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ABSTRACT

Telephone conversation, some form of speech encryption is needed for privacy or scurity.
This project is made for digital audio scrambling system. This system is accomplished by mixing the
audio input with pulse code modulation. The digitized audio is produced. It is scrambled and
converted to analog signal which inverts the input frequency spectrum. Analog voice scrampling is
converted to digital signal and reinverted by descrambling process. The final audio signal that
corresponds to the input signal. Both processes operate by the same device which is the heart of
system (CODEC/FILTER PCM). A digital voice scrambling requires fewer parts than analog system. It

is small size and less expensive. The encryption system has two channels for full-duplex operation

which allows easy two-way communication.
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Input Analog Voltage Comparator Outputs Output Logic
Va> Va< C1 C2 C3 C4 C5 C6 Cc7 MSB LSB
-V0/14 V0/14 1 1 1 1 1 1 1 1 1 1
VO0/14 3V0/14 0 1 1 1 1 1 1 1 1 0
3V0/14 5V0/14 0 0 1 i 1 1 ] 1 0 i
5V0/14 7V0/14 0 0 0 1 1 ] 1 1 0 0
7V0/14 9VvV0/14 0 0 0 0 1 1 1 0 1 1
9v0/14 11V0/14 0 0 0 0 0 1 il 0 1 0
11V0/14 13V0/14 0 0 0 0 0 0 1 0 0 1
13V0/14 15V0/14 0 0 0 0 0 0 0 0 0 0
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wazlunsdliAaaiuasassaiulsyy bypass ATANI9AsHL (Counters), @ﬂnmﬁﬁmﬁﬂﬁﬂmmm

Aufladtyins uazgunsniadavivsnined
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LLWNQ"]E!“ML%EN (Power Supplies)

anusd HOMOS a@nunsoldnudnsunasanslwsaus 2-6 Taar $nlanunsnldunasanelwinidu

wnsgwldfe +5 hav Gezduuseiuiiacldiy TTL Geclfussfunnail Asinldanunsaldiu He,

HCT uaz HCU TR tuniu
ilaeann HCMOS AwdAnandsnutey watunsnldndanuanuumneildl  Tnauanana

91/ 5.2 flunaasilduunime? 6 el uunasang wdasnaalviviae 5 liml Taeldsauiudaiiuyseq 1

1uTAsnn TR 2 fin

1N4001
o o—Pi — 5V
+ 1
——l La 0\ T
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31171 5.2 wasanglides 5 Taavf dwdu HeMOS Tnelfuumine?

wisegfldiu Homos aunsnaililnalfunasdnennssuasdy duanclupli 5.3
dfoutasi Mifhuuuy Step down  Ae wlasann 220 Taart 1 9 Taadl lansiymannuilaudasazgnisas
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K3

AR
/3

- Bround

9101 5.3 unsvangldmin HCMOS Tnelinszuaady
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n9as\@ansa (Interface circuits)

faildnananugadn defres HOMOS Aa anunsalfeunuled TTL Mlnense uingals
sy 1nanfameslinadensie nadsdusiuneiild HOMOS danseuusuasasdy « AlE TTL
yi#a CMOS 11A3§1L HOMOS azfinszugieniniianunsady TTL w3e CMOS anmsgildTnanay Fald
unaneunaaReniu agndlsfimu HCT Saflugiiantisras HOMOS anwnsad TTL Alaemss wiidnlu
douusnisazuendr il HCT lunsdifiasinmsdensefiiluniswasuulasssdufing ’Lugﬂﬁ' 5.4

uanalifinaasi@e nsedas

Vee Vee N i Vee
3 i
B — e o S
HC/HCT L LA(eer

217 5.4 G5maviensiaszidne HC/HCT MU TTL WAz TTL fiu HCT
o 4dl o a v k74 k%3 o sﬂl '
iwnees. TTL ewnsniesdudunnaes HC Eldaawsmuys-an Tuplit 65 Anzes
ANETLYa-E aziusgiunssuaeinnes TTL inazliiAszian 1 Alalein G6i8nathisnas

Tldunsdifidonsia TTL fiu HCT Malfiexsia TTL fu HCT isnaz1438n1adagiin 5.4

sl
0

911 5.5 A8nsidenda TTL AU HC
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1n9nks enadniufinzioadensia HOMOS ffu TTL sife CMOS amsgu Felfisziuusediuzes
wieine e ugil 5.6 waasHidiAznnadeusia CMOS nmsgu Guinaudisz sy uaeFufigandn
sfuusauIe HOMOS Fofu plunuilnzanluniadenreasls CMOS wmsgIwinafisziLuse
fu +15 V dewsiefy HCMOS vhnufiusadu +5 V dauflandludmiunadenseiifie dountsulas
suuseds Tnelddouviienasled 74 HC 4049 srmindliduesiuuBunesie vdel#led 74 HC
4050 Famiin? e fusueudunasia el HOMOS Aivnuinduum (Buffer) Harlfunsa

anglwunaaiieniuiy HCMOS diedsiait CMOS NmsgIu

+2-8V

~3J=48.V i

L 74HC1049

74HCA050
X\“

Standard
cMOs

9171 5.6 M3VdeNFa CMOS UIFUgarTL HCMOS Usadisn

TUn9n3t HOMOS anaasliluszsuussnuainds TTL Alfidusaanadynin@uny suans
Tugtiil 5.7 fafu msFensiefasimieniunstinma@ensialugUf 5.6 Ae 1¥lad 74 HC 4049 viza 74 HC
4050 Faiflu HCMOS M ulasssuwsssmdulefivines Fwislad HC uazlefiiinasasfunaa

qglimani luniae +3V 1nueh TTL Thusenu +5V

'
' a

a va 2 a & 174 A v a o a o 2 o 2/
Tumad it pasazvaniaeans auiiazdeslfled deietiatuluasasiiaaiu feazinl
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i
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Taseasreanelunaznisvinauaas ad TP3057

Tuunilazlfnanteneazidanaes leies TP3057 FwiwnldiiludiudAty Tulasseuil

TP3057 Usznauding Monolithic PCM CODEC/FILTER Fafluuuy A-Law delaifaansdoyoynmng
AYUAN UATHNNAT A/D uaz D/A uar Serial PCM Interface aginialu Tudauzesnisidnsia (Encode)
vadlefiunfiiszneudaanssuins laeld Op-Amp Faanunsnlusmsnnsrengldineansi A
A e ldmewenialed daunfifiuaeas Aawmes fin RC Active Filter deillfiite
n4m ”agﬁyﬁwumummﬁ'@m@ﬂLLﬁqmﬁi@”LﬂéTq Switch Capacitor Bandpass Filter litenseaianianiz
siifFeemswiny Seluiitifamaiiduiieglugin 2003400 Hz Tagfiaraduenmiieainiiaz
gnindniely neluleddasns Auto zero uar Companding deasvnliinindnsviauaznansiafinany
ﬂuumﬁﬁu Tneli TP3057 Hasld M3 Companding (UL A-low

dusu Clock Atlenliiiuled iaulu Master Clocks ThasaNnsaiAenANHRLE 2 Al
1.536,1.544 vi3e 2.048 MHz @anadian’f Clock fananat azsinls a3 viaswluivaa Asynchronous
tefiesigneenuuulilifussdndl £5v InsRuiiAesindenufien 60 mw. uazmnagfluanioz
Power down fR=MRNRRE 3 MW, ity Anansniiazseideniu 1C TTL vise CMOS las lides

FBNNATLNH LA
FIERSLALALNEINUUIAG ) WD TP3057
&nyansnd wif

satditunasana sy Tagh Vo, = -5v £5%

VBB

GNDA ﬂma@ﬂm’muﬁﬁmn&mmﬁmumﬁﬁuﬁumﬁ

VF.0 u wvinaesdynnneuiaen

V., rerfuumasanslranan Tasfl Voe = +5v +5%

F&. NBUNNATY YUY Frame sync pulse faranmaniun BCLK,
L'W'@L?q"aui”l'aga PCM g1 D, Tnediaanud Pulse 8 KHz

D Fudeynunnd Bunm days PCM %gmﬁﬂwﬁ’]é Dy ety

204 FS,



54

R2
““Mm”m‘ﬁxx
r l
| AuTHEERD | |
! LAl ¥
i
e | b
v : SWITCHE |
Mf»;’;‘—»m—u——f‘\ s e T Y
I+_ j/'f ACTIWE FILTER BANGLFALS BISER LAD 1
war L | F i
rineE g st L Lyn
REFERENTE » ¢ iy HEG Fgiid
TAMPRRRTIA
| |
gy SWITCHER ! !
& ALTRVE v S7H e RLu .
O e I o e S R (o (T
l POWER Pt LK 1
AMPLIFER |
I TIRING i .
AHD T
TOMIHOL
! E F Y 1 ry
Vi Wgr BROA #EL

)
4

(v MCLKey BULNx 2Ly Fie PS¢
Pl CUKSEL

U7 6.1 Block diagram TP3057



BCLK/CLKSEL

MCLK/PDN

SF

SIG,

SIG

SF,

MCLK

X

FS,

BCLK,

TS

X

GS,

VF, -
VF |+

55

\wnsteiy bit clock %Q’L%L?i@m”lmgm%zj D, enaazilanuuladli
1N 64 KHz T4 2.048 MHz deaniazifluinidanaanud Master
clock Tuluum Synchronous Seenaaziflu 1,536 . 1.544 1138 2.048
MHz

flumn Master clock lunnssu 14manud 1.536 1.544 11382.048

MHz Wulinm asynchronous el ldanuiitlss@nannmaasli
Synchronous il il MCLK, Lﬁ@mﬁqnﬁi@ﬁmﬁﬂ low

11 MCLK,, QnLﬁamﬁ'@mummma‘lu%wm e MCLK,,

o a

gnetariu aaan High IC Allazegdndaninslszudandanu

U
' '

ieflannzifluaedn High sewinefildyoyroudnfian sk, a1

v o

NidsFudalndnn (16 TP3057 Tdldaniiluniseanuuw)

Wil 8 1aedeys PCM aztlsngiinnil ndsansumsnansdoyoyn

(o] )

fidenn ( Tld273lunnsaanuuy )
Whudyryrudiayaiiidinun dedeyaiiazgnunsnluluini 8 aaq

AR~ Q

PCM word szuinasadmanndids (Wldantiluniseanu )
dafiamaz High sz ARy noadnen SF, Az liimsudn
wsumasdeynnainasgnas (W ldaniflunseanuuy)
anaimeiafanluntsadlinnni1.536/1.544MHz ¥de 2.048MHz
a1qazinfluuLL Asynchronous gt MCLK, lunsufjiifeasadng
39NM 3 MNUULL Synchronous

fusdunntadled feldomsansiuan BCLKX Lﬁlmﬁauﬁj’mﬂa PCM
28NN D, FS, wlu dnunyanu Pulse AT 8 KHz
Lﬂumﬁmﬁfan%‘mﬁ@u%ga PCM ganfitn D, armazilauulag

AN 64 KHz 114 2.048 MHz g ldaiusiiuen MCLK,

=

uriariynuesdeya PeM Gagnldeulagan FS, ey
Tri-state
Open drain output T9gUAaueg luan1zananmszuiniadnsia

Tulndaden (luntseenuuulalduni)

=

funewnaenieinaesmasensenuan] nmadaneluled G
& wiusiamusun s sueniie iU LN
tfluan input inverting 7a9881luanTnAga

il input non-inverting 2a9aa1luans
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eazidaansldaru lad TP3057

Power —up
wengiWliifuleTluamazusniuasinnisfaniieldsasmelwinnisianesing ) udaas
dnganazszudandenu wasnlisuduianueasdaliinenuwss D, , VF0 azeglugniazaui

s

wandga ladazBuinanuilaldfudyniu Power-up Aeldfuasanavizasastloudynyiuaten 4hd
91 MCLK/PDN uazwse FS, fiasiignaduilan dalumnazasuauliinsinnuluanazdssudanda
mazsieslinn MCLK/PON agluiluaedn ga uazlian FS, uas FS, Hanansatviaiiadladiifiay

'
Yy o

a¢f luanaztazudandwlasaclinsuadszinm 2 mA. ndsannigUadugadinefian FS, wia FS,
2

i vinaesdeya PCM finn D, axdieasagluaninzBuiiuaudge aunsyviaadugni 2 dnuniian FS,

¥
ngbfauluuy Asynchronous
dmiunaina ity Asynchronous azuginadanlunisdeuazit MCLK, uay MCLK, @9

TP3057 avfedldAnud 2.048 MHz Terlaidniflugelss Synchronous fUUATNARINT AR L ANS
nETgALT MOLK, As@uusil MOLK, axasvinlding 1 Tag/lan MCLK/PDN slerfiuaun@naaan
Faazin i MCLK, siariy MCLK, lapdalus@nneluled i FS, Sudhsvialuusiazassey uaz
HoeduiusTiu MCLK, uaz BCLK, iaz 104zl FS, Gunansiinluusinzassaufiazfioadiniusiv BCLK,
Tned BCLK, flaufhidnnnuedan ShyAuaganuanidemseit 1 dealildianiny Asynchronous

BCLK, uaz BCLK, 8199z 14411a7n 64 KHz aufie 2.048 MHz

ngldaulunuy Synchronous
AMFLNIMIMLL - Synchronous  dndlaasafanuasinafanalsas Mullenduialunisds

Az Iuiuumﬁﬂﬁanﬁmgnﬂ@uﬁnﬁm MCLK, ua¥21 MCLK/PDN @1x1s0gnlfpaunnaniaznig
tazudandery 191 MOLK /PDN Hamaziflunednd azinlfladesluannzldtadenugs luma
nfufuiduanmazasings asinlfledey luaniaslszudatigwnu lunsdlil MCLK, azgnidening
wamefafen elagluannzduaziu. dnefenfiasgnileudhan BOLK, uaz BCLK/CLKSEL
anunsafiazgnidenagmelu dwiuinanesafon 1,586 ,1.544 vise 2.048 MHz dwiunisldaudag
AN 1.544 MHz o azgnaae Tnaanludf dnusuadent 193 vesusazinlsy
Fnennavn s futyry1ndfien BOLK /CLKSEL asfl BCLK, azgnideninaiinaden dwmiuidenfianis
Tunsfnde  meadl 1 me‘tﬁt,ﬁumqwuﬁ*ummﬂ%mu%ammmLﬁﬂﬂiﬁimﬁuﬂgﬁmmq:ﬁ
BOLK,/CLKSEL ‘1 Synchronous mode fnARan BOLK, 819az3uann 64 KHz B 2.048 MHz usifes
FNAUSTTL MCLK,,

wiazgilAAuian FS, azBrmsaulunadineia uazdaya PCM aneaszasnsdnsiadiiin
%gmﬁ@u@@n‘ﬁ'm D, feLTuses BCLK, wdsannAuaanesdtyyinsninieiull 8 in b, Az
nfuganinziufuaudge Fougadudl FSR daya PCM azgnileuthu D, fauanasasgadud

BCLK,, (W38 BCLK, BM&1inam) FS, uaz FS, feainaudniusiui MCLK /R
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BCLKR/CLKSEL Master clock
IC TP 3057
CLOCK 2.048 MHz
0 1.536 MHz v301.544 MHz
1 2.048 MHz

a a < & 5 =
A1519N 1 NITLRBNAAMND Master clock mu’ﬂﬂﬂuﬂﬂ']qg'ﬂm'\ BCLKR/CLKSEL

mavineulunuy Short Frame Sync

'
o o =

NN9919UUUL Short Frame Sync 38 Long Frame sync “ﬁu@ﬂ JUANARUEN LN UnnLuluy
Short Frame Sync 11 FS, feeilrauea 1 Dnsiendan Sufasduiustulniis Fs, fasdiannuduae
angs ﬁ‘:ﬂ’iﬂdﬁ@ﬂﬂﬁuﬁ 19UINAI78N BCLK, 1inn ﬁiamnﬁugnﬂ?ﬂ‘umum"ﬁymm BCLK, fiazyinliian
D, a¢luaniazifluiuou (Buffer) ?ﬁmmﬁvgwﬁié’%Lﬂuﬁmﬂ%wmﬂ TBUNTuTBSAREn 7 an fimuan
azgfapaiiu 7 On LLﬂxﬂJ@UﬂW@Q“ﬂ‘ﬂ\‘l@“ﬂﬂaluﬁiﬂiﬂ@:: disable 11 D, 11 FS, fiavag/luaninzasingsszuding
fiflgnAauTaLUIAI9Y BOLK, dhandndluinesemng gnatutaLadsienn 7 gnazindsed lu 7

DnAN TP3057HANN90 169 LUL Short Frame Sync ¥iULIL synchronous WA asynchronous

N199191UU Long Frame Sync

TunavaanuuLil Frame Sync Pulse 7191 FS, uaz FS. fiasfiaanuanaaesanuion 3 Tnaden
Whernndn A Inde gaeandanluniatuan Amdunsinenun 64 KHz Frame
Sync Pulse faveg/luannzinatnatosifiunn 160 ns. D, faduawiniies azgn enable Fog
18U TWTes BOLK, azfisaudlu 7 Snifu D, axgn disable Ievevmnasrasdni 8 fimuuvielnglis
11 FS, fiannazein m@umn%uuu@nﬂguuu Frame Sync Pulse 184n135U FS, azvinliidaya PCM finn D,
NN RGE UuTeUAeIdNT 8 mm@unmﬁ'um‘@iﬂwmm BCLKq qﬂmrﬂ’f‘zmmm’lﬁmmt,uu Long

Frame Sync nalunslgdeuuuy synchronous A< asynchronous

ftytynaumIuAY (Signalling)
lod TP 3057 A4 Wuuuy A-ow Alkisfaelddtynnnirruanludouil aziuniseanuuuada o

wlisiasldunine SF, , SF,, SIG, uaz SIG,

AIUUBINTAKS (Transmit Section)
Tudauzesnisds meduduymaaiueatiend  inunisrensaunsaiualéifaeAuig

nufisanean 2 f dununisteneisfesnsasduiusiuAzesanuiunu R1, R2 Tugiil 6.2

nseanuuLIsiidtyunnsunaumuazuuusisndesiaslifiinunisuaneldifiu 20 dB.
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pauanilazliduaeas band pass filter wuuainA U Gmas Fal¥aRanANNE 256 KHz 1
WNUB999a3 filter azselatnnfietinsandnsiauasuautAaslan 2993 AD F¢l4lunns companding
azifluuwiy Adow Feledfeldilidesmefyanimuny daunsasiidaiuliaiimausimedisud axgn
Usulaemnalssans Tnaidunnlanesivan (,,,,) Uni 2.5 vP

FS, MmauAneyinm maugnlAveiamefuazasseusasniadnaiaiuiiu s 8 fnazgn
ﬂ@uﬂ%zﬁﬁwLW@S“LLmL'?:'ﬂu@ﬂm'?‘i‘m D, fvatriellueg FE. miﬁmﬁm%wungnumaﬂﬁzmm 165 ps.
@ Winninensid DAC azifAslnny mmamﬁ@%\mungﬂum\ammﬂszmm 10 ps.  waNAU

110 ps. (NM9IUNTa9RAAET) LN 62.5 ps. TITINNINNALITZNINL 180 ps.
i it it

Tayalunsilszenaldauuadlad TP3057

Power Supplies

' v '
' P s A

euarldouledivefiiassfesnmasendt ansuddeneunnay o fwun aanulasasi

uaetloaiuanudemeatedled  wnsnuiiomntedledaasassefiqasantuindululdaasazielng
U1 GNDA mnﬁzgm evan s ams intesnszuaiilnasupa s iRt uanndumasuaos
avseatdinefavaaz 0.1 Tnlasvhsn psenfins VCC uay V,, MILAANSIUA

iR aasanaes CODEC uFazsa AIsazpiaiLansan1eduiily PCB imé@uﬁma@:ﬁi@mﬂﬁmm’

AN 10 TlAgnninfi VOC uae Ve,

N5USUWAINUNISUENEURINISEL
dviunslfenletuefliewimaasnafusedlddulnan 600 Taviudtynougegasesluiiu

+2 5 vV dmsnsuensrednisiuannisaliuusielalnennsungnaeas T-pad ¥3e - T-pad attenuator Tne

NAN9197 2 azifuAreIAINFNunRazeenuLL T-pad 38 T-pad attenuator MWELNTNATHLUN
600 Tavk azifiudnAnassumulumeg 2 azidudmldnansgan dadusazlfaunislunimmnan

FeazfiAnindiAesign lunaal iR
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dB R1 Rz 553 3L}
o1 1.7 26k a5 52k
02 as 13k B.4a piai
o3 5.8 8.7k 104 174k
(o] 6.9 6.8k 1348 13k
0.5 a5 5.2k 17.3 1.6k
& 4 44K 2.3 a.7%
o7 121 4.7k 24.2 7.5%
33 1B RS 277 5.5k
€k 155 29k a1 805
1.8 17.3 28 J48 528
2 34.4 1.3k 7o 28k
3 5¢.3 B0 107 1.8k
4 &4 B50 144 1.3%
5 84 484 189 1.4k
54 160 4032 Fel] i
7 118 el 1y} 289 785
& a7a 264 a7 G9R
a 143 244 370 630
0 156 211 427 52¢
" 168 164 A490 &35
12 160 161 BED 400
13 19D 142 &35 473
i4 200 125 e 450
13 20 110 818 430
16 218 58 B4 413
18 253 1x) 117k KL
2 244 &1 1.5k 366

a = ' v < Yo v
ATV 2 NITLRANAT F]'ﬂ&lﬁl']u“ll’]uLWﬂaL‘lﬂﬂ’ﬂﬂﬁ"‘m']i‘llﬁl"lﬁlﬁl’lilﬁl’ﬂﬁﬂ']i

E

-5V A VEy FROM SLIC

Q.1 wF Viyl= |4
6—-‘—}‘ GHOW R1 R2
0.9 uF Gy MVW‘!"‘WV‘“% filos

a5V T Vep

/ INTERFAGE
: _ TP3054,
To SUC < VE gl seancs
FROM TR3155 TSAC il FSp F3y e FROM TP3155 TSAC
> Dy DIGITAL
o IKTERFACE
R
5¥ OR GNDA 4 BCLK/CLKSEL BCLKy 2
PDH —3vf MELKR,/PDN WCLKy BCLKy (2.04B MHz/1.544 WHz)

A1 R2
R2

A
Note 12 XMIT gain = 20 fog ( ) whare (F11 1 Fi2) = 10 Ke,

517 6.3 fatanireanuuingas sl lad TP3057
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wasian1saanuuunas la% CODEC/FILTER wwad TP3057
TP3057 \flii PCM CODEC/FILTER #isneg lefifiesdamnaanielutlsznausag 29as AD

uaz DA luniseanuutazfeadiiiianssuiuaesdaulsynausin o resquUnsnlluszuulaeiiiiaded
¥ o K K o A (] o o dl a o i’/ ' ' v aa o ell
Haemnileia 2 fadeie uasngb Wiasnnawsiuianuigeiaiumasngwied Tinadiusls 7

AfiAnudige uazdntiaduAanssiaszudng Transmit fiter uaziaidinsvia flasinnsdadnelusaginsal

N1928NLULAENRT , NTIFUA LA Luasans tn
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a

1. wallafidnfudmiuniseaniuuaienasetnasn uazduaIuANNNAAnaaLazsasdindeazldin
¥ =

GNDA 1284 CODEC whinzsin fevnmihilifluqansioudinedaviniasinlfisuisnsdiivaiiidade

® AUNAANNNIUAAININAT 4 —wire NNANUUBINAT SLIC

o '

® nnusdmiuansienantaseeluenInings

o nenuAF ez 0.1 lulasvhSaisiety 15 V. resuvasdnglv
® AuNRBNNINUFRIMTLERT N TIEnamauenlad vEanisUiuudsdtynininisanneu
rd‘ 2 % o a = o i} éll ¥ ' v A
2. nausilinszudliatieunduamnasanan Tiad uazdesduqnnondesan o feciluadviteasn
AN GRP 284taddtynunns {auAnaeIn s RAA NS IWs1zawiin nanauAmuenilaasEen
1 v

11 MECCA fauandlugiil 6.4 mezasiuazfizuuuiiugiianaain MECCA liqm GRP 1esusiaz
deadtynunniazlduuninlannnoudaesernsenuazianeausniuudailaundulfuvdedne
Iiae waza9asdil 1 AvsaziaNMANETLINI aUATaILAAET

3. wavangl E5v fuqn MECCA amazagindiuansiesantadutitagas msldmiulszqriating
Yiae 10 dlnsvinin sepdenuwiasnglni 2 unas fafualssauaziasinuniuaesldeiiandannm
A nezuafilszqiaufiudszqmaniazinariuansl uquonsasanazinliiianisnssainteusany
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4. MaBusesunaangv 15V 189944z CODEC/FILTER Aasazlieg Hssdaiuniaiuaeansaug i
ol Aaduy LU umasenainusazsanaslidaiudszadn 041 lulasvhiaseliingriu
GRP 189 CODEC/FILTER anfige Tt i miudsrauugnindnsiiquaniflunis
dvtnunanufigald
5. maAnseauanalil £5v fuuainda WAZINATATLANARAN mi%ﬁimmnmnﬁgmmmﬂﬁlﬂﬁﬁu
fasie laimnsuanmiaidinit o dfuqereunseangln +5v fisiaidna9as CODEC/FILTER 29asagAnus
azasasAasazsiafaifiulszy wnasiinen 0.01 ldlashinasengasiaunasaneln +5v funsnowsd
Imﬂlﬁawzmaguﬁ@m
6. marenuFAmEnaaeAnuaRed LS enaaldiflurennmausia Waensouiu
WLILANTN 35'\1f«)m’qﬂlﬁmmmwauz%’n;rmmumuluﬁrymWmﬁamm NIIUATENTZULADANATALHD
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7. lefmszna TTL uax LSTTL azldnszuasinaiu il iynaadlefmaniley luanmozgauazinasifi
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

@ Complete PCM Codec and Filtering ® u-Law - TP3054B and TP13054B
Systems Includes: ® A-Law- TP3057B and TP13057B
= ;:Iat:zw: High-Pass and Low-Pass ® +5V Operation
- Receive Low-Pass Filter With (sin x)/x ® Low Operating Power . .. 50 mW Typ
Correction ® Power-Down Standby Mode . ..3 mW Typ
- Active RC Noise Filters ® Automatic Power Down
o oI o ® TTL- or CMOS-Compatible Digital Interface
— Internal Precision Voltage Reference ® Maximizes Line Interface Card Circuit
— Serial /O Interface Density
— Internal Autozero Circuitry ® [mproved Versions of National
Semiconductor TP3054, TP3057, TP3054-X,
TP3057-X
description
DW OR N PACKAGE
The TP3054B, TP3057B, TP13054B, and (TOP VIEW)
TP13057B are comprised of a single-chip PCM U
codec (pulse-code-modulated encoder and de- Veall 1 16[] VFXI+
coder) and PCM line filter. These devices provide ANLG GND[| 2 15[] VFXI—
all the functions required to interface a full-duplex VFRO[] 3 14]] GSX
(2-wire) voice telephone circuit with a TDM Veell 4 13(] TSX
(time-division-multiplexed) system. These de- FSR[]s 12[] FSX
vices are pin-for-pin compatible with the National DR[| 6 11[] DX
Semiconductor TP3054B and TP3057B, respec- BCLKR/GLKSEL[] 7 10[] BCLKX
tively. Primary applications include: MCLKR/PDN [} 8 of] MCLKX

® Line interface for digital transmission and
switching of T1 carrier, PABX, and central
office telephone systems

® Subscriber line concentrators

® Digital-encryption systems

® Digital voice-band data-storage systems
® Digital signal processing

These devices are designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A
conversion) as well as the transmit and receive filtering functions in a PCM system. They are intended to be
used at the analog termination of a PCM line or trunk. The devices require two transmit and receive master
clocks that may be asynchronous (1.536 MHz, 1.544 MHz, or 2.048 MHz), transmit and receive data clocks that
are synchronous with the master clock (but can vary from 64 kHz to 2.048 MHz), and transmit and receive
frame-sync pulses. The TP3054B, TP3057B, TP13054B, and TP13057B provide the band-pass filtering of the
analog signals prior to encoding and after decoding of voice and call progress tones. The TP3054B and
TP130548B contain patented circuitry to achieve low transmit channel idle noise and are not recommended for
applications in which the composite signals on the transmit side are below —55 dBmo0.

The TP3054B and TP3057B are characterized for operation from 0°C to 70°C. The TP13054B and TP130578
are characterized for operation from —40°C to 85°C.

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
A during storage or handling to prevent electrostatic damage to the CMOS gates.

PRODUCTION DATA information is current as of Tpm date. 5 Copyright © 1996, Texas Instruments Incomporated
Products conform to specifications per the terms of Texas Instruments /] :
Standard warranty. Production p ing does not ily inchude

testing of alt parameters. EXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TP3054B, TP3057B, TP13054B, TP13057B

MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

functional block diagram

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

14
>— GSX
Autozero
Analog Lodic
\
VFXI- RC Séwitchit:d- SH | N—
‘ — apacitor —
VFXI+1 AcHVeIer Band-Pass Filter DAC
Voltage o :r{gol —\] Transmit
Reference Logic ———| Regulator | 11
T Comparator OE
1 l A
. Switched- i
RC Active A S/H A Receive
VFRO y Capacitor
Filter Low-lrass Filter 4 DAC \———{ Regulator 6_4_ DR
Power CLK
Amplifier (
1 e
Timing and Control TSX
5V -5V
9 8 10 i 7] 5 12
4 1 2
v MCLKX MCLKR/ BCLKX BCLKR/ FSR FSX
cc (Ea ARLGANR PDN CLKSEL
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EXAS
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A —~ MAY 1990 — REVISED JULY 1996

Terminal Functions

TERMINAL
DESCRIPTION
NAME NO.
ANLG GND 2 | Analog ground. All signals are referenced to ANLG GND.

BCLKR/CLKSEL 7

The bit clock that shifts data into DR after the FSR leading edge. May vary from 64 kHz to 2.048 MHz. Altemately,
BCLKR/CLKSEL can be alogic input that selects either 1.536 MHz/1.544 MHz or 2.048 MHz for the master clockin
the synchronous mode. BCLKX is used for both transmit and receive directions (see Table 1).

BCLKX 10 | Thebitclock that shifts outthe PCM data on DX. BCLKX can vary from 64 kHz to 2.048 MHz, but must be synchronous
with MCLKX.

DR 6 | Receive data input. PCM data is shifted into DR following the FSR leading edge.

DX 11 | The 3-state PCM data output that in enabled by FSX

FSR 5 | Receive frame-sync pulse input that enables BCLKR to shift PCM data in DR. FSR is an 8-kHz pulse train (see
Figures 1 and 2 for timing details).

FSX 12 | Transmit frame-sync pulse that enables BCLKX to shift out the PCM data on DX. FSX is an 8-kHz pulse train (see
Figures 1 and 2 for timing details).

GSX 14 | Analog output of the transmit input amplifier. GSX is used to externally set gain.

MCLKR/PDN 8 | Receive master clock (must be 1.536 MHz, 1.544 MHz, or 2.048 MHz). May be synchronous with MCLKX, but should
be synchronous with MCLKX for best performance. When MCLKR is connected continuously low, MCLKX is selected
for all internal timing. When MCLKR is connected continuously high, the device is powered down.

MCLKX 9 | Transmit master clock (must be 1.536 MHz, 1.544 MHz, or 2.048 MHz). May be asynchronous with MCLKR.

ﬁ 13 | Open-drain output that pulses low during the encoder time slot

VBB 1 | Negative power supply pin. Vgg =5V £5%

Vece 4 | Positive power supply pin. Voo =5V £5%

VFRO 3 | Analog output of the receive filter

VFEXI+ 16 | Noninverting input of the transmit input amplifier

VFXI- 15 | Inverting input of the transmit input amplifier

¥ Texas
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 3



TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vo (see Note 1)
Supply voltage, Vgg (see Note 1)
Voltage range at any analog input or output

Continuous totalidissipation: - ... s i
Operating free-air temperature range, Ta: TP3054B, TP3057B

Storage temperature range, Tgt,

Ve +0.3V to Vgg -0.3V
Voltage range at any digital inputoroutput .......................... Ve +0.3V 1o ANLG GND -0.3 V

TR13054B, TPA13067B: ... i o il

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package

See Dissipation Rating Table
0°C to 70°C
—40°C to 85°C
—65°C to 150°C
260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltages are with respect to GND.

DISSIPATION RATING TABLE
e TA<25°C DERATING FACTOR Ta = 70°C Tp=85C -
POWERRATING ~ ABOVETp =25°C ~ POWER RATING POWER RATING
DW 1025 mW 8.2 mW/°C 656 mW 533 mW
N 1150 mW 9.2 mW/°C 736 mW 598 mW

recommended operating conditions (see Note 2)

MIN NOM MAX | UNIT
Supply voltage, Voo 4.75 ® 5.25 A
Supply voltage, Vg -4.75 -5 -5.25 Vv
High-level input voltage, V|H 2.2 v
Low-level input voltage, V| 0.6 \"
Common-mode input voltage range, Vicrt +25 \
Load resistance, GSX, R 10 kQ
Load capacitance, GSX, C|_ 50 pF
Operating free-air temperature, Ta TTE0oABy YPCadl 0 L °C
TP13054B, TP13057B -40 85

¥ Measured with CMRR > 60 dB.

NOTE 2. To avoid possible damage to these CMOS devices and resulting reliability problems, the power-up procedure described in the device
power-up sequence paragraphs later in this document should be followed.

*9 TeExas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TP3054B, TP3057B, TP13054B, TP13057B

MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996
T A T e T e e B e e e S e e e e S e

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

supply current
PARAMETER TEST CONDITIONS Tro0ox0 TR0 G
MIN TYP MAX| MIN TYP MAX
lcc  Supply current from Voo Fowerdoun No load 0.5 ] 0.2 12 mA
Active 6 ) 6 10
Power down 0.5 1 0.5 1.2
I Supply current from Vgg No load = 5 : = =5

electrical characteristics at Voo =5V 5%, Vgg =—5 V+5%, GND at 0 V, Tp = 25°C (unless otherwise

noted)
digital interface
PARAMETER TEST CONDITIONS MIN MAX | UNIT
VoH High-level output voltage DX IH=-3.2mA 2.4 \"
DX IL=32mA 0.4
VoL Low-level output voltage p— - \
TSX IL=82mA, Drain open 04
iH High-level input current Vi=ViHtoVce +10 uA
L Low-level input current All digital inputs Vi =GNDto V)L +10 A
VoL  Output current in high-impedance state DX Vo =GND1to Voo +10 pA
analog interface with transmit amplifier input
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Iy Input current VFXI+ or VFXI- {Vj=-25Vio25V +200 nA
i Input resistance VFXl+ or VEXI- | V|=-25V1025V 10 MQ
o Output resistance Closed loop, Unity gain 1 Q
Output dynamic range GSX RL210kQ +2.8 \"
Ay Open-loop voltage amplification VFXI+ to GSX 5000
B Unity-gain bandwidth GSX 1 2 MHz
Vio Input offset voltage VFXl+or VEXI - £20 | mVv
CMRR Common-mode rejection ratio 60 dB
KsvR Supply-voltage rejection ratio 60 dB
1 All typical values are at Vg = 5 V, VB = =5 V, and Tp = 25°C.
analog interface with receive filter
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Output resistance |vFRO 1 3l o
Load resistance VFRO=+25V 600 Q
Load capacitance VFRO to GND 500 pF
Output dc offset voltage VFRO to GND +200 mV

T All typical values are at Vo = 5 V, Vgg = -5 V, and Tp = 25°C.

Q’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996
e o e e S e

operating characteristics, over operating free-air temperature range, Vcc =5V +5%, :
Vgg =—5 V+5%, GND at0 V, V| =1.2276 V, f = 1.02 kHz, transmit input amp ifier connected for unity
gain, noninverting (unless otherwise noted)

timing requirements

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
1.536
MCLKX and | Depends on the device used and
544 MH
folock(M) Frequency of master clock MCLKR BCLKX/CLKSEL ; 38 z
folock(B) Frequency of bit clock, transmit BCLKX 64 2.048| kHz
twi Pulse duration, MCLKX and MCLKR high 160 ns
tw2 Pulse duration, MCLKX and MCLKR low 160 ns
SEREE MCLKX and < =
tr1 Rise time of master clock MCLKR Measured from 20% to 80% 50 ns
7] Fall time of master clock erand Measured from 20% to 80% 50 ns
MCLKR
tro Rise time of bit clock, transmit BCLKX Measured from 20% to 80% 50 ns
2 Fall time of bit clock, transmit BCLKX Measured from 20% to 80% 50 ns
1 Setup time, BCLKX high (and FSX in long-frame sync | First bit clock after the leading edge 100 e
sut mode) before MCLKX{ of FSX
tw3 Pulse duration, BCLKX and BCLKR high ViH=22V 160 ns
twa Pulse duration, BCLKX and BCLKR low ViL=06V 160 ns
i Hold time, frame sync low after bit clock low 0 e
h1 (long frame only)
; Hold time, BCLKX high after frame syncT o £
h2 (short frame only)
Setup time, frame sync high before bit clock!
tsu2 (long frame only) po 09
td1 Delay time, BCLKX high to data valid Load = 150 pF plus 2 LSTTL loads? 0 140 ns
td2 Delay time, BCLKX high to TSX low Load = 150 pF plus 2 LSTTL loads¥ 140 ns
Delay time, BCLKX (or 8 clock FSX in long frame
43 only) low to data output disabled o0 165 ns
Delay time, FSX or BCLKX high to data valid
tda (long frame only) CL =0pFto 150 pF 20 165 ns
tsu3 Setup time, DR valid before BCLKR! 50 ns
th3 Hold time, DR valid after BCLKR or BCLKX{ 50 ns
1 Setup time, FSR or FSX high before BCLKR or Short-frame sync pulse (1 or 2 bit 50
sud BCLKR{ clock periods long) (see Note 3) ns
; : Short-frame sync pulse (1 or 2 bit
1
h4 Hold time, FSX or FSR high after BCLKX or BCLKR{ clock periods long) (see Note 3) 100 ns
; ; - Long-frame sync pulse (from 3 to
1
h5 Hold time, frame sync high after bit clockl 8 bit clock periods long) 100 ns
Minimum pulse duration of the frame sync pulse ;
tws (low Ievel)p ynep 64 kbps operating mode 160 ns

1 All typical values are at Vg =5V, Vgg = -5 V, and Tp = 25°C.
% Nominal input value for an LSTTL lead is 18 kQ.
NOTE 3: For short-frame sync timing, FSR and FSX must go high while their respective bit clocks are high.

"5 TexAs
INSTRUMENTS
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 199%

filter gains and tracking errors

PARAMETER TEST CONDITIONS¥ MIN TYPT MAX| uNIT
: : TP3054B, TP13054B | 3.17 dBmO 2.501
Maximum peak transmit overioad level v
TP3057B, TP13057B | 3.14 dBmO 2.492

Transmit filter gain, absolute (at 0 dBm0) TA =25°C -0.15 0.15 dB
f=16Hz -40
f=50Hz -30
f=60Hz -26
f=200 Hz -1.8 -0.1
f= Hz to 3000 Hz -0.156 0.15

Transmit filter gain, relative to absolute 300 Hz dB
f=3300 Hz -0.35 0.05
f=3400 Hz -0.8 0
f = 4000 Hz —-14
f 2 4600 Hz (measure response from 32
0 Hz to 4000 Hz) =

Absolute transmit gain variation with temperature and supply Relative to absolute transmit gain ~01 0.1 B

voltage See Note 4 ! :
Sinusoidal test method,
Reference level =10 dBm0

Transmit gain tracking error with level 3 dBm0 > input level 2 —40 dBm0 +0.2| 4B
—40 dBm0 > input level >2-50 dBm0 +0.4
—50 dBmO > input level 2 —55 dBmQ +0.8

; 3 Input is digital code sequence for

Receive filter gain, absolute (at 0 dBmO0) 0 dBm0 signal, Tp = 25°C -0.15 0.15 dB
f=0Hz to 3000 Hz, TA=25°C -0.15 0.15
f=3300 Hz : -0. ;

Receive filter gain, relative to absolute 33 008 aB
f=3400 Hz -0.8 0
f=4000 Hz -14

Absolute i i ati i

o ute receive gain variation with temperature and supply Ta= fullfange; sBNE Ty o 04 B

ge

Sinusoidal test method; reference
input PCM code corresponds to an
ideally encoded —10 dBm0 signal

Receive gain tracking error with level 3.dBm0 > input level >—40 dBm0 +0.2 dB
—40 dBm0 > input level > —50 dBm0 +0.4
—50 dBmO > input level > —55 dBm0 +0.8

Receive output drive voltage R =10kQ +2.5 v
Pseudo noise test method; reference
input PCM code corresponds to an

Transmit and receive gain tracking error with level (Aaw, ideally encoded —10 dBmo0 signal

CCITT C 712) 3 dBmoO 2 input level > —40 dBm0 +025| dB
—40 dBmO > input level > -50 dBmO +0.3
—50 dBmO > input level > —55 dBm0 +0.45

T Al typical values are at VGG =5V, Vg = -5 V, and Ta = 25°C.
* Absolute rms signal levels are defined as follows: V| = 1.2276 V = 0 dBmO = 4 dBm at f = 1.02 kHz with R =600Q
NOTE 4: Full range for the TP3054B and TP3057B is 0°C to 70°C. Full range for the TP13054B and TP13057B is —40°C to 85°C.
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

envelope delay distortion with frequency

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Transmit delay, absolute (at 0 dBmO) f=1600 Hz 290 315 us
f =500 Hz to 600 Hz 195 220
f= 600 Hz to 800 Hz 120 145
f=800 Hz to 1000 Hz 50 75
Transmit delay, relative to absolute f=1000 Hz to 1600 Hz 20 40 us
f= 1600 Hz to 2600 Hz 55 75
f = 2600 Hz to 2800 Hz 80 105
f = 2800 Hz to 3000 Hz 130 155
Receive delay, absolute (at 0 dBm0) f=1600 Hz 180 200 us
f= 500 Hz to 1000 Hz -40 -25
f=1000 Hz to 1600 Hz -30 -20
Receive delay, relative to absolute f= 1600 Hz to 2600 Hz 70 80 s
f=2600 Hz to 2800 Hz 100 125
f = 2800 Hz to 3000 Hz 140 175
T All typical values are at Vog =5V, Veg = -5 V, and T = 25°C.
noise
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Transmit noise, C-message weightedt Ll:?gggfe VFEXI=0V 5 9 | dBmCO
'(I'Sr::s'\?;ltieng;se. psophometric weighted 1;’:132(5);515 VEXI=0V —74 —69 | dBmop

; : ¢ : TP3054B, | PCM code equals alternating positive
Receive noise, C-message weighted TP13054B | and negative zero ] 2 4 | dBrmCO
; : L . TP3057B, o
Receive noise, psophometric weighted PCM code equals positive zero -86 —83 | dBmOp
TP13057B
VFEXl+=0V,
Noise, single frequency f=0 kHz to 100 kHz, -53 | dBmO

Loop-around measurement

1 All typical values are at VGG =5V, Vg = —5 V, and Tp = 25°C.

This parameter is achieved through use of patented circuitry and is not recommended for applications in which the composite signals on the
transmit side are below —55 dBm0.

NOTE 5: Measured by extrapolation from the distortion test result.
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

fomcrns s s s e e A e o B B B B P e B R S e e i o
power supply rejection
PARAMETER TEST CONDITIONS MIN MAX | UNIT
iy A-law 38 dB
Positive power-supply rejection, transmit \\;E)C(;I:SYSB L(‘)somrSVnns, =0l : p-law 38 asct
f=4 kHz to 50 kHz 40 dB
i A-law 35 dB
Negative power-supply rejection, transmit \\;E%: ;5_\5/0+d:§:\)0mwms, e p-law 35 dect
f=4 kHz to 50 kHz 40 dB
: o A-law 40 dB
Positive power-supply rejection, receive Cg:: :osds iq;’gésrﬁ\c;f:ge i B . p-law 40 dBct
f=4 kHz to 50 kHz 40 dB
Wi A-law 38 dB
Negative power-supply rejection, receive \F;:: :gdse \?2u1a<l;;:g\s/i;i‘\:: zero, f=0Hzto 4 kHz T = =EoT
f=4 kHz to 50 kHz 40 dB
0 dBmO, 300-Hz to 3400-Hz input applied to DR (measure individual o @B
Spurious out-of-band signals at the image signals at VFRO)
channel output (VFRO) f= 4600 Hz to 7600 Hz -33 B
f= 7600 Hz t0 100 kHz -40
T The unit dBC applies to C-message weighting.
distortion
PARAMETER TEST CONDITIONS MIN MAX | UNIT
Level = 3 dBmO 33
Level = 0 dBmO to —30 dBmO 36
Transmit 29
Signal-to-distortion ratio, transmit or receive half-channelt | Level = —40 dBmo0 B r=wry 7 dsct
Transmit 14
Level = —55 dBm0 -
Receive 5
Single-frequency distortion products, transmit -46 dB
Single-frequency distortion products, receive -46 dB
Loop-around measurement,
Intermodulation distortion VEXi+ =-4 dBm0 to —21 dBm0, -41 dB
Two frequencies in the range of 300 Hz to 3400 Hz
Level =—3 dBmO 33
: ; Level = -6 dBmO to —27 dBmO 36
(S(l:ggi}tc(g—fi;s;t:)rgon ratio, transmit half-channel (A-law) Baveb——34 dBmo 335 @B
Level =—-40 dBm0 28.5
Level = —55 dBm0 13.5
Level = -3 dBmO 33
: - - ; ; Level = -6 dBm0 to —27 dBm0 36
(S(l:ggi}tcgi;?:)rgon ratio, receive half-channel (A-law) R T, 5 0
Level = -40 dBm0 30
Level =55 dBm0 15

T The unitdBC applies to C-message weighting.
¥ Sinusoidal test method (see Note 6)
§ Pseudo-noise test method

NOTE 6: The TP3054B and TP13054B are measured using a C-message filter. The TP3057B and the TP13057B are measured using a
psophometric weighted filter.
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1980 — REVISED JULY 1996

crosstalk
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Crosstalk, transmit-to-receive f = 300 Hz to 3000 Hz, DR at steady PCM code -90 -75 dB
Crosstalk, receive-to-transmit (see Note 7) VFXI =0V, f = 300 Hz to 3000 Hz -90 -75 dB
T All typical values are at Vog = 5V, Vg =—5 V, and Tp = 25°C.
NOTE 7: Receive-to-transmit crosstalk is measured with a — 50 dBm0 activation signal applied at VFXI +.
PARAMETER MEASUREMENT INFORMATION
9 td2 —> td3
TSX 20% 20%
tr1 P tw2
1 felock(M)
MCLKX 80% 80% \ 11
MCLKR 20% et 20%

FSR R

tsu3

— th3

oR D D S O O @ 8

Figure 1. Short-Frame Sync Timing
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

PARAMETER MEASUREMENT INFORMATION

tw1
tr felock(M)
MCLKX 80% A 80% S 80% 80%
MCLKR 20% 20% ] 20% lzo% \

tsu1

tsu1

BCLKX _/_\

20%
th1 —J
FSX 0% x 20%

td4

DX o

20%

tw3 < twa td3

sk [\, /TS 7 WS A/ W 9 2 YR S\

&
tsu2 ths —»i rﬁ -
FSR 2%2/26 80%_\ ST &1 _‘ _\

tsuz —» —

th3

DR 7172L3)L4K5X677X83

Figure 2. Long-Frame Sync Timing
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

PRINCIPLES OF OPERATION

system reliability and design considerations

TP305xB, TP1305xB system reliability and design considerations are described in the following paragraphs.

latch-up

Latch-up is possible in all CMOS devices. It is caused by the firing of a parasitic SCR that is present due to the
inherent nature of CMOS. When a latch-up occurs, the device draws excessive amounts of current and will
continue to draw heavy current until power is removed. Latch-up can result in permanent damage to the device
if supply current to the device is not limited.

Even though the TP305xB and TP1305xB devices are heavily protected against latch-up, it is still possible to
cause latch-up under certain conditions in which excess current is forced into or out of one or more terminals.
Latch-up can occur when the positive supply voltage drops momentarily below ground, when the negative
supply voltage rises momentarily above ground, or possibly if a signal is applied to a terminal after power has
been applied but before the ground is connected. This can happen if the device is hot-inserted into a card with
the power applied, or if the device is mounted on a card that has an edge connector and the card is hot-inserted
into a system with the power on.

To help ensure that latch-up does not occur, it is considered good design practice to connect a reverse-biased
Schottky diode (with a forward voltage drop of less than or equal to 0.4 V - 1N5711 or equivalent) between the
power supply and GND (see Figure 8). If it is possible that a TP305xB- or TP1305xB-equipped card that has
an edge connector could be hot-inserted into a powered-up system, it is also important to ensure that the ground
edge connector traces are longer than the power and signal traces so that the card ground is always the first
to make contact.

device power-up sequence

Latch-up can also occur if a signal source is connected without the device being properly grounded. A signal
applied to one terminal could then find a ground through another signal terminal on the device. To ensure proper
operation of the device and as a safeguard against this sort of latch-up, it is recommended that the following
power-up sequence always be used:

1. Ensure that no signals are applied to the device before the power-up sequence is complete.
Connect GND.

Apply Vgg (most negative voltage).

Apply Ve (most positive voltage).

Force a power down condition in the device.

Connect clocks.

Release the power down condition.

Apply FS synchronization pulses.

OFI00E i O Ol el 034N

Apply the signal inputs.

When powering down the device, this procedure should be followed in the reverse order.

12
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 199

PRINCIPLES OF OPERATION

Vce

DGND

VeB

Figure 3. Latch-Up Protection Diode Connection

internal sequencing

Power-on reset circuitry initializes the TP3054B, TP3057B, TP13054B, and TP13057B devices when power
is first applied, placing it into the power-down mode. DX and VFRO outputs go into high-impedance states and
all nonessential circuitry is disabled. A low level or clock applied to MCLKR/PDN powers up the device and
activates all circuits. DX, a 3-state PCM data output, remains in the high-impedance state until the arrival of the
second FSX pulse.

synchronous operation

For synchronous operation, a clock is applied to MCLKX. MCLKR/PDN is used as a power-down control. A low
level on MCLKR powers up the device and a high level powers it down. In either case, MCLKX is selected as
the master clock for both receive and transmit direction. BCLKX must also have a bit clock applied to it. The
selection of the proper internal divider for a master-clock frequency of 1.536 MHz, 1.544 MHz, or 2.048 MHz
can be done via BCLKR/CLKSEL. The device automatically compensates for the 193rd clock pulse of each
frame.

A fixed level on BCLKR/CLKSEL selects BCLKX as the bit clock for both the transmit and receive directions.
Table 1 indicates the frequencies of operation that can be selected depending on the state of BCLKR/CLKSEL.
In the synchronous mode, BCLKX may be in the range from 64 kHz to 2.048 MHz but must be synchronous
with MCLKX.

Table 1. Selection of Master-Clock Frequencies

MASTER-CLOCK FREQUENCY SELECTED
BCLKR/CLKSEL
TP13054B, TP3054B TP13057B, TP3057B

Clock Input 1.536 MHz or 1.544 MHz 2.048 MHz

Logic Input L
(sync mode only) 2.048 MHz 1.536 MHz or 1.544 MHz

Logic Input H (open)

(sync mode only) 1.536 MHz or 1.544 MHz 2.048 MHz

The encoding cycle begins with each FSX pulse, and the PCM data from the previous cycle is shifted out of the
enabled DX output on the rising edge of BCLKX. After eight bit-clock periods, the 3-state DX output is returned
to the high-impedance state. With an FSR pulse, PCM data is latched via DR on the falling edge of BCLKX (or
BCLKR, if running). FSX and FSR must be synchronous with MCLKX and MCLKR.
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

PRINCIPLES OF OPERATION

asynchronous operation

For asynchronous operation, separate transmit and receive clocks can be applied. MCLKX and MCLKR must
be 2.048 MHz for the TP3057B and TP13057B, 1.536 MHz or 1.544 MHz for the TP3054B and TP13054B and
need not be synchronous. However, for best performance, MCLKR should be synchronous with MCLKX. This
is easily achieved by applying only static logic levels to MCLKR/PDN. This connects MCLKX to all intemal
MCLKR functions. For 1.544-MHz operation, the device compensates for the 193rd clock pulse of each frame.
Each encoding cycle is started with FSX and FSX must be synchronous with MCLKX and BCLKX. Each
decoding cycle is started with FSR and FSR must be synchronous with BCLKR. The logic levels shown in
Table 1 are not valid in the asynchronous mode. BCLKX and BCLKR can operate from 64 kHz to 2.048 MHz.

short-frame sync operation

The device can operate with either a short- or a long-frame sync pulse. On power up, the device automatically
goes into the short-frame mode where both FSX and FSR must be one bit-clock period long with timing
relationships specified in Figure 1. With FSX high during a falling edge of BCLKX, the next rising edge of BCLKX
enables the 3-state output buffer, DX, which outputs the sign bits. The remaining seven bits are clocked out on
the following seven rising edges and the next falling edge disables DX. With FSR high during a falling edge of
BCLKR (BCLKX in synchronous mode), the next falling edge of BCLKR latches in the sign bit. The following
seven falling edges latch in the seven remaining bits. The short-frame sync pulse may be utilized in either the
synchronous or asynchronous mode.

long-frame sync operation

Both FSX and FSR must be three or more bit-clock periods long to use the long-frame sync mode with timing
relationships as shown in Figure 2. Using the transmit frame sync (FSX), the device detects whether a short-
or long-frame sync pulse is being used. For 64-kHz operation, the frame-sync pulse must be kept low for a
minimum of 160 ns. The rising edge of FSX or BCLKX, which ever occurs later, enables the DX 3-state output
buffer. The first bit clocked out is the sign bit. The next seven rising edges of BCLKX edges clock out the
remaining seven bits. The falling edge of BCLKX following the eighth rising edge or FSX going low, whichever
occurs later, disables DX. A rising edge on FSR, the receive-frame sync pulse, causes the PCM data at DR to
be latched in on the next eight falling edges of BCLKR (BCLKX in synchronous mode). The long-frame sync
pulse can be utilized in either the synchronous or asynchronous mode.

transmit section

The transmit section input is an operational amplifier with provision for gain adjustment using two external
resistors. The low noise and wide bandwidth characteristics of these devices provide gains in excess of 20 dB
across the audio passband. The operational amplifier drives a unity-gain filter consisting of an RC active prefilter
followed by an eighth-order switched-capacitor band-pass filter clocked at 256 kHz. The output of this filter
directly drives the encoder sample-and-hold circuit. As perp-law (TP3054B and TP13054B) or A-law (TP30578B
and TP13057B) coding conventions, the ADC is a companding type. A precision voltage reference provides a
nominalinput overload of 2.5V peak. The sampling of the filter output is controlled by the FSX frame-sync pulse.
Then the successive-approximation encoding cycle begins. The 8-bit code is loaded into a buffer and shifted
out through DX at the next FSX pulse. The total encoding delay is approximately 290 us. Any offset voltage due
to the filters or comparator is cancelled by sign-bit integration.

e
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TP3054B, TP3057B, TP13054B, TP13057B
MONOLITHIC SERIAL INTERFACE
COMBINED PCM CODEC AND FILTER

SCTS042A — MAY 1990 — REVISED JULY 1996

PRINCIPLES OF OPERATION

receive section

The receive section consists of an expanding DAC that drives a fifth-order low-pass filter clocked at 256 kHz.
The decoder is p-law (TP3054B and TP13054B) or A-law (TP3057B and TP13057B) and the fifth-order
low-pass filter corrects for the (sin x)/x attenuation caused by the 8-kHz sample/hold. The filter is followed by
a second-order RC active post-filter/power amplifier capable of driving a 600-Q load to a level of 7.2 dBm. The
receive section is unity gain. At FSR, the data at DR is clocked in on the falling edge of the next eight BCLKR
(BCLKX) periods. At the end of the decoder time slot, the decoding cycle begins and 10 us later, the decoder
DAC output is updated. The decoder delay is about 10 us (decoder update) plus 110 ps (filter delay) plus
62.5 us (1/2 frame), or a total of approximately 180 ps.

\
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APPLICATION INFORMATION

power supplies

While the pins of the TP1305xB and TP305xB families are well protected against electrical misuse, it is
recommended that the standard CMOS practice be followed, ensuring that ground is connected to the device
before any other connections are made. In applications where the printed-circuit board can be plugged into a
hot socket with power and clocks already present, an extra long ground pin in the connector should be used.

All ground connections to each device should meet at a common point as close as possible to ANLG GND. This
minimizes the interaction of ground return currents flowing through a common bus impedance. Vg and VBB
supplies should be decoupled by connecting 0.1-uF decoupling capacitors to this common point. These bypass
capacitors must be connected as close as possible to Vg and Vpg.

For best performance, the ground point of each codecffilter on a card should be connected to a common card
ground in star formation, rather than viaa ground bus. This common ground point should be decoupledto Voo
and Vgg with 10-yF capacitors.

1 16

ik I —1 VBB VEXl+ | —<———— From SLIC
0.1 UF

5%
2 VFXI- g-
0T ANLG GND 14 RI As
= —AAA—
0.1 UF : wor e
I TP3054B &
5V Vee TP3057B Analog Interface
3 TP13054B
To SLICc ———————] VFRO TP13057B T
5 12
—> FSR RoXIAe— &
DX 11 » Data Digital

6 Out Interface
Dataln —— »—{ pRp

7
5V or GND — >4 BCLKR/GLKSEL BCLKxX |12
8 9

PDN ——— > MCLKR/PDN MCLKX BCLKX (2.048 MHz/1.544 MHz)

NOTE A: Transmit gain = 20 log (%&),(FH +R2) = 10 kQ

Figure 4. Typical Synchronous Application
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MOTOROLA

TECHNICAL DATA
MC54/74HC74A

Advance Information

J SUFRAX
in- H CERAMIC
Dual D Flip-Flop with Set o
and Reset
High-Performance Silicon-Gate CMOS N
: : S PLASTIC
The MCS54 74HC74A is identica!l in pinout 1o the LS74. The device inputs are CASE 646-06
compatible with stancard CMOS outputs; with pullup resistors, they are com-
patible with LSTTL outputs.
This device consists of two D flip-flops with individual Set, Reset, and Clock
inputs. Information at 2 D-input is 1rznsfefred 1o the corresponding Q output D SUFFIX
s on the next positive going edge of the clock input. Both Q and Q outputs are soic
available from each flip-flop. The Set and Reset inpuls zre asynchronous. i CASE 751A-02

Output Drive Capability: 10 LSTTL Loads

Outputs Directly Interface 1o CMOS, NMOS, and TTL
Operating Voliage Range: 2.0to 6.0 V

Low Input Current: 1.0 pA X 5
High Noise Immunity Characteristic of CMOS Devices :::g;::%ii:j Zx:::;ic
In Compliance with the Requirerments Definec by JEDEC Stancarc No. 7A MCI2HCXXAD  SOIC
Chip Complexity: 128 FETs or 32 Equivalent Gates
Improvements over HC74

o Improved Propagation Delays

e 50% Lower Quiescent Power

e Improved Input Noise and Latchup Immunity

ORDERING INFORMATION

Ta = -55%10 125°C for al! packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

RiSiT g e 1 b vee
LOGIC DIAGRAM <, w2 b ReseTs
Deas g i P RESE
CLok Qg3 ZPDATAZ
SETi Q¢ it 0 CLoCK 2
e 0 8 WwpsET2
T Qe cp@
[ i) Ep@
b FUNCTION TABLE
f inputs i Outputs ;
! Set Reset Ciock Dastal Q a |
L 2 X X H L
H L X X L H
2 L L X X H2 H*
"
cuoK e 5 HE T H B H L
= ool | T
= 10 H H L X No Change
sEv2 H H H X | Nc Chznge
e = Ve H H T \_ X :NoChange
FIN7 = CND *5oth outputs will remain high as long

as Set anc Reset are low, buithe ouiput
siates are unprediciable if Set and

Resetl go high simulianeously.
This oocument coniaing «nformalion OR 3 New p1OTuct

Specifizations anc information herein arte subect ic change without notice

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC74A

MAXIMUM RATINGS®

Symbol Parameter Value Unit This device coniains protection
circuitry 1o guard against damage
Ve DC Supply Vohage (Referenced 1o GND) T05t0h 10 A due to high static votiages or elec-
Vin DC Input Vohage (Referenced 1o GND) -15t Vee-1.5| V tric fields. However, precautions
st be taken t id lica-

Vout | DC Output Vohage (Referenced 10.GND) -051t0 Vec+05| V e SNCIIN0 BXOIC-FPP

tions of any voltage higher than
lin DC tnput Current, per Pin =20 mA maximum ratec voliages to this
high-impedsance circuit. For
proper operation, Vin 2nd Vgt
fcc | DC Supply Current, Ve and GND Pins =50 mA should be constrained to the
range GND = (V;nor Vo) = V.

tout DC Output Current, per Pin =25 mA

Pp Power Dissipation in Still Air, Piastic or Ceramic DIP 750 mwW Unused inputs mus: always be
SOIC Package | 500 tiec 10 an appropriaie logic volt-
Tsio S:orage Temperature ! -6S1c - 150 *C: ape leve! (e.g., either GND or
Te Lead Temperature, 1 mm from Case for 10 Seconds °C :/e%cc)).‘;inused outpuisimus be
(Plastic DIP or SOIC Package) 260 i
(Ceramic DIP) 300

*Maximem Ratings are those values beyonc which damage 16 the Oevice may occur
Functiona! operation shouid be resiricted 10 the Recpmmendec Operaiing Concitions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vee DC Supply Voliage (Referencec to GND) 2.0 6.0 v
Via.Vout | DC Input Voliage, Output Voltage (Referenced 10 GND) 0 vee v
TA 3 Operating Temperature, All Package Types 4 55\ niil 25 | Q€
. Y Input Rise anc Fall Time Vee =20V 0 1000 | ns
(Figure 1) Ve = 45V 0 500
. Vece = 60V 0 400
DC ELECTRICAL CHARACTERISTICS (Vohages Referenced 10 GND)
. Guaranteed Limit
e, Vee ;
Symbol Parameter Test Conditions 25C to Unit
v : <85°C | <125°C
=55°C
Vin Minimum High-Level input Vout = 0.1VorVee - 01V 2.0 1.5 s 1.5 v
Voliage Ny 2006A ¢5 | 315 3.15 315
€.0 a.2 4.2 4.2
ViL Meximum Low-Level Input Vour = 0.1VorVee - 01V 2.0 c.5 0.5 0.5 v
Vohage llout! < 20 pA 45 | 135 1.35 1.35
€0 1.8 1.8 1.8
Vox Minimum High-Level Cutput Vin = Vi o1 Vi 290 1.8 1.8 18 \4
Volizge flout! € 20 pA 45 4.4 4.4 44
¢ €.0 5.8 59 5.9
Vin = Vg o1 ViU doun ©4CmA | 25| 398 384 3.7
flouy € 52mA | €0 | 5.48 5.34 5.2
Vou ! Meximum Low-Level Output Vin = Vim or Vi 2.0 0.1 c1 c1 vV
i Voltzge llour’ € 20 wA &5 0.1 0.1 [R]
€.0 0.1 0.1 0.
Vin = Vi or Vi Yoo < 40mA | 25 | ©26 0.23 0.4
flout < 5.2mA | 60 | 0.26 033 04
Lin Meximum Input Lezkage Current Vin = Vcc or GND ; €0 1: =0 =110 =10 pA
Icc Maximum Quiescent Supply Vin = Vcc = GND 6.0 2.0 |20 80 | wA
Current (per Package) lout = 0 WA ‘
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- MC54/74HC74A

AC ELECTRICAL CHARACTERISTICS (C| = 50 pF, Input 1, = 1 = 6.0 ns)

Guaranteed Limit
Vce 5
Symbol Parameter Unit
i v Z_S;Cs.lco =85°C | <125C
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 €.0 48 4.0 MH2
(Figures 1 an¢ 4) ) 30 24 20
6.0 35 28 24
1P H. | Meximum Propagaztion Delay, Clock ic C or O 2.0 700 125 150 ns
TPHL (Fipures 1 and &) 45 20 25 30
€.0 17 21 26
PLH. Maximum Propagation Delay, Set or Reset ic Q or Q 2.0 105 330 160 ns
1PHL (Figures 2 anc 4) . 45 2 26 32
6.0 18 22 27
ITLH. Maximum Output Transition Time, Any Output ] 2.0 75 95 110 ns
ITHL (Figures i ancd 4) | 45 15 18 22
{ €0 | 13 1€ {5 f
Cia ! Meximum Input Capacitance > = 000 e ey
Cpp Power Dissipation Capaciiance (Per Fiip-Flop) !Typical € 25°C.Vec =50V
Used 1o determine the no-load dynamic power consumption: =
PD = Cpp Ve -+ Icc Veo = F
TIMING REQUIREMENTS (Input 1, = 1 = 6.0 ns)
o Guaranteed Limit
cc P
Symbol Parameter Unit
; Vg A [ \edc | <azsc
sy Minimum Setup Time, Data 10 Clock 2.0 80 100 120 ns
(Figure 3) 4.5 16 20 24
6.0 14 17 20
th Minimum Hold Time, Clock 10 Daia 2.0 3.0 3.0 3.0 ns
(Fipure 3) | 4.5 3.0 3.0 3.0
6.0 £.0 3.0 3.0
trec Minimum Recovery Time, Set or Reset Inactive 10 Clock 2.0 80 E.0 8.0 ns
(Figure 2) 4.5 8.0 €.0 8.0
€.0 8.0 8.0 8.0
%W Minimum Pulse Width, Clock 2.0 60 75 S0 ns
(Figure 1) 45 12 Y- 18
6.0 10 i3 15
T Minimum Pulse Widih, Set or Reset ; 2.0 60 75 [0 ns
(Figure 2) 4.5 12 15 18
€.0 10 i3 15
1.y | Maximum Input Rise and Fall Times z 20 | 1000 | 1000 | 1000 | ns
(Fioure 1) i 45 500 500 500 1
i €.0 400 400 400 |

TOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC74A

SWITCHING WAVEFORMS

C.OCK

r— lrpr
Figure 1. [
| vee
CLOCK [ 7‘

—GND
Figure 2.
VALID
2 vee v a—— TEST POINT
DATA 50% ARG
Gk : DEVICE =
Ly 4 UNDZR Ce
Vee TEST Y
[ 50%
CLOCK — CND 3
Figure 3. -

“includes ali probe 8nd jic capacitance

Figure 4.

EXPANDED LOGIC DIAGRAM

5.9
BEaC S :

30
CLO0CK —«><

T
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MOTOROLA
Bz SEMICONDUCTOR m—m
TECHNICAL DATA

MC54/74HC86

Quad 2-Input Exclusive OR Gate

. egs J SUFFIX
High-Performance Silicon-Gate CMOS CERAMIC
CASE 632-08

The MC54/74HC8S ic identica! in pinout tc the LS8S; this device is similar in func-

tion 10 the MM74C86 ang L85, but has 2 diferent pinout. The device inputs are

compatible with standarg CMOS outputs; with pullup resistors, they are compatible

with LSTTL outputs. : ':'LSAUFHX

@ Output Drive Capabnhy: 10 LSTTL Loads CASE 64606

@ Outputs Directly Interface 10 CMOS, NMOS, and TTL

® Operating Vohage Range: 2 10 6 V

@ Low Input Current: 1 rA

@ High Noise iImmunity Characteristic of CMOS Devices 2 Zgrglx

: In Compliance with the Requirements Defined by JEDEC Stancard No. 7A CASE 751A-02

Chip Complexity: 56 FETs or 14 Equivalent Gates

ORDERING INFORMATION

MC74HCXXN Plastic
MCSLHCY XY Ceramic
MC74HCXXD soic

LOGIC DIAGRAM

PR TA = —55°10 125°C for 2!l packages.
Y @i Y1 Dimensions in Chapter 6.
Bl
4
&2 6 &
5 Y2 PIN ASSIGNMENT
£: !
Yf;:_s‘{g e 1 fTvee
B o 8 eif2 13 B4
or_* v3 vifs 12 0 as
a2 ¢ iy
re 2 W 82 s 1083
ve
iy y v2li6 efla3
sncl7 8 v3
PIN 14 =Vrp
PIN 7= GND
0 FUNCTION TABLE
.: Inputs ' Outpuﬂ
Lﬁ'ﬁ
[oa i Y !
ot o Hesii
el H
HL l H
R L
| !
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MC54/74HC86

MAXIMUM RATINGS*

;hSV"'\bOl Parameter Value Unit This device coniains protection
L ircuits d 23ainst damage
i DC Supply Vol:age (Ref ed 10 GND) -051t ~7.0 v circuitry 1o guar >
r £c T PRy oo = e GND due 1o high static vohages or electric
Vin | DC Input Vokage (Referenced to GND) -15t0 Vcc+1.5 \% fiold: However. precautions. must
Vour | DC Output Vohiage (Referenced 10 GND) [ -0.51t Vec+0.5 \4 be taken to avoid appiications of any
! tin !oc input Current, pe: Pin -20 mA vohiage higher than maximum rated
13 ; = votiages 10 this high-impedance
lou: DC Outpu: Cusrent. per Pin =25 na circunt. For proper operation, Vi, and
|__icc 1 DC Supply Curent, \ce and GND Pins -50 | ma Vou: should be constrained 1o the
| PD jPower Dissipation in Still A, Plastic of Ceramic DIPT 750 mw range GND = (Vi of Vo1l <V,
! SOIC Package? 500 Unused inputs mus: always be tied
T ¢ - 1o an appropriate logic voltage level
¢ -€10 -1 o€
Tsig_: Storage Temperature : : €510 -150 le.g.. either. GND of Vecl. Unused
! T Lead Temperature, 1 mm from Case for 10 Seconds OC: outputs must be kek open.
i (Plastic DIF or SOIC Package) 260
, (Ceramic DIP) 300

*Maximum Ratings are these values beyond which damage 10 the device may occur.
Functional operation should be restricied 10 the Recommended Operating Conditions.
*Derating — Plastic DIP: - 10 mW/°C from €5° 10 125°C
Ceramic DIP: —10 mW/°C from 100% 10 125°C
SOIC Package: -7 mW./°C from 65¢ 10 125¢C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDEP OPERATING CONDITIONS

Symbol ' Parameter Min Max { Unit
Vce  DC Supply Vohiage (Referenced 1o GND) 2.0 el ~ iV
Vin.Vour : DC Input Voliage, Output Voliage (Referenced 10 GNDI 0 Vee \/
T4 ! Operating Temperature, All Package Types -5 | <125 e
1. i ;Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vee=4.5V 0 500
vee=60Vv| o 40

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

[ GuAran!eed Limit
e Vicc g 7 ;
Symbol Unit
ymbo Parameter Test Conditions V.. !\ 25°C.t0 l e ‘ i S,
-55¢C '} i
Vin iMinimum High-Level Input Vour=0.1 Voor Vee - 0.1 V. 2.0 1.5 1.5 15 v
Votage flouti=20 nA 4.5 3.15 3.5 3.5
! 6.0 4.2 4.2 4.2
Vie : Neximum Low-Leve! Input Vour=0.1V or Vec-0a v 2.0 0.3 0.3 0.3 v
 Votiage Moyr! <20 A <5 0.9 0.8 0.8
i 6.0 1.2 1.2 14
Vowu Minimum High-Level Quiput Vin=Viy or Vi 2.0 1.8 1.5 1.8 A%
Voliage loytr! <20 wA 45 4.4 &2 L&
. 6.0 5.8 a8 5.8
Vin= Vi or Vi Hopri<é0mAl ¢5 3.98 384 3.20
! Mo, <52 maA| 6.0 | 548 s # s
VoL | Maximum Low-Levei Gutput i Vin = Vig or Vi 1527 0.1 0.1 .1 v
Vokage oyr, <20 LA 4.5 c.1 0.1 [sB]
6.0 0.1 0.1 C.1
Vin= Vi o Vi llou!<4.0mAl 45 0.26 03 | 00
Hout!<5.2mA | 6.0 0.26 013345174040
lin , Meximum Input Leakage Current Vin=Vcc or GND 6.0 201 .00 S0 rA
1 ! Maximum Quiescent Supply Vin=V¢c ot GND 6.0 2 20 ) wh
CCah in cc
; Current (per Package) lout = 0 kA

NOTE: Information on typical parametric values can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC86

AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t; =4 =6 ns]

Guaranteed Limit
Symbol Parameter Vee 25°C to Unit
: Vo | Cesec | s8°C | s1s°C
tPLH. |Maximum Propagation Delay, Input A or B 10 Output Y 2. 120 150 180 ns
PHL (Figures 1 and 2) : 4.5 24 30 3%
6.0 20 26 3
TTiLH. | Meximum Output Transition Time, Any Output z.0 75 o5 10 ns
THL (Figures 1 and 2) 45 15 19 2
6.0 13 16 1
Cia Mezximum tnput Capacitance : 3 - 10 10 3 10 } . pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
: Cpp Power Dissipatior. Capacitance (Per Gatel Typical ¢ 25°C. Vcc=5.0 V '
Used tc determine the no-load dynamic power consumption:
Pp=Cpp Vect+ Icc Vee / S oF
For load considerations, see Chapter 4.
E
TEST POINT
INoUT ouTPUT
LDRB DEVICE
UNDER 5
TEST — b
OUTPUT ¥ l

*includes all probe and jig capaciance.

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM
(% of Device)

o>

e U

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MOTOROLA

s SEMICONDUCTOR
TECHNICAL DATA

MC54/74HC160

Presettable Counters MC54/74HC161
High-Performance Silicon-Gate CMOS MC54/74HC162
' MC54/74HC163

Trie MC54.74RCY60 througn RCIER are idenucal in pinout 1 the LS 160 through
LS163, respeciively The 0swiZe inpuls gre compatidle with siendesc CWCS owiputs;
wiih puliup res:siors, iney ere compatibie with LSTTL outputs.

The HCI6C enc =CI6Z &re progremmaebie BCD couniers with esvaichronous end J SUFFIX
eoachroncus Reset nowis, respectively. The HC1E1 anc HC1ES zre progremmabie CERAMIC
Z.0it binary couniers with zsynchronous and Synchronous reset, respectvely. CASE 620-089
® Quiput Drive Cepeoiiny. 10 LSTTL Loads
® Quiputs Directly Intertace 10 CMOS, NMOS, and TTL N SUFFIX
') ~oe g Vola e 5 1o /

Operaung Voliage Range 21c €V : PLASTIC
@ Low Input Current: 1 g4 CASE 64506
.0 ~.gn Notse Immunny Cheractensuc of CM0S Dév.ces
e in Compla wiih the Reousements Defnec by JEDEC Sisncard No. 7A
¢ Cric Comperny: 234 FET¢ or 58 5 Equiveient Geies D SUFFIX
SOiC
CASE 751B-03

ORDERING INFORMATION
LOGIC DIAGRAM §

MC74HCXXXN Plastic
MCSEHCXXXY Ceramic

MC74HCXXXD Soic
3 14
PC Qs ¥
. - TaA = — 55710 125°C for all packages.
Fleset B) 4 3 o1 &CD or Dimensions in Chapter 6. F
Oz g 12 Binary
inputs P2 c2 Ouiputs
06 i
pe —— Q2
PIN ASSIGNMENT
W 15 Fople _ resetffie 18P Vee
Ciotk —> (835§ g -
out Ciozt 2 G & i
Out
P03 40 Q0
104 B o
Fesel Fz 05 2p Q2
§ \ 2206 i o3
woed
b Enabe F Q 7 0p tnabie T
~ Enedle P
Coura 7 iy cn> Qe <D tozc
£rabes Enanie T e PinE=C
FUNCTION TABLE
Count Inputs Output
Device Mode Reset Mode Clock | Reset* Load |Enabie P|Enable T Q
w=CI60 8C0 Asynchronous S L X X x: Reset
=&Y Birary Asynchronous S g H L X X Load Fresei Date
~C162 £CD Synchronous e H = H H Count
HO1ES | Bimery Svnchronous i H H L X No Count
5 H H X £ No Count
*HC162 anc HCIES only HCIBO anc HCIET ere Asynchronous- Reset
Devices

H=nigh levei
L= iow level
X =don't cate

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC160¢M C54/74HC161eMC54/74HC162°MC54/74HC163

MAXIMUM RATINGS*®

Symbol Parameter Value Unit This device contains protection
{=v] d against damage
V DCS Vohage (Referenced 10 GN. -0.51t +7.0 \ crcuitry 10 guar )
e RO, skl c GHD) due to high static votages or electric
Via DC Input Vohiape (Referenced to GND) -1510 Vee+1.5 v freids. However, precautions must
Vout | DC Output Vohiage (Referencec tc GND) -051 Vcc-0.5 \4 be taken tc 2void applications of any
fin DC Inpu Current, per Pin - 20 mA volape higher ﬁ?an rr_\axir-nurn rated
T = votiages t0 this high-impedance
lout i DC Output Current, per Pin +25 mA circuit. For proper operation, Vin and
lcc  !DC Supply Current, Ve anc GNO Pins =% mA Vour should be constrained 10 the
Po Power Dissipation in Stil! Air, Plastic or Ceramic DIPT 750 mwW range GND = (Vi or Vo 1) s Ve
3 SOIC Packaget 500 Unused inputs must always be tied
- = ic an appropriate logic votiage level
U I T -65 150 “C
sip. | Sioieoe Jempersture L (e.g., either GND or V). Unused
Ty Lead Temperature, 1 mm from Case for 10 Seconds °C outputs must be left open.
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 30 .

* Maximum Ratings are those values beyond which damage 10 the device may occur.
Functiona! operation should be restricted 10 the Recommended Operating Conditions.
:Derating — Piastic DIP: - 10 mW/¢C from 65° to 125°C
Ceramic DIP: - 10 mW/°C frem 100¢ 10 125°C
SOIC Package: =7 mW/°C trom 65° 10 125°C
For high frequency or heavy load considerations, see Chapter 4,

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vece | DC Supply Vohage tReferenced to GND) 2.0 6.0 \4 .
Vin.Vout { DC Input Vokage, Output Vokage (Referenced 10 GND) 0 Vee v
TA Operating Temperature, All Package Types - 55 +125 L/
1, Y Input Rise and Fall Time Vec=20V 0 1000 ns
(Figure 1) Vec=45V 0 500
Vce=6.0V 0 %00

DC ELECTRICAL CHARACTERISTICS (Vokages Referenced 10 GND)

Guaranteed Limit

V, .
Symbol Parameter Test Conditions cc 25°C to Unit
4 <B5°C | =125°C
-5°C
VIH Minimum High-Leve! Input Voui=0.1VorVecc-0.1V 2.0 g 1.5 1.8 \Y
Votage liout =20 A 4.5 A6 3.15 3.15
€0 4.2 42 42
Vie Meximum Low-Leve! input Voun=0.1VorVec-0.1V 2.0 0.3 03 0.3 v
Vohage Houtl=20 LA 4.5 0.8 0.8 0.9
: 6.0 1.2 1.2 1.2
VoH | Minimum High-Leve! Output Vin=VjH or Vy 2.0 1.8 1.8 1.8 v
Vohage loyuti=s20 LA <45 4.4 4.4 4.4
7 6.0 E.3 5.9 5.9
Vin=Vis o7 Vi 4. 3.88 355 3.70
€.0 5.¢8 £.34 £.20
VoL Meaximum Low-Leve! Output Vin=V|5 or Vi 20 0.1 0.1 0.1 v
2 Volisge llout! 20 LA 4.5 0.1 0.1 0.1
€.0 0.1 0.1 0.1
Vin=ViH of Vi losi=é0mA| 45 0.26 0.33 0.20
lloy'<82mA| 6.0 0.26 0.23 0.40
lin Maximum Input Leakage Current | Vin=Vce of GND €.0 =01 +1.0 =1.0 KA
icc Maximum Quiescent Supply Vin=Vcc or GND €.0 8 80 160 A

Current (per Peckage) lour =0 kA

NOTE: Information on typica! parametric values can be found in Chapter 4.

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MCS4/74HC160°MC54/74HC1610MC54/74HC162°MC54/74HC1€3

AC ELECTRICAL CHARACTERISTICS (CL = S0 pF, Input ;= 11=6 ns)

. Guaranteed Limht
cC 1
Symbol Parameter v E‘C.to e e Unit
-5°C
fmax | Meximum Ciock Frequency (0% Duty Cycie)* 2.0 €.0 4.8 4.0 MHz
iFigures 1 and 7) 4.5 3 24 20
€.0 35 28 24
IPLH | Maximum Propsgetion Delay, Clock 10 Q 20 170 215 255 ns
(Figures 1 and 7) 4.5 34 43 51
6.0 3 37 43
PHL 2.0 205 255 310
4.5 41 51 [>v]
6.0 35 43 53
IPHL | Maximum Propagation Delay, Reset tc Q (HC160 and HC161 Only) 2.0 210 265 315 ns
(Figures 2 and 7) 4.5 42 53 63 .
6.0 36 45 54 %
PLH | Maximum Propagztion Delay, Enable T 10 Ripple Carry Out $20 160 200 240 ns
(Figures 2 and 7) 4.5 2 40 48
6.0 7 34 41
1pHL 2.0 195 245 295
4.5 <] 43 53
6.0 3 42 50
tPLH | Meximum Propagation Delay, Ciozk 1o Ripple Carry Out 2.0 75 220 265 ns
(Figures 1 and 7) 4.5 35 44 53
6.0 30 37 45
PHL 2.0 215 270 325
45 43 54 65
€.0 37. 46 55
IPHL | Maximum Propagetion Deley, Rese: 1c Rippie Carry Out (HC16C anc HC1E1] 2.0 220 275 330 ns
Only) 4.5 4 > 66
(Figures 2 and 7) €.0 37 47 56
TLH. | Maximum Output Transition Time, Any Outout 2.0 75 o 110 ns
THL {Figures 1.anc 7) 45 15 Ll1g 2
6.0 i3 16 18
Cin i Meximum Input Capscitance - 10 10 10 pF

* Applies 10 noncescaded/nonsynchronously clocked configurations only. With synchronously cascaded counters, (1) Ciock 10 Ripple Carry Out
propagation deleys, (2) Enable T or Enable P 10 Clock setup times, 2nd (3] Clock to Enable T or Enable P hold times determine .. However,
i Ripple Carry Out of each stage is tied 10 the Clock of the next siage (nonsynchronously ciocked), the frmax in the 1abie above is applicabie.
See Applications Information in this data sheet.

NOTES:

1. For propagation deleys with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.

Cpp i Fower Dissipation Capacimnce (Per Package) Typical @ 25°C, Vee=5.0V
lUsed 10 determine the no-lcad dynamic powet consumption: F
i Po=Cpp Ve - 1ce Vee 8 of
; For ioag considerations, see Chapter 4. I

MOTOROLA HIGH-SPEED CMOS LOGIC DATA
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MC54/74HC160°MC54/74HC161°MC54/74HC162°MC54/74HC163

SWITCHING WAVEFORMS

Ciozk Reset

Any
Outpat
Any
Coput
Ciock Si‘%f
— GND
Figure 2.
L 4
U '_"1 e —> le— Yy
; === N6
Enabie T I 53’% | fiésgy
i‘O% | GND
e | ————y €19
Ripple 1
Carry
Out Clock
Figure 3. ; Figure 4. HC162 and HC163 Only.

‘-—Vahd—h
Inputs vee
PO, P1, 50% }(
P2, P3 N o

15y — 1" Enadble T S els}
or
vee tnabie P GND
Load 50% !
— GN\D Vee
Ciock X%
15, —>t= 1y, 3%, gt LD
Xec
Clock 50% Figure 6.

|

(]
o
O

Figure 5. [
TEST CIRCUIT

Test Point

Cutput
Device

Unger

: I L

* Intluges ali probe and g capaciiance

Figure 7.
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MC54/74HC160'MCS4/74HC151-MC54[74HC162°MCS4/74HC163
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MC54/74HC160eMC54/74HC161¢MC54/74HC162¢MC54/74+H.C163
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MC54/74HC160°MC54/74HC161¢MC54/74HC162¢MC54/74HC163

HC160, HC162 TIMING DIAGRAM

Seguence illustrated in wavelorms:
1. Resel outp.is 10 2zero.

2 FPreset 10 5CD seven
2 Count 10 eight. nine, 2er0. 07, wo. and three.

2 Intibi

Teset (HC160) | ] {&synchronous)
|

Feset (HC162) L tsvactronous:

|
Loag || l

j

Prese | P1 l I

Daie |
inpuls | P2 ’ | I

|
P3 |
I
I

|
Eraple P | l
Ceunt
|
Enable T { ]

Enanes

Ricple | I |
Carry | l | | [
Out | Y 18N a0 1 2 :

4 A e >t

T L 2 unt [ 7] o L
Reset Loed F& S
.
P L
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MC54/74HC160:M C54/74HC161°MC54/74HC162¢ M C54/74+.C163

HC161, HC163 TIMING DIAGRAM

Secuence iustrzted i wavelorms

T Resel outpals 10 2610

FIEsEl i bineny tweive

Count 10 thurteen, founteen, fitieen, zero, one, and two
infhibit

Reset t=C161) l I«As;vn:mono‘:s)-
Feeset (HC1E3) ] 1| isynchronous!

howt

|
: Leac | I |

|

PO |

[

Freser | F1 |

Data |

|

Inputs | po | I 7

l
Ciock (HC163) P 1201 /e N 3L S WA YR LA ERifE
g |

WAl
Enable P‘i___” I m
’C:.».-l'.! l | : ‘
T s ~1 T_—_'_l] | | 1%_
LV |
LILLL _I | ﬁ rj [—L
| |
P > h QEARCUIRIREP L Al

Quinuts

Ripple | | |
Carry | l | I I |
Out | BY i3 2% 4] 1 e
4 L T —
i — i ratiy
Reset Load o ;
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*MC54/74HC162°MC54/74HC163

MC54/74HC161

MC54/74HC 1600
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TYPICAL APPLICATIONS
CASCADING

N-Bit Synchronous Counters
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TYPICAL APPLICATIONS
VARYING THE MODULUS
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