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unasAndaluifauauszanm + 2 V s + 15 Viassadenielu LT1228 agdsznaulusag
19950818ANUa18leu (Operational Transconductance Amplifier: OTA) Tngagiudeu
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Amplifier: CFA) wanslunnd 2.3 (@) wazlunindt 2.3 (A) wanssasiieuifewes [T1228
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PNaNNTA (2.17) V; fie Aussdulninaiudeu (Thermal Voltage) fidvinfu

26mV a1 gaungiivies (25 ssrniwalda) Wounudn Vi=26mV agldwsauntsi (2.18)
g ~10l (2.18)

Tuinentinusiazlvannisi (2.18) ielringlunisAmiuiul g, MUUIINENAITIY
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10; Jaikla, et. al. 2021 : 7376)
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Single Commercially Available Integrated Circuit-based Sinusoidal
Oscillators with Amplitude Adjustability and Electronic Control of
Condition
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ABSTRACT

This paper prasensiou [ newy sinusoidal crilanos using 3 commencia ly avaka b nmegrad cis wt 0] Thie propoied Srosit 2 simpl topoleges that smploy asingks
cornirascial IC, LTI22. I is condicind 10 pans i shemmenl, conareng of fow reshnon and two capecinon. Al detrend aacillanon cnouns hava les Surpal mpsdanca
alcrang T 0o CONFSCT T SR SCUICE wiThoul i g an ddd inornal buMed Lking an acive L1258 davice anabbis alacronic adpstiment of pdramenens i e
o cncurte A Feadback e eor b wad Do cha ngs The outpal Ggnals anglineds vathout afecting the o lanon's Sequency of condinon Ve perfonmed
ey v i s et The PSPICE P i el Sooed Wmans 10 confoes thi Bccuiay of 3l prop o aecllaned ciouns The besr tatal hanmane detodtion was 013%
foo thi peopesnd esclbnes ciscir 3. Adpenting oh med e anngd vuck e ng a RSB prosedas & gainof sosghily 1.5-16.5 dB dor 1he proposed oeoliancs cicut
JInala Tird—Acrive buldng bk, analog cisoa, ekicsomic Tuna, LTI 322, dino it ool oo

L INTRODUCTION

Srusodal osdllators are electrorec drowts specifically designed to produce cortinuous-time
sinusaidal waveforms. They are sigreficant orouits in various applcations, such as instrumenta-
tion, Measunement, communication, contral, and other elecinorec systems [1-8]. These cncws
can generate a sinusoidal waveform with anly a O power voltage supply and no additional
input waltage or current signal. In telecommunication systems, sinusoidal sgnals serve as car-
rier signals for modulation and demodulation in beth the transmitter and receiver Far use in

Corraipending authur: warious applications, most sinusoidal oscillators ae designed to obtain the capacity to tune the
i kekla frequency and condition of pscillation independently. However, creating the osollatar with the
E-maik simplest structure is Imperative to miremize size, expenses, and power corsumation for spplica-
i il ac i tions requinng a sine wave of a specific or single frequency. Furthermaone, the asollatars should
Raeadvnd boh 14, 2004 be able to adpst the amphtude of the sinusaidal output wasefam, thereby avoiding the need

Revisian b for an additional amplifier 1o reduce the cost, power, and complexity af the system.

Laist Rurwitiion Recsivmd: Sopranbar 25 The active building block (ABS] s widely used to design various analog and miked-mode crouits
LR Uilizing S8H to realize high-pe rformance orounts can minimze sdemal compleaty by intercon-
Acsapted: Dctoior |1, 1024 niecting only a few passive compaorents. Several ABS structures have been imolemented using

a high number of CMOS or BIT transistors. The advantages of transstor-based & BB architectures
intlude a low power supply, low power consumption, compact size, high speed, minimizing the
impact of temperature vanatons and fabrication mismatches, and so on [5) Kewertheless, ASH
circuits based on CW05 techralogy exhibit aptimal efficiency when fabricated as moralithic
chips. Monalithic chips arealso expensve o manufacture. Forthis reason, using the commercially
1 available integrated circun (C)-based ABB to realize new active cirouts in specific applcations
s meare convenient and cheaper. The well-known commercially aeailable A88s mdude LF351,
uA741 for operational amplifiers [opamgs), AD844, ORAEED, ELBORZ for curnent conseyars [CC),

Publication Duaba: M osomoa 3, 2004
DOl 1051520 ke i 3 2004 24087
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and LM12700, LT1228 for aperational transconductance amiplifiers
(0TAs), ADE3S5 for analog mubipher, ete. The LT1228 is an intriguing
off-the-shelf actve device. It is 2 modular commercial KX compnising
two subparts, the OTA and the current feedback amplifier [CFA), in
the same |IC package. The OTA in the LT1228 I converts the voltage
differerce at the input into an output current weng electranically
adjustable transconductance g} The CRA with low-impedarce
DUtpULs Can serve & an exceptonal amphfier or buffer for the OTA's

output in voltage-mode operation [

Tablke | compares and displays the revies of commeroally aeailable
K-based sinu=aidal ascilasors [7-35], which includes the orounrs we
propased in this paper. These sinusoidal asollators use various Ks,
Including ADBAA, ADE15 ADSI0, ELIDEZ, OFABSD, OPAEI, WIARID,
and LT1228. The proposed sinusoidal oscillators inrefs. [7, 8-14, 16,
18, 21-23, and 25) are quadrature asollabars, which give two cutput

signals with a S0-degree phase difference. Although several pscil-
lators have been designed to enable independent adjustment of
frequency ard condmion, S0me Circwits use an sensive number of
active dewioes [T-18, 20-23, 25] and several défferent kinds of com-
meroally vailable 1Cs [10, 14, 20-23]. In practical applicabans of
sinusoidal oscillators, electronic tunability s a orucial avtomatc fea-
bure. The works preserted in reds. [10, 14, 18-21, 23, and 5] achiewe
the electronically controlled feature, whereas the ascillatars pro-
pased inrefs [7, B, 9, 11-13, 15, 1&, 17, 22, 24, and 25] do not. Since
thie wolt ag e ar current nodes of the simusaidal cscllators propased in
refs. [10, 14, ared 23] lack low or high impedance, a buffer is required
ta cormect them to the load or next crouis. The amplitude of the
sinusaidal output waveform cannot be adjusted withowt affecting
the frequency or condition of oscillation [7-20, 22-35]. Aklhough
the proposed oscillaior inoref. [21) can adjust the ampliudes of the
generated sinusoedal signals, it requires an enommows number of

TABLE L COPMPARIEOM OF SIMUSCIDAL OSTILLATORE EASED 0N COMMERCIAL IC

Rt M of Commuancial IC 1 121 13} e

F 13T b g ™ ™ wm
[&] 1ATI34 B s ™ ™ Eath
[ AT ™ s ™ ™ Eath
L] 57 ELIED, | OPARSD and | buller OPAEIZ) ag ™ ™ ™ wap
o 10844 ™ g b ™ i
ni 1 0PABEL) ™ s ™ s Lath
03 1D ™ g ™ ™ )
4 41 ADE30, | ADEIS, 3 EL20RD] s ™ ™ ™ i
s 1T ™ g ™ ™ oo
mel 440844 ™ g ™ ™ Eath
ik 13T ™ g ™ ™ Eath
i 5ATIE2E ag g ™ ™ Eath
L] AT Yas s ™ ™ Eath
[ 4 0PARSTY ag ag ™ ™ Eath
1 EER ] s g s o i
[r] 1T ™ s ™ s Lath
2] 141 ADE44, 1 LW 3700 s ™ ™ s Lath
24 1 JADE4) ™ g ™ ™ )
23] & 0PARS) ™ g ™ ™ wp
241 VAT ag g s ™ Eath
Peopecsad Mo | VAT ag g s ™ Eath
Peopecsad Mo 2 VAT ag g s ™ Eath
Peopecsad Mo 3 AT Yas s s ™ Eath
Pacpecsad Mo 4 AT ag ag g s Eath

11| B v Tusea (3] Caneaabaatubry. |3 Gain conroilabebty without afcting the FO-and 000 B4 Gain controilabebiy withour aleding he ossrational Faguancy (5]
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cammercial |Cs (theee LT 12285, Reference [26] reported the sucoess-
ful realization of a simole osollator using a single LT1228 I based
on the negative resistance-capactance simulator. The amplibude of
the generated sinuscidal vearvefiorm in this oscillator can be adpsted
withaut impacting the frequency or condition of the oscilation by
adjusting the feedback resistor. Howewer, changing the feedhack
resistoe's walue will impact the circuit’s bandwidth

This study proposes an extended oscillator design inspired by nef.
[26] to realize @mpbe sinusoidal csillators using a single LT1228
IC as an active device This paper's structure is &< folkows: Section
Il prowides an overvies of the commerdially aailable LT1ZES I,
the proposed sinuscidal oscllators, and the study of the parasitic
impedance effect. Section Il presents the smulation results of the
proposed sirusoidal ascillators, as well as the experimental results
of the designed circuts. Section ¥ presents a concise oversiew of

the findings.
L. PROPOSED CIRCUIT

A, Overview of LT1228

The LT 1228 comiines a fast OTA and CFA [£]. Lrear Technalogy man-
ufactures this commercial IC within an eight-head plastic dual-ireline
package (PDIP|. The circuit symbal used for the sxplanation im this
paper labeled with pin numbers, is shawen in Fig. Ta, encomipassing
btavo wodtage input terminals {Fin 2 marked 25 %, and Fin 2 marked as
V_| that have high impedances, one currert autpat terminal marked
as the yterminal (Fin 1), which has high impedance, and two output
waltage terminals marked as the x termiral |Pin B and w terminal

A 5I N
F-Dii- -
ITI228  w[geor,
i
F{o—:c- » .
|& 5 sl L
A ¥
B
Vee | Ve Is
7 H
3 3%
B LTI
re" L —o I
k] & -
P ol o 1, l Rr
1] 8]
L v,

IFim &) that have low impedarce. Additionaly, the OTAS transcon-
ductance is dhectronically cantralked by the DC bias current () enter-
ing Pin 5. The two terminals, Pin ? labeled 25 +%, and Fin 4 bbeled
as -V, accommeodate a wade range of power supply voltages from
approiimately =2 V to apprommately +15 V. Fip 10 depicts the
eoursalent orourt of the LT1228. The matro eguation serves as (15, a
crucial ool for determaning the ideal voltage-ourent termanal char-
actenstics of thie LT1EEE [& 21).

[ T B B« A AT
i o o 0 oo alv i
f |=l9a =g« 0 O Q¥
W, ] a 1 o ajl s
! le o o & ol

Ini {11, A, demotes the trars-resistance gain, which tends towards an
infinittely large number under ideal conditions. This feature allows
the woltage gain of the CFA to be infinite, which malkes it an excep-
tonal amplifier or buffer for the cutput of the OTA. It is nobeworthy
that g, can be controlled throwgh the adjustment of exbermal D bias
ourent, as follows [& 21]:

G =100 2y

B Froposed Sinusoldal Oscillators Based on LT1228

The goals for desigrang the sirusoidal oscillators presented im this
study ane ta achieve electron ic and amiplitude contrallzbily, as well
as simple construction utiizng only one actve device and a low-
voltage autput node. This paper is designed with four sinusaidal
oscillators. These are illustrated incthe first column of Table | They
caonsist of a single LT1228 and passive elements, including four resis-
tars and two capacioes. Using a single LT1228 results in low power
consumpticon. The proposed circuits 1 and 3 use grounded capaci-
tars, which can reduce the effect of parasitic capaotances in the
active device [27] The output voltage node, v, of all proposed pscil-
lators descnbed herein, possesses low output impedance and can
b= connected in cascade ko other orouns without requining a buf-
fer circuit. The characteristic eguation, cordibon eguation (00, ard
frequency equation |FO) for each proposed asollator ane shown in
thie second column of Table 11 The third column of Table B provides
the woltage gain eguation for each oscilator if the volage gain is
defined as the ratio of the woltage at nodes v, ard v, The condition of
the prapased osollators can be tuned electrorecally via d,. Then, the
capacitor value is adjusted to tune the desined frequency of the sinu-
spadal signad withaut affecting the generated condition. Mareower,

P

Flyg. 1. LT1228. (3] Symbol do] Equiabent cirour [21]

EM

| | Fig. 2. LT1228 parasitic elemnents [21].
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the amplitude of the output signal can be enhanced by agjusting
A, without affecting the condition ar frequency. The firal column of
Tabke Il conchudes this comtrollability.

C_Study of Parasitic Impedance Effect

This sectian performs a thorough study of the propased osollatars,
considering the parasitic elements present on different terminals
of LT1228. The presence of these parasitic elements would have an
urfavorable effect on the accuracy and performance of the pro-
paosed owllators, particulary in relation 1o the operating frequency
rarige, corditions, ard frequency of cecillation. LT1 228 contains par-
asitic elements at both the input and output terminals, as depacted
in Fig. & The parasitic elements present at the high-mpedance ingut
terminals are compased of capacitance and reststance connected in
parallel: terminals ¥, 8 0C | and ¥R ), termiral ;«'I,ﬁ'r.".'fl_'-\. ared
trans-resistance impedance |F//C) Additionally, LT1228 contains
bawo parasitic resistances, r, ard r, which are intesconnected in sevies
at low-impedance output terminaks, & and w, respectively [21]. As
stated above regarding the effects of parasitic elements an LT1228,
the propased cecllators with parasitc elemants are shown in the
secand columin | Table i) The study conducted in ref. (28] fourd that
the coerating frequency of the CF, with the feedback resistor B.con-
nected between the x and y wmminals, is approsimately equal to 1f
28l & ). Thenefore, if the aperating frequency of the proposed ascik
|zt is borever than 1/ 2eC 2), the r, v, R, and C. will be ignared. The
secand calumin of Table 1 displays the characteristic eguation, £0,
and F for each proposed oscillator with these parasitic elements.

Il RESULTS

A Samulation

Thi performance of the proposed sinusoidal oscillator was initially
evaluzted by simulations performed usireg the LT1228 macro models
in the Pspice program. The LT1228 was biased using DC power sup-
ply woltages Vo and 1V, which were £5¥. 4l the capacitars. C,=C =1
nF, and all the resistars, = 7= &, = = 1 kil (except A, = 2 ki for cir-
ouit 2, were chiosen. I arder to sustain the cscillation sfustion, the
beas current [, for croutts 1-4 was adjusted to 210 pA, 210 i, 210 jh,
and 418 wh, respectrely. Table IV displays the graphical representa-
tion of the Pspice program's resuhts. The first and second columns of
Tabke v display the time domain results of the oscillatar orouits in
transienit response and steachy-state response, respectisely. The Fast

Faurier Trareform (FFT) anabysis in columin 3 of Table Y reveals the
simulated oscillation frequencies of the propased osallators 1-4 are
160 kHz {225% errorl, 114 kHz (0.47% error), 224 kHz |0.48% error),
and 158 kHz |0.73% emorl, respectvely. The total harmonic distor-
tians | THIDs| of the proposed asollatars 1-4 abtained from the simau-
lation are 0.808%, 1.287%, 0.B08%, and 0.549%, respectiveky.

B Experiment

Although the asollators were previously validated in the previcus
section, it & essertial to note that in practical applications, numer-
pus factors can significantly imgact the performance of these oscil-
lators. In this section, the performance of the propased oecillatoes
will be experimentally demonstrated. Fig. 3 shows the experimerntal
setup for testing the proposed sinusaidal oscllators, Fig. 3a shows
the equipment connection, and Fig. 30 shows the breadboard cir-
it implemenitation. For the sspenment, the value of the pasuwe
elements is the same as in the smulation, but the bias current for
sustaining the condition of oscillation for the proposed cscillators
1= was 50t to 196 pA, 194 wh, 397 ph, and 290 pA, respectvely.
The osolloscope Keysight D50%12026G was used to measure the
sinusaidal autput woltage signal. The first calumin of Table V shiows
the measwed sinusoidal output signal of the propased cecillatoes
in steady-state response. The measured FET analysis i the third cal-
umn af Table ¥ reveaks the measured osollaton frequencies of the
proposed asollators 1-4 are 16580 kHz (1.15% ermar), 11637 kHr
[1.59% error], 23620 Itz {4.94% errar), and 163.24 kHz (2 62% error),
respectively. The THD of the proposed oscillators 148 abtained from
the mxpenment ane D23%, 033%, 013%, and 0249, respectively.
Table 'Yl compares the asollatan frequency of generated sinusoidal
signads from three sets of results: ideal, smulation, and experiment
outcamies. The measured frequency with the most inacouracy was
ohiserved in oscllator 1, with & devistion of 1.15% On the other
hard, the espenment showed that oscillator 2 echibited the most
errod, with & deviation of 4.93%. The simubtion and the experment
produced an output wavefonm with a THD of less than 19

Thi waltage gain far each oscllator can be changed by adjusting the
R, resistor. as indicated i column 2 of Table L This section deaks with
ad|usting the resistance to contral the magnitude of the sinusoidal
output signal We confirmed the gain adjustment by changing the
A, value within the range of 0.5-15 kil {the other active and passwe
elemenits are still the same as appeared abovel Fig. 4 dhows the

Flg. 2. Baperimerital setup j2) the equipmeant connsction and (b) the breadbazed circult implemersatian
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Flg. 5 Frequency of asdlaton related to the vanous capadbar CC=C = C).

plots of ideal, simulation, and expeniment voltage gans with vary-
ing &, resistances. The measured woltage gains of osollators 1-4 are
appronimately 1.50-17.60 o8, 1.50-0.10 4B, 1.25-8.60 di, and 1.50-
15.50 o, respectively. Fig. 5 presents the plats of ideal and experi-
ment frequency of asollaban with various capacitance values (2,
and £, charged from 033 nF to 10 nF|. The measured frequency of
oscillations far the propased oscillators 1-4 vaned from 1552 kHz to
A81.30 kHz, 22 50 lHz 10 67 7,10 kHz, 23 B4 kHz 1o 67860 kHz, and
15.75 kHz bo 26530 kHz, respectively. The dependence of THD of the
proposed oscllators on charging capactances (£ = C,= £ is shawn
in Fig. & {THID below 2%).

IV, COMCLUSIONS

This nesearch fooused on designing, simulating, and conducting
expenments on four smple sinusoidal oocllators. The proposed

LU
e it m
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£
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L] ————— —— ——
L] I ] L] 4 L] L] T S L] 1%
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Fly. & Dependence af THD on changing capadtarces (£ =0 = O,

oscillator's output volage node has a low mpedance, enabling
direct connecticon to othercrouis without the need far an additional
basffer. Simultareously changng the capaotance values adjusts the
oscillastion's frequency and condiion orthogonally. The cordibion
of asollaban is electronicaly controlled. Moreover, the amaliude
of the sinusoidal waseform is adjustable. We used the PSFICE simu-
lation and a prototype experiment to validate the circuit’s perfor-
mance. The obtaired resubts align with theoretical expectations. The
peroentage of frequency emors is kess than 5% for bath simiulatian
and experiment. The experiment yielded THDs of 0.22%, 0.31%,
0.13%, and 0.24% for cscllators 1-4, respectively. By changing the
A walwe within the range of 0.5-15 kL, the measwred vohage gains
of ascilators 1-4 are approaimately 1.50-17.60 dB, 1.50-8.10 dB,
1.25-8.80 dB, and 1.50-15.50 db, respectively. The smplioty of the
propaosed ascilators makes them an excellent chaice far instructing
students in electronics laboratories. The proposed oscillators can
also be employed in freguency modulation to provide a sinusaidal
signad as a carrier sgnal wath a constant frequency and & desired
ad|usted amplibude.

Awnilabiling of Data and Matesials: The data tean suppon the fisdngs of
this study ane arealald e on reg uist fiem thi Comeigending nthac
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