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Abstract

In electronics measurements the function generators is most
useful wide equipments, which can be generate frequency sine
wave, square wave and trianghlar' wave. These signal can be
adjust frequency from 0 to 200 KH: and receive magnitude output
10 Vp-p at 1load 50 . The various signal processing use in
testing electronics circuit.

This project use IC XR-2206 is frequency generators and
indicating by digital counter which higher precision. The detail

¢ —of-project contains in all reported.
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Sine wave generators
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JUARU Sine wave UITWUINUIBAUAHIINIINYITIINAN BTIAWATOUAASLIATAE
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Fourier nIAMAANAAT UATTUNINIGUARIININAE URAYQIGMAREY, DINDY, UAL
a o L4
LUt amn

ﬂmﬂuﬁavaoﬂau sinusoidal uﬂaoﬁﬂﬁ%SUﬂﬂ total harmonic
distortion (THD) TABAMUAAH

THD = 100 (D22 + d23 + D24 + ... Dx)

B Dk (K=2,3,...) WdfvDASIRIUSENINIUIADAY KtD harmonic uazuaN

- & e v ot e -k

fundamental QUAUNSUN LIBTUNUSTUARUNNITITUN AN LHURIDHININONOHYNU
- ¢ 5 &“ -

SNWYDNAUNTUN LIES NANDIY SUARUA W Inasl (Trianqular wave) uUsznauMu

v Y "J s -. - v v o “ T

A2 harmonics A (NIUU UATVUNAVAY harmonic W KtP &uwusnu fKIUU

1713:1;51
THD = 100 [(1/32)2+(1/52)2+( 1/72)2+ ...] = 12%

gexﬁuéwﬁanﬂszunmuaaﬁgu Sine wave
ﬂguawuxngnu (Triangular wave) 3 THD 12 tﬁﬂ%lnui 1un7&lﬁuﬂsu pure
sine nﬁéiuﬁﬂﬁonuﬂﬁztﬁuﬂué ﬂﬂl;u fundamgntal ﬁqﬁu THD = 0 lﬂﬂ;tnué

Eqﬁujﬂus:aQﬁuaen17uﬁaﬂ5u Sine wave ﬁﬁﬂ l;ﬂﬂﬁlﬁﬁnﬁﬁl:ﬂu
(distortion) éﬁﬁﬁﬂlﬁW;Qzlﬁuﬂﬂ1a

U IMANALAZINATAT ! nnn;15ﬂﬁﬂunﬁsﬁmu11;au5ﬁﬂ§u sine wave I

13 - _n‘ - s - Yo 1 &
N92939 op-amp BN LNANNITVHIEEY UBNBAuaENI



Wien-Bridge Oscilator
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M 8-1 BulvznauMueId op amp unme negative WRY positive feedback
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71 8-1 1933y Wien bridge OScilator
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- Pl - Y A
NITTATITHINAITAWITONIITUINANY negative uay positive feedback

a - a o
T NINUIAINUNY noninverting amplifier B9 Vo ulumiveay

A = VO/Vp =1 + RZ'/RI

aam

Vp/Vo = Zp/(Zp‘l‘ZS)



A Zp =R // [}/jwc] uaz

Zs = R + 1/jwc
NWUATE B = Vo/Vo = 1/3+5(£/fo~fo/f)
i fo = 1/27TT RC

- 14 . -
BATINIVEIENINNAYD IR IUIAL 9 loop AR T=AB

. &
AUl
T(if) = 1 + Rz2/Ry
3+ j(£/fo-fo/£)
5%3 ﬁqﬁguuaawwﬁuuuéﬁﬁdﬁu;éﬁuaxﬂdwuggql511n5§u§ l;ﬂ f=fo w1
éwQaqaﬁa-

T(jfo) = 1+Rz/R:
3
(HEW LAANTDBNTA LANASRE HDY  IRBTIE AL sine ﬁﬂugsé L5IAB NN
A1 T(jfo)=1
UL
Rz /Ry =

wonaqaadoas feedback ﬂnﬂuiusﬂnae balanced bridge 1un10ﬂgua
nwaavtnaﬁ11uuqu1ntnu1nunﬂnsm I 0N 3BANNAE IR bridge . JnAn13
balanced ‘A aauuxﬁwaa1n automatic control tnausuaatwaauvno Rz/;1
ﬁnnnwxnﬁ1wan1waduuaqs~auﬂmm1mns~annﬁnao Rz/Ri 17001 2 IMDMIIA
A 13uRLBADA LaN uavnsvauammqmaeuaﬂnvw 2 (MBMITIMABUIAYD YHyNm
5oﬁuﬁavtnan17aaana1anvun7 A Rz/R:i = 2 N1YDOADA LAMINAAEIEN MR
vuagnunwsaaqﬂnsm MB Rz umr R Hseaumiang T 8-2 wumintng
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SU 8-2 udav193y Wien-bridge Oscillator

Quadrature Oscillators
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31 8-4 Quadrature oscillator

N3l 8-4 A i Bu983AY DUR NS LARS

Hy = -1/[j(f/fc)] uax

fo = 1/(27TTRC)
AZ  ulu uBUBULIATAY AUMINGLABS WUL Deboo ﬁqﬂnsﬂé1o 9 uaaoﬁozu
ﬁoﬁulswazigiﬁ

Hz = 1/[j(£/£f.] uaz

fo = 1/(2TTRC)
(NUATTUEAEMIHLATANISAS FD T = Hi* He (id

T=1/(f/f,)2
uay

fo = 1/2TTRC
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NVIDRNDR IRTUANINAD LUANINATU LN T = 1 wuuAn e £ = fo  MAWEL
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90 avAn nolUuﬂm1uunuaqﬂdaalvlaﬂs DRAT LR tADY ta1nwnu1n1ﬂu cosine

ua~1n1nwnnﬂao&ﬂu sine 111uoa1u110U1un1n11ua1un1u bridge nﬁuiu Ina

4
wm positive feedback u1nN1 negative feedback :nﬁﬂnnWSHﬂﬂvlﬁvu
a v X

UL VD)

Free-running multivibrator

@v o v a

a~1ﬂnlua usﬂ ﬂssuuouaﬂﬂ11u71nas ﬂﬂ 1oa$na710ﬂausuauﬂ11l?ﬂtnu
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ANSY 8.5 1939 LUSHU INHUURY positive feedback ATIWAIUNIN R1 URE Rz
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ﬁws:ﬁunﬂolawﬁqn541a5u§1 (Saturation) ; + Vsar threshold vav mHun
n%nlnaéﬁaxﬂé; + Vr 1ﬁulﬁudﬁu 017 Vsar = 13 V. éwuaoﬂawngﬁunﬁu;
uaao1u1¢115ﬂxunuﬁﬁ Vi= 5 V. 5mm1mﬁﬁauﬂﬁﬁu5ul1a;;q ﬁuqn ﬁazgnuﬁo
TAHI93F RC

BUEN Turn-on Vo ILAI9AY +Vea: W3 ~Vsat TAHAATULNA t;nﬂﬁﬂéﬂu
A0E 808 (Stable) TAHIGITHNNNINNDT AUNAANGIIANAT +Veus Vo Nay
ANy +Vsat tiwﬁzﬂg Vo= +Vi ua:uaﬂﬂ1ﬁtan§w:t§u§u Charge uay
AT +Vsat TAHEIU R aztﬁuﬂqtnﬁﬂﬁ Va gq;u1ﬁu exponential @7HA" RC
time constant

Wi Va nq DA Vp URY Vo na RAAL NN -Vsat 1uLUuLMnﬂn Ve
Lﬂnuuawn +Vi lﬂu -V m~1anvnuuaﬂﬂ1nlaa$nﬁﬂwn7 LA LNANAY
dischage tﬂu exponentlal WHeA -Vsat ﬁvlnﬂﬁn11ulnuunaﬂﬂ1u nﬁﬂn
1nnn1saﬂantavuauwoﬂatuaeﬁaﬂn Vo 3% avqau M1 + Vsat ﬁﬂﬁauﬁvauusm
luauaﬁntUuanumoluuaunuan7 AUNISAIY nﬁﬂn7ﬂnauLUUn1qldawtnn duty

cycle 1Uu 50 tﬂaﬁlﬁua lnﬁn1ﬁaaanalwnutﬂu Square wave aﬂﬁenalUﬂqﬂﬁ

Two—gate CMOS Oscillators

d ad o a

ﬂssuuouanidlUSlﬂaiawu1snuﬁu11Uuau11aslﬂﬂ1 2 8 1ﬂﬂ07ﬂ 8-9
1aﬂiu NAND %38 NOR gate luuauwaﬁaunutUuueQ$u1n111u11nns na111a11
N1SE MDA threshold uavdY17D LAY CMOS axagﬂsxu1masqnuqs:n11«
nﬁﬁué w8 Voo lﬁﬂ Ve = Vpp/2 lﬁa Iy nnﬁautﬁwﬁaﬂnﬁqiu Iz 5mm1m
Vx Ry Vo Iz ﬂuan11~n$qnun1u §UNATIBWE turn- ~on Vy aﬂns auao ™M
Vo BHILALAY UBY c qvtsuau charge 8 R 1AUATINN N Vx=Vpp nﬁﬂﬁ I
ﬂeguﬂuanumv exponential TAuHTu Ri §9HA9N Vy ﬂ000ﬂ1 I, ﬂ1nn1sa1nnq
Y8Y threshold Vi Iy nﬂ~tﬂaﬂuanﬂu UREIMINAN Vx AMAN ulaq1Uutnnﬂn

Vo DHNAIFIAA tuﬂidalﬂﬁanﬂ1au C 1uﬁ1u11ntﬂaﬂun1vm- nunaunws&ﬂanu



wlas Vo HOnAH AR INY Vy 1ﬁumlm!‘lﬁ Vy lﬂsuunn Vi lﬁu Vi+Vpp=
3Von/2 n1s mgﬂuuﬂa\:‘luﬁnum:ﬁ lﬁu Schmitt Trigger

lﬁa Vo gouaz Vx AMAY uAIT LAB Az discharge 1AHASIEIL R W10

Vy= 0 V. Wi Vy NA¥09AIYAY threshold Vi N1INM9IU8$I93TAILHAY

NAUTULLY LAY UUAD Vy f-w;uuaz Vo :ANAIAN DUABUNTT ANULUASNEY Vo

a s

« .* - a - t a
wunan vy ulasul’an Vi 1y Ve-Vop = -Vop/2 MRIIINUU Vy  NILLINA

. - t P * - 3
charge BNATINUY MM Vx = Vaga ASUdAY 1Y timing diagram

(a)

v !
Yl
0 t
Vr“ﬁo-tvy I
Yoo +-4- ‘
. |
0 t
Y =Y%o
V.
oo -
0 L. . .
T .
(b) .

71 8-9 Two-gate free running multivibrator uAz YUATY



CHOS Crystal Oscillator

.+ ¢ - P v - e -
WNASUIBUSETHBIUIINNDDEDA LR LADIADIINAIIUOUATIN (NHINTY TR H
- [ t %) - r's |1 * - «
lanusnwwaon111n RC 0advtatlasy t713:a0418 Crystal ARABR LR LADYUNY
¢ sa

nwusﬂ 8-10 us#as CMOS ﬂTﬁﬂﬂﬁ ﬂﬂﬂﬁﬂlﬂlﬂﬂ? nuuuua~1nnuun$na1uu1nnaa

ﬂuaqw1au1n CMOS EUlﬁﬂﬁlﬂﬂTlUuai ﬂﬂﬁﬁﬁlﬂlﬂﬂ’~»“@1mlﬂ1ﬂﬂﬂnnﬂﬂuﬂﬂu

nduna lnanﬁnﬂﬁnﬂ1ﬂanﬂ7qﬂnLnanﬁﬁﬂaaﬁﬂLauuaﬂ1qaﬂluaonﬂ11unnaq
ASHADA
- ) XTAL
—i0F
1 MHz '
RF
A —0
10 MQ + \
v, :
R, i
s b——AN——e B
J 2kQ
C, L C l
10pF [ 10 pF /]

31 8.10 1933 CMOS Crystal Oscillator

RIeR ﬂ%ﬂﬁﬂﬂa:ﬁﬂdwngaﬁﬁﬂ uéﬁa1u17nuﬁ1ﬂ1§u7:1&5ﬁ\5na1uaﬁwq

\Bu  32.768 KH, &WMIUUIANA digital vana 3.579545 MH, &WSU TV

tuner uAx 100 KHz, 1 MH:, 2 MH,, 4 MH, 3ud9 20 MH. &mSuufiniaa

ABA  AIAADA DDADA LA LADS ﬁ1u1Tnﬂguﬁaiﬂﬂnﬁﬁﬂguéﬂuﬂuﬂﬁilﬂﬂ;.2 A1 Ag
via

AlauIN LY Cy nﬂsﬂsunnﬁ\aiaunwsﬂn frequency ulnnsnuﬁdﬁutnuonsoao

Mﬁﬂ‘ﬁﬂﬂWTﬂﬁlﬂﬁUﬂHUU Lissajous luﬂﬂﬁﬂﬂﬂﬁnﬂﬂiuuﬂﬂl"ﬂUﬂUﬁ11N031060
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- - - P - - - v PR
AN INBIATIVANATAADRNNOINOY 1 ppm/ °C  wyitnaananizinlsstasulangig
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Perfect Square Wave Symmetry

v » & < P P .~ f P - ¢ A: [
oRaINISANUSUY INaBun  Symmetry Nuid9Y RC DAHELG LA (ADY uunla
v v

- (-4 v L o t . . 3 -
DTUTIHUIVIIAUARINSOAIITIATRHIE Tapn1TUsuseY duty cycle wutdne 50

¢ P B a “v X « -1 * A o - P alom
AT LU/ 2UINIINAN WUNMTUSUUSIAMITHIVLNUIY INDNITUHRN LRUINTUUIS
S i 4 W o Y s Ny - i o4
naEnda  inanaslannl Symmetry AU Naxluasanlsunaan 1 nlpusiguafaun

Asymmetry nulla toggle flip flop ﬁosﬂdoiﬁiaaaﬁﬂﬁ 8-11

CD4013

10 T fo‘?Lﬂ i1 fl

=1

(h)

e

(ua)

C

| }—gn
.

{

jﬂ 8-11 1935 Free running multiviloater 1ﬂu15 toggle

flip-flop
toggle flip-flop 1% D-type floip-flop (ua% CD4013 B Tamiiau input
151; D qwntﬂwﬁqn Q Tﬁu; flip-flop ﬁxiﬁtﬂﬁﬁnﬁlﬁu positive edges
TAEMNANING Y duty cycle Uﬂdzﬂﬁ;u 505UL11Hﬂu17nﬁﬁ:\a Square Wave

- - - - v b o o P4 * - -
A39  cycle IMAMWMONDDAT LAN NYIlAaNUARUNANUSUATABABAIMOINNNISDDRY
(an #nvin
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TRIANGULAR WAVE GENERATORS

& - - » X »
ArusUd N ivasy (triangular) @WSOMITEINVUTIRINANNY  charge

- P ' - - -
uar discharge BEVUAUUTE LRDIAIHUAIVBINTLUANAIN  AWIITIUYUN 8-17

o ot P . " a8 w L o - [ [ +
NSTUAAIMNABBUONULNTAE Ay B9 LUUNINTU V-I converter BUATMRANMNQNADDH

-

. ] a ve 7 cone Coa . - « .
FTAUUASTIR IR 2 SEAUNABVUADU LIDT LARSDALUNIRH CMP: B9 1Y Schmitt

v .

' (v t | VI a - 4 o
trigger M91LMIIRWATONAUARIATRE A1 BUWMIN LNDTILADIABULUUYUDYU-BU

P a & v e ~ a a ¢ L a oo
118y sty et BALARNLY 1JUANSUILALUDA Y LEIMNUAYBUNNSN LNDSAV LEGH N

L) *

a ¢ - - « ‘-
Veramp = + [Vz4+2Vp(on)] NISAIMBUANBNNNSIA LNDS  thresholed  aun

|+

Vr = + (Ri/Rz) Veiamp DIV Ry = Rz UA1 Vi = Veiamp

|+

Yr

R C T

(a)

(b)

51 8.17 179338319 Triangular wave aazTUARY
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a1n1¢w1n11nﬁeﬁuuaa02Uﬂ$u15ﬂu 8.17 b lﬁﬂl;N turn-on (t = o)
CHPz ATEIVIUDY Vsare W3R Vsars SUNAINAISIUDIAT Vsatk A9UU Vsq= Veiamp
A, navtﬂauua111a&§aﬁﬂﬁxﬂuns uauﬂUU1n1aas Ic = Veiamp/R notﬂuawtnn
M Vir tuu ramp downward naaavuﬂvn NI Vir na:aaaqnqnw threshold
~ Vr BAMNINLNAINATMIM Vaq @INBAIN + Veiamp NS - Versmp AL NAZ
WABUATIITIAN LAY IUNTEUR To = ~Voiamp/R JIVUTALABILADA (polarity)
anuban Fetunuzd Ver HAT LiuSnYoE raifp upward

WU Vir ﬁﬂsgqﬁqéwuﬂq threshold Ve A9ASBNMNIN INEILALNINNN
ANASIKINE LB 3l 9 ﬁquaaoﬂuiu 8.17 b ﬁaﬁuﬂguﬁﬁunnvaeuau—ﬁu
Lin;q CMP2 tﬂu Vp2 Tﬂﬂnqugvﬂq Super position ﬂﬂuaqﬁdalﬂﬂuﬂﬂ ﬁoﬁﬁu
ﬁlﬁuﬁlﬁu;naq Vir URY Vsgq 01A108Y  Ri NINU Rz Uad Vpz =
(Ver+Vaq) /2 UUMNAHON Vez 1 2 doygial ﬁ?u15i1 N3N LB RZNN Y 11D
Vez tilu 0 V.

- 6101131; Ver 1ﬁu ramp 330 - Vr av +Vr Ad T/2 zﬂaunﬂﬂwﬁtaﬂ§
nﬁewuﬁéwnixuaﬂq;stawuwsn1§nuaun1s\5 CAV = DAT genmzﬁﬁqxluguutﬁu
C2V = (Vciamp/R) (T/2) lﬁuﬂ11u3§oﬁiw Veramp/Vr = Rz2/Ry UAEIN
fo = 1/T

folt  fo = Re/Ry
4RC
- % o 4 P . PS P i v ' P
wa £, vunuqﬂnsmnwuuannuﬁuwnaunn fo ®WAIID LUAHUAYIARHNINAD LUDIRIN
A1 R WIDIu 10 111 3NAILAY C inuuaoﬂdwunnnaﬁnﬂnunanuawuuuuae
ﬂé{l?ﬂﬁﬂﬁ At UAZAIN L31UNITABUALAILA CMPz nﬂawuanuawo BUIAYEY R
uar C gﬁanﬁxuﬂﬁuuaaﬁuqnnao A UALAN leakage uaquﬁﬂU151aaﬁ 1913%
(3an98 JFET nya MOSFET tﬁuﬁuqn op-Amp WMUATHIY A; 1NAIIWAIDAINTELT
1uuaaﬁunavaea§5jsnﬁwzaéﬁu5anﬁnua15 CMP2 Eaxﬂﬁaﬂaﬂﬁ op—Amp lﬁuﬁd

- - [ » (-3 -
BA LB WIDD1IEANINON LU Comparator dUAdy 4
o
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& « A
n1swlasyyAaay Trianqular t1uAau Sine

- - +v - & v
NIMALAINUNIIESIITUARY Sine 3In5UARU  Triangular SAHAITUBIGIS

non-linear wave-shaping ua:ﬂﬁ:uﬁmanum:1ﬂ11qvﬂd Sinusoidal ufav

v

x » “
lunonuaqxu 8. 20 a. tﬂaﬂnlnaﬁ1wuualﬁu VTC naesﬂaaUIUU slnuso1da1

Nﬁ!lﬂ\’ﬂ]ﬁﬁﬂﬂ’lll mmmuuq ﬂ’ﬂ\) Symmetry llﬂ"l]l!ll’lﬂ?ﬂﬁmlﬂﬂ 3PV A nu VTC wp

v & 7

sﬂnau non-linear fn uu1un1$vaoﬂdwuauwuﬁanuauUaaa n1161wesﬂnau

- b4 .~ «

Sine u noﬂqlﬂuﬂnwungnunﬁwoiaﬂaﬂuWinﬂsuaﬂnn17a71eﬁauawulnaun u
“ va . & < » va 4

naguasysisyavaaulseum ity Sinusoidal  VTC  Malauaaduuavasalnsu

] o '
non-linear ¥ NIMWBALADT URAL1AAA

<
-

o w\'\‘/!

(a) ‘ )

5U 8.20 (a) Voltage Transfer Curve (VTC) naanwsuﬂaqa%n
- <
g8 inanu Ly Sine

(b) Logarithmic Wave Shaper
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‘The logarithmic Wave Shaper

.

su%Woﬂsuaann1§ﬁuﬂﬁu$~u1méwyao Sinusoidal VTC Taunwsnuauweao
(overdrive) LﬂeuﬂuUaﬂﬂlaﬂs UQUT”NHU%?HHUBG enitter-coupled BJT nu
ﬁﬁnlaas alﬁuluatsnu (jﬂ 8.20 b) luaauqnnnﬂﬁaanauLUuﬂuﬂlnmnnﬁs
B8y BJT UT~n1m15tﬁuﬁlﬁu; ﬂé10173n1ua~tﬁ11 aﬂ1aqﬂﬂ (peak) nqa
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XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an exter-
nal voltage. Frequency of operation can be selected
externally over a range of 0.01 Hz to more than 1 MHz.

The circuil is ideally suited for communications, instru-
mentation; and funclion generator applications—+equi

ing sinusoidal tone, AM, FM, or FSK generation. It has a N —
+Vee | 4 s

tynical drift specification of 20 ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequen-
cy range, with an external control voltage, having a
very small affect on distortion.

FEATURES

0.5%, Typical

20 ppm/°C, Typical
2000:1, Typical
0.01%V, Typical

Low-Sine Wave Distortion
Excellent Temperature Stability
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range
Adjustable Duty Cycle

10V to 26V
1% to 99%

APPLICATIONS

Wavelorm Generation
Sweep Generation

AM/FM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation 750 mw

Derate Above 25°C 5 mWw/°C
Tota!l Timing Current 6 mA

Storage Temperature -65°C to +150°C

~~OR A |
OUTPUT I 2 _<F

l D
MuLT.oUT § 3 SINE

CAPACITOR
L [e]

RESISTORS CURRENT
L 8 - switcHes

FUNCTIONAL BLOCK DIAGRAM

XR-2206 A\
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SYMMETRY
ADJ.

MULTIPLIER
AN

WAVEFORY
ADJ.

_l

GROUND

SHAPER

TIMIE; E ~

SYNC
OUTPUT

BYPASS

TIMIIN—G E ] i .
INPUT

[ Bl BRI === =]
L

ORDERING INFORMATION

Part Number Package Operating Temperatur
XR-2206M Ceramic -55°Cto +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Ceramic 0°Cto +70°C
XR-2206CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; &
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a sel
of current switches.

The VCO actually produces an output frequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current to the
VCO controlied by an FSK input pin, to produce an out-
put frequency. With two timing pins, two discrete output
frequencies can be independently produced for FSK
Generation Applications.

1'
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XR-2206

ELECTRICAL CHARACTERISTICS
Tst Conditions: Test Circuit of Figure 1,V = 12V, To = 25°, C = 0.01 uF, Ry = 100 k2, Ry = 10 k@, Rz = 25 k01
unless otherwise- specified. S1 open for triangle, closed for sine wave.

' XR-2206M XR-2206C
PARAMETERS MIN TYP [ MAX | MIN I TYP | MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10 26 \'
Split-Supply Voltage +5 +13 1 x5 +13 \'
Supply Current 12 17 14 20 mA Ry = 10kQ
0SCILLATOR SECTION
Max. Operatifig Frequency 0.5 1 0.5 1 MHz |C = 1000 pF. Ry = 1k
Lowest Practical Frequency 0.01 0.01 Hz |[C =50puF Ry =2MQ
Frequency Accuracy +1 +4 +2 % of fg{ fo = 1YR1C
Temperature Stability +10 | +50 +20 ppm/°C | 0°C = Tp = 70°C
R1 =Ry =20k
Supply Sensitivity 0.01{ 0.4 0.01 %N Viow = 10V, VHIGH =
20V,
Ri =Rp =20k
Sweep Range 1000:1| 2000:1 2000:1 fH=fL {I!lH@Ry = 1k0
: L@Ry =2M0
Sweep Linearity
10:1 Sweep 2 2 %% f = 1kHz, fy = 10kHz
1000:1 Sweep 8 8 % fi, = 100 kHz, fy = 100
kHz
FM Distortion 0.1 0.1 % + 10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 2000 kQ
Ri & Ro
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amplitude 160 160 mvik Q | Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 80 mVik © | Figure 1, Sy Closed
Max. Output Swing 6 6 Vpp
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 d8 For 1000:1 Sweep
Sine Wave-Amplitude 4800 4800 ppm/°C | See Note 2.
Stability
Sine Wave Distortion
Without Adjustment 2.5 2.5 % Ry =30k
With Adjustment 04-]1-10 0.5 1.5 % See Figures 6 and 7.
Amplitude Modulation 3
Input !mpedance 50 100 50 100 k2
Modutation Range 100 100 %
Carrier Suppression 55 55 as
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 V p-p |Measured at Pin 11.
Rise Time 250 250 nsec {C_ = 10pF
Fall Time 50 50 . nsec |Cp = 10 pF
Saturation Voltage 0.2 0.4 0.2 0.6 v I = 2mA
Leakage Current 0.1 20 0.1 100 uA Vi1 = 28V
FSK Keying Leve! (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 \ See section on circuit
controls
Reference Bypass Voltage 29 3.1 3.3 2.5 3 3.5 \ Measured a* Pin 10.

Kote 1: Output amplitude is directly proportional to the resistance, Rg. on Pin 3. See Figure 2.
Nots 2 For maximum amplitude stability, Rz should be a positive temperature coelficient resistor.

6-11



XR-2206

Sy = OPEN FOR TRIANGLE
TRIANGLE CLOSED FOR SINE WAVE.
SoreuT SYMMETRY AOL g . =
E j%_ 3 e
' " = 5
&
§ /|
xP-2208 AT #
g o a0 i
= i
%;-_I—w»—ov. 2
10K
hd SOUAREWAVE
> i 1uf oureut . ° verz
= " [— = OC YOLTAGE AT Pwe §
Figure 1. Basic Test Circuit. Figurs 5. Normalized Output Amplitude versus DC Bias at
AM Input (Pin 1).
L]
n]uncl: / L]
s P
/I |/ :
L] . C = 0.0 uF
/ s wave i | OratoRnoRaTIoRI
) .

—
BN
N
DISTOATION (%)

PEAK OUTPUT VOLTAGE (VOLTS)
-

~
[ _————
o 2 w0 0 100 ?
s el 1.0 0 100 103
TINING R x4}

Figure 2. Output Amplitude as a Function of the Resistor,

Rg, at Pin 3. Figure 6. Trimmed Distortion versus Timing Resistor.

[d ~ T s
f1OCIlAl
> PACKAGE
/ . DISSIPATION
7 bN ‘
| ny/ / \/\ E;ts-:‘-;i.lslvansm:
P 2x01 //\ Z 3 s
E 1w — /" é /
§ 10Kt % § 2
" // 4
£ AT e )
- Vv
10 °
) 1z 13 Eal 24 2 w0 100 [ 106 100% "
Vec ™ FREQUENCY (Mr)
Figure 3. Supplv Current versus Supply Voltage, Timing, R. Figure 7. Sine Wave Distortion versus Operating Frequancy
with Timing Capacitors Varied.
10 M1t ‘ r [ 3
HUMI\ . s {C=0.01,F
158 ) . - 2 LIERE i}
_5-: m Z . A=2XL X
e 2 § A = 200 k1) Aeoxn N
3 voxn I 2 : L_éurm“é;s“
5 rv'lv/x/:uwu.us § ’ :-:‘— A =100 \":
5 7 7 'é " —‘\-n-;un \ Ax i
T sexn // 7% ’ E \_n-ln(u
%" 7 - a=t1n\
. WerUM THANG Ay ]
102 10 102 w0t 108 —’_” -2 0 28 0 15 100 128
FREQUENCY Hz AMBIENT TEMPERATURE ("C)
Figurs 4. R versus Oscillation Frequency. Figure 8. Frequency Drift versus Temperature.
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Figurs 10. Circult for Sine Wave Generation without External
Adjustment. {Ses Figure 2 for Cheics ol A3).
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Figure 11, Circuit for Sine Wave Guneration with Minlmum
Harmonic Distortion. (R3 Determines Output
Swing—Ses Figure 2.)
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Figure 12. Sinusoldal FSK Generator.
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Figurs 13. Circuit for Pulse and Ramp Generation.
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Rp, connected to the timing Pin 7 and
8. respectively, as shown in Figure 12. Depending on
the polarity of the logic signal al Pin 9, either one or the
other of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage = 2V, only
Ry is actlivated. Similarly, if the voltage level at Pin 9 is
=<1V, only Ro is activated. Thus. the output frequency
can be keyed between two levels, f{ and {p, as:

fy = 1R4Cand iy = 1/RoC

For split-supply operation, the keying voltage at Pin 9 is
referenced to V=—.

Output OC Leve! Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 is biased midway belween V* and ground, to
give an output dc level of =V+/2.

APPLICATIONS INFORMATION
Sine Wave Generation o
Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R4 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V+/2, and the
typical distortion (THD) is <2.5%. Il lower sine wave
distortion is desired, additional adjustments can be pro-
vided as described in the following section.

The circuit of Figure 10 can be converted to split-supply
operation, simply by replacing all ground conneclions
with V—_ For split-supply operation, R can be directly
connected to ground.

With External Adjustment:

The harmonic content of sinusoidal output can be re-
duced to =0.5% by additional adjustments as shown
in Figure 11. The potentiometer, Ra. adjusts the sine-
shaping resistor, and Rpg provides the fine adjustment
for the wavelorm symmetry. The adjustment procedure
is as follows:

1. Set Rg at midpoint and adjust Rp for minimum
distortion.

2. With Rp set as above, adjust Rg 1o further reduce
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e.. S1 open). Amplitude of the triangle is ap-
proximately twice the sine wave output.

6-14
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Figure 12 shows the circuit connection for sinusoidal 3
FSK signal operation. Mark and space frequencies can
be independently adjusted by the choice of timing re- *
sistors, Ry and Ry; the output is phase-continuous dur-
ing transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V—.

FSK Generation

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminal (Pin 9) is'shorted to the square-wave output
(Pin 11), and the circuit automatically frequency-shift
keys itself between two separate frequencies during
the posilive-going and negative-going output wave
forms. The pulse width and duty cycle can be adjusted
from 1% to 99% by the choice of Ry and Rg. The val
ues of Ry and Rp should be in the range of 1 k2 to 2
M.

A

PRINCIPLES OF OPERATION —
Description of Controls
Frequency of Operatien:

The frequency of oscillation, 1, is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is given as:

1
fo RG Hz
L]
and can be adjusted by varying either R or C. The rec-
ommended values of R, for a given frequency range, as
shown in Figure 4. Temperature stabilily is optimum for
4 k@ < R < 200 kfl. Recommended values of C are
from 1000 pF to 100 pF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total tim-
ing current, iy, drawn from Pin 7 or 8:

320 I7 (mA)
TS

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at + 3V, with respect to Pin 12
Frequency varies linearly with i, over a wide range of .
current values, from 1 pA to 3 mA. The frequency can
be controlled by applying a control voltage, Vg, to the
activated timing pin as shown in Figure 9. The frequen-
cy of oscillation is related to Vg as:

P L B T o]} PP
RC Rc 3

wewm b
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where Vg is in voits. The voltage-to-frequency conver-
sion gain, K, is given as:

0.32
K = Vg = = oo HzV
RcC

CAUTION: For safety -operation of the circuit, I
should be limited to <3 mA. ’

Output Amplitude: *

Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximately 60
mV peak per kQ of'Rg; for triangle, the peak amplitude
Is approximately 160 mV peak per k2 of Rz. Thus, for
example, R3 = 50 kf? would produce approximately
+3V sinusoidal output amplitude.

Amplituds Modulation: .

Qutput amplitude can be modulated by applying a dc bi-
as and a modulating signal to Pin 1. The internal imped-
ance at Pin 1 Is approximately 100 kQ. Output ampli-
tude varies linearly with the applied voltage at Pin 1, for
values of dc bias at this pin, within £ 4 voits of V+/2 as
shown in Figure 5. As this bias level approaches V +72,
the phase of the output signal is reversed, and the am-
plitude goes through zero. This property is suitable for
phase-shift keying and suppressed-carrier AM genera-
tion. Total dynamic range of amplitude modulation is ap-
proximately 55 dB.

CAUTION: AM control must be used in conjunction
with a well-regulated supply, since the output amplitude
now becomes a function of V+.

v+ VA
. L
INT'NL-Vg
REG.
vy
t
Vg
12 1y
6§ S
£ T -
wd 1o i
vy -010
T7o—¢ g0—4

ik

EQUIVALENT SCHEMATIC DIAGRAM
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+ This figure sh0w; a technique for eandlnn'ma number of decodad output states, -
: for the SCLAO17AB. Decoded outputs are sequential within each stage and from uugo
to llngc, with no dead time (nxcopt propagation dulnv)
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e - . e . 1 AR
R When the Nth decoded output is reached (Nth clock pulse), the S-R flip~.'op .
¢ {conspructed from the SCL40018) generates a reset pulse which clears the SCL4017AB
i - to its zero count. At this time, if the Nth decoded output is greater than or equal to 6, N
the CoyT line gaes high to clock the next counter-section. The ‘'O decoded output - '
' also goes high at this time. Coincidence of the clock “low’ and degoded 0" output’ '
} R M'high” resets the S-R flip-flop 10 enabla the SCL4017AB. 4 v :
L S It the Nth ducoded output is less than 6, the CoyT line will not go high, and, .’
! t, « therefore, catinot be used. In 1his case, the *O" decoded output may be usud to psriorm ¢
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FEATURES : . '
¢ Schmitt Trigger Action on sach Input with no
External Components

Quad 2-input NAND Configurstion

Nolse Immunity Greatsr than 50%

No Limit on (nput Rise and Fall Times
Balanced (_)u!pug Drive Curnqt Specitications

oo ' oy ,

‘00.

ey g

% * A

~DESCRIPTION T iy N

b The SCL4093B comsists' of four Schmitt
trigger circuits. Esch circuit functions as a 2-
* japut NAND gate with Schmitt trigger action on

g

both inputs. Tha gste switches at different points =~
for positive- and negative-going signals. The ditler- ~
snce between the positive voltage (Vp) wnd the
negative voltage (Vi) ls datined es the hysterosis )
+ voltage (V). This device Is useful [n high-noise
) savironments and in wave snd pulse shepurs sad .
* multivibrators, o
7. — e~
¢ i D A !
X
e . 4 o
‘ LOGIC DIAGRAM
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. . Y=AB
® All Inputs protected by 3
Standard Protection Network
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CONNECTION DIAGRAM
+ 1 (all packages) ‘
h . \ .
Vpp 4A 48 4Y 3Y 3A 38,
i 1 | | | 1 1
14 33 12 11 100 9 8
. sCcL4083B
1 2 3 4 5 6 1
| T I T 1 | T
~ 1A 18 .- 1Y 2¥Y 24" 2B VSS
1 ' Y BT ‘e .
.. ’ 0 ? "
F Add suffix for package: )
B . C  14-pin Cerdip :
© D 14-pin Ceramic """ . *
- E 14-pin Epoxy. ! -
' F 14-pin Flat .
. H_Chip .
X (S i
2 11

" RECOMMENDED OPERATING CONDIT.ONS

For maximum reliability:

DC Supply Voltage Vpp-Vss .3to16 " Vde
Operating Temperature Ta
C, D, F, H Davice 65 t0 126 OC
E Device . - -40 10484 9C
. L4

A 1A — < i Vbo
o g =Y 3. 4A
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STATIC CHARACTERISTICS - inh e T -“‘?-2
1 o 3
© . . PARAMETER (‘\'/00 conoiTions | Thow v C LI R YR B
"e) Min, | Max.| Min. | Typ. [ Max. | Min. | Max |
"QUIESCENT DEVICE loo ) . L
CURRENT 5 |Vin=VssorVog| — 1005 | -~ 10.0006{005 | - {15 |uade]’
<. . 10 (Al vad input = 10301~ oot foto | - |30 i
_ 16 lcomuinetions - 10.20 - P.002 (020 ) '~ |80 4
POSITIVE TRIGGER Ve | . ‘ G
: | THRESHOLD VOLTAGE | 5 3 we | 2904y 28ty .vac
., : 10 5.9 typ . 6.0 typ K 59typ 0t
[ . 15 89typ, | '~ 'aatyp i Bgtvp
., | NEGATIVE TRIGGER V| - o ' ~oa, )
THRESHOLD VOLTAGE Vgl [ : 2.6 typ 23wp 21 typ:  |Vde-
) 10 y 4 yp 39typ 3.01yp
15 f 6.5 wyp 5.4 typ 6.3 1yp

.

ELECTRICALCHARACTERISTICS S

-:--}.l

Tl

k- 48

T S LA

NOTES: ' Remaining Smlc Electrical Characteristics are listed under

Teow =
.~ -40° (‘ tor € dpvice,

ng" = +125°C tor C, D, F, H deyl
=+ 85°C for € dewcc

{
" This device has been dn:igncd for balancued output drlvu curtan( uncmc-uom

-55°C for C, D, F, H device.

i
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"SCL4000H Sorles Famlly Spacifications™, .
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jone b O I vt e J( r
DYNAMIC CHARAC’TERISTICS (c, "SOpF, Ta =25°C) { PR , 5"3&
‘ PARAMEYER : oo | oMin L Tvpe | Make - Unitt
PROPAGATION DELAY TIME teLne ton 3 - 300 600 .-f ny.r vl
10 & 150 | 300 !
15 - 120 240
OUTPUT TRANSITION TIME | e ) 5 k 100 200 pse !
. h 10 ) - 60" 100 j'
o UdT. NI/ 2N 15 ' = 40 80 f
- r 4
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s s 74 ‘:) F £ ] i
) -I-n vec Ai 18 § » i
. B / —{ -20 ¢ 25 VA Voo = 10 Vée f;;
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CD401068M/CD401OSBC hex Schmm trigger - '

general description

_The CD401088 Hex Schmitt Trigger Is & monolithic

features

N
N
L '
P

& Wide supply voltage range V1o 16V
complemantaty MOS {CMOS) integrated circuit con- - o High noise immunity _ .. 0.2Vpptyp
structed with N and P-channel snhancement transistors, " ' )

n ; e Low power H . tanoutof2
The positive and negative-going threshold voluages, TTL compaublllty driving 74L
VT+ 8nd V1., show low varistion with respect to - or 1 dylving
temperalure {typ 0.0005V/”C at Vop = 10V), and e, Y 7418«

LA ! e .

hysterasls, Vr, VT- 2 02 Vgp i guarenteed. ® Hystoresis i : 04Vpptyp
¢ i < 02VDD pusranieed |
All Inputs are protected from dsmasge dus to static ® Equivslent to MMB4C14/MM74C14 , . o
discharge by diode cismps to Vpp and Vss. ) 8 Equivelent to MC146848 ;! Do, ', AR
schematic diagram \ ot L e om]]
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3 ';7,{,‘; w Yy Lk [ RS S SR : -+ VT W 4 9} ~;“
N oo
, : , iy : 1
I absolute maximum ratings PRI recommended operating conditions |
K] . ¥ ] Q . . N . . . ) ' P i
(Nows Jand2) , Do A (Note2),';=* *+ o0 C e ),
t : ! ". Yy Foare % ’ had ot ;A" ' P ! - ""‘) "'u"'\{.. Y‘ 4
Il Vop ¢ Supply Volugs ..t w=obwsiBvpe' " VD de Supply Voltege X - 398 vy
+1 Vin inpul Voitsge _ 0810 Vpp +0.8 Vpe | Vin Input Voltage - . 0w Vpp Voc .
] Tg S1orags Temperaiure Rangs | 5—65‘0 to+160°C . . Ta Oparating Temperature ngo z;
1] "Po Peckege Dissipatian 600 mw CD401038M N -cs'c:oﬂzs'c e
i T Lesd Tomg {Saidering, 10 seconck) | < 3ao0’c €0401088C _ VL —«w‘c 10166°C ‘i
1 »
\ 1 ' - X \0 A " &
; \ ' °,
\ - i . . H .
4 vt L " ) BV 3
. . ) - \ 8 ;
W SR . = : et
» : i 2 _ oy, . ? o L \
- ' i < Sooos
‘| dc electrical charactesistics cp4oi08BM (Note 2) Gy . v |+
' S ¥ . 4 . i',z 4
‘ ; e -£6°C 26°C 126°C iuum §
R . CONDIYTIO .
. PARAMETIRS | [y MiN | MAX | MIN | TYP | MAX | min | mAx ,
*1 7100 | Quiescent Devics Current VoD = 6V | 1o 10 30 wa |
4 Vpp = 16V 20 { ' 2,0 60 A
i. VDD * 16V 40 : 4.0 120 HA "
§1 VoL | Low Level Outpust Voltage -, | ligl< 1.8 7 - . . -,
f ‘| voo=sv ¢ "0.08 ’ 0.05 006 | v |[¢
] Vooriov  t g 006 | = ) 0.05 006 [ v, |
. x Vop =I5V . 7 0.05 | . 0.05 0.05 va |
VOH | High Lavel Output Voltage ol < tua B (A '
; - = 'Vpp = 6V 4.95 486 | & 495 vl
f . " Vop = 10V 0.96 005 | 10 |° 0.95 APNE
o Vpp ~ 15V . 14.95 1495| 16 14.95 vt
2] V¥- | NegauveGoing Thishold | Vpp =BV, Vo= 4.6V 07 | 20 o7 | 14 |20 |07 | 20 vil
E Yoluge T, VDD = 10V, Vg = 8V 1.4 40 | 14 32- | 40 | 14 40 v;.'
' Vop * 15V, vg = 13.6V 21 60 | 2y "] 60" | 60 | 2.4 8.0 v i
1] Vye [Poritive-Gaing Threshold VDD “ BV, Vg« 0.6V 3.0 43 | 30 36 | 43 | 30. | 43 [~V ’, ;
. b3 K1
B Volage VDD = 10V, Vg = 1V 8.0 86 | 60 68 | 86 | 60 86 .\Vr‘, |
. S Voo % 16V, Vo = 1.6V 0.0 129 | 0.0 100 | 1204 8.0 129 | v ]|
: i : “ o . Ao
™1 VH | Hystereais (VT4 ~ V) Vop=b&v = 10 [ 38 |10 | 22 | 367 ) 10| 28 we
- Vpp = 10V 20 | 7.2 120 | 36 | 72 |20 | 72 | v
vl v Vpp ~ 16V an 108} 30 60’ | 108 30 108 | v
| lov |Low Levet Output Cusrant | Vpp =&Y, vg=0.4v 0.04 0.61 |. 0.88. 0.36 |- oma e
" . o VDO = 10V, Vg = 0.6V 1.8 13 226 | 09 | mA' ]
1 P VDD = 16V, Vo = 1.5V 42 34 8.8 24 mA
10K | High Level Output Current | Vpp =8V, Vgo=4.6V | -0.64 -0.51 | -0.88 -038 | | mar |
e VDD=10V,Vg=06v | -16 -13 | -~225 098 {;. | mas |
Ll VoD =16V, Vg =136V | 4.2 =34 | -8B -24 v; ' mA. 1.
. . . Sa ’ L :
' N | Input Current N ’ Vop = 16V, VIN = OV -0.10 ~1076 =010 | “ T‘ S | pa;
' VDD = 16V, ViN = 16V 0.10 108 | o.10 o |t pa]
D v B .o ;{
Note 15 “"Absolute Meximum Ratings” srs those valuss buyand which the safoty of the device cannot be wuumud They are not meant to Imply 4
that the revices should be opersted ot \ho« limits. Thn wuble ol “Aecommanded Opwrating Condluom and "Eloctﬂc.l Chuuwmlc: provides q
«conditions for actuat device operstion. Y . [ , ) o . Pt k)
. Note 2: Vgg'» OV unless otherwise specified. LI 1
{‘ Nota 3: Cpp determines the na. losd e pom comumpnoo ot any CMOS device. For complets explanation, see 64C/74C Farnlly Chaucmluk:l 1 ;
| epolication note—AN-0, Lo - oy H A {
" * il 1 I ., 1 M L
(} "+ i L3 MR Y 1 os ot ! Y ‘v"“ L 1 [‘ {
si PN et s . eooox LT il
E v o b .3, oy SN . wo - Fs Ty e e, ot
| EER I e TR A L s EE L RN R
ks BT pan Lt a W P E R b e Cov s s 2% n SRR b ooe Lnse Bkt . arf b IY b iated iy MR HA
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-1 dc electrical characteristics CD401068C {Note 2) Lo T e e p
. ' - , N ' ‘b '
L) P - r .
: . ~40°C . aw'c +86°C
L PARAMETER CONDITIONS Y UNITS
¢ MIN | MAX | MIN | TVP [max | min | MAX
il ‘oo | Quiescent Device Current Vpp = 6V . . 4.0 40 30 uA
' Vpp = 10V | Lo 8.0 : [ 8.0 . 60 uA:"(‘
, Vpp = 15V .. - L1801 ... 180 .. | %0 BA
VoL | Low Level Outpus Voltage |+ l1gi< 1uA 1
, Vpo =BV © . / 0.08 0.05 006 |. v: [+
T wr 0 . )
' Vpp = 10V S 0.06 : 0.08 006 | v |
; Vpp = 16V v 0.06 | . 008 008 | 'V |
. voH | High Level Output Voitage tipl< A ? <1, 9
Vpp ~ 6V 4.95 496 | B 408 v*
1 ) Vop - 10V 9.05 995 | 10 096 | ,.|,v, |
" . Vppe1sv | 1496 14.96| 18 ) 1495 \ Vo
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