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ABSTRACT
This thesis present the DIGITAL TELEPHONE SWITCHING which characteristic

as same as the small telephone exchange. The all of system was controlled by MC 8031

microcontroller.

This thesis contains telephone exchanges and time division multiplex system (TDM).
Disigned by used subscriber loop interface circuit (SLIC) MC 3419-1L,codec MC 14557,

decoder DTMF MT 8870,time slot assignment circuit TP 3155J.This system can by multiple

the amount of subscriber.
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SPEECH MEMORY ,
1
a
b 2 2
minlm Enlainil :
. E> (EQUIVALENT EXPRESSION)
B Random
- = READ
¢ F
COUNTER o
2
TIME F
SWITCH
F |
CONTROL
MEMORY

31N 2.1 TDM HazesfSsuifioy

dedgyanuueuzasngnildouiudyanufinoaudusuSend PCM(PulseCode

Modulation) dygauataeaiinaly « dygiumnsiuiulugaisderiuisonii TDM dq
#208199 2.11 Ay a,b...c 9zgniiunswiulugarudoiduuddertmisoany
o w ¢ o ' P TR P o g Iy, o ' '
$1vives dyana a sxanfeu (eNiSenvewran 1) Agninu 13 Tudwmianiae
> o = o o o ° ' ' s o o '
AN L dgga b Aezgadu 3 ludumiamitsnnudii 2 msfidyanusinmiie
anuinivivesanieenutlfezdesgnarugueinmissanusniugu doyalumite
° o °_ o 1 A S e " e ' o o t -
anuswuguimualdanuddumiah 1idudwmiedl 2 mitsanuiwumiai 3
< [ ' d' 1 9 _ o ' d' &) o ] d' Sa 4 o
Hudumian Fuaswdiganusidundan Faudumuan 1 aianumunen dygia
b oonAeu dayana ¢ seniludaanail 3 uazdagu a sonudyanai F Fmsgu
b4
] A as L)
30031 Time Division Switch Fusudowiurwsouivvizadrofuresasndg

- o
Hisy



Lt e P

e e

L R

e

- NB29 @ 252%

Hoddua 8
a
4 2
ABLATANAATONAINNTIN ana,
- ¢/ a Yo ) o e 9 ¥ ¥ '
wensoa T Ing laasglunile dyaiuil 1 89 F hinnednud uazamsadesen
naayadygn 1 89 F mdeuduTasmsniuguusamiteanuiniugy lugmoh

1w [} v o o (Y v a o : i, '
I¥dadyaaswiudmiumsdsdygranfadindndiuisusends nadudoya HW)

14 []
tazdayanuaina121iuszdadiy Speed 8.448 Mbit / s TWszBziIANEUdYRIUIIN

' o A 125 2 o Ve - o A a v o
NUIAUDT AD —ps FUTUMTIIUSIUIU 0 ATINU AD igﬂtiuﬂummmmw’ﬂumi
n .
G
125/n us
125 us l
— — — — ooT ultiplexing
: ..' —_ - JI_ '..mmj byn
Memory
—>» HW
3% 2.12 msderiunaudoya
Jun
. 2 ___[copEC Memory ™~

b__ [cepec Memory i3
| . > High way
| : ONvLLL
! !
I ; X
1 : ! -

¢ __+ [copEC Memory }/

1“{:: Read

Read Sign al
controller

T

Clock

4 oy
311 2.13 mssmdygu

021301



TS e e e e

Ao

e n T

faaciia TS S,

— o w

) 16
ToMazH35 M Taodsudumi luianveamsomwmveana s 93
H ' o Q/ 1 1 1)
FuegAumssmdyguesnninniisanudmn q dyanuignemesnnnmisaiy
3§19 208 Qyey1% Read (R Signal) FI9sHANT YY1 08AINGINIUANT YYIU (Read

Controller) Tuawasdayana HW dyanuainoa A,B uaz N Mazaid My n ¥eq

125 pg
Ti me
e e == e = = R ) t3 t2 t1 allocation

7<

---=|B|A é// ———————— C|B|A
: g4

Digital

signal (8 bits)

5111 2.14 m3dadudvvesdygn

vzgniaduaunnaimualdn ¢ 6 .., awdwulugianal 125ps nsdnua

a o A o’ ! { 1 & ] (3
duanaat o.h ..., Qi muadIsssesnaIRdyausuigna ludamissanudlu

HAAZ TN

a ‘ Time allocation / a:
AT A —
M Tp====- -T2T1
. | Out
coming U l l lBIAl ///L M going
circuits X HW circuits
n / \ )

d' L o o a d' T
31]71 2.15 M3ndUAVYBIMIFUIIAIUTIIAT



T ey

o a

17

131m1nm*7ifnzﬁmsm"lﬁ'a'ﬂmwsﬁnmpmmqﬁ'mn’fw:*?jyuagjﬁunﬁﬁﬂé'uﬁn
HW ‘luﬁmamﬁmﬁmmﬁvgﬂuda:'mﬁ:*ﬁyuatj fumssasusuvesaarlu Hw e
1Imadusesmed i tazasesmednesnnevauesFIiuarf NI Ives
o T BW sgimihfuAaseuinesmedudh tazaeesmedinenn a lias  $1aman

o Y Ao a > Y Y v . /
Yo t, 114 HW MU UINTUAAYDUNI NI N WUV HALNWNAIUDDNUDY b LAz b’ 3U

o ° " o a3 ° 1o a
ATV INUAN t, NeMIINTURAYDUINTIMIIATUIN HATNINAIUDBAYB n LAY

o UARSBINWIAT 1t oty

125 us
Time
e AR ARY o 'd 3 t2 tl allocation
v/ 7~/
- - — — | B" A" /N 1. 9 (X, W Oy, C B A
{1/
Time slot
(125/n) us
4’ a o 1
3Un 2.16 ndamsdayeanan |
1 frame (=12%1s)
Time
m———————--- t3 t2 tl L allocation
V /7
~ = | B AN~ - - C|B|A

HwW

Ui 2.17 msdun/Fousaanailu 1 sy



18

1 4
¢ o W ]

LY Lo [ d’d ] ' =t v a d
Tumsldaululenddes 1 veeiliSond veararlunsdives n Tafndnd faiy 1 ¥4

) 125 ' M > ' v osq Y
nawrldng =—ps nquvesdyanainua y b ., Tundaznguiilfioan 125
n

] [ v a g aa 4 °
Fonhn 1 odsu dyapadadmanduuuataeaiilslu aw Idgminnldlusesves

a Jda ' s 2 o o & v ad r °
mmlwam%:ﬂi:ﬂauﬁawuwmmmuunmsnqmuwamﬁmmﬂuﬂmammm

uazmsdunlasusiurawesesasaea ilesdudyanuiidun uasdyanadieen

v ' ‘
Tlvesszuudtaeaaindaziusgiunmsdunounarvesnasasnoaluudas Hw

1 frame (=125us)
m-————————= B3 2 u
77
e — |l Al A-R8 = M. I N4

B" | A /}\I/ C|B|A Tinke

switch|
IC HW

A4

Interchanges the
time allocation of
digital signals.

31 2.18 msdatrnawesrnsavaea

NN NG /_m_al
oL M D | Ly
' |

!
I B = R N - Bl M|
|
l HW HW '
L] X Time switch X!
L L
v ~

U1 2.19 mdulAsugianan



[ -
" - LR - Fe e L B T i ———

o e

19

A5EUIUMITVBINITAINT T uUATAeaszIfnenmsduAsus snIenesdyanai

as { a a 1 1 a [ o
ez dygnuiionnludremsaindifua niefifondr Iniading idumsdade

andnianussmniiafy 125 ps:1 sy

Time slot interchange

B T
NE=—=-—c[B[4] [CF=—————TA[]3]
HYof e
Time slot
N

311 2.20 msnldousennareial

as 4 k7 ] ] 1 A L 1 A
msduilAsuduussrianaignnsziminyeulamie lufresnamiade

1995999 TDM Smsadunffsusnavesdyauatasa1sonil msndsuszning

F¥o17a1 (Time slot interchange)

Time slot interchange

____.

[NF--===== [cIBa] “w\/lgl- ------- {a]N]B ]
=W | S
Time slot

Time switch (Memory)

d' o ‘:’ o ] ]
JUN 221 msdunfasuiuszninsednm



e

-

TR P e

——w TE Ve o e

——

20

" ' ] ° g [Y) o [] ° a P4
mIdussninyewranzassi lasmafudyanunly HW lumiisanudwesaing
- [ { d a ' v o @ Y '
(F7a1 (Writing) tazdganuigniny dnd1nesgnemesmnmudduiuanaesn

1derndridueaniseu

T-SW

T-SW(Time switch)

4’ [ = 1 ]
31'7] 2.22 MFAWIUVBINITIUAIUTENINTDIIA

1 frame
Tn T 3T 2T |
nf—]3}2 et

1CHW

4' o d‘ ' L]
51N 2.23 dyanaii iy

L

g



e

-

21

9InnIsRITaNMug U 2.22 ugaamsdunlasussningeanawingleziiy
o < a ¢ ! v Yy Y Y
msdunlasuaindiansegasinanidiuidives HW szagdmdne nasnediuesn

HW 2zog@uanile dyanu TDM iuninmsuassdaszdermdmadmves HW
o 3 1 o 4 o t
ndantiuaiiveanagnduidsundlnezgndieannieduniiesnvyed HW 8us1
y

a o St e ] 1 <2 i
auyAdyanauimuaiiudmau o gewie 1 sy (125ps) Fezdadmudidives

Hw Hudyaa oM MWdunadi$an n Feananndeaindizaial T, T2.. Tn 91y

o

419y
] ¥

S A e ' w1 a ° a °
ANMSIAINIMsHIuMsTareImManaumIninsivIuAanad e e

]
1y

a dy ] d' ) J o dy o
Aamsifiou lunsonSeni iGuadlazgoiulidizes

Y

a \ . / a
Time slot
b— M N\ DN B
: Tl <okl TR TN |
In [N[-——--IBA] ‘
coming : U //L vk ggiunto
circuits | HW ! circuifs
C| X X
n [} I nl
Y N

317 2.24 MsaBUANINUS THINRIT MIAIIdITUIINRAIUDEN

I frame(=125 ps)

P
TnTn-l ———————— T3 T2 T1
N Y S p——— C[B[A
»
Tl TloMofT]

8 bits

311 2.25 drutszneuvesdgyanuainea 8 iin



W e m—

T PR T

22

\ /"I-Bl—_a'
M
U
X

E

[

T-SW

ClE

:::2'

D

M

X
U1 2.26 msdsriaingiFaom

-

N%waqﬁ'mmmﬁgna'm’fmmNﬁ'muﬁ'w:ﬁ’amamuaaﬁmmwmﬁmmm

u o
¥

NNAUDDAMNT LR UYBUIAT T, 95 VRAFOUALINIINMIAIUIT 2 AR TUDON &
TuihweuReriugeuiar T, 95 UAnYeUA NS HNAM b 1822995 Ned DR b

HazTouIA T, eFUAAYOUNIINIM 0 uazawsmadupen o auyFhideean

9 o oo 9 1 < a , o o
T, T2..Tn nAUdwes BW dgyanuvssdoyatinms A,B uay N saundeziiiusa

Avaoa 8 Unru PCM vosdyqiandos freassmadidi a Tdanediueen v 19

st b ae ludamedueen 2 s ¢ delUSesnedIuesn o uas

9 Y 1 ltl o 9/ / a b a 4' [ ]
WINRAUN 0 de [fandueen ¢ arsiinsandsmsdun/sussningeanm
meludaimdiFanm dedyana A gndunfowludnwmudmesn v’ dygna B

Tdvwsnedmeen o dygna ¢ deliivssmedmen o iasdyana N 92gNAD

Tlgareesnedueen ¢
Housnlugowrar T, dyanu A ldgniudin¥fidwmis #1 luaindidusariu

P=3 LV V") Vl Y d Vlﬂld' N v ' & ] 3.
nauagnuiudyga B lagninu 1dndumis #2 1dgnemeeniniddyaia B/ ey

L4 v
dunoumsiuvesdyaamstoumeluainfiFuiari s15on 11 aunamsiSey
4 13
wazdrrudumsiaudmivdygramssniSonii munaniseuiieduliarves
WO T; INdyg I C sxgaiuiinIAidumiad #3 luadndiFanarfivranie

o u’: @ { [-1 d o s J a [] y
Modudgyona N dldineMfidwmis s luursuesgneesndaoSsnsisuiing

o o 1 o { o a - °
unnvesdyaudu HW nazmssmvesdyanaiiny 1 luaindhizatat uasnszri



TP TH e e oy

T e o

o
S v vy

R e T

T T o o

23

14 1 [ . ' . o
wuiadudullounseis@afiqa 1607 n v03% 031701 Tn voauAazIisud

{ 1 o z A'l ¢ o $
517 2.31 MENANITNNMIOW tazMSITeUYIFYYIUTIMUAIUNT DA IAUN n

£

v
[ 1 o [}
YBWOUIM T, avyssilvuudivewtan T, nerduanseulmivn uarmsi@euves

' b4
o [] ' s 1 v o ° =Y 1
dyanalni A7 yazmssmvesdyana B ity B lumsudewmiufesduiuse'ly

i 227 msFmvoseaam

Time slot
" 1 frame S
R W AT 2l R w R | W
HW l l
Write el r Read’

T-SW
71U 228 m3lFouvestewm luaindizaim

L a o U Y O [ $ 1 J ° ] L= o
Tagdsmsasnaniinmsaduduilasuvesrouiadiesnssimuas ndisaal

| BN
Tyana BLAN..Maz ¢ Tddadwulunaiifidumisvessewsan T, T, T, e T,



I e ——r
TR RS e wm e TR m e

———

T I vy g% e -

b L R T .

24

'Y v a d «
NRAUBINUEY HW dyana B AN . Az C naduesnves HW szgnavadinandas

Tumwizsoaad i umsd0anusRazNITNMgHadIna1IvesdyIu B 1

mulusnedueen &, dyana A Tuasesmeduesn b dyana N luresduesn

/ o y 14 d‘
¢ uazdynnu C Tunssndmeen o’ deglii 2.35

Read cycle :
-—¢ r— Write cycle

Write ey
£ Read

T-SW

314 2.29 munaImsow wazmuamdou

U1 230 msnffouvesdyanu



T o i

Lo, [
e e e

i~

R oy wm

25

T-SW

=] N SR p S

d' v a JIa
31 231 msgmeenluaindiFuim

T-SW

TaTeiTez

T2T1Ta

e 1

d' @y J =l o < a
glJ'n 2.32 95M1591U HATMTIVIUAINYIWAUIA

o v o -]
Tagndnnsna q 1d dusnafouiionesvesadndnanafiaesuaasdd .
d <« o o a2 A a ¢ 2wy, < o
IMUDIIUM 1 x n vadlaradng luiSoswesaindmaiaid Iaimsanuduniiy
L4 d d o 1 ar
vunAneINAIIAILAY IAdegY 2.36 Yadaveacasniednud a sxgnanoenlufena
dieen b gadavesasesdiudl b sxgade lldamediuenn o yadavesesdnadh ¢

1 s Q7 J 4 :
1:qnaoeen JUGimedmesn o taryadaveinImedn n sxgadesen ¢ Fesdlana

NUA



B -

- e

o o T

TY TS Tmm ;v e

s 79 e

LT T I ————

T gy,

26
#
a
B
|
[}
)
i :
09 : 2 0% TLTaTn
; : = Bn .....
: 179 OGHW
1
- 1
L e i

11 2.33 WesM0 U tazTouvounsudall

31N 2.34 2095 misSaduvedynnn Lazyeaim

i igE
a
g
D b’
T oo T, T, T, N '
[ch------ iNn{af{B] M _—T———c
0G HW | Out
X : going
' , circuits
I
\

4. 1 [ v o o o
?JTI 235 MIAININMINaaUINANG



27

Equivalent circuit of T-SW crosspoint
R
L—.——d?——()——{}—
Inlets v
£ OO —
| "
A I B R SRR wxa
! I
e o0
IR S
a Iy ¢ n'
Outlets

o a ' a o I a o
Ui 236 mafSeumsussninadindnina vasalyaing

2.5 mamugumsifasumlassznsyesnm
msnesi ldmsdenuasseningswanlssauanuduie 19au 14 Tasgn

v ‘o a o & y ' A = v a
ﬂﬂ\ula3?{”]&!534““13111?]31”%TLﬂuﬂﬂzﬂﬂ\iﬂ?Uﬂuﬂ‘ﬁ@Tu RIDMIVYUIINAITINT N

¥

. H 1 :: -1 o as [ 1 t P
e ldn q ¥eananiun fie T, Ty,..T, dmiugailszasidinaniidsnsey 2 33014

9 s Q'l d (3 o B
TINIUMTATUANUUN fie AIVAUUVUAAY (Sequential control) HAELMTAIVAUUVUYY

(Random control)

T-SW

Sequential control

T, T, T,
...................... C B A
IC HW

Time slot counter

31 237 msauguiums lduuumudduiinivew



L T
v J—
™ R e e -

-

28

' *
o «w <] o t o o ]
amsmuguuuumudwuiviifesimsarugulumizsanudidumianely
o a 4 P ° b2 1 4 <t v a o asq 9
draingnanadgadmualiluniseiu nienseusndraingmuiarluisly
v ] ] 3
msaruguaduiimaiuyetar ldgminnlgmeNeemd i ueuves

° J 1 o At S A d’ ° ] 3 d' d' ]
dundamizennud1 35msh fie msuan 1 Adwmdanasaninldeuseial
= H o as & 4 o 1 a o ] 4"
augumsguilusniinilwesmsniugquddumiatuaindmanarlildd

sgfudduvesreanar T, T, udldlimstmualarmhuaindmanarhidnaiy

! & ! Y
NTDTU NIDNMTIVIUYDYA

Random control

311 2.38 FFMsAILRUN IS

Random control

W

(PR{--R Fd
-

T-SW

Control
store

311 2.39 msmuueadideiiiu]s



29

msl¥mrgulumsniuguyadidsidgminnidiie Iddduimiamizeanuim
1} é ) s o ] o ] 1 [] o ]
WineuFnnuerduiusrenidumisnizenui luagindmana uazyswm 14

o WYy y_ 9 ' o o<t
gnii1 Fdaamiudalumizsanud Tasmsmsarugueinyga luTasasu Insameid

msiauvesTusunsudeniuuszdems iwanisiuviuey

T-SW
A
B
T2 T1 Tn 6 C Tn Tn-1Tn-2
...... Bl AIN ({_ ' 31k
0G HW

IC HW

Timesiet counter (For T

writing)

n
1 Control store

(For rending)

311 2.40 M3vgUANE Y tazAIURNMTYY

- <3 =] Y dy y = ' ] =]

auiiisidfnndwdnmaissduveimaddounlasszningenarsuiu
fmot19f Idin1fau fo ms@ouluaindmanarldgndaddu1ineundrdmsy
° ] o .’,' o & ° - < g g
AN #1~#n Anfunuudwude Idgnmiunldoauludansdinia fe IWeindeans
1 [ ) '“. ] A o t
s dyauesnnnaInininal lashidumiiildgndmualidrami uazaiugu
msguaslagminnlFaudnsuiu

ada s o ] - ' ] 2 d v 2 g

e msdunfasusennamsulasunlasssningermrutlumstiunndoyaas
Tumizsanuidmsnssiesmsauguand sy tasmsemdoayaninnileany

b 4
HRdwmsaseiwesnunumMsguiliSnit Sequential write / Random read control



" e W e om

TR ey R -

LI

b b

30

Sequential write/Random read
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MC 145557

vce
FSX

VFRO FSR
BCLKX
BCLKX
) MCLKR
MCLKX

1uF s DX
—I 14 VFX- DR
9K 16| X TSX
VFX+
2
GNDA VBB

8 kHz sync

DATA CLOCK
=2.048MHz

TO PCM HWY
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§ 8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology

testpal l.asm

0020=

' 0021=
' 0022=

0023=
0024=
0025=
0026=
0027=
0028=
8000=
8001=
8002=
8003=

0000
0000 2100

0100

0100

0100 120273
0103 908003
0106 7490
0108 FO
0109

0109 1201EB 25

010C 120131

26

PHO EQU 20H
CONTP EQU 21H
CONTW EQU 22H
PHOT EQU 23H .
PHOR EQU 24H
CS EQU 25H
BPHOR EQU 26H
BPHOT EQU 27H
NEW EQU 28H
PORTA EQU  8000H
PORTB EQU  8001H
PORTC EQU 8002H
CPORT EQU 8003H
ORG 0000H

AJMP START

ORG 0100H

START:

LCALLDELAY

MOV DPTR#CPORT

MOV A #0H

MOVX @DPTR,A

AIN:

LCALLDPS ;DISABLE PHONES
LCALLCHS ;CHECK HOOK START



010F 120160
0112 1201AC
0115 1201B9
0118 1201DE
011B 120176
011E 120242
0121 E528
0123 7003
0125 120148
0128

0128 12018C
012B 12019C

012E 020109

0131

0131 908000
0134 EO
0135 F4
0136 60F9
0138 543F
013A 60F5
013C F527
013E C223
0140
014013

28
29
30
31
32
33
34

H

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

)

67

LCALLEPT ;ENABLE PHONE TRANSHIT
LCALLSDTMF ;SELECTED DECODE DTMF (IC 8870)
LCALLRDTMF ;READ DTMF FORM IC 8870
LCALLDDTMF ;DISABLE DTMF (IC 8870)
LCALLEPR ;ENABLE PHONE RECIVE
LCALLSRE ;SEND RING ENG

MOV | ANEW

JINZ MAINI

LCALLCHE CHECK HOOK END

MAINTI:

LCALLDPT - ;DISABLE PHONE TRANSMIT

LCALLDPR ;DISABLE PHONE RECIVE

LIMP MAIN

s ok o o e s ok ke s s ok ok o ek o o ok of ok o ook ool sk ok ok ok o ok ok s ok sk ok ok s ok
»

;CHECK HOOK START

CHS:
MOV DPTR#PORTA

MOVX A,@DPTR

CPL A ,
JZ  CHS

ANL A#FH
JZ  CHS

MOV BPHOT,A
CLR PHOT

CHSI:



— TR W

L Y

orm W e m ewbee e

LR

=

B e sl I

0141 0523
0143 50FB
0145 1523

014722

0148
0148 908000
014B E0
014C AB23
014E 0B
014F

014F 13
0150 700D
0152 DBFB
0154 AB24
0156 0B
0157

0157 13
0158 7005
015A DBFB
015C 020148
015F

015F 22

56
57
58
59

61
62
63
64
65

67
68
69
70
A
72

74
75
76
77
78
79
80
81
82
83
84

68

INC PHOT
JNC CHSI
DEC PHOT

« 3 3k 3 3 s ke ke e o s ok 3 ke ke ok 3 ke s s ok ok sk e e e ok o ok ok o ok sk e sk e sk ok ko ok
»

;CHECK HOOK END
CHE: ——
MOV DPTR,#PORTA
MOVX A,@DPTR
MOV R3,PHOT

INC RS3

CHE!:

RRC A

JNZ CHE3

DINZ R3,CHEI
MOV R3,PHOR

INC R3

CHE2:

JNZ CHE3
DINZ R3,CHE2
LIMP CHE
CHE3:

RET

;********#**************#*********#******

;ENABLE PHONE TRANSMIT



e e

L . )

0160

0160 E4
0161 A21A
016333
0164 F525
0166 852320
0169 752212
01,6C 12020E

016F 752209 -

0172 12020E

017522

0176

0176 E4
0177 A232
0179 33
017A F525
017C 852620
017F 752211
0182 12020E
0185 75220A
0188 12020E

018B 22

100
101
102
103
104
105
106
107
108
109
110

112
113

69

EPT:

CLR A

MOV C,1AH ;BIT 1AHIS IN PHOT
RLC A

- MOV CSA

MOV PHO,PHOT

MOV CONTW. #12H ;USE TIME SLOT 8 FSx
LCAL CONT

MOV CONTW,#09H;USE TIME SLOT 16 FSr

LCALLCONT

RET
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:ENABLE PHONE RECIVE
EPR:

CLR A

MOV C,32H ;BIT 32H IS IN BPHOR

RLC A

MOV CSA

MOV PHO,BPHOR

MOV CONTW,#11H ;USE TIME SLOT 8 FSr
LCALLCONT

MOV CONTW #0AH ;USE TIME SLOT 16 FSx
LCALLCONT

RET

R
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114
018C 115
018C E4 116

018D A21A 117
018F 33 118
0190 F525 119
0192 852320 120
0195 752203 121
0198 12020E 122
123
019B 22 124
125
126
127
019C 128
019C E4 129
019D A232 130
019F 33 131
01AO0 F525 '132
01A2 852620 133
01A5 752203 134
01A8 12020E 135
136
01AB 22 137
138
139
140
001AC 141
01AC 752002 142
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;DISABLE PHONE TRANSMIT

DPT:

CLR A

MOV C,1AH ;BIT 1AHIS IN PHOT

RLC A

MOV CS,A

MOV PHO,PHOT

MOV CONTW,#03H;DISABLE TIME SLOT
LCALLCONT

RET
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;DISABLE PHONE RECIVE

DPR:

CLR A

MOV C;32H ;BIT 32H IS IN BPHOR

RLC A :

MOV CSA

MOV PHO,BPHOR

MOV CONTW,#03H ;DISABLE TIME SLOT
LCALLCONT

« 3 e 2k 3 ke 2 ke o e Sk o ke ok e ofe ok ok o 3 ok e ok ol ok o e o e o 3k o o e ke s ok ok ok ok
s

;SELECTED DECODE DTMEF (IC 8870)
SDTMF:
MOV PHO#02H



—

01AF 752501
01B2 752211
01B5 12020E

01B8 22

01B9

01B9 7590FF
01BC

01BC A294
01BE 40FC
01C0 E590
01C2 540F
01C4 C3
01C5 B40700
01C8

01C8 50F2
01CA F526
01CC 1526
O0ICEFB
01CF 14
01D0 B52303
01D3 0201BC
01D6

01D6 E4
01D7 D3
01D8

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

!

MOV CS,#01H
MOV CONTW,#11H ;FSrIN TIME SLOT 8
LCALLCONT

RET
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;READ DTMF FORM IC 8870
RDTMF:

MOV P1,#0FFH
RDTMF1:

MOV C,Pl4

JC RDTMF1

MOV APl

ANL A#0FH

CLR C

CINE A#7,RDTMF1 1
RDTMF1_1:

JNC RDTMFI

MOV BPHORA

DEC BPHOR

MOV R3,A

DEC A

CINE A,PHOTRDTMF1 2
LIMP RDTMFI1
RDTMF1_2:

CLR A

SETB C

RDTMF2:
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01D8 33
01D9 DBFD
01DB F524

01DD 22

01DE

01DE 752002
01E1 752501
01E4 752203
01E7 12020E

01EA 22

01EB

01EB 7D03
01ED 752500
01F0

01F0 8D20
01F2 752203
O1F5 12020E
01F8 ID
01F9 BDFFF4

172
173
174
175
176
177
178
179

180"

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

72

RLC A
DINZ R3,RDTMF2
MOV PHOR,A

RDTMEF3: RET
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:DISABLE DTMF (IC 8870)
DDTMF:

MOV  PHO,#02H

MOV CS#01H

MOV CONTW,#03H
LCALLCONT

RET

« 3% ke s e 3 o3 s 3 ok o e ok s e ok o o ok ok o 06 e S e e o 3k e 3 o o o o o e o ok ke ok ok
» . 4

;DISABLE PHONES

DPS:

MOV RS#3H

MOV CS#0H

DPS1:

MOV PHO,RS

MOV CONTW,#03H
LCALLCONT

DEC RS

CINE RS#0FFH,DPSI
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01FC7D03 201
01FE 752501 202
0201 203
0201 8D20 204
0203 752203 205
0206 12020E 206
0209 1D 207
020A BDFFF4 208

209.

020D 22 210
211
212
213
020E 214
020E 908002 215
0211 7430 216
0213 F0O 217
0214 752130 218

e
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MOV RS #3H

MOV CS,#1H

DPS2:

MOV PHO,RS

MOV CONTW #03H
LCALLCONT

DEC RS

CINE RS #0FFH,DPS2

RET
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]

;SELECTED & CONTROL IC 3155
CONT: ;control word 3155

MOV DPTR#PORTC

MOV  A#30H ;SET CS=1
MOVX @DPTR,A

MOV CONTP#30H ;SET DC=0,

CLKC=0,0,0,CS1=1,CS2=1,CH0=0,CH1=0

0217 E525 219
0219 6004 220
021B C20D 221
021D 8002 222
021F 223
021F C20C 224
0221 225
0221 A200 226
0223 920E 227
0225 A201 228

MOV A,CS
JZ  CONTI
CLR ODH
SIMP CONT1_1
CONTI:

CLR 0CH
CONTI_I:
MOV C,0H
MOV 0EH,C
MOV C,01H
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0227 920F

0229 7A08
022B
022B E522
022D 13
022E F522
0230 9208
0232 D209
0234 E;521
0236 FO
0237 C209
0239 E521
023BFO
023C DAED

023E 7430
0240 FO

0242

0242 7E02
0244

0244 908001
0247 E524
0249 FO
024A 7C01

229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
249
250
251
252
253
254
255
256
257
258
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MOV 0FH,C

MOV R2,#08H
CONT2:

MOV A,CONTW
RRC A

MOV CONTW,A
MOV 8H,C
SETB 9H ;SET CLKC=l
MOV  A,CONTP

MOVX @DPTR,A

CLR 9H  ;SETCLKC=0
MOV A,CONTP

MOVX @DPTR,A

DINZ R2,CONT2

MOV A#30H;SET CS=1
MOVX @DPTR,A

024122 248 = RET
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;SEND RING ENG
SRE:

MOV R6#02H
SRE_1:

MOV DPTR#PORTB
MOV A,PHOR
MOVX @DPTR,A
MOV R4 #01H



W =

024C
024C 7DFF
024E
024E 7FFF

0250

0250 908000
0253 EO
0254 5524
0256 701A
0258 EO
0259 5527
025B 6012
025D DFF1
025F DDED
0261 DCE9

0263 908001 -

0266 E4
0267 FO
0268 7C04
026A DEEO
026C 020242
026F

026F 752801

0272 22

259
260
261
262
263
264
265
266
267
268
269
270
271
272

273

274
275

276

277
278
279
280
281
282
283
284
285
286
287

SREI:

MOV

75

RS, #0FFH

SREL_2:

MOV

R7#0FFH

SRE1_1:

MOV

MOVX A,@DPTR

ANL
INZ

MOVX A,@DPTR

ANL
JZ
DINZ
DINZ
DINZ

MOV

CLR

DPTR#PORTA

;CHECK HOOK RECIVE
A,PHOR

SRE3

A,BPHOT
SRE2
R7,SRE1 1
RS,SREI 2
R4,SRE1

'DPTR,4PORTB

A

MOVX @DPTR,A

MOV
DINZ
LIMP

SRE2:

MOV

SRE3:

R4,#04H
R6,SREl
SRE

NEW,#01H

RET
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;CHECK HOOK TRANSMIT
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0273

0273 78FF
0275

0275 79FF
0277 D9FE
0279 D8FA
027B 22 ‘

0000 =298
bphor =
bphot =
che¢ ¢
chel =
che2 =
che3 =
chs X
chsl =
cont =
contl =
contl_1=
cont2 =

contp =

contw
cport =
cs =
ddtmf =
del =

288
289
290
291
292
293
294
295
296
297
END
0026
0027
0148
014F
0157
015F
0131
0140
020E
021F
0221
022B
0021
0022
8003
0025
01DE
0275
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;DELAY

DELAY:

MOV RO0,#0FFH
DEI:

MOV R1#0FFH
DINZ RL,$
DINZ RO,DEI
RET



delay =
dpr =
dps =
dpsl =
dps2 =
dpt =
epr =
ept =
main =
mainl =
new =
pho =
phor =
phot =
porta =
portb =
portc =
rdtmf =
rdtmfl =
rdtmfl_1=
rdtmfl 2=
rdtmf2 =
rdtmf3 =
sdtmf =
sre =
srel =

srel_1=

srel 2

sre2 =

0273
019C
01EB
01F0
0201
018C
0176
0160
0109
0128
0028
10020
0024
0023
8000
8001
8002
01B9
01BC
01C8
01D6
01D8
01IDD
01AC
0242
024C
0250
024E
026F

77
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sre3
sre_1

start

il

0272
0244
0100

78
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swgunsal
2estFoude Tnsdw
foqunsal S (#77) HBINg
R 215KQ 6
R 90KQ 6
R 56KQ 12
R 30KQ 6
R 28.5KQ 6
R 20KQ 12
R 17.4KQ 12
R 10KQ 6
R 3KQ 6
R 620Q 6
R 910 6
R 75Q 6
R 470 6
C 0.0039 uF 18
C 20uF/16 6
C 39 0F 6
D IN4007 24
TR JE270 6
TR JE271 6
TR MOC3030 6
TR 4N25 6
MRSA 06 6
MRSA 56 6
IC # 3419-1L 6
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Foqunsal

U (719)

HuwINg

R 50KQ

6

C 0.1uF

7

IC # 145557

NITMFIAYOUIM

Foginsal

UM (A7)

NUBING

TP 3155])

2

299500A5Ha DTMF

¥oqunsal

U (71)

NI

R 300 KQ

1

R 100 KQ

=

C 0.1vuF

ASAN9a 3.579 MHz

IC # 8870

NITHANAND

Yogunsal

U (M)

NUIBINe

R 22K

2

ASaAn8a 4.096 MHz

1

IC # 74HCO04

IC # 74HC393

%
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Foqulnsal

$TUIU (fD)

nNYNeg

ASANDa 11.059 MHz

1

IC # 7404

1

IC # 74LS373

IC #2764

IC #8031

uﬂfiqéwﬁﬁﬂw%

Fogunsal

U (A7)

nuwima

C 2200 uF/16v

2

C 4700 uF/50v

2

IC #7805

IC # 7905

nyoulas 9 vbe

niouras 25 vDC
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TECHNICAL DATA

PCM Codec-Filter

The MC145554, MC145557, MC145564, and MC145567 are all per channel
PCM codec-filters. These devices perform the voice digitization and reconstruc-
tion as well as the band limiting and smoothing required for PCM systems. They
are designed to operate in both synchronous and asynchronous applications and
contain an on-chip precision voltage reference. The MC145554 (Mu-Law) and
MC145557 (A-Law) are general purpose devices that are offered in 16-pin pack-
ages. The MC145564 (Mu-Law) and MC145567 (A-Law), offered in 20-pin
packages, add the capability of analog loop-back and push-pull power amplifiers
with adjustable gain.

These devices have an inpul operational amplifier whose output is the input
to the encader section. The encoder section immediately low-pass filters the ana-
log signal with an active R-C filter to eliminate very-high-trequency noise from
teing modutated down to the pass band by the switched capacitor filter. From
the active R-C filter, the analog signal is converted to a differential signal. From
this paint, all analog signal processing is done differentially. This allows process-
ing of an analog signal that is twice the amplitude allowed by a single-ended
design, which reduces the significance of noise to both the inverted and non-
inverted signal paths. Another advantage of this differential design is that noise
injected via the power supplies is a common-mode signal that is cancelled when
the inverted and non-inverted signals are recombined. This dramatically im-
proves the power supply rejection ratio.

Alter the ditlerential converter, a differential switched capacitor filter band
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized
by the differential compressing A/D converter.

The decoder accepts PCM data and expands it using a differential D/A conver-
ter. The output of the D/A is low-pass filtered at 3400 Hz and sinX/X compensated
by a differential switched capacitor filter. The signal is then filtered by an active
R-C filter to eliminate the out ot band energy of the swilched capacitor filler.

These PCM codec-filters accept both long-frame and short-frame industry
standard clock formats. They also maintain compatibility with Motorola's lamily
of TSACs and MC3419/MC34120 SLIC products.

Tha MC145554/57/84/67 family of PCM codec-(iitars utilizes CMOS due lo lis
reltable low-power performance and proven capability for complox analog/digital
VLS! functions.

MC145554/57 (16-Pin Package)

« Fully Differential Analog Circuit Design for Lowest Noise

o Perlormance Specified for Extended Temperature Range of ~ 40 to + 85°C
» Transmit Band-Pass and Receive Low-Pass Filters On-Chip

Active R-C Pre-Filtering and Post-Filtering

Mu-Law Companding MC145554

A-Law Companding MC145557

On-Chip Precision Voltage Relerence (2.5 V)

Typical Power Dissipation of 40 mW, Power Downof t.0mW at 5V

MC145564/67 (20-Pin Package)
Al of the Features of the MC145554/57 Plus:
¢ Muy-Law Companding MC145564
* A-Law Companding MC145567
= Push-Pull Power Drivers with External Gain Adjust
e Analog Loop-Back

MC145554
MC145557
MC145564
MC145567

MC145554 MC145564
and and
MC145557 MC145567

Y.
\
h 0
P SUFFIX ' PSUFFIX
PLASTIC PLASTIC
CASE 648 CASE 738
i‘
20
1
L SUFFIX ' Lsurrix
CERAMIC CERAMIC
CASE 620 CASE 732
m
" - h
- -
1 1
OW SUEFIX DW SUFFIX
S0G SOG
CASE 7510 CASE 7510
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MAXIMUM RATINGS {Voltages Refarenced to Vce.) B
Rating Symbol Value Unit
Voltage Vee - 60 Vde
vVas Veg =10V
Powerdown Input Voitage Range VDI +15t0 ~15 vdc PIN CONNECTIONS
Sense Current TSI IRs! mAde

Steady State 100

Pulse — Figure 4 200 —~J
Storage Temperature Range Tstq -65to +150 o] VCCE ’ E Vag
Operating Junction Temperature Ty 150 'c ep &

{8JA = 100°C/W Typ) ] 17] Rt
OPERATING CONDITIONS (Voitages Referenced to Vcc.) 8e (3] 76 <0

Rating Symbol « Value Unit TS'E Em
Operating Ambient TA Oto +70 *C .

Temperature Range cc E E HSO
Loop Current Ju 10 to 120 mA RS! E E TSO
Voltage Veg —-20to -S6 Vde N7 12l RSO

Vae —-201t0 VEE - C 2
Analog Ground VAG vde EN E HI[HST

(I, = 0 to 60 mA) Oto -12

Il = 0to 120 mA) _ -2510 - 12 Vee E 0] vas
Supervisory Output Voltage VRso. VTS0 ~2.0t0 ~20 Vde

Compliance Range i
Hook Status Qutput VHSO ~15t0 -20 Vde
Loop Resistana= Ry 0 to 2500 03

TRANSMISSION CHARACTERISTICS (Ry = 600 N

uniess otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Transmit and Receive Gain Variation 1 V)V, ~0.3 0 +0.3 48
{Insertion Loss) VIVRX
(1.0 kXHz «i 0 dBm Input)
Transrvbrnid Rejection 1 Vix/Vax d8
{Iniput — 1.0 kHz 41 0 d8m)
Fixed (1%} Rasistor Balance Natwork -23 =35 _
Trimmad Balance Network All Types — -55 -
Level Linearity { - 48 to - 3.0 dBm, refarenced to 1 ds8
0 dBm @ 1.0 kHz)
Transmission VxiVL ©=0.1 0 +0.
feceotion VIU/VRX -0.1 . 0 ~0.1
I frequency Response {200-3400 Hz referenced to 1 dB
1.0 kHz 4 0 dBm)
Transmission Vv, -0 0 +~0.1
Reception VUVRX -0.1 0 +0.1
Total Distortion (@ 1.0 kHz, 0 d8m 1 VI/VRX - -60 — d8
{C-Message Filtarad) Vv — ~-60 —_




e

-

s I e

-~

L

L I

VFyl~

VFyle

——— o
VPO+" «—d 1 Y v SAR TRSA}TI?I-MT
+ -
BANDGAP 3 4] RS [T] hea | X
VOLTAGE RoAC L] coac <": ; <
VPO-" ad ) ¢
. _‘& MUX
: RECEIVE
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PIN ASSIGNMENTS

MC145554, MC145557 MC145564, MC145567
ves 1o 16 vrgs vos 1o 20} ves
oo (] 2 150 vig- onoa 02 19} vrds
vigo {3 14 Gsy vro- Q3 18 ] vegl-
vee ¢ 130 T8 vl (] 4 171 Gsx
Fsp s 120 Fsy VFro (5 161 avs
og {6 10 oy vee (s 150 T8
SCLKg/CLXSEL (| 7 10 J BCKy Fsp Q7 14 [} Fsy
MCLK/PON (] 8 91 MCy on (s 130 ox
BCLKR/CLKSEL [] 9 12 {] BCLKx
MCLKg/PON (] 10 1t [J MCLKy

FUNCTIONAL BLOCK DIAGRAM

MCLKy  BCLK,
Gsy  AvL8" Veg GNOA Vpg FSx FSp MCLx BCLy PON  CLXSEL
INTERNAL SECUENGING
: AND CONTROL > T5%
ReacTE | [ s-poLesc 3POLE
LOW-PASS | ! LOW-PASS | ,| HIGH.PASS
FLTER FILTER AND SH

» COMP

ver'
RECEVE
b . 8 LATCH . [+ S;E'(FET =+ 0R
/ ;Lagv.}cms/e 5-POLE 5C
- PASS |e] LOW.PASS |e—|
VFRo \ FILTER FILTER SH
*MC145564 and MC145567 only.
4
ek
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DEVICE DESCRIPTION

A codec-lilter is used lor digitizing and reconstructing the
human voice. These devicas vere developed primarily for the
telephone network 1o facilitate voice switching and transmis-
sion. Once the vorce is digitized. it may be switched by digita!
switching methods or transmitted long distance (T1, micro-
wavae, satelliles, etc.) without degradation. The name codec
Is an acronym from "COder” {for the A/D used to digitize voice)
and "DECoder” (for the D/A used for reconstructing volce).
A codec is a single device that does beth the A/D and D/A
conversions.

To digitize intelligible voice requires a signal-to-distortion
ratio of about 30 dB over a dynamic rangs of about 40 dB.
This can be accomplished with a linear 13-bit A/D and D/A,
but will far exceed the required signal-to-distortion ratio at
amplitudes greater than 40 dB below the peak amplitude. This
excess performance is at the expense of data per sampie.
Methods of data reduction are implemented by compressing
the 13-bit linear scheme to companded 8-bit schemes. There
are two companding schemes used: Mu-255 Law specifically
in North America. and A-Law spacifically in Europe. These
companding schemes are accepted world wide. These
companding schemes follow a segmented or “piecewise-lin-
ear” curve formalted as sign bit, three chord bits, and four step
bits. For a given chord. all sixteen of the steps have the same
voltage weighting. As the voltage of the analog input
increases, the four step tits increment and carry to the three
chord bits which increment. When the chord bits increment,
the step bits double their voltage weighting. This results in an
effective resolution of six bits (sign + chord + four step bits)
across a 42 dB dynamic range (seven cherds above 2ero, by
6 d8 per chord). Tabies 3 and 4 show the linear quantization
levels to PCM words for the two companding schemes.

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

The D/A process reconstructs a staircase version of the
desired in-band signal, which has spectral images of the in-
band signal modulated about the sample frequency and its
harmonics. These spectral images, called aliasing compo-
nents, need o be attenuated to obtain the desired signal. The
low-pass filter used to attenuate these aliasing components
1s typically cailed a reconstruction or smoothing lilter.

The MC145554/57/64/67 PCM codec-filters have the
codec, both presampling and raconstruction filters, and a
precision voltage reference on chip, and require no extemal
components,

PIN DESCRIPTION
DIGITAL

FSp
Receive Frame Sync

This is an 8 kHz enable that must be synchronous with
BCLKR. Following a rising FSR edge, a serial PCM word at
DR Is clocked by BCLKR into the receive data register. FSg

87

also initiates a decode on the previous PCM word. In the
absence of FSy, the length of the FSp pulse is used to
determine whether the /O conforms to the short frame sync
or long frame sync convention.

DR
Receive Digital Data input

BCLKR/CLKSEL
Recelve Data Clock and Master Clock Frequency
Selector . .

It this input is a clock, R must be between 128 kHz and 4.096
MHz, and synchronous with FSR. In synchronous applications
this pin may be held at a constant level; then BCLKY is used
as the data clock for both the transmit and receive sides, and
this pin selects the assumed frequency of the master clock
(see Table 1 in Functional Description).

MCLKR/PON
Recelve Master Clock and Power Down Control

Because of the shared DAC architecture used on these
devices, only one master clock is needed. Whenever FSy is
clocking, MCLKy, is Used to derive all intemal clocks, and the
MCULKR/PON pin merely serves as a power-down control. If
MCLKR/PDN pin is held low or is clocked (and at least one
of the frame syncs is present), the part is powered up. If this
pin is held high, the part is powered down. If FSx is absent
but FSR is stit clocking, the device goes into receive
haif-channel mode, and MCLKR (if clocking) generales the
intemal clocks.

MCLKx
Transmit Master Clock

This clock is used to derive the intemal sequencing clocks;
it must be 1.536 MHz, 1.544 MHz. or 2,048 MHz.

BCLKy
Transmit Data Clock

8CLKyx may ba any frequency between 128 kHz and 4.096
MHz, but t should be synchronous with MCLKy.

Dx
Transmit Digital Data Output

This output is controlied by FSx and BCLKY to output the
PCM data word; otherwlse this pin is in"a high-impadance
state.

FSx
Transmit Frame Sync

This is an 8 kHz enable that must be synchronous with
BCLKY. A rising FSy edge initiates the transmission of a seri-
al PCM word, clocked by BCLKY, out of DY. If the FSx pulse
is high for more than eight BCLKy periods, the Dx and TSy
outputs will remain in a low-impedance state until FSy is
brought low. The length of the FSx pulse is used to determine
whether the transmit and receive digital /O conforms to the
short frame sync or lo the long rame sync convention.

TSx
Transmit Time Slot Indicator

This is an open-drain output that goes low whenever the
Dy outputis in a low-impedance state (i.e., during the transmit
time slot when the PCM word is being output) for enabting
a PCM bus driver.

ANLB

Analog Loop-Back Control input (MC145564/67 Only)
When held high, this pin causes the input of the transmit

RC active filter to be disconnected from GSy and connected
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to VPO + lor analog loop-back testing. This pin is held low in
normal operation.

ANALOG

GSyx
Gain-Setting Transmit

This output of the transmit gain-adjust operational amplilier
is internally connected lo the encoder saction of the device.
It must be used in conjunction with VFxl— and VFyl+ to set
the transmit gain for a maximum signal amplitude of 2.5 V
peak. This output can drive a 600 Q load to 2.5 V peak.

VFxl-
Voice-Frequency Transmit Input (Inverting)

This is the inverting input of lhe transmit ga:n-ad]ust
operational amplilier.

VFyl+
Voice-Frequency Transmit Input
(Non-Inverting)

This is the non-inverting mput of the transmit gain-adjust-

operational amplifier.

VFRO
Voice-Frequency Receive Output

This receive analog output is capatle of driving a 600 Q
load to 2.5 V peak.

VP!
Voltage Power Input (MC145564/67 Only)

This is the inverting input to the firstreceive power amplifier.
Both of the receive power amplifiers can be powered down
by connecting this input to Vgg.

VPO -

Voltage Power Output (Inverted) (MC145564/67 Only)
This inverted cutput of the receive push-pull power

amplifiers can drive 300 Q to 3.3 V peak.

VPO +
Voltage Power Output (Non-inverted)
(MC145554/67 Only)
This non-inverted output of the receive push-pull power
amplifier pair can drive 300 Q to 3.3 V peak.

POWER SUPPLY

GNDA
Analog Ground

This terminai is the reference level for all signals, both
analog and digital. tis 0 V.

Vee

Positive Power Supply
Ve is typleally 5 V.

Ves

Negative Power Supply
Vgg is typically ~ 5 V.

FUNCTIONAL DESCRIPTION
ANALOG INTERFACE AND SIGNAL PATH
The transmit portion of these codec/iilters inciudes a low-
noise gain setting amplifier capable of driving a 600 Q load.

Its output is fed to a three-pole anti-aliasing pre-filter. This
pre-filter incorporates a two-pole Butterworth active low-pass
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liiter, and a single passive pale. This pre-filter is followed by
a single ended-to-differential converter that is clocked at 256
kHz. All subsequent analog processing utilizes fully ditterential
circultry. The noxt section is a lulty-differentfal, five-pole
switched capacitor low-pass filter with a 3.4 kHz passband.
After this filter is a 3-pola switched-capacitor high-pass filter
having a cutoff {requency of about 200 Hz. This high-pass
stage has a lransmission zero at dc that eliminates any dc
coming from the analog input or from accumulated operational
amplitier offsats in the preceding filter stages. The last stage *
of the high-pass filter is an autozeroed sample and hold
amplifier.

One bandgap voltage relerence generator and digital-to-
analog converter (DAC) are shared by the transmit and re-
ceive sections. The autozeroed, switched-capacitor band-
gap reference generates precise positive and negative refer-
ence voltages that are independent of temperature and
power supply voltage. A binary-weighted capacitor array
{CDAC) forms the chords of the companding structure, while
a resistor string (RDAC) implements the linear steps within
each chord. The encode process uses the DAC, the voltage
reference, and a frame-by-frame autozeroed comparater o
Implement a successive-approximation conversion algo-
rithm. Al of the analog circuitry involved in the data
conversion—the voltage reference, RDAC, CDAC, and
comparator—are implemented with a dilferential architec-
ture.

The receive section inciudes the DAC described above, a
sample and hold amplifier, a five-pole 3400 Hz switched ca-
pacitor low-pass filter with sinX/X correction, and a two-pole
active smoothing filter to reduce the spectral components of
the swilched capacitor filter. The output of the smoathing filter
is a power amplifier that is capable of driving a 600 Q load.
The MC145564 and MC 145567 add a pair of power amplifiers
that are connected in a push-pull configuration: two extemai
resistors set the gain of both of the complementary outputs.
The outptt of the second amplifier may be intemally con-
nected to the input of the transmit antl-aliasing filter by
bringing the ANLB pin high. The power ampiifiers can drive
unbalanced 300 (2 loads or a balanced 600 Q load; they may
be powered down indepsndent of the rest of the chip by tying
the VPI pin to Vgs.

MASTER CLOCKS

Since the codec-filter design has a single DAC architec-
ture, aply one master clock is used. In normal operation (both
frame syncs clocking), the MCLKY is used as the master
clock, regardless of whether the MCLKR/PON pin is clocking
or low. The same Is true il the part is in transmit haif-channel
mode (FSx clocking, FSR held low). But if the codec-filter is
in the receive half-channel mode, with FSR clocking and FSx
neid low, MCLKgR is used lor the intemal master clock if it is
clocking; if MCLKR Is low, then MCLKY s still #sed for the
internal master clock. Since only one of the master clocks is
used at any given lime, they need not be synchronous.

The master clock frequency must be 1.536 MHz, 1.544
MHz, or 2.048 MHz. The frequency that the codec-{iiter ex-
pects depends upon whether the part is a Mu-law or an A-law
par, and on the state of the BCLKR/CLKSEL pin. The aliow-
able options are shown In Table 1. When a level {rather than
a clock) is provided lor BCLKg/CLKSEL, BCLKY is used as
the bit clock for both transmit and receive.

.
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Table 1. Master Clock Frequency Determination

Master Clock Frequency Expected
BCLKR/CLKSEL MC145554/64 MC145557/67
Clocked, 1, or Open 1.536 MHz 2.048 MHz
1.544 MHz
0 2.048 MHz 1.536 MHz
1.544 MHz

’

FRAME SYNCS AND DIGITAL VO

These codec-filters can accommodate both of the industry
standard timing formats. The long frame sync mode is used
by Motorola’s MC 145500 family of codec-fiters and the UDLT
family of digital loop transceivers. The short [rame sync mode
is compatible with the IDL (Interchip Digital Link) serial format
used in Motorola's ISON family and by other companies in
their telecommunication devices. Thase codec-filters use the
length of the transmit frame sync (FSx) lo determine the liming
format for both transmit and receive unless the part Is
operating in the receive half-channel mode.

In the long frame sync mode, the irame sync puises must
be at least three bit clock periods long. The Dx and TSY out-
puts are enabled by the logical ANDing of FSx and BCLKx:
when both are high, the sign bit appears at the Dy output.
The next seven rising edges of BCLK clock out the remain-
ing saven bils of the PCM word. The Dx and T5Y outputs
return to a high impedance state on the falling edge of the
eighth bit clock or the falling edge ol FSy, whichever comes
later. The receive PCM word is clocked into OR on the eight
talling BCLKR edges following an FSR rsing edge.

For short frame sync operation, the frame sync pulses
must be one bit clock period long. On the first BCLKy rising
edge after the falling edge of BCLK has latched FSx high,
the Dy and TS outputs are enabled and the sign bit is pres-
ented on D¥. The next saven rising edges of BCLKx clock
out the remaining seven bits of the PCM word: on the eighth
BCLKY falling adgs, the Dy and TS outputs retum to a high

Impedance state. On the second falling BCLKR edga follow-
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ing an FSR rising edge, the receive sign bit Is clocked into
DR. The next seven BCLKR falling edges clockin the remain-
ing seven bits of the receive PCM word.
Table 2 shows the coding format of the transmit and recsive
PCM words.
HALF-CHANNEL MODES
In addition to the normal full duplex operaling mods, thess
codec-fiiters can operate in both transmit and receive half-
channel modes. Transmit half-channel mode is entered by
holding FSR low. The VFRO output goes to analog ground
but remains in a low impedance stats (to lacilitate a hybrid
interface); PCM data at DR is ignored. Holding FSx low while
clocking FSR puts these davices in the recsive half-channel
mode. In this state, the transmit input operational amplifier
continues to operate, but the rest of the transmit circuitry is
disabled; the Dy and TS outputs remain in a high imped-
ance state. MCLKR is used as the internal master clock if it
Is clocking. If MCLKR is not clocking, then MCLKY is used
for the intemal master clock, but in that case it shouid be syn-
chronous with FSR. If BCLKg is not clocking, BCLKx will be
used for the receive dala, just as in the {ull channel operating
mode. In receive half-channel mode only, the tength of the
FSq pulse is used to determine whether short frame sync or
long frame sync timing (s used at DR.
POWER DOWN
Holding both FSx and FSR low causes the part to go into
the power down state. Power down occurs approximately 2
ms after the last frama sync pulse is received. An altemative
way lo put these devices in power down is to hold the
MCLKpR/ PDN pin high. When the chip is powered down, the
Dy, TSx, and GSx outputs are high impedance, the VFRO,
VPO-, and VPO+ operational amplifiers are biased with a
trickle current so that their respective outputs remain stable
at analog ground. To return the chip to the power up state,
MCLKR/PDN must be low or clocking and at lsast ons of the
frama sync pulses must be presant. The Dx and T5X outputs
will remain in a high-impedancs state untit the sacond FSx

pulse after power up.

Table 2. PCM Data Formsat

Mu-Law (MC145554/54) - A-Law (MC145557/67)

Level Sign Bit Chord Bits Step Bits sign Bit Chord Bits Step Bits

+ Full Scale IR 000 0000 1 010 1010
+Zero 1 1114 1111 1 101 0101
~Zero 0 111 1111 [ 101 o101
- Full Scale [ 000 0000 0 010 1010
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Figure 1. Short Frame Sync Timing
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Table 3. Mu-Law Encode-Decode Characteristics
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Normalized .
Encode Digitat Code Normallzed
Chord | Number | Step Declsi 1 2 3 4 S 6 7 ] Becod.
Number | of Steps | Slze Levels Sign | Chord| Chord| Chord| Step | Step| Step Step Lavels
8159 -
1 0 0 ] 0 0 0° 0 8031
7903
8 16 256 :
4319
t 0 [} [} 1 1 { 1 4191
4063
7 18 128 2143
1 [+] 0 1 1 1 1 1 2079
2015
6 16 64 1055
1 0 1 [+} 1 1 1 1 1023
991
] 15 32 511
1 0 1 % Ay 1 1 § 1 485
479
4 16 16 239
1 1 0 0 1 1 1 1 231
223
3 16 8 103
1 1 (4] 1 1 1 ] { 99
95
2 16 4 35
1 1 1 0 1 1 1 1 33
31
1 15 2 3
1 1 1 1~ 1 1 1 0 2
1
1 1 1 1 1 ! t 1 1 1 o °
0
NOTES: -

1. Characteristics are symmatrical about analog 2ero with sign bit = 0 for negative analog values.

2. Digital code incluces mvarison of all magnitude bits.
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Table 4. A-Law Encode-Decode Characteristics
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Normalized

Encod Digital Code Normalized
Chord Number | Step Decisl 1 2 3 4 5 6 7 8 Oecod
Number | of Steps | Size Leveis Sign | Chord | Chord| Chord| Step | Step| Step Step Levels
4096
1 0 1 0 1 Q9 1 1] 4032
3968
7 16 128 :
2176
1 0 1 0 0 1 0 1 2112
2048
[ 16 64 1088
1 o 1 1 0 1 0 1 1056
1024
5 16 32 544
1 [s] 0 0 0 1 0 1 528
512
4 16 16 272
1 [+] 0 | 0 1 4] 1 254
256
3 16 8 136
1 1 1 0 /] 1 o] 1 132
128
2 16 4 68
1 1 1 1 o 1 o 1 66
64
1 32 2 2
1 1 "] 1 0 1 0 1 1
[+}
NOTES:

1. Characteristics are symmetrical about analog zero with sign bit = 0 for nagative analog values.
2. Digitat corin inchudes altemata blt inversion, as spacified by CCITT.
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MOTOROLA
m SEMICONDUCTOR
TECHNICAL DATA :
SUBSCRIBER LOOP INTERFACE CIRCUIT: SUBSCRIBER LOOP
... designed as the heart of a circuit to provide BORSHT functions INTERFACE CIRCUIT
for telephone service in Central Office, PABX, and Subscriber Car- {sLiC)
rier equipment. This circuit provides dc 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 and suppression of longitudinal signals
at the two-wire input (Hybrid), and facilitates ringing insertion,
Ring trip detection and Testing.
o Totally Upward Compatible with the MC3419
® All Key Parameters Externaily Programmable
® Current Sensing Outputs Monitor Status of Both Tip and Ring
Leads for Auxiliary Functions such as: Ground Key, Ring Trip, .
Message Weiting Lamp, etc.
¢ On-Hook Power Below 5.0 mW
® Digital Hook Status Output
® Powerdown Input
® Ground Fault Protection L SUFFIX
® Operates from Single ~20 V to —56 V Power Source CERAMIC PACKAGE
® Size and Weight Reduction Over Conventional Aoproaches CASE 726
® The sale of this product is licensed under Patent No. 4,004,109,
All royalties refated to this patent are inciuded in the unit price.
FUNCTIONAL BLOCK DIAGRAM
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A rror | r
i ) g RSO
i 150
Y : ;
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c : € Vi
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reui neT 9 <
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TRANSMISSION CHARACTERISTICS (continued) (R, = 600 01 unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
idle Channel Noise (VR = 0 V) 1 Yy, VL _— 3.0 10 d8mC
Return Loss (referenced to 600 chms) @ 1.0 kHz, 1 20 Log iRQ—GOO‘ 30 - - d8

0 d8m |Ro +600
Longitudinal induction (60 Hz) 2 VTX - 5.0 -~ d8enC
(ILoN = 35 mA RMS)
Longitudinal Batance (200-3000 Hz) 2 VIX/VLON. -45 —_ - d8
VUVLON
ELECTRICAL CHARACTERISTICS {Vgg = -48V,Vqg = VgE, VaG = 0V, R ~ 600 f1, TA = 25°C unless otherwise noted.)
Charscteristic Figure Symbot Min Typ Max Unit
Propagation Delay 1 Tp. VRX to VI — 750 -— ns
VRY to ITX —_ 1.2 — ns
Supply Current — On-Hook 3 lyce —_ 40 200 pA
(Vg = Vag = 56 V. R > 100 MN)
On-Hook Power Dissipation 3 Po —_— 1.0 —_ mw
{RL > 100 M) -
Power Supply Noise Rejection 3 VTX'Ves -40 - - ds
(1.0 kHz @ 1.0 VRms!
Quiet Battery Noise Rejection 3 VTxNab _— -8.0 — d8
{1.0 kHz (& 1.0 Vppms)
Sense Current 4 mA/MA
Tip ITsodTst 0.15 0.17 Q.19
Ring IRSO/IRSI 0.15 0.17 0.19
Fault Currents 1 mA
Tip to Veg ITip - ¢ -
Ring to V¢e iRing - 2.5 -
Tip to Ring W.oop — 120 -
Tip and Ring to V¢ ITip 3nd IRing —_ 2.5 —_
Analog Ground Current 1 VAG —_ 0.1 2.0 BA
Powerdown Logic Leveis 1PBI - -1.0 -10 BA
Vi -1.2 - - Vde
ViL — — -40 Vde
Hook Status Qutput Currant i IHSO
{Ry < 2.5 kil Y50 = +0.4 Vde) +1.0 «3.0 -_ mA
VHsO = —-0.4 Vdc) -04 -15 - mA
(R > 10 kMY, VHgD = + 12 Vde) - 0 +50 rA
VK5O = =12 Vdc) - 0 .. =20 pA
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PIN DESCRIPTIONS

Name

Function

Vee

The positive supply voitage, This point is ground in typical applications.

EP & EN

Loop current sensing inputs. Thess are connected to the emitters of the PNP and NPN Darlington
transistors. They are tied through 10 {1 resistors to Vo and Vgg, respectively, The maximum
continuous current through these inputs is 240 mA.

8P & BN

Sase drive outputs. Thesa pins drive the bases of the PNP and NPN transistors and ars able to sink
or sourcs, respectively, up to 5.0 mA.

TS & ARSI

Tip and Ring voltage Sensing Inputs. They are low impedance Inputs (soproximaiely 600 ) each

* i.e., 400 Q + 3 diodes) that transiate the voltages on Tip and Ring to 8 current through- resistors
Rt and RR. TSk is referenced to Vo and RSl is referenced to Vag. These pins have 6.0 V zener
diodes (to their respective reference) for protection against overvoltage line surges.

cc

Compensation Capacitor pin. This pin is usad to stabilize the longitudinal or common mods
circuitry,

Vee

Negative supply voltage. This pin ties to the chip substrate. its operating voltage range is ~20 V to
-56 V. It can withstand -60 V without damage and can sustain a voltage surga to -75 V for less
than 4.0 ms without significant degradation of performance. Most of the loop current and bias
curcents flow through this pin.

10

Vae

Quiet Battery Voltage reference. This is the voltage referance for the RSI pin. its voltage must not
go more negative than Vgg. The current through this pin, while powered op, is proportional to
the loop current, allowing it to be used for loop current limiting. The vaitage on this pin, less 4
voits, is the “effective battery feed voltage for the 2-wire fines even though most of the power
comes from the VEg supply.

HST

Hook Status Threshald programming resistor input. Ry determines the vaiue of loop resistance at
which on-hook and off-hook status is switched.

RSO

Ring Sense current Output. This output reflects the voltage status of the Ring terminal for voitages
more positive than Vag. The current is sourced from this output, it is one-sixth Igg), its voltage
range is 0 to -20 V and its saturation voltage is approximately -2.0 V.

13

7SO

Tip Sense current Qutput. This output reflects the voltage status of the Tip terminal for voitages
more negative than Vee. The current is sourced from this output, it is one-sixth Ivgy, its voltage
range is 0 V to =20 V and its saturation volitage is approximately - 2.0 V.

14

HSO:HSO

Hook Status Qutput. This is a digital output that reflects the condition of the loop resistance. If loop
resistance is less than a predetermined value established by Ry, usually Ry < 2.5 k), the HSO
pin will be active, i.e., with positive voltage logic (& resistor tied from a ~5.0 V or +12 V supply
to HSO), this pin will sink current to Vg (VHSO = 0 V): with negative voltage logic {a rasistor
tied from 8 - 12 V supply to HSO), this pin will source current from Vg (VHso & O V). If loop
resistance is greater than & predetermined value again established by the same resistor Ry,
usuaslly Ry > 10 k), the HSO pin is inactive, i.e., VSO = logic supply voltage.

15

Powerdown input pin. This pin is used to deny service to the subscriber. A logic levet “O* WL <
~4.0 V) powers down the MC3419-1 except for HSO, TSO and RSO. The voltage range-of this
high impedance input pinis =15V,

16

@O

Transmit current Output. This output sinks current to Vg and is proportional to Itg) + ISt by a
ratio of K1 where: K1 = 0.51. Its saturation voltage is Vqp + 2.5 V typ. [+3.5 V over the
femperature rangsl. This pin is only active during the off-hook powsr-up condition.

/axi

Receive Input. This input sums ac currents from TXO and the recsive voltaga input (Vax) and
sources all the dc current to TXO. It has a low input impedancs (15 ) typically biased 4.5 V
below the VAG pin voitage during off-hook power-up conditions. During powerdown conditions.
the voltages on AXI and TXO can drift up to VaG.

18

Vag

Analog Ground Voltage reference input. The input impedance of this pin is much greater than 1.0 ML
1t should be sc coupled to system ground and could be direct coupled it system ground is
between 0 V and - 12 V. AC coupling requires 300 ki to Ve and 0.1 uF to system ground. If
Ve and system ground are common, tie VAG directly ta Ve, I de looo currents are sllowed to
go higher than 60 mA, VAG should be biased from —- 2.5V to -12 V to avoid problems at high
ambiant tamperatures.
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FUNCTIONAL DESCRIPTION

Referring to the functional block diagram on page 1,
line sensing resistors {RR and Ry} at the TSI and RSI
pins convert voltages at the Tip and Ring terminals into
currents which are fed into current mirrors® At and A2,
An output of A1 is mirrored by A3 and summed together
with an output of A2 at the TXO terminal, Thus, a dif-
ferential to single-ended cbnversion is performed from
the ac line signals ta the TXO output.

All the dc current at the TXO output is fed back
through the RX! terminals to the B1 mirror input. The
inputs to B1 and B2 are made equal by mirroring the
B1 input current to the B2 input through a unity gain
output of the B1 mirror. Both B1 and B2 mirrors have
high gain outputs {x35) which drivs the subscriber lines
with balancad currents that are equal in amplitude and
180° out of phase. The feedback from the TXO output,
through the B-Circuit mirrors, to the subscriber line
produces a dc feed resistance significantly less, but
proportional to the loop sensing resistors. .

In most line-interface systems, the ac termination
impedance is desired to be greater than the dc feed
impedance. A differential ac generator on the subscriber
loop would be terminated by the dec feed impedance if
the total ac current at the TXO output were returned to
the B1 input along with the dc current. Instead, the
MC3418-1 systern diverts part of the ac current from the
8-Circuit mirrors. This decreases the ac feedback cur-
rent, causing the ac termination impedance at the line
interface to be greater than the dc feed impedance.

The ac current that is diverted from the 81 mirror
input is coupled to a current-to-voitage converter circuit
that has a low input impedance. This circuit consists of
an op amp (external to the MC3419-1) and a feedback
resistor which produces the transmit output voltage
(VTx) at the 4-wire interface. Transmission gain is pro-
grammed by the cp amp feedback resistor {(RyTx).

Recaption gain is realized by converting the ac cou-
pled receiva input voitage (Vrx) to 8 current through
an external resistor (Rpx) at the low impedance: RXI
terminal. This current is summed at RX! with the dc and
ac feedback current from the A-Clrcuit mirrors and

-drives the 81 mirror input. The B-Circuit mirror outputs

drive the 2-wire port with balanced ac current propor-
tional to the receive input voltage. Reception gain is
programmed by the Rpx resistor.

Since receive input signals are transmitted. through
the MC3419-1 to the 2-wire port, and the 2-wire port
signals are returned to the 4-wire transmit output, a
means of canceilation must be provided to maintain
d.wire signal separation (transhybrid rejection). Can-
cellation is complicated because the gain from the re-
ceive port to the transmit port depends on the impedance

*A current mirror is 3 circuit which behaves as a current controlled
current source. it has a single low-i d input ingl with re-
spect (0 a reference point and one or more high impedancs outputs.

of the subscriber loop. A passive “balance network” is
used to achieve transhybrid rejection by cancelling, at
the low impedance input to the transmit op amp, the
current reflected by the loop impedance to the 4-wire
transmit output. For a resistive loop impedance, a single
resistor provides the cancellation. For reactive loops,
the balancs network should be reactive.

Longitudinal {common-mode) currents that may be
present on the subscriber lines are 'suppressed in the
MC3419-1 by two methods. The first is inherent in the
mirror configuration. Positive-going longitudinal cur-
rents into Tip and Ring create common-mode voltages
that cause a decreasing current through the Tip Sensing
resistor and an increasing current through the Ring
Sensing resistor. When these equal and opposite signal
currents are reflected through the A-Circuit mirrors and
summed together at TXO, the total current at TXO re-
mains unchanged. Therefore, the ac currents due to the
common-mode signal are cancelled before reaching the
transmit output. .

The second longitudinal suppression method is more
dominant, since it limits the amplitude of common-
mode voltages that appear at the Tip and Ring terminals.

A common-mode suppression circuit detects com-
mon-mode inputs and drives the loop with balanced
currents to reduce tha input amplitude. Subtracting cus-
rents from outputs of the Al and A2 mirrors produces
a signal current at the CC terminal in response to the
common-mode voitage at Tip and Ring. A transcon-
ductance amplifier (C-Circuit} generates a current pro-
portional to the CC terminal voltage which is summed
with the current from the RX! terminal at the inputs of
current mirrors 81 and B2. The weighting and polarity
of the summing networks produce common-mode B1
and B2 mirror output currents at the 2-wire port. The
common-mode input Impedance is Inversely propor-
tional to the galn of the longitudinal suppression circuit.
Rc and Cc compensate the common-mode faedback
loop. At 60 Hz.with typical component values, the 2-wire
common-mode impedanca is less than § Q1.

The longitudinal supprassion circult output cusrents
are generated by modulating dc current fed to the Icop
by the B1 and B2 current mirrors. This configuration
avoids the increased power dissipation attributed to
current mode loop drive because dc and longitudinal
currents are not cumulatively sourced to the loop.
However, driving common-mode currents through the
B-circuit current mirrors in this manner limits the long-
jtudinal suppression capability. The suppression circuit
is unable to raverse 2-wire current polarities to maintain
a low-impedance termination when longitudinal cur-
rents exceed the de loop current. At low de loop cur-
rents, the common-mode signal capability, known as
longitudinal capacity, is limited by the loop current (Fig-
ure 6). At high-loop currents, longitudinal capacity is
limited by the maximum voltage swing of the CC ter-
minal and is therefore independent of dc loop current.
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FIGURE 7 — BASIC SLIC CIRCUIT
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The hook status control circuit supplies the bias cur-
rents to activate the B-Circuit op amps and other sec-
tions of the MC3418-1. To activate the bias currents, the
control circuit compares the current through the sense
resistors, A and AT, and the load resistance R with
the current through the hook status threshold program-
ming resistor, Ry, by using outputs from both Al and
A2 mirrors. The Al mirror output sources current to the
Ry resistor. (This reduces all internal currents to near
zaro during the on-hook state in order to eliminate un-
necessary power consumption.) If this current is farge
enough the voitage on the HST pin will trip an internal
comparator, then another circuit compares the current
from the A1 cutput with that of an A2 output. These
currents must match within = 15%. If so, HSO will be
activated and the bias circuits will turn on providad the
vnltage on POl is greater than —1.2 V. The HSO pincan
have either 3 pull-up resistor or a puil-down resistor
and when activated it will switch to Ve (0 volts).

Once the MC3419-1 is powered up, a circuit with a
gain of 20 feeds current to tne Ry resistor in order to
keep the bias circuitry active. {The sense resistors are
paratieled with the Darlington transistors which reduces

the sense input currents.) Should the sense input cur-
rents drop below one-twentieth of the required power-
up current, the bias currents will be removed, forcing
a power-down condition.

Current mode analog signal processing is critically
dependent on voitage to current conversion at the
2-wire and 4-wire inputs. Precise, low-noise voitage
sensing through resistors Ry, Ry and RRy requires
quiet, low impedance terminations at terminais TSI, RSI
and RX] raspectively. For 2-wire signalsy terminal Vg
isolates the loop-sensing resistors and durrent mirrors
from noise st the high-current Vgg tarminal. External
filtering' from Ve to Vg (“auiet battery” terminal)
ensuras loop voitages are sensed without interference
from system supply noise. VEg noise rejection at audio
frequencies is typically 60 dB or greater.

Receive input terminal RXI is referenced to the VaG
terminal which references the 4-wire input to the
~analog ground”’ of the d-wire signal sourcé, thus isolat-
ing the input from power ground voltage transients.
This isolation offers 70 dB of noise rejection at audio
frequencies.

SYSTEM EQUATIONS

K1 — The current gain from ITg; + Igst to TXO only
during an off-hook power-up condition. KI = 0.51 =
1%,

K2 — The current gain from RX! to the collectors of the
off-chip Darlington transistors only during an off-hook
power-up condition. K2 = 95 = 1%,

For simplicity, the following equations do not use K1
or K2. Instead the actuai numerical value is used, for
instance ({1 + {2]Ki1K2) = 1 + 1.02x 95 = 97.9 is ap-
proximately 98.

Ry — Loop resistance. This is a load resistance from Tip
to Ring and can be either ac or de depending on context.

-t
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SYSTEM EQUATIONS (continued)

on the Ring lead to exceed the power supply voltages,
8 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 s simple one pole filter
to eliminate the low level ac signal. Under worst case
conditions this circuit will:ring trip in 1% to 4 cycles. In

systems serving only short loops (<700 ), if Ry and
RG2 are 620 (1 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

MC14401/2/3/5

LONG LINES OFF-PREMISE LINES

Specifications

Cftf-Hook — <2500 Viegic — +50V
On-Hook — >10 %} Veg — -421to0 -56
Volits
Protection — 1000V VRinging = 140V to 120
VRMS) + Vee
Ringer Equivalent — §
MQC3030 Rtx1 — 121k 1%
4N2S Rts2 — 576k 1%
Raxy — 287k 1%
Rg - 0% 1%
Ayt — 85k 1%
cr 0.004 «F
CR - 0.004 uF
Ce —_ 0.C0Y uF
Cax —_ 1.0 uF:20 V
Crx — 2.0 uFd4Q VvV
CRt — 20 uf'5.0 V -
Cog ~— 10 uf.60 V

SHORT LINES ON-PREMISE LINES

Rg —-2000 R -~ 600.0

ILtmax) —60mA Ry Gain —0dB
200~3400 Hz

Ry {max) — 18000 Ty Gain —0d8
200-3400 Hz

Parts List

MPSASE Ry - 9.09k 1% Matched

2N3305 Ay - 8.09k 1% if desired

2NB558 Rpt - 471t 5%

MPSA42 Rpp  — 750 5%

MJE21 Rg1 - 5201 5%

1N4g07 Rg2 — 1000 5%

MK1V13s5 Rey —_ 9N 5%

1N4007 Rez — 30k 5%

1N2007 RAT — 0k 5%

1N5303 Ac — 4k 5%

1N4g04 Ry - 127 k 1-3%

MC3419-1 Ryso — 10k 5%

Specifications

Re - 50011

Ay imax) - 7000

Ring Trip - <50 ms

Ringer Equivalent —_ as

Ro — &00Q

Parts List

MJE271 AR~ 198k 1%

MJE270 i d - 196k 1%

MPSAEE Rg1 — 6201 5%

2N3905 Rg2 — 52091 5%

1M4007 Ay —_ 9N 5%

1N4007 Rez — 30k 5%

Ry Gain - -5.0d8

Tx Gain —-_ 0c8

Viogic - -3.0 Volts

VEE — -20to ~56 Volts

YRinging - {40 V 10 70 VRMS) + VEg

MOC3030 Rysg — 10k 5%
ATt — 196k 1%

Cr  — 0.004 4F RTxz — 422k 1%

CR  — 0.004 uF RRX — 538k 1%

Cc — 0.004 pF Rz - 01k 1%

Cax — 0.1 uF RVTX  — 127k 1%

Ctx =— 05 uf Re - S6k 5%
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General Description

The TP3155 is a monolithic CMOS logic circuit designed to
generate transmit and receive frame synchronization pulses
for up to 8 COMBO™ CODEC/Filters. Each frame sync
pulse may be independently assigned to a time slot in a
frame of up to 32 time slots. Assignments are controlled by
loading in an 8-bit word via a simple serial interface port.
This control interface is compatible with that used on the
TP3020/TP3021 and 2910/2911 CODECs, enabling an
easy upgrade to COMBO CODEC/Filters to be made.

&National Semiconductor

TP3155 Time Slot Assignment Circuit

September 1993

Features

m Controls up to 8 COMBO CODEC/Filters

= independent transmit and receive time slot assignments

® 8-channel unidirectional mode

= Up o 32 time slots per frame

m Serial controf interface compatible with TP3020/TP3021
CODECs

®» LS TTL and CMOS compatible inputs

B 5 mW, 5V operation

Typical Application

On

o

Ox ¢— ®
T ¥ T ¥

] v | R 4

TP3054/7 TP3054/7
Comen #1 COMBO #2 £s
X

FSq FSx r FSp
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. sﬁCOMBO 3 FSx 0 B
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4-| FSa

TSx 4=

TP3155
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RSYNC/CHZ

XSYNC
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coMnO™wis e of Navonal Com.

TL/H/S118-1
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
lease contact the Natlonal Semiconductor Sales
flice/Distributors for avallabliiity and specifications.

Ve Relative to GND

Voltage at Any Input
or Output

DC Electrical Characteristics

IA)

Ve + 0.3Vio GND -0.3V

Operating Temperature Range
{Ambient)

Storage Temperaturo Rango
(Ambiant)

Maximum Lead Temperature
(Soldering, 10 seconds)

ESD rating 1o be dstermined.

—-25'Cto +125°C

-65°Clo +150°C

300°C

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = 5.0V £5%; T = 0°C to +70°C by
correlation with 100% electrical testing at Ts = 25°C. All other limits are assured by correlation with other production tests and/
or product design and characterization. Typicals specified at Voo = 5.0V, T4 = 25°C.

Parameter Conditions Min Typ Max Units
Input Voltage Levels
Vi, Logic High 2.0 \'
VL. Logic Low 0.7 \
Input Currents
All Inputs Except MODE ViL < Vin < Viy -1 1 pA
MODE ViN =0V -100 BA
Qutput Voltage Levels
Vom. Logic High FSx and FSg Outputs, lon = 3 mA 2.4 v
VoL, Logic Low FSy and FSg Outputs, lgp. = S mA 0.4 \
TSx Output, lg. = 5mA 0.4 v
Power Dissipation BCLK = 2.048 MHz, 1.5 mA
Operaling Current All Outputs Open-Circuit

Timing Specifications

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = 5.0V £5%, Ta

Vo = 2.0V and Vg, = 0.7V.

Soo Dofinitions and Timing Convontions saction for lost mothods information.

= 0°C to +70°C by
correfation with 100% eleclrical testing at T4 = 25°C. All other limits are assured by correlation with other production tests and/
or product design and characterization. Typicals specified at Vog = 5.0V, Tp = 25°C. Alttiming parameters are measured at

Symbol Parameter Conditions Min Max Units
tpc Period of Clock 8CLK, ClKg 480 ns
twek Width of Clock High BCLK, CLK¢g 180 ns
twct Width of Clock Low BCLK, CLK¢ 160 ns
tsoc Set-Up Time from Dg to CLKg 50 ns
tHco Hold Time from CLK¢ to D¢ 50 ns
tsce Set-Up Time from CS to CLKg 30 ns
theo Hold Time from CLKg to CS 100 ns
tscHe Set-Up Time from Channel Select to CLK¢ 50 ns
tHCHC Hold Time from Channel Select to CLK¢ 50 ns
toer Delay Time from BCLK Low to FSy;r 0-3 CL = S0pF 100 ns
High or Low
tHSYNC Hold Time from BCLK to Frame Sync 50 ns
tssynG Set-Up Time from Frame Sync to BCLK 100 ns
totL Defay to TSy Low CL = 50pF 140 ns
totH Delay to TSy High RL = tkto Vee 30 140 ns
tre. trc Rise and Fall Time of Clock BCLK, CLK¢ 50 ns
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Block Diagram
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Connection Diagrams
Duai-in-Line Package
FSet —3 U 20— Vo
Plastic Chip Carrier (PCC) Package Fsnt—] 2 I
Fsr! Voo
Fex0 Fey! Fgp2 Fa0—i3 10 b FS22
FSa0— 4 17— FSad
Fs0 —1 ¢ — Fsx2 LT LU SN
X —§ 5 — Fep3
oc—| 6 TP3ISSV 16 f— F5x3 0c—¢ 18 === CHO
CLXC 7 15 |— CHo
& 3 14 b—cm Clke—f 7 1 {—cH1
g 10111213 t3—s 13 = ASYNC/CH2
MODE BCLK RSYNC/CH2 MODE —4 9 12— XSTNC
GND XSYNC
TL/H/5118-5 GND —1 10 11— BCLK
Order Number TP3155V TUH/S118-6
See NS Package Number V20A Top View
Order Number TP3155N
See NS Package Number N20A
Pin Descriptions
Symbol Description Symbol Description
FSx1 A conventional CMOS frame sync oulput BCLK The bit clock input, which should run at the
which is normally low, and goes active-high same rate as that for the COMBO CODEC/
for 8 cycles of BCLK when a valid transmit Filter COMBO.
time slot assignment Is made. XSYNC The transmit TSO sync pulse input. Must be

FSp1 A conventional CMOS frame sync output
which is normally low, and goes active-high
for 8 cycles of BCLK when a valid receive
time slot assignment is made.

FSx0 A transmit framo sync oulput similar to pin 1.
FSpo A recaivo [ramo sync outpul similar to pin 2.
T5x An opon-drain N-channol output which s nor-

mally high impadance but pulls low during any
aclivo transmit time slot.

D¢ The input for an 8-bit serfal control word. X is
the first bit clocked in.

CLK¢ The clock input for the control interface.

Ccs The aclive-low chip select for the conirol in-
tertace.

MODE The mode select input. When left open-circuit

or connected to Vcc, mode 1 is selecled, and
when connected to GND, mode 2 is selected.

GND The 0V ground connection to the device.

synchronous with BCLK.

RSYNC/CH2 The function of this Input is determined by the

CHI

CHO

FSx3
FSRp3
FSy2
FSp2
Vee

MODE input (pin 9). In mode 1 this is the re-
ceive TS0 sync puise, RSYNC, which must be
synchronous with BCLK. In mode 2 this is the
CH2 input for tho MSB of tho channol solact
word.

Tho Input for tho noxt significant bit of tho
channel sclect word.

The Input lor tho LSB of the channal sclect
word, which defines the frame sync output af-
fected by the {oliowing control word.

A transmit frame sync output similar to pin 1.
A receive frame sync output similar to pin 2.

A transmit [rame sync output similar to pin 1.
A receive frame sync output similar to pin 2.

The positive supply to the device, 5V +5%.

E
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Functional Description

OPERATING MODES

The TP3155 control interface requires an 8-bit serial control
word which is compatible with the TP3020/TP3021 and
2910/2911 CODECs. Two bits, X and f, defino which of the
two groups of frame sync outputs, FSx0 to FSx3 or FSRO to
FSR3, is affected by the control word, and a 6-bit assign-
ment lield specifies the selected time slot, from 0 to 31, A
Irame sync oulput is active-high for one time siol, which is
always 8 cycles of BCLK. A frame may consist of any num-
ber of time slots up to 32. If a timeslot is assigned which is
beyond the number of time slots in a frame, the FSx or FSg
output to which it was assigned will remain inactive.

Two modes of operation are available. Mode 1 is for sys-
tems requiring different time slot assignments for the trans-
mit and receive direction of each channel. Mode 1 is select.
ed by leaving pin 9 (MODE) open-circuit or connecting it to
Vce. In this case, Pin 13 is the RSYNC input which defines
the start of each receive frame, and the four oulputs,
FSRO0-FSR3, are assigned with respect to RSYNG. The
XSYNC input defines the start of each transmit frame and
oulputs FSy0-FSy3 are assigned with respect to XSYNC.
XSYNC may have any phase relationship with RSYNC, In-
puts CHO and CH1 select the channel, from 0 1o 3 (see
Table 1a).

Mode 2 provides the option of assigning all 8 frame sync
oulputs with respect to the XSYNC input. Mode 2 is select-
ed by connecting pin 9 (MODE) to GND. This makes the
TP3155 TSAC useful for either an 8-channel undirectional
controller or for systems in which the transmit and receive
directions of cach channel are always assigned to the same
time slot as the other, ie.. the FSy and FSp inputs on the
COMBO CODEC/Filter are hard-wired together. in this
case, logical selection of the channet lo be assigned is
made via inputs CHO, CH1t and CH2 {see Table 1b).

POWER-UP INITIALIZATION

During power-up, all frame sync outputs, FSx0-FSx3 and
FSR0-FSp3, aro Inhibited and held low. No outputs will go
aclivo untit a valid time stot assignmont is mado.

LOADING CONTROL DATA

During tha loading of control Bata, the binary coda for tho
solected channel must be set on inputs CHO and CH1 (and
CH2 in mode 2), see Tables la and Ib.

Control data is clocked into the Dc input on the falling
edges of CLK¢ while T3 is low.

A new lime slot assignment is transferred to the selected
assignment register on the high going transition of CS. The
new assignment is re-synchronized to the system clock
such that the new FS output pulses will start at the next

complete valid time slot alter the rising edge of CS.

TIME SLOT COUNTER OPERATION

At the start of TSO of each transmit frame, defined by the
first falling edge of BCLK after XSYNC goes high, the trans-
mit time slot counter is reset to 000000 and begins to incre-
ment once every 8 cycles of BCLK. Each count is compared
with the 4 transmit assignment registers and, on finding a
match\. a frame sync pulse is generated at that FSyx output.
Similatly, the first falling edge of BCLK after RSYNG goes
" high defines the start of receive TSO, and outputs
FSROLFSR3 are generated with respect 1o TSO when the
receive time slot counter matches the appropriate rececive
assignment register.

TSx OUTPUT

In mode 1 (scparate transmit and receive assignments), this
output pulls low whenever any FSy output puise is being
generaled. In mode 2, this output pulls low whenever any
FSyx or FSp output is being generated. At all other times it is
open-circuit, aflowing the TSy outputs of a number of
TSACS to be wire-ANDed together with a common pull-up
resistor. This signal can be used 10 control the TRI-STATE®
enable input of a line driver to buffer the transmit PCM bus
from the CODEC/Filters to the backplane.

TABLE la. Control Mode 1
(TP3020/TP3021 Compatible)

[l[ﬁ[rs[n]rslrzln]rﬂ

X is the first bit clocked into the g input.
Control Data Format

T5 T4 T3 T2 | T1 TO Time Slot
0 0 0 0 0 0 0
0 0 0 0 0 1 1
0 0 0 0 1 0 2
0 1 1 1 1 0 30
0 1 1 1 1 1 31
1 X |~ X X X X (Note 1)
CH1 CHoO Channel Selected
0 0 Assign 1 FS,0 and/or FSRO
(1] 1 Assign to FS,1 and/or FSp1
1 0 Assign to FS,2 and/or FSp2
1 1 Assign to FS,3 and/or FSp3
X|R Actlon
0 | 0 | Asslgn timo slot lo both solactod FSx and FSpy
0 | 1 | Assigntimo slot to sclected FSy only
1] 0 | Assign limo siot to sclocted FSg only
i | 1| Disabloboth sclocted FSy and FSp

TABLE Ib. Control Mode 2

CH2 CH1 CHo Channel Selected
0 0 0 Asslgn to FSx0
0 0 1 Assign to FSx1
0 1 0 Assign to FSy2
0 1 1 Assign to FSx3
1 0 0 Assign to FSR0
1 0 1 Assign to FSR1
1 1 0 Assign to FSg2
1 1 1 Assign to FSp3

Actlon

} Assign time slot to selected output

- - 0 o X
- O - o |m

Disable selected output

Note 1: When T5 = {, then the appropriate FSx or FSq output |s inactive,
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Definitions and Timing Conventions

DEFINITIONS
Vi

ViL

Vo

VoL

Threshoid Region

Valid Signal

Invatid Signal

Viw is the d.c. input levet above which
an input level is guaranteed to appear
as a logical one. This parameter is to
be measured by performing a function-
al test at reduced clock speeds and
nominal timing, (i.e. not minimum setup
and hold times or output strobes), with
the high level of all driving signals set
to Vin and maximum supply voltages
applied to the device.

V) is the d.c. input level below which
an input level is guaranteed to appear
as a logical zero to the device. This pa-
rameter is measured in the same man-
ner as Vi but with all driving signal low
levels set to Vi and minimum supply
voltages applied to the device.

Vou is the minimum d.c. output level to
which an output placed in a logical one
state will converge when loaded at the
maximum specified load current.

Vou I8 the maximum d.c. output level to
which an output placed in a logical zero
state will converge when loaded at the
maximum specified load current.

The threshold region is the range of in-
put voltages between Vy_ and V.

A signal is Valid it it is in one of the valid
logic states, (i.e. above Vyy or below
Vi) In timing specifications, a signal is
deemed valid at the instant it enters a
valid state.

A signal is Invalld if it Is not in a valid
loglc stato, l.o. whon it is in tho throsh-
old reglan botwoan Vi and Vy;. In tim-
Ing spaciilcations, a signat is doomaod
invalid at tho instant It onlors tho
threshold region.

TIMING CONVENTIONS
For the purposes of this liming specification the following

conventions apply:
Input Signals

Period

All input signals may be characterized
as:Vy, = 0.4V, Vi = 2.4V,tq < 10ns,
tF < 10ns.

The period of clock signal is designated
as tpyx where xx represents the mne-
monic of the clock signal being speci-
fied.

Rise Time

Fall Time

Puise Width High

Pulse Width Low

Setup Time

Hold Time

Dclay Timo

Rise ltimes are designated as lpyy
where yy represents a mnemonic of the
signal whose rise time is being speci-
fied. lnyy Is measured from V)_ to Vi

Fall times are designated as ey
where yy represents a mnemonic of the
signal whose fall time Is being speci-
fied. teyy is measured from Vi to V.

The high pulse width is designated as
twzzH, Where 2z represents the mne-
monic of the input or output signal
whose pulse width is being specified.
High pulse widths are measured from
Vi to Vi,

The low pulse width is designated as
twzzL. Where zz represents the mne-
monic of the input or output signal
whose pulse width is being specilied.
Low pulse widths are measured from
Vi to Vi

Setup times are designated as tguwxx
where ww represents the mnemonic of
the input signal whose setup time is be-
ing specified relative ta a clock or
strobe input represented by mnemonic
xx. Setup times are measured from the
ww Valid to xx Invalid.

Hold times are designated as thyww.
where ww represents the mnemonic of
the input signal whose hold time is be-
ing specified relative to a clock or
strobe input represented by mnemonic
xx. Hold times are measured from xx
Vakd lo ww Invalid.

Dolay limes aro  dosignated as
oeyyl 111 Where xx roprosents the
mnomonic of the input roloronco signnl
and yy reprosonts tho mnomonic of tho
oulput signal whose timing is being
specified relative to xx. Tho mnomonic
may optionally be terminated by an H
or L to specify the high. going or low
going transition of the output signal.
Maximum delay times are measured
from ¢ Valid to yy Vatid. Minimum de-
lay times are measured from xx Valid to
yy Invalid. This parameter is tested un-
der the load conditions specified in the
Conditions column of the Timing Speci-
fications section of this data sheet.
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Applications Information

A combination of the TP3155 TSAC and any CODEC/Filter
COMBO from the TP3052/3/4/7 or TP3064/7 series will
result in data timing as shown in Figure 1. Although the FS,
output pulse goes high before BCLK goes high, the D, out-
put of the combo remains in the TRI-STATE mode until both
are high. The eight bit period Is shortened to prevent a bus
clash, Just as it is on the TP3020/1 CODECs.

ECLX l 1 2 3 4 § 8 7

XSYNC

Alternatively, eight fuil-length bits can be obtained by invert-
ing the BCLK to the combo devices, thereby aligning rising
edges of BCLK and FSy/p.

Figure 2 shows typical timing for the control data interface.
Figure 3 shows the digital interconnections of a typical line
card application.

FSg

FSx

.

a0 06000080.008000000

i =}

TL/H/S118-7

FIGURE 1. Transmit Data Timing

CHO-C112

G

= .

*

[ R
e XX XE Xs X e X X2 X X X o XX XX

TL/H/S5118-8

FIGURE 2. Control Data Timing
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Application Information (continued)
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TECHNICAL DATA

NPN
MIE270

PNP

MIE271

COMPLEMENTARY SILICON
i POWER TRANSISTORS

..designed specificaily for use with the MC3419 Solid-State Sub-
scriber Loop Interface Circuit {SLIC).

& High Safe Operating Area
s/ @40V, 1.0520.375 A — TO-126

® Collector-Emitter Sustaining Voltage
: VCEO(sus) = 100 Vde (Min)

® High DC Current Gain
hee @ 120 mA, 10 V = 1500 (Min)

MAXIMUM RATINGS

2.0 AMPERE

COMPLEMENTARY
POWER DARLINGTON
TRANSISTORS

100 vOLTS
15 WATTS

Roting Symbol Value Unit
3 - S, W)

Collector-Emitter Voitaga VCeo 100 Vde

Collector-8ase Voitage Ves 100 Vde

Ermitter-Basé Voltage Veg 5.0 _ Vde
I Cuttector Current — Continuous e 2Q Adc™

— Fask +{ 4.0

\ Base Current ) ig 0.1 Ade
Totai Powar Dissipanon @ Te = 25°C Pp 15 { Waus
} Derate above 25°C 0.12 wreg
} Totat Power Dissioation @ Tp = 25°C Pp 1.5 Waus
Derate above 25°C 0.012 wrec

Operating and Storage Junction 7). Tsig -65 10 +150 °C

Temperature Range

THERMAL CHARACTERISTICS

Charscteristic Symbol Max Unit
Thermat Resistance, Junction to Case Reuc 8.33 °c/W
Thermal Resistance. Junction to Ambient Raga |- 83.3 /W
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ELECTRICAL CHARACTERISTICS {TC = 25°C unless otherwise noted)

l Charascteristic l Symbot ] Min l Max l Unit ]
OFF CHARACTERISTICS
Coll -Emutter Su ing Voltage (1) VCEOIsus) 10 - Vde
lic 2 10 mAde, 1g = 0}
Collector Cutoft Current iceo - 1.0 mAde
Vceg = 100 Vdc, Ig = Q)
Collector Cutoft Current icao - o] mAde
Ve = 100 Vde, g = 0) .
Emitter Cutoff Current lego - ot mAde
(Vgg = 5.0 Vde. t¢ = 0
SECOND BREAKDOWN
Sacond Breakdown Collacior Current with Base Forward 8iased Is/p 375 - mAdc
(VCE = 40 Vdc, t = 1 0 s. non-repetitive)
ON CHARACTERISTICS [R)]
OC Current Gan hgg —
tig = 20 mAdc. Yeg = 3.0 Vde) 500 -
{i¢ = 120 mAde. Vg = 10 Vde) 1500 ~
Cellaztze-Emistar Saturation Voftage VCElsan Vde
lic = 20 mAde, 1g - 0.2 mAdc) - 20
(Ic = 120 mAdc, 1g = 1 2 mAdc) - Jo
Sasa-Emitter On Voltage V8E{on - 20 Vde
llc = 120 mAde, Vg = 10 Vde)
OYNAMIC CHARACTERISTICS
Current Gain — Bandwidth Product (2} I 6.0 - MHz
llc = 005 Adc. Vg = 5.0 Vde, figg; = 1.0 MH2)
NOTES
1) Puisa Tast Pulse Widtn 5 300 us, Outv Cvete £20%
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