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Abstract

A very important system in communication is the telephone which has the telephone
exchange act as the heart of the system. It was developed for a long time and changed to be digital
telephone exchange. Principle acknowledgment about digital telephone exchange may develop and
apply to ISDN or mobile telephone

In this paper, principle theorem of digital telephone exchange which consist with SLIC
(Subscriber Line Interface Circuit), switching circuit, tone generator, DTMF detector, control unit

and program are studied. And two small telephone exchange were established to study it.
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uaznniuzdvaiuniousiy (Synchronize) tie 1 ladeyahitsinglumasuassiuiing

el

2.3 matfanmdnslugsmealnsimiadaea

Y a ' ° ' o, A, . :5’"
(109910 TDM HmdTwlumsadiesdnd FEDM  mssaRiany TOM 5

U a

{a o 1 q d 4 - ] 4 P .3’
Juslufsisuldfuedieaniiene uazie ldmsiaamandiuy TDOM danuuudetouinteiy

o aa

RdmsRannmsdidyanaowasnniiudyguataeauny  Taothdyanaeuaonn

g g

quilugaeg (Sampling)  udalaududygraninoanoufivede 1t luaaidyana

v o

(Transmission Line) ﬁﬂgﬂﬁ 2.2

> TX R R
_bus,;bth‘
bybrid 5 : | '
Aransformer sampler 4
7 ™ g . Tl -Tx& A ’
o ] tine tp
&8 T gireuif ! R &
A PR sampler-
umbliﬁe"r/ ’f*.‘* P
L . 51
- sampler”}
— LI Tx . \
O line | L w—
rOY circuit’ - ' Pa6-
B : sampler {, . ..
Rx.
Py
sampler - -
gt Tx
P line  h. o (3
h.l etredit 10 oA P
C - - sampler
. Rx . &
. : e Py 1
. . | éémple¥ |
T T ) Tx.
F {ine S p
(O eireuit Fre
D - sampler .
. . Re [ '
. T

{ o ar ’ a v a d
U7 2.2 uamsmsihdgyanamaendunnuniadmanduuy TDM

wagiu-dalaeld BUS Taufu

carrt ldsmunnasgdmsumsiadmanduuy TDM @iaea) 13 2 szuu 1dua
23111 Aunasguiidmualdiafindnddoygna’ld 24 goe de 1 szuvTae
uansgoaiudoyaiuia 64 Kops hilvdasinsdedoyaiivuia 24 x 64 kbps = 1536 kbps uon
3Ini SedpaT NG WY Synchronize $A 8,000 SndehniiTasiintveiuluudasilsn il

sasmadadoyasauilu 1544 kbps
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1 4
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3.1 panfsznouveIgNmIE NS AN

Tnseddalaoi llvosmat Insfiiiouihuudon laszunsu'ld dagii 3.1

. < s :< X et PP — o i i e i
subs. « cone.unit o "4 Tanato u_.v S .
- | Jtuni? |-, [analoabe
s group term. [T T T
- . . . B _ N switph Uf’!“ ) trunks
» Subs. ¥]| block
% vl ] 1iDE ' . stbs. : )
ﬁ - termination toncentrator- " * <digital
‘ H 1 unit switth e ot - b S s o
3 block ’ : R trgnké
T MF e
"1 sig. 1T
& K
. f 1 . _TAS
S db . -£CS
1 subs. i . T
. | iné T {] group
: 1 contrtller I +}| switch .
. . N . unit I
3 <5 o Ny <b <% . <
‘_e,xchor?gfe ~control system
- - ..‘ . I )4_ e » = - N
._{‘ K . . " . ,lw‘ -
key: N e -
T . e .| operations
= digita! lines “N.commdnd.
—=—= -analogue lines | terminals

> c‘on:!gol paths
4 -] [V 4
51/ 3.1 vdenlaezunsuvesgueu Tnsfnm

3.2 LIC (Line Interface Circuit)

LIC Ao f'hwﬂaa'n11sﬁL%"auﬂ'aszn:hqLﬂéaﬂmﬁﬁﬁvmé%’fﬂ?ms (Subscriber)
furssaiademoluguaninsiml  dmfuluguagInsdniasaeamidnnsaudassw
azidoa'ld Raguii 3.2 |

wihiindemsiaudes LIC TaowaluiSunfut BORSCHT Heddu Sauilus
govesaIuilsEnoune 9 it

B : Battery feed Hunwia ndhiisae W1 1%ins o Tnsiny
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1
<r
RELAY DRIVERS
BATTERY BANDPASS
n N RING n | 2V Y FILTER ENCODE Lo  DIGITAL TRANSMIT (2 WRE)
LNEQ-WiRE)| LINEOVER | HYBRID PCM
VOLTAGE TissT T
PROTECTION RELAYS SUPERVISION RECONST DECODE Ly  DIGITAL RECEIVE (2 WIRE)
FILTER PCM
l l AN DU CLK,] TIMESLOT
DC | ASSIGNMENT
0 TO
RING TEST PCM
DATA
GEN. EQUIP CLOCK
CE LINE CARD
bW CONTROL
CLK,,

31 3.2 eraamshauees LIC

M3 1 uaasAnninesnd iy dmiuanaesunies Insfnd

i

Parameter Typical Operating Typical
) U.S. Valires Limits Eurtpeah Values
Common Batterx Voltage -48 VDC -47 to -105 VDC Same
Operating Current 20 to 80 mA 20 to 120 mA Same
Subscriber Loop Resistance 0t0 1,300 Ohms [Oto ?,600 Ohms )
Loop Loss 8 dB 17 dB Séme( ‘
Distortion 50 dB total N.A. »
Ringing Sigral 20 Hz, 90 Vrms 16 to 60 Hz 16 to 50 Hz
40 to 130 Vrms 40 to 130 Vrms

RegeiVF Sound Pressure Lgvel 70 to 90 dBspl*  |130 dBspl Varies
Telephone Set Noise . less than 15 dBrnC**

* dBspl = dB sound pressure level

**dBrmC = dB value of electrical noise referenced to -90 dBm measured with C message

weighting frequency response

s o = A -~ L] 1
O : Overvoltage Protection mnuﬁa ﬂﬂ\iﬂ‘l—llli\mulﬂu mm%mmmﬁmmmﬂuﬂmu

Wludu

R : Ringing M09 ad1edaysnanszas i ldnszdshunsea Insdisiinu

$ : Supervision M310de A FyanauitousnanuzAy dygrugy Loop) WAy

C : Coding 130 CODEC nueda finthilunsidhsita (Coding)nndgygmernaoniv
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1. nanstiondayann Sine Wave 1 kHz 4118 1V, unudaaoudoaynniniaies

o o Y ~ 4 as 4
Tnsfwn udr adyanunnios InsAwndaems

Tek BHETE 100kS/s 22 Acgs
3 L T

k 13 1 1
T —rTrr T rr#
: H T L H T i

" ; T ’ *] chi Pk-Pk
T 1.04V

Chi Freq
1kHz
Low signal
amplitude

ettt bbbttt bbb Ch2 PR-PK
X . . 700mv

Ch2 Freq
§ 1.006kHZ
1 Low signal
amplitude

o SR I8 V2.V ("2 -1 [ T\ PR 1\ FEJ o 18 W 1 T

16 Mar 1999
01:13:14

U7 6.1 WlSsuioudyanandewdhgumeiudyganesnninguae

i
v 7

2. Whruieudyandaysfaseadidnudiuazdiueanteslad (MT8980) i

Wulnadadnd (Time Switch)
Tok SIH 20MS/s 5 Acqs

C 2

[ il et s 0 i il N S i
SVA T~ Ch2 SV M 2505  Ext J 228mV

Enr s 15 Mar 1999

23:58:01

= a aa a o S a o
317 6.2 uasdygnuAtaeanisdBunnuaziomymues Indaing
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36

Indaaan (Timeslot Assignment) 19¢g1dAuR 1 uay 2

Tek ST 2MS/s 35 Acqgs
' ¥.

k t } i
1
7 ChiFreq
i 1 8kHz
f . i . . . 1 Low signal
M . R ¥ - o : * 41 amplitude
: : : ' 1 Chi1 Pk-Pk
- - ] 5.6V
M'.|,g;iHgH:ig"3};;I{}:',§.§.x2:§:.§!§:..§§{:.: cthreq
X I . . 7.999kH2
r : b : . R 1 Low signal
M s T— . . amplitude
; 1 ch2 Pk-Pk
1 5.6V
- o
I DS N P T SO BT DU DU DO
5vVvn Ch2 5V M 25ps Chi 7 4.5V
Em H 15 Mar 1999
23:40:43

o o o o ' s 9q 9 v d
317 6.3 uerasdyanusmuadunue Indaaenvead 19 Insdwy

Tek S 50MS/s 18 Acgs

TRTUSURTRIE TV W TR T ORT Y
16 Mar 1999
00:13:55

o 1Y ° '3 1 '
51/ 6.4 nmvssvesdyauiinuadumia Indaaon
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4. Fadoyoyraunnvuasumisiniasan (Timeslot Assignment) uazdtyryinudasysh
i Y i
durameauuland (Highway) fiflunaidurestesdyginmu @uiidueniynaes

CODEC)

Tek SXUTE 20MS/s 17 Acqs
1
I

thi R C 2 sv: R R TR b a4
K ’ 16 Mar 1999
00:09:49

~ @ ° o 1 ' [ aa o
517 6.5 uaasdygudmuadumisInizaenunsdygunineaunlend

5. Yadeycyncu Dial Tone Hidel1¥eFen (350 Hz + 440 Hz) whsuWeuiudy g

U

#ann Pspice

Tok EIXIER 10kS/s

RS SEASE MANES A SRS RS RIS I

12 Acgs
¥

Ch2 Pk-Pk

DM Al
:VW W\MW \jw va [

B 1 2{B LT[V " BT ol 1 Y S £ 1 2

16 Mar 1998
00:54:23

b | {2 R it R 1
I I
i ]
I !
]
i
]

1
1 1
1 H
] 1
] 1
1 1
1 1
1 1
-2.0A+-------t e e {
s 58ms

a I{R1)
Time

=1 =3 =1 @ . Pa 9 [ ] 3/ .
5114 6.6 WivwHeudayg i Dial Tone 1 14913 TALNZN1391009090 Pspice
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¥

6. Yaftycyrcudun (Ringing) Mdelufaanevne uardnqaFusiunacqndugneed

&rytyruFun(Ringing)

Tek HITE 200 S/s 1 Acgs
+ f - 1 |
v T T o T T T
7 Ch2 Pk~-PK
b 220V
4 Ch2 Freq
L. " . i ltre - . . 3.93 HZ
1 ! | : Low res
T
i
ikl
- ]
+ 4
Ch2 DAL 0ms BV
16 Mar 1999
00:30:54
= @ L.
51U 6.7 ey 8t Ringing
U U U
Tok EITIER 1kS/s 4 Acgs
b £ F 1 i
: - T — T T
2 1 ch2 pk-Pk
X 220V
Ch2 Freq
23.69 HZ

A

DDA
BER A

%‘ﬁﬁ/_v s

16 Mar 1999
00:36:34

319 6.8 mwmmuuﬁﬂwmimmm YY1 Ringing

Tek QTR 1kS/s 7 Acgs
; t ¥ 1 d
T v T T SR R T T
7 Ch2 Pk-Pk
b 220V
I L ]
4 Ch2Freq
] 23.67 Haz
NN 1 2 1AV BT 1 B s {9
16 Mar 1999
00:33:05

517 6.9 mwmmauam%ﬂﬁuﬁmm Y9y 1™ Ringing



o e kn ms kv mpewsm

[ —

o Y g

W oo v et wvpT mmgwemn pm——

B

39

~
unn 7

g
ajduazinsamanmsnaasy

v aa o 4 '

MNMINAaRISNgUaIY INsANNTEULATADR LazNARDIINSIToUADINS

Yoegmeneg  wuNasaaunniulddaud  undindidounnsesdnnaslsynshinas
¥ v ¥

w1dsunsnmnnldadudely  Taomwizedistaludiuvesllsunsuinldlumsauquaisii

A 1Y W = ¢ A qyy vy ¥ Y

NUUBITEUY  uaznsweusainfussuuneNunesWe I dauassuumunsoud ludeyald
3/ v

A 43’ A [ 1 Ao =) =Y o R 9
ﬁ%ﬂ'f]ﬂU\?‘U‘Ll1uﬂiiu71‘llmﬂl'1_|u°]2ﬂﬁw‘lm1ﬂ1ﬂiy Ui’)ﬂiJTﬂUUﬂﬂ’Jillﬂ'liLWMQﬂﬂim‘ljuﬂﬂﬂﬁﬁl‘]f

A A Y 199 ya ¥
\1']‘LlufwQﬂﬂiiulWﬂLWllﬂ'J']llﬁZﬂ'JﬂclﬁLlﬂﬁnl‘]ﬁ’)ﬂﬂilﬂ



MANUIN



i

* frotu Tusuntui ¥ lumansuguniriauve e saings (MT8980D) *

;.‘t.tt' » TRERRR R R

CPU "8051.TBL"
HOF  "INT8"

ORG  0000H
!

fpo. EQU &0H

. SP: EQU 8IH

DPL: EQU 82H

DPH: EQU 83H

TLO: EQU 8AH

. TLI: EQU 8BH

THO: EQU 8CH

THI: EQU 8DH

Pl EQU 90H

P2 EQU OAOH

"3 EQU OBOH

*TCON: EQU 88H

TMOD: EQU 89H

_SCON: EQU  98H

SBUF: EQU 99H

IE: EQU OASH

:IP: EQU 0BSH

*PSW: EQU ODOH

:ACC: EQU OEOH

"B EQU OFOH

"PCON: EQU 87H

TRI: EQU SEH

R EQU 98H

T EQU 99H

P2.2: EQU 0A2H ;LED Show
P23 EQU OA3H ;CS\BIT
'p24: EQU 0A4H DSBIT
[F27: EQU 0ATH DTA\BIT

e fmuanomzSuAunas W Output port ¥99 MT8980 o lurn1¥ Hi impedance .

CLR P24 sfmua iy DS firo ety tow (Initial state)
MOV A#20H  :Amumdeesuinfiaeinis Wiy High impedance
'SPARTI: MOV PO#18H  ;fmuami ¥ control register (ADaMIAARD Connection Memory High)
MOV P1,#0H ;ﬂl»lﬂ'ﬂﬁ( control register (ﬁ'ﬂ 5 lﬂu Low)
ACALL SEND
MOV POSOH  :fMuAmaTUS high impedance W lmimaonlu Highway 7 1

' MOV P1,A ;(1(\’!1'1 #0H 041U destination Channel (Connection Memory High))
! ACALLSEND
! INC A

I CINE A #40H,STARTI ;i1liynImiwaenu Highway # 11flu High impedance Havua

Page |



A ] =
FeuABNTINABINS

MOV P0,#10H
MOV PL#0H

ACALL SEND
MOV P0,#02H
MOV P1#21H
ACALL SEND
MOV PO,#18H
) MOV P ,#0H

ACALL SEND
MOV PO,#01H
MOV P1,#21H
ACALL SEND

MOV P0,#10H

MOV P1,#0H

ACALL SEND
i MOV P0,#01H

imuan1 ¥ control register (AD4n13AAAD Connection Memory Low)

stiasn 1 control register (Iin 5 iy Low)

- - . 44, . . P
A mua Channel Moz Wil input (ufiiife Highway 0 Timeslot 11 3)

;li’mum‘lu destination Channel (Connection Memory Low)

;ﬁmuﬂﬂ'ﬂ'ﬁ control register (ﬁmmsﬁmia Connection Memory High)

I 4811 control register (ins 1y Low)

AN high impedance vmnn'l'nﬁnaa'n‘lu Highway Ml

;(1(1'Fi’l #01H 0414 destination Channel (Connection Memory High))

«fimuan1 ¥ control register (RBaN13AARD Connection Memory Low)

stfam W contro! register (v 5 1y Low)

. d 44 P
;A mum Channet 1oz Wil input (Wufiiife Highway 0 Timeslot 1 3)

MOV P1L#22H ;n‘wuaﬂu destination Channe! (Connection Memory Low)
ACALL SEND
MOV PO#18H ;f'n'nuﬂfiﬂﬁ' control register (ﬁ'mnm‘imia Connection Memory High)
MOV P1,#0H ;ﬂ'»lfiﬂ'r’l‘ control register @ns il Low)

! ACALL SEND

| MOV PO#OIH uni@inmomuz high impedance voaynlmilraonlu Highway # 1

. MOV P1#22H (11 #01H aalu destination Channel (Connection Memory High))
ACALL SEND

]

i Ty

3 ¥ Dial Tone *

e T .
MOV P0,#18H ;ﬁmuﬂn'ﬂﬁ’ control register (#san13@imfie Connection Memory High)
MOV P1#0H o 497 control register wns i Low)

¥ ACALL SEND
MOV PO#0SH

+ MOV P1#23H
ACALL SEND
MOV PO,#10H
MOV P1,#0H
ACALL SEND

-0MBNTOIUE high impedance tag Ty Message Mode

«ldnnaly destination Channel (Connection Memory High))

sAimuanr W control register (RoIn13AAAL Connection Memory Low)

;nam 1 control register (1im 5 il Low)

tonE_seT: MOV R3#20

TONE: MOV A,R3

} MOV DPTRH#TONE_TBL

MOVC A,@A+DPTR jthfeyavinaisianindedygiuIny

[ MOVPOA
MOV P1,#23H

;s3vunalu destination Channel (Connection Memory Low)

Page 2



ACALL SEND

DJNZ R3,TONE
SJMP TONE_SET

SIMP $
L]
L3
Il: * : » ’
> Tﬂmnsuuammnwunoumsdwogaaonwam
. : LT
I
SEND: CLR P2.3 ;CS\ active
! SETB P2.4 ;DS active
: CHECK1: JNB P2,7,NEXT! ;wait for DTA\ change to low
' AJMP CHECK1
NEXTI: CLR P24

1 CHECK2: JB P2.7NEXT2

' AJMP CHECK2

. NEXT2: SETB P2.3
RET

LT (LT LELT LEITLIT L T
H

* Tdsunsuteudmivuilmnan

IDLlOOUS: MOV  R7,#45
DINZ R7$

» RET

5

DELAY: MOV R6,#97
LOOP: ACALL DL100US
; DINZ R6,LOOP

RET

‘DLISMS: MOV R6,#146
LOOP2: ACALL DL100US
DINZ R6,LOOP2
! RET
DELAY1S: MOV  R5#67

! LOOP3: ACALL DLI5MS

; DINZ R5LOOP3

E RET

£

3

* ety ng

p ORG 512H

TONE_TBL: DB 8AH,0BAH,0A3H,0AFH,0A9H,0A9H,0ADH,0A 7H,0B 1H,0E3H

' DB 0AH,25H,22H,29H,2AH,2BH,2FH,21H,32H,10H

END

Page 3
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by MC1 45554/D

PCM Codec-Filter

The MC145554, MC145557, MC145564, and MC145567 are all per channel
PCM Codec—Filters. These devices perform the voice digitization and
reConstruction as well as the band limiting and smodthing required for PCM
systems. They are desighed to operate in both syfichrnous arid asynchronous
applications arfd contain an on—chip pretision voltage reference. The
MQ145554 (Mu-Law) dnd MC145557 (A-Law) are Jeneral purpose devices
that are offered in 16-pin packdges. The MC145564 (Mu-Law) and MC145567
(A;iLaw), offered in 20—pin packages, add the capability of eénalog loopback and
push—pull power aniplifiers with adjustable gain.

These devices have an input opérational amiplifier whose output is the input
to the encoder section. The encoder sectioh inimediately low-pass filters the
andlog signal with an active R—C filter to eliminate veéry-high—frequéncy noise

.._from being modulated down to the pass band by the switched capacitor filter.

rom the active R—C filter, the analog signal is converted to a differential signal.
Frgm this point, all analog signal processing is done differentially. This allows
prdcessing of an analog sighal that is twice the amplitude allowed by a
single~ended design, which reduces the significance of noise to both the
invgried and non—inverted signal paths. Another advantage of this differential
design is that noise injected via tHe power supplies is a comrhon—mode sighal
that is cancelled when the inverted and non—inverted signals are recombined.
This dramatically improves the power supply rejection ratio.

After the differential 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.

‘he decoder accepts PCM data and expands it using a differential D/A
converter. The output of the D/A is low—pass filtered at 3400 Hz and sinX/X
corhipensated by a differential switched capacitor filter. The signal is then filtered
by an active R—C filter to eliminate the out—of-band energy of the switched
capacitor filter.

These PCM Codec—Filters accept both long—frame and short-frame industry
standard clock formats. They also maintain compatibility with Motorola’s family
of TSACs and MC3419/MC34120 SLIC products.

The MC145554/57/64/67 family of PCM Codec—Filters utilizes CMOS due to
its reliable low—power performance and proven capability for complex
analog/digital VLSI functions.

MC145554/57 (16—Pin Package)

Eully Differential Analbg Circuit Design for Lowest Noise

éen‘ormance 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 Reference (2.5 V)

Typical Power Dissipation of 40 mW, Pdwer Down of 1.0 mW at+5V

MC145564/67 (20-Pin Package) — All of the Features of the MC145554/57 Plus:

e Mu-Law Companding MC145564

e A-Law Companding MC145567

o Push~Pull Power Drivers with External Gain Adjust
e Analog Loopback

REV1
9/95 (Replates ADI1517)

MC145554
MC145557
MC145564
MC145567

%  LSUFFIX
CERAMIC PACKAGE
CASE 620

MC145554/57

P SUFFIX

X PLASTIC DIP
CASE 648

1 MC145554/57

DW SUFFIX
SOG PACKAGE
CASE 751G
MC145554/57

L SUFFIX
CERAMIC PACKAGE
1 CASE 732
MC145564/67

P SUFFIX
20 PLASTIC DIP

1 CASE 738
MC145564/67

DW SUFFIX
SOG PACKAGE
CASE 751D
MC145564/67

© Motorola, inc. 1995
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PIN ASSIGNMENTS

MC145554, C145557
Veg [ 10 16 {1 VFyl+
GNDA [] 2 1511 VFyl-

vFpo [ 3 14 asy

Vee 04 13 ﬁi

Fsg [ 5 12} Fsy

br 06 1 [ by
BCLKR/CLKSEL [ 7 10 ] BCLKy
MCLKg/PDN [] 8 9 P MCLKky

MC145564, MC145567

VPO+ [1e 20 | vgg
GNDA [ 2 19 [0 VR4
vPo- (3 18 1] VFyl-

VeI 4 17 I Gsx

VFRO [I 5 16 {1 ANLB

Voo E 6 15 [I T8x

Fsp 07 14 1 Fsx

D 08 13 ] by
BCLKR/CLKSEL [] 9 12 ].Eéu<x
MGLKg/PDN [} 10 11 [ MCLKy

FUNCTIONAL BLOCK DIAGRAM

Gsy ANLB* Vcc GNDA Vgg

R

MCLKR/- BCLKg/

FSx FSR MOLKy BCLKy

[ ]

[ ]

[

PON  CLKSEL

T

INTERNAL SEGUENTING —
- ! . AND CONTROL > T5x
4 '*L» RC ACTIVE 5-POLE SC 3-POLE
VP> + LOW-PASS |—»{ LOW-PASS || HIGH-PASS
i FILTER FILTER AND SH
H ———0 . .
[
; TRANSMIT
VPO + €4 -1 ) vy SAR > SHIFT Dy
P* < BAND-GAP AT 81 REG rea | X
. VOLTAGE RDAC |-»| CDAC
REF
- 4
VPO «>< i
+ P
| U
Ek R
Milte ‘ Heceve | | FECEME
y 8 . [€ SHIFT DR
’ . LATCH ok
. RC ACTIVE 5-POLE SC
VFRO «—————] LOW-PASS [« LOW-PASS [«|  SH
? FILTER FILTER
. 145564 and MC145567 only.
;,
§
]
4
i
4
]
]
f
1
]
;
*
4
¥ .
B
¥
MC145554eMC145557MC145564eMC 145567 MOTOROLA
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CMOS ST-BUS™ FAMILY MT8941
Advanced T1/CEPT Digital Trunk PLL

Features

t Provides T1 clock at 1.544 MHz locked to an 8
kHz reference clock (frame pulse)

% Provides CEPT clock at 2.048 MHz and ST-BUS
clock and timing signals locked to an internal or
' external 8 kHz reference clock

 Typical inherent output jitter (unfiltered)= 0.07
Ul peak-to-peak

4 < Typical jitter attenuation at: 10 Hz=23 dB,100

, Hz=43 dB, 5 to 40 kHz 264 dB

v Jitter-free “FREE-RUN” mode
' Uncommitted two-input NAND gate
' Low powet CMOS technology

Applications

~ Synchronization and timing control for T1
and CEPT digital trunk transmission links

' : ST- BUS clock and frame pulse source

fSSUE S July 1893

Ordering Information

MT8941AE 24 Pin Plastic DIP
MT8941AP 28 Pin PLCC
| -40°C to +85°C
Description ’

The MT8941 is a dual digital phase-locked loop
providing the timing and synchronization signals for
the T1 or CEPT transmission links and the ST-BUS.
The first PLL provides the T1 clock (1.544 MHz)
synchronized t6 the input frame pulse at 8 kHz. The
timing signals for the CEPT tfansmission link and the
ST-BUS are provided by the second PLL lo¢ked to an
internal or an external 8 kHz frame pulse signal.

The MT8941 offers improved jitter performarnice over
the MT8940. 'The two devices also have some
functional diffetences, which are listed in the section
on “Differences between MT8941 and MT8940".

Variable

DPLL #1

Clock
Control

P

Mode

Frame Pulse

Selection
Logic

Input
Selector

Cohtrol

1 , 4.096 MHz

Clock

Control

DPLL #2

Clock
Generator

2.048 MHz
Clock
Control

3-43



AT5941 CMOS

'

4
Ll 0538(2) 5|>
el T nHe 2oz oes
mso[] 2 23] RST y
C12iE3 2H NC 5 WJN‘::gagzs:mc
msi (] 4 21{] cvb O
Foi[] 5 20%'1Yo MS1d6 24P CVb
Foo[] 6 19[7] Bi Foig7 £ 23 Yo
Ms2 [ 7 13%;\1 FOb 4 8 \ 22 Bi
- ] mMS2 9 21 A
C16i I: 8 7:] MS3 c16id 10 f 202 Ms3
ENC4o [] 9 16% ENG20 ENG4o o] 11 ' 19 ENCZo
CaKb [] 10 157 C20 yeyoene
C40E11 14%020 agEgEESEEgEgn]
vsSS[]12 13{] Cdb -oow.o]ooo
£33RIR82
(6]
4
24 PIN PDIP

in Description

"

Pin # ;
. - Name Description i
DIP |PLCC o : )

1 [ 1 ENgy [Variable clock enable (TTL compatible input) - This inpuﬁs directly controls the three states
of CV (pin 22) under all modes of operation. When HIGH, enables CV and when LOW, puts
it in high impedance condition. It also controls the three states of CVb signal (pin 21) if MS1
is LOW. When ENCV is HIGH, the pin CVb is an output and when LOW, it is in high

. impedance state. Howevar, if MS1 is HIGH, CVb is always an ‘input.
2 [ 2 MSO0 |Mode select ‘0’ input (TTL conipatible) - This input in conlunctlon with MS1 (pin 4) selects
1 the major mode of operation for both DPLLs. (Refer to Tables 1 and 2.)
: C12i |12.352 MHz Clock input ('IT L compatlble) Master clock input for DPLL #1.
r 6 MS1 |Mode select-1 input (TTL compatible) - This input in conjunctlon with MSO (pin 2) selects
the major mode of operation for both DPLLs. (Refer to Tablgs 1and2.)

517 FOi |Frame pulse input (TTL compatible) - This is the frame pulse input at 8 kHz. DPLL #1
locks to the falling edge of this input to generate T1 (1.544 MHz) clock.

6 8 FOb |Frame pulse Bidirectional (TTL compatible input and T¢tem-pole output) - Depending
on the minor mode selected for DPLL #2, it provides the 8 kHz frame pulse output or acts as
an input to an external frame pulse. 1

7 9 MS2 |Mode select-2 input (TTL compatible) - This input in conjunctlon with MSS (pin 17) selects
the minor mode of operation for DPLL #2. (Refer to Table 3. )

10 | C16i (16.384 MHz Clock input (TTL compatlble) Master cIockWnput for DPLL #2
11 | ENg4o |Enable 4.096 MHz clock (TTL compatlble input) - This adtive high input enables C4o (pin
11) output. When LOW, the output C4o is in high impedancp condition.

10 | 12 | C8Kb |Clock 8 kHz Bidirectional (TTL i:ompatlble input and To[terh-pole output) - This is the 8
kHz input signal on the falling edge of which the DPLL #2 lc}cks during its NORMAL mode.
When DPLL #2 is in SINGLE CLOCK mode, this pin outputs an 8 kHz internal signal
provided by DPLL #1 which is also connected internally to DPLL #2.

11 | 13 | C4o |Clock 4.096 MHz (Three state output) - This is the |nversé of the signal appearing on pin
13 (C4b) at 4.096 MHz and has a rising edge in the frame pulse (FOb) window. The high
impedance state of this output is controlled by ENC4o (pin 9).

12 | 14 | Vgg |Ground (0 Volt) '

]




T: cmos MT8941

L
+
in Description (continued) §
. {
Pin # :

. Name Descriptiop

JIP | PLCC {

13 | 15 | C4b |Clock 4. 096 MHz- Bidirectional (TTL compatlble‘mput and Totem-pole output) - When
the mode select bit MS3 (pin 17) is HIGH, it prowdes the 4.096 MHz clock output with the
falling edge in the framé pulse (FOb) window. When prn 17 is LOW, C4b is an input to an
external clock at 4.096 MHz.

14 | 16 | C20 |Clock 2.048 MHz (Three state output) - This is the divide by two output of C4b (pin 13) and
has a falling edge in the frame pulse (FOb) window. The high impedarice state of this output
is controlled by ENgyp,, (pin 16). )

15 | 17 | C20 |Clock 2.048 MHz (Three state output) - This is the divide by two output of C4b (pin 13) and
has a rising edge in the frame pulse (FOb) window. The high impedance state of this output is
controlled by ENgo, (pin 16). P

16 | 19 ENcéo Enable 2.048 MHz clock (TTL compatible mput) = This active high mput enables both C20
and C2o outputs (pins 14 and 15). When LOW, the‘lse outputs are in high impedance
condition. §

17 | 20 | MS3 [Mode select 3 input (TTL compatible) - This mpult in conjunction with MS2 (pin 7) selécts
the minor mode of operation for DPLL #2. (Refer to, Table 3.)

18, | 21, | Ai, Bi |Inputs A and B (TTL compatible) -These are the two inputs of the uncommitted NAND

19 | 22 gate.

20 | 23 Y, |OutputY (Totem pole output) Output of the unci)mmltted NAND gate.

21 | 24 | CVb [Variable clock Bidirectional (TTL compatible mdut and Totem-pole cutput) - When
acting as an output (MS1-LOW) during the NORI\@_ mode of DPLL #1, this pin provides the
1.544 MHz clock locked to the input frame pulse FOi (pin 5). When MS1 is HIGH, it is an
input to an external clock at 1.544 MHz or 2.048 MHz to provide the internal signal at 8 kHz,

to DPLL #2. . |
22 | 26 CV [variable clock (Three state output) - This is the ilzjverse output of thé sighal appearing on
pin 21, the high impedance state of which is contro]led by ENgy (pin 1).
23 | 27 | RST |Reset (Schmitt trigger input) - This input (active LOW) puts the MT8941 in its reset state.
To guarantee proper operation, the device must be reset after power-up. The time constant
for a power-up reset circuit (see Figures 9-13) mus must be a minimum of five times the rise time
of the power supply. In normal operation, the RST ?ln must be held low for a minimum of
60nsec to reset the device. .
24 | 28 | Vpp |Vpp (+5V) Power supply.
4, NC [No Connection. :
5, !
18,

) 25
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ISO-CMOS ST-BUS™ EAMILY MT8979
CEPT PCM 30/CRC-4 Framer & Interface

Features

Single chip primary rate 2048 kbit/s CEPT
transceiver with CRC-4 option

Meets CCITT Recommendation G.704
Selectable HDB3 or AMI line code

Tx and Rx framé and multiframe
synchronization signals

Two frame elastic buffer with 32 psec jitter
buffer

Frame alignrhent and CRC error counters
Insertion and detection of A, B, C, D signalling
bits with optional debounce

On-chip attenuation ROM with option for ADI
codecs

Per channel, overall and remote loop around

_.ISSUE7 .. May 1995
Ordering Information
MT8979AC 28 Pin Ceramic DIP
MT8979AE 28 Pin Plastic DIP
MT8979AP 44 Pin PLCC
-40° to 85°C
Description

The MT8979 is a single chip CEPT digital trunk
transceiver that meets the requirements of CCITT
Recomimendation G.704 for digital multiplex
equipment.

e ST-BUS compatible
The MT8979 is fabricated in Mitel's low power
1SO-CMOS technology.

Applications

I e

» Primary rate ISDN network nodes

* Multiplexing equipment

e Private network: PBX to PBX links

» High speed computer to computer links

X ST-BUS
Timing
' i iroul 2 Frame
BxMF Cireultry : @ [iastic Buffer
Digital with Slip
* Attenuator Control Rergo’te

! PCMData [  FOM L cert || Digital
Interface Link Loop-
Interface : backs

y
\

Serial

Control .
Interface - ABC? Bit BAM

A
t - Phase
Detector CEPT

Counter

/

Control! Logic

4-161



T8979 1SO-CMOS

P

o]
[0 o m o —
o _
TXAE 1 o8 jVDD guo)zi’—‘léggglﬁtz)ﬂ
TXBL__2 27:]|C /UUUUUUUUUUU
bsTo [ 3 26 [ 701 654 3274443424140
E ! NCED 7 39| NC
Nc[] 4 25 [ ] E2i NCFs8 38— RxMF
RxA[] S 24 [JNC RxA3 9 37 TXMF
mEL] 6 23 || R i S R N
X RxD =3 11 35| NC
rRxD[] 7 22 ] TXMF Nc b 12 a4 cai
csTit[] 8 21 [Jcai csTitfo 13 33 NC
NC = 15 31NC
Nc [] 10 19 |_] DSTI NC |1 16 30|NC
ADI[] 11 18 [ JNC ADI[3 17 29CINC
csTio [] 12 17 []csTo 18192021222324 25262728
E8Ko [] 13 16 [ ] xst noanaonaonn
vss [] 14 XCtl NeSVAFTHLCOE
O 15 | ] ggézgxngzg

[
n Description

] ‘ - ﬁ
Pin#
: Name Description
P |PLCC
1. N . . L L L i
| |+ 2 TxA |Transmit A (Output): A split phase unipolar signal suitable for use with TxB and a
N external line driver and transformer to construct the bipolar line sighal.
2 | 3 TxB Transmit B (Output:) A split phase unipblar signal suitable for use with TxA and an
: external line driver and transformer to construct the bipolar line signal.
3 | 5 DSTo |Data ST-BUS (Output): A 2048 kbit/s serial output stream which contairis the 30 PCM or
data channels received from the CEPT line.
4| 8 NC  |No Connection. ‘
5 i 9 RxA |Receive A (Input): Received split phase unipolar signal decoded from a bipolar line
receiver.
5 | 10 RxB Receive B (Input): Received split phasé unipolar signal decoded from a bipolar line
receiver.
7 | 11 RxD Received Data (Input): Input of the unipolar data generated from the line receiver. This
data may be NRZ or RZ.
8 | 13 CSTi1 |Control ST-BUS Input #1: A 2048 kbit/s stream that contains channel associated
; signalling, frame alignment and diagnostic functions.
9 i NC No Connection.
0 | NC No Connection.
1 i 17 ADI Alternate Digit Inversion (Input): If this input is high, the CEPT timeslots which are
specified on CSTi0 as voice channels ate ADI coded and decoded. When this bit is low it
E disables ADI coding for all channels. This feature allows either ADI or non-ADI codecs to
be used on DSTi and DSTo. A
2 |+ 19 CSTi0 |Contro! ST-BUS Input #0: A 2048 kbit/s stream that contains 30 per chahnel control
words and two Master Control Words.
—

18?2
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ISO-cMOs  MT8979

in Description (Continued)

|

"

Pin #

. Name Description

P {PLCC »

{ . _ . R

13 | 20 E8Ko |Extracted 8 kHz Clock (Output): An 8 kHz output generated by dividing the extracted
2048 kHz clock by 256 and aligning it with the received CEPT frame. The 8 kHz sigral
can be used for synchronizing the system clock to the exttacted 2048 kHz clock. Only
valid when device achieves synchronization (goes low during a loss of signal or a [dss
of basic frame synchronization condition).

E8Ko goes high impedance when 8kHzSEL = 0 in MCW2.

15 | 23 Xctl External Control (Output): An uncommitted external output pin which is set or reset
via bit 1 in Master Control Word 2 on CSTi0. The state of XCtl is updated ofice per
frame.

16 | 24 XSt  |External Status: The state of this pin is sampled once per frame and the stdtus is
reported in bit 1 of the Master Status Word 1 on CSTo.

17 | 26 CSTo [Control ST-BUS Output: A 2048 kbit/s serial control stream which provides the 16
signalling words, two Master Status Words, Phase Status Word and CRC Errdr Count.

18 NC No Connection.

19 | 28 DSTi |Data ST-BUS Input: This pin accepts a 2048 kbit/s serial stream which contains the
30 PCM or data channels to be transmitted on the CEPT trunk.

20 NC No Connection.

21 | 34 C2i 2048 kbit/s System Clock (Input): The master clock for the ST-BUS section of the
chip. All data on the ST-BUS is clocked in on the falling edge of the C2i ahd cutput on
the rising edge. The falling edge of C2i is also used to clock out data on the CEPT
transmit link.

é2 37 TxMF [Transmit Multiframe Boundary (Input): This input can be used to set the channel
associated and CRC transmitted multiframe boundary (clear thHe frame counters). The
device will generate its own multiframe if this pin is held high.

23 | 38 RxMF |Received Multiframe Boundary (Output): An output.pulse delimiting the réceived
Multiframe boundary. (This multiframe is not related to the received CRC multiframe.)
The next frame output on the data stream (DSTo) is reteived as frame 0 on the CEPT
link.

24 NC No Connection.

25 | 40 E2i Extracted 2048 kHz Clock (Input): The falling edge of this 2048 kHz clock is used to
latch the received data (RxD). This clock input must be derived from the CEPT
received data and must have its falling edge alighed with the center of the received bit
(RxD).

26 | 42 Foi Frame Pulse Input: The ST-BUS frame synchronization signal which defines the
beginning of the 32 channel frame.

27 | 44 IC Internal Connection: Tie to Vgg (Ground) for normal operation.

28 | 1 Vop Positive Power Stipply Input (+5.Volts).

14 | 6,8, Vsg Negative Power Supply Input (Ground).

22
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ISO-CMOS ST-BUS™ FAMILY MT8980I

Digital Switc

Features

)

STi2
STi3

STi5

Serial ‘* Data
> to Memory
STi4 »| Parallel -
Converter
STi6 >
STi7 1> =)

Mitel ST-BUS compatible

8-line x 32-channel inputs

8-line x 32-channel outputs

256 ports non-blocking switch

Single power supply (+5 V)

Low power consufription: 30 mW Typ.
Microprocéssor-control interfacé

Three-state serial outputs

_ISsuEz

., Adgust 19

Ordefing Information

MT8980DC 40 Pin Ceramic DIP
MT8980DE 40 Pin Plastic DIP
MT8980DP 44 Pin PLCC
-40°C to +85°C
Description
This VLSI 1SO-CMOS device is designed f
switching PCM-encoded voice or data, und
microprocessor control, in a modern digit
exchange, PBX or Central Offite. It ptrovide

sirhultaneous connectidns for up to 256 64 kbit
chahnels. Each of the eight serial inputs and outpu
cansist of 32 64 kbit/s channels multiplexed to form
2048 kbit/s ST-BUS stream. In addition, the MT89¢
provides microprocessor read and write access |
individual ST-BUS channels.

Control Register

31

Conttol Interface

Parallel
to =»-ST03
Serial > STo4
Connection Converter »STo5
Memory »STo6
- STo7

L | % | - -
i

DS CS RW As/ DTA D7/

Do

-
-



T8980D

o QO
a-o w35 Y _
, OEEEERS5552 o 1 O whost
. /T000000000n stof} 2 390 oDE
(DU)?(’)NP#@NPO — =
i . ¥35e sTi2 [] 4 37 [0 STot
STi3 g 7 39— STo3 STi3[] 5 36 [] STo2
STi4 o 8 38 =] STo4 sti4 ] 6 35 [] STo3
STi5 o 9 37 STo5 sTis [] 7 34 [ STo4
STi6 1 10 36—} STo6 STi6 [] 8 33 {] STo5
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Foi . 13 33 DO Foi [] 11 3017 vss
Ciil 14 32— D1 C4i L] 12 29 L] DO
A0 |11 15 a1 D2 e B 28 [1D1
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NOO00O0NA0D. s zHoe
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40 PIN CERDIP/PLASTIC DIP

|
n Description

Pin #

o | a4 Name Description

IP |PLCC

1 | 2 | DTA |Data Ackhowledgement (Open Drain Output). This is the data acknowledgerrient on the
microprocessor interface. This pin is pulled low to signal that the chip has processed the
data. A 909 Q, 1/4W, resistor is recommended to be used as a pullup.

-4 | 3-5 | STi0- [ST-BUS Input 0 to 2 (Iripuits). These are the inputs for the 2048 kbit/s ST-BUS input
STi2 |streams.

-9 [ 7-11 ] STi3- [ST-BUS Input 3 to 7 (Inputs). These are the inputs for the 2048 kbit/s ST-BUS input
STi7 |[streams.

ol 12 Voo |[Power Input. Positive Supply.

1 13 FOi |Framing 0-Type (input). This is the input for the frame synchronization pulse for the
2048 kbit/s ST-BUS streams. A low on this input causes the internal counter to reset on
the next negative transition of C4i.

14 | C4i |4.096 MHz Clock (Input). ST-BUS bit cell boundaries lie on the alternate falling edges of this
clock.

3- | 15- | A0-A2 |Address 0 to 2 (Inputs). These are the inputs for the address lines on the microprocessor
5 417 interface.

6- | 19- | A3-A5 |Address 3 to 5 (Inputs). These are the inputs for the address lines on the micréprocessor
8 | 21 interface.

9 | 22 DS [Data Strobe (infput). This is the input for the active high data strobe on the microprocessor
interface.

0 |,23° R/W [Read or Write (Input). This is the input for the read/write signal on the micraprocessor
: interface - high for read, low for write.

1 24 CS [Chip Select (Input). This is the input for the active low chip select on the microprocessor

interface
. - - - il _ — ghiii
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Pin Description (continued)

S . R PP —
Pin #
a0 | 44 Name Destription
DIP |PLCC
Aot PV R PP PR : " VP
22- | 25- |D7-D5 |Déta 7 to 5 (Three-state /O Pins). These are the bidirectional data pins on the
24 | 27 _ |mictoprocessor interface. 3
'25- | 29- | D4-DO |Data 4 to 0 (THree-=state /O Piris). These are the bidirectiorial data pins oh the
29 | 33 | microprocesSor interface.
30 | 34 | Vg [Power Input. Negative Supply (Ground).
31- | 35- | STo7- |ST-BUS Output 7 to 3 (Three-state Outputs). These are the pins for the eight 2048
35 | 39 | STo3 |kbit/s ST-BUS output streams.
36- | 41- | STo2- |ST-BUS Output 2 to 0 (THree-state Outputs). These are the pins for the eight 2048
38 | 43 | SToO {(kbit/s ST-BUS output strearns.
39 | 44 | ODE |Output Drive Enable (Input). If this input is held high, the STo0-STo7 output drivers funictio
normally. If this input is low, the STo0-STo7 output drivers go into their high impedarice state
NB: Even when ODE is high, channels on the STo0-STo7 outputs can go high impedance
under séftware control. . o
40 1 | CSTo |Control ST-BUS Output (Corhplerientary Output). Each franie of 256 bits on this ST-BU
output cohtains the values of bit 1 in the 256 locations of the Connection Membory High.
6,18, NC |No Connéction.
28,
40
= = i - i .




MT8980D

Functional Description
|

In refcent years, there has been a trend in telephony
towards digital switching, particularly in association
with software control. Simultaneously, there has
beed_ a trend in systemh architectures towards
distributed processing or multi-processor systems.

In accordance with these trends, MITEL has devised
the ST-BUS (Serial Telecom Bus). This bus
archiftecture can be used both in software-controlled
digital voice and data switching, and for
interprocessor communications. The uses in
switching and in interprocessor communications are
completely integrated to allow for a sintple general
purpose-architecture appropriate for the systems of
the future.

The . serial streams of the ST-BUS operate
continuously at 2048 kbit/s and are arranged in 125
us wide frames which contain 32 8-bit channels.
MITEL manufactures a number of devices which
interface to the ST-BUS; a key device being the
MT8980 chip.

E

The MT8980 can switch data from channels on ST-
BUS inputs to channels on ST-BUS outputs, and
simultaneously allows its controlling microprocessor
to ré@d channels on ST-BUS inputs or write to
charinels on ST-BUS outputs (Message Modg). To
the rhicroprocessor, the MT8980 looks like a merhory
peripheral. The microprocessor can write t6 the
MT8980 to establish switched connections between
input ST-BUS channels and output ST-BUS
channels, or to transmit messages on output ST-BUS
channels. By reading from the MT8980, the
microprocessor can receive messages from ST-BUS
inpuf channels or check which switched connections

have already been established.
k

By integrating both switching and interprocessor
.communications, the MT8980 allows systems to use
distributed processing and to switch voice or data in
an ST-BUS architecture.

Hardware Description

Serial data at 2048 kbit/s is received at the eight ST-
BUS inputs (STi0 to STi7), and serial data is
transmitted at the eight ST-BUS outputs (STo0 to
STo7). Each serial input accepts 32 channels of
digital data, each channel coritaining an 8-bit word
which may represent a PCM-encoded analog/voice
sample as provided by a codec (e.g., MITELs
MT8964).

‘This serial input word is converted into paralle! data
and stored in the 256 X 8 Data Memory. Locations in
the Data Memory are associated with particular
channels on particular ST-BUS input streams. These
locations can be read by the microprocessor which
controls the chip.

Lotations in the Connection Memory, which is split
into high and low parts, are associated With
particular ST-BUS output streams. When a channel
is due to be transmitted on an ST-BUS output, the
data for the channel can eithetr be switched from an
ST-BUS input or it can originate from the
microprocessor. |If the data is switched from dn
input, then the contents of the Connection Memory
Low location associated with the output channel is
used to address the Data Memory. This Data
Memory address corresponds to the channel on the
input ST-BUS stream on which the data for switching
arrived. If the data for the output channel originates
from the microprocessor (Message Mode), then the
contents of the Connection Mémory Low location
associated with the output channel are output
directly, and this data is output repetitively on the
channel once every frame until the microprocessor
intervenes.

The Connection Memory data is received, via the
Control Interface, at D7 to DO. The Control Interface
also receives address information at A5 to AO and
handles the microprocessor control signals CS,
DTA, RW and DS. There are two parts to any
address in the Data Memory or Connection Memory.

P

A5 Ad A3 A2 A1 A0 HEX ADDRESS LOCATION
0 X X X X X 00-1F Control Register *
1 0 0 0 0 0 20 Channel 0T
T 0 0 0 0 1 21 Channel 17
o} . . . . . . °
1 1 1 1 1 1 3F Channel 317
* Writing to the Control Register is the only fast transaction.
T Memory and stream are specified by the contents of the Control Register.

2-6

Figure 3- Addvress Memory Map
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The higher order bits come from the Control
Register, which may be written to or read from via
the Control Interface. The lower order bits come
from the address lines directly.

The Control Register also allows the chip to
broadcast messages on all ST-BUS outputs (i.e., to
put every channel into Message Mode), or to split the
memory so that reads are from the Data Memory
and writes are to the Connection Merhory Low. The
Connection Memory High determines whether
individual output channels are in Message Mode,
and allows individual output channels to go into a
high-impedance state, which enables arrays of
MT8980s to be constructed. It also controls the
CSTo pin.

derived from the two

All ST-BUS timing is

signals C4i and FOi.
Software Control

The address lines on the Control Interface give
access to the Control Register directly or, depending
on the contents of the Control Register, to the High
or Low sections of the Connection Memory or to the
Data Memory.

If address line A5 is low, then the Control Register is
addressed regardiess of the other addré&ss lines (see’
Fig. 3). If A5 is high, then the addréss lines A4-AQ
select the memory location corresponding to charinel
0-31 for the memory and stteam selected in the
Control Register.

The data in the Control Register consists of mode
control bits, mermory select bits, and stream address
bits (see Fig. 4). The memory select bits allow the
Connection Memory High or Low or the D&ta
Memory to be chosen, and the stream address bits
define one of the ST-BUS input or output streams.

Bit 7 of the Control Register allows split memory
operation - reads are from the Data Memory and
writes are to the Corinection Memory Low.

The other mode control bit, bit 6, puts every output
channel on évery output stream into active Message
Mode; i.e., the contents of the Connection Memory
Low are output on the ST-BUS output streams once
every frame uhless the ODE pin is low. In this mode
the chip behaves as if bits 2 and 0 of every
Connection Memory High location were 1,
regardless of the actual values.

(unused)
Mode Memory Stream
Cohtrol Select Address
Bits Bits Bits
7 6 5 4 3 2 1 01
2 g 4 o - o i o - o - . e — - .
BIT NAME DESCRIPTION
7 Split When 1, all subsequent reads are from the Data Memory and writes are to the Connection
Memory |Memory Low, except when the Control Register is accessed again. When 0, the Memory
Select bits specify the memory for subsequent operations. In either case, the Stream
Address Bits select the subsection of the memory which is made available.
6 Message |When 1, the contents of the Connection Memory Low are output on the Serial Qutput
Mode streams except when the ODE pin is low. When 0, the Connection Memory bits for each
channel determine what is output.
5 (unused)
4-3 Memory |0-0 - Not to be used
Select Bits |0-1 - Data Memory (read only from the microprocessor port)
1-0 - Connection Memory L.ow
1-1 - Connection Memory High
2-0 Stream {The number expressed in binary notation on these bits refers to the input or output ST-BUS
Address |stream which corresponds to the subsection of memory made accessible for subsequent
Bits operations.
SRS i .

Figure 4 - Control Register Bits
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3
-
B
-4
S

No Corresponding Memory
- These bits give Os if redd.

A

Per Channél :1
Control Bits 7

A

2
A
St
e

f 7 6 5 4 3 2 1 0 &‘
BIT NAME DESCRIPTION
" e L » ’ ’\'n f; " |
2 Messdge |When 1, the contents of the cofresponding location in Connection Membry Low are
. Channel |output on the location’s ctiannel and stredm. When 0, the contents of the correspOndlng
! location in Conniection Memory Low act as an address for the Data Meinory.dnd so
determine the source of the cofinection to the location’s channel arid stredm.
1 CSTo Bit |This bit is output on the CSTo pln one channel early. The CSTo bit for stream 0 is output
) first.
6 Output  |If the ODE pin is high and bit 6 of the Control Register is 0, then this bit enables the
1 Enable |output driver for the location’s channel and stream. This allows individual chaqnels on
E individual streams to be made high-impedance, allowing sW|tchmg matrices to be
i constructed. A 1 enables the driver and a 0 disables it. T ﬁ;;
B Figure 5 - Connection Memory High Bits { 3?‘1
¢ Stream Channel :
Address Address
Bits Bits
;
' 7 6 5 4 3 2 1 0
. oy
-~ e
BIT. NAME DESCRIPTION \ s
7-5* Stream The number expressed in blnary notation on these 3 bits is the nufmber of the ST—BUS
Address |[stream for the source of the connection. Bit 7 is the most S|gn|f|cant plt e.g., ifbit7is 1,
Bits* bit 6 is 0 and bit 5 is 0, then the source of the conngection is a phannel on STi4.
4-0* Channel |Thé number expressed in binary notation on these 5 bits is the number of the charinel
’ Addfess |which is the source of the connection (The ST-BUS stream whiete the channel lies is
Bits* defined by bits 7, 6 and 5.). Bit 4 is the most significant bit. e.g., if bit 4 is 1, bit3is 0, bit 2

is 0, bit 1 is 1 and bit 0 is 1, then the source of the connection is channel 19.

*If bif 2 of the corresponding Connection High location is 1 or if bit 6 of the Control Register is 1, then these entire
8 bitd are output on the channel and stream associated with this location. Otherwise, the bits are used as inditated
to define the source of the connetction which is output on the channel and stream* associated, wnt'h thls Iocatlon

2.8

!

i
!
b
i

Figure 6 - Corinection Memory Low Bits
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If bit 6 of the Control Register is 0, then bits 2 and 0
of each Connection Memory High location function
normally (see Fig. 5). If bit 2 is 1, the associated ST-
BUS output channel is in Message Mode; i.e., the
byte in the corresponding Connection Memory Low
location is transmitted on the stream at that channel.
Otherwise, one of the bytes received on the serial
inputs is transmitted and the contents of the
Connection Memory Low define the ST-BUS input
stream and channel where the byte is to be found
(see Fig. 6).

If the ODE pin'is low, then all serial outputs are high-
impedance. If it is high and bit 6 in the -Control
Register is 1, then all outputs are active: If the ODE
pin is high and bit 6 in thre Control Register is 0, then
the bit 0 in the Connection Memory High location
enables the output drivers for the corresponding
individual ST-BUS output stream and ¢hannel. Bit
0=1 enables the driver and bit 0=0 disables it (see
Fig. 5).

Bit 1 of each Connection Memory High location (see
Fig. 5) is output on the CSTo pin once every frame.
To allow for delay in any external control circuitry the
bit is output one channel before the corresponding
channel on the ST-BUS streams, and the bit for
stream 0 is output first in the channel; e.g., bit 1’s for
channel 9 of streams 0-7 are output synchronously
with ST-BUS channel 8 bits 7-0.

Applications
‘Use in a Simple Digital Switching System

Figs. 7 and 8 show how MT8980s can be used with
MT8964s to form a simple digital switching system.

8980 used
as MT8980
speech
switch

8980 used
in message
mode for
control and
signalling

MT8980

f 3
Fig. 7 shows the mterface between the MT8980s and
the filter/codecs. Fig. 8 shows thé position 6f tHiese
components in an example architecture.

The MT8964 filter/codec in Fig. 7 receives and
transmits digitized voice signals on the ST-BUS input
Dg, and ST-BUS output Dy, respéctively. These
sighals are routed to the ST-BUS inputs and dutputs
on the top MT8980, which is used as a digital speech
switch.

[4

§
The MT8964 is controlled by the ST-BUS input D¢
originating from the bdttom MT8980, which
generates the appropriate signals from an output
channel in Message Mode. This architecture
optimizes the messaglng capability of the line circuit
by building signalling; logic, e.g., for on-off hook
detection, which co#\mumcates on an ST-BUS
output. This signallmg ST-BUS output is monitored
by a microprocessor (not shown) through an ST-BUS
input on the bottom MT8980.

Fig. 8 shows how a simple digital switching system
may be designed using the ST-BUS architecture.
This is a private telephone nétwork with 256
extensions which uses a single MT8980 as a speech
switch and a second MT8980 for communication with
the line interface circuits.

¥

A larger digital switching system may be designed by
cascading a number of MT8980s. Fig. 9 shows how
four MT8980s may be arranged in a non-blocking
configuration which can switch any chanriel on‘any of
the ST-BUS inputs to any channel on the ST-BUS
outputs.

1

<< Dx | mreges

- DR
s Dc
~

\ Signalling
V- — ogic

Filter/Codec

Line Driver
d

Converter

Line Interface Circuit with 8954 Filter/Codec
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Line Interface Circuit
with Codec (e.g. 8964)

Speech
Switch

8980

b e it e e st e e [l

] L
Coentroliing i . .

Micro- Repeated for Lines Repeated fot Lines
Processor g 210255 21b 255

Control &
Signalling

8980

Line Interface Circuit
with Codec (e.g.8964)

b e e St 0 malle e S
ES -

igure 8 - Example imple Digital Switching yste ’

o S m

Application Citcuit with 6802 Processor " The chip is shown as memory mapped into the
s MEK6802D3 system. Chip addresses 00-3F
Fig. 10 shows an example of a complete circuit ~ correspond to processor addrésses 2000-203F.
which inay be used to evaluate the chip. Delay through the adAdress detoder reduires the
i VMA signal to be us&d twice to remiove glitches. The
MEK6802D3 board uses a 10KQ pullup on the MR
pin, which would have to be incorporated irto the
circuit if the board was replaced by a processor.

For cthenience, a 4 MHz crystal oscillator has been

sedirather than a 4.096 MHz clock, as both are
within the limits of the chip’s specifications. The RC
delay; used with the 393 counters ensures a.
sufficient hold time for the FP signal, but the values
used li"nay have to be changed if faster 393 counters
become available.

8980
#1

stio/r7 STo0r7 0 OUT 0/7

8980
#2

STIO/7 STO0/7 |t Ymsmmpume) OUT 8/15

e e e

8980
#3

IN 8/15 Om » STiO/7 STo0/7

8980
#4

‘—-}I’ o STi0/7 STo0/7
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i
Absolute Maximum Ratings*

Parametelj Symbql 5 Min L Max Units
~ 1 Voo - Vss . -0.3 7 v
2 Voltage on Digital Inputs ‘ Vi Vgs-0.3 Vpp+0.3 \
3 Voltage on Digital Outputs Vo Vgs-0.3 Vpp+0.3 \"
4. "| Current at Digital Outputs lo _ 40 mA
5 Storage Temperature Ts -65 +150 °C
6 Package Power Dissipation Pp 2 W

" Excéed ng these values may causeé permanent danfage. Functional operation under these conditions is not implied.

Recommended ppera'ting Conditions - Voltages are with respect to ground (Vsg) unless oth‘gif_\'iﬂse stdted.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Operating Temperature Tor -40 +85 °C
2 | Positive Supply Voo 475 5.25 \Y
3 ' Input Voltage \'A 0 Voo Vv o
't T;p cal figures are at 25°C and are for design aid only: not guaranteed and not subject to praduction testing. -

i
DC Electrical Characteristics - Voltages are with respect to ground (Vgg) unless otherwise stated.

; Characteristics Sym | Min | Typ?
1 1§ | Supply Current Iob 6 10 mA | Outputs unloaded
2 | N | Input High Voltage Viu 2.0 v
3 E 8 Input Low Voltage Vi | 08 L
4 T | Input Leakage I 5 pA | V, betWween Vgg and Vpp
5 1° Input Pin Capacitance | C 8 pF | )
6 | | Output High Voltage Vou | 24 | V| logg=10mA
7 : 8 Output High Current loy 10 15 mA | Sourcing. Vgo=2.4V
8 [ T | Output Low Voltage VoL 0.4 V |lo=5mA
9 § E Output Low Current low 5 10 mA | Sinking. Vg_= 0.4V
10 & g High Impedance Leakage loz 5 pA | V, between Vgg and Vpp
11| Output Pin Capacitance Co . 8 pF

It Typical figures are at 25°C and are for design aid only: not guaranteed and not subject fo production testing.

¢
H

S1 Is open circuit except
Test Point when testing output levels
or high impedance states.

S2 is switched to Vpp or
Vgg when testing outpuat
levels or high impedance
states.
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i AC Electrical Charapteristics’i- Clock Timing (Figures 12 and 13) e

L3

Characteristics Sy | Min | Typ¥ | Max | Units Test Conditions

q 1 Clock Period* towk 220 244 300 ns -
if 2 | Clock Width High ten 95 122 150 ns

3 | N | Clock Width Low teL 110 122 | 150 ns

4 5 Clock Transition Time terr 20 ns

5 | T | Frame Pulse SetupTime teps 20 200, ns

6 | S | Frame Pulse Hold Time tepy | 0.020 50 | ps |% "

7 Frame Pulse Width tepw 244 ns |

=

1 Timing is over recommended temperature & power supply voltages. ]
f Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
N

Contents of Connection Memory are not lost if the clock stops, however, ST-BUS outputs go into the high impedance state.
B: Frame Pulse is repeated every 512 cycles of C4i..

Channel 31
Bit o
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C Electrlcal Characteristics? - Serial Streams (Figures 11, 14, 15 and 16)

: CharacterlstlcsL I3 Sym | Min - Typ* Max | Units Test Gondltlons
'1_ ' STo0/7 Delay - Activeto High Z | ts, | 20 | 50 | 80 | nis R,_=1 KQ*, C,=150 pF
2 | © | STo0/7 Delay - High Z to Active | tgzs 25 | 60 125 ns | C=150pF
i 2 '| STo0/7 Delay - Active to Active | tgan | 30 65 | 125 | ns | C,=150pF
4 | P | STo0/7 Hold Time tson 25 45 ns | C,=150pF
i— ¥ Output Driver Enable Delay toen 45 125 ns R.=1 KQ*, C,=150 pF
5 | S | External Control Hold Time txch 0 50 ns | C=150pF
7 | + | External Control Delay txco 75 110 | ns | C=150pF _
3 | | | Serial Input Setup Time tos 40 | 20 | ns B
y | N | Serial Input Hold Time tew | 90 ns

l'lmln% is over recommended temperature & power supply voltages.

[ypica

figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

High Impedance is measured by pulling to the appropriate rail with R, with timing corrected to cancel time taken to discharge C.

2.0V-

STo0 2.4V - -
to
STo7 0.4V-— — —]

STio 2.0V

to
STi7 0.8V

YODE
7
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_AC Electrical Characteristics’ - Processor Bus (Figures 11 and 17)

) Characteristics Synj Min | Typ? _ Max LUnitsﬂ Test Conditions B

1 | Chip Select Setup Time tess 2-0 0 ns "

2 | Read/Write Setup Time tws | 25 5 ns

3 | Address Setup Time taos 25 5 ns

4 | Acknowledgement Delay Fast tao 40 100 ns | C=150pF
Slow two | 27 7.2 | cycles | Cdi cycles®

" 5 | Fast Write Data Setup Tire tews 20 " ns .y

6 | Slow Write Data Delay tewp 20 | 1.7 { cycles | Céicycles®

7 | Read Data Setup Time tros 0.5 | cycles |,C4icycles®, C.=150 ;>F

8 | Data Hold Time Read tor | 20 ns | R=1KQ", C,=150 pF
Write tour 20 10 ns |}

9 | Read Data To High Impedance | troz 50 90 ng R=1KQ*, C=150 pF

10° | Chip Select Hold Time tesy | O ns.

11 | Read/Write Hold Time tawn 0 ns

12 | Address Hold Time taon 0 ns

13 | Acknowledgement Hold Time taxu: | 10 60 80 | ns R.=1 KQ*, C,=150pF j

1 Timing is over recommended temperature & power supply voltages.

$ Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
High Impedance is measured by pulling to the appropriate rail with R, with timing corrected to cancel tim® taken to dischiarge C;.
Processor accesses are dependent on the C4i clock, and sb some timings are expressed as multiples of the C4i clock period.

-

®
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