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ABSTRACT

CHOUICHOU
SOKSOMNAK
JUNYA
KLABHOM

CHEDPITAKSAKUL
ATIPORNTUM
KENPANKHO

This thesis presents a project of delta modulation through optical fiber demonstrator.

It consists of a transmitter and a receiver. The transmitter send the electrical signals or the

lightwave that are modulated by a delta modulator via a metalic cable or an optical fiber

to the receiver.This is useful for comparing the transmission efficiency between the metatic

cable and the ‘optical fiber. The receiver receive the transmitted signals. After that the

electrical signals are demodulated by delta demodulation circuit.

A project of delta modulation through optical fiber demonstrator can be used for

studying in digital communication and optical fiber communication system in diploma

degree.
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4.1 MsnaasIMITFaamumnhdyaamuvlany

4.1.1 Suiummaass
1. aeenoidygnaunuyTanzshii Coax Tx; M Coax Rx,
2. Ufuaiad System 11]'?;9311“111\1 External
3. 15" Uﬂaﬂ‘lf Transmission Line 1ﬂﬁﬁ1llﬂﬁﬂ Coaxial Cable
4, Usvaiag Digital Data in 1]]7'!61111?111'\1 External
5. {llaains Power
6. floudyanunduls Al 1 kHz vuA 04 Vpp e Ext
7. ﬂauﬁ’munpmﬂé’uﬁqi'ﬁ AIMA 1 kHz 1A 0.4 Vp-p l‘!’h“?'lﬂ}ﬂ Ext
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IUUDULADNIUNA ANUD 1 kHz YU 0.4 Vp-p

v

TP, A%y

v

VOLTS /DIV= 0.1 V TIME/DIV =500 puS

4.1 Ayanuouzasnduna ANNA 1 kHz YUIA 0.4 Vpp

=h.

Pl

o A 5 N e o 4
TP, doyauueuzasneIAna Falinnudimidudyaiun TP,

VOLTS/DIV= 0.1V TIME/DIV =500 uS

3511 4.2 dygnauneuzasniodiya AW 1 kHz YU1A 0.4 Vpp
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a
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TP, Ay UAAUTYT Fainnudhdudeyanai TP,
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4.2 MINAAINMINOGIaN l!ﬁzﬁﬁﬂﬂ!ﬂﬂ!ﬂﬂj!ﬂﬁﬂl

4.2.1 @1IAVVUMINAAY
1. USuaind System 1UNdwMue Simplex
2 ﬂ?ﬂtﬁﬂﬂ? Transmission Line 1ﬂﬁﬁ1!lﬁﬁi No connect

3. YSuaing Digital Data in Tunduna Simplex

a 4
4. (laa2a% Power
5. loudyunaudgia ANud 64 kHz YU 4 Vp-p 1avi5y Off Set 154U

youdanuRmMennFu U s s NA MR U WA YBId YR UM
6. floudyanunaulni aAawd 1 kHz Yum 04 Vpp dURA 1
7. MMSIFOUADITNINYANAADUN 3 AUYANATOUT 4
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o a 2 { 1w
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VOLTS/DIV= 0.1V TIME/DIV =500 uS

3510 4.5 dygnaueuzasndunanLd 1 kHz YUIA 0.4 Vp-p
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TP, AYYIUUIRNIVOINITUDYPAAUVLIAAM AR 64 kHz VUIA 4 Vp-p

VOLTS/DIV= 1V TIME/DIV =5 uS

4.6 Ay RiMANUD 64 kHz ¥R 4 Vp-p

Sh.

v
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VOLTS/DIV= 1V TIME/DIV =20 uS
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VOLTS/DIV= 1V TIME/DIV =20 uS
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(3

o = { 1 o 4
TP, dyanuuouzasnimIARAFIlin Uy ai TP,

VOLTS/DIV= 0.2V TIME/DIV =500 uS

3111 4.10 dygnameuzasnioIANAN D 1 kHz YUIA 0.4 Vp-p

(v a d
4.3 MINABLIM IAITYYUMVUTIWANSY

4.3.1 MAVTUMINADDA

1. s dyanauuuTanzi9hin Coax Tx, M1 Coax Rx,

[} o 4 |4' o ' §

2. U5va%0d System l1oghduna Simplex

3.15Ua%Ad Transmission Line ‘Mag'ﬁﬁnmﬁq Coaxial Cable

4.15va%9% Digital Data in liogAidumia Simplex

a 4

5. (laadag Power

6. floudyanuadudqgia Aud 64 kHz YA 4 Vp-p 1aBU5U OffSet 11396U
voadgaanimnnilidunumesismesidindumiduyavesdya anninm

7. Joudayanandu ey Anud 1 kHz w1 0.4 Vpp 1hiiduya 1

8. 19o0ada Tad Inmadyanunganaaoudieg
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4.3.2 #amainaae
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yanaaaun 1 83 6
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R T

VOLTS/DIV= 0.1V TIME/DIV =500 uS

o

51N 4.11 dgygnuuourasnduRAnNud 1 kHz YUIA 0.4 Vp-p

2
&

TP, AUQNAUUIRNIVYOINITVBYPAANLVATA ANND 64 kHz YUIA 4 Vp-p

v v

VOLTS/DIV= 1V TIME/DIV =5 uS

51 4.12 dyanninIveNTUOYAANNND 64 kHz YUIA 4 Vp-p
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TP; ﬁmmwmﬁwmama%snaqmmmumam

v v q

VOLTS/DIV= 1V TIME/DIV =20 uS
31 4.13 dgyanaIn1ARAVe 1S UBYPIAALYVIAAA

TP, AYQNUBUWAYDINIIAVBYAALLVAAM

VOLTS/DIV= 1V TIME/DIV =20 uS

a
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o/

@ A 4 J L. 4
AUV AVBYEALUIAaMFITANNIMAUdY N TP,

v

TPs d®y

v

VOLTS/DIV= 1V TIME/DIV =5 puS

4.15 AyUUIWNIANLD 64 kHz YUIA 4 Vp-p

=D

31

o

5 IS i Sacer i '
TPs dyanauiouzasnIARAFIliaNudIAUdya R TP,

VOLTS/DIV= 0.2V TIME/DIV =500 uS

).
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4.4.1 Suumsnaaes

1.Giamﬂﬁﬁq;npmuuuiamn’hﬁ Coax Tx; 1) Coax Rx, @y Coax Tx, AU
Coax Rx;

2: ﬂf"lj’d‘%ﬂ‘fi{ Transmission Line "lﬂagj‘?iﬁmmiq Coaxial Cable

3. 15U Digital Data in T1/ogiidumiia Half Duplex

4, Lﬂﬂﬁ%ﬂ‘-‘fff Power

o

s.ﬂauﬁ’mmmﬂémﬁammﬁ 64 kHz Y118 4 Vp-p Tasm31Tuns s (OffSet)
nnfladsunumesismesidhiidunavesdaananniim

6. W¥ilandumuniammeidi 2, 3 foudyanunawle a1l 1 kHz vua
0.4 Vp-p 1$1iiduma 1 uaz 2 mwddy

'
@ s a

7. 1ooavalaalniadyanunganaaonanig

4.4.2 HAMINAQRY
Ham3Inaaoaf Idnnmsavdy Iy Half Duplex Wuenoidyasiiyy
Tanz'ldunganazoui 7 83 19

TP, dyaNUUOUzAdN ANUD 1 kHz YM1A 0.4 Vpp

Caht
G
=).

4.17 dyauueuzann AU 1 kHz Y41A 0.4 Vp-p
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TP, dANUUINNTI AU 64 kHz YW 4 Vp-p

v v

VOLTS/DIV= 1V TIME/DIV=35puS

o

51/ 4.18 dyaanin ANUD 64 kHz YU 4 Vpp

naaag S,

TP, HYYIWUIDIWANAVDINITUDYIAN

VOLTS/DIV= 1V TIME/DIV =20 uS

517 4.19 dyanuANATEINITUBYIAN
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a =

TPy ﬁ'mmmauwmanmsﬂua@mﬂ

v v a

VOLTS/DIV= 1V TIME/DIV =20 uS

31N 4.20 Ay nuduyaveRsANEgIan

9

TP, AQQIUOIANAVDINITANDYIAN

VOLTS/DIV= 0.5V TIME/DIV =100 uS

=h.

Al

4.21 dQQUOIAWAVBINITANDYIAN
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TP, dyanaueUzaBNIOIAYA

EEE———— ]

VOLTS/DIV= 0.2V TIME/DIV = 500 uS

1N 422 dygnaneuzasnioring

TP, Sy IUNBULAONBUNA ANNA | kHz YUIA 0.4 Vp-p

VOLTS/DIV = 0.1V TIME/DIV =500 uS

).

U 423 dygnameuzasndunn AR 1 kHz A 0.4 Vp-p
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TP;; AYIMUUIANM ANUD 64 kHz YUIA 4 Vp-p

VOLTS/DIV= 1V TIME/DIV =5 puS
311 424 dygnannitni A1 64 kHz YA 4 Vp-p

nAAINY S,

TP;s ARy IMdUNAYDITINOQEN

VOLTS/DIV = 0.1 V TIME/DIV =500 puS

311 4.25 dygrudunavessueqian
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TP ARQRNUBIANAYDINITNDYIAN

VOLTS/DIV= 1V TIME/DIV =20 puS

4.26 AYYIUOIANAYDINIINOYIAN

=h.

Fil

TP, Ay INUdUNAYDINNRTANDYIAN

VOLTS/DIV= 1V TIME/DIV =20 uS

a

4.27 Ay UBUNWAYDINVIANDYIAN

=h.

Pl
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TP,; AYYINUIDIANAVDINNITADYIAN

VOLTS/DIV= 0.5V TIME/DIV =100 puS

UM 4.28 dygnauerdinavesnesiuegian

TPy Ay UUBUTABNIDIAYA

VOLTS/DIV= 0.2V TIME/DIV =500 uS

=h.

31

4.29 dyguneuzaDNIDIAYA
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[ d
4.5 MInanvIMIaIT Y IUUagINan

4.5.1 MAVTUNINARDY
1. seswhdyanaumunlanzid1i Coax Tx, AU Coax Rx, AT Coax Tx, AU

Coax Rx;

H
14 o Ll

2. Usvaiag Transmission Line "lﬂagnmlmm Coaxial Cable
3. YSuaind Digital Data in "lﬂagjﬁﬁumu'q Full Duplex
= o ;

4. aa30Y Power

5. floudyanundudigsaniiud 64 kHz YA 4 Vp-p Taomsil$y OffSet 1598y
vnilindunumeiismesishidumisduyavesdyananaiin

£ (\'I & o d' Qs & o d'

6. 1¥ilandunumeisaasfim 2,3 floudyapanaulsinnud 1 kHz v

0.4 Vp-p 191710UWA 1 Ay 2 Muday

o

7. 1¥00adalaa lnYadyanuiiganadendieg

4.5.2 HAMINAADBY
Hamsnaaei Idnnnsdsdyanauuy Full Duplex umohdyaauuy
Tanzldunganaaeuii 7 da 19

TP, dQ@uuouzasn ANUA 1 kHz YU1A 0.4 Vp-p

4.30 dygnauueuzasn ANUD 1 kHz YUIA 0.4 Vp-p

Ca
e
=a.
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TPy A IUUINN ANUD 64 kHz YUIA 4 Vp-p

3UN 431 dyaannim Anud 64 kHz YUR 4 Vp-p

nAAING S,

TP, AQYQNUBIWWAVDINITUDYIAN

VOLTS/DIV= 1V TIME/DIV =20 uS

11 432 dyapanerdnaveiaesueqian
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TP, AYQINDUNAVDINITANDQIAN

VOLTS/DIV= 1V TIME/DIV= 20 uS

51 4.33 dyapadunavsinsivegian

TP, dgUILIANAVDINITANDYIAN

VOLTS/DIV= 0.5V TIME/DIV =100 uS

=h.

31

4.34 dyy0NUOIANAYDINVTANDYIAN



39

TP, dYYIaueUzasNIDIAYA

VOLTS /DIV= 02V TIME/DIV = 500 puS
31N 435 dyapanenrasnioriya

TP, dQYQIUUOUZABNDUNA AIND 1 kHz Y41 0.4 Vp-p

VOLTS/DIV = 0.1 V TIME/DIV =500 puS

4.36 dYYNUUPUTADNDUNA ANWD | kHz YUIA 0.4 Vp-p

=h.

il
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TP;; AYYIUUINM ANUD 64 kHz YUIA 4 Vp-p

VOLTS/DIV= 1V TIME/DIV=5uS

4.37 dyanauIWnI AUD 64 kHz YU 4 Vp-p

=h.

51

nAAIAY S,

TP;s YUY INUDUNAVDINITUDYIAN

VOLTS /DIV= 0.1V TIME/DIV =500 puS

=h.

1

4.38 FYYIUIUNAVBINIITUDYIAN
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TPy AR IUOIANAVDINITUDYIAN

VOLTS/DIV= 1V TIME/DIV =20 uS
31 4.39 dyanaierinaveseIuegan

TP, FYYINUBUYAYDINITANDAYIAN

VOLTS/DIV= 1V TIME/DIV =20 puS

=

UM 4.40 dygnudunavevsANDgIan
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TP;; AYYINUIBINHAYDINITANDYIAA

VOLTS/DIV= 0.5V TIME/DIV =100 puS
d' @ o o
g1l 4.41 dygnaueIdnAveINTANEgIAN

TPy Ay IUUDUZADNIDIAYA

VOLTS/DIV= 020V TIME/DIV =500 pS

5UN 242 dyanaueuzasniordya
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dauii 2 fle MmInaasamsveqian uazRvegiaanLIRaMIEIFyRNY LY Half
Duplex

daufi 3 fle mInaaeamINegian tazANegEALLIRAMATY S U Full
Duplex

Tasmsuegaauuunan annsondadagaldedngnded tazmsfveqian

o o Aﬂ'd = dy as = -] v
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y
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asomld dieanlfledisaitulddmsumaianniulasase dyapaildenn
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. - o A [} A P
MINOYPAAILVUIARMINZYNAANDUS LAVUTIAUA (WBHIU Low Pass Filter Ta9zii1 151l

o 4 $ Aa ' &y
ayIvau mmsauﬁmmmmm"lmaﬁusmw*uaq Function generator cm‘lmnmin

udla1d

5.3 llﬂ')ﬂ'l@ﬂ'lﬂlfﬂﬂl HazMINAN

o d o 4!’
it ly nazWannganaaslinail
1. Samdeyanoafunguiiues DM s1nmis@en1u183ngy 1aze1n Intemet
s L] n:' [~ U oy 13 : [ J o
2. teudyananninunmziduuinldunled DM winiulaomsysumszdy
usaiuseiradyananimiifndunuesismed
3. gunsalluaesuedai hifisiminlutesaarn Aldldgnsalhtinlndifioe
uazlmAnuEanaIndl
4. minaasd IMnaasuunesiuiiendilgmidgygissuniu
[ 3 - A 1 %
5. MIVBNUVVAWNIT ABIMITIDWAYeIWNITRURFTINansznudond
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Msnaaeen 1

399 mIdsdgnarummhdyanauvuiany

Taquszaan
1. efuondnmsasdygurisnidgansuuulans1d

2. vonddefdaidovoamsdidyaarumanihdygranuulans 14

A a ¢
138340 tazgnsal

1.ganaasnlfiamsuequadyiutuumamdshumnihdyapauuyTans 1A

2. soddalaalnl 1(A399
4o s s &
3. Handunuuesisnes 11A309
4. awihdyga Tans 11du
NQ¥{] HazNANMI
<t
malauen¥ua

awlnuenSrafuaof lluamutiqe ftunldunumeguum molauen-
Brailssneudaedni 2 dvumusudy uagmimovenezlFougdidhuusudai.
dousouuviadniriimde Feahunnguinanldunusauiu fuaadluglit 1 (@)
uiednimoluszialdediuaguinarnidduladimandnalmwes &l 1 () udo
v s Indranasasauiuietafu Iurisinime luuuaguina fguii 1 (a) A14
awlnendvan fandidrosunaruuy  wwenilulszanudn 9 1dmudnuas

51519 10uen ABIVY Flexible,Semirigid, ttazRigid
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11 1 (n) e Tnueniya

@) upulfladianasnansaes

@) uuu s lvdn ladianasn

1A - =
msdantulumelauenidua
v L 4
mwolawenidea TasudeTuilunsdauannsmonuuguunniumes asiuiy
ar H g H A y' LY
Rawsadudaniu TEM 18 uazBonTvnuamsdandu TEM #i91 Inuandn (Principal

mode) %38 Tnuaau (Dominant mode)



48
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2 manszawvesau i uazauuniménluaw TaueniSoa
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msaanddiidh wiendumimaniy W lumelawenFoariunszvilay
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mOuiman H aufiadenseunvsdnigudnannoly vmapmandusuuivih &
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10 o a ' A
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molu wazdnimouen daunmnduvesauminimaniuegiulSnavenseuad
2 1 4 [ [
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ri+2

51 3 fimneeun E uaz H lumsnszaw lawaeTanenidoa

o [ 4 1

A R ) [} s a : 4’ Y
dmFusmusnaausssniuwiman Iihn@uma llavaniy. ezsyuegiu

¥ 9
finudveadaiues uazmniddladianadn spudndniniaes ediiavesaeln

IA . o 1 4 - o : A *
ueniFvasgimanumdsan iifiarudgeun) dniuawlawendva Fuinulu
Tnuandn wielnua TEM Fedeidlugnsaiinldamlunouniudndn wiequnsal
7 4 - 1 & A s d

UBFAUUUA ( Broadband device) azfaingnnduvesnawniman i luawlaien

Foa fuae lannaunsi 1 Ae

~u

C

= 1
X (1)

naums ssmiun denslasiaantnildlumediuverma dniueaduey
) 4 ] o $ t ) =y a é
Tindoundas AsviuanusaduluSanls udamndildasladanasndunen
mileninomanda manusnnaunelusranas
\ é n:; 1 o s o
amsdendululuuangenidmdumelatenivun
Tuuaiigani n3e leiooseaiass Inua ( Higher - order mode) 9ztiia ldtiionay
A t:' -] 9 =1 " o P A a Y]
smnaui 1¥ia ndiRsamTamirduvmanenmonmeesas Tauendoa Fefianmda
3 : v A 4 4 H
¥ Tnuafiganiannsodenauldimwizndu TE n5e ™™ Tnuamsdanduuuyiies
= ' : . . ° o ' A ; 4 o
fiamshiaduaue (Discontinuty) @MFUMANNOTINAUMTA NTOANNUIINAUAN

povfigunsadinau TE luauaoTauendva mildTasldszoadusoun dsgili 4 (n)
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. S 4 i o o v
MITAW$ MU n (n TMAWA 1,2,3...) ¥8aATIANNEMIAAU ATudmTuInua TE 9

14

27 (n+r
A' cutoff = T
toff n { 2 }

“
= = () 2)
n
Tay
A cutofr = AMWEMIATUANOON |, m

r = $rtiduluvesdnimiouen, m

o 4 oo
Fafianiuonvewwd malu ,m

r
o ' 4 A o
n = 123 ... WM NuIAduiaToun
nay, n=1l¥dmsvinuandn)

) E 4
auamenauimes luTnua ™™ vumldlagaums
2
Aot = 2 (r2-1)

WS
Mg = AIUOTINAUANDON , m

1 satidu luvesdnihneuen , m R

Fafidnvenvednimelu, m

n

° L A g (Y 1 o o
m 1,2,3 ... SIHIUMIYOIATINNVIMIRAUIATEN A1)

TELI TE2I

4 ! A4 o
3N 4 duseunildmanusnaduinesrvesaslnueniFua
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doyadnyeiiuaai Tnuavesndumiman il dmsy leiwososines Tnua i
1 4 [ 1 4
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v
wuuTaneniFoaiuunmudodoygdnwal T™,, uaz T™M, msnszarovesau Wi uaz

] d o 4
awnimandmiunsdl TE uaz ™™ leesoaines Inuauaas13lugdi s

511 s Tnua TE uaz ™ #ildiulasim ldmivaelausniFua

A y o a a a A4 o A 1 A
psdiis 1¥moniians ladaansnsiadunuenmiionineima  AANNGIIAEY
funsnszowluavezgnaanoudlsmininiiaosvesmmdivedladiannsn - & o

aumas
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ﬂ\ﬂluw'I%3lllﬁﬂ1ﬂ'3'lilﬂ'nﬂauﬂWﬂﬂﬂﬂ'lllﬁllﬂ'ﬁVI 44z 5 li‘luﬁumi"lnu f19

AMSUTHUATE ;. Aoy o = (4 1) VE° (4)
n

AMSUTHUA T™M; A curorr - —?—(rz-r,)\/; ’ (5)
m

ansAmesanndNRuauT v sanalale T
1 a a o = o a Y 9 [ o o
A1NTALNDS a8 ND WA uaud vova 1w TausniF sauan lda10a1ud W UT
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o t o (K] a a a a8 4
naunseuru ldnnnaumseznu ldnmmusamesaanduAlaUFveITe
;4 1 4 v } 4
Wi Yusgiumdandiuvsuduruguinanvesdniniaes lildvusgiuviiaves
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Tasianasn voas ladanasni ¥ lumeasiudiaunsodoams TaueniFoaniiidunu

L4 “ e ] LY 3/ [y (B3 - L4 - ] (Y]
guinanvewdniwniuidoiu1d lashifamsiauumy Modnovnidan
[] D Y ' v 1 :
fm - s umnmiu

MauTumIinaasy

. Assuiidyanauuy Tanzid1# Coax Tx, i) Coax Tx,

[\

. YSuaday System Tdmna External

v, oo < — < . ' )
3. U§Ua2a% Transmission line "lﬂwmlmm Coaxial cable
4. 15vaiaY Digital dati in/ out 1UNAWMUA External

= L4
. g% Power

AN W

< o < 4
. Mardusumesismes loudgyanalaniion dlinnud 1 kH, v 0.4 vp-

o a o - o P
pi EXT Heoadalaalnlfadgygnai Tp, ufinnain 14

VOLTS/DIV= TIME/DIV =
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o o

7. 1¥eoadalaalnliadyauil TP, tuninHa

VOLTS/DIV= TIME/DIV =

=h.
=%h.

U 7 dyyapah TP,

o A < d' {
8. floudaygna aumadivdatinnud 1 kH, vwm 04 vpp 1 EXT 14

soadalaalnTadyqnui TP, Tulinka

VOLTS/DIV=__ TIME/DIV=
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9. 1¥onadalaainlindya ah TP Tuiinka

VOLTS/DIV = TIME/DIV =

agUnansnAass
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o { { [ o o
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usuzaen Sample ﬂq|qm Fcu
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v 1 4 ' ¥
DAC fifidinT1un10veed0t13 d1995iudu / a3 Wuidndu asdn 1 szgndeeen’y

uAdniuasasin 0 sxgndioen i

& v/ o A
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iudee Iddyanaueuzasnifn
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INVTHMINARDY
1. Wvadad System Tufidwma Simplex
& a & . . s o '
2. U5Ua3a% Tranmission Line "lﬂnmtmm No Connect

. Ysvaing Digital data in /out Tdfduina Simplex

W
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4. laa3ad Power
« L4 P s [y o
5. floudyaaunddiod anud 64 kH, 1110 4 Vp-p TasmsdSussauusduoeviza

nnflsidueuiuesisinesinduyavesdyanannin Yadyanui TP, Tudiona
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VOLTS/DIV = TIME/DIV =

=h.

3UN 4 dyanadi TP,

‘ll oy « o J :
6. ¥ilsnsunumesisimesdndrffoudyanamnoiiod Fsiinad 1 kH, vurn 0.4 Vp-p
y

[ B

wdune 1 1deeadalaalnliadyanail Tp, Yuiinwa

VOLTS/DIV = TIME/DIV =



7. Yeoadalaalnlindaanui TP; uiinwa

VOLTS/DIV = TIME /DIV =

1/ 6 Ayt TPy dryaIUi TP,

8. #10 TP; 19111 TP, (BUNAVD1995 Auagaadyauuuuaant)

9. 14ooadalanInlindyn i TP ufinHa

VOLTS/DIV = TIME/DIV =
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10. Ysunrudvesdaananniinuiiu 9.6 kH, | 16 kH, uaz 64 kH, MuAFY tazia-

daynye TP, Uy TP, Nuiinka -

VOLTS/DIV = TIME/DIV =

=),

il

8 doyq1uil TP; AT 9.6 kH,

A

VOLTS/DIV = TIME/DIV=

9 doya 1 TP, AWD 16 kH,

=h.

P
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VOLTS/DIV = TIME/DIV =

317 10 dye0i TP; 12700 64 kH,

VOLTS/DIV = TIME/DIV =

UM 11 dygad TP, A2A 9.6 kH,

o
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VOLTS/DIV = TIME/DIV =

517 12 dyapafl TP AID 16 kH,

VOLTS/DIV= TIME/DIV =
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s o o P=1 li' Yy 1
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External : 9 1 unsd@ifisudyanasinmouendaun
2.3.2 Data In : Hiudruniunumsddyanadiimmsuegaatuuman
falifesdveganuumaan Uszneudis 4 dau fie
- Simplex
- Half Duplex
- Full Duplex

- External

H
& £

[
2.3.3 Transmission Line : iiludquniuqumsidenldmmihduyanaiies

v o

Wdsdygnuiiiiunsveganda lildnesavegan Uszneudas 3 daudle
- Non Cable : hideswnidgenalflunsdinsznansdedionnga
naaol

- Coaxial Cable : @i dyanamuyTane

e

3. audseneudiunds Uszneudae
220 V : Hlugadeusaduvih 220 v

(3 =

Input 1 : Yafleudayananeuzasn gafi |

1
o =

Input 2 : yatloudygnaueuzasn af

o

@

Clock : yatloudaanauiiim

e/

Ext : yailoudgyananinmouen

Coax TX; , TX,: ademwihdyanauuyTans annesueqan lfinesiney
ranumamarumnihdyyunuyTansFwsdosdodh Coax RX, 130 Coax RX,
(Coax TX, #0I91f1 Coax RX, WAL Coax TX, ABIENAY RX,)

Coax RX; , RX, : yademnhdgygnanuylansnidniisnsaveqaauuuinam
avimeihdyanauuylans @ohdyananuylan: swdeeinga Coax TX, doidh

U Coax RX, (laz Coax TX, A0 RX))
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' as ] - v a va 5 o a: &S
4. minaasdadyanarnummhyanauuulanzsl§iidmutunsudail fe
¥ 'Y o 1 - A ]

1 somnhdggnuuuyTanzngade Coax TX, WINY Coax RX, ¥e8gau
NAVBIYANAAD

2. USvaind System TUfidwMUL External

3. USvaiad Transmission Line 1U#dumua Coaxial Cable

4. U5vaind Digital Data in 1U#dumia External

o U4 ’

5.0a870% Power

6. Wiladdumuesismesloudayanundulninie Tyaudgsanind 1 kHz
YHIR 0.4 Vp-p n’fw"lqﬂ Ext

7. Yooagalaalnliadyanaiyanadey TP, uay TP, muddy

Re

5. MIMARBIMINBGIRAIRzANBgRALLUIAAM AealfiRmuiuneuiai
1. USuaing System Tdumda Simplex
o P o 0Y . . eio T
2.Al5Ua%% Transmission Line TUN@ MUY No Connect
3.15va3ad Digital Data in 1Ufidwma Simplex
a 4

4._lﬂﬂﬁ’1ﬂ°lf Power } -

5. foudgyanandudaia a1l 64 kHz vua 4 Vp-p TasmsSuseaunsadiu
OffSet MnHlafdusuuBsIInpsIi NS uNAvesdIaIRM

6. toudyanundule a1l 1 kHz vwin 0.4 Vp-p il INPUT 1

7. Meoadalaa Tl iadgyananinganadeusieg

6. MINARBIMITITY/UUVY Simplex UHTAMNTURUFIH

1. someidagnauuulans 9% Coax TX, U Coax RX,
s a Cd * ld' ° [] .

2. dSva3ad System loghiduwmiia Simplex

3. ﬂf'ﬂﬁ%ﬂ"g Transmission Line ulﬂﬂlj 'urmiq Coaxial Cable

4. J§ua3nd Digital Data in liegfidumia Simplex

5. laa3ad Power
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6. foudaanuaduigianud 64 kHz vua 4 Vpp Tasmadfuszaunssay
Off Set i FuuUBIsInesIdNBUyAve IR AUIR
o 4 el o = Y o
7. foudyanuadulyiddinamug 1 kHz ¥11a 04 Vp-p 1919 Input 1

8. 19ooadalalnliadyanuninganadouding

7. MINARBINTATURNMUUVY Half Duplex ﬂﬁffﬁmuﬁv’umuéfqﬁ fin

1. Gi'amﬂﬁ1?7&;&,;13111111}%11:(1’1’175% Coax TX, 19111U9A Coax RX, @Y Coax
TX, 11U Coax RX, e

2. Wuaind System Tfidumis Half Duplex

3. Ufuead Transmission Line Tlogiiduiniia Coaxial Cable

4. YSvaing Digital Data in 1118(37;9‘\“11111'\1 Simplex

5. \Uaa3ad Power

6. ﬂauﬁmmmﬁ"m"qs"amwﬁ 64 kHz 4419 4 Vp-p TaomsUsussauusau
Off Set MnilarFuIULBITADTISTTiBUAve YRR

7. foudyanandulnidilaamd 1 kHz e 04 Vpp (7 Input 1 1Az 2
AUAINY

-

8. 19seddalaa inmiiadyanuvinganadou Tavdeanaaing sw, nie SW,

1 o

4 £ v W
NaMMIINaANUANA YU I

! . a va ) (¥ :‘1’ A
8. MINARDIMIATYYINUUY Full Duplex UHUAMuTUnoUAI D
L domnihdyanauunlansidinge Coax TX, 191119A Coax RX, AT Coax
TX, 1[91fUgA Coax RX,

2. YSvaiad System Tudwimia Full Duplex
3. YSua3ad Transmission Line "h.l’c)dﬁmlmﬁ\‘l Coaxial Cable

o Py L4 . . . 14 ° s
4. 15197909 Digital Data in "lﬂagmmtmm Full Duplex

a L4

5. (UaaIad Power
6. foudgygraundiudgianud 64 kHz vu1a 4 Vpp TasmsUsussRuusadiy

Off Set MnHenFunuUBITIneT I NBUNAve Ty MR
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o 4 2 1 1
7. floudyonandulaniddinand 1 kiz vuna 0.4 Vp-p 1977 Input 1 uaz 2 AW

Do
-
=

8. 1¥epndalanlnlindyinningananey Taodsnaadad SW, nio SW,

A - A o o s
INONINMITHAANUIT LAY IW
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Order this document by t1C33182

IS
(AR B TORDLA

Continuously Variable Slope
Delia Modulator/Demoduiator

Providing a simplified approach to digital speech encocing/decoding, the -

MC3418 CVSD is designeo for military secure cemmunication and
cemmercial telephana applications. A single IC provides both encoding and
dacooing fulctions.

o Encoce and Decode Functions on the Same Chip with a Digital Input

for Selection

Utilizaticn of Compatible 12 — Linear Sipotar Technology

CMOS Compatible Digital Output

Digital input Threshola Selectable (Vcc/2 Reference Provided On—-Chip)
MC3418 has a 4-2it Atgorithm (Commercial Telephone}

Representative Block Diagram
En:we&ﬂ; Clock
[AL] ?u
anag 3| ]
o Y {
Anarey _ & R
o Feedtack gl
Digitat 13 Ny
Dats tnput s
o g 3- or -6t 4
- > Shitt Register .
Oigity 22 [-' = -leg's-l -
Theestold ™ Hyp, 0 0i0 Q ll) i ? ? .
Logic 11, ¢ sacicence
- Outout
Digial__3
Outowt ~ l va . ..
5 Convener
Vo2 30 | Vo2 Integrator 4 e | 3 ——
Oeg;-—— 34 Amofies igd L /’!;_—;—o%vﬁbccﬂ:&r
- Swich \_, ‘o -0 u..n;go:\lr:.l
I i
o TSR e
v [ 1
74 5646
Angiog Ret Fiter
1 Qutput  lagut  tnpul
8] i
This cevice contains 144 active transistors.

MC3418

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED IC

SEMICONDUCTOR
TECHNICAL DATA

» P SUFFIX
PLASTIC PACKAGE
CASE 648

DW SUFFIX
PLASTIC PACKAGE
CASE 751G
(SO-16L)

PIN CONNECTIONS

Anzlog Input E . l 15% vee
Aastog Feednask [ 2 ] 15} EncoderDecode

Sybavic Fiter (3] Clocs
Gain Control [I 13§ Digia! Datz Iag st 4=
Re! lnput (-} L?_ El Digitat Thresho-a
Fiter lnput (- [__6—__ 1] ch:m_ce Qupt

2na.0g Outest (7 | (10] vz Ontput 1
=z (2] ¢ ] Oigitat Output
(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Fachage
MCa4180W | SO-16L
I~ { TaA=010470°C +————
mcanep | i Plastic DIP |

MOTOROLA ANALOG IC DEVICE DATA

* ttaterola Ing TE9E
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LAXIMUM RATINGS (Alt voliages referancec 19 Yz, Ty = 25°C.

unlass othervase noted.)
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Rating Symbol ! Value Unit
Power Supply Vollage Voo ] ~0.410+18 Vde
Ditlerential Analog Input Voltage Vip 250 Vdc
Digital Threshotd Voliage VTH -C4Vee Veo
Logic Input Voltage I Viogic Vde

Ctock, Digital Data. Encoce/Decode ~0.4 10 +18

Coincidence Output Voitage VG(Con) -0.410+18 Vee
Syflapic Filter Input Voltage Vysyl) -0.4w Ve Vde
Gain Conirol Input Voltage VIGC) <04t Vee Vdc
feterence Input Voltage Vigren) Vee/2-1.0to Voo Vde
Vo2 Output Current Iret -25 mA

NOTE: ESD cata avaitable upon request.

ELECTRICAL CHARACTERISTICS (Ve = 12 V. Veg = Gnd. T = 010 70°C. unless otherwise noted.)

4 Characteristic Symbol Min Typ Max Unit
I Power Supply Vohage Range {Figure 1) Veea 475 12 16.5 vee
Power Supply Current (Figure 1) icc mA
;@ Wle Channel 5
! vegesov - 37 5.5
vee =15V - 6.0 1
Gain Conirat Current Range (Figure 2) ” IGCR 0.002 - 3.0 mA
Analog Comparator Input Range (Pins 1 and 2) vi 13 - Vee-13] vac
478V Voo S165V
Analcg Output Range (Pin 7) Vo - 13 - Vee-13] vde
475V Ve S165V.1g =150 mA
1 input Bias Currents (Figure 3) T2 pA
Comparator in Active Regioa
Anatog Input (11) - 025 1.0
Analog Feedback (12} N 0.25 1.0
Syltabic Filter input (13) - 0.06 03
Reference input {I5) - -0.06 ~0.3
i input Ofiset Current 1o pA
; Comparator in Active Region
Analog InpuvAnalog Feeoback
"1 - 12! (Figure 3) - 0.05 0.4
+  Analog inpu/Analog Feedback
‘15 -16 (Figurz 4) - [t X3} 0.1
" input Offset Voltage vio - 20 6.0 mV
i VAl Converter (Pins 3 and ) (Figure 3)
; Transconcuctance gm mAmvV
i VA Converter, 010 3.0 mA 1 0.3 -
« lIntegrator Amplifier, 0 10 5.0 mA Lead 1.0 10 -
" Propagation Delay Times (Note 1) us
Clock Trgger to Digital Output pLH - 1.0 25
Cy = 25 pF 10 Gnd tPHL - 0.8 25
Clock Trigger to Coincidence Output PLH - 1.0 3.0
. CL=25pF10Gnd. A =4.0kQ o Vee 1PHL - 0.8 20
¢ Coincidence Output Voltage - Low Logic Stage Vo cCon) - 0.2 0.25 Vde
loL(Con) = 3.0 mA
NOTES: 1. Al ¢ delay times 50% 10 50% t:c-n the negative going (from Vi 10 40.4 V) eoge of the clock.

2 Dynamic to1al foop offset (TVotiset) ecuals VIQ {comaarator) (Figure 3) minus ViICX (Figuts 5). The input offset voltages of the
analog comparator and of the integrator amplifier include the effects of input offset current through tre input resistors. The slope

DAY SHILCN Current MISMAICN ANPLATS 3s an averace voRage across *he 10 k mntegrator resistor. Tne clock frequency is
i¢ total inop offset s leLs nan one-hatt of the change in integrator

32 ~Hz \dle rhannel perl ce is g

outzadt voltage dunng one clack Cycle iramp steo sizev Laser 1Inmming  usead 10 ersiwre good idle channel gerformance

#1rs ay

MOTOROLA ANALOG IC DEVICE DATA
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MC3418
ELECTRICAL CHARACTERISTICS (continued) (Voo = 12 V. Ve = Gnd, T4 = 010 73°C. unless otharwse anted.)
Characteristic Symbol i Lin ] Typ tlax Unit
1 Caincidence Output Leakage Current - High Logic State 10H(Con} -~ 0.01 0.5 pA
VOoH = 15V, 0°CSTA S 70°C
Applied Digital Threshold Voltage Range (Pin 12} YTH 3.2 - Vece-20 Vee
Digital Threshcid Inout Current lith) HA
12VsYisVoe -20V
Vi Applied to Pins 13, 14 ang 15 - - 5.0
Vi Apphed to Pins 13, 14 anc 15 - -10 -50
Maximum Integrator Amplifier Gutput Current o =3.0 - - mA
Vo/2 Generator Maxisnum Output Current {Source Only) Iref 10 - - mA
Vg2 Generator Quiput impedance {O10-10 mA) Zept - 3.0 6.0 n
V2 Generator Tolerance {4.75 V £ Vee € 16.5 V) € - - %35 %
Logic Input Voitage (Pins 13, 14 and 15) Vvdc
Low Logic State ViL Veg - Vin - 0.4
High Logic State Vin Vin+ 0.4 = 18
!t Dynamic Total Locp Ofiset Volage (Note 2) (Figures 3. 4 and 5) IVotiset mv
| lgc=12pAveo=12V
Ta=25°C - 205 3¢
OCSTAS+70°C - 20.75 +3.8
IGC = 12pA. VG =50V
TA=25C N - 1.0 235
: 0CsTas+70°C - £1.3 243
i Digital Quipwt Voltage Vee
loL = 3.6 mA Vou - 0.1 0.4
loH = -0.35 mA VOH Voo -1.0{ Ve -0.2 -
Sylladic Filter Applied Vollage (Pin 3) (Figure 2) Visyl) 2 - vce Vde
Integrating Current (Figure 2) gl
IGC = 12pA £.0 10 12 A
IGc=15mA.. 1.52 1.5 1.58 mA
lgc=3.0mA 275 3.0 3.25 mA
Oynamic Integrating Current Match (Figure 6) VO(Ave) - £100 230 mv
Ige = 1.5mA
Ingut Current - High Logic State (Vi = 18 V) Iy A
Digitat Data Input - - 5.0
Clock Input - p - 5.0
Encone/Decode input - - 5.0
Input Current - Low Logic State (Vi = 0 V) T8 uA
Digital Data lnput -0 ) =
Ciock tnput -360 - -
Encode/Decode Input -35 - -
! Clock input, Vi =04V -72 s -

NOTES: 1. All delay times

d 50% 1o 50% trom the negatve going {from Vi 10 +0.4 V) ecge of the clock.

2. Dynamuc total loop oftset (TVoffset) equals VIO {corrdarator) (Figure 3} minus VIOX (Figure 5). The input ofiset voltages of the
analog comparator and of the integrator ampiifier incluce the effects of input ofiset cutrent through the input resistors. The slope

polardy switch current mé as an

32 kHz. lote ch { pert is # 1ris dy

ce voRage acrass the 10 k integrator resistor. The clock lrequercy is
ic total 100D offset is less man one—tatl of the crange in integrator

2utout valtage during one clock cycle (ramo step sizel. Laser twrming is used to ensure good idie crannel perdormance.

DEFINITION AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where the
voice signal is applied. it may be ac or dc coupled cepencing
on the application. If the voice signal is to be leve! shilted to
the internal reference voltage, then a bias resistor between
Pins 1 and 10 is used. The resistor is used to establish the
reference as the new dc average of the ac coupled signal.
The analog comparator was designed for low hysieresis
{tvpically tess than 0.1 mV) and high gain (typically 70 d8).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparaior. In an enccder application it shculd be connected
to the analog output cf the encoder circuit. This may be Pin 7
or a low pass filter output ccnnected to Pin 7. In a decode
circuit Pin 2is not used and may be fied to Vc /2 at Pin 10 or
ground. '

The analog input comparalor has bias currents of 1.0 pA
max. thus the driving imoedances at Pins 1 and 2 should be

MOTOROLA ANALOG IC DEVICE DATA
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equal to aveid disturbing the idle channel characteristics of
the enccder.
Pin 3 — Syllabic Filter

This is the point at which the syllabic filter voltage is”

returned to the IC in order to control the integrator siep size.
It is an NPN input to an op amp. The syllabic filter consists of
an RC network between Pins 11 and 3. Typical time constant
values of 5.0 to 50 ms are used in voice codecs.

Pin 4 — Gain Control Input

The syliatic filter voltage appears across Cg of the syltabic
filter and is the voltage between V¢ end Pin 3. The active
voltage 1o current (V ~ 1) converter drives Pin 4 to the same
voltage at a slew rate of typically 0.5 V/ps. Thus the current
injected into Pin 4 (IGC) is the syllabic filter voltage divided by
the Ry resistance. Figure 7 shows the relationship between
IgC (x-axis) and the integrating current. liny (y-axis). The
discrepancy. which is most significant at very low currents. is
due to circuitry within the slope polarity switch which enables
trimming {0 a low total loop offset. The Ry resistor is then
varied to adjust the loop gain of the codec. but should be no
larger than 5.0 k€2 to maintain stability.

Pin 5 —— Reference Input

This gin is the noniaverting input of the integrator amplifier.
It is used to reference the dc level of the output signal. In an
encoder circuit it must reference the same voltage as Pin 1
and is tied to Pin 10.

Pin 6 — Filter input

This inverting op amp inputis used to connect the integrator
extemal components. The integrating current (ljnt) flows into-
Pin 6 when the analog input (Pin 1) is high with respect to the
analog feedback (Pin 2) in the encode mode or when the digital
datainput {Pin 13)is highin the decode mode. For the cpposite
states, ling flows outof Pin 6. Single integration systems require
a capacilor and resistor between Pins 6 and 7. Multipole
configurations will have different circuitry. The resistance
between Pins 6 and 7 should always be between 8.0 ki) and
+3 kQ to maintain good idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. ltis capable of driving
2 600 Q load referenced to VCC/2 to +6.0 dBm and can
othenvise be treated as an op amp output. Pins 5, 6 and 7
provide full access to the integrator op amp for designing
integration filter networks. The slew rate of the intemally
compensated integrator op amp is typically 0.5 Vius. Pin 7
output is current limited for both polarities of current flow at
typically 30 mA.

Fin 8 — VEg

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected to the
most negative supply.

Pin 8 — Digital Output

The digital outputl provides the results of the delta
modulator's conversion. It swings between Vo and VEE and
is CMOS or TTL compatible. Pin 9 is inverting with respect to
Pin 1 and noninverting with respect to Pin 2. it is clocked on
the falling edge of Pin 14. The typical 10°a to 90% rise and fall
times are 250 ns and 50 ns respectively for Voo = 12 V and
C( = 25 pF to ground.
Pin 10 — Vo o/2 Output

An internal low impedance mid-supply reference is
grovided for use in single supply applications. The intemal

regulator is a current scurce and must be loaded with a
resisicr (¢ ensuie its sinking capability. If 2 +6.0 d3mo signal
is expected acioss & 600 4! input bias resistor, thea Pin 10
must sink 2.2 Y/600 (1 = 3.66 mA. This is possitle only if
Pin 10 sources 3.66 mA into a resistor normally and will
source the difierence under peak load. The reference load
resistor is chosen accordingly. A 0.1 uF bypass capacitor
from Pin 10 to Vgg is also recommended. The Vg/2
relerence is capable of sourcing 10 mA and can be used as
a reference elsewhere in the system circuitry.

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
across Cg. The coincidence output will be low whenever the
content of the internal shift register is afl 1s or all 0s. The
MC3418 contains a 4-bit register. Pin 11 is an cpen collector
NPN device and requires a pufl-up resistor. If the syllabic
filter is to have equal charge and discharge time constants,
the value of Rp should be much less than Rg. In systems
requiring different charge and discharge constants, the
charging conslant is RgCg while the decay constantis (Rg +
Rp)Cs. Thus lcnger decays are easily achievable. The NPN
device should not be required to sink more than 3.0 mA in
any configuration. The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for R = 4.0kQX to 12V
and C(_= 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13, 14 and
15. It is intended lo aid in interfacing different logic families
without extemnal parts. Olten it is connected to the Voc/2
reference lor CMOS interface or can be biased two diode
drops abqve.VEE for TTL interface.

Pin 13 — Digital Data Input

tn a decode application, the digital data stream is applied
to Pin 13. In an encoder it may be unused or may be used to
transmit signaling message under the control of Pin 15. it is
an inverting input with respect to Pin 9. When Pins 9 and 13
are connected, a toggle flip~flop is formed and a forced idle
channel pattern can be transmitted. The digital data input
level should be maintained for 0.5 pus belore and after the
clock trigger {or proper clocking.

Pin 14 — Clock input

The clock input determines the data rate of the codec
circuit. A 32 k bit rate requires a 32 kHz clock. The switching
threshold of the clock input is set by Pin 12, The shift register
circuit toggles on the falling edge of the clock input. The
minimum high time for the clock input is 300 ns and minimum
low time is 900 ns.

Pin 15— Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the intemal
shilt register. If high, the result of the analog comparison will
be clocked into the register on the falling edge at Pin 14, {iow,
the digital input state will be entered. This allows use of the IC
as an encoder/decoder or simplex codec without external
parts. Furthermore, it allows non-voice pattems to be forced
onto the transmission line through Pin 13 in an encoder.

Pin 16 — Ve
The power supply range is from 4,75 to 16.5 V between
Pin Vcc and VEg.

MOTOROLA ANALOG IC DEVICE DATA
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Figure 1. Power Supply Current
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MC3418
Figure 2. 1gcR — Gain Control Range and ljnt ~
Integrating Current
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Figure 3. Input Bias Currents, Analog
Comparator Offset Voltage and Current
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Figure 5. V/l Converter Offset Vol'zye,
Vip and VioX Figure 6. Dynamic Integrating Current Match

r——u——— l 10 pd_ _J_O.l uF —\ 0 yFJ_ _]_0.! uf
=]i° sH. T I 1 F o 1§ I T
] T T ] | _J:
£0 mv . ot a3V )
41 - — ioc! 44 = 3 Clock
il 3] 14 (32 xHzy {3 L 132 kHz)
3.0k lec 30k
—
L AA—T3 hl——— —> Lpne{z 3 }-————I
tagF cvso I @ipf €vsD
ueans f——)'__l MC3418 i
Coan iz B (3] i
1k 0% ,
-] ) g@ ) !
i |
10k T N 101 : T I
* o-——-o—-—o—lz 10 —_ + O {71 E_j l
vor 0.0 F Toaye 0.05pF Toaury
tiotes Ot Voua g }—
1a0d2) -,_L—E = mie 1 __I'__{: 9
-0 -0
NOTES: 1. integrator ampidfier offsel voltage plus siape polarity NOTES: 1.Vgiav). Dynamic Integrating Current Matcn. is the
Swilch mismaich. - average voRage of the tnangutar waveform
2.Viox is %2 average voltage of the er wave . observed att Ihe measurement pois, across
form observed at the measurement pomnts. 10 kil resistor with IGc =15mA,
2. See Note 2 in tne Eleciricat Characteristics table,
3 See Figures 8and 9.
TYPICAL PERFORMANCE CURVES
Figure 8. Normalized Dynamic
Figure 7. Typical ljn, versus Igc (Mean =2 g) Integrating Current Match.versus Voo
190 ] LY
2 70 : iSm = Ta=25C
T s " Lot G E @ bVgeenv
< + Sx (See Figure 6,
) 22 0} 1010 k(2
e e 233 _|eogc=15ma
Frv} - o= >
g | ES ol
S 1 ol os ]
3 =are 2
g0 T Z0 . L~
=50 < oo -
3 S, 1 £z |1
ki
g3 Veg =12V zg 0 —
= 25 o
—'E; 20 g T‘A 25‘C FE (e
= | i ] = l
ERY H 20 =
10 20 38 50 76 19 W0 30 50 70 100 0 60 70 82 80 0 M 2 A3 e 3
1GC. GAIN CONTROL CURRENT pA) - PIN 4 Vee. SUPPLY VOLTAGE (v)
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Figure 3. Normalized Dynamic Integrating
Current Match versus Clock Frequency
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Figure 10. Dynamic Total Loop Offset versus

Clock Frequency

Figure 12. CVSD Waveforins
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CIRCUIT DESCRIFTION

The continuously varizbte slope detta modulator {CVSD)
is a simple allemative 19 mLg ccemglex conventiondl
conversion techniques in systems requiring cigital
communication of analcg signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signz!/noise ratics do not vary with
distance in digital transmission ar.d raultiplexing, switching
and repeating hardware is mare economical and easier t¢
design. However, instrumentation A to D converters do not
meet the communications requircrients. The CVSD Ato D is
well suited to the requirements of cigital communications and
is an economically efficient means of Cigitizing analog inputs
for transmission.

The Delta Modulator 1

The innermost control loop of a CVSD converter is a
simple delta modulator. A block diagram CVSD Encoder is
shown in Figure 11. A delta modulator censists of a
comparator in the forward path and an integrator in the
teedback path of a simpte controf loop. The inputs to the
comparator are the input analog signal and the integrator
output. The comparator output reflects the sign of the
difference between the input voltage and the integrator
output. That sign bit is the digital output and also controls the
direction of ramp in the integrator. The comparator is

nerrally clocked so as to produce a synchronous and

band-limited digital bit stream.

Hf the clocked seral bit stream is transmitted, received.
and delivered 10 a similar integrator at a remote point, the
remote integrator output is a copy of the transmitting control
toop integrator output. To the extent that the integrator at the
transmitting locations tracks the input signal, the remote
receiver reproduces the input signal. Low pass filtering at
the receiver output will eliminate most of the quantizing
noise. if the clock rate of the bit stream is an octave or more
above the bandwidth of the input signal. Voice bandwidth is
4.0 kHz and clock rates from 8.0 k and up are possible.
Thus the defta modutator digilizes and transmits the analog
input 1o a remote receiver. The serial, unframed nature of
the data is idea! for communications networks. With no
input at the transmitter. a continuous one zero afternation is
transmitted. 1If the two integrators are made leaky. then
during any loss of cortact the recciver oulput decays to
zero and receive rastart Segins without ‘iraming whan the
receiver reacquires. Similady, a delta modulator is tolerant
of sporadic tit errors. Figure 12 shows the delta moculator
waveforms while Figure 13 shows the corresponding CVSD
decoder block diagram.

The Cémpanding Algorithm R
The fundamental advantages of the delta modulator are its
simplicity and the seria format of its output. Its limitations are

its ability to accurately convert the i.nput within a fimited digital

bit rate. The analog ingut must be band limited and amphizge
fimited. The frequency limitations are governed by ihe
nyquist rate while the amplitude capabilities are set by the
gain of the integrator.

The frequency limits are bounded on the upper end: ihat
is. for any input bandwicth there exists a clock frequency
targer than that bandwidth which will transmit the signal with
a specific noise level. However, the amplitude limits are
bounded on both upper and lower ends. For a signal favel,
one specific gain will achieve an optimum noise level.
Urfortunately, the basic delta modulator has a small dynamic
range over which the noise level is constant.

The continuously variable clope circuitry provices
increased dynamic range by adjusting the gain ¢ e
integrator. For a given clock frequency and input bandwicih
the additional circuitry increases the delta moculaicr's
dynamic range. External to the basic defta modulator is an
algorithm which monitors the past few outputs of the calta
modulator in a simple shift register. The register is 4-2its
long. The accepted CVSD algorithm simply monitors ‘he
contents of the shift register and indicates if it contains 2l 1s
or Os. This condition is cafled ccincidence. When it occu-s. it
indicates that the gain of the integrator is too small. “he
coincidence owtout charges a single—pole low pass filter. The
voltage output of this sylabic filter controls the integrator gain
through a pulse amplitude modulator whose other input iz the
sign bit or up/down control.

The simplicity of the all 1s, all Os algorithm should nci be
taken fightly. Many other control algorithms using the shift
register have been tried. The key to the accepted algorithm is
that it provides a measure of the average power or fevel of
the input signal. Other techniques provide mcre
instantaneous infcrmation about the shape of the input cu-ve.
The purpose of the algorithm is to control the gain of the
integrator and to increase the dynamic fange. Thus 2
measure of the average input levet is what is needed.

The algorithm is repeated in the receiver and thus the level
data is recovered in the receiver. Because the algorihm
operates only on the past serial data, it changes the natu-z of
the bit stream without changing the channel bit rate.

The effect of the algorithm is to compand the input sigral.
If a CVSD encoder is played into a basic delta mcdulator. the
output of the delta modulator will reflect the shape of the irput
signal but all of the output wiil te at an equal level. Thus the
algorithm at the output is needed to reslore the lzvel
variations. The bit stream in the channel is as if it were i-om
a standard delta modutator with a constant level input.

The delta modulator encoder with the CVSD algerithm
provides an efficient method for digitizing a voice input in 2
manner which is especially convenient for dicital
communications requirements.

MOTOROLA ANALOG IC DEVICE DATA



137

MC3418

A7 PLICATIONS IHHFORMATION

CVSD DESIGN CONSIDERATIONS

A simple CVSD enceder using the MC3<15 1s shown in
Figure 14, This IC is a general purpose CVSD builcing tlock
which allows the system designer to taiior the encader's
ransmission characleristics to the application. Thus. the
achievable transmission capabililies are constrained by the
fundamental imitations of deltza modulation and the design of
encoder parameters. The performance is not dictated by the
internal configuration of the MC3418. There are seven
design consideraiions involved in designing these basic
CVSD building blocks into a specific codec application. and
they are as follows:

1. Selection of clock rate

2.- Required number of shilt register bits "

3. Selection of loop gain

4, Selection of minimum step size

5. Design of integration filter transfer function
6. Design of syllabic filter transler function

7. Design of low pass filter at the receiver

The circuit in Figure 14 is the most basic CVSD circuit
possibie. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely sufficient.
in this circuit, items 5 and 6 are reduced to their simpfest
form. The syllabic and integration filters are both single—pole
networks. The selection of tems 1 through 4 govern the
codec performance.

Layout Considerations

Care should be exercised o isolate all digitat signal paths
(Pins 9, 11, 13 and 14) from analog signal paths (Fins 1107
end 10) in orcer (0 achieve proper idle channel perfermance.

Clock Rate

With miner moaifications, the circuit in Figure 14 may be
onerated anywhere from 9.6 10 64 kHz clock rates. Obviously
the higher the clock rate the higher the S/N performance. The
circuit in Figure 14 typically produces the S/N performance
shown in Figure 16. The selection of clock rate is usually
cictated by the bandwidth of the transmission medium, Voice
bandwidth systems will require no higher than 9600 Hz.
Some radio systems will asllow 12 kHz. Privale 4-wire
telephone svstems are often operated at 16 kHz and
commercial telephone performance can be achieved at
32 k bits and above. Other codecs may use bit rates up to
2090 k bits/sec.

Shift Register Length (Algorithm)

The MC3418 has a 4-bit algorithm well suited for 32 kHz
and higher clock rates. Since the algorithm records a fixed
past history of the input signal. a longer shift register is
required to obtain the same intemat history. At 16 kHz and
telow, the 4-bit algorithm will produce a slightly wicer
dynamic range at the expense of level change response.
Basically the MC3418 is intended for high performance. high
bit rate systems.
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Figure 16. Signal-to—-Noise Performance with
Single Integration, Single—Pole and
Compancding at 16 k Bits (Typical)
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Selection of Loop Gain

The gain of the circuit in Figure 14 is set by resister Ry, Ry
mustbe selected to provide the proper integrator step size for
high level signals such that the compancing ratio coes not
exceed about 25%. The companding fatio is the active low
duty cycle of the coincidence output on Pin 11 of the codec
circuit. Thus the system gain is dependent on:

1. The maximum level and frequency of the ingut signal.

2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be a
sine wave at 1.0 kHz of 0 dBmo level. In practice. the uselul
dynamic range extends about 6.0 dB above the design fevel.
In any system the companding ratio should not exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics. of the integration filter..In
the basic circuit of Figure 14, a single-pole of 160 Hz is used.

Al = 10 k2, C1 = 0.1 pF

Yo 1 K
i,
1

) 1) Srag
C(S-«- RC)

wg = 2 f
108 = wg =2 af
f = 159.2 Hz
Note hat the integration fiter produces a single-pote

response from 300 to 3.0 kHz. The current required to meve
the integrator output a specific voltage from zero is simply:

I = YQ- + (C1 X i\lg)
' R1 dt
Now a 0 dBmo sine wave has a peak value of 1.0354 V. In
1/8 of a cycle of a sine wave centered around the zero
crossing. the sine wave changes by approximately its pezk
value. The CVSD step should trace that change. The
required current for a 0 dBm 1.0 kHz sine wave is:
0.1 yF (1.1)

_ 11V =
= T (oky T o1z ms - 09 ™A

* The marimum voltage across R1 when maximum siew is
required is:
Vv
2
Now the voltage range of the syliabic filter is the power

supply voliage, thus:

_ 1
Ry =025 (VCC ) 0.935 mA

A similar procedure can be followed to establish the preper
gain for any input level and integration filter type.

Minimum Step Size

The final parameter to be selected for the simple codec in
Figure 14 is idle channel step size. With no input signal, the
digital output becomes a one-zero altemating pattern and
the analog output becomes a small triangle wave.
Mismalches of internal currents and offsets limit the minimum
step size which will produce a perect idie channel pattem.
The MC3418 is tested to ensure that a 20 mVpp minimum
step size at 16 kHz will atiain a proper idle channel. The icle
channel step size must be twice the specified total loop ofiset
il a one-zero idle pattern is desired. g some applications a
much smaller minimum step size (e.g.. 0.1 mV) can procuce
quiet performance without providing a 1 — 0 patte:n,

To set the idie channel step size, the value of Ry must te
selected. With no input signal, the slope control algodithm is
inactive. A long series of ones or zeros never occurs. Thus.
the vollage across the syllabic fitter capacitor (Cg) would
decay to zero. However, the voltage divider of Rg and Rein
(see Figure 14) sets the minimum allowed voltage across the
syllabic fiter capacitor. That voRage must prcduce the
desired ramps al the analog output. Again we write the filter
input current equation:

v v,
3y A0y hi e
irm tCa

For values of VO near Voi/2 the VO/R term is negligitie:
thus:
) [0
i S AT
where AT is the clock period and AVQ is the desired
Peak-lo-peak value of the idle output. For a 16 k bit sysiem
using the circuit in Figure 14:

o Q1 uF 20 mV
b 62.5 ps F A
The voliege on Cg which produces a 33 pA curient is
determined by the value of Ry.

LRy = Vgmin: for 33pA. Vgmin = 41.6 mV

in Figure 14 Rg is 19 k. That selection is discussed with
the syBabic filter consideratipns. The voltage divider of Rg
and Rpin must produce an output of 41.6 mV.

Rs .
VCC Rs TR = Vsmm Rmin‘ 2.4 M
Having established these four parameters — clock rate.
number of shift register buts, loop gain, and minimum step
size — the encoder drcuil in Figure 14 will function at near
optimum performance for input levels around 0 dBm.
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INCREASING CVSD PERFORMANCE

Integration Filier Design

The circuit in Figure 14 uses a single~pole integration
network formed with a 0.1 uF capacitor and a 10 kS resistor,
It is possible @ improve the performance of the circuit in
Figure 14 by 1.0 o7 2.0 28 bty using 2 two-pole integration
network, The improved circuil is shown in Figure 17.

The first pole is still placed below 300 Hz to provide the 1/S
voice content curve and a second pole is placed somewhere
above the 1.0 kHz frequency. For telephony circuits, the
second pole can be placed above 1.8 kHz to exceed the
1632 touchtone frequency. In other communication systems,
values as tow 2s 1.0 kHz may be selected. In general, the
fower in frequency the secona pole is placed, the greater the
noise improvement. Then, to ensure the enccder foop
stability. a zero is added to keep the phase shift less than
180°. This zerc should be placed slightly above the low-pass
output filter brezk frequency so as not to reduce the
ellectiveness of the second pole. A network of 235 Hz,
2.0 kHz, and 3.2 kHz is typical for telephone applications
while 150 Hz, 1.2 kHz. and 2.8 kHz might be used in voice
only channels. (Voice only channels can use an output
low—pass filter which breaks 2t about 2.5 kHz.) The two~pole
network in Figure 17 has a transfer function of: i

nom(s + =l )

Yo RiCH
[®
' 1 1
ANt T 7 +
R2C2(R0O + R1) (S + RO+ R ,c1)$ (chz)
Figure 17. Improved Filter Configuration
B
Anzisg a2 7
Ouy
o 600
= MC3418
Q.15 pF
:[ R1 g0 ©! s
T M
l Ro 0.1 pF
13k

NOTE: These component values are (or the "eleshonc crancel
Sweud poles cescnoed in the text. The 72, €2 procuct can
e proviced wih ciferent values of R and C. R2 shauls be
chosen (o be eGual 1o the temmination resistor on Pin 1,

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first pole.
The values in Figure 17 represent one implementation of the
tefephony filter requirement.

The selection of the two-gole filter network affects the
selection of the loop gain value and the minimum step size
resistor. The required integrator current for a given change in
voltage now becames:

\/ AV,
=9 ‘(chz +R1C1+C1) o]

i~ o RO RO Tt
AV, 2
(Racacy + BIGIR2C2 ) eI
A RO ATZ

The calc.’ation cf desired gain resistor Ry then proceeds
exactly as previously described.

Syllabic Fiiier Design

The sylizcic filter in Figure 14 is a simple single~pole
retwork of 12 k0 and 0.33 pf, This produces a 6.0 ms time
constant for the averaging of the coincidence output signal.
The voltage zcross the capacitor determines the integrator
current vrhich in turn establishes the step size. The integrator
current and the resulling step size determine the companding
ratio and the S/N pedormance. The companding ratio is
defined as the voltage across Cg/VeC.

The S/N cerformance may be improved by modilying the
voliage to current transformation produced by Ry. If different
portions of the total Ry are shunted by diodes. the integrator
current can te other than (Vo — Vg)/Ry. These breakgcint
curves mus: ce designed expenmentally for the particular
system apglication. In general, one would wish that the
current woulc double with input level. To design the desired
curve, supply current to Pin 4 of the codec from an exiernal
source. Inpu: a signal level and adjust the current until the
&N peronmrance is optimum. Then record the syflabic “lter
voltage and the current. Repeat this for all desired signal
levels. Ther derive the resistor Jiode network which
produces thz! curve on a curve tracer.

Once the network is designed with the curve tracer. it is
then insertec in place of Ry in the circuit and the forced

. cpiimum ncise performance will be achieved from the active

syllabic algorithm.

Diode breakpoint networks may be very simple or
moderately ccmplex and can improve the usable dynamic
range of any codec. In the past they have been used in high
periormance :elephone codecs.

Typical resistor—diode natworks are shown in Figure 18,

Figure 18. Resistor-Diode Networks

R1 RZ R3
(VW= A ———AAN—0

C—e

‘td 4 1d

¢ LI

01 02 D3

At A2

(e AAA — e AAA e~

4
D
01

It the pedcrmance of more complex diode networks is
desired, the circuit in Figure 19 should be used. It simulates
the companding characieristics of nonlinear Ry elements in a
diflerent marnrer.

Output Low Pass Filter

Alow pass lilter is required at the receiving circuit output to
eliminate quanizing noise. In general, the lower the bi' rate,
the better the flter must be. The filter in Figure 21 provides
excellent pericfmance for 12 0 40 kHz systems.
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TELEPHONE CARRIER QUALITY CCDEC

Twio specifications of the integrated circuit are specificaily
intended to meet the performance requirements of
ermmercial telephone systems. First, slope polarity switch
current matching is laser trimmed to guarantee preper idle
channei pedorrnance with 5.0 mV minimum siep size and 2
tysical 1.0% current match from 15 pA 10 3.0 mA. Thus a 300
to 1 range of step size variation is possible. Second, the
MC3418 provides the 4-bit algorithm currently used in
subscriber loop telephcne systems. With these specilications
and the circuit of Figure 19, a telephone quality codec can be
mass produced.

The circuit in Figure 19 provides a 30 dB S/Nc ratio over
S0 dB of dynamic range for a 1.0 kHz test tone at a 37.7 k
bit rate. At 37.7 k bits, 40 voice channels may be
multiplexed on a standard 1.544 MB T1 facility. This codec
has also been tested for 10~7 error rates with asynchronous
and synchronous data up to 2400 baud and for reliable
performance with DTMF signaling. Thus. the design is
applicable in telephone quality subscriber foop carrier
systems, subscricer 1oop concentrators, and smali PABX
installations.

The Active Companding Network

The unique feature of the codec in Figure 19 is the step
size control circuit which uses a companding ratio reference.
the present step size, and the present syllabic filter output to
estatlish the optimum companding ratics and step sizes for
any given input level. The companding ratio of a CVSD codec
is cefined as the duty cycle of the coincidence output. Itis the
parameter measured by the syllabic filter and is the voltage
across Cg divided by the voltage swing of the coincidence
output. In Figure 19, the voltage swing of Pin 11i5 6.0 V. The
operating companding ratio is analoged by the voltage
between Pins 10 and 4 by means of the virtual short across
Pins 3 and 4 of the V to 1 op amp within the integrated circuit.
Thus, the instantaneous companding ratio of the codec is
atways available at the negative input of A1,

The diode D1 and the gain of Al and A2 provide a
compandirg ratio reference for any input level. If the output of
A2 is more than 0.7 V below VG /2, then the positive input of
A1 is (Vo2 - 0.7). The on diode drop at the input of A1
tegresents a 12% companding ratio (12% = 0.7 V/6.0 V).

The present step size of the operaling codec is directly
related to the voltage across Ry, which established the
integrator current. In Figure 19, the vnltage across Ry is

amplified by the diflerential amplifier A2 whose output is ~

single enced with respect to Pin 10 of the IC.

For targe signal inputs, the step size is farge and the
output of A2 is lower than 0.7 V. Thus D1 is fully on. The
present step size is not a factor in the step size contrel,
However, the difference between 12% companding ratio and

e insian ous companding ratic at Pin & is amglilied by
Ai. The ouizut of Al changes the voltage across Ry in a
girecion which reduces the difference between ihe
comparcing reierence and the operating r2tic by changing
the step size. The ratio of R4 and R3 determines how closely
the voltage at Pin 4 will be forced to 12%. The selection ¢f R3
and R4 is initially experimental. Hcwever, the resulting
companding contro! is dependenl on Ry, R3, R4, and the futl
dioce drop D1. These values are easy o reproduce Ifrom
codec to cocec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the dioce drop. The
operating companding ratio on Pin 4 is then comparea 1o a
companding ratio smaller than 12% which is determined by
the voltage drop across Ry and the gain of A2 and A1, The
gain of A2 is also experimentaliy determined. but once
delermined, the circuitry i easily repeated.

With no input signal, the companding ratio at Pin 4 goes
to zero and the voltage across Ry goes to zero. The voltage
2t the output of A2 becomes zero since there is no drop
across Ry. With no signal input, the actively controfled step
size vanishec.

The minimum step size is established by the 500 k
resistor between Vg and Pin 4 and is therefcre
independently selectable.

The signal to noise results of the active companding
network are shown in Figure 20. A smooth 2.0 dB drop is
realized from 12 dBm to ~24 under the control of A1. At
-24 dBm, A2 begins to degenerate the compancing
relerence and the resulting step size is reduced so as to
extend the dynamic range of the codec by 20 dBm.

The slope overoad characteristic is aiso shown. The
active companding network produces improved performance
with frequency. The 0 dBm slope overload point is raised to
4.8 kHz because of the gain available in controlfing the
voltage across Ry. The curves demonstrate that the level
finearity has been maintained or improved.®

The codec in Figure 19 is designed specifically for
37.7 k bit systems. However, the benefits of the active
companding network are not limited to high bit rate systems.
By modifying he crossover region {changing the gain of A2),
the active technique may be used to improve the
performance of fower bit rate systems.

The performance and repeatability of the codec in
Figure 19 represents a significant step torward ir: the art and
cost of CVSD codec designs.

*A larger value for C2 is required in the decoder circuit than in the
encoder to asjust the level finearity with frequency. In Figure 19.
0.050 pF would work well
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Figure 19. Teleghone Quality Deltamod Coder”
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Figure 28. Signal-to-Noise Performance and Frequency Response®
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Figure 21. High Performance Elliptic Fiiter for CVSD Output
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(Slope Overload Characteristic)
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Figure 22, Full Duplex/32 k Bit CVSD Vnice Codec
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Codec Components Input Filter Specifications Filter Components
Ax1. Rx2 - 3.3kQ 12 ¢B/Octave Rotiolf above 3.3 kHz R1-9650Q C1-33yufF
Ap1. Rp2 - 3.3 kO 6.0 cB/Octave Rollof! below 50 Hz R2-72kQ C2 - 837 pF
Rgq, Rg2 ~ 100k Output Filter Specitications R3 - 720 C3 - 835 pF
Fyy. Riz - 20kQ o . R4 - 63.46 kQ C4 — 1600 pF
Ryz-1.0k2 s::: Bazq"es";"k;:":‘ . RS - 127 k0 “C5-222 oF
- 9.0kHz
Rra1. a2~ 15 MO Stop Band Atten, - 50 dB 2? o ce- 170k
Minirmum step size = 6.0 mV Roflof - » 40 JB/Octave - 1.645 MQ C7-38pF
c c 0.05 uF R8-72k0 €9 - 327 pl"
S1.LS2 - 005 ¢ R9 - 72k C9 -536 pF
Cy1. Cip - 0.05 uF R10-29.50
2MC3418 R11 - 72 k22

1 MC3403 (or MC3406)

NOTE: All Res. 5%
Al Cap. 5%

NOTE: AltRes. 0.7 %
ANCap. 0.1%

10 1%
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COMPARATIVE CODEC PERFORIMANCE

The salient feature of CVSD codecs is versatility. The
range ¢f codec complexity tradeoffs and bit rate is so wide
that one cannot grasp the interdependency of parameters for
voice applications in a few pages.

Design ¢! a specific codec must be tailored to the cigital
channe! bandwidth, the analog bandwidth, the quality of
signal transmission required, and the cost objectives.-To
#lustrate the choicas available, the data in Figure 23
compares the signal-to—-ncise ratios and dynamic range of
various codec design options at 32 k bits. Generally, the
relative merits of each design feature will remain intact in any
application. Lowering the Lit rate will reduce the dynamic
range and noise periormance of all techniques. As the bitrate
is increased. the overall perfcrmance of each technique will
improve and the need for more complex cesigns diminishes.

Non-voice appfications of the MC3418 are also possible.
In those cases. the signal bandwidth and amglitude
characleristics must te defined before the specification of
codec parameters can begin. However, in general, the
design can proceed along the lines of the voice applications
shown here, taking into account the different signal
bandwidth requirements.

Figure 23. Comparative Codec Perfcrmance -
Signal-to-Noise Ratio for 1.0 kHz Test Tone
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GUTLINE CIMENSICNS
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Product specificat

ion

Dual operational amplifier

uA747C

DESCRIPTION

Tre 747 15 & pais of high-performance monolithic operancnal
amglifiers constructed on a single silicon chip. High common-moce
veirage range 3nG absence o “laich-up” make the 747 idezl for use
=5 & voliage-foliower. The high gain and wide range of operaing
votage provides sunerior pedormance in inlegrator, summing
=mplihe:, and general feedback applications, The 747 s shon-circul
proecied and requires no extesnal components for frecuency

cor pansation. The intemal 6dB/uciave roli-off insures siabilny in

PIN CONFIGURATION
; N Package

|
+

H

i WV, INPUT A 1 -b_
| NON-WVERTING INPUT & .2 [ .
! ey

H
oFFseEThuL A T3 2] outeuT a

V4] OFFSET NULL &
A}

EVoA

v 111 NO CONNECT

1
© OFFSET MULL

iriemal bt ol OFFSETNULLS 101 OUTPUT B ;
clesed-iocp applications. For single amplifier periormanc?, see AR ;-’ !
4ATZ1 daia sheet. ‘ NON-INVERTING INPUT 8 i b ::J VeB ;
i naveRTING meuT 8 7|~ o] oFFsETNULL B :
H
FEATURES ! 1ok iEw i
* N9 frequency compensation requirec i
® Srorn-circuit protaction
* Ofiset voltage null capability
® targe common-modz2 and ditierentia! voltage ranges
. '.og' power consumgtion
® Mo laich-up
ORDERING INFORMATION
{ DESCRIPTION | TEMPERATURE RANGE CRDER CODE DWG 2
{32-Fin Plastic DIP 0°C 10 70°C uATL7CN 04053
EQUIVALENT SCHEMATIC
© INVERTING MPUT H
! s V. H
‘P L J . : :
~°'(#-—!\°' iz ———Kon :
N i [l N i
. NON-VERTING | i' i ’r—" e |
wWALT “y @1 Q) i — t i
3 M) JJ LN Y j
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Product spent faucn

Dual operational ampiifier

uA747C

AESOLUTE MAXIMUM RATINGS

f- SYM8OL PARANMETER RATING UNIT
i Iy Supply voliage £18 v
Do geiv Aawmur powe’ dissioetion T4=23°C (it aint* 1500 mw
Y Direrential inou: voliage 130 v
Vo Input voitage” T 215 Y
Voitage beween ofiset auliand Ve 205 v
Tzve Storage jempzratuse range 65 10 +150 “C
T Ogperating temosratur2 sange 010 470 C
Tsos tead ismperature (solgenng, 10sec) 360 , *C
[P Cinput s007-rcuil gurauon tndefiriie
NOTES:
5. Daraie agove 25°C at the iohowing rates:
M package a1 12mWrC
2. Fo: suppiy voltzges tess than £15V, the absolute maximum input voliage is equal 10 the supsly voliage.
DC ELECTRICAL CHARACTERISTICS
T.=250C. Vi = %15V unless otnerwise speciied. Y
uA747C
SYIE0L PARAMETER TEST CONDITIONS = UNIT
= Min Typ tiax
Vos Ctiset voliage Rgs10xi 2.0 8.0 24
RAgs 10«0, over iem). 3.0 75 mv
10 u\rec
COfiset current 20 200 nA
Ovariemperaiure 7.0 300 nhA
200 pArC
IZ.A8 Inzut cunent 80 500 nA
I Over terrparature 30 800 A
nA~C
. R L Lo :
icx Supply current eact. side 1.7 28 mA
Over iemperature 20 3.3 mA
r. Power consumouon 50 35 mw
Over temoerature 6D 100 mW
[ inout czpacitance | 1.4 pF
Ctlicot voliage acjustinent rance : 115 mV
RoyuT Outpu resisiance | 75 Q
Channet separation 12¢ [:]
£SRR Supoly voliage tejecuon ratio RgS 10k over temp. 20 150 AL
AvoL Large-signal voliage gain (DC) Rﬁeﬁe&ﬁr:v fg% xx
? CARR Commori-mode fejection rafio R%::ﬁ:ﬂtf::ﬂiv 70 ¢3
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Proeasl el

Dual operational amplifier

WA747C

AC ELECTRICAL CHARACTERISTICS
T,

22250 Vg = 215V urdess othanwse soecilad.

l SYMBOL I' PARAMETER TEST CONDITICNS i ‘:A_l:y.:c War [Hiag
{ Piznsient rasponss 5 R =2ke). C, <100p7

! = Fuse ame y gain Ci $300pF 0.3 us

I t Qversnoxt Uaty gan G, €10057 5.0 <o
|== T 50w ate 1 R, >Er0 2.5 [ Vius

TYFICAL PERFORMANCE CHARACTERISTICS
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Pioguct spots tanon

Dual operational amplificr

uA747C

TYPICAL PERFORMANCE CHARACTERISTICS (Centirued)

Frequency Characteristics as a
Function of Ambien: Temperature
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Product specif:caion

Dual operationa! amplifier

nA747C

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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