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Abstract

This presentation deals with the combined digital communication of
speech and data in a simplex point to point network . Pulse code modula-
tion is used to multiplex the voice with data by time division multi-
plexing. Moreover,Forward Error Correction with convolution encoding and
threshold decoding are included in the hardware set of rate 1:2, 2:3 and
3:4 . The method was tested in both software simulation and in actual
circuit, giving the same result in each case. The use of this method was
studied in terms of the quality of the speech signal and the Bit Error
Rate (BER) of data transmitted with and without coding.
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fdeswd  (Convolution) TﬂuﬁwﬂQﬁﬂulawﬁﬂwmaaﬁﬁﬁﬁiﬁa:ﬁaun%adunéhuﬂsduﬁbﬁmﬂa
yadansiteyumihunnunetn deriles FormWiaidiianudiniugiuiuda esvesnn 9
dua nTrinumIvesn T el LileuiumaBui e Image) taﬂ%agaUﬁqﬁquﬁ1ﬁLﬁﬂ
nnaRewanand aganu lundLuN Tl Tt ks uninnanudinusve aTad M
fu q Hindenfinies

NEhMIdINTneBnuma L ihaidetn s tidenil 3.3 Tauileyaazgn
Ldoul i Wi edatnasetiies %aa:ﬂhﬂﬁ1ﬁﬁﬁaannﬂﬂﬂaLaﬂﬁﬂwaﬂnnﬁﬁﬁauﬁﬂuuuiuq-
Ta 2 aﬁnﬁﬁﬂu%%atﬂa%;uéﬂﬁ failsasnmatdnaid k : n s inrmeTuounnedn
B warTwiwINTugTa 2 duma L denmannenumiala q WEddined uazauu
Yoidd L neiemihumnatiReiiEms e andnilsde wihdema Linid d@mdu
mMavhauesinnnTugia 2 a:ﬂﬁﬂuﬁhnﬂﬁﬂhaqumaaLnﬂuuuxaﬂ{ﬂqiﬂaa(Exclusive OR
Gate) thf0 0+ 0=0, 0+ 1=1¥io1+0=1uae 1 +1=0 nilebia

™~ a A 4 v oa v e Dy ("
Fudiom Fematennd s udiiinsms i mfdian sdanan e suiu

Input sequence shift register

n modulo-2
adders

Codeword sequence

Uil 3.3 ‘leezunTaudaaniTiinsidneuTagdiugu
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ahuéhnﬁ1naﬂ1ﬁhﬂauﬂaa%hazLﬂuﬁuﬂauﬁ%h%auuwnniﬁnwwt%ﬁsﬁHTnuazaﬁﬁh
audiniivoaniadaidindran dmATmatataumdnmang « axdler 3 38de

1) Sequential Decoding fidudunsfufniou  Wozencraft il 1961
Fsmundnmaiiidinsidusasamngomn el udanediulml 9 (U Fano Algorithmuas
Stack wia ZJ Algorithm Yo duvesiimaiife wadiannu WAL NT LN TNNTYIN
anutUtou

2) Threshold wie Majority-Logic Decoding AsiesunnT T Tey
Massey il 1963 ﬁhna%%umaaﬁﬁﬁa:ﬁuﬂzHwﬁpﬂwﬁﬁﬂqdﬁhuﬁasﬂﬂQﬁuih%auﬁau

3) Viterbi Decoding fufntau Viterbi Wil 1967 AgihdsumaRgu
ﬁﬂLﬁuﬁ%nwﬁﬁﬂ%éhna%%uuuuaqﬁuﬁqa:Lﬁuquﬂ (MaximumrLikelihood)ﬁﬁﬁﬁqﬂ uaz LI
A5MATUN T uetnan NN 3EnﬂﬁnaﬂiﬁhﬁLuuﬁ:ﬁﬁu%hnﬁﬁﬂ%oﬁuﬁﬁhnau11qiﬁﬁﬂ
MNAMIIUANNTTRY LaLNTELANNITMa0enTRdv TUonn M imiuanuan
gl fensnenavid

Qe AT demienis Threshold Decoding ndauitosnn
ﬂﬂuﬁﬁnﬁhﬁ%ﬂqtﬁuqﬂuuunqonﬂéﬂu1§1ﬁ&wuﬁﬂaquﬂh%auﬁauuﬁznauﬁb%aaﬁﬁhnﬁa%agaua:
qﬂnﬁéﬁmzﬂ%ﬂauﬁﬁhnﬁﬁl%ﬁiﬁﬁﬂﬂqwuLuuﬁzﬁu ﬁﬁwﬁb%unauua:ﬂszanﬁnwwazﬁﬁuﬁﬁuaﬂn
uﬁhnﬂﬁnﬂﬁnaﬂﬁﬁﬁﬁLﬁu%u%anﬁaqﬁbnqﬁﬂﬁﬁauﬂ%uiﬂﬁu1ﬁuiﬁuaﬁh TauasnanniieTvaz
Liuaatennsnanaiaiiuit insaisana

aﬁnﬂﬁ:Tumﬁmaasﬁﬁﬂauidqﬁuﬁiﬁnéﬁ1nwazLﬁu1ﬁﬁﬂLﬂusﬁﬁﬁﬁUﬂUﬂnﬂunﬂsﬁa
AT I nniuideu 9 ﬁatﬂugaLuqmaaeﬁuﬁﬁbéuﬁﬁiﬁﬂﬂuuntaﬁﬁﬁhﬁﬂﬂﬁuﬂﬂﬁnﬂsﬁnuﬁ
A0 Tavumadmngnat duidman vhmafmnuas dsumidaeuTaghdiugivessed
uad [6][7] Feilesnialumatiem 1ﬂu1ﬁﬁhlaqﬁuﬁﬁuuazuﬁzﬁwnﬂﬁ&aﬁnnﬂiﬁnﬁﬁﬁuuﬁ

1%u€ﬂuiaLﬁaﬁ%ﬂaqﬂﬂ%qwumﬂuithﬁxﬁaﬁﬁﬂﬁnéﬁﬂuﬂuﬁﬁu
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N5t aiadeya

madhmidneuTagiugnadteiuiaudnihizneutfy  Constraint Length
n, Somnuiletunmiuninmiedniiidined (shift register) wna m detn 77
foinnnTugia 2 (Modulo-2 Adder) uar wmhwladiwandamivuiastadeyauieunTy
wazwmU(serial to parallel and parallel to serial nmltiplexer)l'ﬁa‘liﬁ'ﬂm‘:
uﬁ%ayaL%ﬁuazaanaﬁnnnﬂiﬁhﬁ %agaﬁa:uﬁuﬁLiﬁ1ﬁhﬁt?uniﬁqﬂiﬂdﬁﬂs (Information
Sequence) v:gnidoutdnudedidined e k Dedends KAz MIMUL ML 1A
TﬁﬁﬂauTQQﬁhlﬁﬂLﬂuwﬁuﬁﬂﬁHQﬂﬁﬂ1ﬂﬁ1ua:Qﬂﬁ5n1zﬂﬁ (Generator Sequence) dUNIAD
vilos FarFoutweam st niiazudnslugives (n,k) ua=5h1ﬁnq1L%ﬂsﬁhazuaaaﬂuéu
499 k:n feTva L Buattoorilidndrnnuds - @msuiadeifisndrniovdnnms warfuneu
voudiien i tavas L Bun

gavaaduridufioanssritidndrndehdmauna it Sanuavigiumann-
YUARN VD IBATHE 1ﬂuqﬂmaaﬂhﬁiuﬁhn1=ﬂﬁﬂﬁqnﬂﬁuamn%anﬁwuﬂﬁauuﬁuﬁﬂ%aﬁuﬁﬁut3au1m
fidenndostiumanenid Feazndndomsoonuuntorididitamit 4 Tavar i Bunnandnaiail
nuaz LraveImsansgmiandudangs e lande udunsiveama i nineutg-

-~ 5 4 - L)
fu 9051 k:n 1M %zﬁﬁﬂﬁhﬁ%ﬁﬂdnszﬂﬁag n 10 I N AGUG AR k]

gV o g Y | DT TRl 1 vt s 1 (3.10)
ﬁmuﬁﬁduﬂaamaeﬂﬁqﬁﬁu@huduﬁuﬂﬂﬁa §) £ 2,3, 0Nk ua:wﬁotaﬁﬁqn fio
. v o < - o ' y
i =12, 3.....,n Segmlriduinserilenanfuiidiumsnesduesiong  (Impulse

Response ) 9992977 L N 9Widfiilgninad7 (Information Sequence) flo d = (d(!),,
| <1 v &
divd, - @1, 000 uazqﬂﬁuﬂﬁa=1ﬁﬂa ctd) = (ctd),, cd),, cI),,.....) AWM

ﬁﬁuﬁﬁna§Uﬁunﬂ1L%ﬂﬁﬁhﬂﬁﬁQﬂu@Uﬂﬂdﬁﬂﬂﬂﬁiﬁﬁhﬁ

¢ =:d.8
wio c(-j)= f\:d(i)*ggj) s M 1,2,3,..p {3.11)

=
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damait 3.11 HiFunidn umamaidhaid Jeefinuiusvesdumatom

10f0

Tl 0<li<i  uat

< wmlCE & .
cflj) b EO[EI df({zlg.-‘(j)]

1<j<n

- idapuUTITULLY Systematic

(3.12)

ﬁﬁhﬂau1dqﬁhqnﬁhuﬁqaantﬁuﬂaa%ﬂﬂﬁuﬁauuu Systematic ua: Nonsystema-

tic convolution code %aﬂﬁmzmﬁnm'nﬁmﬁmﬁuﬁ'mﬁﬁuwnfiu TFfeTVidLLL sys-

- | | ' o -1 -, ) . |
tematic *qﬂwﬂ'ozﬂmmmwwﬁ'wuunmunwaevn‘m wagvduunonsystematic 9174619

L ) ﬂlg . ) -
VNANTMOYNLAMVD I TATUEAINA war Wdnweaandduili denu Systematic Foil

1] ‘ - LY -
anutiiou warildnalstnaumendauadtieundn  BnfiadsimneaniuAsnnnensaii den

W iauasnaniiede U inideveInisnonsd

W5 L SuenEimn s innsand s unintuesdangsyh (generator matrix)

firtcrsmue  Thaevail

it G 2 Huluedndteuvning k x n
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[ (k+1) _(k+2) (n)

TRt Rl AR &1

(k+1) (k+2) n

0 Ga 20 3 &gy gﬁ,i

G. =
1 : . . :
: k+1)  (k+2) )
0 0 0 ¢ g( g g

i kA SkA kA k4] (3.10)

Touil
1-A=0
6. ,=4" I1<i<
I)/I {0,/1?&0 Ik
Lileumitnvesaunail 3.14 avluaumsil 3.13 uda Luasndvaaianisudiing
YIULER1e L Ty

r 1R, LLop,Lapsy), <708 |

‘UJU OIJl |l QPm- 1 OPm

L £ , J (3.15)

Touil T Ao Luedndun Indentity matrix wne k x k , 0 flo 1undnd all-zero

matrix WA k x k uaz P , Aotuaind k x (n-k)

LI EEUNITNMS LAY ¢ = d.G uadeslem
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(.51 1c, 1) oy () o ig Lo R St o =
IP, OP, ... OP,
(do(1)dp(2) .. .dg (%), d,(1)d,(2),..d,(%),...). IP, OP, ... OP,
IP, OP, ... OP,

Fasnnsouunidoent tudosd e

ng) :d,(ij) 1 gadsld.if (3.16)

Y-z F ag P+ s Fd® Dy aD )

&y b . g
A=1ELLT y Cmim (3.17)

dmif j il kel, ke2,...,n sevWidumsil 3,17 @ansoaendifu

U)_,u—o izld(’)”gg‘) Jj=k+1L,k+2,...n (3.18)
vio
(})‘E Z d) o1 =k 41k +2
i=1 u=0 A=uchu J ’ peeresll (3.19)

ebinuamadaninweams L el dunsil 3,16 e davesgamid
s ammiiioonniounss dudunsil 3.18 wie 3.19 2 hdwwerniditidenn
mMatdnai A L LinsidreuTgiwuy systematic (n, k) dnanas1anad
i TamsFeunadiigmon srdaund dedumsil 3.16 ua: 3.18 i lAezungy
mom'{ﬂm‘{maam‘n‘?i'\'sﬁ'ﬁﬂau‘hq%'u ﬁo‘guﬁ 3.4 wiaiileWaumsil 3.16 waz 3.19 #
' lilaezunaudaqil 3.5 dwmdinednsvesmainisena i veadesioanuuuiy
wanmsn gL dnsvianeuTagfuin systematic ool

NNl 3.6 tidiimssenuums L ihaiaiisnsn 1:2 wnemiuan
A m iy 2 ‘iﬂuﬂ‘:}ﬁﬂdﬁ‘ﬂhﬁ’)ﬂ‘i:ﬂﬁ g, (") = (100) waz g,(2) = (111) Wngadn

o - o < ' o D
@97 d = (10101) dotaunilevnsiihaiaudrne Wanmams L haiiilinganidesninde
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- 11 01 01 .
11 01 D1

(10101) 11. 0l a3

11 01 01

- 11 01 01 -

2 11 ;.01 , 10 , 01 . 10504 0l

Information Gode

sequence
L-. (] c
+

5

sequence

L]

d

il 3.6 udnafetnaveIm It idreuTaglun Systematict Jowly (2,1)
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N1500ATHAAIUIBL nsaTda (Threshold Decoding)

nsneaTtERUIE L nsaToaifel Sundnetn svilemudnee N5 majori-
ty-Logic Decoding $ewnuilaiimaneamiaiianganiidue "dndmy" wnmadedulauniy
Ailerann Taurhanus aiumbuivhilo o fvudiednduda #idundn imadisane
(Threshold gate) w39 majority gate nﬁsnaﬂﬁﬁhﬁ§ﬁﬁﬁu§ﬁun1$wﬁaﬁuuuuﬁhnﬂ1
maneaTduLLdoundy (Feedback Decoding) [8] Tﬂuﬁnéhnﬁsﬁhjuﬁ 3.7 Fakzney
A madawazmadunouTgiunnaInnes fivmma L ugnsn 1:2 uw systematic
was Wignniiuninraun Weeni fudosdon  fodnmwes 417613 wacdneamndd  fadeo
ﬁﬁuﬂﬂdﬁﬂﬁﬁﬁﬁ WﬁqnﬁaﬁﬂuﬁaodhnnmﬁaﬁaﬁﬁhnnnﬁUﬂﬁuunsnL%ﬁuﬁ Hadtwnosun s i
1ﬁﬂuﬁoﬁaaédu1ﬂULﬁuuuuéu ( random) %aﬂunﬂﬁﬁhﬁoﬁayaa?cﬁu Fovdnnnans L ey
nsu (Viusandu) uienaduanaitolitohdshunamdn ot (lemedidsimamiin
AN T Wb s A Siiauitnag iivaiumacdih el sdadanunFouituuiy
dmen it Svllildiananaiiedu An3dihn 1o indurmn3diidmn  uathil
wangaridnaes Wams Lo fiodiuandrs  FemnasiBuuivuiiiamnind e
fsnyhnaui aviinnosaidnuiie o dentd  Wiklite ansuunaesas

L ]

douiBuiasuiiinsdadulanmautlaiuueaidgacng W3 ndwanuiliitioundu.
v 4 - 414 YN N o = oF
(Feedback) 1UuamﬁqﬂﬁﬁnagﬂunﬂﬂﬁuLwaun1mﬂﬁwuﬂﬂwa1ﬂﬁtnﬂmu
o fa V0 ) o e ¥y ¥V ow
MMEANNTH NG 0N vuenaii U5 vut oy Wmildhanamsunuunan L 9nu
dunid@suardnndi 9 Liudmanssunuludne g vengung e Liteudonnu
| W i i, .qa'u’ .',‘:.’ (S |qz v
DNABIVEIVBYANINN VWA TUAMWVOINGA  NIULNTIE NN T IUARE U gNUINET 1
ad . ] - G o aw Y adda v 4 o - -
WIFEMIMAGY WHAA L RU 9L GNtauntIna L 3aVias1 9N s L USuuL ivupana L adouluinn
wiluduve b Samnannmads L nuawansuadetnieiinatiouninunn
) - 1 e . = v
R0 INN SR AH oL U TRTIR 9T L Temu LilevnsantesdneuTn-
gLy systematic (n,k) filwnemhuanuan m Faveiliuminduoadang ey tui v

AUAENNISH 3. 15 Uufe

- IP, OP, OP, ... OP, -
P, OP, ... OP, , OP,
G = 1 N« IR TR O

L

f (3.20)
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Tauil T Aotundng Identity wne k x k , 0 fewwmindguinne k x k

uae P ,A=0]1,..m AoLuadndiintnmn

[ (k+1) (k+2) ()]
8, §14 L 84
(k+1) _(k+2) (n)
& g ST
Pl: 2% 2,4 24 | 0<A<m
(k+1)  (k+2) (n)
Eka Ska - &2

(3.21)

Fadainadiin wdndililuusamaiiiciov fowtumerntugn 9 und  efunuidiugy
oI mediUEWIN T L et 09 warWdnve L uednddmiunsdown3d H -
5 | P o T | ] - w o

INF0E51 N IIIINNTATAIVFELLNATNE G YBIMANNT L Fuanuionanai sl desid
- « 4 a <4

atlududen fe

- P, T1 1
P70 P,T1

P,"0 P,T0  P,TI

H

PIII‘E‘O F‘Iu I.I.O PJIl*?TO L2 PIITD
PTO [CRPY s QEEREEE 3 A L ¢
P70 ... P30 -P,70 Py

(3.22)

L

Tﬂu?ﬁﬁ’hq%ounmﬁuqud i I Vhuuming Identity wua (n-k) x (n-k) , O L

wmindeudnnn (n-k) x (n-k) uaz PI,A:O,I,...,m flo
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[ ,(k+l) (k+1) (k+1) ]
o e F ]
g(k+2) (k+2) g(k+2)
PTA: LA 2’;1 &4 0<A<m
,(n) () ()
E1.4 24 &ka

(3.23)

Farthmsweinadiundndnnn (n-k) x k v09uumind P war L sul fundudmene vo 9w

wandenfl G.HT = 0 wax c.HF = 0 (fiusinariums il sidneuTagiiiiimnaieiimg

neilsiinng d uar ¢ Hhiddss Wendaulounidwandan
Lfjaﬁa'\'imﬁo‘gmﬁﬁﬁ‘fmﬁ(r) voIanauTIgRu systematic 8031 k:n

warvE AN Tve gife

)
r=(r{gi)r(()z)....r(()n’,rl(l)rl(z)....rl(n),...,rg)rf)....r/(.Ln),...)
(3.24)
=cte
Touil e ﬁam'\uﬁﬂwamif'ﬁ'matjﬂ"mﬁﬂ uae r,(li) & cg) +eg) L)% 1,2...,n

vndumMagaaieduion s = rH Taull BT WWinandumail 3.22 Lilen
. k L0 L b \E ok O - =
duma 3.21 war 3.24 nummadhudnmsduiesaile Waumsi 3.25 dedunToetiny

Wega i 59 W saunsil 3.26

) L) z,(:) o f)+2,(:) Teeiba, +2,(:) (k+))

A—mei,m

= k) () (k‘U)

= A #.go ;r _,U luu
j=12,..n—k
A= 012

(3.26)
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wighunsiiifinnToniamnednvesnidlanann s = e H' 9: ivugudumadu

RO GIRIN

sflkﬂ') SRt L 2 e(f) (k+1) " Z e(’) (k+1) et >: e(r) (k+J)

COR: Zeo) (k+))
u=0 i=1 ﬂ

J=12,...n—k
A=0,12...m
(3.27)

fMIUIATIETIIMIBN T AL Ve smAnensidE L NI TBauLLauNEL ﬁ1ﬁaﬂnnﬂ$uanﬁnnﬂ1ﬁ
3.26 wie 3.27 il Wudnedeqil 3.8
ﬂawsnnﬁaiﬁﬁﬁeuﬁhnwsTﬂuazL§Uﬂmaanﬂ1nan1ﬁhﬁ3anﬁTﬂaﬁﬂﬁugwumaawﬁh
MINATIMMIATITFRLMN FHLLUDE s Tnuea (orthogonal parity-check sums) Tauika
sveslnduinmnsudasisvnowasndaidamaaiutesdann  Srgemiaiidian ianny
PRGN NasﬁnmaenwsﬂﬁaaﬁaUWﬂ“ﬁuuuaaiﬁﬁnuaaﬂau1uLﬁuﬂuu dafindannudluman
MSYBIENNTBUTATILAL AMAIMEA L <)(e) it findu %agnvﬁqawuﬂﬂuyﬂwaﬁdunﬂﬁﬂsqa
doule € a:L%uniwqﬂﬂsqaﬂauﬁuiﬂkﬂuaaiﬁinuaauunqwuﬂﬂwaﬁﬂ (e) fiu 9 faifiwane
e Biliemudananadu 9 gnasiaugamanedesiinoniwileg  (meiiueets
Tnuoa) ua:1unwﬁﬂsaaﬁauuﬁazﬂ%aa:ﬂaﬁuauqﬂnaiqunﬂsﬂidaﬁauLﬂuaﬁuqu J many
Aemanaima 9 Fovz i Hhonivesimsaigaine wie majority gate (ihumdnaulaiia
AR AU Duetn a1 Tavngonant due "d " 611 Ausdnimiudninaanin "1"

fannuaneiileflaanaiiedu delarstwam e nsdigatitoundu i badnadn i
a@ﬂuaﬁﬁﬁnﬁuqﬁuﬁbnqsﬂﬁqaﬂauﬁ dwpnudIngolumaunly (t) %ua@ﬁh@ﬁuquwaﬁqu
nﬁﬁﬂﬁqaﬁauuunaaifiﬁuaa I Tavittn J hedvendettwinusuila (Hamming Weight)
Va9gnTd(code word) I ua:Lﬁﬂﬂhiﬂtu%uu;ﬁuuﬁhnﬁﬁnﬁﬁﬁ7:u=wwoﬁﬁauﬁqﬂ i
W denfiwn@diilufuionudnne1din J = d,, -1 Faiiuiikzueniomsitlaninsaiim
MIneATHELA 9 ﬂnaaaQﬂuiqamaaﬁwﬁ Fatnmnudinoiinnsanmauilvaniewane

VoINMT0aATENOUTIRTUAIWATS LR ETaafe
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c‘mln_1 J

2 P (3.28)

H - ' 1’- - -
nmquiiuouvesmanerniddidndrinome  vsrdvmwueamanoaeiid.
A dnusiung L I idetn sdennaog "tﬂun'\':tﬁan‘l‘h'ﬂgﬂﬂoﬁ%ﬁ’nnszm (gererator func-
) i a (¢ v < b I
tion) MiNuaEAIMINBILNAINT G Faaz 1 fhudnioventeiumeumaadne mavhou w
Aot g e amauiluiny. washudnwesamAsuilitmmint enitmanyemdanann
“n’oat_i‘tu‘;ﬂ‘uawﬁﬂn%'aﬂmﬁ (class) voanidnouTagiuuuy Self-orthogonal codes[9]
N ST LMEN T LEnuMUasIaTeET avdnveam T wmMG L dnad  wiemanensvd
EwAE sagaudetnele  iivaud thdagmaadieiming G wasmsdamamamBuiaTy
'
LN
M TMUAT LA INAN RS UN T Lwtuws Tau T9iudu(Robinson) uwar Lu3u-
#1enl(Bernstein) i) 1067 Taufiameman e G 3InvdnmIm epiaFnaadilFun
1 gamnuanda(Difference Set)([10] dumsnTiadoumn 3 tieaisinuea ax 1
mMansadeLindinTnInuaTe Wildnasmesdnduiagy et thibnuesderFunmantime
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iuﬁuﬂﬁuﬂququnﬁﬁwhaﬁunﬁﬂﬁa

0000 cpu "z80.tbl"
0000 hof "int8"
2000 org 2000h
; set mode 8255
2000 AF Xor a
2001 3E8B 1d a, 8bh ; A=out ,b=out ,c upper=out ,c lower=in
2003 D323 out (23h),a ; use C only

jup reset loop

2005 AF Xor a

2006 D320 out (20h),a ; up reset 0000 0000
2008 3E01 1d a,01h s up set 0000 0001
200A D320 out (20h),a ;

; TDM clock "set"
200C 3E03 1d a,03h . 0000 00x%1
200E D320 out (20h),a ; set CLK = 1 0000 0011
;clear to send status checking

2010 DB21 ctsl: in a,(21h)
2012 EGO1 arl Olh i clear to send checking , wait "1"
2014 28FA Ar z,ctsi\Ucketvasxl (PRO)

;shift select(CS) on"1"

2016 3EOB 1d a,0bh ; 0000 1011
2018 D320 out (20h),a ; 0000 cs011
isend DI
;b0
201A 3EOF 1d a,0fh ; 0000 1111
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201C D320
201E 3EOD

2020 D320

2022 3EOB
2024 D320
2026 3E09

2028 D320

202A 3EOB
202C D320
202E 3E09

2030 D320

2032 3E0B
2034 D320
2036 3E09

2038 D320

203A 3EOB
203C D320
203E 3E09
2040 D320

2042 3EOB

2044 D320
2046 3E09
2048 D320

204A 3EOB

out (20h),a

1d a,0dh
out (20h),a
ibl send 1
1d a,0bh
out (20h),a
1d a&,00h
out (20h),a
i e
1d a,0bh
out (20h),a
1d a,00h
out (20h),a
15
1d a,Obh
out (20h),a
1d a,09h
out (20h),a
i t4
1d a,0bh
out (20h),a
1d a,006h
out (20h),a
3
1d a,0bh
out (20h),a
1d a,0%h
out (20h),a
B ¥4
1d a,0bh
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0000

0000

0000

0000

0000

0000

1101

1011

1001

1311

10x1

Ix11

10x1

1x11

10x1

111

10x1

xll

clock trail edge

clock trail edge

clock trail edge

clock trail edge

clock trail edge

clock trail edge



204C D320
204E 3E09

2050 D320

2052 3EOB
2054 D320
2056 3E09
2058 D320

205A DB21

205C EG01

205E 20FA

2060 3EO03

2062 D320

2064 DF

out (20h),a
1d a,00h . 0000 10x1 clock trail edge

out (20h),a
sl
1d a,0bh . 0000 1x11
out (20h),a
1d a,00h ;0000 10x1 clock trail edge
out (20h),a

;wait clear to send OK.
cts0: in a,(21h)
and Olh ; clear to send checking , wait "0"

Jr-nz,cts0\| /i ooet oex1  (PbO)
;shift select = 0
1d a,03h ; 0000 0011

out (20h),a

r<t 18h
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AUS NS HAIUAHUNISTNISITUNIAS U

0000 cpu "z80.tbl"
0000 hof "int8"
2500 org 2500h
;i set mode 8255
2500 AF Xor a
2501 3E&B 1d a,8bh ; A=out ,b=out ,c upper=out ,c lower=in
2503 D323 out (23h),a ; use C only

;up recet loop

2505 AF Xor a
2506 D320 out (20h),a ; up reset 0000 0000
2508 3EO01 1d a,0lh  ; up set 0000 0001
250A D320 " out (20h),a ;

;TDM clock "set"
250C 3E03 ld a,03h ; 0000 00x1
250E D320 out (20h),a ; set CLK = 1 0000 0011
iclear to send status checking

2510 DB21 etsl: ¢ ay(21t)
2512 E601 and O1h i clear to send checking , wait "1" ~
2514 28FA Jr z,ctsl  ; 00 xox1  (PbO)

;shift select (CS) on "1

2516 3EOB l1d a,0Obh ; 0000 1011
2518 D320 out (20h),a ; 0000 cs011
;send DI
;b0
251A 3EOF 1d a,0fh ; 0000 1111
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251C
251E

2520

2522
2524
2526
2528

252A
252C
252E

2530

2532
2534
2536

2538

253A
253C
... 293E

2540

2542
2544
2546

2548

254A

D320
3EOD

D320

3EOB
D320
3E09
D320

3EOB
D320
3E09

D320

3EOB
D320
3E09

D320

3EOB
D320
3E09

D320

3EOB
D320
3E09

D320

3EOB

out (20h),a
1d a,0dh
out (ZOhj,a
;bl send 1
1d a,0bh
out (20h),a
1d a,08h
out (20h),a
s 16
1d a,0bh
out (20h),a
1d a,08h
out (20h),a
+£5
1d a,0bh
out (20h),a
1d a,08h
out. (20h),a
1t4
1d a,0bh
out (20h),a
1d a,08h

out (20h),a

i3
1d a,0bh
out (20h),a
1d a,0%h
out. (20h),a
e
1d a,0bh

L

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

1101

1011

1001

Ix11

10x1

ol

10x1

1x11

10x1

1x11

10x1

1x11

clock trail edge

clock trail edge

clock trail edge

clock trail edge

clock trail edge

clock trail edge



254C D320
254E 3E09

2550 D320

2552 3EOB
2554 D320
2556 3E09
2558 D320

255A DB21

255C E601

255E 20FA

2560 3E03
2562 D320

2564 DF

out (20h),a
1d a,0S8h ; 0000 10x1
out (20h),a

+11
1d a,0bh ; 0000 1x11
out (20h),a
1d a,08h ; 0000 10x1
out (20h),a

;wait clear to send CK.

cts0: in a,(21h)

clock trail edge

clock trail edge

and 0Olh ; clear to send checking , wait "0O"

Jr nz,cts0 L o7 g et

ishift select =0

ld a,03h ; 0000 0011

out (20h),a

rst 18h

END
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NS LUWNS eSO Bit Error Rate

0000 cpu "z80.tbl"
0000 5 hof "int8"
2000 org 2000h
; set mode 8255
2000 AF xor a
2001 3E&B l1d a,8bh ; A=out ,b=out ,c upper=out ,c lower=in
2003 D323 out (23h),a ; use C only

2005 DD210060 LD IX,6000h  ;address

2009 11FFOF LD DE,Offfh  ; counter address
; set up

200C 3EFF ld a,0ffh

200E D320 out (20h),a

2010 AF Xor a

icheck TDM for reading

2011 TDM:
2011 DB21 in a,(21h)
2013 E602 and 02h s 6PB1 Hoont etlx
2015 28FA Jjr z,TbM
; reading
2017 DB22 in a, (22h)
2019 DD7700 ld (ix+0),a

jup reset loop

201C AF Xor a
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201D D320 out (20h),a ; up reset 0000 0000

201F 3EO1 ld a,01h i up set 0000 0001
2021 D320 out (20h),a ;
2023 DD23 inc ix

2025 1B dec de

2026 7A 1d a,d

2027 B3 or e

2028 20E7 Jjr nz,TDM

202A 00 nop

202B 00 nop

202C 00 nop

202D 00 nop

202E AF Xor a

; clear counter unit

202F FD210070 1d iy, 7000h
2033 11FFOF ld de,Offfh
2036 b
2036 FD360000 1d (iy+0),00h
203A FD23 inc iy
203C 1B dec de
203D 7A 1d a,d
203E B3 or e
203F 20F5 Jr nz,clr

; set iy

2041 FD210070 1d iy, 7000h
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2045 DD210060

2049
204C

204C

204F
2052
2054
2054

2056

2058
2058
2059

205B
205D
205E
205F
2060
2002
2063
2064
2065
2066
2066

2067
206A
206D

11FFOF

3A0030

DDAEOO
0608

CBOF

380E

05
20F9

DD23

7A
B3
20EA
00
00
00

DF

FD3400
FD7EOO
FEFE

1d ix,6000h
1d de,Offfh
ber:
1d a,(3000h) ;load data

xor (ix+0)
1d b,08h ; rotate 8 time
rotate:
rrc a

jr c,countl ; if "1" increment 1

decrea:
dec b

jr nz,rotate

inc ix ; next data
dec de
1d a,d
or e
Jr nz,ber
lK)[i
nop
nop
rst 18h
countl: ; increment 1 time

ld c,a

inc (iy+0)
1d a, (iy+0)
cp Offth
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206F 2002 jr nz,turn.

2071 FD23 inc iy
2073 turn:
2073 79 ld a,c
2074 C35820 Jp decrea
END
204C BER 2036 CLR 2066 COUNT1
2058 DECREA 2054 ROTATE 2011 TDM
2073 TURN
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DATA SHEET

MOTOROLA
5 SEMICONDUCTOR w

" TECHNICAL DATA

CODEC-FILTER PCM-MONO-CIRCUIT

The MC14400, MC14401, MC14402, MC14403, and MC14405 are all per
channel codec-filter PCM mono-circuits. These devices perform the voice
digitizing and recovery, as well as the band limiting and signal restoration
necessary in PCM systems. The MC14400 and MC14403 are general purpose
devices that are olfered in a 16-pin package. They are designed to operate in
both synchronous and asynchronous applications and contain an on-chip
precision voltage reference. The MC14401 is the same device, but offered in
an 18-pin package. In addition, it offers the user the capability of selecting
from three peak overload voltages (2.5, 3.15 and 3.78 V). The MC14405 is a
synchronous device in a 16-pin package intended for instrument use. The
MC14402 is the full leature device which presents all of the options available
on the chip. This device is packaged in a 22-pin DIP and 28-pin chip carrier
package, and contains all the features of the MC14400 and MC14401 plus
several more. Most of these features can be made available in a lower pin
count package tailored 10 a specific user's application, Contact the factory for

MC14400
MC14401
MC14402
MC14403
MC14405

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

CODEC-FILTER
PCM MONO-CIRCUIT

further details. MC14400/03/05
The devices were desigied to be upward compatible with the LI L SUFFIX
MC14404/06/07 codecs and other industry standard codecs. They also main- CERAMIC PACKAGE
tain compatibility with Motorola’s family of TSACs (MC14416/ c' CASE 620
MC14417/MC14418) as well as the MC3419 SLIC. € D
The PCM codec-filter mono-circuits utilize CMOS du %,mllabl o
power performance and proven capability for co .}LSI
functions.
MC14400 \“
® 16-Pin Package ﬁ
® On-Chip Precision Voltage Reference (3 !\l' & 18 MC14401
® Power Dissipation — 45 mwW at 2 ii‘ 1 L SUFFIX
0.1 mw Q CERAMIC PACKAGE
® Compatibility with Various Supp?f Canhgur ons g\ CASETN

+12 Volis (5%)
® Pin Selectable TTL and CMOS Digital Levels
® Autornatic Prescale Divide of Any One of 5 Clock Frequencies
(128 kHz, 1.536 MHz, 1544 MHz, 2.048 MHz, or 2.56 MHz) 10
Generate the Internal Sequencing Clock
® Fin Selection of Both A-LAW/Mu-LAW Companding and D3/D4
or CCITT Digital Formats
Output Drive Capability for 600 and 900 Ohm Loads of +12 dBm
Synchrongus and Asynchronous Operation
On-Chip Attendent Interrupt Conferencing
Transmit Bandpass and Receive Low-Pass Filters on Chip
MC14401 ~ All of the Above Plus:
® 18-Pin Package
® Selectable Peak Overload Voltages (2.5, 3.15 and 3.78 Volis)
® Access to the “Minus” Input of the Tx Input Op Amp
MC14402 — All of the Above Plus:
® 22-Pin Package
® Varnable Data Clocks (64 kHz to 3 088 MHz)
® Access 10 Transmit Input Amplifier
® An External Precision Relerence May Be Used
® External Gain Adjust for Complex SLIC Configurations
MC14403
® 16-Pin Package
® Same Device as MC14400 with Access to Transmit Input
Amplifier with Single Ended Receive Qutput
® MSI Tied Internally to TODE
MC14406
® 16-Pin Package
® Same Device as MC 14403 with Common 64 kHz 10 3.088 MHz Data Clocks

MC14402
L SUFFIX
1 CERAMIC PACKAGE
CASE 728

MC14402

Z SUFFIX
28-PIN CHIP CARRIER

CASE 763

ORDERING INFORMATION

MC14XX XXX

1 CQTT (G7.12)

2 D3/D4 (PUB 43801)
——L Ceramic Package

Z Loadl Ceramic Packag
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PCM MONO-CIRCUIT BLOCK DIAGRAM
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DEVICE DESCRIPTIONS

There are twe disunct versions ol the Motorola PCM
mong-circuit

MC 14400

The MC 14400 PCM mono-cicul 15 o PCM codec hilter in-
tendged lor standard word interleaved synchronous or asyn-
chronous apphcations The TDC pin on this device 1s the in-
put 1o both the TDC and CCI tunctions in the pin desenpuon
Consequently, tor MSi=8 kHz, TDC can be one of five
discrete frequencies These are 128 kHz (40 10 60% duty)
1536, 1 544, 2048 or 2 56 MHz. (For other data clock fre-
quencies see MC14402 or MC14405 ) The internal reference
15 set lor 3.15 volts peak full scale, and the full scale input
level at Txl and output level at RxQ 15 6.3 volts peak-1o-peak
This s the + 3dBm0 level ol the PCM mono-circuit. All other
lunctions are described in the pin description.

MC14401

The MC14401 PCM mono-circuil offers the same leatures
and s lor the same apphcation as the MC14400, but offers
two additonal pins and features. The reference select input
allows the full scale level ol the dewvice to be set at 2.5 Vp,
315Vpor3.78 Vp. The - Tx pin ailows for external transmit
gain adjust and simplifies interface 1o the MC3419 SLIC.
Otherwise, it 1s identical to MC14400

MC14402

The MC14402 PCM mono-circuit is the full featured 22-pin
device. 1115 intended lor use in applications requiring max-
imum Hexibility. The MC14402 contains all the leatures of the

MC14400 and MC14401. The MC14402 is intended for bit
interleavea or word interleaved operation with data clock fre-
quencies which are non standard or ume varying. One of the
five standard lrequencies (isted above) s applied to the CCI
nput and the data clock nputs can be any lrequency be-
tween 64 kHz and 3.088 MHz. The Vigj pin allows lor use of
an external shared reference or selection of the internal
reference and RxG and + Tx provide maximum flexibility for
analog interface.

MC14403

The MC14403 PCM mono-circuil is intended for standard
word interleaved asynchronous or synchronous applications.
TDC can be one of five discrete frequencies. These are 128
kHz (40 10 60% duty) 1.536, 1.544, 2.048 or 2.56 MHz. (For
olher data clock frequencies see MC14402 or MC14405.) The'
internal reference is set of 3.15 volts peak full scale, and the
full scale input level at Txl and output level at RxO is 6.3 volts
peak-to-peak. This 1s the + 3 dBmQ level of the PCM mono-
circuil. The + Tx and - Tx inputs provide maximum flexi-
bility for analog interfaca. All other functions are described in
the pin description.

MC14405

The MC14405 PCM mono-circuit is intended for word
interleaved synchronous applications, The MC14405 has all
the features of the MC14403 but internally connects TDC
and RDC (see pin description) to the DC pin. One of five
standard Irequencies (listed abovel should be applied 10 CCI
and the DC input can be any frequency between 64 kHz and
3.088 MMz,
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Voo Vag
ROD Ax0
HCE A0
ROC Txl
T0C Mu/A
10D #0i
TOE vss
Vis Vis

Vag
Vrel
NC
RSI
VDD
RDD

OW WM U s w

MAXIMUM RATINGS (Voltage Referenced 1o Vgg)

Rating Symbol Value Unit
DC Supply Voitage Vpp=Vss -0510 13 v
Voitage, Any Pin 10 V5§ v ~0510 Vpp+06| Vv
OC Current Drain per Pin (Excluaing Vpp. V5! ] ? 10 mAdc
Operaung Temperature Range Ta -40 10 +85 °C
Storage Temperature Ranga Tsig -850 +150 *©
RECOMMENDED OPERATING CONDITIONS
010 70°C | 26°C |0 10 70°C
Paramater Pins Min T_‘y! Max Unit
DC Supply Voltage Vee to Vsg 6 10 10 12 13 v
Powwer Dissipation
CMOS Mode 10 v VDD to Vsg - 45 70 mw
TTL Mode 10 V - 75 110
Power Down Dissipation 10 V Vpp to Vsg - 01 1.0 mw
Frame Rate Transmit and Receve MSI| 2.6 a0 85 kHz
Data Rate - 128 -
MC14300, MC14401, and MC14403 - 1536 -
{Must Use One of Trese Frequencies! TOC. RDC - 1544 - kHz
2% = 2048 =
- 2560 -
Dala Hate MC14302, MC14406 64 - 3088 kHz
Full Scaie Output and Input Levels MC14400, MC14403, MC14205 - 315 -
MC14401 ana MC14402, Viet=Vsg ASI=Vpp RxO, Txl - 3.7 - Vp
RSI=Vgg - 315 -
ASI=Vag - 2.50 -
—
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DIGITAL LEVELS (T4 =0 10 70°C)

Parameter Symbol [Vpp 1o Vssg Min Typ Max Unit
CMOS Mode
TOE. RCE, RDD, PDI, RDC, TOC, DC, CCI, MSI "o - 12 - 525 36 v
e - 12 84 6.75 -
TTL Moow
TOE. RCE, ROD, PDI, RDC, TDC, OC, CCI, MSI o - 10 - Vis+10 | Vig+08 v
i) - 10 Vis+20 | vig+18 -
TOD Output Current
ITTL Model Vou=24V IOH 10 150 - - WA
VoL=08V loL - 16 - - ma

ANALOG TRANSMISSION PERFORMANCE
Vpp=+5V £5%, Vg5= -5V 15%, 0 dBmO= +6 dBm@600 0, V| g =VaG=0, Ta=0 1o 70°C, TOC = ROC; TDE = RCE = 8 kHz)

EweE A/D D/A A
‘ Eharsciavietlo Min | Max | Min | Max | Win | Wax ] U™
Absolute Gain (0 dBm0 @ 1 02 kHz) -013 +03 -03 +03 -013 +03 dB
Gain vs Level Tone (Relative 10 = 10 aBmd, 1 02 kHz)
+310 - 40 dBmd -04 +04 =02 +0.2 -0:2 +02 a8
=40 10 -50 dBmQ -08 +08 -04 +04 -04 +04
- 55 dBm0 -16 +16 -10 +10 -08 +08
Gain vs Level — Pseudo Noise (A-Law Only, MC144XXL1 Only)
(Relanve 10 - 10 aBmidi a8
- 10 10 =55 dBm0 -045 +045 - - - -
- 60 dBm0 -080 | +0%0 - - - -
Total Distoruan — 1 02 kHz Tone IC Messagel
010 - 30 dBm0 35 - 35 - 6 -
- 40 aBmO 2 4 29 = 2 N @
- 45 aBmQ 24 - 24 - 2% -
Total Distortion with Noise (A-Law Only, MC144£XL1 Qniy)
-3 aBm0 275 - - - - -
-6 10 - 27 aBm0 35 i 2 = =
-34 dBmd 21 > A g 3 o @@
- 40 0Bm0 285 = - . . -
- 55 dBmQ 135 ot B = A -
lole Nose
(Mu Law, C Meusagu) - e - 8 - 13 |JdBrnCo
A Law, Psuphuinetne - MCIAMALLL Onig - - 68 - - 68 F ~-76  |dBmOp
Frequency Response IRelatve 1o - 10 dBm0, 1 02 kHz
1510 60 Hz - -23 - -2 - 0.15
200 10 3000 He -030 [ »030 | -015 | +0156 | -0.156 | +0.15 | dBmO
3400 'Hz ~186 0 -08 0 -08 0
4000 Hz - -28 - -4 - - 14
4600 H: - -60 - -32 - -30
Inband Spunous (1 02 kHz@0 dBma)
300 10 3400 Hy . L] iy - =4 | 98m0
ot ol Hand Spsimamis (0 b 12 B2 wn, Gat) dildand i
0 b ML) M2 1] ]
A 1o M0 He P - - - - dimd
SO0 H2 10 12 ke . -3 - - = =
Idie Noise SeleClhive
@ B kHz with VA = Txl Measure at Rx0, 30 Hz Bandwidth - -50 - - - - dBmo
Group Delay Dillerence
0 dBmO, TDC, RDC = 2 048 MHz
500 10 600 Hz - 80 - - - -
600 10 1000 Hz - 60 - - - - usec
1000 10 2600 He - 140 - - - -
2600 1o 2800 He - 80 - - - -
Go 10 Return Crosstaik @0 gBni)
Txl 1o TDD @ RxO - - - - 65 - - 65 aBm0
RDD 10 RxO @ TDD
Abmolite Group Detay @ | 02 kHe
10C = ROC = 2 44 MH? - 460 - - - - S
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ANALOG ELECTRICAL CHARACTERISTICS (vpp=110-12 V) 5%, 0 10 70°C)

Charactaristic Symbol | Min | Typ | Max | Unit
Input Current = Tx, + Tx, (Txl for MC14400) lin +001f £30 | nA
AC Input Impedance (1 kHz) Txl (for MC144001 to VAG | Zm 100 | 200 - k1
AC Input Impedance |1 kHz) -Tx, +TxtoVag | Zin 15 |50 | - | Mo
Input Common Mode Voltage Range Vo = 100V -Tu, «Tx| VicR |+15] - |+80|'V
Output Voitage Range
AL=20ktoVaG AxO, AxD | VoRto [-40| - |+40
RL=60010VaG Each | Vag [-32| - [+32]| V
RL=90010VagG Qutput -39| - |+38
Output Current AxO, AxO VoH=Vppo-08| - [=50[ - | - |mA
VoL=08 - +50| - -
Power Supply Rejecuon Rano RxOtwoVag | PSRR 30 40 - aB
Vpp =12V £0.05V peak @ | kHz RxD toVag 0 |40 | -
Shareq Exlernal Reterence Vsl lOVAG 20| - 38| V
Vit Input Current ’ lin - |03 | - |mA
Vag Output Current Source | WAG 200 #A
Sink IvAG 8.0 mA
MODE CONTROL LOGIC (Vgs =0 Vv, 0 10 70°C)
Characteristics Voo Min | Typ | Max | Unit
Vdc
Vi s Voitage for TTL Mode }g g = g:g v
VLS Voitage lor CMOS Moge :2 ;"55 G R
Mu/ A Select Voitage
Mu-Law Mode 10 86 | = &=
12 ns| - -
Sign Magnitude Mode 10 40 | - | 60
12 60| - |70 | V
A-Law Mode 10 - - | 05
12 - - |05
Helerence Select Voltage 3.78 V Mode 10 95 | - -~ L ]
12 115 | &= -
25 V Mode 10 40 | - |60 | V
12 50 | - |70
315 V Mode 10 - - 05 v
12 - - | 05
Vet Mode Viohage External Reterence Mode i0 40 | - - v
12 50 | - =
Internal Relerence Made 10 - - | 06
12 - - |05
Anaiug Tust Mode Selkection Frequency, MSI = CCI 10 - 128 - KHz
See Pin Descrption, Test Modes 12 - 128 -
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SWITCHING CHARACTERISTICS (Vpp =110 1o 12 V), Ta =0 to 70°C, Cy =50 pF CMOS or TTL Model

Characteristic Symbol | Min | Typ | Max | Unit:
Output Rise Time TLH i 0 | 80
Output Fall Time * TOD | WL
Input Rise Time 2 T 0 O I 4 | us
Input Fail Time DC, TDE, CCI, RCE, RDC, TDC, MSI | 7
Pulse Wiaih DC. TOE Low, CCI, RCE, RDC, TDC, MSI 'WH 100 | - - ns
Clock Pulse Frequendy : DC, TDC,ROC | IcL 64 ~ |3088 | kHz
Clock Pulse Frequency (IMSI =8 kHz) cci 1 feur - 128 | -
This Puin Will Accept One of These 5 Discrete Clock Frequencies and Compensate 2| fow - J1536 | =
to Produce Internal Sequencing 3] lewa = 1544 | - | kHz
4| fora - |2048 | -
5] fos - |2560 | -
Propagation Delay Time TTL TDE to TDD Low Impedance (3] 85 | 130 |180
CMOS TOE to TDD Low Impedance (3] 5 |10 |160
TTL TOE 10 TDD High Impedance p2 - 60 75 na
CMOS TDE to TOD High Impedance | 1p2 - 20 |4
TTL TOC* 10 TOD | tp3 - 1120 |80
CMOS TOC* 1o TOD | tp3 - 80 | 160
TDE Rising Eage to TDC Faling Edge Setup Time syl 20 - - ns
lsu2 100 | - - ns
HCE Rising Eoge to RDC Faling Edge Setup Time lsy3 20 - - ns
lsud 100 | - - ns
MSI Rising Eoge 1o CCI Faling Edge Setup Time tsuf 20 -
Y57 100 | - - ns
HDO Vaid 1o HDC Faling Edge Setup Twne leyh 60 | 40 - ns
RDD Hoid Time ltom ADC Faling Edge I 100 | 60 - ns

* For the sign oit, tp3 s measured from TDE or TDC, whichever i< last

PIN DESCRIPTION

DIGITAL

VLS selects CMOS or TTL compaubility for all digial I/0s
Vg =Vpp. all 0 s CMOS, (Vpp 1o Vs swing).
VLS <VRE -4 volts, ol WO s FTL with switchpont 1.4 V
above V| 5. The pins controlled by V| g are inputs MSI, CCI,
TDC. RDC, TDE, RCE, RDD, PDI and output TDD. In TTL
apphcations VI 5 s Digital GND

MSI is a continuous B kMz (1ar saimpling rate signal which
15 used as 4 time base for internally selecting a prescale
diviger for CClinput. MSI should be tied to the trame sync or
Syslem sync signal, but has no relation 10 transmil or receive
dala iming, except as described under TDE MSI should be
denved from the transmit wming n asynchronous applica-
tons In many apphcations MSI can be tied 10 TDE. (MSI s
ted 1o TDE in MC14403/06 )

CClLinput 1S designed 10 accept live discrete clock lrequen-
cies. These are 128 kHz 40 10 60% duty cycle, 1.536 MHz,
1.644 MHz, 2.048 MHz or 2.56 MHz. The frequency at this
input 1s compared with MS| and prescale divided 10 produce
the internal sequencing clock at 128 kHz (or 16 tmes the
sampiing rate). The four clocks in the MHz frequency range
have only minimum pulse width duty cycle requirements. In
the asynchronous apphications, CCl should be derived from
transmit iming. {CCl s ned to TDC in MC14400/01/03)

TDC 15 the transmil data bit rate input It can be any fre-
quency from 64 kHz to 3.088 MHz, and 1s often tied in com-
mon to CCll the data rate is equal to one of the five discrete
frequencies. Trus clock 1s the shift clock for the transmit shift
register and leading edges produce successive data bits at
TDD. In asynchronous applications, TOE should be derived
Irom this clock. (TDC and RDC are ued together in MC14405
and are called DC.)

TOE serves two tunctions for the transmit data uming. It
eslablishes the transmit sync in conjunction with MSI. If the
leading edges of TDE occur at 8 kHz and both MSI and TDE

are derived from TDC, then the MSI relationship is trans-
parent and TDE is simply transmit syne. The leading edge of
TDE produces the sign bit at TDD during the current TDC
pericd. The TDC shifts out the remaining bits at the TDC
rate. Tne TDD pin is active as long as TDE is high. If there is
mora thar one TDE leading edge per frame, then the lirst
TDE after MSI is the Tx sync. Thus, TDE may be taken low
to three state TDD after the first leading edge. The additional
TOE high parioas before the next MS| merely un-three-states
TDD. This can be used for bit interleaved systems. In asyn-
chronous applications, TDE s derived from TDC.

TDD is the digital data output. It operates in sync with
TOC and TDE. It is a three-state output. TDC, TOE, and
TDD independently control transmit data timing. The data
format (Mu-Law, A-Law or sign magnitude) is controlled by
Mu/A. This output may be made high-speed CMOS com-
patible using a pullup resistor.

RDC is the receive data clock and works in conjunction
with RCE and RDD to produce all receive data timing. These
\hree signals must be synchronous, but can be asyn-
chronous with all other digital pins. RDC provides the receive
register clock. The RDC clock may be any frequency from 64
kHz 1o 3.088 MHz.

RCE — The rising edge of RCE should identify the sign bit
of a receive word on RDD. The next falling edge of RDC,
after a nsing ACE, loads the first bit of the PCM word into
the receive register. The next seven falling edges enter the
remainder of the PCM word. On the ninth rising edge, the
receive word is transferred (o the receive buffer register and
the A/D sequence is interrupted to commence the decode
process. In the asynchronous mode and with an 8 kHz
transmit sample rate, the receive sample rate should be
between 7.5 and 8.5 kHz. Two receive words may be decod-
ed each transmit frame 1o allow on chip conferencing.

RDD i¢ the digital data input. It operates synchronously
with RDC and RCE. The data format is determined by the
Mu/A pin.
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Cade Sign/ Mu-Law A-Law
Magnitude (CCITT)
+ lull scale nm mm » 1000 0000 1010 1010
+ 2e10 1000 0000 " 1k 1101 0101
- 2810 0000 0000 an 0101 01

- full scaie ot nn 0000 0010 0010 1010

Sign
Bit

P e 2o
Lol +T2TaT«TsTe7]

Chord Select Step Select

Note: Starting from sign magnitude, 10 change format

To Mu-Law -
MSB is unchanged (sign)
invert remaining seven bits
il coge s 0000 0000, change 1o 0000 0010 (lor zero code

Suppression|

To A:Law —
MSB s unchanged Isigh)
invert 0dd numbered tuls
ignore Zero code Suppression

Mu/A Select — This pin selects the companding law and
the data format at TDO and RDD

Mu/A=Vpp: Mu255 Companding D3 Data Format with
Zero Code Supress

Mu/A = Vag: Mu2bb Companding with Sign Magnitude
Data Format

Mu/A=Vgs; A-law Companding with CCITT Data For-
mat Bit Inversions

PDI — The power down input disables the bias circuitry
and gates off all clock inputs. This puts the Txl, Ax0, fx0,
and Tpp outputs into a high impedance state. The power
dissipauon is reduced 1o 0.1 mW when PDI=V| g or Vgs.
The circuit operates normally vath PDI = Vpp or with a logic
high as defined by connection at Vg Tpp will not come
out of high impedance for two MSI cycles after PDI goes
high

DC - In the MC14405, TOC and RDC are internally con-
nected to this pin.

ANALOG

VAG Analog Ground

Each version of the PCM mono-cucuil produces ils own
analog ground internally. The DC voltage 1s approximately
(VDD - V§§)/2. All analog functions within the device use
this as a relerence point lor signal processing. In symelnc
dual supply systems { +5, 16, etc ), VAG may externally be
lied 10 the system analog ground supply. The Vag output
will sink more than 8 mA of current, but can source only 200
#A. When AxO or RxO are output drives for 600 or 900 loads
lied 10 VAG. 2 pullup resistor 10 Vpp will be required to
boost the source current capability it VAG 1s not tied to the
supply ground
Vref Positive Voltage Reference Input (MC14402 Only)

The Vaf pin provides for the supply of an external voltage
reference or for the selection of an internal reference within
the PCM mono-circuit. It Vit is tied to Vsg, the nternal
reterence s selected. If Vgt > VAG. then the external mode

is selected. In each case, the overload or full scale gains of
the codec are selected by the reference select pin (RSI).
Both the internal and external references are inverted within
the PCM mane-cireult for pegative Input voltage sueh that
only one reference is required.

External Mode — In the external reference mode (Vgf >
VaG). a 2.5 volt reference like the MC1403 is connected
from Vief ta VAG. A single external reference may be shared
by tying together a number of Vg¢s and VA Gs from different
PCM mono-circuits. In special applications, the reference
voltage may be between 2 and 4 volts. However, the gain
selection logic associated with RSI must be considered to ar-
rive at the desired PCM mono-circuit gain.

Internal Mode — In the internal reference mode
(Vref=Vss), an internal reference supplies the reference
voliage for the PCM mono-circuit.

RSI Reference Select Input (MC14401/02 Only)

The RSI input allows the selection of three different
overload or full scale voitages independent of the internal or
external reference mode. The selection of maximum signed
level is made by connecting RSI 1o Vpp. VAG or Vss. The
vanous modes of operation are summarized in the table
below. The internal reference is designed to give internal
gains equal 10 those obtained with an external 2.5 volt
reference.

Rx0 and AxD Receive Analog Outputs

These twa 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 1o
the maximum peak-to-peak signal described with the
reference. It @ 2.5 V reference is used with RSI tied to VAG
and a +3 aBm0 sine wave is decoded, the RxO output will
be a5 V peak-10-peak signal. RxO will also have a signal out-
put of 5 V peak-to-peak. External loads may be connected
from Rx0 to AxD for a 6 dB push-pull signal gain or from
either AxO or A0 10 VaG. With RSI tied 1o Vs, each out-
put will drive 600 @ to +9 dBm. With RSI tied to Vpp, each
output will drive 900 0 *o +9 dBm.

ADDITIONAL PIN DESCRIPTIONS
AxG Receive Output Gain Adjust (MC14402 Only)

It RxG is left open, then the output signal at RxO will be in-
verted and output at RxO. Thus the push-pull gain 1o a load
from RxO 1o AxD is two times the output level at RxO. If
external resistors are applied from RxO to RxG (R1) and from
AxG to RxO (RG), the gain of Rx0 can be set diferently from
= 1. These resistors should be in the range of 10 k). The
RxO output level is unchanged by the resistors and the Ax0
gain is equal to minus RG/RIIVRx0), The purpose of RxG is
1o allow exlernal receive gain adjustment. The circuit for RxG
and fix0 1s shown in the block diagram.

+ Tx Positive Tx Amplifier Input (MC14402/03/05 Only)
— Tx Negative Tx Amplifier Input (MC14401/02/03/06 Only)
The Txl pin is the input to the transmit bandpass filter. If
+ Tx or - Tx are available, then there is an internal amplifier
preceding the filler 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 k. W + Tx is not available, it is internally tied
10 VAG. If = Txand + Tx are not available, the Txl is a unity
gain high impedance input.
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Txl Analog Input

Txl is the input to the transmit filter, It is also the output of
the transmit gain amplifiers of the MC14401/02/03/05. The
input impedance 1S greater than 100 k to VAG in the
MC14400. The Txl input has an internal gain of 1.0, such that
a +3 dBmD signai at Txl corresponds to the peak-to-peak
swing of RAxO ‘described abgve. For +25 V shared
references and RSI=Va@G, the +3 dBmd input should be

5.0 volt peak-10-peak.
Power Supplies

VDD — Most Positive Supply. Vpp is typically 10 1o 12

volts.

Vss — Most Negative Supply. This is the most negalive

For single-supply systems, these are the only power pins.
Vs will be tied to Vgs or Vpp and VAG is an output. In
dual-supply systems, V| § may be digital ground and VAG
may be analog ground.

Testing Considerations (MC14400/01/02 Only)

An analog test mode is acuivaled by connecting MSI and
CCl to 128 kHz. In this mode, the input of the codec (the out-
put of the Tx filter) is available on the PDI pin. This input is a
DC auto zeroed access to the A/D side of the codec. If
monitored with a high-impedance buffer, 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 receive chan-
nel ol the mono-circuit is tested with.the codec and filter

supply pin together.
TEST CIRCUIT
5V
VAGD 270 pl | MC 14403 *51 k0 _LD"F
800 l‘i{ VaG vbo VWA j_:
oles B <} AN RxO ADD| pe:
abr
HP3779 ) o +Tx RCE Enabie
0 0B T Txl RDC T < | Clack
-Tx T0C
: Mu/A  TDD
PDI TDE * To Define RDD
- When TDD s hugn Z
- _L vss VLS .
0.1 uf I
=5V
OPTIONS AVAILABLE BY PIN SELECTION
RSI® Vief'
Pin Level Pin Level Peak-to-Peak Overioad Voitage (Txl, RxO)

Voo Vss 7.56 Vpp

YpD VAG+ VEXT (3.02 x Vexyl Vpp

VaG Vss 5 Vpp

VAG VAG + VEXT 12 x VEXT) Vpp

Vgg Vssg 6.3 Vpp

vgs VAG *+ VEXT (252 x VgxT) Vpp

*On MC14200703/05, RSI ana Vg tied mternally to V55

On MC14401, Vigp tied internally o Vgs.

SUMMARY OF OPERATION CONDITIONS USER PROGRAMMED
THROUGH PINS Vpp, VAG. AND Vss

Pin RSI
opemned Mu/A Peak Overioad vis
Logic v
Level ohage
v Mu-Law Companding Curve and D3/D4 3.78 CMOS
oo Digital Formats with Zero Code Suppress - Logic Leveis
v Mu-Law Companding Curve and Sign 250 TTL Levels
AG Magnitude Data Format : VAG Up
v A-Law Companding Curve and 118 TTL Leveis
ss CCITT Oigital Format vVss Up
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MOTOROLA

i SEMICONDUCTOR b e s ki S s

TECHNICAL DATA

PER CHANNEL, ADDRESSABLE TIME SLOT ASSIGNER
CIRCUITS (TSACs)

The MC14416 and MC14418 are per channel devices that allow
vanable codec ume slot assigninent to be programmed throGgh a senal
microprocessor port (0-63 ume slots). Both devices have independent
transmit and receive frame syncs and enables. They also include chip
select and clear 10 send signais which simplify system design.

The MC14418 provides the additonal addressing capability which
allows a paraliel bus back plane in the channel group. In additon, the
MC14418 provides control bits which can be used for the power down,
nng enable and nng tnp functions on a hne circuit,

The MC14416 provides the ability 1o mulupiex off hook signals for a
bank of TSACs.

Both devices are fabricated using the CMOS technology for reliable
low power performance. The MC14418 is the full leatured device pro-
duced in a 22-pin package The MCI14416 without the addressing
Capability 1s offered in a 16-pin package
Low Power
5-Volt Interface on Microprocessor Port
5-16 Voit Output Logic Levels
Independent Transmit and Recewe Frame Syncs and Enables
Up to 64 Time Slots Per Frame
For Use With Up to 2.56 MHz Clocks
Provides Power Dawn Control for Line Circuits
Compatibie with MC14400,01/02/03/05 and MK5116 Codecs
Provides the Ring Enabie and Ring Trp Functions (MC14418)
Allows Use of a Parallel Backplane for Line Circuits Due to the
Hard Wired Address Feature (MC14418)

Oft-Hook Multipiex Contral (MC14416)
® CMOS Metal Gate for High Retiability

MC14416
MC14418

MOS LSI

(LOW-POWER COMPLEMENTARY MOS)
TSAC

TIME SLOT ASSIGNER
CIRCUITS

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 78 CASE 708
16 - 18
1 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

PIN ASSIGNMENTS

MC1a418
MC14416

BLOCK DIAGRAM

bC FST FSA

e
See Figures J and 4
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MC14416, MC14418

MAXIMUM RATINGS (Voitages referenced 1o Vss)

s This device contains circuitry 10 protect the in-
Rating Symbol Value Unit e 08 dus 10 high Static vOSgeS
DOC Supply Voltage Voo -051w0 +18 Vdc or fislds; h . it is advised that nor
Level Shilt Voltage vee =051 Vpp Vdc mal precautions be taken to avoid application of
oo Valass o mmm than l'nu#tm:;nud voltages
Inputs Referenced 1o Vpp Vint | -05w Vpp +0. Vde il b "'m“lﬁmw‘ Vi .M“Vrl“mm"
o Vee Vin2 |-05wvVpp +05| . ecommende 1
strained 1o the range V§ss(Viy or
DC Current Drain per Pin I 10 mAdc Vout) SVDD.
Operaung Temperature Aange Ta -40 1o +85 *C Unused inputs must always be ted to an ap-
Storage Temperature Range Tsig - 65 10 + 165 °c prapriate logic vollage level le.g., ether Vgs or
Vool
ELECTRICAL CHARACTERISTICS (T4 = 25°C
Charactenstic Symbol | Vpp Min Typ Max Unit
DC Supply Voltage Vss=0V| Vpp - 45 12 18 v
0C Supply Voltage Vgs=0V| Voo - 45 & Yoo v
Output Current TXE, RXE, 00, Q1,02, Pp

VoL=04 V) oL 6 0.51 - - mAdc

(VoL =10V} 12 2.0 4.0 -

(VoH=48V) 6 -0.20 - - mAde

VoH=10V) 'on 12 20 | 40| -

Output Current CTS, OHO .

(VoL =0.8 V) a 5 3.0 5. - i

(VoL =0.6WV) oL 12 66 ns -

VoL=15VI 12 12.0 200 -

(VoH=08 W) 5 -8 -2 -40

Vor=20V) 5 -8 -18 - 40

(VoH=0.8 V) 10H 12 -40 | -100| =200 | sAdec

Vop=20V) 12 -3 =90 =200

VO = 10.5 V) 12 -15 -30 - 60
Input Voltage ICMOSI “0" Level 5 - - 1.0 Ve
FST, FSR, R2, DC1, DC2, Al, A2 Viu 12 - - 24

“1" Level 40 - -
AJ, A4, A5, OHI Vin 152 4 = - Vde
Input Current OHI i 5 +15 +40 +16

(Active Pull Down) inH 12 S0 ([+26 || +100 | #A®
Input Voitage (TTL) “0" Level 5 - - 08 Vde

CLK, CS, AD, DI ViL 12 - | - 08

- it 5 2.00 - -

Vee=5Vv avel Y 3 vy 7 ‘ Vde
Input Current lin 16 - + IO"E] 0.1 wAdC
Input Capacitance Cin - - 5 15 pF
Total Supply Current (OQutputs Unioaded)

Vpp =12V DC1at2.048 MHz 12 - 3 (]

Vpp=5V " 5 - 2 4 it
Total Supply Current (Power Downl MC14418 Oniy

Afer CTS=Vpp Ipp - - - 0.1 mAdc

CLK, CS, AD, Di Inputs s 06V
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MC14416, MC14418

SWITCHING CHARACTERISTICS (Cy =50 pF, Ta=25°C, unless otherwise noted)

Characteristic Symbol | Fig. | Vpp Min Typ Max | Unit .
Output Rise Time - : 5 ] - 100 200 a !
TXE, RXE, 0, Q1, Q2, Py ! 12 - 50 100
Output Fall Time U & ] - 100 200 -
TXE. RXE, 00, G1, G2, Pp ! 2 12 - 50 100
Frame Sync Setup Time 5 -150 - +150 *
laFs | ) 12 -75 - % | ™
Frame Sync Pulse Width s 1 15,2 ﬂ:‘g : : 2
Propagaton Delay — OC to TXE, RXE (Note 1) \PLHE. 1 6 - 130 180 o
Cy = 20 pF IPHLE 12 - 80 126
Data Clock Frequency oc 2 lt:2 - - 220;8 MHz
k Pulse Width (at 1)
Data Clock Puise Width (at IGcimax)) pwoc | ! |52 m f;; g ns
Clock Frequency oLk = '52 g : gg MH;
Clock Pulse Width (at Igp k(MAX)! (it 2 152 gg : : a8
Address and Data Sewp Time A 2 & 300 - - ns
w 12 300 - -
Address and Data Hold Time 5 200 - -
‘ | ™ 2 12 200 - - -
Propagauon Deiay DC1w CTS el 2 152 : : % s
DC1 or FST 10 CTS \ 2 5 - - 300 s
10K Pullup or Equivalent PCH 12 - - 200
Propagauon Delay OCiwoPD 5 - - 300-
pPQ 2 12 " ) 200 ns
DC 1o G0-02 5 = = 30
tpQ 2 12 i3 200 ns
Propagation Deiay — R 10 Q2 5 - 100 200
e \L/2%] Iz 2 o [0 § M
Chip Seiect Sewp Time ° 2 4 1 - =y
Leading C$ 1o Falling CLK SCS 12 1
Chip Salect Hoid Tima 0 2 5 10 - -
Falling CTS to Falling CS HCS | 12 10 - -

NOTE 1: For uma siot 0, tpHLE 8na tpLHE are measured fom leading edge of DC or FST (FSA), whichaver occurs last.

FIGURE 1 — TIMING DIAGRAMS

o]

FST, FSR

NOTE: No restriction on laling edge.

oc

[—1pLHg —1PHLE
te————— 8§ Data Clocks ————————— 3
N
TXE, RXE }[ N
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MC14416, MC14418

TXE,. RXE (Transmit Enable and Receive Enable Outputs) of eight data clock intervals (time slots) between FST or FSR
— These are the outputs of tha uma siot computation cir- and the eight data clock time slot, when TXE or RXE will be
cuitry. Each output is high for eight data clocks; i.e., an in- high. These are CMOS B series outputs which will drive one
tegral number of ume slots after the rising edge of FSTand *  TTL LS input when Vpp is five voits. See Figure 6 and
FSA ftor TXE and RXE, respectvely. The binary number Figure 7 for detailed timing and numbering.

entered in the last 6 bits of the DI input indicates the number

TABLE ' — BASIC OPERATION OF MC14418

Input Conditions Action to Outputs After Next FST
TS Daa (Addrees | || | TX Reg. [AX Reg.|  TXE RXE m' “"‘C Slot
Recsived |Compare Load Load Disabled Disabled e Rt
No X X X 1 No No No Change | No Change No No Change
Yes No X X 1 No No No Change | No Change No No Change
Yes Yes 0 0 0 Yes Yes No No Yes Yes
Yes Yos 0 1 Q Yes No No No Yes Yes
Yas Yas 1 0 Q No Yes | No Change No Yes Yeos -
Yes Yus 1 1 Q X Yos Yes Yes Yeos No
TABLE 2 — BASIC OPERATION OF MC14418
Input Conditions Action 1o Outputs After Next FST
TX Data TX Reg. | RX Reg. TXE
Receved | 5 [ 80| b1 [CTS] 500" | Load | Dimabled | Oumpur
No X X X 1 No No No Change | No Change
Yes 0 X X 1 No No | No Change | No Change
Yes 11].01] .04 Yes Yos No 1
Yes 1 0 1 0 Yes No No 1
Yes 1 1 0 0 No Yes No Change 1
Yes 1 1 1 0 No Ho Yes 0

Note 1. The OHO output remains operational when TXE is disabled.

FIGURE 6 — FORMAT FOR DI AND AD WORDS

MC14418 DI Word Input AD Word Input
First Bit Sent First Bit Sent
Time Siot Status Address
Resunts of Bit Partern Mode Data Aits Data
b0 | bl Bl a2 1 ag2|ql {q0]es5]|ed|a3]a2
Asaign TSAC 186 1o tha lirst ime siot (TSO) for both receve and
transmil and sel Its stalus it 1o 011 ofojoejofojoforofoln ' 1jojojo
Assign TSAC 1 10 ume siot B for receve anly and sel slalus
bits 10011 tjojojotrfofojojofr|1]ofjo]o]o
21

:IT::?:‘;S!ACE to tme siot 2 for ransmit only and set status ofrfolofololrlololililoeli]lale
Program TSAC 4 10 idie (no ume slot oulputsl and set status
bits to 011 ! } » X B B 1
Codec 115 powered down (B0 = Q) AKX I X IXI XTI xIxIxloltv](0O 0
Line circuil associated with codec 2 is programmed 1o ning the line
(See Fig. 131 X|x|x|x X X111 11 0 1
MC14418 t
Assign the selected TSAC ta the first umae siot (TSO) for both receive
and transmit and set PO = | bl el B M o
Assi ted T [ I
~ %inlt selected TSAC to ume siot 8 for recewve only and 1o lebel s ]ie el s .
Al 1he selected TSA
mﬂg_g-‘ selec C to ume siot 2 for wransmit only and ofl1]oloflolali1]o
Power down he selected TSAC, i.e., FD 10 0" TV XX RIXI X[ =%

*See Figures 12 and 13 for the hardware implementations using MC14418 and MC14416.
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MC14416, MC14418

GENERAL DEVICE DESCRIPTION

The MC14416 and MC14418 TSACs are microprocessor
peripherals intended 1o be used to control and supervise per
channel codec subscriber channel units. The TSACSs consist
of three basic functions.

The Serially Programmable Microprocessor Port consists
of V¢, CLK, DI, CS and CTS for the MC 14416 and further
includes AD and A1 through A5 tor the MC14418. This port
allows the call processing microprocessor 10 access load
data into each TSAC. See the applicatons section for a
detailed description of the microprocessor port. Figure 5
defines the dala word bit assignments.

The Supervision Controls consist of Q0, Q1, 02, R2 on the
MC14418 and OHI, OHO and PD on the MC14416. These
functions provide data path for the supervision and control
of user selected requirernents in the subscriber channel unit.
Figure 3 shows some typical uses of these bits.

The Time Slot Computation section of the chip derives
separate transmit and receive time slot outputs (TXE and
RXE) for the controlied codec from the bit rate clock and
sync pins DC1, DC2, FST and FSR, respecuively. The com-
puted time siot is then derived from the informaton receved
through the microprocessor port.

PIN DESCRIPTIONS
Ve (Positive Supply for Microprocessor Port) — If this is
8 S-volt supply, AD, DI, CS and CLK are TTL compatible
CMOS inputs. V¢ may be any voltage from 4.5 V to Vpp
allowing either TTL or CMOS compability.

CS (Chip Select Input) — For the MC14418, the pin is us-
ed 10 select a bank of TSACs.

For the MC14416, the CS is used to select that indiviaual
TSAC. Ali CSs are normally held low. To PROGRAM A
SPECIFIC TSAC, CS must go high prior to the first falling
eage of CLK. CS must stay high unul the selected CTS goes
low 10 guarantee a valid access.

CS is synchronous with DI, AD and CLK. CS can be asyn-
chronous with DC1, DC2, FST or FSA. (This pin is normally
intended 1o be set by a microprocessor.)

CLK (Microprocessor Clock Input) — Serial data is entered
through the AD and DI pins under the control of CLK. The
data 1s entered on the trailing edge of CLK. CLK is syn-
chronous with CS, AD and DI and can be asynchronous with
the TSAC's data clocks (DC1 or DC2).

DI (Serial Time Slot Data and Mode Input) — 8-bit words
are clocked into the dewvice through DI under the control of
CLK after CS is brought high. The first 2 bits of DI control
the various programming modes whila the last 6 bits are ume
slot data. (See Figure 5 lor the lormat of the DI word.)

AD (Serial Address and Contrcl Bits Input — MC14418 on-
ly) — 8-bit words are clocked into the device through AD
under the control of CLK after CS is brought high. AD words
are loaded in parallel with the DI words. The first 3 bits of AD
Program the control bits Q0, Q1, and Q2 while the last 5 bits

are compared with the hardware address on Al through A5
to identify a specific TSAC in a bank. (See Figure & for the

format of the AD words.)

—

A1-AS (Codec Address Inputs — MC14418 only) — These
five pins provide a uniqua identity for each TSAC. The TSAC
address pins are either hardwired on the PC board or in the
channel bank backplane. The processor loads the 5-bit ad-
dress data into AD, and each MC14418 in the selected bank
compares this data 10 the hardwired address set by its A1-AS
to determine if the time slot data loaded into DI is intended
for that TSAC. By this process, only one of 32 TSACs in a
bank will accept the transmitied time siot data. A1-A5 are
CMOS inputs, logical 1" = Vpp and logical “0" = Vss.

Q0, @1, Q2 (Status Bit Outputs — MC14418 Only) —
These three bits are programmed by the first 3 bits of the
B-bit word which is loaded into AD. The bits are used for the
basic control functions of a line circuit. See the applications
section (rel. Figure 11) for an example of how these status
bits are used. In this example, Q1 selects to receive data
streams, QO is used for the power down control, and Q2 is
used for the ring enable. These are CMOS outputs.

R2 (Reset Input for Q2) — The R2 input provides a direct
reset of the Q2 output. When R2 is taken high, Q2 is set to
0" independent of all other TSAC functions. See the ap-
plications section (ref Figure 11) for an example of how this
reset bit is used, i.e., the ring trip signal is used to reset Q2
which is the ring enable. This combination of R2 and Q2
allows a simple solution 1o the ring trip function.

CTS (Clear to Send Output) — This output provides a sim-
ple diagnostic capability for the processor TSAC combina-
tion, The selected TSAC outputs the CTS signal after it has
accepled data. This output goes low three data clock cycles
after the next FST, and returns high on the subsequent FST,
For the MC14418, only the TSAC which accepts transmitted
data will respond with CTS low. All other TSACs in the bank
will leave CTS high. The CTS output is an open drain tran-
sistor with @ weak internal pullup, Normally a bank of CTS
outputs are wire ORed together 1o prowide a single
diagnostic bus, which can be used to venty that transmitted
data was properly acknowledged by some TSAC in the bank.

CTS may also be used to strobe additional supervision
data into a selected channel unit, due to its dependence
upon the address selection logic of the MC14418.

DC1, DC2 (Data Clock Input) — The data clock input
establishes the bit rate of the TSAC and its associated
codec. It is intended 10 be between 1.536 and 2.56 MHz and
is the same as the codec's bit rate clock. Both TSACs divide
these inputs by eight 10 derive the time siot rate. For the

" MC14418, DC1 prowides the dala rate clock for both transmit

and receive nme slot computation. The MC14416 derives
transmit timing from DC1 and receive timing from DC2. They
are CMOS compatible inputs.

FST, FSR (Frame Sync Transmit and Frame Sync Receive
Inputs) — These inputs are leading-edge sensitive syn-
chronization pulses for establishing the position of time siot
zer0 in the transmit and receive frames, respectively.

The rising edge of DC (1 or 2) associated with the rising .
edge of FST or FSR identifies the sign bit period of time siot
zero. See Figures B and 7 for detaled timing. In the
MC14418, both zero time slots are derived from DC1 but may
be different by an integral number of bits. In the MC14416,
FST and DC1 derive the transmit time slot zero, while FSR
and DC2 derive the receive time siot zero i 3
DC1 and DC2 can be asynchronous. FSR and FST are
CMOS inputs.
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FIGURE 4 — MC14416 16 PIN
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MC14416, MC14418

PD (Power Down Output — MC14416 Only) — The PD
output is normally high. It is set high whenever b0 or bl is a
zero and the TSAC is programmed. If b0 and b1 are both
one, then PD will be set low. This output is intended to be
used 1o power down other circuitry in the channel unit when
the channel unit is idle. This is a CMOS B series output
which will dnve one TTL LS load when Vpp is five volts.

OHI (Off Hook Input — MC14416 Only) — The OHI is a
CMOS input with an internal pull-down resistor. A DC level
atthis pin will appear at the OHO output during the program-
med TXE time slot.

OHO (Ot Hook Output Inverted — MC14416 Only) —
During the programmed transmit ume slot, the data at OHI
appears inverted at OHO; otherwise OHO will be pulled high
passively. The OHO output is an open drain N-channel tran-
sistor with a weak pull-up 1o Vpp. A number of thesa out-
puts can be wire ORed together to form a hook status bus
consisung of a serial stream of hook informauon from a bank
of channels. When the MC14416 powers down its codec, the
TXE output is disabled; but the OHO output continues to
multiplex out OHI and transmit ime siot information during
the previously entered transmit lime siot

V§s — This is the most negative supply pin and digial
grouna for the package.

VDD - This is the most positive supply. VDD is typically
12 V with an operation range of 5 to 16 volts. All logic out-
Puts swing the full supply voitage.

APPLICATIONS

The following section is intended to facilitate device
unaderstanding through several application axamples: Includ-
ed are Data Muitipiex Timing Diagrams, a description of the
TSAC Microprocessor port, a sampla program, two circuit
configuratons using Motorola’s devices, a Systems drawing
and 1wo suggested clock circuits for obtaining codec data
and control clocks.

In Figures 6 and 7 are shown Data Multiplex Timing
Diagrams for 2.048 MHz and 1.544 MHz data clocks. The
major points to be seen from these examples are:

11 Receive and transmit programming for the MC14418
are bil synchronous and word asynchronous. The
MC14416 can be completely asynchronous.

The nsing edges of FST and FSA initiate the pro-
gramming frame for transmit and receive channels,
respectively, and identify transmit and receive time
slot "0, respectively.

Time siots idenuty aight data clock words. In this ex-
ample: the transmit time slot 1s programmed as ime
slot “1.” Therefore, bits 8 through 15 after FST are
ume sio “1."

For the 1.544 MHz clock, the Iraming bit i1s at the
very end of the framae.

2

3

4

TSAC Microproceasor Port (MC14418 and MC14418) —
The MCladig provides four pins with 5wvolt micro-
Processor input charactensucs. These are AD, CS, CLK,
"‘ﬂsDI. The input supply for these inputs is Vee. The

Output is an open drain device with a weak pull up to

VpD. Typically, these five pins are bused in parallel 1o 24 or
32 TSACs per processor port, If desired, AD, CLK, DI, and
CTS may be bused to greater than 32 TSACs by using the
CS input as a group select. A microprocessor port of eight
bits can thus control four groups of 32 TSACs with no addi-
tional decoding, as shown in Figure 8. .

In order to program any given codec to a transmit or
receive time slot, the progessor simply exercises the cor-
responding 8-bit port. ¢

Beginning with CS1 10 CS4 low, all TSACs in the bank
have their data registers in the Ready for Data' Mode. The
microprocessor takes the appropriate CS high and clocks in
two bits of data into the 32 selected TSACs through DI and
AD using CLK. The microprocessor presents data on the
leading edge of CLK and the TSACs clock in data on the
trailing edge of CLK. After eight CLK pulses (high, then low)
the 32 selected TSACs will have two new 8-bit words; one in
the data register through DI and one in the address register
through AD. The unique TSAC, whosa last 6 bits of the ad-
aress register maich its hardwired address on A1 through
AS, acknowledges the new data. After the next FST, the
salected TSAC will pull CTS low. This event notifies the pro-
cessor that its transmission has been recognized. If CTS oc-
curs at any other time, the processor can recognize the fault
condition and restart the transmission using the reset func-
tion of the TSAC chip select. The uniquely selected TSAC
will load its new program data into the appropriate TIME
SLOT register on the next leading edge of FST. Tha bank of
32 TSACs will internally reset 1o the Ready for Data Mode
when the transmission is completed, after the next FST. The
TSAC, which was uniquely selected, and which has CTS
low, will clear CTS to the pulled-up condition with the next
FST. The processor may now program a new time slot im-
mediately, with or without returning the selected CS low.
Time Slot data can thus Le sent at the rate of once every
256 psec. for 8 kHz sampling (FST). The processor need not
operate in an interrupt mode even though the TSAC's DC
and CLK are asynchronous,

The processor port of the MC14416 works similarly to the
MC14418, but will accept data if CS is high, and does not
compare a hardwired address to the address word,

Figure 11 shows the typical signal timing for programming
the microprocessor port.

To demonstrate the programming of the TSAC, consider
the following configuration. A microprocessor is used to
control four groups of thirty-two TSACs through an eight-bit
PIA port. Four.of the PIA lines are used for group select
lines.. The other four lines are dedicated to CLK, DI, AD, and
CTS. The TSACs are programmed by serially loading bits in-
10 the DI and AD leads. Data bits are latched on the falling
edge of CLK. The PIA port is connected as shown in Figure
9. Tha flow chart in Figure 10 and the following program il-
lustrate one method of TSAC programming.

Before running=the following program, the address, time
slot, and group number must be entered in appropriate loca-
tians. During execution, CS (group select), AD, and DI
words are arranged for senal presentation 1o the TSACs. The
bits are presented with CLK high and are latched in with the
falling edge of CLK. After eight passes through the loop, the
TSAC is programmed, and CTS falls on the third data clock
pulse after the next FST. The program waits for CTS to go
high again before removing CS to prevent aborting the
TSAC's programming. This program allows a maximum rate
of programming equal to one TSAC per two frames.
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