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ABTRACT

In digital multiplex system, we separate in two main parts, Transmitter and Receiver. In Transmitter,
it begins with send original analog signal to transmit input and it changes to digital signal by A/D conversion.
Next we send it to multiplex which is operate in Time Division Multiplex (TDM) which it gives digital output

from Transmitter for transmit it to Reieiver. Receiver begins with demultiplex which digital signal is according to
channel it should be. Finally it send to Digital to Analog Converter (DAC) for receive original sigral similar to
transmit:input s_igng}. Furthermore in order to make the better transmission we will modulate the muitiplex signal
in technique of Frequency.shift keying ( FSK ) which make the modulated signal have'the frequency that adapt on

the amplitude of baseband signal.
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ANALOG MODEM DIGITAL MODEM
i. Develops a new receive 1. Constant clock recovery of a
clock every time a dif- master clock.

ferent remote modem
comes on line.
2. Readjusts dynamic 2. Fixed equalizer in CSU only.
equalizer each time a dif-
ferent remote modem
comes on line.
3. Modulation~demodula- 3. No synchronization needed.
tion schemes need
synchronization.

4. Training time 4. Turn-on time
2.4 kb — 5 ms 2.4 kb — 5 ms
4.8 kb — 10 ms 48 kb —2.5ms
9.6 kb — 15 ms 9.6 kb — 1.875 ms
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Bandpass finérs seiect
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signals
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Y7 Signal received is 1
demodulated into 8pPF [ pemodulator b— 2
compesile signal fq '—__._.
Receiver Dermoduiator
Bf £ Demodulator t——= 3
Q.
Demodulators )
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masuldmauduiusduninds

o [ a J
3.3.3.2 mIadndyeundentasdaanaudalns lus

k4 ]
a g o

2995 Scanning Clock Generator 3z ndgyaunrugumsuanldsdygiuidhnndueen
a 1 1 P ¥ o 1 dyc;a o A v a ° o o Jdo v S 9
Tidaveedne q tgndeslasmsinuludiuiinddyie srdesdinsmhauduiusfumedudgooz 18
[] ¥ ¥
nIndaanuden vevnesasuil 3.3.3.1 aniuleesluduilzdseney lildasdumsinudes q fie
o Jusduiladygruundmndygiudn sradudygianRmdmiumsiueaesnu
L 4 ]
mafu dmdudyanauniniilvzdsdinnuiuaziva assfununduds Tasezh ldnnmsiue
o a o a 55 o Yy o [2d P P °
dygnudenuuiunnudtiniues Tasldwdnnmsvearafongy uazionruhvaasslumsiau
o a é’ g Y o ' o a o A 3 @ < 14 [}
fygnanimilezgavdliidu 10 vhvesdyapudd (3 2 whussdgaunden nadiuda)
nanfeadadn ¥ lumsiadla adadvedleiuzuaunaivesilada ennumiuilumsiinu

e uniy 10 MIndygauninidedu innuiwaieendlu 5 dau ( 0 duvesdyana F46 uaz ©

14,16, 88 huveadyana luudazuruiua)
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a d o/ 1 i
3.3.3.3 msﬂ'mﬂuamaanmmmazﬂ'ansmmumm§m

o & { ° < v '
Fyanduorayaiiauysel namIhaivesesansausneeniiiuies lddesdune

Qs ° _ a o d‘ 1 =}
e Signal Switching ®1uMITINUYEIEINAERAind 1ilada dyanw TDM finaidie 9 Taud

A o v o Jdo o "V A o o a O’dy lllS/ .
msia/Ala duNusAUNIAIUTY ‘INﬂﬂlj}ﬂmﬂ')ﬂﬂ3Jﬂ']5"v’l'l<ﬂu“llﬂ'lﬁ'3ﬂ‘]ﬂl 92 1AU191NNVT Scannning

Clock Generator & Synchronizing
Y a

! ! do A dad y o o dy ya
o duveeInsnIIEMm Mensesnnudiieezdnsuniudyaaeenly hilddyauhldl

1] y
AU BUVINTIUY

3.4105ulasfyanaenasniufdneanazadneailuemaen

E 4
o aa aa o °
Tulnseansdios¥nsulasdaanuemasniudiaoaias  Asaeaiduswasnlasldmsiamuuy

3 aa a o v oA g o Y v Aa S &
Pulse Code Modulation 1aeldleddwnlunszna 145500 veausinlulalsmdutlududns Tanamoud

v
=1

seasuInsiinuldag

3.4.1 FwazdeanilUves PCM Codec/Filter Mono-circuit MC145500/01/02/03/05

o

<
MC145500, MC145501, MC145502, MC145503 uaz MCI45505 iilugilnsainseadynin
Yy o dq y P A I N T
Whsvauazaeasiaiuy PcM Aldgunsalfiniladirenilsresdygagdnsalimariiiimiividayana
= 9 o Y o o an 9 o a a 3 ] 3 o @ [} & s
@oalndultidudyaamedtaeauasaiedyaganfoaduiuininl saisdifarsndudyg i
° & H & s o o [y o a .
ez dyaasonin Fufluddududmsuszuuiad Inaueqadu( Pulse Code Modulation ) Tag
[ 1 o ’ & > a )
MC145500 tiaz MC145503 (fugunsainldiumly T 16 01 Fegneenuuuinlildldvauudalasia
1]
(synchronous) ttaz8F4 TnT1Te (asynchronous) tazliusasud1edeegludadau MC145501 szaglu uwaing
(package) LIV 18 ¥1 Laza NS OIdBNUTIIUGIRA 3 A1 (2.5, 3.15 waz 3.78 Taad ) MC145505 ffu
a o o 1 a & o ar § "
gunsaid Insiadsagluumainy 16 41 nuudidip) tasuuuniiatsoic) Furinzdmsvgunsaindesld
1 wa 1 4 I o2
unaneuuLi MC145502 sesunaauddinuynoiieiifiluginseinszgail  Fwsliunansuuy 22 0
= & o =5y '
uuudY taz 28 MFuduuwanLUBUAGYS( carrier package ) HAZISNANYULIAUYDS MC145500 LAz
1 é 4 a/rey N ] - 3. o 4 L Qs
MC145501 egdodadaliguandadudn  wwuldhgunsclsiiafilduousnisuiiomoutuguaua
wulumsiauvesiulaomsyszgnd ldauvesdld
i 4 ' & [
gunsalfiaslimsnaumunuunAeYI(pin-for-pin) Futhunaes TuTufiFBu(meno PcM) Hlflugn
usn 9 uazfimsiannlediues MC14404/06/07 uazdalnnn(codec) uuuIASTIMUVUBY 9 gunsel

¥ dv ° Yt o o 1 Y
marflaunsanenldfdnugunsainszga TSAC uaz MC3419 SLIC vealulalsa dnAdy
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MC145500 o21%

gunsaimolufunuuediemos) marzhiifedfeldids linios uaslinnuansalumsihoudy

an o g
sruvsMIABNLazAsanaiueaea o VLSI) Ndugeu
1L l«————3 ROD
R0 e H oo K ﬁ st [
N FREQUENCY { ! & le———— RO
LA ——
RG b | [
DY y—
- R - -Voo | ~ SHARED I
i Nl ) | 400pa I DAC +1,12,16,20
R0 - . > | | |cciprescALER = c
Voo > __L < 3 | - —
Vgs &—> = [ esv < usi
Vag > *+ 2 i{ rer |l | ~
R J_—‘ > | : { SEQUENCE <7 Vg
. i | i AND
Viet > - t RS! |
RSt > ~ | ciRCURY | |
T4 o | |
-Tx D—\ | S N I /— __:’ - TRANSMIT SHIFT 00
. > } A RecisTeR
+Tx > / - FREQUENCY FREQUENCY| | ] e %g
i Pl P ]
NOTES: <=3 Controllad by Vi s
R = 100 kQ (interal resistors)
A o a
517 3.11 vdenlavzunsuvesledaszga 145500
s
MC145500
4
- JUWAnALUY 16 U1
o s 1 1 { 1 o as ' { o o o o
- Tifnsesdyariurnanuanadud tazdnseadyguiunnuidimadmsvduieg
aglugilnsal

S 3% donseuuiudiunuy pP-Law nio A-Law mudeyaiidun

finussiuddandeueylugilnsal(3.15 Taad)

aw

=t & o a aw 5 1 a ¢ A g
UMIPULaYINIAY 50 Yyaalna {4azaini 0.1 Yaalna n +s T’Jaﬂ

- famidhunaspuli Tassa uia dmsuiwudoyaiidun 128 Aladsad , 1.536 wnziFsad

1.544 UNITIAT , 2.048 UNZIBIAY | 2.56 nTiFTad
¥ )
MC145501 miiou wes MC145500 sauisdalinuauiabune

=4
“HUWAIMAYY 18 U1

- @enmszduussdugaqald (2.5,3.15,3.78 Taad )

- Tdunafidedhfiundunesd (inverse) ludleoiouilnioludslod

y +
C145502 HinaauiAamiioues MC145500 uaz MC145501 sauiadiguaniaduns

- JUNANILUY 22 W1

(] [] k4
- SasiveadyanaunAn data clock )N whsuulasldfud 64 Aladsad wuda 4.1

wnzEsad
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- funaiidhgootuoninolud loFmum Tavauysel

- mnsolfuussiudss ldnamsdegunsalniouen
MC145503 Tinmeuiamiiowes MC145500 iauﬁqqmanﬁ'ﬁéuﬁa

- NUWALNIUUY 16 A7

- ﬁﬁuwmﬁn’hf;?i)alluﬂuﬂmﬂuﬁo'la% aw Tavauysel
MCl145505 finmauiiamiiownes MC145503 vaidu

- TUNAINIUVY 16 U7

o o q’: M a n’: T a a o
- 8anSvesdyanaunfini(data clock) Wadudwazduiudad 64 Aladsad  ud

4.1 wnzigsad

= <
3.4.2 MunziduaveIgLnIal

i i a < ar an
Tatan/Matnos(codec/filterniugunsain ldlfoudygnoudsatugluvuvesdygiudinea

Qv Y
¥

uazﬁmiﬂ%’nﬁmmmlﬁuanﬁufum‘lnﬁ Tﬂuqﬂninfmﬁﬂﬁgnﬁmmfutﬁaﬂm1‘1%'f°fmzuuiﬂsq‘1hu
Tmﬁwﬁﬁaﬁaﬁ%m‘f‘iaua:ﬂwﬁ'amatﬁumﬂ ioidvsgniniludyaadsasaudniuazgnaiaddialay
nszuumsaiadienedyaaiieea vielifide i uszoemalng q (11, Wlnsod | oy uag
Tasddu 9 ) srilamacodee) andriTaamesicoden dmsuldiAoudyanadoaudiugiuy
fyauAdnea uazf131A Inaans(decoder) 1%’&114a’nmit’f%’nﬁnumpmlﬁuamnﬁ'qumﬁ%ma?jyum‘lﬁﬁ
sandn 18 Tnmadugunsaifivimihi 18 Soudyanueiaenihiasnen ( AD Converter ) uaz

nlavudyguasasadiueniaon( D/A Converter )

v
a o a 9

[ d ]
Tunsuzuaalavia 1l nguiluade ( Nyquist Theory ) vonaimisusuldsdygafidanuuy
] P Y a A = ' 1 P s o b - a0
asiflavszasagnuyutananudganhirewivesnnudgagaresdyguniudun  Taodoesizn
o [ -~ o Cd & o [} o 3y 9 [ Ay P
anlansu(spectrum) W10 3 Aladsad Taodui i higydonugndesvesdeya sasimsusulaen
o = ' 9 Y o a oty da 4 9 1 a a o o v
8 Alagsad 9z lAueindunavesdyaondoaniisauuudian(bandwidth) 11091 3 Ala@sadantioy
Qy dysl Yo (] ci; A o o 1 d’ ) 1
Tasmsusulduuiidedledansssiuanuddiow pass filter) (WDITAMTAAIANUDYIBANNNN
a a l & o aya 1 a & o ] v do o PP o
3 Alagsagi suhliifesanuAadonludyaa wasluszsuumesdaInsdwidadl IWadiaag 5060
o L] é s L3 o { L) ] i
@387 Uzilueg Fanzdesgnaanoudygiulavdinsosdryaianaudganu high pass filter ) noufloy
thgdnlfoudyanusuasnitfufiSasa ( A/D Converter )

Y

* > { as . o n’: o/
Tastunounldoudyanualssaiiueuiaen( D/A Converter ) sradidyanauiiugidiuiula
&

2 v ar o v & oo o o o Y a1 e Had v
ﬂuln1“1’ﬂ1ﬂﬁfgmu‘]m'ﬂﬁ‘\ﬂﬂ\‘Iﬂ'ﬁ ‘XNUQilmlIﬂﬂinﬂﬂﬂﬁfgimmﬂt_]ﬂﬂaﬂlﬁﬂuﬁ’l PIUAUNINUNITUDNY
° a I A o o + - ' = 2 L. & Y
1J1Yl1ﬂ1ill‘]fll‘].|a~7!.m$a’liTnuﬂ‘U’O\mu Tﬂﬂﬂlﬂﬂﬂimﬂa’luli‘li)zliUﬂ’J'IiszUﬂ"N(allasmg) WQﬂzﬂﬂﬁgﬂaﬂ
4 ' P & ' o 4 ' o P
ﬂﬂuﬂﬂﬂtﬁﬂlﬂ‘lllﬂﬁﬂgi};‘lmﬂﬁlﬂﬂmiaaﬂln mq151ﬂz1‘§qﬂﬂsﬂfﬂiaqw1uﬂ1’]uﬂﬂ1 lﬁaaﬂﬂﬂuﬂTOZIaUﬁ‘Bq
J o o/ H 1 L or L] ar o
‘Nﬁ’)ﬂiax‘i’dﬂgﬂg]mﬁgﬂﬁUﬂ’J‘WI’Jﬂi'mﬁfgfg'lmLLUU?{§'1Q1ﬂ11(reconstruction ﬁlter) “?‘B ﬂ')ﬂiﬂQﬂmufy-lm

d . avy
evh I daananS vu( smoothing filter )
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y 2 Y 2 .
lodaszon MC145500 vzfidh Iamadaannsai Idiimsusnfueznmsadudyapuenaen

A

i ' ' v Y a o o ¢ 1y - ¢ o 1 A g
Jumlmi  Tasswsssudidazgnsmualudiginsel  uaslidestigUnsainmeusndrdumnaaiiing

t 4
annsaiauld Tasledaszgatisell 5 uvy

3.4.3 NuazPuavesn lod
Digital
Vs (Logic Level Select Input and TTL Digital Ground )
v, dmthiimunussdudyanunedn  uozussdunsiddndavesdyiudtaeadldiiiu
uiqﬁué'nﬁwmﬁ'tmmﬁﬁmaaﬁgwm‘lmmsTﬂﬂqﬂﬂmffrmmsnv‘hmuiwﬁwsxﬁuusqﬁwm

Foyanuausaduliineld (v §a v, ) uieseduuswiu TIL Taomsld v, ifudiaoansiad i
pnnaunulaon v, $ufluduwafifivn MsI, cc1, TDE, TDC, RCE, RDC , RDD , PDI uazduilu

®1ANARTiv1 TDD

MSI ( Master Synchronization Input )
1 L 14 ]
MsI galdiemsanmsuanidswesduds nazdunmmugudmsudenaidafiozi linis

fUAMIERUT convert clock input (CCT) ¥1 MSI vzgadeidAudyganimAianwd 8 Aladsad ¥4
[~ [y a LY A o a o o 18t o o o
svvziifudyauddasiadossyumsy wioduanudlasimiiuszuy  Mst lulinnuduiusiy
& ; o ' ' c 4
natvesdoyanimaduazninsuenduudnismaialasvvosmndeguiuoulvvesurTDE
Tumsldauding MsI szgndesgiuvl TDE ( MsI sygnasegnioluduvy TDE Iulefives

MC145503/05 )

CCI ( Convert Clock Input )

CCI gnaanunuuuﬁﬁuﬁmﬂuﬁmmﬁ’mtymmﬁm 561 fio 128 Aladsad 1.536 wnzidsad ,
1544 unziEIad , 2.048 WNBsad vie 2.56 wAzEad AnuEnsUNATszgASouRvuAuAERY
MSI Laz mstitoerdnanadyanAnmuluil 128 Aladsad (o 16 mwesdasmsuae )
FiaA 1A (duty cycle) ¥ee CCI axganrugulasanunihevesiadiiiniign ussndudmsud 128
ATaidsnd Faezdeagnl9Tnonssivmdyanumeluinsdodiaian luda 40 81 60 wediwud Tuszuy

srdalania a1 cor s ldFunnnarluasds (ccr segadedy TDC Tulediuns MC145500/01/03 )

TDC ( Transmit Data Clock Input )
TDC ausosuanud ldnaud 64 nladsad ldauda 4.096 wnzdsas uazdnazasiuv CCl

Y o o v 4 v ' W < v i @ a & (s - a I'd
toasuswereyaidwuiduniialy 5 a1 b dygronninliszdadn 1) lugWitaaes
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{ shift register o l¥naugumsdedryauddneaseniivn TDD  TDE AI79egnAvennIndygn

- o & ' o a . - P '
wiimaiiaiidan (TDC taz RDC gadeodn Pdufiuniolu luleiwes MC145505 dagnisunitn DC)

TDE ( Transmit Data Enable Input )

TDE M muiauszanat MST medmividuiiteadrs interdal transmit strobe Faifludaimua
misudnvesmsisudyanueunenihudyaudtaea (A/D Conversion) 10y intemal transmit strobe
swdedyana PM flmidh i s amostds ( dygranniesmnoszgndarien ) endonazidiu
[p19nAfl TDD TDE eziffuminanudummuga( high impedance ) tiisnaunuimdyavesdoyaiflada un

(vt TDE eglumaiugge 41 TDD vzeglusniiz maudumiudi(low impedance) uazlidyaiu

Y o

puudia( enable ) 1 1UNFUTImansiwe Idiludygnonnim ldlidyyv 8 9a PCM sonin  Tav

Yas

b a9 AND maasInsnanssena19u TDE fiu v TDC v I Tideyalnasenainy TDD

"

f

e

e T % Ve e

R

W Bm et o opedn o

t
b

————

TDD ( Transmit Digital Data Output )
v 1 4 »
szavsuonanuiiszganugulagu v, dmsunstiin v, aeagiv vy, seaudgyaiu
g a ..’f s <4 14 b4 o ] J (4 < o
mayAvzlaaaud vss Tooudla vDD dus1liusadu VLS agsyndne vDD-4 Taad oufla vss szdu

7 = 4 Y @ & ¢ aa
ummmmztﬂuu‘uv TTL ¥ A0AANDINUAT VLS ‘Bﬂtﬂuﬂﬂ'}ﬂﬂwﬂﬂﬂﬂﬂ

RDC ( Receive Data Clock Signal )
rDC Huanutifiegludae 64 Aladsad Taud 4.096 wnzidsad f?aﬁngﬂﬁiaﬁu TDC ifie
inl¥idgnennimlifinsduaemsiudeora Ssmaeimailsuszgnaavgulas RCE ozdlou
- dyanauiteWiideyainey@ RDD Tau RDC vouwiaa  RDC pxgnaedsu TDC mwluialed Tuled

(W95 MC145505 4492i58n91 DC

RCE ( Receive Clock Enable Input )

]
s [

[~ o P [ o s
RCE dludyanuiildniugumssudoyanidansinmen ™D Tavszdvalinnuduiuiiy o1

RDC Toyadsszamisanardh I luFi s immesmedisyld

RDD ( Receive Digital Data )
o § o o as a @ 4 { ¥ ¥
ROD dhuvh 145y dygradtacaduyameduiy narildfiuiiiszganiugulay RDC uez

RCE jUuyyvedoyassgnimuadin 41 MwA

Mu/A Select

=|y - Y A v 4 A
vitleg g lumsidoni19zAoNIWUA ( compand ) HUUMu M58 LUY A
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PDI ( Power Down Input)

i eestazina(gate) vosdaananniniyasulivham Aevild VAG ,Tx1, RO, RxO itag TDD

1 & a o o a aw o & 4 1 .
agluaomuzaAumIuge (high impedance) Faszfimsiudidalvifios 0.1 Hadiad FuleidePDI

< °

Y o 4 o 3 e o a
iy v, wieduanuggenazilimenhauvennsiulng

Analog
V . ( Analog Ground Input/Output Pin )

o

14 Ed ]
Vv, Wunsiduesszuueiasnisdidunanazioniye dygrasaenisnuai lnaduas
s a4 au p ¢y _a Y S T o ¢ ¢ @
Tnasennngunseiviiaiisrldu v, (Juns1addreds Taoussduiioziilumssduusadu 6 wosiaud vu
3 v 1 r 4 1A 1
lumedmnansenin vy, uag v luszuyilg (£ 5, = 61aad uazmidu q) v, munsadessnly

S2UVNTIIABUIABAMIUBA 1A

L4
V., ( Positive Voltage Reference Input (Tinw1z Tuive ¥ MC145502 i) )
P Y o s o Y a Y o o = gt aa o
v, Wunier Bdmivuswiududainisuenlddmivmsnlasuewaeniualnea uaznlaoy
nndseaidiueann &1 v gade ifuv  uswudiedafzgaideniuda d1v_ mnndr v, Tnuaniy

A o Yo [ v ¥ a o 41' o &g
uﬂﬂﬂzgﬂlﬁﬂﬂllﬂu llﬁzlliqﬂuﬂﬂﬂu1ﬂﬂv me ﬂxgﬂ‘lﬂfﬁimti\mummwmmxﬂauuﬁfyiym&‘uumﬂu

L 4
RSI ( Referece Select Input ( wuTu Todiues MC145501/02 miniu ) )
5 :
rsI suifudadenmussiudredaisnoluaznouenlasdiunnm 3 a1 fle Vg , V,, tag
é a

V,, 81 RSI = v, usasiudndazgnldlavassdmivdnlfouginuuvesdygradaife 2.5 Toad &

RSI = V, usudadeazgngudan 1.26 Fomliusediwiu 3.15 Toad &1 RSI= v, useiudedeezgn
vy 4 Y v 9 a d d v w o o a 4

audis 151 s liuseiudedailu 378 Taad  RSI gadedy vy dmdulefwes MCl4s5500 ,

MC145503 uax MC145505

RxO, RxO (Receive Analog Outputs )
= (4 [ dg u’;’ o -~ = ar [ o ! o [4
Thoyaaeadugnliy  Tagvsmssdusslinnafuituuandumaiu  mdygiaedyagage
' o ol e 1w P Y Yo 4
vpagazdsulifuihiumdyufinyAngeqa ( maximum peak-to-peak signal output ) FeVuBgiUAMI
»

v Y oo

AUD1IDIVDINU

L4
RxG ( Receive Output Gain Adjust (Tnwiz Iu loFives MC145502 iy )
ilszaanveant RxG efiez IdlinmsUiununu(gain) A5u14%01 RxOf11 RxG gnilaes’3

' . ¥ )
e nAfi RxO sxgRduneiaii RxO fafusiyy-wainu ( push-pull gain ) szfinufudeuriives



[T .

e . v

v v

- e — e e

A W w Mg A%

-

76

1T Rx0 fifimsdedadnumuen Rx0 §1 RxG (RxDiazaIn RxG 81 RO (RG) AUNUUBIRXO 1

[ : f, : s
eadmtinaumanudmmiiiderindrll TassunuezlismAuauRG/RI

Txl ( Transmit Analog Input )

x1 fhidunafiozinudh lufidinsesdagromediuds Tavslinumsdedygaludadmiy

[e$ MC145501/02/03/05 Taefianudmududunagand 100 Alalery TuwesMc145500 dmdy
aRtusadudsaii 3.15 Toad drilinuduwadu +3 dBmo dunanlsezlidunnga 63 Taaddiayiia(
volt peak-to-peak ) ’

+Tx ( Positive Tx Amplifier Input ( fimwiz MC145502/03/05 winfu ))

- Tx ( Negative Tx Amplifier Input( RNz MC145501/02/03/05 winfu) )
Gifinnsldun +Tx ez -Tx wwimsvnedyanunouiiond lUitunavesled Taoldqunseidadumn
mouondodly  uad il +Tx naz -Tx Txl %zx'ﬂumqﬁ?{mﬁ (unity gain) Fafianudumiuga
mw’ﬁuauvgﬂ ( high impedance input )
unaegwiv

vDD ussduruanfinilezTiddand s 81 12 Taad

vss usadu aufiviiiestimdaust 1084 12 Taad uoziduauvesld VDD
dmsuszunldg £ 5 Taad arfildfAe vDD = + 5 Taad , vss =- 5 Taad, VLS = 0 Taad uaz VAG =0
wiilunsdvesszuveuaen
dmiuszuuswindon frothavesmildiu wu

VDD = 10 f 12 Taad

vss =0 Toad

vAG ahausssunandmsuidiuns wudadeves "iuummamaﬂnﬁn’hm

3.4.4 MINAADUIINVT

sthassmsnaceudalugyil 3.9vefimsde MsI uaz ccl iy 128 Aladsad uazlinade
Sunadhgialfounndyanaeuneniiudaen (owymves Tx) Taswadnivesdunaeziinsant
awndmilenoudud luiduduna manaaeuiivzilfaunsoszdiudansesdayguanuansiu

oo

1 = ar o as aa [} [} (YY)
dmee uazmsldsudgyanueuiseniludygyudinen TastesmsnazSudyaaezganaaouna

[]
i

1 % o @ ar
n1dTasda Tamn uazdnseadygu
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1

10

VAG 1 MC145503
v, v,
6002 ) AG i)
Rx < —AA- Rx0 RDD
3
RCE
5kQ 10kQ p +Tx
T T AAA- b RDC
681 3 -Tx TDG
—S wia oD
= : 2} poi TOE
T . 8l vss Vis
0.1uF I

-5V
* To define RDD when TDD is high Z.

517 3.12 29smInacoy

3.5 a"amjmmsuagmmmzua@mmmu FM

351 mavegandyanalasliFflediues BA1404

W Lo
I
< ENABLE
? ~< CLOCK
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a { o { Y] [ o
BA 1404TuFd lodnimthiveamadyanuuvmeridy Idaesdnyuz oty T Tunazuuy

w003 1o Tasozdsenovudaduaia 9 3 nnfo
1. mﬂmﬂa?’faua@mmm' (Stereo Modulator)

2. maeiduuegamnss (FM Modulator)

3. maosievueudIWioss (RF Amplifier)

t 4
TaoluTassnuiies 1davannfonneribusequaines tazninersieruenldlviees Tavdnsy

o = £ ar 40 A o 1 1 o a o o o v o P
wanuiiee Idhudygnaanuudivfedyguondiu TDM (@riadmand) Muszuidifivi 12

o« O’I o o A ﬂ' - d‘ X ﬂ" L3 o
ndwminhmsuegmadiuaduanud 49 wazdsad lasanudaiurniinhmsdivguldlagiees

d 4 e 4 o o @
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145500/D

PCM Codec-Filter Mono-Circuit

The MC145500, MC145501, MC145502, MC145503, and MC145505 are all
pet channel PCM Codec~Filter mono—circuits. These devices perform the voice
digitization and reconstruction as well as the band limiting and smoothmg
required for PCM systems. The MC145500 and MC145503 are general
purpose devices that are offered in a 16~pin package. They are designed to
operate in both synchronous and asynchronous applications and contain an
on—chip precision reference voltage. The MC145501 is offered in an 18-pin
package and adds the capability of selecting from three peak overload voltages
(2.5, 3.15, and 3.78 V). The MC1455056 is a synchronous device offered in a
16—pin DIP and wide body SOIC package intended for instrument use. The
MC 145502 is the full-featured device which presents all of the options of the
Chlp This device is packaged in a 22—pirr DIP and a 28-pin chip carrier package
and ‘contains all the features of the MC145500 and MC145501 plus several
more. Most of these features can be made available in a lower pin count
package tailored to a specific user’s application. Contact the factory for further
details.

These devices are pin—for—pin replacements for Motorola’s first generation of
MC14400/01/02/03/05 PCM mono—circuits and are upwardly compatible with
the MC14404/06/07 codecs and other industry standard codecs. They also
maintain compatibility with Motorola’s family of MC33120 and MC3419 SLIC
products.

The MC145500 family of PCM Codec~Filtet mono—circuits utilizes CMOS
due to its reliable low—power performance and proven capability for complex
analog/digital VLSt functions.

MC145500 (This Device is Not Recommended for New Designs)

* 16-Pin Package

» Transmit Bandpass and Receive Low—Pass Filter On—Chip

» Pin Seiectable Mu-Law/A-Law Companding with Corresponding Data
Format .

* " On—Chip Precision Reference Voltage (3.15 V)

¢ Power Dissipation of 50 mW, Power-Down of 0.1 mW at+ 5V

» Automatic Prescaler Accepts 128 kHz, 1.536, 1.544, 2.048, and 2.56 MHz
for Internal Sequencing

MC145501 — All of the Above Plus:

(This Device is Not Recommended for New Designs)

¢ 18-Pin Package

», Selectable Peak Overload Voltages (2.5, 3.15, 3.78 V)

¢ Access to the Inverting Input of the TxI Input Operational Amplifier

MC145502 — Al of the Above Plus:

+- 22—Pin and 28-Pin Packages

. Variable Data Clock Rates (64 kHz to 4.1 MHz)

o. Complete Access to the Three Terminal Transmit Input Operational ~ *

Amplifiers
* An Extemnal Precision Reference May Be Used
MC145503 — All of the Above Features of the MC145500 Plus:
¢ 16-Pin Package
» Complete Access to the Three Terminal Transmit Input Operational Amplifiers
MC145505 — Same as MC145503 Except:

+ 16—Pin Package
¢ Common 64 kHz to 4.1 MHz Transmit/Receive Data Clock

REV 1
9/95 (Replaces AD!1287)

MC145500
MC145501
MC145502
MC145503
MC145505

L SUFFIX
l'i CERAMIC PACKAGE

CASE 620
MC145500/03/05

P SUFFIX
PLASTIC DIP
CASE 648
MC145503/05

L SUFFIX

T 7!' CERAMIC PACKAGE
1 CASE 726

MC145501

L SUFFIX
CERAMIC PACKAGE
L CASE 736
MC145502

P SUFFIX
PLASTIC DIP
CASE 708
MC145502

DW SUFFIX
SOG PACKAGE
CASE 751G
MC145503/05

FN SUFFIX
PLCC PACKAGE
CASE 776
MC145502
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MC145500/01/02/03/05 PCM CODEC-FILTER MONO-CIRCUIT BLOCK DIAGRAM
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PIN ASSIGNMENTS
(DRAWINGS DO NOT REFLECT RELATIVE SIZE)

MC145503L, P MC145505L, P MC145501L
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AB'SOLUTE MAXIMUM RATINGS (Voltage Referenced to Vss)

This device contains circuitry to protect

b Rating Symbol Value Unit against damage due to high static voltages or
D€ Supply Voltage Vpp. Vss -05t013 \ electric fields; however, it is advised that
N normal precautions be taken to avoid applica-
Voltage, Any Pin to Vsg M ~0.5toVpp + 05 v tion of any voltage higher than maximum rated
DC Drain Per Pin (Excluding Vpp, Vss) ! 10 mA voltages to this high impedance circuit. For
- < proper operation it Is recommended that Vi
Operating Temperature Range TA ~401t0+85 andVgytbe constrainedtothe range Vs g <(Vin
Storage Temperature Range Tstg -85t0 + 150 °C or Vout) < VDD-
Unused inputs must always be tied to an
i . ‘appropriatelogic voltagelevel (e.g.,Vgs, VDD,
' VLS, or VAG)-
RECOMMENDED OPERATING CONDITIONS (Tp = - 40 to + 85°C)
f Characteristic Min Typ Max Unit
DC Supply Voltage v
Dual Supplies: Vpp = ~Vgs, (Vag=VLs=0V) 4.75 5.0 6.3
Single Supply: Vpp to Vss (VAG is an Output, V| .g = Vpp or Vgg)
MC145500, MC145501, MC145502, MC145503, MC145505 (Using Internal 8.5 —_ 12.6
R Y Reference)
MC145501, MC145502 Using Intemal 2.5 V Reference 7.0 — 12.6
E MC145501, MC145502 Using Internal 3.78 V Reference 9.5 — 12.6
MC145502 Using External 1.5 V Reference, Referenced to Vaog 4.75 —_ 12.6
Power Dissipation ] mw
. CMOS Logic Mode (Vpp to Vgg = 10 V, Vi 5 = Vpp) - 40 70
TTL Logic Mode (Vpp=+5V,Vgsg= -5V,V g=Vag=0V) - 50 90
Power Down Dissipation — 0.1 1.0 mw
!:rame Rate Transmit and Receive 7.5 8.0 8.5 kHz
Data Rate — 128 . -_— kHz
MC145500, MC145501, MC145503 —_ 1536 -
Must Use One of These Frequencies, Relative to MSI Frequency of 8 kHz —_ 1544 -—
' — 2048 -
—_ 2560 —_
Data Rate for MC145502, MC145505 64 — 4096 kHz
Full Scale Analog Input and Output Level Vp
j MC145500, MC145503, MC145505 — 3.15 -_
MC145501, MC145502 (Vyef = VSS) RSI=Vpp —_ 3.78 -
RSI=Vgs — 3.15 —_
RSI=VaGg — 25 -
MC145502 Using an Extemnal Reference Voltage Applied at Vygf Pin RS!=Vpp - 1.51 x Vigf -—
. RSI= VSS A 1.26 x Vref _—
§ RS! = VAG and Vref -_—
PIGITAL LEVELS (Vgsto Vpp =4.75 V10 12.6 V, Tp = —40 to + 85°C)
E Characteristic , Symbol. Min Max Unit
Input Voltage Levels (TDE, TDC, RCE, RDC, RDD, DC, MSI, CCt, PDi) ’ \';
; CMOS Mode (Vs = VpD, Vss is Digital Ground) ‘0’ ViL —_ 0.3xVpp
4 “" VIH 0.7xVpD —
* TTL Mode (Vi s s Vpp — 4.0V, Vg is Digital Ground) “o" viL —_ Vis+08V
“qm VIH Vig+20V -
‘Output Current for TDD (Transmit Digital Data) ' mA
[ CMOS Mode (Vs = Vpp. Vsg =0 V and is Digital Ground)
] (VpDD=5V, Vout=0.4V) loL 1.0 —_
i (VDD =10V, Vout=0.5V) 3.0 —_
(VDD =5V, Vout=4.5V) l0H -1.0 —
f (VDD =10V, Vg t=9.5V) -3.0 —
TTL Mode (Vi s < Vpp —4.75 V, Vg = 0V and is Digital Ground)  (Vor = 0.4 V) lo 1.6 -
(VOH =2.4V) IOH -0.2 —
3
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ANALOG TRANSMISSION PERFORMANCE
(VDD =+5V%5%,Vgg=—-5V+5%, VI g=VAaG=0V, Vet = RS! = Vgg (Internal 3.15 V Reference), 0 dBmO = 1.546 Vims = + 6 dBm @
600 Q, Ta =— 40 to + 85°C, TDC = RDC = CC = 2.048 MHz, TDE = RCE = MSI = 8 kHz, Unless Otherwise Noted)

3

End-to—End A/D D/A
: Characteristic Min Max Min Max Min Max Unit
Absolute Gain (0 dBm0 @ 1.02kHz, Tp =25°C,Vpp=5V,Vgg=-5V) | — — | -0.30 | +0.30 | -0.30 | +0.30 dB
Absolute Gain Variation with Temperature 0 to + 70°C —_ — —_ +0.03 — +0.03 dB
Absolute Gain Variation with Temperature - 40 to +85°C — — — | 01 — | x01 d8
'3
At{)solute Gain Variation with Power Supply (Vpp =5V, Vgg=-5V, 5%) — - — +0.02 - +0.02 dB
G:ain vs Level Tone (Relative to — 10 dBm0, 1.02kHz) +3to-40dBm0j —-04 | +04 | -0.2 +0.2 -02 +0.2 dB
-40to-50dBm0 | ~-08 | +08 | —-04 | +04 | -04 | +04
* -50to - 55dBm0| -16 | +16 | -08 | +0.8 | -08 | +0.8
Gain vs Level Pseudo Noise (A—Law Relative to — 10 dBm0) . dB
CCITTG.714 -10t0-40dBm0 | — — | ~025 |+025 |~025 | +0.25
~40t0-50dBm0 | — — | -0.30 | +0.30 { ~0.30 | +0.30
-50to-55dBm0| — | — |[-~045|+0.45 |-045 | +0.45
Tbtal Distortion — 1.02 kHz Tone (C—-Message) 0to-30dBm0| 35 —_ 36 —_ 36 — dBC
-40dBmo0 29 — 29 —_— 30 —_
' -45dBmo 24 —_ 24 —_ 25 —_
Total Distortion With Pseudo Noise (A-Law) -3dBm0{ 27.5 _ 28 —_ 28.5 — dB
CCITTG.714 -6to—-27dBm0| 35 — 35.5 - 36 —_
-34dBm0 | 33.1 —_— 33.5 —_ 34,2 —_
} -40dBm0 | 28.2 — 28.5 = 30.0 _
-55dBm0 | 13.2 —_ 13.5 - 15.0 —
Idle Channel Noise (For End-End and A/D, See Note 1)
' Mu-Law, C~Message Weighted | — 15 — 15 - 9 dBrnCO
R A-Law, Psophometric Weighted | — -69 -— -69 _— ~-78 | dBmOp
Frequency Response (Relative to 1.02 kHz @ 0 dBm0) 15to60Hz { — -23 — -23 - 0.15 dB
300t03000Hz{ -0.3 | +0.3 | ~0.15 | +0.15 | -0.15 | +0.15
. 3400Hz | —-1.6 0 -0.8 0 -0.8 0
4000Hz | — -28 — -14 — -14
' 24600Hz | — -60 — -32 — - 30
Inband Spurious (1.02 kHz @ 0 dBmO0, Transmit and RxO) — — — —-43 — -43 dBmoO
v 300 to 3000 Hz
Out-of-Band Spurious at RxO (300 — 3400 Hz @ 0 dBmo0 In) | dB
4600t0 7600 Hz | — -30 — — —_ -30
7600t0 8400 Hz | — ~40 — - — -40
, 8400 to 100,000 Hz | — ~30 — — — -30
ldle Channel Noise Selective @ 8 kHz, Input = Va @, 30 Hz Bandwidth — -70 — — — -70 dBmo
Absolute Delay @ 1600 Hz (TDC = 2.048 MHz, TDE = 8 kHz) _ — — 310 —_ 180 us
Group Delay Referenced to 1600 Hz (TDC = 2048 kHz,’ us
TDE =8 kHz) 500to 600 Hz | — — — 200 -40 —_
600t0 800Hz | — — — 140 -40 -
800t0 1000 Hz | — — —_ 70 ~30 —
. 1000to 1600 Hz | — — - 40 -20 —
1600t0 2600 Hz | — —_ — 75 — 90
[ 2600102800 Hz | — — — 110 — 120
2800t03000Hz | — — — 170 — 160
Crosstalk of 1020 Hz @ 0 dBm0 From A/D or D/A (Note 2) — — — ~75 —_ -80 dB
Intermodulation Distortion of Two Frequencies of Amplitudes — 4 to — —_ — -41 - —-41 dB
. =21dBmo from the Range 300 to 3400 Hz
NOTES:
* 1. Extrapolated from a 1020 Hz @ -- 50 dBm0 distortion measurement to correctifor encoder enhancement.
2. Selectively measured while the A/D is stimulated with 2667 Hz @ — 50 dBm0.
¥
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ANALOG ELECTRICAL CHARACTERISTICS (Vpp = ~Vgg =5 V10 6 V £ 5%, Ta = - 40 to + 85°C)

v Characteristic Symbol Min Typ Max Unit
Input Current +Tx, =Tx (Txl for MC145500) lin —_ +0.01 +0.2 pA
AC Input Impedance to VaG (1 kHz) +Tx, =Tx Zin, 5 10 — MQ

) Txl for MC145500 0.1 0.2 —
input Capacitance +Tx, -Tx - — 10 pF
Input Offset Voltage of TxI Op Amp — <% 30 —_ mv
Input Common Mode Voltage Range +Tx, =Tx VICR Vgg + 1.0 — Vpp-2.0 v
input Common Mode Rejection Ratio +Tx,-Tx [ CMRR —_ 70 — dB
Tx! Unity Gain Bandwidth RL210kQ BWp — 1000 -_ kHz
Txl Open Loop Gain RL210kQ | AyoL - 75 — dB
Eduivalent Input Noise (C-Message) Between +Tx and ~Tx, at TxI - -20 - dBmCo
Oijtput Load Capacitance for Txt Op Amp 0 —_ 100 pF
Output Voltage Range TxI Op Amp, RxO or RxO Vout \'

RL=10kQ1to VoG Vgg + 0.8 — Vpp-t.0

"Rl =600 Q1o Vag Vgg+ 1.5 — Vpp-15
Output Current Txl, RxO, RxO Vgs +1.5VsVoutsVpp-1.5V 5.5 — - mA
Output Impedance RxO, RxO* 0to 3.4 kHz Zout — 3 — Q
Output Load Capacitance for RxO and RxO* ‘ 0 -_— 200 pF
Output dc Offset Voltage Referenced to VoG Pin RxO — — +100 mV
' RxO* - — +150
Intemal Gainsetting Resistors for RxG to RxO and RxO 62 100 225 kQ
External Reference Voltage Applied to Vyef (Referenced to VAG) 0.5 l | Vop-1.0 \'
Vyef Input Current — -— 20 pA
Va@G Output Bias Voltage \ — 0.53 Vpp + - v
P 0.47 Vs
\;AG Output Current Source lvaAG 0.4 — 0.8 mA
, Sink 10.0 — —
Output Leakage Current During Power Down for the Txl Op Amp, VAG, — — +30 HA
RxO, and RxO
Positive Power Supply Rejection Ratio, Transmit 45 50 — dsC
0 - 100 kHz @ 250 mV, C-Message Weighting Receive 55 65 —
Ne‘gativa Power Supply Rejettion Ratio, Transmit 50 55 — dBC
é—‘ 100 kHz @ 250.mV, C-Message Weighting Recsive 50 60 —_

» Adsumes that RxG is not connected for gain modifications to AxO.
5
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MODE CONTROL LOGIC (Vggto Vpp =4.75V10 12.6 V, Tp =+ 40 to + 85°C)

f Characteristic Min Typ Max Unit
VES Voltage for TTL Mede (TTL Logic Levels Referenced to V| _g) Vss —_— Vpp-4.0 v
VLs Voltage for CMOS Mode (CMOS Logic Levels of Vgg to Vpp) Vpp-0.5 — Vbb \
MWA Select Voltage v

pMu—Law Mode Vpp-0.5 —_ VDD

.Sign Magnitude Mode Vag -0.5 -_ Vag +0.5

*A-Law Mode Vss — Vgs + 0.5
RSI Voltage for Reference Select Input (MC145501 and MC145502) 3.78VMode | Vpp-0.5 - Vbb \

2.5VMode | Vog—-0.5 —_ Vag +0.5

: 3.15 V Mode Vss - Vgg +0.5
Vi»ef Voltage for Internal or External Reference (MC145502 Only) \"

Internal Reference Mode Vss — Vgg + 0.5
External Reference Mode | VaG + 0.5 —_ Vpp-1.0
Analog Test Mode Frequency, MS = CCl (MC145500, MC145501, MC145502 Only) — 128 — kHz
See Pin Description; Test Modes
SWITCHING CHARACTERISTICS (Vggto Vpp = 9.5 V10 12.6 V, Ta = - 40 to + 85°C, C_ = 150 pF, CMOS or TTL Mode)

) Characteristic Symbol Min Typ Max Unit
dutput Rise Time TOD | triH — 30 80 ns
Output Fall Time THL _ 30 80
Input Rise Time TDE, TDC, RCE, RDC, DC, MSI, CCI tTLH —_ — 4 us
Input Fall Time THL - — 4
Pulse Width TDE Low, TDC, RCE, RDC, DC, MSI, CC! tw 100 —_ —_ ns
DCLK Puise Frequency (MC145502/05 Only) TDC, RDC, DC foL 64 —_ 4096 kHz
GCli Clock Pulse Frequency (MSI = 8 kHz) foL — 128 — kHz
CCl is internally tied to TDC on the MC145500/01/03, therefore, the fcLe = 1536 -
transmit data clock must be one of these frequencies. This pin will accept fcLa — 1544 -
one of these discrete clock frequencies and will compensate to produce fcLse = 2048 —
internal sequencing. fcus —_ 2560 —

Propagation Delay Time ns
TDE Rising to TDD Low impedance TTL tpq —_ 90 180
\ CMOS — 90 150
TDE Falling to TDD High Impedance TTL tp2 — — 55
CMOS — — 40
TDC Rising Edge to TDD Data, During TDE High TTL tp3 —_ 90 180
, CMOS — 90 150
TDE Rising Edge to TDD Data, During TDC High TTL tP4 — 90 180

' ' CMOs - 9 150
TDC Falling Edge to TDE Rising Edge Setup Time- tsut 20 —_ —_ ns
TDE Rising Edge to TDC Falling Edge’Setup Time tsu2 100 —_ — ns
TDE Falling Edge to TDC Rising Edge to Preserve the Next TDD Data tsus 20 - - ns
RDC Falling’Ed’g‘e to RCE Rising Edge Setup Time tsus 20 _— —_ ns
ACE jﬁsiﬁg Edge to RDC Falling Edge Setup Time tsud 100 - — ns
RDD Valid to RDC Falling Edge Setup Time tsus 60 -_ - ns
CCl Falling Edge to MSI Rising Edge Setup Time tsus 20 - — ns
MSI Rising Edge to CCl Falling Edge Setup Time tsu7 100 — — ns
RDD Hold Time from RDC Falling Edge th 100 — —_ ns
TDE, TDC, RCE, RDC, RDD, DC, MS!, CCI Input Capacitance — —_ 10 pF
'f'DE,TDC, RCE, RDC, RDD, DC, MS!, CCl Input Current — '+0.01 +10 HA
TDD Capacftance During High Impedance (TDE Low) —_ 12 15 pF
fDD Input Current During High impedance (TDE Low) — +0.1 +£10.0 pA

MOTOROLA
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DEVICE DESCRIPTIONS

A codec-filter is a device which is used for digitizing and
reconstructing the human voice. These devices were devel-
oped primarily for the telephone network to facilitate voice
switching and transmission. Once the voice is digitized, it
may be switched by digital switching methods or transmitted
long distance (T1, microwave, satellites, etc.) without degra-
dation. The name codec is an acronym from “Coder” for the
A/D used to digitize voice, and “Decoder” for the D/A used for
reconstructing voice. A codec is a single device that does
both the A/D and D/A conversions.

To digitize intelligible voice requires a signal to distortion of
about 30 dB for a dynamic range of about 40 dB. This may be
accomplished with a linear 13-bit A/D and D/A, but will far
exceed the required signal to distortion at amplitudes greater
than 40 dB below the peak amplitude. This excess perform-
ance is at the expense of data per sample. Two methods of
data reduction are implemented by compressing-the 13-bit
linear scheme to companded 8-bit schemes. These com-
panding schemes follow a segmented or “piecewise—linear”
curve formatted as sign bit, three chord bits, and four step
bits. For a given chord, all 16 of the steps have the same voit-
age weighting. As the voltage of the analog input increases,
the four step bits increment and carry to the three chord bits
which increment. With the chord bits incremented, the step
bits double their voltage weighting. This results in an effec-
tive resolution of 6~bits (sign + chord + four step bits) across
a 42 dB dynamic range (7 chords above zero, by 6 dB per
chord). There are two companding schemes used; Mu-255
Law specifically in North America, and A-Law specifically in
Europe. These companding schemes are accepted world
wide. The tables show the linear quantization levels to PCM
words for the two companding schemes.

Jn a sampling environment, Nyquist theory says that to
properly sample a continuous signal, it must be sampled at a
frequency higher than twice the signal's highest frequency
component. Voice contains spectral energy above 3 kHz, but
its absence is not detrimental to intelligibility. To reduce the
digital data rate, which is proportional to the sampling rate, a
sample rate of 8 kHz was adopted, consistent with a band-
width of 3 kHz. This sampling requires a low—pass filter to
limit the high frequency energy above 3 kHz from distorting
the inband signal. The telephone line is also subject to
50/60 Hz power line coupling which must be attenuated from
the signal by a high—pass filter before the A/D converter.

The D/A process reconstructs a staircase version of the
desired inband signal which has spectral images of the in-
band signal modulated about the sample frequency and its
harmonics. These spectral images are called aliasing com-
ponents which need to be attenuated to obtain the desired
signal. The low—pass filter used to attenuate filter aliasing
components is typically called a reconstruction or smoothing
filter.

The MC145500 series PCM Codec-Filters have the co-
de:c, both presampling and reconstruction filters, a precision
voltage reference on chip, and require no external compo-
nents. There are five distinct versions of the Motorola
MP145500 Series.

3
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MC145500

The MC145500 PCM Codec-Filter is intended for stan-
dard byte interleaved synchronous and asynchronous appli-
cations. The TDC pin on this device is the input to both the
TDC and CCl functions in the pin description. Consequently,
for MSI =8 kHz, TDC can be one of five discrete frequencies.
These are 128 kHz (40 to 60% duty cycle) 1.536, 1.544,
2.048, or 2.56 MHz. (For other data clock frequencies, see
MC145502 or MC145505.) The internal reference is set for
3.15 V peak full scale, and the full scale input level at Txl and
output level at RxO is 6.3 V peak-to—peak. This is the
+ 3 dBmO level of the PCM Codec~Filter. All other functions
are described in the pin description.

MC145501

The MC145501 PCM Codec—Filter offers the same fea-
tures and is for the same application as the MC145500, but
offers two additional pins and features. The reference select
input allows the full scale level of the device to be set at
2.5 Vp, 3.15 Vp, or 3.78 Vp. The —Tx pin allows for external
transmit gain adjust and simplifies the interface to the
MC3419 SLIC. Otherwise, it is identical to MC145500.

MC145502

The MC145502 PCM Codec—Filter is the full feature
22-pin device. It is intended for use in applications requiring
maximum flexibility. The MC145502 contains all the features
of the MC145500 and MC145501. The MC145502 is in-
tended for bit interleaved or byte interleaved applications
with data clock frequencies which are nonstandard or time
varying. One of the five standard frequencies (listed above)
is applied to the CCl input, and the data clock inputs can be
any frequency between 64 kHz and 4.096 MHz. The Vigf pin
allows for use of an external shared reference or selection of
the internal reference. The RxG pin accommodates gain ad-
justments for the inverted analog output. All three pins of the
input gain-setting operational amplifier are present, provid-
ing maximum flexibility for the analog interface.

MC145503

The MC145503 PCM Codec-Filter is intended for stan-
dard byte interleaved synchronous or asynchronous applica-
tions. TDC can be one of five discrete frequencies. These
are 128 kHz (40 to 60% duty cycle), 1.536, 1.544, 2.048, or
2.56 MHz. (For other data clock frequencies, see MC145502
or MC145505.) The internal reference is set for 3.15 V peak
full scale, and the full scale input level at Txl and output level
at RxO is 6.3 V peak-to—peak. This is the + 3 dBm0 level of
the PCM Codec~Filter. The +Tx and —Tx inputs provide max-
imum flexibility for analog interface. All other functions are
described in the pin description.

MC145505

The MC145505 PCM Codec—Filter is intended for byte in-
terleaved synchronous applications. The MC145505 has all
the features of the MC145503 but internally connects TDC
and RDC (see pin description) to the DC pin. One of the five
standard frequencies (listed above) should be applied to

4
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CCI. The data clock input (DC) can be any frequency be-
tween 64 kHz and 4.096 MHz.

d PIN DESCRIPTIONS

DIGITAL
VLs
Légic Level Select input and TTL Digital Ground

:VLs controls the logic levels and digital ground reference
for all digital inputs and the digital output. These devices can
operate with logic levels from full supply (Vsg to Vpp) or
with TTL logic levels using V|_s as digital ground. For V| g =
Vb, all /O is full supply (Vss to Vpp swing) with CMOS
switch paints. For Vgg < Vg < (Vpp — 4 V), all inputs and
outputs are TTL compatible with Vi g being the digital ground.
The pins controlled by V| g are inputs MSI, CCl, TDE, TDC,
RCE, RDC, RDD, PDI, and output TDD.

Mslt
Master Synchronization Input

MSl is used for determining the sample rate of the transmit
side and as a time base for selecting the internal prescale
divider for the convert clock input (CCl) pin. The MSI pin
should be tied to an 8 kHz clock which may be a frame sync
or system sync signal.. MSI has no relation to transmit or
receive data timing, except for determining the internal trans-
mit strobe as described under the TDE pin description. MSI
should be derived from the transmit timing in asynchronous
applications. In many applications MSI can be tied to TDE.
(MSl is tied internally to TDE in MC145503/05.)

ccl
Convert Clock Input

CCl is designed to accept five discrete clock frequencies.
These are 128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or
2.56 MHz. The frequency at this input is compared with MSI
and prescale divided to produce the internal sequencing
clock at 128 kHz (or 16 times the sampling rate). The duty
cycle of CCl is dictated by the minimum pulse width except
for 128 kHz, which is used directly for internal sequencing
and must have a 40 to 60% duty cycle. In asynchronous
applications, CCl should be derived from transmit timing.
(CCl is tied internally to TDC in MC145500/01/03.)

TDC
Transmit Data Clock Input

' TDC can be any frequency from 64 kHz to 4.096 MHz, and
is often tied to CCl if the data rate is equal to one of the five
discrete frequencies. This clock is the shift clock for the
transmit shift register and its rising edges produce succes-
sive data bits at TDD. TDE should be derived from this clock.
(TDC and RDC are tied together internally in the MC145505
and are called DC.) CCl is internally tied to TDC on the
JMC145500/ 01/03. Therefore, TDC must satisfy CCl timing
‘requirements also.

TDE
Transmit Data Enable Input

TDE serves three major functions. The first TDE rising
edge following an MSI rising edge generates the internal
transmit strobe which initiates an A/D conversion. The inter-
nal transmit strobe also transfers a new PCM data word into

the transmit shift register (sign bit first) ready to be output at
TDD. The TDE pin is the high impedance control for the
transmit digital data (TDD) output. As long as this pin is high,
the TDD output stays low impedance. This pin also enables
the output shift register for clocking out the 8-bit serial PCM
word. The logical AND of the TDE pin with the TDC pin
clocks out a new data bit at TDD. TDE should be held high
for eight consecutive TDC cycles to clock out a complete
PCM word for byte interleaved applications. The transmit
shift register feeds back on itself to allow muttiple reads of
the transmit data. If the PCM word is clocked out once per
frame in a byte interleaved system, the MSI pin function is
transparent and may be connected to TDE.

The TDE pin may be cycled during a PCM word for bit in-
terleaved applications. TDE controls both the high imped-
ance state of the TDD output and the internal shift clock. TDE
must fall before TDC rises (tgyg) to ensure integrity of the
next data bit. There must be at least two TDC falling edges
between the last TDE rising edge of one frame and the first
TDE rising edge of the next frame. MS! must be available
separate from TDE for bit interleaved applications.

TDD
Transmit Digital Data Output

The output levels at this pin are controlled by the Vi g
pin. For'V|g connected to Vpp, the output levels are from
VsstoVpp.Foravoltage of Vi gbetween Vpp—4VandVss,
the output levels are TTL compatible with V| g being the digi-
tal ground supply. The TDD pin is a three—state output
controlled by the TDE pin. The timing of this pin is controlled
by TDC and TDE. When in TTL mode, this output may be
made high—speed CMOS compatible using a pull-up resis-
tor. The data format (Mu—Law, A—Law, or sign magnitude) is
controlled by the Mu/A pin.

RDC
Receive Data Clock Input

RDC can be any frequency from 64 kHz to 4.096 MHz.
This pin is often tied to the TDC pin for applications that can
use a common clock for both transmit and receive data trans-
fers. The receive shift register is controlled by the receive
clock enable (RCE) pin to clock data into the receive digital
data (RDD) pin on falling RDC edges. These three signals
can be asynchronous with all other digital pins. The RDC in-
put is intemally tied to the TDC input on the MC145505 and
called DC.

RCE
Receive Clock Enable.Input

The rising edge of RCE should identify the sign bit of a re-
ceive PCM word on RDD. The next falling edge of RDC, after
a rising RCE, loads the first bit of the PCM word into the re-
ceive register. The next seven falling edges enter the remain-
der of the PCM word. On the ninth rising edge, the receive
PCM word is transferred to the receive-buffer register and the
A/D sequence is interrupted to commence the decode pro-
cess. In asynchronous applications with an 8 kHz transmit
sample rate, the receive sample rate shouid be between 7.5
and 8.5 kHz. Two receive PCM words may be decoded and
analog summed each transmit frame to allow on—chip con-
ferencing. The two PCM words should be clocked in as two
single PCM words, a minimum of 31.25 ps apart, with a
receive data clock of 512 kHz or faster.
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RDD
Reéeive Digital Data Input
RDD is the receive digital data input. The timing for this pin
is controlled by RDC and RCE. The data format is deter-
mirged by the Mu/A pin.
MwA
Select
'I:'his pin selects the companding law and the data format at
TDD and RDD.
Mu/A = VpD; Mu-255 Companding D3 Data Format with
Zero Code Suppress
MWA = VAG; Mu-255 Companding with Sign Magnitude
Data Format
Mu/A =Vgsg; A-Law Companding with CCITT Data Format
¥ Bit Inversions

Sign/ A-Law

Code Magnitude Mu-Law (ccitm)
*+ Full Scale 1111 1111 1000 0000 | 1010 1010
+ Zero 1000 0000 | 1111 1111 1101 0101
—~Zero 0000 0000 | 011t 1111 [ 0101 0101
;— Full Scale o111 1111 0000 0010 | 0010 1010

SIGN
8IT CHORD BITS

oIl lslelr]

‘NOTE: Starting from sign magnitude, to change format:
To Mu—Law —
MSB is unchanged (sign)
Invert remaining seven bits
. If code is 0000 0000, change to 0000 0010 (for zero
code suppression)
t To A-Law—
" MSB s unchanged (sign)
Invert odd numbered bits
Ignore zero code suppression

STEP BITS

PDI

Power Down Input

. The power down input disables the bias circuitry and gates
off all clock inputs. This puts the Vag, Txi, RxO, RxO, and
TDD outputs into a high-impedance state. The power dissi-
pation is reduced to 0.1 mW when PDI is a low logic level.
The circuit operates normally with PDI = Vpp or with a logic
high as defined by connection at Vi g. TDD will not come out
of high impedance for two MSI cycles after PDI goes high.

DCLK
Data Clock Input

In the MC145505, TDC and RDC are internally connected
to DCLK.

ANALOG
VaG
Analog Ground input/Qutput Pin

VaG is the analog ground power supply input/output. All
analog signals into and out of the device use this as their
ground reference. Each version of the MC145500 PCM Co-

dec—Filter family can provide its own analog ground supply
internally. The dc voltage of this internal supply is 6% positive
of the midway between Vpp and Vss. This supply can sink
more than 8 mA but has a current source limited to 400 pA.
The output of this supply is internally connected to the analog
ground input of the part. The node where this supply and the
analog ground are connected is brought outto the VaoG pin. In
symmetric dual supply systems (£ 5, £ 6, etc.), VAG may be
externaily tied to the system analog ground supply. When
RxO or RxO drive low impedance loads tied to VAG, a pull~up
resistor t6 Vpp will be required to boost the source current
capability if VG is not tied to the supply ground. All analog
signals for the part are referenced to VAG, including noise;
therefore, decoupling capacitors (0.1 uF) should be used
from Vpp to VAG and Vsg to VAG-

Vref
Positive Voltage Reference Input (MC145502 Only)

The Vet pin allows an external reference voltage to be
used for the A/D and D/A conversions. If Vet is tied to Vgg,
the internal reference is selected. If Vet > VAG, then the ex-
ternal mode is selected and the voltage applied to Vigf is
used for generating the internal converter reference voltage.
In either internal or external reference mode, the actual voit-
age used for conversion is multiplied by the ratio selected by
the RSI pin. The RS! pin circuitry is explained under its pin
description below. Both the internal and external references
are inverted within the PCM Codec-Filter for negative input
voltages such that only one reference is required.

External Mode — In the extemnal reference mode (Vyef >
VAG). a 2.5 V reference like the MC1403 may be connected
from Vigf to VAG. A single extemnal reference may be shared
by tying together a number of Vit pins and VAG pins from dif-
ferent codec-filters. In special applications, the external ref-
erence voltage may be between 0.5 and 5 V. However, the
reference voltage gain selection circuitry associated with RS!
must be considered to arrive at the desired codec—filter gain.

Internal Mode — In the intemnal reference mode (Vref =
Vgg), an internal 2.5 V reference supplies the reference volt-
age for the RSI circuitry. The Vyef pin is functionally con-
nected to Vgg for the MC145500, MC145501, MC145503,
and MC145505 pinouts.

RSl
Reference Select Input (MC145501/02 Only)

-The RSl input allows the selection of three different over-
load or full-scale A/D and D/A converter reference voitages
independent of the internal or external reference mode. The
RSI pin is a digital input that senses three different logic
states: Vgs, VAG, and Vpp. For RSI = Vg, the reference’
voltage is used directly for the converters. The internal refer-
ence is 2.5 V. For RSI = Vgg, the reference voltage is multi-
plied by the ratio of 1.26, which results in an internal
converter reference of 3.15 V. For RS| = Vpp, the reference
voltags is multiplied by 1.51, which results in an internal con-
verter reference of 3.78 V. The device requires a minimum of
1.0 V of headroom between the internal converter reference
to Vpp. V§s has this same absolute valued minimum, also
measured from VA G pin. The various modes of operation are
summarized in Table 2. The RSl pin is functionally connected
to Vgg for the MC145500, MC145503, and MC145505
pinouts.
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RxO, X0
Receive Analog Outputs
k

Thése two complimentary outputs are generated from the
output of the receive filter. They are equal in magnitude and
out of phase. The maximum signal output of each is equal to
the maximum peak-to—peak signal described with the refer-
ence. If a 3.15 V reference is used with RSl tied to VoG and a
+ 3 dBmO sine wave is decoded, the RxO output will be a
6.3 \| peak-to—peak signal. RxO will also have an inverted
signal output of 6.3 V peak—to~peak. External loads may be
connected from RxO to RxO for a 6 dB push-puli signal gain
or frgm either RxO or RxO to VAG. With a 3.15 V reference
each output will drive 600 Q to + 9 dBm. With RSl tied to Vpp,
eactt output will drive 900 Q to + 9 dBm.

]
RxG
Receive Output Gain Adjust (MC145502 Only)

THe purpose of the RxG pin is to allow external gain ad-
justment for the RxO pin. If RxG is left open, then the output
signal at RxO will be inverted and output at RxO. Thus the
push—pull gain to a load from RxQ to RxO is two times the
output level at RxO. If external resistors are applied from
RxQ to RxG (RI) and from RxG to RxO (RG), the gain of RxO
can be set differently from inverting unity. These resistors
should be in the range of 10 kQ. The RxO output level is un-
chahged by the resistors and the RxO gain is approximately
equal to minus RG/RI. The actual gain is determined by tak-
ing fto account the internal resistors which will be in parallel
to these external resistors. The internal resistors have a
large tolerance, but they match each other very closely. This
maiching tends to minimize the effects of their tolerance on
external gain configurations. The circuit for RxG and RxO is
shown in the block diagram.

TxI;
Transmit Analog Input

Txl is the input to the transmit filter. It is also the output of
the transmit gain amplifiers of the MC145501/02/03/05. The
input impedance is greater than 100 kQ to VAG in the
MG145500. The Txl input has an internal gain of 1.0, such
that a +3 dBmO signal at Txl corresponds to the peak con-
verter reference voltage as described in the Vyef and RSI pin
de$criptions. For 3.15 V reference, the + 3 dBm0O input
should be 6.3 V peak—to—peak.

e

- B =

+Tx /~Tx
Positive Tx Amplifier Input (MC145502/03/05 Only) /
Negative Tx Amplifier Input (MC145501/02/03/05 Only)

The Txl pin is the input to the transmit band—pass filter. If
+Tx or =Tx is available, then there is an internal amplifier
preceding the filter whose pins are +Tx, —TX, and Txl. These
pins allow access to the amplifier terminals to tailor the input
gain with external resistors. The resistors should be in the
range of 10 kQ. If +Tx is not available, it is internally tied to
VAG. If =Tx and +Tx are not available, the Txl is a unity gain
high-impedance input.

POWER SUPPLIES

VbD
Most Positive Power Supply

VDD is typically 5to 12 V.

Vss
Most Negative Power Supply

Vgg is typically 10 to 12 V negative of Vpp.

For a £ 5 V dual-supply system, the typical power supply
configurationis Vpp =+ 5V, Vgg=-5V, V_g =0 V (digital
ground accommodating TTL logic levels), and VoG = 0 V
being tied to system analog ground.

For single—supply applications, typical power supply con-
figurations include:

Vpp=10Vto 12V

VSS =0V

VAG generates a mid supply voltage for referencing all
analog signals.

Vs controls the logic levels. This pin should be connected
to Vpp for CMOS logic levels from Vgg to Vpp. This pin
should be connected to digital ground for true TTL logic
levels referenced to V| s.

TESTING CONSIDERATIONS (MC145500/01/02 ONLY)

An analog test mode is activated by connecting MSI and
CCl to 128 kHz. In this mode, the input of the A/D (the output
of the Tx filter) is available at the PDI pin. This input is direct
coupled to the A/D side of the codec. The A/D is a differential
design. This results in the gain of this input being effectively
attenuated by half. if monitored with a high—-impedance buff-
er, the output of the Tx low—pass filter can also be measured
at the PDI pin. This test mode allows independent evaluation
of the transmit low—pass filter and A/D side of the codec. The
transmit and receive channels of these devices are tested
with the codec-filter fully functional.
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Figure 1. Test Circuit

Table 1. Options Available by Pin Selection

“RSI* Vref* Peak-to—Peak Overload Voitage

Pin Level Pin Level (Txl, RxO)

Vbbb Vgs 7.56 Vp-p

Vop VAG + VEXT (3.02x VEXT) V p-P

VaG Vss " 5Vpp

VaGg VAG + VEXT (2xVEXT)VP-p

Vss Vss 6.3V p-p

Vss VAG + VEXT (2.52x VeXT) VPP

* On MC145500/03/05, RSH and Vgf tied internally to Vgg. On MC145501, Veef
tied internally to Vgs.

Table 2. Summary of Operation Conditions User Programmed Through Pins Vpp, VAG, and Vss

S~ Pin
™~ _Programmed RSI
Logic ~ Peak Overload
Level RN MwA Voltage Vis
Vbo Mu-Law Companding Curve and D3/D4 Digital 3.78 CMOS
Formats with Zero Code Suppress Logic.L.evels
VAG Mu-Law Companding Curve and Sign 2.50 TTL Levels
Magnitude Data Format Vag Up
Vss A-Law Companding Curve and CCITT Dig'ital 3.15 TTL Levels
Format Vgs Up

MC1455000MC145501+MC145502¢MC145503+MC145505
12

i

MOTOROLA



tpa

R OO OO OEK

* Data output during this time will vary depending on TDC rate and TDE timing.

Figure 2. Transmit Timing Diagram
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Figure 22. Simple Clock Circuit for Driving MC145500/01/02/03/05 Codec—Filters
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23a. Simplified Transformer Hybrid Using MC145503
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NOTE: Hybrid Balance by R5 and R6 to equate the RxO signal gain at Txi through the

inverting and non—inverting signal paths.
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23b. Universal Transformer Hybrid Using MC145503

Figure 23. Hybrid Interfaces to the MC145503 PCM Codec~Filter Mono—Circuit
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General Description

The LM1596/LM1496 are doubled balanced modulator-de-
modulators which produce an output voltage proportional to
the product of an input (signal) voltage and a switching (car-

.rier) signal. Typical applications include suppressed carrier

modutation, amplitude modulation, synchronous detsction,
FM or PM detection, broadband frequency doubling and
chopping.

The LM1596 is specified for operation over the —55°C to
+125°C military temperature range. The LM1496 is speci-
fied tor operation over the 0°C to + 70°C temperature rangs.

NNational Semiconductor

LM1596/LM1496 Balanced Modulator-Demodulator

Features
m Excellent carrier suppression
65 dB typical at 0.5 MHz
50 dB typical at 10 MHz
m Adjustable gain and signal handling
m Fully balanced inputs and outputs
m Low offset and drift
# Wide frequency response up to 100 MHz

February 1995

Schematic and Connection Diagrams

. 8(10)
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NPUT o,
+
e
SIGNAL
WPUT 1(1)
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TL/H/TE87 -1

Numhers in
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show DIP

Metal Can Package

loje|npowag-10}e|nPo pasueleq 96+ LW1/965 1N

TUMH/7887-2
Top View

Note: Pin 10 i3 connected electricalty to the
case through the devics substrate.

Order Number LM1496H or LM1536H
See NS Package Number HOB8C

Dual-In-Line and Small Qutline Packages

\J
“#SIGNAL N—11 14~V
GAM ADRIST—{2 13—
GAIN ADNUST—13 12—~ =-OUTPUT
~SIGNAL N—14 R} o
BAS—15 10— =CARRER RPUT
+OQUTPUT—6 ] pad
-7 81— +CARRIER NPUT

TUH/T887-3

Order Number LM1496M or LM1496N
See NS Package Number M14A or N14A

©19095 Natonal Semiconduuctor Corporsion  TU/H/7887
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Absolute Maximum Ratings
It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Soldering Information

» Dual-In-Line Package

Office/Distributors for availability and specifications. Soldering (10 seconds) 260°C
Internal Power Dissipation (Note 1) 500 mW * Small Outiine Package
A?pﬁed Yoltage (N_°'° 2) 3ov Vapor Phase (60 seconds) 215°C
Differential Input Signal (V7 — Vg) +5.0V Infrared (15 seconds) 220°C
Differential nput Signal (V4 — V+) (G +isRolV See AN-450 “Surface Mounting Methods and their effects
Input Signal (V2 — V¢, V3 ~ Vi) 5.0v on Product Reliability” for other methods of soldering sur-
Bias Current (I5) 12mA face mount devices.
Operating Temperature Range LM1596 —55°Cto +125°C
LM1496 0°CGto +70°C
Storage Temperature Range —65°C to +150°C
Electrical Characteristics (v A = 25°C, unless otherwise specified, see test circuit)
Parameter Conditions LM1596 LM1496 Units
Min | Typ | Max | Min | Typ | Max
Carrier Feedthrough V¢ = 60 mVims sine wave 40 | 40 pvrms
fc = 1.0 kHz, offset adjusted
V¢ = 60 mVrms sine wave 140 140 pVrms
fc = 10 kHz, offset adjusted
V¢ = 300 mVp, square wave 0041 0.2 0.04| 0.2 | mVrms
fc = 1.0 kHz, offset adjusted
V¢ = 300 mVp, square wave 20 | 100 20 | 150 | mVrms
fc = 1.0 kHz, not offset adjusted
Cayrier Suppression fs = 10 kHgz, 300 mVrms 50 | 65 80 | 65 dB
fc = 500 kHz, 60 mVrms sine wave offset adjusted
fs = 10 kHz, 300 mVrms 50 50 dB
fc = 10 MHz, 60 mVrms sine wave offset adjusted
Transadmittance Bandwidth R = 500 300 300 MHz
Carrier Input Port, Vo = 60 mVrms sine wave
fs = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave a0 80 MHz
V7 — Vg = 0.5Vdc
Voltage Gain, Signal Channel Vg = 100 mVrms, f= 1.0 kHz
Vy — Vg = 0.5 Vde 25 35 25] 35 v/iv
Input Resistance, Signal Port f = 5.0 MHz
V7 — Vg = 0.5 Vdc 200 200 kQ
Input Capacitance, Signal Port | f = 5.0 MHz
. Vg — Vg = 0.5 Vdc §° 29 PF
Single Ended Output Resistance | f = 10 MHz 40 40 kQ
1 single Ended Output f = 10 MHz
Capacitance 5.0 5.0 pF
Input Bias Current (l4 + 1472 12 | 25 12 | 30 pnA
Input Bias Current {I; + lg)/2 12 | 25 12 | 30 pA
Input Offget Current (14 — la) 0.7 | 5.0 0.7 | 5.0 pA
Input Offset Current (l7 — lg) 0.7 | 5.0 50 | 5.0 pA
Average Temperature (—55°C < Tj < +125°C) 20 nA/*C
Coefficient of Input (0°C < Tp < +70°C) 20 nA/°C
Offset Current
Cutput Offset Current (ls — lg) 14 | 50 14 | 60 nA
Average Temperature (—55°C < Tp < +125°C) 20 nA7*C
Coefficient of Output (0°C < Tp < +70°C) 20 nA/*C
Offset Current
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Electrical Characteristics (Ta = 25°C, uniess otherwise specified, see test circuit) (Continued)

Parameter Conditions LM1596 LM1496 Units
Min Typ Max Min Typ Max

Signal Port Common Mode fs = 1.0kHz
Input Voltage Range 50 50 Vep
Slg'nal 'Port Cc?mmon Mode V7 — Vg = 05Vdc -85 -85 4B
Rejection Ratio
Common Mode Quiescent
Output Voltage 80 8.0 Vde
Ditferential Qutput Swing
Capability 8.0 8.0 Vop
Positive Supply Current (ls + lg) 2.0 3.0 2.0 3.0 mA
Negative Supply Current (l10) 3.0 4.0 3.0 4.0 mA
Power Dissipation 33 33 mW

Note 1: LM 1596 rating appiles to case tamperatures to +125°C; derats linearly at 6.5 mW/*C for ambient temperature above 75°C. LM1496 rating applies to case

temperatures to +70°C.

Note 2: Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 6-8, 2-5, 3-5.

Note 3: Refer to rata1596x drawing for specifications of mikitary LM1596H versions.

Typical Performance Characteristics

Carrier Suppression vs
Carrier Input Level

Carrier Suppression vs
Frequency
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Typical Application and Test Circuit

Suppressed Carrier Modulator

! 1k
. P~ & AN i 27
_L 2.47 uF
< 51
1 0.1 4F <51 R t | B P J
¢ I > 22) ) — 339K 3 3.9k
. = 7(8)
. CARRIER I o) oo
¥ [o) 8(10)
i
; wWPuT Ve b L
i Vs L1598
MODULATION
[o} 1(1)
) INPUT 9(12) 0¥y
' 4(4)
L 10(14) 5(5)
Stok Dtok 51 L
z S S b3 ::51
i v‘v‘r 9 6.8k
N %RLILER T 1 IO A7 pF Numbers in parenth show DIP et
? oz L
L o= =
N -8V
Note: Sy Is closed for “adjusted” measurements. T/Hgsaz-4
!
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] 39k 3.9k
2(2) 3(3) > 24
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. = 6 =
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TW/H/7887-8
band (SSI cankr dul r). The carrier signal is appiled to the carrier input
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Typical Applications (continued)

Broadband Frequency Doubler

+12 Ydc
A %
Yy

1% '—W—l
VWA 1k <

51 22) 3(3) ReSh

AN~ 8)
51 6(6) A O Mye, cos2et

>—c|( AN (_T 8(10)

e, cosut O <
8(12) -Q ~hye, cos2et
4«4)
10(14) 5(5)
< < <
<:|0k ¢1ou ::SI ::5‘
50k >
AA,
'f 6.8k ! in p h show DIP 1t
P TUR/T887-7

The frequency doubler circuit shown wiil double low-level signals with low distortion. The value of C should ba chosen for low r at the operating freq Y

Signal level at the carrier input must be less than 25 mV peak to maintaln operation In the Hnear region of the switching differentiat amplifier. Lavels to 50 mV peak
may be uged with some distortion of the output waveform. If a larger Input signai is available a resistive divider may be used at the carmier input, with full signal

applied to the signal Input.
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Physical Dimensions inches (milimeters)

- 0.350 ~0.370
[ (3.890 - 8.398)
OtA -
6.315-0.335 oiA

{8.001 ~8.509)

A p.ozs MAX
0.165~0.185 ] ] &c::{:mm
{4.191-4.639) +

v

Y
AEFERENCE PLANE - _T '
n]k { u.:;ﬂ'ﬁfﬂ'u—' f T SEATING PLANE
> 0.889) ~{e.381-1.016)

¥

0.16-0.019
—,‘ l* (0.486 —0.483) ATYP

0.155-0.205 DIA
{4.953-5.207) P.C.

0.029-0.045
(8.737 -1.143)
0.028-0.034

0.315-0.145

{0.711-0.864) 7 ——(2.! 71-3.683]
/ oA

h3

45° EQUALLY
SPACED HONC (REV ©

Metal Can Package (H)
Order Number LM1496H or LM1596H
NS Package Number H08C
0.335-0.384 =

{8.509-8.738) |

14 13 12 n 1w 39

0.220—0.204 w
(TSR RN »
'@ /
LEAD 0. 1
m:m’£ go g0 Uy b:
vz 3 4 5 6 1 ;
0010 y0x
{0.254)
0.150~9.157
™ wae-san [
- 0.052-0.668
=i I~ : =
8 MAXTYP AL . 0.004—0.010
| — L T‘” . y Bie—esh

8.688—-0.810 \f- __! ’ J L_ 0.014--0.020
(0.203-~3.250) I . 0.018-0.054 [ ey -— e

I ALL LEASS 00 sz o | oo (3550508

(0.162) TYP ALL LEADS = 035 e
MLLEAD TIPS ’ 1oraniney
Molded Small Outline Package M)
Order Number LM1496M
NS Package Number M14A
7
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- LM1596/LM1496-Balanced Modulator

Physical Dimensions inches (millimeters) (Continued)

im-arm
CLFORRTE )

orTem &1
R - , =
e AT A 2
A L 1
..Y_ri=‘:_—q f
i ] s vemoum
un oy ] e Yo
C- I ARR RS N
-y 2928 -0.15 caTszems
pafi-1nn e _g%_.'
e 008 0 LN -2
8.208 -0.584) ..llltlnlrm
_.! 2630040 dsqzey AT
LE- “’:::;
(CHL) —
Moided Duak-In-Line Package (N)
Order Number LM1496N
NS Package Number N14A

LIFE SUPPORT POLICY

_NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

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

to the-user.
National Semiconducior National Semiconductor National Semiconducior National Semiconduciss
Corporation Europe Hong Kong Ltd Japan Ltd.
1111 West Bardin Rosd Fax {+49) 0-180-530 85 86 13t Floor, Straight Block, Tol: 81-043-209-2300
TX 76017 Emalt cnjwoo@tevm2nsc.com Ocean Centre, 5 Canton Rd. Faox 81-043-209-2408
Tel: 1{800) 272-9959 Doutsch Tek (+43) 0-180-530 85 85 Tsimehatsul, Kowioon
Feoe 1(800) 737-7018 English Tek (+49) 0-180-532 78 32 Hong Kong
Frangals Tot (+49) 0-180-532 83 58 Tet: (852} 2737-1600

Haklano Teb (+4§) 0-180-534 16 80 Fax: (852) 2736-9960

for use of any Y
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CD4046BMS

CMOS Micropower Phase Locked Loop

Features

¢ Very Low Power Consumption:
70uW (typ.) at VCO fo = 10kHz, VDD = 5V

. Oﬁerating Frequency Range Up to 1.4 MHz (typ.) at
VRD =10V, Rl = 5kQ

» Ldw Frequency Drift: 0.04%/°C (typ.) at VDD = 10V

* Choice of Two Phase Comparators:
- Exclusive-OR Network (1)
- Edge-Controlled Memory Network with Phase-Pulse
,Output for Lock Indication (ll)
* High VCO Linearity: <1% (typ.) at VDD = 10V

e VCO Inhibit Control for ON-OFF Keying and Ultra-Low
Standby Power Consumption

e Source-Follower Output .of VCO Control
(Demod. Output)

Input

« Zener Diode to Assist Supply Regulation

« Standardize, Symmetrical Output Characteristics
* 100% Tested for Quiescent Current at 20V

* 5V, 10V and 15V Parametric Ratings’

* Meets Aill Requirements of JEDEC Tentative Standard
No. 13B, “Standard Specifications for Description of ‘B’
Series CMOS Devices”

A;;plications

* FM Demodulator and Modulator

* Frequency Synthesis and Multiplication

. Ifrequency Discriminator

+ Data Synchronization /
. Voltagie—to-Frequency Conversion

+ Tone Decoding

* FSK - Modems-

- Signal Conditioning

Description

CD4046BMS CMOS Micropower Phase-Locked Loop (PLL)
consists of a low power linear voitage-controlled ascillator (VCO)

- and two different phase comparators having a common signal-

input amplifier and a common comparator input. A 5.2V zener
diode is provided for supply regulation if necessary.

The CD4046BMS is supplied in these 16-lead outline packages:

Braze Seal DIP H4W
Frit Seal DIP H1F
Ceramic Flatpack H6W

VCO Section

The VCO requires one external capacitor C1 and one or two
extemal resistors (R1 or R1 and R2). Resistor R1 and capacitor
C1 detemine the frequency range of the VCO and resistor R2
enables the VCO to have a frequency offset if required. The high
input impedance (102 of the VCO simpiifies the design of low
pass filters by pemmitting the designer a wide choice of resistor-
to-capacitor ratios. In order not to load the low-pass filter, a
source-follower output of tHe VCO input voltage is provided at ter-
minal 10 (DEMODULATED QUTPUT). If this terminal is used, a
load resistor (RS) of 10kQ or more should be connected from
this terminal to VSS. If unused this terminal should be left open.
The VCO can be connected either directly or through frequency
dividers to the comparator input of the phase comparators. A full
CMOS logic swing is available at the output of the VCO and
allows direct coupling to CMOS frequency dividers such as the
Harris CD4024, CD4018, CD4020, CD4029, and CD4050. Cne
or more CD4018 (Preset Table Divide-By-N Counter) or CD4029
(Presettable Up/Down Counter) or CD4029 (Presettable Divide-
by-N Counter) or CD4029 (Presettable Up/Down Counter), or
CD4059A (Programmable Divide-by “N” Counter), together with
the CD4046BMS (Phase-Locked Loop) can be used to build a
micropower low-frequency synthesizer. A logic 0 on the INHIBIT
input “enables” the VCO and the source follower, while a logic't
“tums off” both to minimize stand-by power consumption. ™ -

Pinout
CD4046BMS. -
TOP VIEW
PHASE PULSES [T] -
PHASE COMP | OUT E 15] ZENER
COMPARATOR IN [3] EsiGNAL IN
vcoout [3] [13] PHASE COMP 1§ OUT
INHIBIT [[5] [12] R2 7O vSS
ci(1) [6] 1] Rt TO vSS .
c1( [7] [10] DEMODULATOR OUT
vss [8] [s]vco N

AUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.

7-886
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CD4046BMS

Phase Comparators

The' phase-comparator signal input (terminal 14) can be
direct-coupled provided the signal swing is within CMOS
logir:: levels (logic “0” <30% (VDD-VSS). logic “1" 270% (VDD
- VSS)]. For smaller swings the signal must be capacitively
coupled to the self-biasing amplifier at the signal input.

Phase-comparator | is an exclusive -OR network; it operates
analogously to an overdriven balanced mixer. To maximize
the Jock range, the signal and comparator-input frequencies
must have a 50% duty cycle. With no signal or noise on the
signal input, this phase comparator has an average output
vo|t§age equal to VDD/2. The low-pass filter connected to the
output of phase-comparator | supplies the averaged voltage
to the VCO input, and causes the VCO to oscillate at the
cer}ter frequency (f,).

The frequency range of input signals on which the PLL will
lock if it was initially out of lock is defined as the frequency
capture range (2fc).

The frequency range of input signals on which the loop will
stay locked if it was initially in lock is defined as the fre-
quency lock range (2fL). The capture range is < the lock
range.

Wich phase-comparator | the range of frequencies over
which the PLL can acquire lock (capture range) is dependent
on the low-pass-filter characteristics, and can be made as
large as the lock range. Phase-comparator | enables a PLL
system to remain in lock in spite of high amounts of noise in
the input signal.

One characteristic of this type of phase comparator is that it
may lock onto input frequencies that are close to harmonics of
the VCO center-frequency. A second characteristic is that the
phase angle between the signal and the comparator input var-
ies between Q° and 180°, and is 90° at the center frequency.
Figure 1 shows the typical, triangular, phase-to-output
response characteristic of phase comparator . Typical wave-
forms for a CMOS phase-locked-loop employing phase com-
parator | in locked condition of f, is-shown in Figure 2.

AVERAGE QUTPUT
VOLTAGE

3
=]
i

voDR2 [~

v

1 |
0 80° 180°

SIGNAL-TO-COMPARATOR
INPUTS PHASE DIFFERENCE

AVERAGE OUTPUT YOLTAGE (V)

FIGURE 1. PHASE-COMPARATOR | CHARACTERISTICS AT
LOW-PASS FILTER QUTPUT
5

SIGNAL INPUT (TERM. 14) l l l |

VCO OUTPUT (TERM 4) =

COMPARATOR INPUT (TERM S)_J———L_—J-——
JLHU L we

w—  VSS

PHASE COMPARATOR |
OUTPUT (TERM 2)

VCO INPUT (TERM 9) =
= LOW-PASS FILTER QUTPUT

FIGURE 2. TYPICAL WAVEFORMS FOR CMOS PHASE-
LOCKED LOOP EMPLOYING PHASE COMPARA-
TOR IN LOCKED CONDITION OF t,,.

Phase comparator Il is an edge-controlled digital memory
network. It consists of four flip-flop stages, control gating,
and a three-state output circuit comprising p- and n- type
drivers having a common output node. When the p-MOS or
n-MOS drivers are ON they pull the output up to VDD or
down to VSS, respectively. This type of phase comparator
acts only on the positive edges of the signal and comparator
inputs. The duty cycles of the signal and comparator inputs
are not important since positive transitions control the PLL
system utilizing this type of comparator. If the signal-input
frequency is higher than the comparator-input frequency, the
p-type output driver is maintained ON most of the time, and
both the n and p drivers OFF (3state) the remainder of the
time. If the signal-input frequency is lower than the compara-
tor-input frequency, the n-type output driver is maintained
ON most of the time, and both the n and p drivers OFF (3
state) the remainder of the time. If the signal and comparator
input frequencies are the same, but the signal input lags the
comparator input in phase, the n-type output driver is main-
tained ON for a time corresponding to the phase differences.
If the signal and comparator-input frequencies are the same,
but the comparator input lags the signal in phase, the p-type
output driver is maintained ON for a time corresponding to
the phase difference. Subsequently, the capacitorvoltage of
the low-pass filter connected to this phase comparator is
adjusted until the signal and comparator inputs are equal in
both phase and frequency. At this stable point both p- and n-
type output drivers remain OFF and thus the phase compar-
ator output becomes an open circuit and holds the voltage.
on the capacitor of the low-pass filter constant. Moreover the-. .
signal at the “phase pulses” output is a high level which:can.™
be used for indicating a locked condition. Thus, for phase
comparator {I, no phase difference exists between signal and
comparator input over the full VCO frequency range. More- ~
over, the power dissipation due to the low-pass filter is
reduced when this type- of phase comparator is used.
because both the p-and n-type output drivers are OFF for
most of the signal input.cycle. It should be noted that the
PLL lock range for this type of phase comparator is equal to
the capture range, independent of the low-pass filter. With
no signal present at thé signal input, the VCO is adjusted to
its lowest frequency for phase comparator Il. Figure 15
shows typical waveforms for a CMOS PLL employing phase

.comparator |l in a locked condition.

7-887
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Specifications CD4046BMS

Absolute Maximum Ratings
DC $upply Voltage Range, (VDD)

Reliability Information

(Voltage Referenced to VSS Terminals)

Input Voltage Range, All Inputs
DC Input Current, Any One Input
Operating Temperature Range
Package Types D, F, K, H
Storage Temperature Range (TSTG)

Lead Temperature (During Soldering)

............. -0.5V 10 +20V  Therinal Resistance ................ Bja Bic
Ceramic DIP and FRIT Package. .. .. 80°Cw 20°C/wW

......... -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/wW

..................... +10mA  Maximum Package Power Dissipation (PD) at +125°C

........... -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K). .. . . .. 500mW
For TA = +100°C to +125°C (Package Type D, F, K) ... .. Derate

........... -65°C to +150°C Linearity at 12mW/°C to 200mW.

................. +265°C  Device Dissipation per Qutput Transistor .. .............100mW

At Distance 1/16 = 1/32 Inch (1.59mm + 0.79mm) from case for

For TA = Full Package Temperature Range (All Package Types)

1(_Js Maximum JunctionTemperature ... ..............0 i, +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
S GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE MIN | MAX [UNITS
Supply Current 1BD VDD =20V, VIN = VDD or GND 1 +25°C - 10 MHA
' 2 +1255C - | 1000 | pA
. VDD =18V, VIN = VDD or GND 3 -55°C - 10 pA
Input Leakage Current e VIN=VDDorGND |VDD =20 1 +25°C -100 - nA
2 +125°C -1000 - nA
VDD = 18V 3 -55°C -100 - nA
Input Leakage Current IIH VIN=VDDorGND {VDD =20 1 +25°C - 100 nA
2 +125°C - 1000 nA
VDD = 18V 3 -55°C - 100 nA
Output Voltage VOL15 |VDD =15V, No Load 1.2,3 +25°C, +125°C, -55°C] - 50 mV
Output Voltage VOH15 |VDD =15V, No Load (Note 3) 1,2,3 +25°C, +125°C, -55°C| 14.95 - v
Output Current (Sink) - IOLs |VDD =5V, VOUT = 0.4V 1. +25°C 0.53 - mA
Output Current (Sink) IOL10  |VDD =10V, VOUT = 0.5V 1 +25°C 1.4 - mA
Output Current (Sink) IOL15  |VDD =15V, VOUT = 1.5V 1 +25°C 3.5 - mA
Output Current (Source)] IOH5A |VDD =5V, VOUT = 4.6V 1 +25°C - -0.53 } mA
Output Current (Source)| 10HSB |VDD =5V, VOUT = 2.5V 1 +25°C - -1.8 mA
Output Current (Source)| 10H10 [VDD =10V, VOUT = 9.5V 1 +25°C - -1.4 mA
Output Current (Source)] 10H15 |VDD = 15V, VOUT = 13.5V 1 +25°C - -3.5 mA
N Threshold Voltage VNTH |VDD =10V, ISS = -10pA 1 +25°C 28 | 07 v
P Threshold Voltage VPTH {VSS =0V, IDD = 10pA 1 +25°C 0.7 2.8 v
Fuhctional F VDD =2.8V, VIN = VDD or GND 7 +25°C VOH>|VOL<] V
VDD =20V, VIN = VDD or GND 7 +25°C VDD/2} VDD/2
VDD =18V, VIN = VDD or GND 8A +125°C
: VDD =3V, VIN = VDD or GND 88 -55°C
Input Voltage Low ViL VDD =5V, VOH > 4.5V, VOL < 0.5V 1,2,3 +25°C, +125°C, -55°C| - 1.5 v
(Note 2) " :
Input Voltage High VIH VDD =5V, VOH > 4.5V, VOL < 0.5V 1,2,3 +25°C, +125°C, -55°C{ 3.5 - v
(Note 2) .
Input Voltage Low VIL VDD =15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55°C| - 4 v
(Note 2) VOL < 1.5V :
Input Voltage High ViH VDD =15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55°C} 11 - v
(Note 2) VOL < 1.5V
3 Stdte Leakage I0ZL }VIN=VDDorGND |VDD =20V 1 +25°C -100 - nA
Current VOUT =0V 2 12590 21000 = A
VDD =18V 3 -55°C -100 - nA
3 State Leakage IOZH |VIN=VDDorGND |VDD =20V 1 +25°C - 100 nA
Current VOUT = VDD > +125°C - 1000 A
VDD = 18V 3 -55°C - 100 | nA
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DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

TABLE 1.
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE MIN | MAX |UNITS
Quiescent Leakage BIAS LKG |VDD =20V, VIN = VDD or GND 1 +25°C - 4 mA
Phase Comparator PIN 14 Open 3 555G 1 2 vy
(Bias Amp Leakage) Pin 5 =VDD :
VDD =20V, VIN = VDD or GND 1 +25°C - 160 HA
* PIN 14 =VSS or VDD 3 -55°C - 160 ],I.A
Pin 5 =VDD

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltageis measured differentially to VDD. Limit
is 0.050V max.

implemented.
2. Go/No Go test with limits applied to inputs.

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

‘ GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS | TEMPERATURE| MIN MAX UNITS
AC Coupled Signal Input VS VDD = 5V, Input Frequency = g +25°C - 360 mV
Voltage Sensitivity 100kHz Sine Wave
{Peak to Peak)
NOTES:
1. Go/No Go test with limits applied to inputs.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE}! MIN MAX UNITS
Output Voltage VOL VDD =5V, No Load 1,2 +25°C, +125°C, - 50 mv
. -55°C
Output Voltage VOL. |VvDD =10V, No Load 1,2 +25°C, +125°C, - 50 mv
" -55°C
Output Voltage VOH |VDD =5V, No Load 1,2 +25°C, +125°C, { 4.95 - v
-55°C
Output Voltage VOH | VDD = 10V, No Load 1,2 +25°C, +125°C, { 9.95 - \'%
-55°C
Output Current (Sink) IOLs | VDD =5V, VOUT = 0.4V 1,2 +125°C 0.36 - mA
) -55°C 0.64 - mA
Output Current (Sink) IOL10 .{VDD =10V, VOUT = 0.5V 1,2 +125°C 0.9 - mA
-55°C 1.6 - mA
Output Current (Sink) IOL15 |VvDD =15V, VOUT =1.5V 1,2 +125°C 24 - mA
' ; ‘ -55°C 42 - mA |
Output Current IOHSA rVDD.=-5V. VOUT = 4.6V 1,2 +125°C - -0.36 mA.
(Source) ; -55°C - 064 | mA |
Qutput Current IOH5B |VDD =5V, VOUT =2.5V 1,2 +125°C - -1.15 mA
(Source) -559C - 2.0 mA
Output Current IOH10 {VDD =10V, VOUT = 9.5V 1,2 +125°C - -0.9 mA:
(Source) S
-55°C - -1.6 mA
Output Current IOH15 VDD =18V, VOUT = 13.5V 1.2 +125°C - -2.4 mA
(Source) -55°C - 42 | mA
Input Voltage Low ViL VDD =10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, - 3 \
, -55°C
Input Voltage High VIH VDD =10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, +7 - \
-55°C
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES (TEMPERATURE| MIN MAX UNITS
Quiescent Leakage BIASLKG |VDD =5 |Pin 14 Open 1,2 +25°C/-65°C - 0.2 mA
Phlase Comparator VIN = Pin5=VDD
(Bias Amp Leakage) " [Pin 4= VSS or VDD 1.2 +25°G/-55°C - 20 HA
. Pin 5 = VDD
VDD =10 | Pin 14 Open 1,2 +25°C/-55°C - 1.0 mA
VIN = Pin5=VDD
‘éﬂ% o I'Pin 14 = VSS or VDD 1.2 +259C/-55°C - 40 HA
Pin5=VDD
VDD =15 | Pin 14 Open 1,2 +25°C/-55°C - 1.5 mA
VIN = Pin5=VDD
voD 0" IPin14.=VSS or VDD 1.2 +259C/-55°C - 80 A
Pin § = VDD »
AC Coupled Signal In- Vs VDD = 10V, Input Frequency = 1.2 +25°C - 660 mV
plft Voltage Sensitivity 100kHz Sine Wave
(Peak to Peak) VDD = 15V, Input Frequency = 1,2 +25°C - 1800 | mv
! 100kHz Sine Wave
NOTES:

1. All voltages referenced to device GND.

2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized
¥ on initial design release and upon design changes which would affect these characteristics.

TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

T

LIMITS
PARAMETER: SYMBOL CONDITIONS NOTES TEMPERATURE| MIN MAX | UNITS
Supply Current DD VDD =20V, VIN = VDD or GND 1,4 +25°C - 25 HA
N Threshold Voltage VNTH |VDD =10V, ISS=-10pA 1,4 +25°C -2.8 -0.2 \'
NeThreshold Voltage AVIN |VDD =10V, ISS = -10uA 1,4 +25°C - +1 v
Delta
P Threshoid Voltage VTP |VSS=0V, IDD = 10pA 1,4 +25°C 0.2 2.8 v
P«Threshold Voltage AVTP _ |VSS =0V, IDD = 10uA 1,4 +25°C - +1 \'
Delta .
Functional F VDD =18V, VIN = VDD or GND 1 +25°C VOH> | VOL< Vv
] VDD = 3V, VIN = VDD or GND _ VbD/2 | VbDi2
AC Coupled Signal Input {| VS VDD =5V ; 1,2,3 +25°C - 1.35x mv
Voltage Sensitivity Input Frequency = 100kHz +25°C T
Sine Wave Limit

NOTES: 1. All voltages referenced to device GND.
2. Go/No Go test with limits applied to inputs.
3. See Table 2 for +25°C limit.

Ealed

TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C

PARAMETER SYMBOL DELTA LIMIT
Supply Current - MSI-2 DD +1.0pA
QOutput Current (Sink) IOoLs +20% x Pre-Test Reading
Output Current (Source) IOHSA +20% x Pre-Test Reading

., N—
R S 73
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TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD
lnitl*lal Test (Pre Bum-In) 100% 5004 1.7.9 DD, IOLS, IOH5A
Interim Test 1 (Post Bum-in) 100% 5004 1,7,9 IDD, I0LS, IOHSA
lntelrim Test 2 (Post Bum-in) 100% 5004 1,7,9 IDD, I0LS, IOH5A
PEDA (Note 1) 100% 5004 1,7.9, Deltas
Interim Test 3 (Post Bum-in) 100% 5004 1,7.9 10D, I0LS, IOHS5A
I;DA (Note 1) 100% 5004 1,7.9, Deltas
Final Test 100% 5004 2,3, 8A,8B, 10, 11
Group A Sample 5005 1.2.3,7,8A,8B,9,10, 11 )
Group B Subgroup B-5 Sample 5005 1,2.3,7,8A,8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11
' Subgroup B-6 Sample 5005 1,7,9
Grbup D Sample 5005 1,2,3,8A,88,9 Subgroups 1,23

NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2.

A

TABLE 7. TOTAL DOSE IRRADIATION

TEST READ AND RECORD
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD
Group E Subgroup 2 5005 1,7,9 Table 4 1,9 Table 4
TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS
OSCILLATOR
FUNCTION OPEN GROUND VDD 9V +-0.5V 50kHz 25kHz
StaticBum-In1 |1,2,4,6,7,10,11, | 3,5,8, 9, 14 12, 16
Néte 1 13, 15
StaticBum-In 2 | 1,2,4,6,7,10, 11, 8 3,5,9 12,14, 16
Note 1 13, 15
Dynamic Bum- {1,2,4,6,7,10, 11, 8,9 3,5,12,16 2 14 . -
in Note 1 13, 15
Irradiation 1,2,4,6,7,10, 11, 8 3,5,9, 12,14, 16
Note 2 13,15
NOTE: ’ .

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V £ 0.5V
2: Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures,

VDD =10V 0. SV

‘

(e
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Design Information

This information is a guide for approximating the values of external components for the CD4046BMS in a Phase-Locked-

Loop system. The selected external components must be within the following ranges:

5kQ < R1, R2, RS < 1MQ

C12>100pF at VDD 2 5V

C12>50pF at VDD 2 10V

PHASE
CHARACTERISTICS COMPARATOR USED DESIGN INFORMATION

VCO Frequency 1 VCO Without Offset R2 = o VCO With Offset

b p fo

¢ 4 , tzf

¥ ' +r

H 70 [T, MIN

t 0 H 2,

MIN R 2 I | .
VvDD/2 VDD VDD/2 VDD

b VCO INPUT VOLTAGE VCO INPUT VOLTAGE

4

E 2 Same as for Number 1

For Number Signal Input 1 VCO will adjust to center frequency, fo

; 2 i VCO will adjust to lowest operating frequency, fmin
Fréquency Lock Range, 2fL 1.2 2fL = full VCO frequency range

£

14 1,2 2fL = fmax - fmin

13
Fréquency Capture Range, 2{C 1 IN R3 out

¥ (1), (2

2(C =1 2rfl

' 1= R3C2 c2 =

§ L i 2]

\ =
Loop Filter Component Selection IN R3 out

i % R4 For 2 1C, ses Ref. (2) L

]

l AT

i “ 2 fC=1L E;
Phase Angle Between Signal and 1 90° at center frequency (fo) approximating 0° and 1807 at ends of lock i
Comparator range (2fL) - A

' 2 Always 0°in lock. N

|3 - e
Lotks On Harmonic of Center 1 Yes i
Frequency ) ' -

8 2 No
Signal Input Noiser Rejection 1 High

2 Low

3
For further information, see

@

(1} F. Gardner, “Phase-Lock Techniques” John Wiley and Sons, New York 1966
| G. S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965

e

2
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Bldock Diagram ,
-
siGNAL (14 (16) voD
P 9
! *ALL INPUTS ARE PROTECTED
‘7 BY CMOS PROTECTION
PHASE NETWORK
COMPARATOR |
COMPARATOR PHASE COMP.10UT VDD
N * 4 7N\
oR e D, &
L PHASE COMP. Il OUT
mn
+N 1 corzgﬁfron &
vCO ] > @
out
N PHASE PULSES R3S
- ) vss
(c)
c1 = A *YCO IN LOW
' T Q) veo — —(3) PASS
a1 \\V S FILTER
vss ‘—‘::V—@ DEMODULATOROUT C2 T
SOURCE =y '
VSS +——(12) roLLower [T\ |
1
. C”\r 1 1 = vss
INHIBIT *_”'_I

VSS ‘ @ ZENER

vss

FIGURE 3. CMOS PHASE-LOCKED LOOP BLOCK DIAGRAM

Typical Performance Characteristics

CENTER FREQUENCY (f0) (Hz)

FIGURE 4. TYPICAL CENTER FREQUENCY AS A FUNCTION

Ri = 10k AMBIENT TEMPERATURE (T,) = +25°C
. VCOIN = VDD/2, R2 = =, INHIBIT = VSS
10 l
108
104 SUPPLY VOLTAGE!
(VDD) = 15V
108 T T ~g
Ri = 1MQ
[N 5V
102 } Rl = 100kQ 5V oy
10 ov
5V
10v
1 \Y
1005 104 10° 102 107 1 10
VCO TIMING CAPACITOR (Cl) (uF)
TYPICAL CENTER FREQUENCY UNIT-TO-UNIT
VARIATION
VDD (V) A0 (%)
1 50
10 130
15 135

OF C1 AND R1 AT VDD = 5V, 10V, AND 15V

108

; SUPPLY VOLTAGE (VDD) = 10V
VCOIN = VDD/2, R = =, INHIBIT = VSS

1 Ll
AMBIENT TEMPERATURE (T)) = -65°C
H 1

104

108

102

CENTER FREQUENCY (fO) (Hz)

10

+125°C

1

10

104 103 102 107 1
VCO TIMING CAPACITOR (Cl) (uF)

10

FIGURE 5. CENTER FREQUENCY AS A FUNCTION OF C1 AND

R1 FOR AMBIENT TEMPERATURE OF -55°C to
+ +125°C
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Typical Performance Characteristics (Continued)

R2 = 10kQ AMBIENT TEMPERATURE (Ta) = +25°C

1 VCOIN = VSS INHIBIT = VSS

= 108 1

<

2 105 el

g it R2-10ka _ SUPPLY VOLTAGE (VDD) = 10V

& 10 i w08 | L VCOIN = VSS INHIBIT = VSS _

@ el —

& . £ {
g 10° [ R2 = IMO——IS 10V 2 10 o \\ AMBIENT TEMPERATURE
z o —
2 R2 = 100kQ Nyt 5V s { (Ta) = -55°C
w102 & 215V | g (

u sV e

[+

e 10 15v w . R2=1MQ

10V % 10°[R2=100kT—
1 sV 2
10°  10*  10° 102 10! 1 10 3 10
VCO TIMING CAPACITOR (CI) (1F) E +1259C
10
TYPICAL fMIN UNIT-TO-UNIT VARIATION
VDD (V) ATMIN/TMIN (%) {
5 125 105 10¢* 109 102 107 1 10
10 120 VCO TIMING CAPACITOR (Cl) (1F)
’ , 15 25

FIGURE 6. TYPICAL FREQUENCY OFFSET AS A FUNCTION FIGURE 7. FREQUENCY OFFSET AS A FUNCTION OF C1 AND

OF C1 AND R2 FOR VDD = 5V, 10V, AND 15V R2 FOR AMBIENT TEMPERATURES OF -55°C to
125°C
' ] 1 1 ‘
8 | AMBIENT TEMPERATURE (T) = +250C
6 | tMAX WHEN VCOIN = VDD INHIBIT = VSS
4 | tMIN WHEN VCOIN = VSS
2
100 AMBIENT TEMPERATURE (T) = +25°C
2z 8 VCOIN = VDD/2, R2 = o
g : SUPPLY VOLTAGE (VDD) = 5V, 10V, g INWIRTT Q9 L= 208F .
= g 10°
10 g SUPPLY VOLTAGE (VDD) = 15V
J 8 ® E 10 ’ i :
<
6 & CL = 50pF
¢ 3 1WF
8 a3 50pF
10 p
12 et & 1pF
2 468 2 468 2 468 2 468 g
0.01 0.1 1 10 . 100 &10? sopF
R2/R1
i ‘>’ 1uF
TYPICAL tMAX/AMIN UNIT-TO-UNIT VARIATION
. VDD (V) TMAX/IMIN (%) T 355 2 %% % T8
[ $12 10 102 103 10*
10 8 R1 (kQ)
15 112
FIGURE 8. TYPICAL fMAX/fMIN AS A FUNCTION OF R2/R1 FIGURE 9. TYPICAL VCO POWER DISSIPATION AT CENTER

FREQUENCY AS A FUNCTION OF R1
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Typical Performance Characteristics (Continued)

¥ L]
AMBIENT TEMPERATURE (Tj) = +25°C
VCOIN=VDD/2,R1=R2==

AMBIENT TEMPERATURE (T3) = +25°C
VCOIN=VSS CL =50pF

PLY VOLTAGE (VDD) = 15V
\ P —
\

-
<%

(9]
r©
[]
o
o
©
b
VCO POWER DISSIPATION (PD) (W)
2

3

SUPPLY VOLTAGE (VDD) = 15V

10V

VCO POWER DISSIPATION (PD) (nW)”
2
>

= 1uF
SOPF 2
10° 1uF 10 &
50pF
10? 1WF 10!
10 1
2 48 2 486 8 2 48 8 2 4 6 2 4686 8 2 46 8
10 102 103 104 10 102 10° 10
R2 (k) Rs (kQ)
FIGURE 10. TYPICAL VCO POWER DISSIPATION AT fMINAS A FIGURE 11. TYPICAL SOURCE FOLLOWER POWER
FUNCTION OF R2 DISSIPATION AS A FUNCTION OF RS
VDD
s H ¢ | AMBIENT TEMPERATURE (Tp) = +25°C
g : ¢ |VDD =10V, VCOIN = 5V + 1V, R2 =
w SUPPLY VOLTAGE  2kQ :
s 2 (VDD) = 15V 20kQ Y
g : 10‘3 vo::?r E
= 3 2k @ 10
=4 4 ©
w 8
ga 1ov vss a ¢
3 E 103 OUTPUT CIRCUIT E : CL. = 50pF
ZQ g \ [
g
g0 6 o1 b HaV) + (V)
ox 2 § L e~ =
o. a s 4 I
§ I s 2 { o, LINEARITY = 2% 400
2 ; AMBIENT TEMPERATURE (T) = +25°C 10! . T fo 3 )
10 PHASECOM?ARATOR“ 3 .1 2 4 68 2 4 68 2 4 6 8022 4 6 803
2 4 6 8 2 468 8 4 8 8 4 6 8
1 10 10 103 104 Iy ! R1 z:m ! ,1
SIGNAL INPUT FREQUENCY (fIN) (kHz)
FIGURE 12. AC-COUPLED SIGNAL INPUT VOLTAGE AS A FIGURE 13. TYPICAL VCO LINEARITY AS A FUNCTION OF R1
3 FUNCTION OF SIGNAL INPUT FREQUENCY AND C1 AT VDD = 10V
o | AMBIENT TEMPERATURE (Ty) = +25°C '
H VDD::IOV, VCOIN=5Vi1V,R2=
4
2
=
8 10 .
3
0 4 N
CL = 50pF 100pF 0.3uF
2
X \
% 1 = 10 = f(6V) + 1(3V)
pr 8 2
: | 1000pF
4
10 - (7.5
2| wumearmy s 275 100 [N oonF
101 ' 0 1 0.1uF
2 4 88 2 4 68 2. 4 68 2 4 68
b 101 1 10 10? 108
R1 (kQ)
FIGURE 14. TYPICAL VCO LINEARITY AS A FUNCTION
d OFR1 AND C1 AT VDD = 15V
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| L
-

I
SIGNAL INPUT (TERM 14 - VDD
(e ) —J—.l 2: r-l 143
VCO OUTPUT (TERM 4) =
COMPARATOR INPUT (TERM 3) __I—-l 2 1 » I
2KQ
PHASE COMPARATOR II T “ - VDD conpan HASE 13 2060
OUTPUT (TERM 13 R L
: “E(TE ) , I vss OUTPUT
VCO INPUT (TERM 9) =
ALOW-PASS FILTER — 2 R—___ VDD 2KQ
OUTPUT vss
2 2 VDD vss
PHASE PULSE (TERM 1) i t v “_ vss
NOTE: DASHED LINE IS AN OPEN
i CIRCUIT CONDITION
(3RD STATE)
)
FIGURE 15. TYPICAL WAVEFORMS FOR COS/MOS PHASE-LOCKED LOOP FIGURE 16. PHASE COMPARATOR i
EMPLOYING PHASE COMPARATOR If IN LOCKED CONDICTION OUTPUT LOADING CIRCUIT

Chip Dimensions and Pad Layout

0
0.254)

85-93

o :
I I 4-
(0.102-

! (2.159-2.362) i

Dimensions in parentheses are in milfimeters
and are derived from the basic inch dimensions
as indicated. Grid graduations are in mils (103 inch)
METALLIZATION: Thickness: 11 kzx - 14kA, AL.

PASSIVATION: 10.4kA - 15.6kA, Silane
BOND PADS: 0.004 inches X 0.004 inches MIN
DIETHICKNESS: 0.0198 inches - 0.0218 inches
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