-
rent, and the slew rate limitations associated with the large
signal response of the op amps do not occur. For this reason,
the rise and fall times are almost independent of signal
level. In practice, the input current will eventually cause
the mirrors to saturate. When using +15 V supplies, this
occurs at about 10 mA (or +£2200 V/ps). Since signal cur-
rents are rarely this large, classical “slew rate” limitations
are absent.

This inherent advantage would be lost if the voltage follower
used to buffer the output were to have slew rate limitations. The
ADS844 has been designed to avoid this problem, and as a result,
the output buffer exhibits a clean large signal transient response,
free from anomalous effects arising from internal saturation.

Response as a Noninverting Amplifier

Since current feedback amplifiers are asymmetrical with regard
to their two inputs, performance will differ markedly in nonin-
verting and inverting modes. In noninverting modes, the large
signal high speed behavior of the AD844 deteriorates at low
gains because the biasing circuitry for the input system (not
shown in Figure 4) is not designed to provide high input voltage
slew rates.

However, good results can be obtained with some care. The
noninverting input will not tolerate a large transient input; it
must be kept below +1V for best results. Consequently this mode
is better suited to high gain applications (greater than x10).
TPC 20 shows a noninverting amplifier with a gain of 10 and a
bandwidth of 30 MHz. The transient response is shown in
TPCs 23 and 24. To increase the bandwidth at higher gains, a
capacitor can be added across R2 whose value is approximately
(R1/R2) x C..

Noninverting Gain of 100

The AD844 provides very clean pulse response at high nonin-
verting gains. Figure 5 shows a typical configuration providing a
gain of 100 with high ir.put resistance. The feedback resistor is
kept as low as practicable to maximize bandwidth, and a peak-
ing capacitor (Cpg) can optionally be added to further extend
the bandwidth. Figure 6 shows the small signal response with
Cpk = 3 nF, R = 500 Q, and supply voltages of either £5 V or
+15 V. Gain bandwidth products of up to 900 MHz can be achieved
in this way.

The offset voltage of the AD844 is laser trimmed to the 50 pV

level and exhibits very low drift. In practice, there is an addi-
tional offset term due to the bias current at the inverting input
(Ign) which flows in the feedback resistor (R1). This can option-
ally be nulled by the trimming potentiometer shown in Figure 5.

=0

Ry

Figure 5. Noninverting Amplifier Gain = 100, Optional
Offset Trim Is Shown

¢ |
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Figure 6. AC Response for Gain = 100, Configuration
Shown in Figure 5

USING THE AD844

Board Layout

As with all high frequency circuits considerable care must be
used in the layout of the components surrounding the AD844.
A ground plane, to which the power supply decoupling capaci-
tors are connected by the shortest possible leads, is essential
to achieving clean pulse response. Even a continuous ground
plane will exhibit finite voltage drops between points on the
plane, and this must be kept in mind when selecting the grounding
points. Generally speaking, decoupling capacitors should be
taken to a point close to the load (or output connector) since
the load currents flow in these capacitors at high frequencies.
The +IN and -IN circuits (for example, a termination resistor
and Pin 3) must be taken to a common point on the ground
plane close to the amplifier package.

Use low impedance capacitors (AVX SR305C224KAA or
equivalent) of 0.22 WF wherever ac coupling is required. Include
cither ferrite beads and/or a small series resistance (approxi-
mately 4.7 Q) in each supply linc.
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Input Impedance

At low frequencies, negative feedback keeps the resistance at the
inverting input close to zero. As the frequency increases, the
impedance looking into this input will increase from near zero to
the open-loop input resistance, due to bandwidth limitations,
making the input seem inductive. If it is desired to keep the
input impedance flatter, a series RC network can be inserted
across the input. The resistor is chosen so that the parallel sum
of it and R2 equals the desired termination resistance. The
capacitance is set so that the pole determined by this RC network
is about half the bandwidth of the op amp. This network is not
important if the input resistor is much larger than the termina-
tion used, or if frequencies are relatively low. In some cases, the
small peaking that occurs without the network can be of use in
extending the -3 dB bandwidth.

Driving Large Capacitive Loads

Capacitive drive capability is 100 pF without an external net-
work. With the addition of the network shown in Figure 7, the
capacitive drive can be extended to over 10,000 pF, limited by
internal power dissipation. With capacitive loads, the output
speed becomes a function of the overdriven output current
limit. Since this is roughly £ 100 mA, under these conditions,
the maximum slew rate into a 1000 pF load is £100 V/ys.
Figure 8 shows the transient response of an inverting amplifier
(R1 = R2 = 1 kQ) using the feed forward network shown in
Figure 7, driving a load of 1000 pF.

ADB44 D 2

l > Vour
1"

Figure 7. Feed Forward Network for Large
Capacitive Loads

W {€
7500 22pF

Figure 8. Driving 1000 pF C, with Feed Forward
Network of Figure 7
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Settling Time

Settling time is measured with the circuit of Figure 9. This
circuit employs a false summing node, clamped by the two
Schottky diodes, to create the error signal and limit the input
signal to the oscilloscope. For measuring settling time, the ratio
of R6/R5 is equal to R1/R2. For unity gain, R6 = R5 = 1 kQ,
and Ry = 500 Q. For the gain of -10, R5 = 50 {1, R6 = 500 £,
and R, was not used since the summing network loads the
output with approximately 275 €. Using this network in a
unity-gain configuration, settling time is 100 ns to 0.1% for a
-5V to +5 V step with C;, = 10 pF.

—» TO SCOPE
(TEK 7A11 FET PROBE)

RS R6
D1 D2
R1
Viy © -
R2 ADB44 — Vour
:R_a__l— 7
[ Ry T~ CL

D1, D2 IN6263 OR EQUIV. SCHOTTKY DIODE
Figure 9. Settling Time Test Fixture

DC Error Calculation

Figure 10 shows a model of the dc error and noise sources for
the AD844. The inverting input bias current, Igy, flows in the
feedback resistor. Ipp, the noninverting input bias current, flows
in the resistance at Pin 3 (Rp), and the resulting voltage (plus
any offset voltage) will appear at the inverting input. The total
error, Vo, at the output is:

Vo =gpRp +Vos + Iy Rm)[l + %J"" IpnR1

Since Igy and Igp are unrelated both in sign and magnitude,
inserting a resistor in serics with the noninverting input will not
necessarily reduce dc error and may actually increase it.

Figure 10. Offset Voltage and Noise Model for the AD844
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Noise

Noise sources can be modeled in a manner similar to the dc bias
currents, but the noise sources are Iyn, Inp, Vi, and the amplifier
induced noise at the output, Vo, is:

2
’ Rl
Von = | (e Re Y +VN2)(1+§3) + Iy R1Y?

Overall noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, R1 = R2 =1 kQ, Rp =0,
Vx = 2 nV/NHZ, Iyp = 10 pA/NHz, Iyy = 12 pA/NHz, and
Von calculates to 12 nVAHz. The current noise is dominant in
this case, since it will be in most low gain applications.

Video Cable Driver Using +5 V Supplies

The AD844 can be used to drive low impedance cables. Using
+5 V supplies, a 100 Q load can be driven to 2.5 V with low
distortion. Figure 11a shows an illustrative application that
provides a noninverting gain of +2, allowing the cable to be
reverse-terminated while delivering an overall gain of +1 to the
load. The -3 dB bandwidth of this circuit is typically 30 MHz.
Figure 11b shows a differential gain and phase test setup. In
video applications, differential-phase and differential-gain
characteristics are often important. Figure 11c shows the varia-
tion in phase as the load voltage varies. Figure 11d shows the
gain variation.

230002

30002

Figure 11a. The AD844 as a Cable Driver
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Figure 11b. Differential Gain/Phase Test Setup Figure
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Figure 11c. Differential Phase for the Circuit of Figure 11a
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Figure 11d. Differential Gain for the Circuit of Figure 11a

High Speed DAC Buffer

The AD844 performs very well in applications requiring
current-to-voltage conversion. Figure 12 shows connections for
use with the AD568 current output DAC. In this application,
the bipolar offset is used so that the full-scale current is £5.12 mA,
which generates an output of £5.12 V using the 1 kQ applica-
tion resistor on the AD568. Figure 13 shows the full-scale
transient response. Care is needed in power supply decoupling
and grounding techniques to achieve the full 12-bit accuracy
and realize the fast settling capabilities of the system. The
unmarked capacitors in this figure are 0.1 uF ceramic (for
example, AVX Type SR305C104KAA), and the ferrite induc-
tors should be abourt 2.5 uH (for example, Fair-Rite Type
2743002122). The AD568 data sheet should be consulted for
more complete details abour its use.
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Figure 12. High Speed DAC Amplifier

Figure 13. DAC Amplifier Full-Scale Transient Response

20 MHz Variable Gain Amplifier
The AD844 is an excellent choice as an output amplifier for the
AD539 multiplier, in all of its connection modes. (See AD539
data sheet for full derails.) Figure 14 shows a simple multiplier

roviding the output:
P g P e ML

2V

where Vy is the “gain control” input, a positive voltage from
0 Vto 3.2 V (max), and Vy is the “signal voltage,” nominally
+2 V FS but capable of operation up to £4.2 V. The peak out-
put in this configuration is thus 6.7 V. Using all four of the
internal application resistors provided on the AD539 in parallel
results in a feedback resistance of 1.5 k{2, at which value the
bandwidth of the AD844 is about 22 MHz, and is essentially
independent of Vy. The gain at Vx=3.16 Vis 4 dB.
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A 501 OR 7541 RESISTORTO GROUND.

Figure 14. 20 MHz VGA Using the AD539

Figure 15 shows the small signal response for a 50 dB gain
control range (Vy = 10 mV to 3.16 V). At small values of Vy,
capacitive feedthrough on the PC board becomes troublesome
and very careful layout techniques are needed to minimize this
problem. A ground strip between the pins of the AD539 will be
helpful in this regard. Figure 16 shows the response toa 2 V
pulse on Vyfor ¥y =1V, 2V, and 3 V. For these results, a load
resistor of 500 £ was used and the supplies were £9 V. The
multplier will operate from supplies between 4.5 Vand £16.5 V.

Disconnecting Pins 9 and 16 on the AD539 alters the denomi-
nator in the above expression to 1 V, and the bandwidth will be
approximately 10 MHz, with a maximum gain of 10 dB. Using

only Pin 9 or Pin 16 results in a denominator of 0.5 V, a band-

width of 5 MHz, and a maximum gain of 16 dB.

~-13-
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AD844

OUTLINE DIMENSIONS

8-Lead Plastic Dual-in-Line Package [PDIP]
(N-8)

Dimensions shown in inches and (millimeters)

0.375 (9.53)
__| 0.365 (9.27)
0.355 (9.02)
B D D D ¥
5 || 0.205 (7.49)
0.285 (7.24)
1 « || 0.275(6.98)
<7 4 * 0.325 !3.262
) 0.310 (7.87)
0.100 (2.54) 0.300 (7.62) 0.150 (3.81)
BS| 0.135 (3.43)
nie 0.015 0.120 (3.05)
{4.57) _L—(o.se)
MAX MIN
(i | Gl 0.015 (0.38)
0.150 (3.81) SEATING 0.010 (0.25)
0.130 (3.30) PLANE 0.008 (0.20)
0.110 (2.79) 0.060 (1.52)
0.022 (0.58) 0.050 (1.27)
0.018 (0.46) 0.045 (1.14)
0.014 (0.36)

COMPLIANT TO JEDEC STANDARDS MO-095AA

CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

8-Lead Ceramic DIP-Glass Hermetic Seal [CERDIP]
(Q-8)

Dimensions shown in inches and (millimeters)

16-Lead Standard Small Outline Package [SOIC]
Wide Body
(R-16)

Dimensions shown in millimeters and (inches)
0.005 (0.13)  0.055 (1.40)
MIN MAX

- - - | Lo 10.50 (0.4134)
S 10.10 (0.3976)
0.310 7.87) AfAnadf
PIN T 0.220 (5.59) s 0
7.60 (0.2992)
= H 7.40(0.2913)
0.100 (2.54) BSC I
10.65 (0.4193)
0.405 (10.29) MAX 0320(813) | 1 s ?6’“66':03_937)
0.290 (7.37) gt
0.060 (1.52) I ]
0.200 (5.08) 0.015 (0.38) FHEHEEEE
AR - e
1.27 (0.0500) 5
65 (0.1043) 0.75(0.0295) .
0.200 (5.06) 0.150 (3.81) saE zms 00 |[025 0oose)* *°
0125 (3.18) B & 0.30 (0.0118) e —
0.023 (0.58) SEATING ! i 0.015 (0.38 0.10 (0.0039)
e bk ¥ % 15 |EIiE 1
0.014 (0.36) :—-g-:-g-%%% PLANE - 0.008 (0.20) N & e
COPLANARITY  Lor D020t} SEATING o33 mozs) © 1.27 (0.0500)
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETERS DIMENSIONS .10 0.33(0.0130) PLANE 9.23 (0.0091) 0.40 (0.0157)
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR . et
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

COMPLIANT TO JEDEC STANDARDS MS-013AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN
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Abstract

A realization of the quadrature sinusoidal oscillator with the
employment of the current differencing buffered amplifiers (CDBAs) as
active components is proposed. The proposed oscillator circuit is
composed of two CDBAs, three resistors and the three capacitors.
Output of two sinusoidal with 90° phase difference are available from
the proposed quadrature oscillator. The oscillation condition and the
oscillation frequency (&2,) can also be orthogonally tuned. Simulation
results with the commercial available AD844 ICs are given to confirm

the theoretical analysis.

Keyword : current differencing buffered amplifier (CDBA), quadrature

oscillator
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CDBA-based Multiphase Sinusoidal Oscillator
Using Grounded Capacitors
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' Department of Control Engineering ? Department of Electronics
Faculty of Engineering, Research Center for Communication and Information Technology (ReCCIT)
King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Ladkrabang, Bangkok 10520, Thailand
(E-mail:  S.pisitchalermpong@hotmail.com , ktworapo@kmitl.ac.th)

Abstract:  In this paper, the circuit realization of a multiphase sinusoidal oscillator (MSO) employing current
differencing buffered amplifiers (CDBAs) as active components is proposed. The proposed MSO circuit, which is
composed of n cascaded CDBA-based lossy integrators and a CDBA-based inverter, can generate n sinusoidal output

voltages with phase difference of 180°/n. The oscillation frequency can be wide range adjusted, approximately from

200 Hz to 2 MHz, by tuning the value of passive elements.

to confirm the theoretical analysis.
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1. INTRODUCTION

Recently, a new active building block, which is called
a current differencing buffered amplifier (CDBA), has
been introduced [1]. Since the CDBA is considered as
unity-gain current-mode and voltage-mode operations,
this element would be large dynamic range and wide
bandwidth similar to its current-mode counterparts, such
as, CCIIs and CFAs and can operate in both current and
voltage-modes. In addition, a CDBA is particularly
suitable for voltage-mode active filter because of it
endless easy realization of inverting and non-inverting
multiple-input integrators [2]. Moreover, it is also
appropriate for monolithic integration in both CMOS
and bipolar technologies [2]-[3]. Therefore, several
CDBA-based applications on analog signal processing
circuits have been recently reported by various
designers [1]-[7].

The multiphase sinusoidal oscillator (MSO) has wide
application in signal processing, communication and
power controller systems [8]-[9]. There are some
previous works in MSOs based on operational
amplifiers [8] and current conveyors [9]. However, the
bandwidth and speed of all the existing MSOs are lower
than 80 kHz. A few applications of CDBA on the
realization of sinusoidal oscillator circuits are available
in the literature [10]-[11].  Although a quadrature
sinusoidal oscillator besed on CDBAs has recently been
reported [12], it can produce only two sinusoidal output
voltages with only 90° phase difference.

Therefore, this paper presents a MSO based on
CDBAs, which is implemented by n cascade connection
of the CDBA-based lossy integrators and a inverter.
The oscillation frequency of the proposed MSO can be
wide range adjusted from 200 Hz to approximately 2 MHz
through the passive elements. Since all the passive
components are really and virtually grounded, the
effects from the parasitic elements can be absorbed
[13]-[14]. The performances of the proposed
CDBA-based MSO are analyzed and verified using
circuit simulations.

Simulation results obtained using the AD844 ICs are given

Current Differencing Buffered Amplifier (CDBA), Multiphase Sinusoidal Oscillator (MSO)

2. CIRCUIT DESCRIPTION

The circuit representation of the CDBA is shown in
Fig.1, where p and n are the input terminals, and z and w
are the output terminals. Its current and voltage
characteristics can be described by the following
relations [1-2].

v,=0, v,=0, i=i-i and v,=v, (1)
According equation (1), the differential input current
ip-Iy can be converted into the output voltage v, through
the impedance connected at the terminal z, where
ideally the input impedance of the terminals p and » are
zero. Although there are several methods to realize the
CDBA, one of realization of the CDBA can be obtained
by using two commercially available CFAs, ADS844, as
shown in Fig.2 [1].
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Fig.2 Circuit implementation of CDBA
using two CFAs (AD844s)
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Fig.3 : Proposed MSO using CDBAs

3. PROPOSED MSO USING CDBAs

Fig.3 shows the proposed structure to implement the
MSO for n phase sinusoidal outputs. It comprises of #
cascade connection of the lossy integrators and a
inverter based on CDBAs. From Fig.3, the voltage
transfer function between v,, and v,,, and v,,, and Von Can
respectively be written as:

Yon | _K i )
Vor L1+sT

and Yom _ _y 3)
Yon

where K = Ry/R, is the voltage gain of the CDBA-based
lossy integrator, T = RyC = l/w. and @, 1s the
internal-pole of the integrator. Therefore, by
substituting equation (2) into equation (3), the loop
voltage gain (v,./v,,) of the proposed MSO circuit can

be given by :
nebh
Vox I+sT

At the oscillation frequency of @ = @, = 2nf,, the
oscillation condition will be satisfied when the loop
voltage gain v,./v,, is set to unity.  Equation (4) can
then be rewritten as:

“)

K n
-[1+jon:' - &
or (1+jo,TY' +K" =0 (6)

If we let the real and imaginary parts from equation (6)

to be zero, the oscillate condition will occur when 1 > 3.
The output numbers of the oscillator are n with each
shifted of v,, in phase by 180°/n. For example in case
of n = 3, the real and imaginary parts from equation (6)
can be given by :

1-3(w, TP + K3 =0 (7)

and 3(_ja)0T)— j(cooT)3 =0

8)
In this case, the oscillation frequency is equal to

V3

" 2aRyC

©)

where K = RyR, = 2. It can be concluded that, for
implementing the MSO with 3 different phase shift
sinusoidal outputs (n = 3), the proposed scheme requires
4 CDBAEs, 3 really grounded capacitors, and 7 virtually
grounded resistors.  In addition, the oscillation
condition for this case is satisfied when Ry = 2R,.

4. SIMULATION RESULTS

In order to confirm the presented theory, the
proposed MSO circuit of Fig.3 has been simulated using
PSPICE program. In simulations, the CDBA was
constructed using two AD844 ICs as shown in Fig.2
with the supply voltages of +12 V.,

In order to obtain the output waveforms at the
oscillation frequency of f, = /27 = 26.76 kHz with n =
3, the values for resistors and capacitors were chosen
as: Ry=5kQ, Rg=103kQ, C=1nF. To ensure that
the oscillation will be started, the value of Rg=10.3kQ2
was chosen to be slightly larger than the ideal value of
10 kQ for K = 2. Fig.4 shows the simulated output
waveforms vy, Ve, Vo3 and vy, of the proposed MSO
circuit of Fig.3. For simulations, the frequency of
oscillation of f, = 26,93 kHz can be measured, and the
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phase shift of v,, v,, and v,; compared with v,, are
obtained as : 60°, 121.4° and 180°, respectively. The S
simulation results agree very well with the theoretical
design.  Fig.5 represents the simulated frequency

spectrums of the outputs v,,, vz and v,;.  The results of ooV,
the total harmonic distortion analysis are summarized in — eV
Table 1. ' v Vy

ov T o=y T 2
22KHz 24KHz 26KHz 28KHz 30KHz 32KHz

Frequency

Fig.5: Simulated output spectrums v,,, v,; and v,;
of the proposed MSO circuit.

ov+

- Table 1 : Total harmonic distortion analysis

9,0V ; . Harmonic| Frequency Fourier Normalized Phase Normalized
9, 00ms 9.05ms 9. 10ms 9.15ms no. (Hz component component De Phase
1 2.676E+04 8.025E+00 1.000E+00 -1.536E+02 0.000E+00
Time 2 5.352E+04 8.705E-02 1.085E-02 2.321E+01 3.304E+02
3 8.028E+04 1.560E-02 1.944E-03 -6.416EH01 3.966E+02
(a) 4 1.070E+H)S 3.872E-02 4.825E-03 3.521EH01 6.496E+02
5 1.338E+H05 4,275E-02 5.327E-03 1.306E+H01 7.810E+02
— DC component = -2.311220E-02
, Total harmonic distortion = 1.315629E+00 PERCENT

To demonstrate the tuning of f, of the proposed
CDBA-based MSO, Table 2 summarizes the simulated
ov oscillation frequency, the magnitude of the output
voltages v,, vy and v,3, and the phase difference with
respect 10 v,n, when the value of the capacitor C is

-5.0v+ varied from 0.01 nF, 0.1 nF, and 1 nF, respectively.
From Table 2, it is obvious that the frequency of
. : oscillation can be tuned a wide band of the frequency
9.00ms 9.05ms 9.10ms 9.15m range, and the » sinusoidal output voltages with the
Time phase shift of 180°/n can also be obtained.
(b)

Table 2: Simulated frequency, magnitude and
9.0v phase comparison of the output voltage

with three different values of C.
340V Capacitor | Output i Phase comparison
(nF) voltage (kHz) |w,, and v,,|v,; and v, [v.; and v,,]
V)
- 0.01 15.96 2473 60° 120.06° 180°
0.1 16.04 253.07 60° 120° 180°
1 15.98 26.93 60° 121.39° 180°
=5.0v+
5. CONCLUSION
g oome 5.05ms 9.10ms 9. 15ms The realization of the MSO circuit based on CDBAs
iEs is proposed.  The proposed MSQ circuit can realize n
different phase sinusoidal voltages (180°/n) by using
() CDBA-based lossy integrators and a CDBA-based

Fig.4: Output voltage phase comparison
(@) vors and v,,
(b) vom and vy,
(€) Vom and vy;

inverter.  The frequency of oscillation can be adjusted
over a wide range by varying the value of passive
elements.  PSPICE simulations using the AD844 ICs
have been confirmed that the results are very close to
the theoretical calculations.
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