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Encoding and decoding of chaotic signal in data communication
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Abstract

In this project, a new approach for communication using chaotic signals is presented. In this
approach, the transmitter contains a chaotic oscillator with a parameter that is modulated by an
information signal. The receiver consists of a synchronous chaotic subsystem augmented with a

nonlinear filter for recovering the information signal.
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‘ 4 o o o ddo, to o & a ' 2 g
auilu 4 23 8 23 16 29 N5y 9 sunseiatiureiginshtifiauiclisiia FuSondi meea &

filo uenunsnnesmNIzvesyNiianyuTundoa(spiral-Chua strange attractor)

31l 2.6v

35U 2.6 manaeIgdnadumen
¢ oo o ) ' - v
uanunsninesvasyNanyaeiily 2 1Y (Double-Scroll Chua strange attractor); 1W31z U5 UADA 1F
a1 R Adlunuulidudadu duanlidufudunvauga deass R asly yaq uenunsa
1 4
wosFenszsi luveuwa DI uaz DO wiimsiisiduniwen)luveuwa D-1 was Do Avilu 2 29

]
A o

Q é =2 o ~ 1 l:”
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7Un 2.70
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WoaaAn1 R m"lﬂ’r)ﬂimﬂﬂmimﬂuwmwﬂﬂu"um 2 NIUULALADY)IIUNULILULBN

S £ a
LUNTADINUNUIUIRAYD

31N 2.7%

S

51 2.7 renunsanes vesyNianuawilu 2 fu

[ a 4 < Pa 9/
HONUNTARDS UV UVDIT LU UIFIFeu Tuvsuwaly Weonsudansosduszury Ul 191
dquouwalu  moldszunuFdeuveuvaly  Tuszdinsedmeldszinuddouveuwalunay
naulURveuvauen DI lumudersu SmsuSansostuszuny Ul meldssunuGadouve g

Tu fuszdensegnioldszunudedouveuwalunazdliveuvaven D-1
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unin 3
MIfIMUATMIAIN
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nanmanauveuniosmazinIosdunsenn dyaudeyasuidenssgnidisria

A U ya a g Y . a A 13 Y =

inseadalao 1933 iines uegatu (Parameter Modulation) TAgiiinTee3y 9x1l52A0UAIE STUUN
a Jd o a vy o Y Aa J o a s A A 1 @

musagelas luddyanoanneean 1a (hindAgelas lusiunesadiamos Mineads) uazad

=} o 1 a3 a 9
asesmsavegasunuy lidhuFudu

A v
1T DIE
msuegian lay 1ABBAN
a 4 : a
l4w1siiwes 00ATAIANDT
FoITY Y1
A
A3
P
JVURAMT ] - i
( J Wawosuu la
> RAGERATE >

Sl adu

Taanauneedn 1a

=) @
NI93TY

d' d‘l Y a Y Y a d
517 3.1 ususwvesmsdemsilidyananeeanuunlimsuegraamsiimes

'dy a Jd a a = a
lunil Liwﬂ%’mjmimmmﬂﬁmmnﬁﬂﬁmawqyﬁwﬁl%‘lumi‘vmam INTUNT DOAYVLA
19195 TUAUN 3
X :f(x,y,z;/i)

y =gl,y.z) (1

Z =h(x,y,z)

{ < 1
Taof x,y uag z Human1izyesszyuy
IS a J o = I o a
A dumisiliwesdmialussun uaz titludnlsdasy
a Y < a 5 { Aa 1
Tuaums (Dzay@ s ovilifhunesdndu/aountamganssu luawe A
seuulugumsn (1) a5enldduniesdelugali 3.1 dwmsuszvunensodszaudanag

szagluaums

yr:g(x’yr’zr) (2)
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Zr :h(x5yr’Zr)

Taviian1e x 90 srpudunaou (1) wgnauniitniessy dalimanig y, uag z, u

qumsii @) Tand1nd annziduduy uaz z Tuszuud (1) se1zyaldiudu - szuvdosn
1150951 (2) Falnas luFuszuutumasy (1)
S o yy A = N Y Y 9 &
wonantiudeldszySeulvueanisdalas lud13are Tasldiugiuves Lyoponov

[ 1 & A 1 4 @
Exponent Subsystem 1iludauilsznounilshogluniessy
o A A a 7 a4 VoA a ¢
szuutundeu (1) uaz szuvianniadalas lud 2) Tgafuanaieiu Ao winiimes A
1 a 12 @ % dy I~ 1 o W a {
Tuszuuges 2) marimes A vz hifinaduszuuae Fueibfudiddyve iz ly

{ a a 3 { @ a o 1
Taofazauydalimnimesi mmnzavioz 19l unsuegrandygraneedn 5119 A idlua

Toyandeansazda

Py
Wensununudeya
(3)

2=0)

]

QU

Tugums 3) i51wzimuali 4 191950095 D underlying structure Y035z UUTUIAADY (1)
uazaums (3) WSsumloudunandudr 1 lunTesaalugin 3.1

Y Hq ¥a ' < a I = 1 a
wanmanldinsani A duwsilimesimunzean uuganad) azlylumsvegianiie

2900
1. diosnn A liinasuszuvdes (2) ildmsessuausanezinsdsua i ldedi

MUEaY (Perfectly  tune) AuInTosdald Taglidilsfanisuegian drldszundes (2) 1
1 a o v ° Y a a = a 9 £ a dy °
Anaiiaes A og fazihliiAansianaia (mismatch) vosmafmes 14 FenawAanaaiiozi
a a o g @ [ g
Winanaioruiniossy Wuma liaannwvesmsfoaisanad
A ' o q ¥ A o o a
2. aums x Tuszun (1) lileglussuvdes 2) Mlvimawsanzhuoquaadyaui
v 4
15095114 TunsuuInvBINTANDAAT Y MA T 16 Tas

/?,zf*'(x,yr,z,;;cj )

1<
A dludeya aums @) 1dan szuu (1)
Taof £ unu Hafdunniiu (inverse function) A1duRaums x enmisilimes 4 aw
wanmsuda imimaiegmernidevesaums @) hldm A aunsedszinadieeninld ua

a uqqddy 0 Y a a 1 A
Tumad§iiaasi sz lvifanaide 2 ethene
' Y ' S A v o 9 a A

1. A1x Tuaums 4) Ilﬂmﬂﬂﬁﬂi%iﬂmﬂ1 x nnsessuildlanuranala (109910

dayanasuniuluszuy
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A o

a a v ' g
YaULYMINgGA ; aAM R a1l lnannveulvavounsed NIuTANsosanuassnaeiiu'ly

VOULVA

317 2.8 voutuaIngd

&% o o

a J
*UBNUNIALADT ﬂﬂﬂW]@'}JﬁiJﬂ'liﬁﬂ'I'Jxﬂﬂﬂ’)‘llﬂﬂﬁxﬂﬂ.lﬂunlﬂ UBDNUNTAADI Y

= v a Y J o 1 aa 4 Y o
[TYNIUADDAN DIBDNUNTALIADIAING ﬂ‘izﬂ@'ﬂﬁ’\lﬂ ‘Vl’liiﬂﬂiiﬁiﬂﬂﬁuﬂﬂll‘ﬂ’lﬂu
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s o 5 a A o a ' v
2. flandunndu (£7) wlidefianarafivh Idinanans gnuaom NI x
1 o o A S ; a 1 g a %
dnsznevdiai ¥ lussuumsdemsveasiil Aeflamesuun TuiluiFudu (Nontinear
1 v 4 v
filter) Favz ¥ lumsAuequaadaaa () uazwandosilamiiaaesedien Idesuelludy

[ v 4
deiiflawesi szu (1) szgadmualasld £iflu Faudu Tugae A tiufe

f(x,y,z;/i..)zfo(x,y,z)Jr/Ifl(x,y,z) (5)

v Ed ] v
Taofiaums (5) Haunsaizud 18 dus 1 ¢ lidhuFadu Taoauydldinen/oundas
' 2 Y, | ' &
v A tore FanndoagliltimIdsensenzszinua A ninaums @) Tadsiune

ﬂ:x"_fo(xhyrﬂzr) 6)
fl(x’yr’zr)

Feaums (6) Hwiiadofianaia Rretile £, =0 iy
= P 7 Aa a a = a9 ) ¢
Aszuaumsiszeenuuyiames fAlidsedniamlumsbuegian wxisudnlaslyilse T
nnaums x Tuszuy (1) ¥ linngluszuudes (2)

vInaums (5) 92 ldaumsusnued (1) Wudsauns

i ‘s, et (L1 L02] ) @)

=1 1Y 9 al | s e ey v 3N 1o kY Y A A v W Ly ¥
wiftundodldmssuiinge modda x eonl udmi liduiludesditeulusuduy (nitial
K= A A S\ Y = 4 9 3
condition) Y993z UVIENIZIUTMAA Taeia 1921935 U MeNAIAG (decay term) kx 14111) aareq

9 i\~ 8 4
T3vesaums (7) HazguAIY integration factor e vz 1A

ki ki
—c}t_(xe ’)zet[fo(x’yr’Zr)+/1fl(x’yrDZr)+kx] (8)
Tuifia k flumasfiersTms (arbitary constant) Fus1a1:1501l5uiite 17 1o 1ynve @

ay o’d'dd%’ A a A Y o a A o h
ma@,mﬂﬂamm‘ﬂmu WBDITIDUNNTADINTA t, — t LAZTHITAAIRUDUNLINIA (integration factor) &

L

t t
— x,em) = J[fo (x,9,.2,)+ kep*cdz + Jlfl EyL 2k et )gr )

ty Lo

Pu 4 A A i { g
Taofi K, AodouluFudu (x finar ey sziud x wasuudasluamnadae udn
wasuulastesnniofousuaIanaf (time constant) 14 k 793534 151813150791 A 99AN1910

a A 9
dunngala
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"y A A ) A Y A Aé’wzdwzulyd' v
u@ﬂﬂ’]ﬂuyﬂﬂﬂﬂﬂlﬁ'ﬂu‘hﬂiﬂﬁu (Xo) ZUATUDYUINUD t IWUUU AIUUIIAANY 1A LUDLI LN

aums (9) uazlsznaa A eenuiazld

4% @ (10)
@,
Tauii
wO :."VO(x’yr’Zr)+loc]zk(T_t)dr (11)
a
@ = '[fl (x,y,zr)ek("’)dr (12)

dy =S 1 T d‘ a0 A 1
aums (10) = (12) Hezdnhmstszanumluaums (6) asei lulian x uamseeman o,

v
waz o, v Idlihoin 15195018 nQURA Leibnitz agansodaliedTugdaums

@o =f0(x,y,,z,)+kx -k,

@) =f](x,y,,zr)—kzv1 (13)

v v 2
Tavfideulusudu o, =0uaz o, =0 szuu (13) % wlFlumsigidnnnd 1
Y v 1
uaz (12) sunstlawed Tu (13) Hezedlwndaasulugun 3.1
' = = e < <
anlszmmsavogaaludunis (10) sxfluguuM@ed(singulan) 1300 @ = 0 UBNIINUY
@ a 9 a v A a9 awva 9 Aa s’qg, . A
mydsznadwziiadedanainldie o, Taidesq lumalfiauaisagaissn (singularity) 0
9 t4 1 Ed
maduiivzilumiion spikes Tunisyszanaar A nshaziondau spike fioon i Hawmesuvunses

' 9

ANUARINIL azdoalaudiudIauM
Xr=q,(A-4) (14)
A a a a a a’ady Yay o a o T 8 ¢
uagonanideamsinagagassa ez lnnameswsiimes ¢, uauilu

i ‘1|“’1|

5 1+\w11 ()

q;

Tash q Fumnaiie1sin3 (arbitrary parameter) FeimrhNMuuaA1A9ANI9IaI(time constant)

wosTlawes iesaw (10), (14) uaz (15) 314
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A =—q—sgl(—w‘—)(x—w0——wlﬂf) (16)

1+|w1[

Tﬂﬂ“ﬁ sgn flo signum function

i 4, feedudiszinuvesaumsilamed #1411 §2utsweqiadu (modulation
parameter A ) uazysznoveyludaanuii] (recover) 11nMIsHOgIAN araslugalii 3.1

aumsilanes (16) f':wsfludauﬂizﬂauqsaﬁ’w"lmﬂ?mi"uﬁ;ﬂ 3.1

aquite szu (1) fluduiliznouveuniesdalald 1 Fudoulvlumsuegian dau
ssundalaslud 2) sxiudrweswdeonusnueundeasy uag sz (13) fu (16) fuflanosd
sonuuLIeRLegrandyanu Feminidoyaiigudisiall ez lavlddaulsoqaiu A

U

3.1 minnevilasliaeesvesy
' b4 1 Y
Srogsveseuudemsiioiins 19 29esdidnnsaiadiedns 19HUg 119112995909 Chua
P { LK) { A a X i v o a
3afurees il dudeumntazfufidenlunisesmenismasuiina I L dududy

(nonlinear dynamic) {ta&tABD(chaos)
= =3 9 A ) a EY A ~ 4
55 3.2 naasaslnseadiaveanssedidia s oesne ld ufendiamans Tasszuuues

U

Ed
aumsIFeyiuiail

ﬁ‘!x_za[y (L + 7k —olx )+ 2]

dr

dy

- Wz

dr i

dz

—— = = (23)

dr 4
Tavi

ol ) = ax +b7a(Jx +1‘—'x—l|) 24
Tuszuy (23) Faulsdase T sxdmduiusiuna tiilu

T= 4 2%)

R,

i x,y,z Wi
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Vcl
X =
Von
Vc2
i Von
Zi= i (26)
Von

Tavi ¥, ilusinnuddndinion’laTealuvazidumswesiialuued (forward bias)

1 a g A g
HASATWITIVINBIA N iy

(o
o= 2=
Cl
RIC
ﬂ= 5 )
RS
_RS
35y
R
7 =_5_R5R7
RZ R6R8
b = a1k (27)
R6R8

R
3 = 5 /
T M L VCI - VOUT
1
L1

+
6 | U2b

< g
317 3.2 29957IN5 04904

a <
dunaveamsuegaaIziily

R
*7[1{—) &
2

00140
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{ [~] o a @ a o 1 4 '
Taod v, Wudyapuduyavesdyguamas Tom i (runToaaumimaan)

' A o Y = P I~
AIUNTRITVILUAAAIUN 3.5 Tasaumsszuudly

dy,
dr
dz,
dr
do
. )+ ke —ka,
dr
dﬂf
— (29
dr
/ 3 8
Ver =V 2531 L
|4
e [, 3
R12 "
7 lil‘; 2N 8 [{
Ry v 7 L f_l?‘/
= VOUT
4

31]*7"1 3.3 2495fin3es3y
naziiewinguiuuvesms vegiantl i idaumsves o, (Mulsngluaums (13) mwsa
mdnevldlaomadinnzin o~ (/) 1ie T—> o datfneunsifsaludndulu 29) uas
sty (14) nselgunu (16) lddmsuaumsgaielu 29)

Tuaums (29) mdree sty

PO
Vi 7
z, = Rii,,
Vl)n
Va,
et
0 VO”
vV
4, = (30)
W o

masnamosiiu
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L, =L
C, =¢C,
C, =C,
=R =R
Ry = R,
R, = R,
R = Ry
Rs =R,
R SoRT
R =R,
Ry = Ry
Ry, = Ry
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v [ v d, x:'l =i ] FY Rl d' o d' o - a o o s
AR 139 mmmﬂumau‘lﬂm%:mmsmmh’lﬂﬂ ATDITUUASIATDITIUNMTAUNAUBNU

Qe 1 o 3 4 é s a { o z
Tumalgiaudant R, sxgnifuiie W ldnaumidsauiludyanouneedniimingay dstiu R, w2

W AY5U1E  geswu@eatu suaR,, R,uag R, esiildmiannsadsuldniesiud

szdninmgagald
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a15197 3.1 uaasden1luresnlFauldes vesszuudeas A1d199 lulesezdl

ANUARAINADUN 5%

gunsal Awesgilnyel
I 1.8 mH
& e 0.001 UF
0,6 0.01 LIF
C 0.1 UF
R, Ry, Ry, Ry, 10 k(2
R,R,R,, Ry Ry Ry, Ry, 12 kQ
Ry, Ripp Ryzs Ry 5-kQ ansasuanla
R, R, R Ry 2200
R Ris 750 {2
Ry Ris 1.2k
“F 33kQ2
Ul, U2, U3, U4, U5 TL 082, Dual BiFET Op Amp
D1, D2, D3, D4 IN914, Silicon Diode

@193197 3.1 1aAIM R, L, C va3a3ua1e q lussuy



uNi 4 MINAALIATNANINANDY
v \l -
Han1snaaesszlszneunle 2 @Iy no
-aIHUYDIB MM (Hardware)
-shuveamssassdeya(simulation) delusunsuiialild(PSPICE)
- s Al 2 .
1131 4.1 uaz 4.2 dudrvuzFunuveunsesdefitlsznouiu  msnaaesludiu

vosrunuazth¥uanu liimsnaseudionsesiieianisoniiesadalad Ind(oscilloscope)

Ay
NI93a3

511 4.1 meuenvesgilnsainiead

51 4.2 meluvesginsaiiniesda
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4.1 dielaifidyanannuegan U5ua1 R, s ldnduninmmnzaufesgluanzn
20ANAIIUN 4.3 NAWD veRAUNWI 31 kHz anudnaulufe 97.66 kHz ¥391 R, MUY
Y ' 4w g < s
TAvziifssnang 630-638 Teviu dnvuslugiliSenidudiaansoaudnunsames (double-

& o '
scroll attractor) 43 1A3 m%'mﬂuiaﬂﬂ (dual-lobe)

R S P P S K

...........................

o

I 3.78 Vpp

[0

channel 1 150 ¥, Jannud1d 5.475 kHz, vu1n
channel 2 ¥59 V,, 30210 14 31.94 kHz, Yu1ATRYaY 1% 360 mVpp
UM 43.10 wamsnaassomsunu:liunsesileTaseadalaalny lag 1, ihuunumewu

0w x), V., iiluspudiauny y)

C Viver)

gﬂﬁ 4.3.1v Namﬂmammﬂmi<ﬁ1€l60‘i’fﬂ§ﬁ(simulaﬁon by using PSPICE Program):

USunsesiiedn Tas ¥, ihwnuueu V iflunauds

22



23

Tek 100kS/s 39 Acqgs
1 I

Ch1 Freq
4.082kH2
Low signal
amplitude

Ch1 Pk—Pk
4.56 V

Ch2 Freq
31.15kH2
Low res

Ch2 Pk—-Pk
1.16 vV

—MS00Hs CR1 7 760mV
6 Feb 2003

23:10:19

Ul 4320 wamsnaaesnnduan:dyana ¥, Tuuawnauneuiu 7, Tutpunan

T gl dlciansnnnianiasoc @ UL ... .o L PO N LR L D O L I e e R e,
1

'
]
i
'
]
'

m..'»i
BTL PO W ORI R, TS Y R DR, TR AV, £ SRR N B T OO uero . BN SOpOp IR
[} Ik HUY Hws qtv; Sy
a 4ledt
Zire
IR > A C

(R egus - e
L] LY HOY bR & Sty
o ¥(¥ei)
Tire

s 4.3.29 Naﬂﬁ‘ﬂﬂaadmﬂmi'i‘imm‘lgllﬂgﬁ(simulation by using PSPICE Program):

a

dyanae 7, Tunuawieuiu ¥, Tuunuwna
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517 4.3.4 HaMINABRINATUNH:BTAIMWATNHYBIT QIR vaueHTideya N

¥

yoqan

5 1 d L
51U 43 adwrndivarhilidyanannuegana

4.2 ietloudaanasuyailudygraivnssuanss teaumsamesnina(genasi
- -~ A
weyszifaniu ldmedladwmni
Tavgiii 4.4.1 detloudyanu lWnszuaassiiluay ¥,y =-0.5 v udaunsamesn

v ]
inavuTaomiuliifan Tadduyn



51t 4.4.10 U5 mnSesdieda Tan 7, ihimnumeu 7, Thaunuia

Tek IR 100kS/s fol-3) Acqs

ICh 1] >V T CRZ —50mV M 3000s Chi 7 200mvV
510 4.4.19 Ty ¥, Tuununawieuiy 7V, Tuuaunm

G

28

Cht freq
342.8 H2
Low signal
amplitude

Cht Pk—Pk
4.72V

Ch2 Freq
31.8kHz
Low res

Ch2 Pk—Pk
116mv

1 4.4.1 aawnvvacideuduanadunailuduanaivnszuanseiioy

Tawgilit 4.4.2 iefloudyau IWnszuaassifuuin 7, =+0.5 v udaunsames

L]

v ¥ ]
fnavulaoiulifan Taddudne
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b Ch1 Freq
{ 892.9 Hz
y 1 Low signal
b amplitude

Ch1l Pk—Pk
4.96 V

:"1"1-- i~1 1l L i R e e "-" i & , i § i P L AN Ch2 F l’eq
- : \ : : . {1 29.82kHz
Low res

Ch2 Pk—Pk
130mv

ICh 1] 3V Ch2 50mvV__ M5000s Ch1 7 —520mV

7 Feb 2003
19:18:35

310 4.4.29 wamsnaaesnnBuanedyans ¥, Tuununauiieudiu 7, Tuuaunan
: ol L i - :
317 4.4.2 nduvvivaitloudyanadunailudyanalvinszuanseiiihang

d’ 4‘ d a v a | v
517 4.4 nduwnrvaeifloudyanadunailudyanalvnszuanss

G



y LY a (Y3 [ I a
43 iefloudyanaduymiudyanallinszuaady usaunsamesiinacgienay

nnaszmaivady lunszvuane 2 Tad
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71 4510 wamanasesnniuan:doudyanallinszua 7V, dudaanafinnudla q vinala q

mmsdimasesiaia lae ¥, fluunuueu ¥, fuunuda

-1 -4 =iy -1 =19 - i 1.69 1. LR
n Vivedy

Wiveld

31U 4.5.19 wamsnaaesnnmsiassdoya(simulation by using PSPICE Program):
wielleudyanalnszua 1V, iudyanaiinnudla q vinala q
mmsUSunesiio¥a Tas 7, dhunuveu 7, ihuunud

51 4.5 naumiivaeitludyanadunailudaanalinszuaady

P



k4 1 ' ¥
1ngll 4.6 ey 4.7 MudnvurFunuveunsessuiitszaeniu  mineasdludiu

b 9 1 v
yosFunuszihruau lihmsnaaeudamsesiieJanis sniteeada laa In(oscilloscope)

150451

51 4.7 meluvesginsainiessy
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a J v A T o & [
4.4 ‘ﬂﬂﬁﬂﬂﬂ‘l‘i%»ﬂﬂ‘i\lu"lﬁz‘Yi’JNlﬂiﬁ)Qi’Nﬂ‘umiﬂdi‘U

mmsdsua R, lursesvazi hitidyanudunanvegaaniniesds au

Ty

GTRTRLN

V., alas ludiudaana V., (fyanuesadaamesveuniosds Falas lud dudey
a 4 o 1Y % 1 [ ] ' o
poaTaAmOsYoUA3BISY ) Asgll 4.8 Hevz'ldn R, oglusiesyning 635-642 Teviy

Tek SMS/s

aged

Ch1il Pk—Pk
g980mv

: Ch1il Freq
S T . ¢ 30.49KH2
+ i : 1 Low signal

g g i i amplitude
Dy fistoiting dofugion obioduioien o dog £ SR R e a g g

e RS St Ch2 Pk—Pk
1 10.6mv

Ch2 Freq
oo H2

No period
- : found

Srm e o il

TRl soomv Chz

SmVy M 10jds ChR2 - 4.8mV

13 Mar 2003
02:21:06
317 4.8.10 wamsnaasnnFuan:Tuaieaileda laa 7, ithwnuuen 7, 1ihunu

(4

A4

gﬂﬁ 4.8.19 Nami“nﬂGENmﬂm‘ii‘imm{l’ﬂya(simulation by using PSPICE Program) :

Usunsesiieda lag V,, iWlunuuen ¥, iihunueia



30

Tek EIXeXER 200kS/s
i

ool 1 chit Pk—pPK
: 1.42v
1+ m“'
Ch1 Freq
31.93KH2
Low res
1 | ch2 Pk—pPk
i3 14.6mvV
it il
1]
caren
- = 2
; e Low res
ChRT So0mv— ®IF — SmvVAc M 2505 CRT 7 — 0V
B 13 Mar 2003
02:31:54

t:i Qw s = U
31N 4.8.20 wamsmasesnnsuan:duana ¥, lununauiieudy 7, Tuuauoan

PO L T o T B e Y

e ———— o
——
———
s
_—
——
P
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April 1998

National Semiconductor

TLO82

Wide Bandwidth Dual JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input op-
erational amplifiers with an intemally trimmed input offset
voltage (BI-FET Ii™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset curents. The
TLO82 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall pefformance of
existing LM1558 and most LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold cir-
cuits and many other circuits requiring low input offset volt-
age, low input bias current, high input impedance, high slew
rate and wide bandwidth. The devices also exhibit low noise
and offset voltage drift.

Features

Internally timmed offset voltage:
Low input bias current: 50 pA
Low input noise voltage: 16nV/VHz
Low input noise current:  0.01 pA/VHz
Wide gain bandwidth: 4 MHz

High slew rate: 13 V/ps

Low supply curent: 3.6 mA

High input impedance: 1072Q

Low total harmonic distortion A,, = 10,:
R, =10k, Vo =20 Vp - p,

BW = 20 Hz-20 kHz

Low 1/f noise comer: 50 Hz

B Fast settling time to 0.01%: 2 ps

15 mvV

<0.02%

Typical Connection

DS008357-1

Simplified Schematic

Voo O-

Connection Diagram

DIP/SO Package (Top View)
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Order Number TL082CM or TL0O82CP
See NS Package Number MO8A or NOSE

Vo

INTERNALLY

INTERNALLY
TRIMMED

“Vee O

TRIMMED

BIFET ™ is a trademark of National Semiconductor Corp.
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Absolute Maximum Ratings ote 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Input Voltage Range (Note 3)
QOutput Short Circuit Duration
Storage Temperature Range

Lead Temp. (Soldering, 10 seconds)

+15v

Continuous

-65°C to +150°C

260°C

Supply Voltage +18V ESD rating to be determined.
Power Disspation NGy 1 et A ek i o B o e
Operating Temperature Range 0°'C to +70°C device is fu I, but do not specific p Bmits.
Timax) 150°C
Differential Input Voltage +30V
DC Electrical Characteristics (note 5)
Symbol Parameter Conditions TLO82C Units
Min Typ Max
Vos Input Offset Voitage e U KO ], =5 5 15 mV
Over Temperature 20 mV
AV os/AT Average TC of Input Offset Rg = 10 kQ 10 pVvrc
Volitage
los Input Offset Current T; = 25°C, (Notes 5, 6) 25 200 pA
T;<70°C 4 nA
s input Bias Current T; = 25°C, (Notes 5, 6) 50 400 pA
T;<70°C 8 nA
Rin Input Resistance T,=25C T Q
Avor Large Signal Voltage Gain M.t 15T = 26 25 100 VimvV
Vo = 10V, R, = 2 kQ i
Over Temperature 15 VimVv
Va Output Voltage Swing Vs = 215V, R, = 10 kQ 112 1185 \%
Vem Input Common-Mode Voltage Vs = 15V +11 +15 \"
Range -12 \Y%
CMRR Common-Mode Rejection Ratio Rg < 10 kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 7) 70 100 dB
ls Supply Current 3.6 5.6 mA
AC Electrical Characteristics (ote 5)
Symbol Parameter Conditions TLO82C Units
Min Typ Max
Amplifier to Amplifier Coupling TRR B CHS 1Hz -120 dB
20 kHz (Input Referred)
SR Slew Rate V7 SdbY, T aDC 8 13 Vius
GBW Gain Bandwidth Product Ve, }I5V,.0) AP 4 MHz
€n Equivalent Input Noise Voltage Ta = 25°C, Rg = 1009, 25 nVNHz
f = 1000 Hz
in Equivalent Input Noise Current T; = 25°C, f = 1000 Hz 0.01 pANHZ

Vg = 6V to £15V.

orc

in the junction

Note 2: For operating at elevated temperature, the device must be derated based on a thermal resistance of 115°C/W junction to ambient for the N package.
Note 3: Unless ctherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 4: The power dissipation limit, however, cannot be exceeded.

Note 5: These specifications apply for Vg = £15V and 0°C <T, < +70°C. Vg, Ig and lpg are measured at Vg = 0.

Note 6: The input bias curents are junction leakage currents which approximately double for every 10°C
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of intemal power dissipation, Pp. T = Ta + 6j Pp where 8j is the thermal resistance from junction to ambient. Use of a heat sink is recom-
mended if input bias cumrent is to be kept to a minimum.

Note 7: Supply votage rejection ratio is measured for both supply

. Tj- Due to the fimited

usly in accordance with common practice.
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Typical Performance Characteristics

Input Bias Current
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Negative Current Limit
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Input Bias Current
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Gain Bandwidth
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Distortion vs Frequency

Typical Performance Characteristics (continued)

Bode Plot
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Power Supply Rejection
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Slew Rate
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Open Loop Frequency

Response
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Equivalent Input Noise
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Typical Performance Characteristics (continued)
Open Loop Voltage Output Impedance Inverter Setting Time
Gain (VIV) 160
s 10
W e E T AT vs= v
s =TT =1 = z 1Wmy Ta=25°C
2 | TATECTO+25 (] i g °* L 1wV
z — g g
g [ : £ i
5 =
: e = a‘ [18 mV
H 3 g \
g | 2 o I\
10K o1 1 10
S 10 15 20 FREQUENCY (Ha) SETTLING TIME (s)
SUPPLY VOLTAGE (V) DS008357-37 DS008357-38
DS008357-36
Pulse Response
Small Signal Inverting Small Signal Non-Inverting
B >
) a
S B
E €
5} 2
Q [~}
= =
H 2
w w
(L] ©
< <<
- -
- -
o (=]
> >
= -
= =2
= =
=3 =
(=} e S - =1 = &
TIME (0.2 ;5/DIV) TIME (0.2 15/01V)
DS008357-6 DS008357-7
Large Signal Inverting Large Signal Non-Inverting
=
e =]
] :
2 &
2| :
o w
o [z]
= =
= 1
S g
g 2
L= =
cf g
TIME (2 1s5/DIV) TIME (2 us/DIV)
DS008357-8 DS008357-9

5 www.national.com



Pulse Response (Continued)

Current Limit (R, = 100Q)
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Application Hints

These devices are op amps with an intemalfy timmed input
offset voltage and JFET input devices (BI-FET H). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of the
supply voitages. However, neither of the input voltages
should be altowed to exceed the negafive supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force the
amplifier output to the corresponding high or low state. Ex-
ceeding the negative common-mode limit on both inputs will
force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode fimit on a single input
will not change the phase of the output; however, if both in-
puts exceed the limit, the output of the amplifier will be forced
to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voitage
may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on £6V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

DS008357-10

The amplifiers wilt drive a 2 k<2 load resistance to £10V over
the full temperature range of 0°C to +70°C. If the amplifier is
forced to drive heavier load currents, however, an increase
in input offset voltage may occur on the negative voitage
swing and finally reach an active current limit on both posi-
tive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the intemal
conductors and result in a destroyed unit.

Because these amplifiers are JFET rather than MOSFET in-
put op amps they do not require special handling.

As with most ampiifiers, care should be taken with lead
dress, component placement and supply decoupting in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usualty the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected 3
dB frequency of the closed loop gain and consequently there
is negligible effect on stability margin. However, if the feed-
back pole is less than approximately 6 times the expected 3
dB frequency a lead capacitor should be placed from the out-
put to the input of the op amp. The value of the added ca-
pacitor should be such that the RC time constant of this ca-
pacitor and the resistance it paraliels is greater than or equal
to the original feedback pole time constant.
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Detailed Schematic
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Typical Applications
Three-Band Active Tone Control
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Typical Applications (Continue)

{NOTE 1

GAIN (dB)

(NOTE 34

10k 180k

FREQUENCY (Hz)
DS008357-13

« Al potentiometers are linear taper

- Use the LF347 Quad for stereo applications
Note 8: All controls flat.

Note 9: Bass and treble boost, mid flat.
Note 10: Bass and treble cut, mid flat.

Note 11: Mid boost, bass and treble flat.
Note 12: Mid cut, bass and treble fiat.

Improved CMRR Instrumentation Amplifier

Vs
() El NN
=% > u
112 TL082 A A
<
2 - <
R2
AAA
VA
>
QRI
>
< R3<
> > -Vg'
S 10kS S
[0
AA
VW~
RS
77 =
5 Vs

i
ol

a
<
“,

SEPARATE

DS008357-14

(2R2 ) RS
Av={==+1)=
R1 R4

4 and ¥ are separate isolated grounds

Matching of R2's, R4's and R5's control CMRR

With Ay = 1400, resistor matching = 0.01%: CMRR = 136 dB
+ Very high input impedance

« Super high CMRR

www.national.com 8



Typical Applications (continued)

Fourth Order Low Pass Butterworth Filter

R1
§1k

VinO—AAA—4

/ 1 1 ’ i, 1
* Comer frequency fe) = /FiRzcCt “27 ~ VRTRZCC! 27
« Passband gain (Ho) = (1 + R4/R3) (1 + R4/R3J)
® First stage Q = 1.31
 Second staga Q = 0.541
 Circuit shown uses nearest 5% tolerance resistor values for a filter with a comer frequency of 100 Hz and a passband gain of 100
© Offset nulling necessary for accurate DC performance

Fourth Order High Pass Butterworth Filter

DS008357-16

7 1 7 1
* Gomer frequency (fe) = \/airac2 *2n = VATRZCZ 2r

« Passband gain (Ho) = (1 + R4/R3) (1 + R4'/RJ)

® First stage Q = 1.31

 Second stage Q = 0.541

o Circuit shown uses closest 5% tolerance resistor values fot a filter with a comer frequency of 1 kHz and a passband gan of 10
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Typical Applications (continued)

Ohms to Volts Converter

Vour - v
FULL SCALE

1
1M334

e
w2

DS008357-17

1v
Vo = ————— x Ry
Riapper

Where R apper s the resistance from switch S1 pole to pin 7 of the TLO82CP.
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Physical Dimensions inches (milimeters) unless otherwise noted
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TL082 Wide Bandwidth Dual JFET Input Operational Amplifier

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Frangais Tel: +49 (0) 1 80-532 93 58
www.national.com Itakiano  Tel: +49 (0) 1 80-534 16 80

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and spedifications.



191591994

Michael Peter Kennedy,”Three Steps to Chaos—Part 1 : A Chua’s Circuit Primer,” IEEE Trans.
Circuits Syst. I, vol. 40, No 10, Oct. 1993.

Michael Peter Kennedy,”Three Steps to Chaos—Part 2 : A Chua’s Circuit Primer,” IEEE Trans.
Circuits Syst. I, vol. 40, pp.657-674, Oct. 1993.





