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DIGITAL TELEPHONE NETWORK FOR OPTICAL FIBER

Miss Parichat Songsurawate
Mr. Piyapong Paowanich
Miss Piyanuch Muangyimpong

Mr. Somsak Chearsirikul Advisor
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Abstract

Nowadays ,in a period of advanced technology, it gives many technical
methods for gaining more efficient technique in transmitting and receiving
information. This thesis describes a study and development of a digital
telephone network that uses Pulse Code Modulation technique to encode
voice signal to be an 8-bit digital signal and then transmits and receives
this. signal with a time sharing method ,Time Division Multiplex, that
yeild only 2 lines for transmitting and receiving between two exchanges.

These are transmitted line and received line.
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aaunae I@Funsuduae  dmIvdanna feante nsdwmiun muainlwuuades Witiu 3.4

Kz Taetaliae'ld £ fiAquniniiy 8 Kiz

3.2 adnu Inugduuas Taana

-4 < al - ¥ vv v v <
Lun LT nss Rz e dnanuPAN 1 lmannnnsudi danuseiuaadunsesiu UTey
A e v oA o A V , & P a X g . o H \
Lﬂﬂﬂﬂinatﬂﬂanungﬂ ZI5LAULTITUL UTHU L NIUUIBULS LU UEEE « UUBULBIE U
¥ " d' [ o & o . 1
fiag « nidTanney lenavinuulas iiusiaiaeliwn3 (Binary) saly
adc (€ Yas o o  ar 4 ad o, & -
wmaeawinin lffunall - dmFunsudas oM Aa duaugtadn aewlniaiu
. . . . v < d&oﬁz Y e
(Nonuniform Quantization) BdﬁuﬁﬂﬁaduﬁoﬂuLﬂiﬂuLﬂﬂUﬂuuqL UTU ¢ Qz1utﬂ1ﬂu
aaae  lasanTuaamiuade ﬁqmmeﬁaqgﬂﬁﬂawuLﬁuTﬂTﬁ Taslinunag lugdousedu
s |v3¢‘l Siaiay £ IQ‘: b
AUNRT & NINNIT ﬂquuLwan17ﬂ1au1nﬁnﬂﬂ§ﬂ UIEIU (quantum level) Tug
~ [% r < ) P Y qr X . o
wsoduilos «o Wituduian « uazdag o vimueaamu T ngaulud 2ousedugs o Ty
malfiia 2w lE35n I (compress) wmzRIRTONN PAM fLIENIN MTABMLWUGH

Ty x
(companding) uas luMmisrlFn1sAaauwuauuy A law @NNIRTSNEEY CCITT 2UR
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) o o d’ﬁ&d( . 5 W Q‘d 3 -
apafigganrgnng luinsusfiiudited (linear) dmiudggabiizuinian « uaiduaan

-~ - . -~ Y U “~ x
n13nlia (logarithmic) éﬂ%iuﬁ@mﬂmﬁﬁﬁuwmﬁwm AINFNNTT oY

F (x) = sgn(x)i é_lgl 3 0 <= jx| <= 1/A

TRIRGA .. (3.2)

= sgn(x){ 1+ln A_xl 3 1/A <= x| <=1
1+1n(A)

Taan F (x) = ﬁqumﬁgnnm
o, <~
x = dggoauwn
sgn(x) = 47 (polarity) zavduyn x

< Yy o oA o aa o ﬁ 4 2 Ve v
ﬂﬂaﬁﬂﬂﬁdﬂﬂuﬁnLuauﬂadﬁqmﬂmﬁﬂﬂﬂﬂﬂaaﬂaUL UaUINEAN LWEﬂQsWﬂWﬂﬁ@mﬁmﬂan

< a & v o« ). ~ v Y A a « X
LRUBULAN NWEAINNTEENE (Expansion) ﬁq’ﬂquﬂau‘lﬂLﬁuaul.ﬂﬂﬂ')ﬂﬁﬁﬂ']'sﬂ\’u

C1+1n(A)] 0 <= Iyl <= 1

A

~1
FA (y) = sgn(y) I;:

14IncCA)

y|E1+1n(A)]—1

= sign(y) (e

A 1+In(A)D

) 1 <= ’y’ <=1

.. (3.3)

Tozm y = FA(x) .

Xd o o X a o 4 - < <~ M v o
IMUNWANMTIAAAN AaN TRz Eggs UTsus naun liRnnasaou Inugiiunn
wilaauusaliung  lunnaufifin lisawssaanuaviisvniinlun1saanunens - 0
‘ < ' é < . N J
nadau Infuuwn SendngnLaunatau nugdu (segment quantization) Aan1TuLe
D) -, d + 3 VQ‘ *
ﬁﬁqmaaﬂﬁsnmﬁg@ﬂmaanLﬂutﬁﬂLuuﬁ qumasLﬁnLuuﬁﬁﬁunaonﬂﬁﬂuauTﬂLﬁﬂunL?anaﬁ
- G © ' “ ' v & 3 (s < e
aauiudiallud i o fu ueanaeiuioniezaesi sy Lgnium 1 3.2 fa

va { Y i o
nﬁﬂﬂuaﬂqqmaunmﬁaqLﬁﬂLuunﬂaau1ﬂLﬁﬂuuuu A law Lﬁﬂﬁg@ﬂmﬁuwwtﬁuuun



-12-

Compressed and coded signal
128

112

96

80

64 A = 87.6

48

32

16

input

s ignal

211 1 1

G4 32 16

T

| 1
2

r's Y
3 3.2 iniunAaRiniyuuyy A law

armlannnniansau rfusavedeseutaa iusfdlunie 8 i Taevinuan
(MSB) LﬁuﬁﬁuaﬂLﬂgadﬂu1ﬂ (sign bit or polarity bit) ﬁﬂtﬁu 1 st S
weutat thiwan 0 wnwaﬁqﬁ@mwmuﬁutﬁaLﬁuau 3ineiant uign i 16a
(segment code) uaﬂTﬁnsﬁuﬁwﬁqgwmuﬁnLﬁaﬁuﬁﬁuﬁﬂaéﬁuﬂuaLﬁﬂLnuﬁT@ g 4 1n
gemineLTendy aaenlnigiulfe w3a aausudL e Aasumzastuluignundieaed 16
Hu ancaiipnaaTiauLy A law o Qﬂﬁawnmwswqﬁ 3.1
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VOICE DIGITIZATION

SEGMENTED A-LAW ENCODING/DECODING TABLE

Input
Amp?ilude Step Segment Quantization Code Decoder
Range Size Code § Code Q Value Amplitude
0-2 0000 0 1
2-4 000 0001 1 3
30-32 5 1111 15 31
32-34 0000 16 33
: 001 : ] 5
62-64 1111 31 63
64-68 0000 32 66
: 4 010 : ] :
124-128 1111 47 126
128-136 0000 48 132
1 8 011 : : :
248-256 1111 63 252
256-272 0000 64 264
: 16 100 : : :
496-512 1111 79 504
512-544 0000 80 528
: 32 101 : : :
992-1024 1111 95 1008
1024-1088 0000 96 1056
: 64 110 : : :
1984-2048 1111 111 2016
2048-2176 0000 112 2112
- 128 111 : : :
3968-4096 1111 127 4032

AT 3.1 ARG ANTHALYY A Law
9
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“ d' ¥ a v & x v ;‘5 [ “w o
mnwﬁmua‘mmmn‘lmmﬁ PCM 'Q']ﬂﬂ'I‘iLL‘l‘f)JllN\'lLL@]’&Sﬂ‘SGLL%’J? msﬁqmimm

& ey [ a, | LY LA “ « 3
Landignuiayaiinmana « FaoFannn s aiul fuaundnui ety 8 8 In AR

nndggrasiardaswandasan undiizs  (serial)

L

< é o
U 3.3 LiuEnuviuguaae TDM

a9 lugas oz s andia

High stability
oscillator

Timing logic

Master

Channel 1 =

(1
Channel 2

(2)
Channet 3

{3} ——
Channel 4

(4} =——

Channel n ‘—UD_J
{n)

= TV

(1(2)(3)1{4)  (n)

Multiplexed channel “time slots™

_J_—l I l Timing signal (1)
I I Z I l Timing signal (2)
rL I l Timing signal (3)
l l I I Timing signal (4)
m l [— Timing signal {n)
P, Multiplexed chann'cl
J1f{2i3]4a] In] [1T2]3] 4] l"!_._ “time slots”
—} e —
Time

t— Time slot dedicated to channe! 3

Q} v - - Vs
Zl/ﬂ 3.3 [nNuuUEATITNREIUANT YUY TDM
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'3 S £ sl 1 Y
ﬁu@aﬂ (BALANCE NETWORK) ugazgeads E BuLauT Z, ﬁﬂd?d%iﬁh@aﬂﬁﬂﬁtﬂﬂﬂn

da I Y]
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E 73 ' o llﬁv
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2. WvIEswHonnu Insdwh

< ' Y o £ v
gonnueng « N luszunIngduh dsenavsine
1. #wnui3sn (Ringing Tone)
{}uv d 24 l!lﬂ' 1 ' zdyy <, [ 72 ° <
Lhudggnad 1 lunsuenuntinesilatemas TenrilligiasnTefeadiminn1Tiien
b -« ~ £ ? 8 L3 3 - ar ’ “
Vi TnswaSactin  Hognitae Tuifona Wakuiouiasean 100 Toan 50 Hz
Tomaedy 1 Jum uavdiy 4 SumaBuivll wundeelifuae w3aTn0 MRS
2. dwalimau (Dial Tone)
[y : ' < #3 L) o £ 4.1 ’ w“ 1
ufggam uanungi Ten et Fanany Instwniiiassanne liegselarema s
Y a + ¥ + < o I's -
wuwnzarfisaenTwieraiuld Tagav i iuduahisuoue 5 Taas A2ed 400 Hz
3. Fmwliine (Busy Tone)
L udggan HuanuatiSen nReanit son liinuming L arfifasn1Tiedan e
* *v 1 gl q‘ < 1 L] - ] o ) - ] ]
Gevieauds  Meuugdralatemiaisisanisesasnaniag e ues 39 bidansodanar
vy v é o ~ 4 4 o o o o
$elnls  Taowe iiufouna adusuie 5 Trhan aaua 400 Hz §3 0.5 Jun uazdiy
0.5 W asuiul
4. #qrniJenniu (Ringback Tone)
Y X - X o v A o ‘e ' < [ vy o '
Sannoniae L eau liatdiu L eeafiudone 09 wdsr tunaude b Sanms i
Q [ ' 2 [ U ° v o < t!; [}
wsefesafiugialatema sz Ta lighagiaematinnsaauiudoyo Saniueg Toesy
Y o [ ; [ L3 a «f o~ @
ViuFoaaiy  2ue 5 Taad A2 N0 400 Hz & 1 Fuan waediy 4 Juan adufiuly
[} < YRR <
LAULAEINUSKYIU L TEN
“r L - L [ - o -, v o L - X
wEnnaT wunTaeiunes ¥ la? 556 LTuianaian1an leelindnnnau el
f
DUTY CYCLE

1.44 / ( Ra + 2 Rb )C
(Ra+Rb)/ (Ra+ 2Rb)

1

o a, P ' I'4 Y & o
waridgyah lfanaduainisdwlesd wauaimAND GATE) 7408 lauiudgyn
AN o ENFBINNT
« a X ¥ e, L ¢ v ¥ v Gy v [
aqq1msonquumaoﬂﬂiﬂmuﬁnﬂwgaaq 100 Taan  foliunsne L9 wMEananeT
fimsuBdimedinde  TeeMInIRaWLL  AENWALNUMNT  (COMPLEMENTARY) LW lHan

] *» f ' EY) o o < o <
VITOIENTELE LENNNIIN1TRaL U L ENT UTE L AETANEY LNEIR L AE
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i v I3 o v, Ay
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5. WITOAATASRQN

ﬁﬁﬂhﬂH?GﬂﬁﬁTﬂiWNﬂiﬂWﬂmﬁaﬂﬂd73@Liiuﬁﬂ AT \#52uL Mechanic Relay
AUH9TrYy  Common Control Zaiiusvtfie  Electronics artuiaAtne Inviui
(Telephone Set) A l&¥unisiam e LwaTnglﬁuaawnﬁsmanﬁunﬂNWﬂﬂu

¢ 3 ﬂ' o Dc‘“dl 'N ] 1

ruy nsdiuuunatuii uﬂunaznwnwsﬂgunuWLnnnLﬂaﬂunwLﬂunwaqumﬂQQNan
3 dd‘llﬂ'«u IH‘ y < 3 1 . .
o n17nﬂgunLwanazﬁaﬁmgwmﬂawunaaﬂiﬂ 2313am1du Multifrequency Signal

(IVUd .
s Temin l85unaAs
1Y) iy
1. Ldawﬂun11ﬁgunu1ﬂnuuaﬂaa
2

2. n17nmguLaﬁmu1801ﬂ§u

3. PANGAWAIA UNITEY L AZRNTEUBLAY

4. ﬁwuwsaﬁQVLﬁuﬂnau o tWan 7 e uatneau lasoe

5. TﬁammwmﬂawunsvﬂuLmaannﬂauLﬁﬂo

Tunﬁsnaﬂswﬁﬂ31una7nTnsﬁwnﬁuﬂnmﬂuLwaaq1ﬂ1waau1u7ﬂ57ﬂiLﬁﬁtﬁasniﬁuuu

11t lediad  MTB8T70 %qLﬁu1a%namsmaﬂuwunTn7ﬁwn (Integrated DIMF

. : I < a4 o o« © ¢ A
Receiver) Tamunatanisuiasdonusaiun iqLﬂﬂﬂﬂﬂﬂﬂﬁnﬂﬂuﬂaLanﬁaansﬁwnﬁumnm

N < ) a 4 ‘
1 (#illa Tone w2 DoME) Wi Susruuiiolaanieaanes 291 le? Mres7o wilavaun

u(hd <

Tﬂ?ﬁWﬂqﬂLﬂuLaﬁﬁﬁuﬁadﬂuﬂﬂ 4 I

st nnTsRnuLLAIRT0aRTRERINETEY TnTeh unTﬁWa%awwanLﬂaaanaﬂ%qan

tamin LU LﬁaqaaQﬂdﬁunnLﬂaauuﬂNJTﬂ ATUS e 2939 ﬁuwmﬁ901qasﬁqnm
v 18 lad 3 uuunn

Pin Connections

we O 1 His P voo

w- [} 2 17 SUGT
es L] 16 | est
vref [] & 15 $t0
ice O] s 14 [J o
Ic* 6 130 aQ
0sCt E 7 12 2 Q2
0sC2 8 T AN}
vss [} 9 10 J tot

Connected to VS$

Ordering Information

MT8870BE/MT8870BE-1 Plastic DIP
MT8870BC/MT8870BC-1 Cerdip
-40°C to +85°C
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zﬂn 4.6 3ﬂuﬂmv77aazz§3mﬂaVﬂ7 MT 8870
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Qmﬁuﬁaﬁao MT8870

1.

S warnanskarud (DTMF Receiver)
Abilian ¥ Asasedu Sy TIL
gnTesednTensnigluia1laT s
dwsol¥uniialnd (Guard Time) 18
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a19un Mres7o T ldem

1.
2.
3.
4.
5.
6.
7.
8.

4 v 3
LasasiiaefiuTnsdwimia na
* v - - (
Td9mL AgIfuLATARNASA

11 W H 9 ua s Tamaau Tnga

i 73 ' « < (
1He s nfivaauni L aas
4 . d /4
TﬁTuLﬂiaqquawﬂauWQaaa %SawWiallLant (PABX)
1FRu9un19au Insdunra
v fd
FhuLaTasfiua Tug
'Y o 3
ﬂwsﬂduqugﬂnsmnﬂansﬁwﬁ
vOD  VvS§ VRef
BIAS J
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

MC3419-1L

TELEPHONE LINE-FEED CIRCUIT
.. . designed as the heart of a circuit to provide BORSHT functions

SUBSCRIBER LOOP
INTERFACE CIRCUIT

for telephone service in Central Office, PABX, and Subscriber Car- (SLIC)
rier equipment. This circuit provides de power for the telephone
(Battery), Overvoltage protection, Supervision features such as BIPOLAR LASER-TRIMMED
hook status and dial pulsing, two-wire differential to four-wire INTEGRATED CIRCUIT
single-ended conversions end suppression of longitudinal signals
at the two-wire input (Hybrid), and facilitates ringing insertion,
Ring trip detection and Testing.
® Totally Upward Compatible with the MC3419
® All Key Parameters Externally Programmable
¢ Current Sensing Outputs Monitor Status of Both Tip and Ring -
Leads for Auxiliary Functions such as: Ground Key, Ring Trip, |i
Message Waiting Lamp, etc. 1
¢ On-Hook Power Below 5.0 mW 1
® Digital Hook Status Output
® Powerdown Input
® Ground Fault Protection L SUFFIX
® Operates from Single —20 V to ~56 V Power Source cma:gg ;ZAG(_:OK‘AGE
® Size and Weight Reduction Over Conventional Approaches
® The sale of this product is licensed under Patent No. 4,004,108.
All royalties related to this patent are included in the unit price.
FUNCTIONAL BLOCK DIAGRAM
Vee
""""" B1 Mirror 1
! VAG Anslog Ground
g —0
' 1A Minorl A4
H RSO
' {
' [ 50
t
\L ]
Qe N
_______ } r,{ Rx)  Rax Recaive Input
; =0
c CAX VRx
< Clrcuh_
Hook o HSO §
Status 2
Conil ™ G 5
reuit HST <
- EE-N-(!;'B'-E RYxy Transmit
! Qutput
s !%‘ wo L L [
n TX
E PeXTT l o Bias Rrx2
j irror RH RVTX

Vas
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MC3418-1L

MAXIMUM RATINGS (Voltages Referenced to Vee!)

Rating -Symbol Value Unit
Voltage VEE ~-60 Vde
Vas VEE ~ 1.0V
Powerdown input Voltage Range VFBI +1510 ~15 Vde PIN CONNECTIONS
Sense Current ITs1 IRs) mAde

Steady State 100

Pulse — Figure 4 200 U
Storsge Temperature Range Tﬂg - 65 to +150 *C vee E o 18] VaG
Operating Junction Tempersture T4 150 ‘c

{0 a = 100°C/W Typ) er (2] [17] X1
OPERATING CONDITIONS (Volteges Reforenced to Vee.) 8p[3] 1] TXO

Rating Symbot Valuve Unit 181 E E ol
Operating Ambient TA 0to +70 (]

Tomperature Range - CCE . E HSO
Loop Current i 10 10 120 mA RS [E_‘ 13] TS0
Voltsge VEE ~2010 - 66 Vde N

Vo ~2010 Vgg : E E RS0
Analog Ground VAG Vdc EN E E HST
it = 010 60 mA} Oto ~12

{i, = 010120 mA) ~2610 ~12 Vee o 16 vas
Supervisory Output Voltage VRSO. VTS0 ~2.010 ~20 Vde

Compliance Range
Hook Status Output VHSO +1510 ~20 Vdc
Loop Resistence i 0 1o 2500 n
TRANSMISSION CHARACTERISTICS (R = 600 f) unless othorwise noted.)

Characteristic Figure ‘Symbol Min Typ Max Unit
Tiansmit and Receive Gain Variation ] VeV -03 0 +0.3 db

{Insertion Loss) VLVRX

(1.0 kHz (@ 0 dBm Input)

Transhybrid Rejection 1 VIX/VRX dB

{input ~~ 1.0 kHz Gr 0 dBm)

Fixed (1%) Resistor Balance Network ~23 -35 —_

Tiimmed Balance Network All Types - -55 —

Luvol Linearity (- 48 to + 3.0 dBm, referenced to 1 dB
0 dBm 6 1,0 kHa)
Transmission VTxVL -0.1 0 +0.1
Reception VINVRX =-0.1 0 +0.1

Froquency Response (200-3400 Hz referenced to 1 dB
1.0 kHz @« 0 dBm)
Teansmission VrxNVL =-0.1 0 +0.1
Roception ViVRx =01 0 +0.1

Total Distortion @ 1.0 kHz, 0 dBm 1 VILVAX - -60 —_ dB8
{C-Message Filtered) VIXVL - - 60 o

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC3418-1L 3

PIN DESCRIPTIONS

Pin Name Function
1 vee The positive supply voltage. This point is ground in typical applications.
2,8 EP & EN Loop current sensing inputs, These are connected to the emitters of the PNP and NPN Darlington

transistors. They are tied through 10 2 resistors to V¢ and VEE. respectively. The {
continuous current through these inputs is 240 mA.

3,7 BP & BN Base drive outputs. These pins drive the bases of the PNP and NPN transistors and are able to sink
or source, respectively, up 1o 5.0 mA.
4,6 TS! & RSI Tip and Ring voltage Sensing Inputs. They are low impedance inputs (approximately 600 §2 each

i.c., 400 N1 + 3 diodes) that transiste the voltages on Tip and Ring to 8 current through resistors
RT and Rp. TSI is referenced 1o Vcc and RS1 is referenced to Vap. These ping have 6.0 V zener
diodes (1o their respective reference) for protection against overvoltage line surges.

6 cc Compansation Capecitor pin. This pin is used to stabilize the longitudinel or common mods
circuitry.
9 VEgg Negative supply voltege. This pin ties to the chip substrate. fis operating voltage range is ~20 V to

~ 56 V. it can withstand - 60 V without damage and can sustain & voitage surge to ~75 V for less
than 4.0 ms without significant degradation of performance. Most of the loop current and bias
currents flow through this pin,

10 vos Quict Battery Voliage reference. This is the voltage reference for the RS! pin, fts voltage must not
go more negative than VEE. The current through this pin, while powered up, is proponionsl to
the loop current, sllowing it to be used for loop current fimiting. The voltage on this pin, less 4
volts, is tha "etfective battary feed voliage for the 2-wire lines even though most of the power*
comas from the Vgg supply.

1 HST Hook Status Threshold programming resistor input, Ry deletminos tho value of loop resistance at
which on-hook and off-hook status is swilched,

12 RSO Ring Sonse current Output. This output refiscts the voltage status of the Ring tarminal for voltages
more positive than Vap, The cutrent is sourced from this output, it is one-sixth IRg), its vollage
range is 0 to ~ 20 V and its saturation voltage is approximately = 2.0 V.

13 TS0 Tip Sense cutrent Cutput. This output reflects the voltage status of the Tip terminal for voltages
more nogative than Vcc. The cutrent is sourced from this output, it is one-sixth i1g), its vollage
range is 0V to - 20 V and its saturation voltage is approximately ~2.0 V.

14 HSO/HSO Hook Status Output. This is a digitel output that reflocts the condition of the loop resistance. if loop
resistance is less than a predetermined value established by Ry, usually R < 2.5 kf2, the HSO
pin will be active, le., with positive voltage logic (a resistor tied from a +5.0 V or 412V supply
10 HSO), this pin will sink current 1o Vcg (VHSO & O VE with negative voltage logic (s resistor
tied from a — 12 V supply to HSO), this pin will source current from Vg (VRSO = 0 VI If loop
resistanca Is grester than a predetermined value again established by the same resistor Ry,
usually R > 10 ki), the HSO pin is Inactive, l.e.,, VHSO = logic supply voltage.

15 PDi Powerdown Input pin. This pin is used to deny service to the subscriber. A logic level “0” (V) <
- 4.0 V) powers down the MC3419-1 except for HSO, TSO and RSO. The voltage range of this

X high impedance input pin is 215 V.

16 X0 Transmit current Output. This output sinks current to Vap and Is proportional 10 ITg) + Irs1 by 8
ratio of K1 where: Kt = 0.51. (ts saturation voltage Is VOB + 2.5 V typ. {+3.5V over the
temperature range). This pin is only active during the ofi-hook power-up condition,

17 RX! Receive Input, This input sums ac currents from TXO snd the recelve voltage input (VRx) and |
sources all the dc current to TXO. It has a low input impedance (15 Q1) typically biased 4,5 V

below the VAG pin voltage during off-hook power-up conditions. During powerdown conditions,
the voltages on RX! and TXO can drift up 10 VAG: ,

18 VAG Analog Ground Voliage reference input. The input impedance of this pin is much greater than 1.0 M(l.
1t should be ac coupled 10 system ground and could be direct coupled if system ground is
between 0 V and - 12 V.'AC caupling requires 300 kil 10 Vee and 0.1 uF 10 system ground. i
Ve and system ground are common, tle Vag directly to Veg. If de loop currents are aliowad 1o
go higher than 60 mA, VAG should be biased from ~2.5 Vo ~ 12 V 1o avold problems st high
ambilent temperatures.
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MC3419-1L

on the Ring lead to exceed the power supply voltages,
2 1N4007 and an MK1V-135 (Sidac) are used for pro-
tection. The forward voltage drop across the 1N4007,
during normal operation, will not affect the parametric
characteristics of the MC3419-1 since it is “inside” a
feedback circuit. If the MJE270 is used, the MK1V-135
should be replaced with a lower voltage Sidac or
MO+sorb transient suppressor.

An optocoupled transistor circuit is used for ring trip
detection on long lines. It samples only the ac and dc
ringing signal current and uses 2 simple one pole filter
to eliminate the low level ac signal. Under worst case
conditions this circuit wili ring trip in 1%210 4 cycles. In

SYSTEM EQUATIONS (continued)

systems serving only short loops {<700 Q), if RGg1 and

Rz are 620 0 or greater, the optotransistor circuit is
not needed, the Hook Status Output will perform ring
trip on a Zero Crossing. The Ring Enable input and the
Hook Status Output interface with standard CMOS and
TTL logic.

The op amp in this circuit is an ‘integral part of the.

following codecs, filters or combos:
MC3417/8 — MC145414
MC14404/6/7 — MC14413/4
MC14401/2/3/6

LONG LINES OFF-PREMISE LINES

Specifications Off-Hook —<25000 Viggic — +50V
Rf — 20002 Ro - 600 N1 On:Hook — >0kl VEE — =4210 ~56
i {max) — 60mA  Rx Gain — 0dB Volts

i 200-3400 Hz Protection — 1000V VRinging — (40V1to 120
Ri(max) — 19000 Tx Gain ~—0dB Vams!+ VEE

200-3400 Hz Ringer Equivalent — 5
Parts List
MPSAS6 Rg —_ 9.09k 1% Mached MOC3030 Rrxy — 124k 1%
2N3905 RT -_ 9.09k 1% if desired 4N25 RTs2 =— 576k 1%
2N6558 RpT — an 5% RRX — 287k 1%
MPSA42 RpR — 750 5% Rp  ~— 280k 1%
MJE271 RG] — 6200 5% RyTX — 286k 1%
1N4007 RG2 — 000 5% (3 0.004 uF
MK1V135 Rgr — 0910 5% cqp —  0.004 uF
1N4007 Rg2 — 30k 5% cc — 0001 uF
1N4007 RRT ~— 20k 5% Cax — 1.0 pF120V
1N5303 R — 24k 5% X — 2.0 pF/A0 V
1N4004 RH - 127 k 1-3% CRT ~— 20 uF/S0V
MC3419-1 RHSO — . W0k 5% 3 Cop — 10 uF/e0 V
SHORT LINES ON-PREMISE LINES

Specifications
Rg — 5000 Rx Gain — -504dB
R (max) - 7000 Ty Gsin - 0dB
Ring Trip * — <50 ms Viogie — +5.0 Volts
Ringer Equivalent - 25 VEE - -20 10 - 56 Volts
RO - 600 N2 VRinging — {40 V to 70 VRMSI + VEE
Ports List MOC3030 RHSO — 0k 5%
MJE271 RR - 196k 1% Rrxy — 196k 1%
MJE270 RT — 196k 1% CT — 0004 4F Rrxz — 422k 1%
MPSASG . RGgy ~— 6100 5% CR  — 0004 uF RRX <~ 698k 1%
23905 ARgz -~ 62011 8% Cc — 0.004 uF Rp —_ 301k 1%
1N4007 Rgy  — 81N 6% CRX = 01 uF RyTX ~— 127k 1%
1N4007 Rgz - 30k 5% Cix ~— 05 nf Rc - B6k 5%
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CODEC-FILTER PCM-MONO-CIRCUIT

The MC14400, MC14401, MC14402, MC14403, and MC14405 are ali per
channel codec-fiter 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 oflered in a 16-pin package. They are designed 10 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
tiom threc 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
MC 14402 is the full feature device which presents sl of the options available
on the chip. This device is packaged in a 22-pin DiP and 2B-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 & lower pin
count package tailored to a specific user's application. Contact the factory for
further details,

The devices were designed to be upward compatible with the
MC(14404/06/07 codecs and other industry standard codecs. They also main-

MC14417/MC14418} as well as the MC3419 SLIC. <«

power performance and proven capability for comp{% analog/ em

hgl)."s )

i
lunctions. 250 $
MC14400 % g

@ 16-Pin Package (3{3

e On-Chip Precision Voliage Reference {3.35 fQ‘
® Power Dissipation — 45 mW at 2,048 \XH.; at'10 ( X
0.1 mW Powered Downit O:v \ +
e Compatibility with Various Supply Configurations: 5; G'e, + 10,
. 412 Volts (5%) ’\,«"‘
® Pin Selectable TTL and CMOS Digital Levels o
@ Automatic Prescale Divide of Any One of 5 Clock Frequencies
(128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or 2.56 MHz) 10
Generate the Internal Sequencing Clock
® Pin 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 +12dBm
® Synchionous and Asynchronous Operation
& On-Chip Attendent Interrupt Conferencing
® Transmit Bandpass and Receive Low-Pass Filters on Chip
14C14401 ~ All of the Above Plus:
® 18 Pin Package
® Selectable Peak Overload Voltages (2.5, 3.16 and 3.78 Volis)
® Access to the “Minus” Input of the Tx Input Op Amp
1414402 - All of the Above Plus:
® 22-Pin Package
@ Variable Data Clocks (64 kHz 10 3.088 MH2)
® Access to Transmit input Amplifier
® An External Precision Reference May Be Used
® [xiernal Gain Adjust Jor Compiex SLIC Configurations
ML 14403
® 16-Pin Package
® Same Dewice as MC14400 with Access to Transmit input
Amplilier with Single Ended Receive Output
® MSI Ticd Internally to TDE
14014405
® 16-Pin Package

<«

win compatibility with Motorola’s family of TSACs {MC14416/ g

The PCM codec-filter mono-circuits utilize CMOS dug’1o ﬁ,}eliabl_p-lﬁ‘_

R
s.\ C» ‘Qih

| ® Same Dewice as MiC14403 with Common 64 kHz 10 3.088 MHz Data Clocks
N L

MC14400
MC14401
MC14402
MC14403
MC14405

CMOS LSl

(LOW-POWER COMPLEMENTARY MOS)

CODEC-FILTER
PCM MONO-CIRCUIT

li
I } MC14400/03/05
L L SUFFIX
CERAMIC PACKAGE
CASE 620

MC14401
L SYFFIX
CERAMIC PACKAGE
CASE 726

MC14402
L SUFFIX
' CERAMIC PACKAGE
CASE 720

MC14402

Z SUFFIX
28-PIN CHIP CARRIER

CASL 763

N
“iu ¥¥ v

ORDERING INFORMATION

MCIAXXXXX

1 CCITT 1G2.12)
2 D3/D4 (PUB 43801}

[:L Ceramic Package
Z Leadless Ceramic Packago
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MC14400, MC14401, MC14402, MC14403, MC14405

PCM MONO-CIRCUIT BLOCK DIAGRAM

ROD
Vet RSH Voo . l Recee Dota Stuft Hegssier l ngc
Vop-Vss I
- ADC
Reterence Asceve Data Larch
Genenator ] And Data Formatter
l -7
Inerrupt oA
Control Ssquences
Vaq,
O
0o
J . { «1,12,16, 20
—L__ Prescale
THee l J
Gy Low Pasy el T AD
)4 Tolten [] g
DAC DAC
i 1 ey
O-J —_— Loge 8 100
= _I —1 SAR Hogter J ._.e
[ a8
ol ' ™ L (4]
— S iog
10 [C>—q tow P High-Pasn Subsystem - 0__{ Teonsmnt Dats Formatter —I
Foe Fine
O l —
M A > >
l Transmut Data Shitt Negriar J-
& 6 T0€
POI e ad
vss  Vis MS|
MO 148001 102/00705

NOUL £+ Controled by V| §
S8 m WK 40 Hoternat Rosmion

DEVICE DESCRIPTIONS

There ate five distinct versions of the Mototola PCM
mono-cicuit,

MC14400

The MC14400 PCM mono-circuit is a PCM codec-filter in-
tended lor standard word interteaved synchronous or asyn-
chronous applications. The TDC pin on this device is the in-
put to both the TDC and CCI tunctions in the pin description.
Consequantly, for MSi=8 kHz, TDC can be ono of five
discrete frequencies. These are 128 kHz (40 to 60% duty)
1.536, 1.544, 2.048 or 2,56 MHz. {For other data clock fre-
quencies see MC14402 or MC14405.) The internal reference
is sot for 3.15 volts pusk full scale, and the {ull scale input
leve! at Txl and output level at RxO is 6.3 volts peak-to-pesk.
This is the + 3dBm0 leve! of the PCM mono-circuit. All other
functions are described in the pin description.

MC14401

Thu MC14401 PCM mono-circuit offors the same features
and 18 for the same apphcation as the MC14400, but offers
wo additionatl pins and foslures, The rafatenco select Input
allows the full scale level of the devica to be set at 2.5 Vp,
3.15Vp o1 3.78 Vp. The ~ Tx pin allows for external transmit
gain adyust and simplifies interface 1o the MC3418 SLIC.
Otherwise, it is identical 1o MC14400.

MC14402

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

MC14400 and MC14401. The MC14402 is intended for bit
interieaved or word interleaved operation with dats clock fre-
quencies which are non standatd or time varying. One ol the
five standard frequencies (listed above) is applied 1o the CCl
input and the data clock inputs can be any {requency be-
tween 64 kHz and 3.088 MHz. The Vgt pin allows for use of
an external shared relerence or selection of the internal
reference and RxG and + Tx provide maximum flexibitity for
snalog interface.

MC14403

The MC14403 PCM mono-circuit is intended for standard
word interieaved asynchronous or synchronous applications.
TDC can be ono of five discreie frequencies. These are 128
kHz (40 to 60% duty} 1,536, 1.544, 2.048 or 2.56 MH2. (For
other data clock frequencies see MC14402 or MC14405.) The
internal reference is set of 3.15 voits peak full scale, and the
full scale input level at Txl and output level at RxQ is 6.3 volts
peak-10-peak. This is the + 3 dBm0 level of the PCM mono-
cireuit, The + Tx and = Tx inputs provide maximum flexi-
bility for analog interface. All other functions ere 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) 1o the DC pin. One ol five
standard {requencies (listed above) should be applied to CCl
and the DC input ¢an be any frequency between 64 kHz and
3.088 MHz,

o N
R ey
pid 323

i

«

B ‘:'f;i' ::‘;,

f
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MC14400, MC14401, MC14402, MC14403, MC14405

© - ofe MC14402L
Aauon OO0
>> Z2 x> &
wiwjulu 60 VoD
poj33 ' RCE 15 ROD
NC 4 ROC 14D RCE
RxG 5 NC
mo 6 T0C 1goc
+Tx 7 cal 12p €Ci
Ixt 8 NC 1f 100
-Ta 18 He 10 TDE
Mu/AJIN0 100
ajnnin S Vis
EEREE
MC144022
il
MAXIMUM RATINGS iVoliage Referenced to Vsg) / e
Reting Symbol Vahue Unlt
DC Supply Volinge Vpp-VsS ~051013 \d
Vohage, Any Pin to Vsg . v ~0510 Vpp+05) V
DC Cutremt Drain par Pin (Excluding Vpp, Vss! 1 10 mAdc
Oyunating Temperatute Range TA -4010 + 85 *C
Siotego Tomperature Range j‘.ﬂ; -8510 + 160 *C
RECOMMENDED OPERATING CONDITIONS
01070°C | 25°C |0 t070°C
Parsmeter Pina Min Typ Max Unit
HC Supply Voltage Vee to Vs 6 101012 13 v
't Dissipation
CMOS Modu 10V VpD 1o Vss§ - 45 70 mw
11 Mode 10V - 7% 110
1" Down Dissipation 10V Vpp to Vsg - 0.1 1.0 mwW
1y Rmo Teansmit and Rucaiva MSI 7.5 8.0 8.5 kM7
Dot finte - 128 -
MC14400, MC14401, and MC14403 - 1536 -
tMinst Use One ol These Froquencies) TDC, ROC - 1544 - kH2
12% - 2048 -
- 2560 -
Oatan Rate MC14402, MC14405 64 - 3088 kH2
1ull Scale Output and Input Levels MC14400, MC14403, MC14405 - 3.15 <
MG14401 and MC14402, Viet= VSS RS!=VpD Rx0, Txd - 38 - Vp
L RSi= Vgg - .| 315 -
RSI=VAG - 2.50 -
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MC14400, MC14401, MC14402, MC14403, MC14405

SWITCHING CHARACTERISTICS (Vpp= (10 10 12 V), Ta~0to0 70°C, Cy =50 pF CMOS or TTL Mode)

Characteristic Symbo! | Min | Typ | Max | Unit
Output Rise Time TLH _
Output Falt Time TOD | trHL B 80 ]
Input Rise Time ITLH - - 4 s
Input Fall Tsme DC, TDE, €CI, RCE, ROC, TDC, MS! |ty »
Pulse Width OC, TDE Low, CCY, RCE, ADC, TOC, MSI | twiy | 100 | — - | ns
Clock Pulse Frequsncy OC.TOC,RDC | for | 84 | - [3088 | kH:z
Clock Puise Frequency IMS! = 8 kHz} . cct v Iy - 1. | -
This Pin Vil Accept One of These 5 Discrete Clock Frequencies and Compensate 2 foLg - 1536 ¢ ~
1o Produce iniernal Sequencing. 3| foua - [1544 | ~ |kHz
. 4) fca | - |08 -
5| fcis ~ (2660 | -
Propagation Delay Time TIL TDE to TOD Low Impadance tpy 851130 {180
CMOS TDE to TDD Low tmpedance | tpy 50 | 100 | 160
T TDE to TDD High Impedance | tp2 - 50 |7 | ns
CMOS TOE to TDD High Impedance | tp2 - 20 | 4
TTL TDC* 10 TDD 3 - 120 [ 180
CMOS T0C*® to TDD 13 - 80 {160
TDE Rising Edge to TDC Falling Edge Setup Time sut 2 |- - | s
tgy2 100 - ns
RCE Rising Edge to RDC Falling Edge Setup Time tsu3 20 - - ns
tsd 100 | - - ns
MS1 Rising Edge 1o CCI Falling Edge Setup Time tsub 20 | - - ns
tsy? 100 | ~ - ns
RDD Valid 10 RDC Faling Edge Setup Time tsub 60 | 40 - ns
ROD Hold Time from RDC Falting Edge 1 100 | 60 - ns

* For the sign bit, tp3 15 measured from TDE or TDC, whichever is last.

PIN DESCRIPTION

DIGITAL

VLs selects CMOS or TTL compatibility for all digital 1/0s.
Vis=Vpp: all /0 is CMOS, {Vpp to Vsg swing).
VL§<Vpp=4 volts; all 170 is TTL with switchpoint 1.4 V
above V| 5. The pins controlled by V| g are inputs MS!, CCI,
TDC, RDC, TDE, RCE, RDD, PDI and output TOD. In TTL
applications V{ g is Digital GND,,

MSl is a continuous 8 kHz (1or sampling rate) signal which
is used as a time base for internally selecling a prescale
divider for CCl input. MS! should be tied to the frame sync or
system sync signal, but has no relation to transmit or receive
data timing, except as described under TDE. MS| should be
derived from the transmit timing in asynchronous applica-
tions. In many applications MS! can be tied to TDE. (MS! is
tied 1o TOE in MC14403/05.) .

CClinput is designed to accept live discrete clock frequen-
cies, These are 128 kHz 40 10 60% duty cycle, 1.536 MHz,
1.544 MHz, 2.048 MHz or 2.56 MHz. The frequency at this
input is compared with MSI and prescale divided 10 produce
the internat sequencing clock at 128 kHz {or 16 times the

sampling ratel The four clocks in the MH2 frequency range’

have only minimum pulse widih duty cycle requirements. In
the asynchronous applications, CCl shoutd be derived from
transmit uming {CCl is tied to TDC in MC14400/01/03).

TDC is the transmit data bit rate input, It can be any fre-
quency from 62 kHz 10 3.088 MHz, and is often tied in com-
mon to CCHif the data rate is equal 10 one of the five discrete
trequencies. This clock is the shitt clock for the transmit shift
register and leacing edges produce successive data bits at
TDD. in asynchronous applications, TDE should be derived
from this clock. 1TDC and RDC are tied together in MC14405
and are calied DC.) .

TOE serves two functions for the transmit data timing. It
estabhshes the transmit sync in conjunction with MSI, If the
leading edges ¢! TDE occur at 8 kHz and both MS! and TDE

are derived from TDC, then the MS! relationship is trans.
parent and TDE is simply transmit sync. The leading edge of
TDE produces the sign bit at TDD during the current TOC
period. The TDC shifts out the remaining bits at the TDC
rate. The TDD pin is active as long as TDE is high. If there is
more than one TDE leading edge per frame, then the first
TOE after MS! is the Tx sync. Thus, TDE may be taken low
1o three state TDD after the first leading edge. The additional
TDE high periods before the next MS! merely un-three-states
TDD. This can be used for bit interleaved systems. In asyn-
chronous applications, TDE is deriveq from TDC.

-TDD is the digital data output. It operates in sync with
TDC and TDE. it is a three-state output. TDC, TDE, and
TDD independently control transmit data timing. The data
format (Mu-Law, A-Law or sign magnitude} is controlied 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 1o produce all receive dats timing. These
three 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 10 3.088 MH2,

RCE ~ The rising edge of RCE should identify the sign bit
ol & receive word on RDD. The next falling edge of RDC,
alter a rising RCE, 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 to 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 teceive, sampie rate should be
between 7.5 and 8.5 kHz. Two receive words may be decod-
ed each transmit'frame to aliow on chip conferencing.

RDD is 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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CIRCUITS (TSACs)

seloct and clear 10 send signals which simplify system design.

nng enable and ring trip functions on 8 line circuit,

bank of TSACs.

capabitity 5 offered in a 16-pin package,

® Low Power

5 Vol Interface on Microprocessor Part

6-16 Volt Output Logic Levels

Independent Transmit and Receive Frame Syncs and Enables
Up 1o 64 Time Slots Per Frame

For Use With Up to 2.56 MHz Clocks

Provides Power Down Control for Line Circuits

Compatible with MC14400/01/02/03/05 and MK5116 Codecs
Provides the Ring Enable and Ring Trip Functions (MC14418)

Hard Wired Address Feature (MC14418)
Off-Hook Multiplex Control (MC14416)
® CMOS Metal Gate for High Roliability

MC14416
MC14418

PER CHANNEL, ADDRESSABLE TIME SLOT ASSIGNER

The MC14416 and MC14418 ere per channe! devices that allow
variable codec time slot assignment to be programmed through a serial
microprocessor port (0-63 time slots): Both devices have independent
transmit and receive frame syncs and ensbles. They atso include chip

The MC14418 provides the additional addressing capability which
allows a parallel bus back plane in the channel group. in addition, the
M{C 14418 provides control bits which can be used for the power down,

MOS LSl

(LOW-POWER COMPLEMENTARY MOS)
TSAC

TIME SLOT ASSIGNER
CIRCUITS

The MC14416 provides the ability 1o multiplex off hook signals for a
Both devices are {abricated using the CMOS technology for reliable

low power performance. The MC14418 is the full featured device pro-
duced in & 22-pin package. The MC14416 without the addressing

Allows Use of a Parallel Backplane for Line Circuits Due to the

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 736 CASE 708

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

PIN ASSIGNMENTS

MCi14418

MC14416
veetd Voo
cikQ

og

€sg
pcz2g
gHbY
i Fog
Vssc

BLOCK DIAGRAM

I intertace —I

See Figures 3and 4
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MC14416, MC14418

f SWITCHING CHARACTERISTICS 1C =60 pF, Ta=»25°C, uniess otherwise noted)
Characteristic Symbol | Fig. | Voo Min Typ Max | Unit
i Output Rise Time . | 5 = w0 | ™ | .
TXE, RXE, Q0, Q1, 02, Fp ! 12 - 50 100
Output Fall Time . \ - 5 - 100 200 ns
TXE, RXE, 00, Q1, Q2, Pp 12 - 50 100
i -1 - +1
Frame Sync Setup Tims \sFs 1 152 _7!:) - +75: s
frame Sync Pulse Width wwes | 1 ‘52 Eg : : .
Propagstion Delay — DC 10 TXE, AXE (Note 7 PLHE. 1 6 - 130 180 ns
C =20 pF . IPHLE 12 - 80 126
Dats Clock Frequency e _ 152 : : 220;8 MHz
Data Clock Pulse Width (a1 fpcimaxy wwoe | 1 ‘52 m 3;; g:g ns
Clock Frequency feLk ey g g : gg MH2
Clock Putse Widih (at ICLK(MAX) pwe | 2 152 gg = : .
! ‘Address and Data Setup Time tou 2 [ 300 - - ns
12 300 - -
Address and Data Hold Time n 2 3 % - - s
12 - -
Propagation Dslay DC11o CTS . 5 - - 250
pCL | 21 12 - ~ w | ™
DClot FST10 CTS 5 - - 300
10K Pullup or Equivalent tPCH 2 12 . - - 200 ny
Propagation Delay DC1oPD ra 2 {52 : : 23£ ns
DC 10 00-02 5 - - 300
wo | 2 12 L L 20 | ™
Piopagation Delay ~ R 1002 q ) - 100 200
P 12] v 4. 50 w | ™
Chip Select Setup Time 5 1 - -
Leading CS 10 Falling CLK Iscs | 2] 1 1 »s
Chip Select Hold Time % 5 10 - -
Falling CTS 10 Falling CS tes |2 12 10 = - ad

NOTE 1: For time slot 0, tpHLE and tpHE 8re measured from leading edge of DC or FST (FSRI, whichever occurs last.

FIGURE 1 — TIMING DIAGRAMS

le— 1w s~

' FST, FSR fz&[ \ \\\:;:;;;:;>

NOTE: No restriction on falling edge.

[+]

te—tpLHE [—tPHLE
| e ——rerereer—— B D318 ClOCKS ]

TXE, RXE j/' J\ﬁ '\..;
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MC14416, MC14418 WYY

FIGURE 4 — MC14418 16 PIN
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MC14416, MC14418

GENERAL DEVICE DESCRIPTION
The MC14416 end MC14418 TSACs sre microprocessor
petipherals intended to be used to control and supervise per
channel codec subscriber channel units. The TSACs consist
of three basic functions.

The Serialty Progremmable Microprocessor Port consists
of Vg, CLK, DI, CS and CTS for the MC14416 and further
mnctudes AD and Al through AD for the MC14418. This port
ollows the call processing microprocessor 1o access load
data into each TSAC. See the applications section lor a
dotailed description of the microprocessor port. Figure 5
tutines the data word bit assignments.

The Supervision Controls consist of Q0, Q1, G2, RZ on the
MC14418 and OHI, OFO and PD on the MC14416. These
tunctions provide data path for the supervision and control
of user sulectod requirements in the subscribor channo! unit,
Tywe 3 shows some typical uses of these bits.

The Time Siot Computation section of the chip derives
supurate transmit and receive time slot outputs (TXE and
HXE} for the conwolled codec from the bit rale clock and
sync pins DCY, DC2, FST and FSR, respectively. The com-
puted time slot is then derived from the information received
through the microprocessor port.

PIN DESCRIPTIONS
Ve (Positive Supply for Microprocessor Port) = If this is
n b volt supply, AD, DI, CS and CLK are TTL compatible
('MOS inputs. V¢ may be any voltage from 4.5 V 10 VDD
allowing either TTL or CMOS compatibility.

CS {Chip Select Input) — For the MC14418, the pin is us-
o 1o select a bank of TSACs.

For the MC14416, the CS is used 1o select that individual
I1SAC. Ali CSs aie normally held fow. To PROGRAM A
SPLCIFIC TSAC, CS must go high prior to the first {alling
vdiie of CLK, €S must stay high until the selected CTS goes
low to guarantee & valid access.

CS is synchronous with DI, AD and CLK. CS can be asyn-
ehronous with DCY, DC2, FST or FSR. {This pin is normally
mtended to be set by a8 microprocessor.)

CLK (Microprocessor Clock Input) — Serial data is entered
thigugh the AD and DI pins under the control of CLK. The
utn 18 ontered on the trailing edge of CLK, CLK is syn-
«hronous with CS, AD and DI and can be asynchronous with
thn 1SAC’s data clocks (DC1 or DC2).

Dt {Serial Time Siot Data and Mode Input) — 8-bit words
me clocked into the device through DI under the control of
€.IX aher CS is brought high. The first 2 bits of D! control
‘hw vanous programming modes while the last 6 bits are time
ot data, (See Figure 5 for the format of the D! word.)

AD (Serial Address and Control Bits Input — MC14418 on-
Iy} 8-bit words are clocked into the device through AD
undet the control of CLK after CS is brought high. AD words

e loaded in parallel with the DI words. The first 3 bits of AD -

Program the control bits Q0, Q1, and G2 while the last 5 bits
“' compared with the hardware address on Al through AS
1 identify a specific TSAC in a bank. {See Figure 5 for the
'utnat of the AD words. )

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

Q0, Q1, 02 {Status Bit Outputs — MC14418 Only} —
These three bits are programmed by the fitst 3 bits of the
8-bit word which is loaded into AD. The bits are used for the
basic control functions of a line circuit, See the applications
section {ref, Figure 11} for an example of how these status
bits are used. in this example, Q1 selects to receive data
sireams, 00 is used for the powor down control, and Q2 is
used for the ring enable. These are CMOS outputs,

R2 (Reset Input for Q2) — The A2 input provides a direct
resel of the Q2 output. When R2 is 1aken high, Q2 is set to
0" independent of all other TSAC functions. See the ap-
plications section (re! Figure 11} for an example of how this
reget bit is used, i.e,, the ring trip signa! is used to reset Q2
which is the ring enable. This combination of R2 and Q2
allows a simple solution 10 the ring trip function.

CTS {Ciear to Send Output} — This output provides 8 sim-
ple diagnostic capability for the processor TSAC combina-
tion. The selocted TSAC outputs the CTS signal after it has
accopted dats. This output goes low three data clock cycles
after the noxt FST, and returns high on the subsequent FST.
For the MC14418, only the TSAC which accepts transmitted
data will respond with CTS iow. All other TSACs in the bank
will jeave CTS high. The CTS output is an open drain tran-
sistor with a weak internal pullup. Normally 8 bank of CTS
outputs are wire ORed together to provide 8 single
diagnostic bus, which can be used to verify that transmitted
dats was properly acknowledged by some TSAC in the bank.

CTS may also be used to strobe additional supervision
date 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. t is intendad to be batween 1.536 and 2,56 MHz and
is the sama as the codec’s bil rate clock, Both TSACs divide
these inputs by eight to derive the time siot tste. For the

! MC14418, DC1 provides the data rate clock for both transmit
and receive time siot computation. The MC14416 derives
transmit timing from DC1 and recelve timing from DC2, They
ste CMOS compatible inputs,

FST, FSR (Frame Sync Transmit and Frame Sync Recsive
Inputs) - These inpyts are leading-edge sensitive syn-
chronization pulses for establishing the position of time siot
zero in the transmit and receive {rames, 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
2ero. See figures 6 and 7 for detailed timing. In the
MC 14418, both 2ero 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 independently.
DC1 and DC2 can be asynchronous. FSR and FST are
CMOS inputs.
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TXE, RXE (Transmit Enable and Recelve Enable Outputs) of eight data clock intervals (time slots) between FST or FSR
— These are the outputs of the time slot computation cir- and the eight dsta 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 time slots after the rising edge of FST and TTL LS input when Vpp is five volis. See Figure 6 and
FSR for TXE and RXE, respectively. The binary number Figure 7 for detailed timing and numbering.

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

TABLE 1 — BASIC OPERATION OF MC14418

Input Conditions Action to Outputs After Next FST
TS Da |Address ||| I TXReg. (AX Reg.|  TXE RXE | Do Boo. | Time Slot
Received |[Compare Load Load Disabled Dissbled Losd funning
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 Yes 0 \ 0 Yes No No No Yes Yos
Yes Yes 1 0 0 No Yes | No Changs No Yeos Yeos
Yes Yes 1 1 0 X Yes Yes Yes Yas No
TABLE 2 — BASIC OPERATION OF MC14418
Input Conditions Action to Outputs Afier Next FST
TX Dsta TX Reg. |RX Reg.|  TXE PO
Rocoived [ €5 | %0 | B1 [CTS| "0y | "{ad | Dssbied | Output
No X X X 1 No No No Change | No Change
Yos [+] X X 1 No No No Change | No Change
Yes 1 0 0 0 Yes Yes No 1 -
Yes 1 0 1 0 Yes No No 1
Yes 1 1 0 0 No Yes | No Change 1
Yeos 1 1 1 0 No No Yes 0
Note 1: The OHO output ven\aips operational when TXE is disabled.
FIGURE 5 -~ FORMAT FOR DI AND AD WORDS
MCr4418 DI Word Input AD Word Input
First Bit Sent First Bt Sent
Time Slot Status Address
Resutts of Bi Pattern Mode Dats Bhs Data
: DO{bl {18 |16 | t4| 3|2 [11]q2]ql|qO|e5|nd|ad]|a2]n
Assign TSAC 16 10 the first time slot (TSO) for both receive and
transmit and set its status bit to 011 ojofjojofolofojojoltyfijoiojo;o
A}sign TSAC 1 10 time slot 8 for teceive only and set status 1 oflodlol olololo i 1 ololololn
bits to 011
A.ssign TSAC 8 1o time slot 2 for transmit only and set status olr]ojololofiloeloli]rlolslo]o]o
bits 10 011 A
:ir‘o!g‘r:rglISAC 4 1o idie {no time sl01 outputs) and set status v xx]xix]xIxlolrlilololilolo e
Codec 1 is powered down (80w 0) Xpxx (x| xpx|xjixlo]l]vio[o]JoJo]oO]
Ling cqcuh associated with codec 2 Ia programmed 1o ting the line x{x|xIx|x[x]x|x{afsl1]o]ofolr]e
{See Fig. 13)
MC14418
Assign the selected TSAC to the first time slot {TSO) for both receive
and transmit and set PD = 1 ojojojlojofojofo
Assi P i
seslsa n lh‘o selected TSAC 1o time slot 8 tor receive only and 1]1ololol1]lo]lo]o
Assign the selected TSAC to time slot 2 for transmit only and
sasign the oj1]ofefojo]lr]o .
Power down the selecied TSAC, (.6., PD to 0~ 11V X[ X] X[ X] X

“See Figures 12 and 13 for the hardware implementations using MC14418 and MC14416.
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PD (Power Down Output — MC14416 Only) — The PD
output is normally high. It is set high whenever b0 or b1is a
zero and the TSAC is programmed. I b0 and b1 are both
one. then PD will be set low, This output is intended 10 be
used to power down other circuitry in the channel unit when
the channel unit is idle. This is 8 CMOS B series output
which will drive one TTL LS load when Vpp is five voits.

OHI {Off Hook Input — MC14416 Only) -~ The OHl is a
CMOS input with an interna! pull-down resistor. A DC leve!
at this pin will appear a1 the OHO output during the program-
med TXE time slot.

OHO (Off Hook Output Inverted — MC14416 Only} -
Duning the programmed transmit time slot, the data st OHL
appoats inveried s GHD; otherwise OHO will be pulled high
passively, The OHO output is an open drain N-channal tran-
wmstor with @ woak pull-up to Vpp. A number of these out-
puts can be wire ORed together 1o form 8 hook status bus
uonsisting of 8 serial stream of hook information from a bank
ot channels. When the MC14416 powers down its codec, the
1XE output is disabled; but the OMO output continues to
mattiplox out OKI Bnd transmit time slot information duting
the previously entered transmit time sfot.

Vgs — This is the most negative supply pin and digital
qround for the package.

VpD - This is the most positive supply. VDD is typically
12 V with an oporation tange of & to 16 volts, All logic out-
puats swing the full supply vollage,

APPLICATIONS

The following section is intended to facilitate device
understanding |hrougﬁ several application examples. Includ-
nd ae Data Multiplex Timing Diagrams, 8 description of the
1SAC Microprocessor port, 8 sample program, two circuit
configurations using Motorola’s devices, a systems drawing
and two 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
mor points 10 be seen from these examples are:

1} Receive and transmit programming for the MC14418
are bit synchronous and word asynchronous. The
MC14416 can be completely asynchronous.

The rising edges of FST and FSR initiate the pro-
gremming frame for transmit and receive channels,
respectively, and identify transmit and receive time
slot "0, respectively,

Time slots identify eight data clock words. In this ex-
smple: the transmit time slot is programmed as time
_slot *1.” Therefore, bits 8 through 15 alier FST are
time slot “'1,”

For the 1.544 MHz clock, the framing bit is a1 the
very end of the {rame.

TSAC Microprocessor Port (MC14418 and MC14416) —
Ihe MC14418 provides four pins with 5-volt micro-
brocessor input characteristics. These are AD, CS, CLK,
and DI The input supply for these inputs is VCC. The
CYS output is an open drain device with & weak pull up to

2|

3

4

VDD. Typically, these five pins are bused in parallel to 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 contro! four groups of 32 TSACs with no addi-
tiona! decoding, 8s shown in Figure 8. .

In order 10 program any given codec to 8 transmit or
receive time slot, the processor simply exercises the cor-
responding B-bit port.

Beginning with CS1 to CS4'low, all TSACs in the bank
have their data registers in the Ready for Data Mode. The
microprocessor takes the appropriaie CS high and clocks in
two bits of data into the 32 selocted TSACs through DI and
AD using CLK. The microprocessor presents dats on the
leading edge of CLK and the TSACs clock in data on the
wrailing edge of CLK. After eight CLX pulses (high, then low)
the 32 selected TSACs will have two new B-bit words; one in
the data register through DI and one in the addiess register
through AD. The unique TSAC, whose last 5 bits of the ad-
dress register match its hardwired address on Al through
A5, acknowledges the new data, After the next FST, the
selocted TSAC will pull CTS low. This event notifies the pro-
cessor that its transmission has been recognized. It 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 selacted TSAC
will foad its now program data into tho appropriate TIME
SLOT registor on the next leading edge of FST. The bank of

.32 TSACs will internally reset 10 the Ready for Data Mode

when the transmission is completed, sfier 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 8 new time slot im-
mediately, with or without returning the selected CS low.
Time Slot date can thus be sent st 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
MC 14418, but will accept dats if CS is high, and does not
compare 8 hatdwired address to tlie address word.

Figure 11 shows the typice! signal timing for piogramming
the microprocessor port.

To demonstrate the programming of the TSAC, consider
the following configuration. A microprocessor is used to
contro! four groups of thirty-two TSACs through an sight-bit
PIA port. Four of the PIA linss are used for group select
lines. The other four lines are dedicated to CLK, D1, AD, and
CTS. The TSACs are programmed by serially ioading bits in-
to 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. The 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-
tions. During execution, CS (group select), AD, end DI
words are arranged for serial presentation to 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 {alls 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 8 maximum rate
of programming equal to one TSAC per two frames.
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IN CONJUNCTION WITH MC14400

FIGURE 12 —~ TYPICAL CIRCUIT CONFIGURATION USING MC14416
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