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Foreword 
Plessey Semiconductors is committed to the development of exciting and innovative 

products for telecommunications systems. Working in conjunction with major equipment 
manufacturers and PTTs has resulted in a wide range of IC products for all aspects of 
telecommunications equipment from central office to subscriber. 

Two new devices typifying this philosophy are the MV3000 and SL376M. Together these 
offer a highly integrated line card solution with great flexibility. The MV3000 SLAC 
(Subscriber Line Audio Circuit) is DSP in action, a highly complex audio/digital processing 
circuit implemented in low power CMOS technology, whilst the SL376M SUC (Subscriber 
Line Interface Circuit) is a Bipolar high voltage interface and control circuit. Both combine to 
offer the ultimate in performance and cost effectiveness. 

In addition to innovative new products, Plessey offer a wide range of industry standard 
devices including DTMF circuits, LD dialers, Codecs and PCM building blocks. 

This Handbook gives details of all current and soon-to-be-introduced products; Plesseyare 
continually assessing the needs of equipment manufacturers and will be expanding the range 
in the future. 
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PCM circuits (conl) 

Type Function Page 

SP1450B(B) 34MBitis PCM signal monitor 5V/2.5mA supply 159 

SP1455B(B) 40MBitis PCM signal monitor 5V/2.5mA supply 159 

ZNPCM1 Single channel PCM A-law codec 177 

ZNPCM2 Delta sigma modulator/demodulator 191 

ZN1003 8 channel time slot assigner for use with codecs without on-chip timeslot 244 
assignment facilities 

ZN5683E/J PCM line interface, 8MBitls; 5V 251 

Other telecoms products 

. .Type Function Page 
. . 

03702 5 relay drivers, -65V output, to BT approved spec. 158 

MS2014 Digital 16-bit filter and detector - signalling tone aetector 29 

MV6001 Fast HDLC/DMA controller (e.g. for ISDN) 111 

SL9009 Adaptive line equaliser 147 

SP1404BW 5 relay drivers, -65V output 158 

Fibre optic links/LANs 

SL9901 Trans-impedance amplifier 155 

SP9921 Manchester decoder 163 

SP9960 Encoder/LED driver 171 
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MJ1410 
8 BIT FORMAT CONVERTER 

The MJ1410 is realised in N-channel MaS technology and 
operates from a single 5V supply. The circuit can be clocked 
from d.c. up to 2.5MHz and has 3-state output buffers 
capable of driving two LSTTL loads. All inputs are TTL 
compatible. 

DATA 

The MJ1410 performs the complementary functions of 
serial-to-parallel and parallel-to-serial data conversion on 8 
bits of data. 80th these conversions are achieved using the 
same time-position matrix, which has eight inputs and eight 
outputs. 

INPUTS DATA 

An 8-bit parallel word clocked intotheeightinputsappears 
as a serial 8-bit data stream on one of the eight outputs. 
Successive parallel words at the inputs appear as serial data 
streams on each of the eight outputs in turn. 

Conversely, a serial 8-bit data stream on one of the eight 
inputs appears as an 8-bit parallel word on the eight outputs. 
Successive parallel words appearing at the eight outputs 
correspond to the serial data on each of the eight inputs in 
rotation. 

The conversion can be 'programmed' to start in any 
register by setting the appropriate binary value on the 
counter pre-load inputs and applying a pulse to the Sync 
input. If the loading sequence produced by the counter is not 
required it can be disabled by connecting 'clock' to 'sync'. At 
each positive clock edge the register loaded will depend on 
the data on the counter inputs on the previous positive clock 
edge. 

FUNCTIONAL DESCRIPTION 

Pin No. Title 

1 
2 G Data i/p G 
3 F Data i/p F 

COUNTER {:~ 
PRESET 

" ""'-___ ..r 

Fig.1 Pin connections 

FEATURES 

II Single 5V supply. 

II Three-state outputs. 

II All inputs TTL compatible. 

Function 

HI 
D,w ilp HI 

4 E Data Data i/p E 
See Figs. 3 and4 5 ~ inputs Data i/p D 

6 Data i/p C 
7 Data i/p B 
8 Data i/p A 
9 Vcc 

OUTPUTS 

DG24 

10 22 Counter preset i/p bit 2 
Positive supply, 5V ± 5%~ 

The counter is preset to the data on these i/ps 
11 2' Counter preset i/p bit 1 on the 3rd positive clock edge following a 
12 20 Counter preset i/p bit 0 negative edge on the 'sync' input. 
13 SYNC A negative edge on this i/p initiates the counter preset sequence which 

causes the conversion cycle to start in the register which corresponds tothe 
binary value of the counter preset i/ps. 

14 CLOCK System clock 
15 GND Zero volts 
16 

O} 
Thmo ,t,,, dot, 01 P 'O'} 

17 1 Three state data o/p '1' 
18 2 Three state data o/p '2' 
19 3 Data Three state data o/p '3' See Figs. 3 and 4 
20 

i_outputs 
Three state data o/p '4' 

21 Three state data o/p '5' 
22 Three state data o/p '6' 
23 Three state data o/p '7' 
24 alP EN A logic '1' on this i/p forces all the data outputs to a high impedance state. 
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MJ1410 

ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise stated): Vee = 5V, Tamb = 22°C ± 2°C, Test circuit: Fig.6. 

Supply voltage Vcc = 5V ± 10%, Ambient operating temperature Tamb = 10°C to +70°C 
STATIC CHARACTERISTICS 

Value 
Characteristic Symbol Pins Units Conditions 

Min. Typ. Max. 

Low level liP V,L 1,2,3,4, -0.3 0.8 Volts 
voltage 5,6,7,8, 

10,11,12, 
13,14,24 

High level liP V,H 1,2,3,4, 2.5 Vcc Volts 
voltage 5,6,7,8, 

10,11,12, 
13,14,24 

Low level liP liN 1,2,3,4, 1 50 JJA 
currenVhigh level 5,6,7,8, 
liP current 10,11,12, 

13,14,24 

Low level O/P VOL 16,17,18, 0.5 Volts ISYNC = 1.6mA 
voltage 19,20,21, 

22,23 

High level O/P VOH 16,17,18, 2.5 Volts I SOURCE = 1 OOuA 
voltage 19,20,21, 

22,23 

Low level O/P IOL 16,17,18, -1.6 mA 
current sink capa- . 19,20,21, 
bility 22,23 

High level O/P IOH 16,17,18, 100 JJA 
current source 19,20,21, 
capability 22,23 

OFF state O/P IOFF L 16,17,18, 40 JJA VOUT = GND 
current 19,20,21, 

22,23 

IOFF H 16,17,18, -40 JJA VOUT = Vcc 
19,20,21, 

22,23 

Power dissipation POISS 90 500 mW Vcc = 5.5V 

DYNAMIC CHARACTERISTICS 

Value 
Characteristic Symbol Units Conditions 

Min. Typ. Max. 

Max.clock frequency Fmax. 2.4 10 MHz 

Min. clock frequency Fmin. 0 MHz 

Sync. pulse width tspp 60 ns Fig. 6 
(positive) 

Sync. pulse width tSPN 100 ns Fig. 6 
(negative) 

Lead of sync. clocking tSL 130 ns Fig. 6 
edge on positive clock 
edge 

Set up time of counter tsc 70 ns Fig. 6 
inputs (20,2',22) 

Hold time of counter tHe 60 ns Fig. 6 
inputs 

Set up time of data tso 80 ns Fig. 6 
inputs (A-H) 

, 
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DYNAMIC CHARACTERISTICS 

Value 
Characteristic Symbol Units 

Min. Typ. Max. 

Hold time of data inputs tHO 85 ns Fig. 6 

Propagation delay, data tPOE 100 ns Fig. 6 
out valid from output 
ENABLE low 

Propagation delay, data tpoo 100 ns Fig. 6 
out disabled from output 
ENABLE high 

Propagation delay, clock tpco 200 ns Fig. 6 
to data out valid 

" " 2' SYNC 

.01 ~o, .03 I 
3-BIT 

Q1 A1 3TO B LOAD 
elK ICLK 

COUNTER A' A' DECODE I -1 PULSE 

I l 03 A3 

~ 

'IA I" Ie 10 IE IF I" I" 

0--- --tCLK a-BIT SHIFT ~L REGISTER 

'IA I" Ie 10 IE IF I" I" 

~CLK 8·BIT SHIFT ~L 0--- REGISTER 

IA I" Ie 10 IE IF I" I" 

o--- ~CLK 8-BIT SHIFT ~L REGISTER 

'IA I" Ie 10 IE IF I" I" 

~CLK f3..81T SHIFT :l 0--- REGISTER 

f--
IA I" Ie 10 IE IF I" I" 

--tCLK 8-BIT SHIFT a 
0---

REGISTER II 

IA I" Ie 10 IE IF IG I" 

---IelK 8-81T SHIFT a 
0---

REGISTER J-
IA I" Ie 10 IE IF IG I" 

G O-- WClK 8-81T SHIFT ~I-REGISTER 

IA IB Ie 10 IE IF I" I" 

WCLK 6-81T SHIFT a 
0-- REGISTER .J-

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin w.r.t. ground ~ 7V max. 
Storage temperature ~ -55°C to +125°C 

GENERATOR 
1 , 3 4 5 6 7 , 

0 1-BIT SHIFT 
--I~LK REGISTER 

0 2-81T SHIFT 

..----lClK REGISTER 

0 3-81T SHIFT 
H~LK REGISTER 

0 4-81T SHIFT 

H~LK REGISTER 

0 5-81T SHIFT 

H~LK REGISTER 

0 6-81T SHIFT 
~~LK REGISTER 

0 7-81T SHIFT 

H~LK REGISTER 

Fig.2 Block diagram 

MJ1410 

Conditions 

OfP EN 

I 

~ 
or t=Cr 
or-~ 
or ~ 
or-=[)--o 
01 =Cr 
or-=Cr 
°rl=[)-o 
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MJ1410 

12 

CLOCK 

{

o \ \ \ \ \ \ \ \ HO\GO\FO\EOloolcol·OIAOI 
1 iii iii i 1 H1 1 G1 1 F1 1 E1 1 01 1 C1 1 ., 1 A1 1 

'I I I I I I I IH,IG,IF2IE,IO,lc,I·,I.,1 
DATA 3 \ I I I I I I I H31 G31 F31 E31 031 c31 .31 A3 I 

OUTPUTS 4 1 I I I I I I IH4IG41F4IE.lo.IC·I·'I04I 
5 \ I I I I I I IH5IG5IF5IE,105Ic51·5IA51 
6 I I I I I I IH6IG61F6IE6106IC61·61"1 
7 I I I I I I IH7ImlF7IE7107Ic71·71"1 

Fig.3 Data conversion 

CLOCK 

COUNTER I" INPUTS,,~~ 

"--~-~--~--+---+---~-~~-~-

DATA 

SYNC --T--i1...-+--.L-Il--T--i-i-

{

'NPUTS I 

OUTPUTS =:t:==1==:i==t:=:t==:t:=::J==:i= 
REGISTER 
LOADING 

SYNC 

REGISTER 
LOADING 

V 
UNSYNCHRONISED 

~----~v,-------
SYNCHRONISED 

FigA Input and output waveforms 



CLOCK ~ 1 

1 I 
I __ --'1"-." --r ·1 

SYNC ~ I 1 "'-1 --:-1 ----
I. I". .1. I,,, .1 I 

I Isc tHe 

'=4zzzzzIfkzzzzz 
I r*1 

I~:~~/J 1 VIllI] I EIIIII/ 
I I 

I 
OUTPUT ~ I r­
ENABLE 7 .... --------"------...11 

I ~I 1=:2 k 
OUTPUT --1.I--iI-----t.~~;:<~r--lf-

Fig.5 Timing details 

Vco ------~-----.---

16 17 18 19 

CLOCK JJ1JL:!!1. __ -1'~4 j--l"::""'-, 
EN ~~ 

SYNC----,*"'o 

COUNTER PRESET { ~~ 

·"'-1 
MJ1410 

20 21 22 23 

5p 

15 

V~--------~----~---

Fig.6 Test conditions 

MJ1410 
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2 MBIT PCM SIGNALLING CIRCUIT 

MJ1440 
HDB3ENCODER/DECODER 

The 2.048 MBit PCM Signalling Circuits comprise a group 
of circuits which will perform the common signalling and 
error detection functions for a 2.048 MBit PCM trans­
mission link operating to the appropriate CCITT recomm­
endations. The circuits are fabricated in N-channel metal 
gate MOS and operate from a single 5 volt supply. relevant 
inputs and outputs are TTL compatible. 

NRZ DATA IN 

CLOCK (ENCODER) 

LOSS OF INPUT 

NRZ DATA OUT 

CLOCK (DECODER) 

RESET AIS 

AIS 

GROUND 

~.-

1 - 16P+Vcc 

2 15 pOUT 2 (Ozl 

3 14 POUT 1 (01) 

4 13 P BiN-

5 12 P lOOP TEST ENABLE 

6 11 pAIN 
7 10 P CLOCK 

8 9PERROR 

The MJ1440 is an encoder/decoder for the pseudo­
ternary transmission code. HDB3 (CCITT Orange Book Vol 
111.2 Annex to Rec. G703). The device encodes and de­
codes simultaneously and asynchronously. Error monitor­
ing functions are provided to detect violations of HDB3 
coding. all ones detection and loss of input (all zeroes de­
tection). In addition a loop back function is provided for 
terminal testing. Fig. 1 Pin connections 

FEATURES 

DG16 

• 5v ± 5% Supply -50mA Max NRZ DATA IN 
>--~-+-<> CLOCK 

• HDB3 Encoding and Decoding to CCITT rec. 
G703. 

• Asynchronous Operation. 

• Simultaneous Encoding and Decoding. 

• Clock Recovery Signal Generated from 

Incoming HDB3 Data. 

• Loop Back Control. 

• HDB3 Error Monitor 

• 'All Ones' Error Monitor 

• Loss of Input Alarm (All Zeros Detector) 

• Decode Data in NRZ Form. 

ABSOLUTE MAXIMUM RATINGS 

The absolute maximum ratings are limiting values above 
which operating life may be shortened or specified para­
meters may be degraded. 

Electrical Ratings 
+Vcc 7V 
Inputs 
Outputs 

Vcc + 0.5V Gnd - 0.3V 
Vcc. Gnd -0.3V 

Thermal Ratings 

14 

Max Junction Temperature 175°C 
Thermal Resistance: Chip to Case 

40°C/Watl 
Chip to Amb. 
120oC/Watl 

CLOCK 
(eNCODER) 

lOOP TEST 
ENABLE 

AIN 

BiN 

CLOCK .,.....----I-I-+-""l--,-~ (DECODER) 

LOSS OF 
INPUT 

NRZ 
DATA 
OUT 

ERROR 

iiE'SfTii'S 0-----\ 1------_-0 AI. 

Fig.2 Block diagram 



MJ1440 
ELECTRICAL CHARACTERISTICS 

Test conditions (unless otherwise stated): 
Supply voltage, Vee = 5V ±0.25V 
Ambient temperature, Tamb = O°C to + 70°C 

Static characteristics 

Value 
Characteristic Symbol Pins Units Conditions 

Min Typ Max 

Low level input voltage V ,L -0.3 O.B V 

Low level input current I'L 
1,2,5,6 50 iJA V1L =OV 

High level input voltage V1H 
10,11,12,13 

2.5 Vee V 
High level input current I'H 50 J.lA V1H = 5V 
Low level output voltage VOL 10,14,15 0,5 V Isink = BO~A 

3,4,7,9 0.4 V Isink = 1.6mA 
High level output voltage VOH 3,4,7,9 2.7 V Isource = 60>JA 

14,15 2.8 V Isource = 2mA 
10 2.8 V Isource = 1 rnA 

Supply current Icc 20 50 rnA All inputs to OV 
All outputs open circuit 

Dynamic Characteristics 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ. Max. 

Max. Clock (Encoder) frequency fmaxenc 4.0 MHz Figs.l0, 15 

Max. Clock (Decoder) frequency fmaxdee 2.2 MHz Figs.ll, 15 

Propagation delay Clock (Encoder) to 0" O2 tpdlA1B 100 ns Figs.l0, 15. See Note 1 

Rise and Fall times 0" O2 20 ns Figs.l0, 15 

tpdlA-tpdlB 20 ns Figs.l0, 15 

Propagation delay Clock (Encoder) to Clock tpd3 150 ns Loop test enable = Figs.13, 15 

Setup time of NRZ data in to Clock (Encoder) ts3 30 ns Figs.B, 10, 15 

Hold time of NRZ data in th3 55 ns Figs.l0,15 

Propagation delay Ain, Bin to Clock tpd2 150 ns Loop test enable = '0' Figs.9, 13, 15 

Propagation delay Clock (Decoder) to loss of input 150 ns 

Propagation delay Clock (Decoder) to error tpd4 200 ns Figs.12,15 

Propagation delay Reset AIS to AIS tpd5 200 ns Loop test enable = '0' Figs.14, 15 

Propagation delay Clock (Decoder) to NRZ data out tpd6 150 ns Figs.9, 11, 15. See Note 2 

Setup time of Ain , Bin to Clock (Decoder) tsl 75 ns Figs.9, 11, 15 

Hold time of Ain, Bin to Clock (Decoder) thl 5 ns Figs.9, 11, 15 

Hold time of Reset AIS - '0' th2 100 ns Figs.9, 14, 15 

Setup time Clock (Decoder) to Reset AIS ts2 200 ns Figs.9, 14, 15 

Setup time Reset AI,S - 1 to Clock (Decoder) ts2' 0 ns Figs.14,15 

NOTES 
1. Encoded HDB3 outputs (0" O2 ) are delayed by 3% clock periods from NRZ data in (Fig.3). 
2. The decoded NRZ output is delayed by 3 clock periods from the HDB3 inputs (AIN, BIN) (Fig.4). 
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MJ1440 

FUNCTIONAL DESCRIPTION 

Functions Listed by Pin Number 

1. NRZ data in 
Input data for encoding into ternary HDB3 form. The NRZ 

data is clocked by the negative edge of the Clock (Encoder). 
2. Clock (Encoder) 

Clock for encoding data on pin 1. 
3. Loss 01 input alarm 

This output goes to logic '1' if eleven consecutive zeroes 
are detected in the incoming HDB3 data. The output is set to 
logic '0' on receipt of a '1'. 
4. NRZ data out 

Decoded data in NRZ form from ternary HDB3 input data 
(Ain, Bin), data is clocked out by positive going edge of clock 
(Decoder). 
5. Clock (Decoder) 

Clock for decoding ternary data A in, Bin' 
6. Reset AIS, AIS 

Logic '0' on "'R"'eC:sec"t'-A""I""'S resets a decoded zero counter and 
either resets AIS outputs to zero provided 3 or more zeroes 
have been decoded in the preceding Reset AIS = 1 period or 
sets AIS to '1' if less than 3 zeroes have been decoded in the 
preceding two Reset AIS = 1 periods. 

Logic '1' on Reset AIS enables the internal decoded zero 
counter. 
S. Ground 

Zero volts. 

CLOCK 
(ENCODER) 

NRZ DATA IN 
(TYPICAL) 

I 3t CLOCK PERIODS I 

9. Error 
A logic '1' indicates that a violation of the HDB3 coding has 

been received i.e. 3 '1's of the same polarity. 
10. Clock 

'OR' function of A;n' B;n for clock regeneration when pin 
12 = 'O'~O~ function of a" O 2 when pin 12 = '1'. 
11,13. A ,n, Bin 

Inputs representing the received ternary HDB3 PCM 
signal. Ain = '0' represents a 2.0sitiv~going '1', Bin = '0' 
represents a negative going '1'. Ainand Binare..§mple~bythe 
positive going edge of the Clock (Decoder). Ain and Bin may 
be interchanged. 
12. Loop test enable 

Input to select normal or loop back operation. Pin 12 = '0' 
selects normal operation, encode and decode are 
independent and asynchronous. When pin 12 = '1' 0, is 
connected internally to A in . O 2 is connected to Bin' Clock 
becomes the OR function 0, + O 2, The delay from NRZ in to 
NRZ out is 6Y2 clock periods in the loop back condition. 
14,15. 0,,°2 

Outputs representing the ternary encoded data for line 
transmission a, = '1' representing a positive going '1', 
O 2 = '1' represents a negative going '1'. 0, and O 2 may be 
interchanged. 
16, Vee 

Positive supply, 5V ± 5%. 

______ ~nL ________ _ 
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Fig. 3 Encode waveforms 

TYPICAL {AiM ____ ., 
BIN 

CLOCK 

CLOCK 
(D£CODER) 

HAZ DATA OUT 

CLOCK 
(CECODER) 

INCLUDING 
ERRORS {

AIN 

E1~E2 'iii'N 

Fig.4 Decode waveforms 

I 
I 
I 

ERROR ______________ ...Jt-"--L 

Fig,5 HDB3 error output waveforms 



DECOCER 
NRZ DATA OUT I--~--~ 

REFN':u;1S L..J-- Lr-- LJ 
ALARM INHIBIT 

OUTPUT 

CLOCK 
(DECODER) 

____ ---Ir---
Fig. 6 AIS error and reset waveforms 

u-
L~~~~F __________________ ---.J~ 

Fig. 7 Loss of input waveforms 

leLHE 

I I 
CLOCK \ f (ENCODER} 

',31 I Ih3 I' , I 

NRZ DATA ==:l INRZ IN I 
'N 

01,02 

iiNJBiN 

CLOCK 
(DECODER) 

NRZ DATA 
OUT 

CLOCK 

.,. 
OUTPUT 

ERROR 
OUTPUT 

h I 
Fig.8 Encoder timing relationship 

Fig. 9 Decoder timing relationship 

I 

I 
}-

~ I 
I ~ 

L 

MJ1440 
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MJ1440 

Vee ------r--

lOGIC 0 

JUU1f 

LOGIC 1 

Vss-----------~-~-

Fig. 10 

Vee ------r----.--

Jk 

13 

lOGtC 0 ---12'L-_.-~ 11, 

Vss ------+-----~-

Fig. 12 

Vee -----...----.---

11' Jk 

LOGIC 0 
12 

OATA 13,11 11, 

Vss ----.-..----+---

Fig. 14 

DEFINITION OF THE HDB3 CODE 
Coding of a binary signal into an HD83 signal is done acc­
ording to the following rules: 
1. The HD83 signal is psuedo-ternary; the three states are 
denoted 8+, 8_and O. 
2. Spaces in the binary signal are coded as spaces in the 
HD83 signal. For strings of four spaces however. special 
rules apply (see 4. below). 
3. Marks in the binary signal are coded alternatelY.as 8+ 
and 8_ in the HD83 signal (alternate mark inversion). Viola­
tions of the rule of alternate mark inversion are introduced 
when coding strings of four spaces (see 4. below). 
4. Strings of four spaces in the binary signal are coded 
according to the following rules: 

a The first space of a string is coded as a space if the 

18 

vee 

JUU1f~ 

AIN -----1.! 

BrN-----...E 

LOGICO~ 

VSS 

Vee 

LOGIC '0'/'1' ----E. 

~ 

Vss 

4 

Fig. 11 

10 

Fig. 13 

3k 

:~11' 

Jk 

TO lOMn/l0pF' 
SCOPE PROBE 

TO 10M.n/lOpF 
SCOPE PROBE 

VtH (MIN) - - - - - - ,--------

"511 
EDGE TIMES 

INPUT \IlL (MAXI 

{

VOHIMIN) 

,OUTPUT 

VOL (MAX) 

Fig. 15 Test timing definitions 

preceding mark of the HD83 signal has a polarity oppos­
ite to the polarity of the preceding violation and is not a 
violation by itself; it is coded as a mark. i.e. not a violation 
(i.e. 8+, 8_), if the preceding mark of the HD83 signal has 
the same polarity as that of the preceding violation or is 
by itself a violation. 
This rule ensures that successive violations are of altern­
ative polarity so that no DC component is introduced. 
b The second and third spaces of a string are always 
coded as spaces. 
c The last space of a string of four is always coded as a 
mark, the polarity of which is such that:itlviolates the rule 
of alternate mark inversion. Such violations are denoted 
V + or V _ according to their polarity. 
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2 MBIT PCM SIGNALLING CIRCUIT 

MJ1444 
PCM SYNCHRONISING WORD GENERATOR 

The 2.048 Mbit PCM signalling circuits comprise a 
group of circuits which will perform the common signalling 
and error detection functions for a 2.048 Mbit 30 channel 
PCM transmission link operating to the appropriate CCITT 
recommendations. The circuits are fabricated in N-channel 
metal gate MOS and operate from a single 5 volt supply. 
Relevant inputs and outputs are TTL compatible. 

The MJ1444 generates the synchronising word in 
accordance with CCITT recommendations G732. The 
MJ1445 has been designed to detect this synchronising 
word when received at the remote end of the transmission 
system. 

The synchronising word is injected onto the PCM data 
highway during time slot 0 in alternate frames. The spare 
time slot 0 data bits, bit 1 in every frame and bits 3 to 8 
inclusive in alternate frames (i.e. those not containing the 
synchronising word) are available as parallel inputs and are 
output onto the PCM data highway. 

The data output of the MJ1444 is 'open collector' and 
can be wire-OR'd directly onto the highway. 

The device also provides a time slot 0 channel pulse 
'TSO', time slot 0 non-sync. frame 'TSO SF', and time slot 16 
'TS16' outputs. 

FEATURES 

~ SV ±S% Supply-20mA Typical 

III Fully Conforms to CCITT Recommendation G732 

II Outputs Directly Onto PCM Data Highway 

III Provides Both Time Slot 0 and Time Slot 16 
Channel Pulses 

iii All Inputs and Outputs are TTL Compatible 

eH 
RESET 

CLOCK 0--

I 

COUNTER I 

DECODER I 
I 

r---

SYNC 
WORD 
GEN 

'---

BlT5[~PVCC 
BIT6 [ 2 l~ P TSO 

CHANNEl RESET [ J 14 P BIT 4 

ClOCK [ 4 13 P BITJ 

BIll [ 5 12pBIT1SF 

TS 16 [ 6 \l P BIT 1 SF 

81T 8 [ I 10 J COMBINED DATA 

GROUND [ 8 9 ] TSO SF 

DG16 

Fig. 1 Pin connections 

ABSOLUTE MAXIMUM RATINGS 

The absolute maximum ratings are limiting values above 
which operating life may be shortened or specified para­
meters may be degraded. 

Electrical Ratings 

+Vec 7V 
Inputs 
Outputs 

Vcc + 0.5V Gnd - 0.3V 
Vec, Gnd -0.3V 

Thermal Ratings 

Max Junction Temperature 175°C 
Thermal Resistance: Chip to Case 

35°C/Watl 
Chip to Amb. 
120oC/Watl 

~\~ 
" . ~ . . . ~ 

. 
in in in 

- 1 j 1 
J MULTIPLEXER 

l 

~J 
P ISO 

LOAD/SHIFT 

. 
0; 

I 
J 

~ 
. 
0; 

COMBINED 
DATA 

Fig.2 MJ1444 block diagram 
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MJ1444 

ELECTRICAL CHARACTERISTICS 

Test conditions (unless otherwise stated): 
Supply voltage, Vee = 5V ±0.25V 
Ambient operating temperature -10oe to + 700 e 

Static Characteristics 

Characteristic Symbol Pins 

Low level input voltage VIL 1,2,3,4,5, 
7,11,12,13, 

14. 

Low level input current } 
High level input current liN 11 

High level input voltage VIH 11 

Low level output voltage VOL 
6,9,15 

10 

High level output voltage VOH 6,9,15 
High level output leakage current IOH 10 
Supply current lee 

Dynamic Characteristics 

Characteristic Symbol 

Max clock frequency Fmax 

Propagation delay, clock to TSO, TSOSF, TS16 and 
tp combined data outputs. 

Set up time channel reset to clock TS1 
Hold time of channel reset input tH1 
Set up time of bit 1 (SF) to datum B tS2 
Hold time of bit 1 (SF) wrt datum B tH2 
Set up time of bit 1 (SF) and data bits 3-8to datum B tS2 
Hold time of bit 1 (SF) and data bits 3-8 wrt datum B 

CL.OCK 
INPUT 

tH2 

I DATUM B 

Value 
Min. Typ. Max. 

-0.3 0.8 

1 50 

2.4 Vee 
0.5 
0.7 

2.8 

20 

20 40 

Value 
Min. Typ. Max. 

3 

80 200 

100 450 

20 400 

100 
300 

100 

300 

10ATUM A 

CHAN,..El 
RESET 
INPUT 

---'-: -----,~ 

Units 

V 

I1A 

V 
V 

V 

I1A 
mA 

Units 

MHz 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

TSO 
OUTPUT I ~ 

20 

COMBINED 
DATA 

OUTPUT 
(SF) 

COMBINED 
DATA 

OUTPUT 
(SF) 

I I 
~OO~' 'I 

Fig.3 Data timing 

Conditions 

Isink = 2mA 
Isink =5mA 

Isource = 200ilA 

VouT=Vee 
Vee=5.25V 

Conditions 

See Figs.5 and 6 

fclOCk = 2.048 MHz 



FUNCTIONAL DESCRIPTION 

Functions Listed by pin number 

1, 2, 5, 7, 13, 14. Bits 3 to 8 
Parallel data on these inputs is asynchronously loaded 

into bits 3 to 8 of the PISO shift register for transmission 
during Time slot 0 of non·sync. frames. 
3. Channel Reset 

A low going pulse at this input synchronises the 
MJ1444 with the other devices at the transmit end of the 
PCM link. It may be applied as a start pulse or repeated at 
the same instant in successive frames. 
4. Clock 

System clock input (2.048MHz for a 2 Mbit PCM 
system). 
6. TS16 

This output provides a positive pulse equivalent to 8 
clock periods during time slot 16 of every 30 + 2 channel 
PCMframe. 
8. GND 

Zero volts. 

9. TSO SF 
This output provides a positive pulse equivalent to 8 

clock periods during time slot 0 of non·sync. frames. 

Fig.4 Sync. timing 

MJ1444 

10. Combined data 
This 'open collector' output injects the contents of the 

PISO shift register onto the PCM data highway during time 
slot 0 in successive frames. The contents of the PISO shift 
register are defined as follows: 

~B=i~t1~~~~~~~~~~ 

Sync. Frame X 
Non-sync. frame X 

X - indicates that these bits may be set according to the 
parallel data inputs. 

11. Bit 1 SF 
Data on this input is asynchronously loaded into bit 1 of 

the PISO shift register for transmission during time slot 0 of 
sync. frames. 
12. Bit 1 SF 

Data on this input is asynchronously loaded into bit 1 of 
the PISOshift register for transmission during time slotOof 
non·sync. frames. 
15.TSO 

This output provides a positive pulse equivalent to 8 
clock period during time slot 0 of every 30 channel PCM 
frame. 

16. Vee 
Positive supply, 5V ±5%. 

VCC---~r_----~~ 

JUl.Jl.f1flf 
-U----lJ 

PARALLEL 
DATA 

{" 12 
13 

" 1 
2 
5 
1 

,. 

MJ1444 

'---_.,,----l 

6,9,10,15 

TO 10M.nj10P 
SCOPE PROBE 

5. 

Vos ------''------4--

Fig.S Test conditions (al/ outputs) 

I DATUM A 

CLOCK --.J '-------11 1-1 _--II 
CHANNEL 

RESET 

I, '51 I' 'Hl [ 

I---"Y 
TSQ,TS16,TSOSF ----------.....;.I-"'I>Kl:-i--:::r-----­

& COMBINED 
DATA 

OUTPUTS 

ALL DATA 
INPUTS 

TIME SLOT 
o 

OUTPUT 

DATUM B 

'52 'H2 

XXXXXXI 

Fig.6 Timing definitions 
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2 MBIT PCM SIGNALLING CIRCUIT 

MJ1445 
PCM SYNCHRONISING WORD RECEIVER 

The 2.048 Mbit PCM signalling circuits comprise a 
group of circuits which will perform the common signalling 
and error detection functions for a 2.048 MBit 30 channel 
PCM transmission link operating to the appropriate CCITT 
recommendations. The circuits are fabricated in N-channel 
metal gate MOS and operate from a single 5volt supply. 
Relevant inputs and outputs are TTL compatible. 

The MJ1445 establishes synchronisation by detecting 
the synchronising word when it is received at the remote 
end of the transmission system. The MJ1444 has been 
designed to generate this synchronisation word at the 
sending end of the system in accordance with CCITT 
recommendation G732. 

BIT 1 SF 

BIT 1 SF 

1S0 

CLOCK 

ERROR 

SYNC ALARM 

DATA INPUT 

GROUND 

, 
2 

J 

, 
5 

, 
7 

8 

"P I5p 
"p 
"P 
12P 
liP 
lOp 
,b 

BIT 3 

81H 

CHANNEL RESET 

BIT5 

BITS 

BIT 7 

BIT B 

Corruption of individual synchronisation words is 
signified by an 'Error' output, loss of synchronisation is 
indicated by a 'Sync Alarm' output and follows CCITT 
G732 in that loss of synchronism is assumed when 3 
consecutive synchronisation words have been received 
with errors. 

Fig. 1 Pin connections 

FEATURES 

• . SV±S% Supply-20mATypical. 

DG16 

The 'Channel Reset' output goes low for the first period 
of the clock after time slot 0 in sync frames whenever the 
MJ1445 has established that the receiver terminal is in 
synchronisation in order that the rest of the receiver 
terminal may be reset. . • • • • 

Conforms to CCITI Recommendation G732 
The 'TSO' output is high for a period of8 bits starting from 

the end of the first bit of the synchronising word. The spare 
data bits from the synchronising word are provided as 
parallel outputs. 

ABSOLUTE MAXIMUM RATINGS 

The absolute maximum ratings are limiting values above 
which operating life may be shortened or specified para­
meters may be degraded. 

Electrical Ratings 
+Vcc 7V 
Inputs 
Outputs 

Vcc + O.5V Gnd.- O.3V 
Vcc, Gnd -O.3V 

Thermal Ratings 

22 

Max Junction Temperature 175°C 
Thermal Resistance: Chip to Case 

35°C!Watt 
Chip to Amb. 
120°C/Watt 

Synchronising Word Error Monitor 
Out of Sync. Alarm 
All Inputs and Outputs are TIL Compatible 

Fig.2 Block diagram MJ1445 



ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise stated): 

Supply voltage, Vcc = 5V ±0.25V 
Ambient temperature, Tamb = -10°C to +70°C 

Static Characteristics 

Characteristic Symbol Pins 

Low level input voltage VIL 4, 7 

Low level input current f 
High level input current liN 4, 7 

High level input voltage VIH 4,7 

1,2,3,5,6 
Low level output voltage VOL 9,10,11,12 

13,14,15 
High level output voltage VOH 
Supply current Icc 

Dynamic Characteristics 

Characteristic Symbol 
Min. 

Max. clock frequency 
Input delay of data input 
Propagation delay, clock to TSO output 
Propagation delay clock to error output, sync 
alarm and CH. Reset output high 
Propagation delay, clock to CH. 
Reset output low (T -tp) 
Propagation delay clock to spare bits 

(2·048MHz) 

.I1I1JlJlf ~ 
CLOCK 

MJ1415 

2·7k 

Fig.3 Test conditions, all outputs 

FUNCTIONAL DESCRIPTION 

Functions listed by pin number 

1.Bitl SF 

fmax 

td data 

td TSO 

td 

tp 

td SB 

This output is set to the level of data bit 1 during time slot 0 
of non sync frames. The data becomes true on the first falling 
edge of the clock during TS1. 
2. Bit 1 SF 

This output is set to the level of data bit 1 during time slot 0 
of sync frames. The data becomes true on the first falling 
edge of the clock during TS1. 

3. TSO 
This output provides a positive pulse of 8 clock periods 

in every frame starting from the end of the first bit of the 
synchronising word of the received data. 

2.2 
20 
40 

50 

100 

50 

MJ1445 

Value 
Units Conditions 

Min. Typ. Max. 

-0.3 0.8 V 

1 50 fJA 

2.4 vee V 

0.5 V Isink = 2mA 

2.8 Isource= 200fJA 
20 40 mA Vcc =5.25V 

Value 
Units Conditions 

Typ. Max. 

MHz 
200 ns f clock = 2.048M Hz 
200 ns Fig.3 

400 ns Fig.3 

450 ns Fig.3 

300 ns Fig.3 

4.Clocl( 
System clock input (2.048MHz for a 2MBit PCM 

system). 
5.Error 

This output goes high at the end of time slot 0 in the 2nd 
sync frame following the frame with sync word errors. If 
consecutive sync words occur with errors this output will 
remain high. If a sync alarm is generated this output will 
remain high until sync is regained. 
6. Sync Alarm 

This output goes high at the end of time slot 0 output in 
the 3rd consecutive sync frame containing sync word 
errors. It retums low at the end of TSO output in the 3rd 
consecutive frame received correctly (sync and non sync). 

7. Data input 
Serial data (2MBitls) at this input is clocked through the 

SIPO shift register and examined by the sync word 
detector. 

8.GND 
Zero volts 

9,10,11,12,14,15. Bits 3 to 8 
These parallel outputs are set to the level of the spare 

data bits (3to 8) oftime slot 0 of non sync frames. The data 
becomes true on the first falling edge of the clock during 
TS1. 
13. Channel reset 

This output goes low for the first period of the clock 
after time slot 0 of the received data as long as 
synchronisation has been established. This pulse can be 
used to reset the rest of the receiver terminal. 

16. Vee 
Positive supply 5V ±5%. 
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MJ1445 
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DATUM AI 
CLOCK 

~ ~I 
1~~1~ =====~I~B=IT~1~1 =~2=:1 =~3 =~I =4=~~~5==1=~6=~1 =~7=:1 =~8 =~I ::=I~======= 

I. TSO .. I I 

OJ~~UT .--JlL..T_SO_S_F ______ ..Jn TSO SF 

C~~~~iL----+I!------------------~--~~~f~:A~i: OUTPUT 
I ERROR I OUTPUT __ --' 

SYNC ~I _____________________________ ___ 

t~~~ifT --~I 
1 DATUM A 

T = 488ns '"I DATUM A 
SYSTEM .... 114 ____ --. 

CLOCK -----l ~------'I~ _-2!20!Q.O-----I 

DATA ____ ..I:>..t\:::.....:~:...::.~~~:::.....:~:...::1__:_--4-8~_+~i;_:,~~::...;,~..:...~.:...::~..:...J.l....-__ _ 

111~~~l~ns 
~ 

TSO OUTPUT 

SPARE BITS 

FigA Timing diagram and output waveforms 



2 MBIT PCM SIGNALLING CIRCUIT 

MJ1446 
TIME SLOT 16 RECEIVER AND TRANSMITTER 

The 2.048 Mbit PCM signalling circuits comprise a 
group of circuits which will perform the common signalling 
and error detection functions for a 2.048 Mbit 30 channel 
PCM transmission link operating to the appropriate CCITT 
recommendations. The circuits are fabricated in N·channel 
metal. gate MOS and operate from a single 5volt supply. 
Relevant inputs and outputs are TIL compatible. 

The MJ1446 has two modes of operation dependent on 
the state of the mode control input. With the mode control 
high the device is in the transmit mode and with the mode 
control low the device is in the receive mode. 

In the transmit mode the device accepts 64kbitslsec 
signalling information in either binary or AMI format and 
outputs it at 2Mbitslsec on to the digital highway during 
time slot 16. 

8kHl [ 1 \J 

16kHz [ 2 

CLOCK [ 3 

ALARM INHBIBIT [ 4 

AMI n'p [ 5 

AMIO;P [6 

AMI DATA IN,"QUT [ 7 

GROUND [ 8 

16] V" 

15] ALAAM Q,'P 

14] T516 

13 ] MODE CONTROL 

12] DIG HIGHWAY Ace IN,'OUT 

11] BINARY DATA 1,'0 

10 ] 64kHZ 

9 P AMI DATA INI'OUT 

In the receive mode the device accepts 2Mbitlsec 
information from the digital highway, during time slot 
16 and output is at 64kbitslsec in both binary and AMI 
format. Fig.1 Pin connections 

In both receive and transmit mode there is an AMI 
coded clock output, AMI output and AMI output which 
conforms to CCITI recommendation no G372 for a 
64kbitslsec contradirectional interface. The alarm inhibit 
input causes the 8kHz timing signal to be removed from 
the AMI clock output. 

FEATURES 

III SV ±S% Supply-20mA Typical 

iii Conforms to CCITT Recommendations 

DG16 

The device is reset in both modes by a time slot 16 
channel pulse and the alarm output provides an indication 
that the internal counter is operating correctly. 

Also provided are 64kHz, 16kHz and 8kHz clock 
outputs. 

II Provides Both AMI and Binary Format Data Outputs 

II! Single Chip Receiveior Transmit 

16kHz 

CLOCK 

64kHz 0-~----1 

AMI 

AMi 

ALARM 
INHIBIT 

8kHz 

C~~~~OL 0--------------1 

AMI 
DATA 

III All Inputs and Outputs are TTL Compatible. 

AMi 
DATA 

BINARY 
IN 

TS16 

BINARY 
DATA 

ALARM 

DIGITAL 
HIGHWAY 
ACCESS 
IN/OUT 

Fig.2 Block diagram 
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MJ1446 

ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise stated): 

Supply voltage Vee = 5V ± 0.25V, Ambient temperature Tamb = _10DC to +70DC, 
Static Characteristics 

Characteristic Symbol Pins 
Value 

Units Conditions 
Min. Typ. Max. 

Low level input voltage VIL 
3,4,7,9,11, '-0.3 O.S V 12,13,14 

Low level input current 
liN 11 1 50 flA High level input current 

High level input voltage VIH 11 2.4 Vec V 

Low level output VOL 
1,2,5,6,7, 

0.5 V ISink = 2mA 
9,10,11,15 

12 0.5 V Isink =5mA 

High level output voltage VOH 
1,2,10,5,6, 

2.S V Isource = 200flA 15 

High level output leakage current ICH 7,9,11,12 20 flA VOUT = Vcc 
Supply current Icc 

Dynamic Characteristics (fclock = 2.048 MHz) 

Characteristic 

Propagation delay clock to data out to digital highway 

Propagation delay clock to 64 kHz out 

Input delay, clock to digital highway access 

Input delay, clock to time slot 16 

Output delay 64kHz to 16kHz output 

Output delay, 64kHz to SkHz output 

Output delay, 64kHz to binary data output (64kHz) 

Output delay 64kHzto AMI, AMI, AMI data & 
i'iJMCIata alp's 
Input delay, 64kHz to binary data in (64kHz) 

FUNCTIONAL DESCRIPTION 
Functions listed by pin number 

1.8kHz 
SkHz square wave output. 

2.16kHz 
16kHz square wave output. 

3. Clock 
System clock input (2.048MHz for a 2Mbit PCM system) 

4. Alarm inhibit 
Ahigh level on this input inhibits the SkHz timing signal 

on the AM I clock outputs. 

5. AMI output 
Altemative Mark Inversion coded 64kHz. 

6. AMI output 

7. AMI Data inlout 
In the transmit mode 64kHz signalling data in AMI 

format is accepted at these inputs for output to PCM 
highway during time slot 16. 

8.GND 
Zero volts. 

9. AMI Data inlout 
In the receive mode data accepted from the PCM 

highway during time slot 16 appears on these outputs at 
64kbits/sec in AMI format. 

10. 64kHz 
64 kHz square wave output. 

26 

20 mA Vcc =5.25V 

Symbol 
Value 

Units Conditions 
Min. Typ. Max. 

tp 20 200 ns Fig.7 

tp 20 200 ns Fig.7 

td DATA 20 200 ns 

td TS16 SO 200 ns 

tp 16 70 ns Fig.? 

tps 1?0 ns Fig.7 

tp BIN 20 450 ns Fig.S 

tpAMI 20 400 ns Fig.S 

td BIN 100 ns 

11. Binary data inlout 
In the transmit mode 64 k bit/sec signalling data in binary 

form is accepted at this input for output to the PCM data 
highway during time slot 16. In the receive mode data is 
accepted from the PCM highway during TS16 and appears 
at this output at 64 kbits/sec in binary format. 

12. Digital Highway access inlout 
In the receive mode 2Mbit/sec signalling data is 

accepted at this input during time slot 16 from the PCM 
digital highway. In the transmit mode signalling data is 
output to the PCM digital highway during time slot 16 at 
2 Mbits/sec. 

13. Mode control 
A high level on this input causes the MJ1446 to operate 

in the transmit mode while a low level causes it to operate 
in the receive mode. 

14.TS16 
This input should be connected to time slot 16 channel 

pulse of the PCM system to synchronise the MJ1446 with 
the rest of the system. 

15. Alarm output 
A high level on this output indicates that the internal 

counter has stopped or is out of synchronisation with the 
time slot 16 channel pulse. 

16 Vee 
Positive supply 5V ±5%. 



CLOCK INPUT 

2M BITIS DATA 
TX MODE 
IDIGITA!.. 

HIGHWAY ACCESS) 

, 1 3 

TIME SLOT IN ----1 
2M BITIS DATA -,..---.).I--'--'-'--,---:",---:",7,-:--r-;-T 
7~1::,~~~1 L ..2..' --LI...:.' ....L...:.3 -L1...:4~LI _'-=---L-=---L:...-L..::...-'--'--'----' 

HIGHWAY ACCESS) 

64 kHz OUTPUT 

16kHz OUTPUT 

8kHz OUTPUT 

TIME SLOT IN 

RX 

TX 

{

AM, 
OUTPUT 

AMi 
OUTPUT 

{

AM' 
OUTPUT 

AMi 
OUTPUT 

Fig.3 2 MBills operation 

--~I~ L 
I 
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1 I 

I I 

B'~~:ic~tTA -----:--,-'1 -,:--1L2J 4 1 5 1 • 
IN (TX) lOUT (RX) 

IN (TX) 
OUT (RX) 

{

AMI DATA 

AMI DATA 

SYSTEM CLOCK 

DIGITAL HIGHWAY 
DATA OUTPUT 

& 64kHz 

DIGITAL HIGHWAY 
DATA INPUT 

LJ LJ L 

Fig.4 64kBitis operation 

I~ 

I~ 

TS16 INPUT ____________ .!-....J.~~~'--___ _ 

Fig.5 Timing diagram 

MJ1446 

27 



MJ1446 

Vee 

I. 
(2·048MHz) 
.IUUUlf CLOCK 

13 
MODE 

5V 
64 kHz DATA 

AMI DATA 
MJ1446 

AMIi5ATA 
__ JL __ TS16 

(fV I. 

64 kHz OUTPUT 

16kHz OUTPUT 

6kHz OUTPUT _______ -!-=~==~",.....-_:_---~---
I. tp BIN I 

BINARY DATA 
OUT (RX) I~ 

I. IpAMI .1 
AMI, AMI, AMI DATA -------Jlh~~~~;j~=:r-------

& Af.fIDAfA ~"",","""""""'\J OUTPUTS 

BINARY DATA 
IN (rx) 

1,2,3,6,10,12,15 

~ 

Fig.6 Timing diagram 

2·7k 

TO 10M..n/l0pF 
\ SCOPE PROBE 

5. 

Vee 

2.048MHz 
JUUlJ1f CLOCK 

MODe 

OIG.H/W DATA 

__ SL __ 1516 

13 
ov 12 

MJ1446 

14 

1,2,5,6,7,9,10,11,15 

2·7k 

TO lOM.n.!10pF 
SCOPE pROBE 

5. 

Vss-----+----------~ ___ Vss -----+----------~---

Fig.7 Test conditions (transmit mode) Fig.8 Test conditions (receive mode) 
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~!:~i~~~!:~ ________________ AD_V_A_N_C_E_IN_FO_R_M_A_TI_O_N 

MS2014 
DIGITAL FILTER AND DETECTOR (FAD) 

The MS2014 is a real time general purpose digital signal 
processor (DSP) which is easily programmed to perform 
digital filtering and level detection. The architecture of the 
FAD comprises a cascadable second order recursive filter 
and level detector using dedicated multipliers, adders and 
delay elements. 

The data controlling the response of the MS2014 is stored 
in an external PROM or RAM and consists of a list of filter 
coefficients and comparison levels. This simple data format 
means that the user does not need an expensive 
development system at the design stage (in contrast to other 
DSP devices, which use microprocessor-based structures 
and require considerable software development effort to 
realise their function). The off-chip data memory allows for 
easy adaptive control, even when complicated algorithms 
are to be implemented. 

The filter and detector have been designed to give 
maximum flexibility in use and can easily generate most of 
the functions required in tone detector, spectral analysis, 
adaptive filter and speech synthesis systems. 

OG24 

FEATURES 

IiIII Linear 16-Bit Data 

II 13-Bit Coefficient 

I!!!I 2MHz Operating Clock Frequency 

III Serial Operation 

III 448 Bits of On-Chip Shift Register Data Storage for 
8th Order Multiplex 

III Nth Order Multiplexing (N:<8) 

II TIL Compatible 

II Single +5V Supply 

APPLICATIONS 

III Low Cost Digital Filtering 

III Level Detection 

III Spectral Analysis 

III Tone Detectors (Multi-Frequency Receivers) 

III Speech Synthesis and Analysis 

III Data Modems 

III Group Delay Equalisers (All-Pass Networks) 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage (V ~o) 
Input voltage 
Maximum output voltage 
Temperature: Storage 

Operating 
NOTE 

All voltages with respect to Vss. 

-0.5V to +7V 
-0.5V to +7V 

+7V 
-65DC to 125DC 

ODC to 70DC 

Fig.l Pin connections - top view 

PIN NAMES 

Name Function 1/0 

1 Clock Single phase clock input I 
2 Detect 2 Out Output from detector 2 0 
3 Int.Coeff Integrator coefficients I 
4 DET 1 In Detector 1 input I 
5 Mult In Input to NR B multiplier I 
6 R Output Output of recursive section 0 
7 NR Coeff Non-recursive (NR) I 

coefficient input 
8 R Coeff Recursive coefficient input I 
9 Filter In Data input to filter section I 
10 Mult Out Output from B multiplier 0 
11 B Input Input from B multiplier I 
12 Vss OV 
13 Delay In 1 I nput from filter external delay I 
14 Delay Out 1 Output to filter external delay 0 
15 Filter Out Data output from fi Iter section 0 
16 Comp 1 In Comparison level 1 input I 
17 Sync Synchronisation pulse input I 
18 Comp 2 In Comparison level 2 input I 
19 DET 2 In Input for detector 2 via FWR I 
20 FWR Out FWR output from Det 2 I n data 0 
21 Delay Out 2 Output from detectors 1 and 2, and 0 

connection to detector external delay 
22 Delay In 2 Input from detector external delay 
23 Delay Select I nternal/External delay selector 
24 Voo +5V supply 
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MS2014 

FILTER DET 1 COMP liNT COMP 2 DET 2 
OUT IN IN C9EFF IN IN 

1--- - - - -- -- -- 15 16- 3 lS 

I 
I 

FILTER 19 
IN 1 

DELAYoI1~4~~~ ________ ~ ____ ~ ____ ~ 
DUT1 I 

DELAYOI1~3 ______________ ~ ____ ~ __ ~ 
IN 1 

DELAY 0'2=3~ ____________ ~ ____ ~---{"""'--""""" 
SELECT I 

Is D 
R COEFF 0--- .,b,C1,M 

17 
NR COEFF 0---A,B,C2 

11 
CLOCKo--<I> 

SYNC~SYNC 
124 

VDDO---VDD 

VSSh 

b '- -- -- -- - -- - --
R IN OUT B 

OUT LMULTJ IN 

Fig,2 Block diagram 

PERFORMANCE 

A sample throughput of 64000 samples/s is guaranteed, 
Thus using a sampling period of 12s,.ts (8000 samples/s) the 
following may be realised: 

8 bi-quadratic 2nd-order recursive filter sections; 
plus 16 full-wave rectification operations; 
plus 16 1st-order leaky integrations; 
plus 16 level comparisons. 

Filters of more than 16th order are possible but will require a 
lower sampling rate or more than one MS2014. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol 

Supply voltage Voo 
Input voltage (high state) except clock V,H 
Input voltage (low state) except clock V,L 
Input voltage (high state) clock V,HC 
Input voltage (low state) clock V,LC 
Clock rise and fall time tel 
Clock frequency fel 
Operating temperature Tamb 

30 

Value 
Min. Max. 

4.75 5.25 
2.2 -
- 0.7 

4.5 -
- 0.5 

30 
0.5 2.048 
0 70 

DELAY 
OUT2 

Units 

V 
V 
V 
V 
V 
ns 

MHz 
°C 

DELAY 
IN 2 

DET2 
OUT 

Conditions 

10% - 90% (Note 1) 

FWR 
OUT 

201 
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ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise stated): 

Voo = +5V Tamb = 25°C 

Characteristic Symbol 

Supply current 100 

Output voltage. low VOL 
Output voltage, high VOH 
Input capacitance (except clock) Gin 

Input capacitance (clock) Cine 

Input data set up time tis 

Input data hold time t;h 

Output data delay time tos 

NOTES 

Min. 

-
2.7 

50 
150 
-

MS2014 

Value 
Units Conditions 

Typ. Max. 

90 120 mA 
- 0.5 V IOL = OAmA (Note 2) 

3A - V IOH = -40tJA (Note 2) 
5 7 pF 

25 pF 
- - ns Fig.? 
- - ns Fig.? 
- 200 ns Fig.? 

1. An operating clock frequency of 2.048MHz is guaranteed over the supply voltage range and the full operating temperature range. 
2. The output stage is designed to drive a standard TIL LS gate (? 4LS series). 

FUNCTIONAL DESCRIPTION 

The Filter Section 
The filter section provided in the MS2014 is asecond order 

recursive type (see Fig.3). This structure was chosen 
because of its good coefficient sensitivity and predictable 
round-off, limit-cycle and overilow properties. Higher order 
filters are easily produced by cascading sections in a similar 
manner to analogue active filter design. 

The transfer function of the section is given by: 

H z = M [1 + Az-' + Bz-2] 
( ) [ 1 - az-' - bz-2 ] 

... (1) 

The coefficients a and b define a pair of complex poles, 
whilst A and B define a pair of complex zeros. The Scaling 
Factor M . is necessarY because many filters have greater 
than unity gain, hence there is a danger of numeric overilow 
in the filter arithmetic. In the MS2014'lhis scaler multiplies by 
a factor of 

M = (Y2t where O:S; n:S; 13 

The multipliers in the MS2014 are serial/parallel types 
which require the coefficient data as a static parallel word. To 
minimise the number of pins on the device, this data is loaded 
serially and stored in a SIPO shift register. Each multiplier 
requires the coefficient data to be in 2s complement form 
with 12 bits for the fractional part of the number. 

The range for the coefficients are: 

2>A ;;"-2 
2>a ;;"-2 
1 ;;" B ;;" - 1 
1>b ;;"-1 

For the A,a coefficients there is an added bit (a~A s) to give 
the extra ±1 range, which gives a total of 14 bits for the A,a 
coefficients and 13 bits for B,b. 

The second-order filter is very easily multiplexed by 
increasing the delay function in steps of T (where T is the 
computation period * ) and time-sharing the arithmetic 
elements. The limit on this process is the maximum clock 
rate of the MS2014. With a 32 bit computation cycle the clock 
rate fel is given by: 

fel = 32 x fs x Y 

DELAY BY 
TIMET 

-G>-
MULTIPLY 

"VA 

Fig.3 Basic 2nd order filter section 

where Y is the number of times the filter is multiplexed and fs 
is the sampling rate (the reciprocal of the sampling period 
Ts **). In telephony applications it is usual for fs to be 8000 
samples/s; hence at the maximum guaranteed clock rate of 
2048kHz. Y must be less than or equal to 8. 

By presenting an input sample during every 32-bit 
computation cycle, 8 separate second-order filters can be 

. implemented. As the inputs can be independent of each 
other the filter is then said to be 'channel multiplexed'. 

Filters of higher order can be built by feeding the output 
data emerging from one second-order section back to the 
input via an on~chip data selector, which is enabled by the 
control bit C, ; since the delay between the input and output 
of the filter section is 32 clock periods, the data arrives at the 
beginning of the next computation cycle. Thus by 
controlling the data selector two or more second-order filter 
sections can be cascaded. This arrangement allows any 
combination of filter and channel multiplexing to be 
achieved. 

Higher orders of channel or filter multiplex require the 
connection of additional delay. For 8th-order multiplex, a 
delay of 7T (224 bits) is provided on chip; together with the 
inherent delay T (32 bits) of the computation cycle, this 

*T = computation period = 32 x (1 /2048k)s = 1S.63)Js i.e. 32 bits at 2048 kbitls clock rate. 

**Ts= sampling period = (1/8000)5 = 125jJs at a sampling rate of 8kHz i.e. 256 bits at 2048 kbitls clock rate. 
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makes up the necessary BT delay. Other orders of multiplex 
require the external connection of (Y - 1) x 32 bits of delay. 

The detector function is carried out by 'full wave rectifiers' 
followed by comparators and leaky integrators. By 
interconnecting these in different ways various absolute and 
relative level decisions can be made. 

The 'Full Wave Rectifiers' 
Data entering the 'full wave rectifiers' is inverted if the sign 

bit of the word is a '1' (Le. negative). The 1LSB error 
generated by this is insignificant and does not materially 
affect operation of the detector. 

The Integrators 
The integrators in the MS2014 are unity gain variable-Ieak­

factor types. Fig.4 shows the internal arrangement. The leak 
factor 

1-2 -(K + 1) 

controls the rise time of the integrator. the relationship is 
given in Table 1. 

Level Detection 
Both relative and absolute level detectors can be 

implemented in the MS2014. Fig.5 shows the arrangement 
for an absolute level detector. The sign bit of the data word 
emerging from the integrator is '1' if the mean level of the filter 
output is greater than the comparator input level. 

Relative level detection can be achieved by using the 
arrangement of Fig.6. In most applications where relative 
level sensing is required. the filtering can be arranged such 
that B = 1 (Le. the complex zeros are located on the unit 
circle in the z plane). this allows the B multiplier to be used for 
scaling the relative levels. In this application the B coefficient 
must be negative. 

INPUT 

INPUT 

32 

Leak faclor Rise lime (0 to 90%) 

1/2 3 Ts + T 
3/4 8 Ts + T 
7/8 17 Ts + T 

15/16 35 Ts + T 
31/32 72 Ts + T 
63/64 146 Ts + T 

127/128 293 Ts + T 
255/256 588 Ts + T 

Table 1 Integrator rise times 

Fig.4 Leaky integrator 

COMPARISON 
LEVEL 

LEAKY 
INTEGRATOR 

Fig.S Simple leve/detector 

OUTPUT 

OUTPUT 

COMP 21N 
18 

LEAKY 
INTEGRATOR 1 

Fig.6 Relative level detection 

FILTER DESIGN WITH THE MS2014 

DET2 
OUT 

One of the commonest techniques for designing analogue 
filters is to factor the transfer function into blocks which can 
be realised by second order filter sections. Most deSigns of 
this type are done using tables which give coefficients for 
equations of the form: 

H(s) = CS2 +Ds +K 
ES2 + Fs + 1 

... (2) 

Since the MS2014 filter section is a general second-order 
structure. the same design technique can be employed. By 
using the Bilinear Transform: 

s = 
2 (1 -Z-1) 
T (1 +Z-1) ... (3) 

it is possible to deSign digital filters from analogue 
prototypes. By substituting equation (3) into (2) and re­
arranging the result into the form of equation (1) the 
following relationships are derived: 

A 
2KT2 - 8C 

4C + 2DT + T2 

8E - 2T2 
a= 4E+2FT+T2 

M = 4C + 2DT + KT2 
4E+2FT+T2 

B 

b = 

4C - 2DT + KT2 
4C +2DT + KT2 

2FT - 4E - T2 
4E+2FT+T2 

... (4) 

These five equations allow an analogue filter design to be 
transformed into digital form. 

In addition to the four coefficients required by the filter 
section the data streams fed to the NR and R coefficient 
inputs include the four bits setting the Scaling Factor M (Mlto 
M4) and two selector control bits C, and C2. 

When C, = 1. data applied to FILTER IN (pin 9) goes to the 
filter section. when C, = 0 data emerging on FILTER OUT 
(pin 15) is fed back to the filter at the start of the next 
computation cycle. 

When C2 =10 the B multiplier is by-passed by a direct 
connection. setting B = 1. 

Table 2 shows the format of the serial data words for the 
NR and R coefficient inputs. The timing diagram (Fig.7) 
shows where this fits into the computation cycle. The 
synchronising pulse (SYNC) is coincident with the first clock 
pulse of the cycle and must be low before the rising edge of 
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32 31 30 29 28 27126125124123122121 120119118117116115 14113112111 J 10 19 I 8 I 7 I 6 15 14 1 3 I 211 
Clock 
Pulse 
Number 

bCoell. as a Coe". (Recursive) 

C, M, M2 M3 M4 msb ................. .................................................................. Isb msb ............. .............................................................................. Isb 

B Coell. As A Coell. (Non-Recursive) 

X X X X C2 msb ................... ................................................................ Isb msb ........................................................................................... .lsb 

0.125 

1 0 a 1 
0 0 a a 

a 
1 0101010101010101010 10 10 10 
1 01 0 10 10 10 1010101010 101010 

0.73217773437 
01,1,101,1,1,101,1,10 111111 
01010101010 1010 101010 10 10 10 

R 

NR 

Table 2 Filter data format 

the clock. The SYNC pulse is applied every Y clock pulses, 
where Y = CLOCK RATE/SAMPLING RATE. 

Coefficient Conversion 
After the coefficients have been obtained (from the 

Bilinear Transform or FAD Development Program) they 
must be assembled in the format given in Table 2. The FAD 
Development Program gives the multiplier coefficients in a 
ready-to-use binary string format, other techniques will give 
numerical values for the coefficients which must be 
converted into binary strings. 

Coefficient Conversion Algorithm for 'A' 
The algorithm for converting A or a to binary is as follows: 

ObtainA =~.8191 
Convert A into a binary number (13 bits) 

If A is positive INVERT THE MSB AND APPEND '0' AS 
NEW MSB. 

32 CLOCK PULSES 

TIME SLOT 1 TIME SLOT 2 

SYNC U 
R COEFF I ~~ ............ ~ : 1,~····"''''···~ I~·* I 

NR COEFF I ~~ ............. ~ ~I ~; ............. ~ I~I~~~I 
FILTER IN I ~ (16) il 

FILTER OUT 

DET 1 (OR 2) IN 

INT COEFF 

COMP 1 (OR 2) IN 

DET 2 OUT 

DELAY OUT2 

If A is negative INVERT ALL BITS AND APPEND '1' AS 
NEW MSB, then ADD '1' LSB. 

Conversion of 'B' Coefficients 
Obtain 8 =8.4096 

Convert 8 into a binary number (12 bits) 
If 8 is negative INVERT ALL BITS, ADD '1' LSB AND 
APPEND '1' AS NEW MSB. 

If 8 is positive APPEND '0' AS NEW MSB. 

In addition to the coefficient data streams one further input 
must be set up. DELAY SELECT (pin 23) is the control pin 
used to select the internal7T delay. A '1' maintained on pin 23 
selects the internal delay and a '0' the external option. The 8 
multiplier is independent of the rest of the circuit and may be 
used for any purpose, although usually it will form part of 
either the filter or detect functions. In each case the 
appropriate connections must be made externally. 

TIME SLOT 3 TIME SLOT 4 

I~ (16) il 
I~ (1S) il 

1,~· ... ······· .... · .... ·~ 
I ~ OET2 il (16) 

I~ DET1 MIL DET2 ~I (16) .~ ~ (16) 

Fig.7 Timing diagram 
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Clock pulse 
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 number 

Integrator 
X X X X X X X X X X X X X X X X X X X X X X K, K, K3 J, J, J3 X X X X coefficients 

Comparison 
Po p, p, P3 P4 Ps P6 p, p, p, PlO p" P12 P'3 P14 P15 X X X X X X X X X X X X X X X X level 1 or 2 

Table 3 Detector data format· 

Programming the Detector 
Control data for the detect function is supplied by an 

external memory to the INT COEFF input (pin 3) and to the 
COMP 1 IN and COMP 2 IN inputs (pins 16 and 18) of the 
MS2014. The relative positions in time of the input sample 
data, detect function control data and output sample data are 
shown on the timing diagram (Fig.?). 

Note that it is possible to economise on memory by 
strapping pin 3 either to pin 160rto pin 18, since valid data for 
either combination of pins occurs at different times in the 
computation cycle. There are· two integrator scaling factors 
in the INT COEFF data stream. Thej1,j2,j3data bits determine 
the integrator coefficient for the data stream appl ied to DET 1 
IN (pin 4)and the k1, k2, k3data bits for the DET 21N (pin 19) 
data stream; their definitions and clock pulse positions are 
given in Table 3. 

In most applications, the comparison levels I and m applied 
to COMP 1 IN (pin 16) and COMP 2 IN (pin 18) will be 
negative quantities, and as they are coded in two's 
complement, each sign bit at clock pulse 32 will be a '1 '. 
However,a positive quantity can be input by setting the sign 
bit to '0'. In this case, care must be taken to ensure that the 
addition of the DET data and the COMP data does not result 
in a number greater than unity and cause overflow, since no 
protection against overflow is provided in either detect 
function. 
NOTE Round-off errors in the detector section may result in 
the integrator 'jamming' if the signal is below the 4 LSBs. 
Consequently, the available dynamic range is limited to the 
12 MSBs. 

TYPICAL APPLICATIONS CIRCUITS 

A Second-Order High Sampling Rate Filter (Fig.8) 
This is the simplest filter arrangement for the MS2014. No 

external delay is required so that DELAY 1 IN is connected to 
DELAY 1 OUT and DELAY SELECT is grounded. 

A -7-32 counter generates the 5-bit wide address for the 
coefficient ROM. A 5-input OR gate on the address lines 
generates the SYNC pulse every 32 clock cycles so that at a 
2.048MHz clock rate the sample rate is 64000 
samples/second giving a maximum bandwidth of 32kHz. 

If the desired B coefficient is not unity then ROUT (pin 16) 
must be connected to MUL T IN (pin 5) and MUL T OUT (pin 
10) to B INPUT (pin 11). 

A 16th Order Filter 8kHz Sample Rate Fig.9) 
In this example DELAY SELECT (pin 23) is high so thatthe 

internal 7T delay is switched in. hput data is applied during 
the first computation cycle (the one with the SYNC pulse in 
it) and coefficient data is loaded in the last computation 
cycle. 
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5V 
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FILTER 

OUT --r;; TA 
T OA 

I N 
DELAY 
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DELAY R MULT MULT B OV-

OUT IN OUT IN OUT' INPUT 

LJ LJ LJ 
OV 

Fig.S 2nd order 32kHz bandwidth filter 

Channel Multiplexed Second Order Filter 8kHz 
Sampling 

OU 

The hardware for this filter is identical to Fig.9. However, 
input data is provided during each computation cycle and 
each cycle contains a separate output. lithe filter required for 
each channel is identical, then the coefficient memory need 
only be 32 x 2 bits. 

Other Configurations 
Sampling rates other than 64kHz and 8kHz can be 

achieved either by reducing the clock rate and/or by using 
external: delays in place of the internal O!7T. The use of 
externalldelay also allows different orders of multiplexing. 
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Fig.9 A 16th order 4kHz bandwidth filter 
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Fig. 10 Input and output timing 
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PLESSEY Semiconductors __________________ _ 

MS2002 
DIGITAL SWITCH MODULE (DSM) 

The Plessey MS2002 is an n-channel MOS LSI integrated 
circuit providing digital switching for 256 channels in PCM 
systems. the device is unidirectional in operation and is 
capable of switching data from any incoming channel to any 
outgoing channel. Input data can be either serial or parallel. 
The DSM is designed to be easily expandable to provide a 
greater switching capacity. 

FEATURES 

• Single 5V Supply 

• TTL Compatible 
• Interfaces Directly with European Standard 

CCITT 32 Channel Format 

• 256 Input/256 Output Channels 
iii Serial or Parallel Inputs and Outputs 

• Open Drain Outputs for Easy Expansion 

• One System Clock and One Frame Synchronisation 
Pulse 

DlO 

011 

0" 

013 

01' 

Dl5 

Di6 

017 

eBB 

007 

006 

005 

DO. 

003 

FS 

Veo 

CLK 

CI1 

PI 

PZ 

P3 

ClO 

Vss 

COl 

COO 

000 

001 

001 

APPLICATION 
DG28.DP28 

II Circuit Switched PCM or Data Systems Fig.l Pin connections - top view 

vss VOO CLK FS CBB 

i--~20 ~27----- t- t-------~9---i 

11 r - - -COUNTER - - I 171 
010 L ________ ---1 000 

011 12 

012 13 

013 14 

014 15 

015 16 

016 17 

017 18 

I 
I 

INPUT 
DATA 

CONVERTER 

L ______ _ 
CWI CWO COl COO CAl RAIO RAil 

Fig.2 Functional block diagram 

OUTPUT 
DATA 

CONVERTER 

005 

006 

007 
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PIN DESCRIPTIONS 

Symbol 

010-017 

CBB 

007-000 

38 

coo 

cwo 

Vss 

COl 

CAl 

RA11,0 

CWI 

ClK 

Voo 

FS 

Pin No. Pin name and description 

1-8 Data In 0 to 7 (Digital Inputs). These are the inputs for the 256 incoming channels. The data 
presented at these pins is latched on the alternate negative edges of the elK clock to those 
used by 000-7. Frame synchronisation for these pins is established by the FS pulse. 

9 Bias Decoupling Capacitor (Decoupling Node). A bias decoupling capacitor of 1 OOOpF should 
be connected between this pin and Vss. 

10-17 Data Out 0 to 7 (Digital Pull-down Outputs). These are the. output pins for the 256 outgoing 
channels. Data is output at these pins on the alternate negative edges of the elK clock to those 
used by 0/0-7. Frame synchronisation for these pins is established by the FS pulse. 

18 Control Data Out (Digital Pull-down Output). This pin outputs control data byles. Bit 
synchronisation and frame synchronisation are stablished by the elK and FS signal in a 
similar way as on the 000-7 pins. It is high impedance for time slots which are not in use for 
control instructions. It is also high impedance for time slots corresponding to the 'write all ones' 
instruction. 
During time slots corresponding to other control instructions this pin outputs either the inverse 
of the 8 least significant bits at a control store location or the data at the speech store location 
selected by these 8 bits. 

19 Control Word Out (Digital Pull-down Output). This pin outputs control word bytes. Bit 
synchronisation and frame synchronisation are established by the elK and FS signals in a 
similar way as on the 000-7 pins. It is high impedance for time slots which are not in use for 
control instructions and for time slots corresponding to the instruction 'write all ones'. 
During time slots corresponding to other instructions this pin outputs 4 bits which are the same 
as on CWI and 4 bits which indicate to the status of the chip. 

20 Negative Supply Voltage (Power Input). OV. 

21 Control Data In (Digital Input). The control data bytes are latched into the chip at this pin. Bit 
synchronisation and frame synchronisation are established by the ClK and FS signals in a 
similar way as on the 010-7 pins. 
The bits in the input control data byte are inverted and written into the control store by the 
instruction 'write CWM bit and CI bits'. 

22 Column Address In (Digital Input). This pin defines the column position of a chip in the control 
array. 

23, 24 Row Address In 1, 0 (Digilallnpuls). These pins defined the row position of a chip in the control 
array. 

25 Control Word In (Digital Input). Control word byles are latched into the chip at this pin. Bit 
synchronisation and frame synchronisation are established by the ClK and FS in a similar way 
as on the D10-7 pins. 
The bits in the input control word byle control whether reads or writes occur, allow different 
chips in a control array to be addressed, and control whether connections are busy or free. 

26 Clock {Digital Input). The system clock, nominally 4.096MHz, is input at this pin. It is used with 
the pulse on FS to establish bit synchronisation on the data and control inputs and outputs. 

27 Positive Supply Voltage (Power Input). 5V. 

28 Frame Synchronisation {Digital Input). The negative pulse input atthis pin is used with the elK 
clock to establish the frame synchronisation on the data and control inputs and outputs. The 
duration of the pulse determines the modes of the data input and output converters. 

Duration (clock periods) Data Inputs Data Outputs 

1 Serial Serial 
2 Serial Parallel 
3 Parallel Serial 
4 Parallel Parallel 



FUNCTIONAL DESCRIPTION 
The MS2002 is a 256 channel non-blocking digital switch 

capable of connecting all 256 incoming channels to all 256 
outgoing channels in any desired order. Alternatively, 
selected input channels may be broadcast to any number of 
output channels. Each output channel may, however, receive 
from only one input channel at a time. 

Speech data is input to the device via 8 lines (010-7) that 
can accept 8 bit data in either serial or parallel format at a 
2.048Mb/s rate. Speech data is output is via a further 8 lines 
which may be set independently of the input lines to give 
serial or parallel format data. 

Call routings are held in an on-Chip control store in the 
form of a nine bit word for each outgoing speech channel, bit 
nine (CM) indicating the busy status of the channel (0 = 
busy). In the case of a busy outgoing channel the remaining 
eight bits denote the number of the input channel to be 
con nected to that outgoing channel. 

BIT 1 BIT 2 BIT 3 BIT 4 

MS2002 

The contents of the control store can be modified, and the 
speech or control store interrogated, via control messages 
received over the control inputs (CWI, COl). Oata generated 
by interrogation of either the control or speech store appears 
on the two control outputs (CWO, COO). 

Frame Formats 

Serial inputs and outputs on the OSM are numbered in the 
same way as the CCITT 2048kbitis PCM link (see Fig.3). This 
applies to both data and control information. 

If the OSM is configured for parallel data on the data inputs 
or outputs then the Parallel Channels are numbered from 0 to 
255 (see Fig.4). 

These are different frame alignments for inputs and 
outputs (see Fig.5) The outgoing alignment is delayed by 21 
bit periods with respect to the incoming alignment. 

BIT 5 BIT 6 BIT 7 BIT 8 

1-----------(8/2048)115-----------<--1 

I TIME SLOT 0 TIME SLOT M TIME SLOT 31 I 
.. 1 .. O------------125IJS-----------.J·1 

Fig.3 Serial format 

BIT7 

BIT6 

BIT 5 

BIT4 

BIT 3 

BIT2 

BIT 1 

BIT 0 

(1/2048)IJS -' 
I PARALLEL 

I 
PARALLEL 

I 
PARALLEL I 

CHANNEL CHANNEL CHANNEL 
0 M 255 

I .. 125IJS ·1 
Fig.4 Parallel format 
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FS 

CLK 

CWI, 
TIME SLOT 31 BIT 8 TIME SLOT 0 BIT 1 TIME SLOT 0 BIT 2 COl 

CWO, TIME SLOT 29 BIT 3 TIME SLOT 29 BIT 4 TIME SLOT 29 BIT 5 COO 

010 TO 7 TIME SLOT 31 BIT 8 TIME SLOT 0 BIT 1 TIME SLOT 0 BIT 2 (SERIAL) 

000 TO 7 TIME SLOT 29 BIT 3 TIME SLOT 29 BIT 4 TIME SLOT 29 BIT 5 (SERIAL) 

010 TO 7 PARALLEL CHANNEL 255 PARALLEL CHANNEL 0 PARALLEL CHANNEL 1 (PARALLEL) 

000 TO 7 PARALLEL CHANNEL 234 PARALLEL CHANNEL 235 PARALLEL CHANNEL 236 (PARALLEL) 

Fig.S Timing - nominal 

Speech Store Control Store 

The Speech Store has 256 addresses each containing 8 
bits. These addresses are associated with the Data In pins. If 
the DSM is configured for serial input then these addresses 
are organised by input pin and Time Slot (see Fig.6). If the 
MS2002 is configured for parallel input then these addresses 
correspond to the input Parallel Channels. 

The Control Store has 256 addresses each containing 9 
bits. These addresses are associated with the Data Out pins 
in the same way that the Speech Store is associated with the 
Data In pins (see Fig.6). 

Fig.7 shows how the 9 bits at each Control Store address 
are organised. 

Store Address Serial Time Slot Address Serial Pin Address Parallel Channel 
(Speech or Control) (Input or Output) (Input or Outut) (Input or Output) 

0 0 0 0 

1 0 1 1 

2 0 2 2 
3 0 3 3 

4 0 4 4 
5 0 5 5 
6 0 6 6 
7 0 7 7 
8 1 0 8 
9 1 1 9 

254 31 6 254 
255 31 7 255 

Flg.6 Relationship between mputs, outputs and stores 
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I SPA2 I SPA1 I SPAO I STSA4 I STSA3 I STSA2 I STSA1 I STSAO I I CM I 
1 2 3 4 5 6 7 8 9 

Bit Name Description 

1-3 SPA2-0 Speech Pin Address 2 to O. These bits are the Serial Pin Address in the Speech Store (see Fig.6). 
When used with the Speech Time Slot Address bits a unique Speech Store address is specified. 
This address corresponds to a Parallel Channel if parallel input is used. 

4-8 STSA4-0 Speech Time Slot Address 4 to O. These bits are the Serial Time Slot Address in the Speech Store 
(see Fig.6). When used with the Speech Pin Address bits a unique Speech Store address is 
specified. This address corresponds to a Parallel Channel if parallel input is used. 

9 CM Connection Mode. This bit determines whether the connection is busy or free and also helps to 
control reads from the DSM. 
If this bit is 0 then the connection is busy. If it is 1 then the connection is free. Fig.10 shows how this 
bit affects reads. 

Fig.? Bits at each control store address 

Switching Delay 

The switching function of the MS2002 is achieved by 
storing the incoming speech channels sequentially in the 256 
x 8 speech store (after conversion to parallel format) and 
then sending them to the output channels in the order 
specified by the control store. 

The delay encountered by each channel consists of a fixed 
delay, determined by the format conversion circuitry and the 
memory read/write cycle time, and a variable delay. The 
fixed delay is the 21 bits shown in Fig.5. 

The variable delay is controlled by the sequence of writing 
to the speech store and reading from it under the direction of 
the control store. I nput data is written to the speech store 
addresses in turn (see Fig.6). Output data is obtained by 
reading the control store addresses in turn and then reading 
the output data from the specified speech store address. 

This means that when an input serial time slot is switched 
to the same output serial time slot then the delay is 21 bits if 
the Data In number is less than or equal to the Data Out 
number. The delay is 21 bits plus one frame if the Data In 
number is greater than the Data Out number. 

The Control Array 

The MS2002 is designed to be controlled in an array of two 
columns and four rows (see Fig.S). This control array need 
not be fully implemented. For example, a 512 channel switch 
can be constructed from two columns and two rows. If a 
large switch is required then control arrays can be arranged 
in a variety of architectures. 

Each MS2002 in the Control Array uses the same control 
signals. These contain 32 Time Slots of 8 bits each. 

The Time Slot used by an instruction is the Time Slot 
Address in the Control Store (see Fig.6). The format of the 
bits used for control, which is the same for both input and 
output, is shown in Figs. 9 and 10. 

Instructions to the array are decoded according to the 
column in the array. The column whose Column Address pin 
matches the Column Address Bit on Control Word In 
responds to the instruction. 

The write instruction can set up a connection from anyone 
of the 1024 addresses in the Speech Stores of the 4 MS2002s 
in a row of the control array. The read instructions allow busy 
connections to be identified and monitored. 
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I CAB I CPA2 I CPA1 I CPAO I RfW I CWM I RAB1 I RABO I 
1 2 3 4 5 6 7 8 

Bit Name Description 

1 CAB Column Address Bit 

In If this bit matches the Column Address pin then the device will be written to or read from. If it 
does not match then Control Word Out and Control Data Out are high impedance during 
the output Time Slot. 

Out This bit is set to the Column Address after a read from the Speech Store or after a write to the 
Control Store other than all 1 'so It goes high impedance in all other cases. 

2-4 CPA2-0 Control Pin Address 2 to 0 
In These bits are the Serial Pin Address at the Control Store (see Fig.6). The Time Slot Address 

is determined by the Time Slot on the Control Word In pin (see Fig.3). The Serial Pin and 
Time Slot Addresses define a unique address in the Control Store which corresponds to a 
Parallel channel if parallel output is used (Fig.6). 

Out These bits are the same as those on the Time Slot on Control Word In if the Column 
Addresses match. They are high impedance otherwise. 

5 R/W Read or Write 
In This bit has no effect unless the Column Addresses match. If they do match then a read or 

write occurs depending whether it is 1 or 0 6 (see Fig.10). 

Out This bit is the same as on the Time Slot on Control Word In ifthe Column Addresses match. 
It is high impedance otherwise. 

6 CWM Control Word Mode 
In This bit has no effect unless the Column Addresses match. It can replace the Connection 

Mode bit at the Control Store address during writes or it can help to direct reads if the 
Column Addresses do match (see Fig.10). 

Out This bit is the same as the Connection Mode bit at the Control Store address if the Column 
Addresses match. It is high impedance otherwise. 

7-8 RAB1-0 Row Address Bit 1 and 0 
In These bits have no effect unless the Column Addresses match. They help to control writes if 

the Column Addresses do match (see Fig.10). 

The Row Address Bits ensurethat only one of the four MS2002s in a row of the Control 
Array can be active on the Data Out pins at any time. 

Out These bits are set to the Row Address after certain operations and are high impedance 
otherwise. See Fig.11 for details. 

Fig.9 Control word bits (both input and output) NB The Control Word Out bits are open-drain pul/down outputs. 
This means that output high is the same as output high impedance. 

Writing 

The Riw bit of the instruction on Control Word I n must be 
low for a write (see Fig.9). This causes a write to all MS2002s 
in the selected column. This write is to the same address in 
the Control Store of each MS2002. The Time Slot part of the 
address is the same as the Time Slot used by the instruction 
on Control Word In and Control Data In. The Pin part of the 
address is selected by the Control Pin Address bits in the 
Control Word (see Figs. 6 and 9). 

differently to the instruction. The Control Word Mode bit and 
the Control Data bits are written into the address in the 
Control Store. This allows a connection to be established 
onto the Data Out pins. This MS2002 also responds 
differently on the control outputs unless the 9 bits written to 
the Control Store are all 1 s. Fig.11 shows how the MS2002 
acknowledges the instruction. 

The MS2002s in the selected column whose Row Address 
pins do not match the Row Address Bits in the Control Word 
have 1 s written to the 9 bits at the address in the Control 
Store. This ensures that none of these MS2002s are in 
conflict with the remaining MS2002 on the Data Out pins. 
They also go high impedance during the control Time Slot 
on Control Word Out and Control Data Out (except for the 
CPA2-0 and RiW bits which are the same for all MS2002s­
see Fig.11). 

The MS2002 whose Row Address matches responds 

Reading 

A read is performed automatically to acknowledge a write 
as mentioned in the previous section. It is also possible to 
read from the array independently of writing. The column 
selected by the Column Address Bit of the instruction will be 
read when the RiW bit is high. Reads are associated with an 
address in the Control Store. Either the bits at that address or 
the bits in the Speech Store selected by them will be read. 
This provides information about calls in progress or about 
the status of a connection. 
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The Row Address Bits in the instruction are ignored during 
reads. Each MS2002 which has one or more Os at the 
selected address in its Control Store will respond to a read 
instruction. To avoid possible confusion about which 
MS2002 in a row is being read the array should be initialised 
by writing to it. 

Control Store address is 1 or 0 (free or busy). Fig.11 shows 
how the reads affect the control outputs. 

Type-O Reads indicate whether or not the connection 
through the array to the Data Out pins is busy or free. If it is 
busy then it identifies the MS2002 and Speech Store Address 
in it which sources the connection. 

Two types of read are possible, depending on the input 
Control Word Mode bit. If this bit is 0 then a Type-O Read 
occurs. Type-O Reads are always from the Control Store. If 
the Control Word Mode bit is 1 then a Type-1 Read occurs. 
Type-1 Reads are from the Control Store or from the Speech 
Store depending on whether the Connection Mode bit at the 

Type-1 Reads tap a connection to the Data Out pins if it is 
busy. They also indicate the MS2002 which sources the 
connection but cannot specify the origin within the MS2002. 
If there is no busy connection assocaited with the Control 
Store address the a Type-1 Read indicates the presence of Os 
at the Control Store address. 

I SPA2 SPA1 I SPAO I STSM I STSA3 I STSA2 I STSA1 I STSAO I 
1 2 3 4 5 6 7 8 

Bit Name Description 

1-3 SPA2-0 Speech Pin Address 2 to 0 

In These bits replace the Speech Pin Address bits at the Control Store address during a write 
if the Row Addresses match (see Fig.10). 
NB These bits are inverted with respect to those at the.Control Store address, i.e. if these are 
all 0 then they refer to Speech Pin Address 7 (see Fig.6). 

Out These bits are high impedance unless a read or write occurs. During a read these bits can 
contain the Speech Pin Address bits at the Control Store address or bits 1 to 3 of the Speech 
Store location addressed by the bits at the Control Store address (see Fig.11). 
NB These bits are inverted with respect to the contents of the Control Store but not with 
respect to the contents of the Speech Store. 

4-8 STSA4-0 Speech Time Slot Address 4 to 0 
In These bits replace the Speech Time Slot Address bits at the Control Store address during a 

write if the Row Addresses match (see Fig.11). 
NB These bits are inverted with respect to those at the Control Store address, i.e. if these are 
all 0 then they refer to Speech Time Slot Address 31 (see Fig.6). 

Out These bits are high impedance unless a read or write occurs. During a read these bits can 
contain the Speech Time Slot Address bits at the Control Store address or bits 4 to 8 of the 
Speech Store location addressed by the bits at the Control Store address (see Fig.11). 
NB These bits are inverted with respect to the contents of the Control Store but not with 
respect to the contents of the Speech Store. 

Fig. 10 Control data bits (both input and output) NB The Control Data Out bits are open-drain pulldown outputs. 
This means that output high is the same as output high impedance. 
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Control CM Bit Control 
Word 

at 
Word Control 

In Control Instruction Out Data 

RfW CWM Row Store 
CAB CWM RAB1-0 

Out 

Bit Bit Address Address Bit Bit Bits 

0 X Matches X Write CAP Control Store RAP1-0 Control Store 
CWM bit+ Pin *t Bit 9 (CM)t Pins *t Bits 1-St 

COl bits 

0 X Does Not X Write High High High High 
Match all 1s Impedance Impedance Impedance Impedance 

1 0 X X Read CAP Control Store RAP1-0 Control Store 
Type 0 Pin *t Bit 9 (CM) Pins * Bits 1-S 

1 1 X 1 Read High Control Store High Control Store 
Type 1 Impedance Bit 9 (CM) = 1 Impedance Bits 1-S 

1 1 X 0 CAP Control Store RAP1-0 Speech Store 
Pint Bit 9 (CM) = 0 Pins Bits 1-S 

Flg.11 The control operatIOns 

NB It IS assumed that the Column Address matches, In which case CPA2-0 and R!W are the same as on the control Time Slot on Control Word In. 
The control outputs are high impedance during the control Time Slot if the Column Address does not match. 
* High Impedance if data at Control Store Address is all 1·s. 
t Should be Identical to the data on the control inputs. 

ELECTRICAL CHARACTERISTICS 
Test Conditions - Voltages are with respect to ground (Vss) unless otherwise stated 

Value 
Characteristic Symbol Units 

Min. Typ.(1) Max. 

Positive supply voltage Voo 4.75 5.0 5.25 V 
Ambient temperature Tamb 0 70 °C 
Input low voltage V,L 0 0.4 O.S V 
Input high voltage V,H 2.0 2.4 Vcc V 
Output pullup resistor Rap 1000 0 

Output load capacitor Cop 50 pF 
Bias decoupling capacitor CBB 900 1000 1100 pF 

Digital Static Characteristics - Voltages are with respect to ground (Vss) unless otherwise stated 

Value 
Characteristic Symbol Units Conditions 

Min. Typ.(1) Max. 

Supply current 100 40 60 mA Unloaded 
Input leakage current III 50 f.lA O<V<Vcc 
Output low voltage VOL 0 0.4 V 10L (Sink) = 2mA 
Output low voltage VOL 0 2.0 V IOL (Sink) = 8mA 
Output leakage current ILO 50 f.lA O<V<Vcc 

Analog Characteristics - Voltages are with respect to ground (Vss) unless otherwise stated 

Value 
Characteristic Symbol Units Conditions 

Min. Typ.(1) Max. 

Pin capacitance Cp 8 10 nF Unloaded 
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Digital Switching Characteristics - Clock (see Fig.12) 

Value 
Characteristic Symbol Units Conditions 

Min. Typ.(1) Max. 

Clock period tcp 225 244 275 ns 
Clock rise time teR 50 ns 
Clock high period tCH 82 ns 
Clock fall time tCF 50 ns 
Clock low period tCl 82 ns 

CLK 

Fig. 12 Timing - clock 

Digital Switching Characteristics - Frame Synchronisation (see Figs.S and 13) 

Value 
Characteristic Symbol Units Conditions 

Min. Typ.(1) Max. 

Frame Synchronisation tFFH 90 122 ns 
falling hold time 

Frame synchronisation tFFS 60 122 ns 
falling setup time 

Frame synchronsiation tFRH 90 122 ns 
rising hold time 

Frame synchronisation tFFS 60 122 ns 
rising setup time 

CLK ::::-=S;-~--"\kI---I.~tFF==:;H ____ ~ ,~ F 
FS 2.0V :::::::::::::::::::::::::::::::::::::::::::::::="\~ I 

O.BV - ~--------
'--------

CLK ::::~ ;!~~'-------'~-.~ 
~~ 

2.0V====-====-~ I, ;¥-~==================== 
O.BV ;;jL-FS 

Fig. 13 Timing - falling and rising edges of frame synchronisation 
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Digital Switching Characteristics - Data and Control Inputs and Outputs (see Figs.S and 14) 

Value 
Characteristic Symbol Units 

Min. Typ.(1) Max. 

Input setup time tiS 60 244 ns 
Input hold time tlH 90 244 ns 
Output hold time tOH 5 ns 
Output delay too 150 ns 

NOTE 
1. Typical figures are for design aid only. They are not guaranteed and not subJect to production testing. 

~~ 7 1+ 7 ClK 
O.BV-- .I I_ I 

tiS tlH I-
2.0V X CWI.COI, 

& 010/7 O.BV 

~ 
2.4V X cwo, COO, 

&OOon OAV 

~ 
Fig.14 Timing - data and control inputs and outputs 

ABSOLUTE MAXIMUM RATINGS 

Exceeding these ratings may cause permanent damage. 
Functional operation under these conditions is not implied. 

Positive supply voltage. Voo 
Storage tempertaure, TST 

Digital input voltage, V,O 
Clamp current (Sink or Source), Ie 
Package power dissipation, pp 

-O.5V to +7V 
-65°C to +150°C 

-O.3V to Voo +O.3V 
50mA 

800mW 

Conditions 

~ / 
I 
I -I x-
I!O~I 

X-· 
~ 
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PLESSEY Semiconductors ___________________ _ 

2MBIT PCM SIGNALLING CIRCUIT 

MV1441 
HDB3 ENCODER/DECODER/CLOCK REGENERATOR 

The 2.048MBit PCM Signalling Circuits comprise a group 
of circuits which will perform the common signalling and 
error detection functions for a 2.048MBit PCM transmission 
link operating to the appropriate CCITT recommendations. 
The circuits are fabricated in CMOS and operate from a 
single 5 volt supply with relevant inputs and outputs TTL 
compatible. 

The MV1441 is an encoder/decoderforthe pseudo-ternary 
transmission code, HDB3 (CCITT Orange Book VoI.III.2 
Annex to Rec. G703). The device encodes and decodes 
simultaneously and asynchronously. Error monitoring 
functions are provided to detect violations of HDB3 coding, 
all ones detection and loss of input (all zeros detection). In 
addition a loop back function is provided forterminal testing. 
A clock recovery circuit is provided using a 16.384MHz 
crystal (12.352MHz for 1.544MHz operation), which may be 
shared between several separate devices. 

FEATURES 

• On-Chip Digital Clock Regenerator 

• HDB3 Encoding and Decoding to CCITT rec. G703 

• Asynchronous Operation 

• Simultaneous Encoding and Decoding 

• Clock Recovery Signal allows Off-Chip Clock 
Regeneration 

• Loop Back Control 

• HDB3 Error Monitor 

• 'All Ones' Error Monitor 

• Loss of Input Alarm (All Zeros Detector) 

• Decode Data in NRZ Form 

• Low Power Operation 

• 2.048MHz or 1.544MHz Operation 

ABSOLUTE MAXIMUM RATINGS 

The absolute maximum ratings are limiting values above 
which operating life may be shortened or specified 
parameters may be degraded. 

Electrical Ratings 
+Vce 
Inputs 
Outputs 

-O.5V to +7V 
Vee +O.5V Gnd -O.3V 

Vec, Gnd -O.3V 

HRl DATA IN [ 1 '-' lap +Vcc 

CLOCK (ENCODER) [ 2 17 P OUT 2 (02) 

LOSS OF INPUT [ 3 16P OUT 1 (01) 

HRl DATA OUT [ 4 lSPOIN 

CLOCK (DECODER) 5 MV1441 14 P LOOP TEST ENABLE 

RESET AlS[ 6 13PA 1N 

A1S 7 12 P CRYSTAl OUT/CLOCK R 

NRZ 
DATA IN 

MODE[ 8 11 P ERROR 

GROUND [ 9 10 P CRYSTAl IN 

Fig. 1 Pin connections - top view 

DG18 

CLOCK 
(ENCODER) 

r-+1------r---~001 

~~~ 'ij-~:t==;I~02 I I LOSS 

LOOP 
TEST 

ENABLE 

DECODER 

CLOCKo-----,------!~r+lL __ ~--1 (DECODER) 

MODE 

CR~~TAL _'--,---,~ 

CRYSTAL 
OUT/ 

CLOCK R 

OF 
INPUT 

NRZ 
DATA 
OUT 

R~ET 0------1 f------o AIS 
'---~ 

Fig.2 Blockdiagram 
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ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise stated): 

Supply voltage Vee = 5V ± 0.5V Ambient temperature Tamb = O"C to +70°C 

Static characteristics 

Characteristic Symbol Pins 
Value 

Units Conditions 
Min Typ Max 

Low level input voltage Vll All inputs -0.3 O.B V 
Low level input current III 50 jJA Vll = OV 
High level input voltage VIH 2.0 Vee V 
High level input current IIH 50 jJA VIH = 5V 
Low level output voltage Val All outputs 0.4 V I sink = 2.0mA 
High level output voltage VOH 2.B V I source = 2m A) both 

VecrO.75 V I source = 1 mAl apply 
Supply current Icc 2 4 mA All inputs to OV 

All outputs open circuit 

Dynamic Characteristics 

Characteristic Symbol 
Value 

Units COnditions 
Min Typ Max 

Max. Clock (Encoder) frequency fmaxenc 4.0 10 MHz Figs.10,15 
Max. Clock (Decoder) frequency fmaxdec 2.2 5 MHz Figs.11,15 
Propagation Delay Clock (Encoder) to tpd1NS 100 ns Figs.B, 1 0, 15 See Note 1 
01,02 
Rise and Fall times 01, 02 20 ns Figs:10,15 
tpd1A - tpd1S difference 20 ns Figs.10,15 
Propagation Delay Clock (Encoder) to tpd3 150 ns Loop test enable = '1', Figs.10,15 
Clock Regenerate 
Setup time of NRZ data in to Clock ts3 75 ns Figs.7,10,15 
(Encoder) 
Hold time of NRZ data in th3 55 ns Figs.7,10,15 
Propagation delay AI'I BIN to Clock t pd2 150 ns Loop test enable = '0' Figs.13,15 
Regenerate 
Propagation delay Clock (Decoder) to tpd' 200 ns Figs.12,15 
error 
Propagation delay Reset AIS falling tpd5 200 ns Loop test enable = '0', Figs.14,15 
edge to AIS output 
Propagation delay Clock (Decoder) to tpd6 150 ns Figs.7,11,15 See Note 2 
NRZ data out 
Setup time of AIN, BIN to Clock tsl 75 ns Figs.7,11,15 
(Decoder) 
Hold time of AIN, BINto.Clock (Decoder) th1 5 ns Figs.7,11,15 
Hold time of Reset AIS = '0' th2 30 ns Figs.7,14,15 
Setup time Clock (Decoder) to ts2 100 ns Figs.7,14,15 
Reset AIS 
Setup time Reset AIS = 1 to Clock ts2 a ns Figs.14,15 
(Decoder) 
Propagation Delay Clock (Decoder) 150 ns 
to LIP 

NOTES 
1. The Encoded ternary outputs (01 , 02) are delayed by 3.5 clock periods from NRZ Data In (Fig.3). 
2. The decoded NRZ output is delayed by 3 clock periods from the HDB3 inputs (AIN , BIN) (FigA). 

High Density Bipolar 3 (HDB3) is a pseudo-ternary. signal 
in which the number of consecutive zeros that may occur is 
restricted to a maximum number of three. In any sequence of 
four consecutive binary zeros, the ultimate zero is 
substituted by a 'mark' ( + or -) of the same polarity as the 
previous mark, i.e. it violates AMI code (Alternate Mark 
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Inversion) and is termed a 'violation'. To ensure parity 
between marks of opposite polarity, the first zero is 
substituted by an additional mark when there would 
otherwise be an even number of marks between 'violations'. 
Thus violations alternate in polarity. 



FUNCTIONAL DESCRIPTION 

Functions Listed by pin number 

1. NRZ data in 
Input data for encoding into ternary form. The data is 

clocked by the negative-going edge of the Clock (Encoder). 
2. Clock (Encoder) 

Clock for encoding data on pin 1. 
3. LIP 

Loss of input circuit detects eleven consecutive zeros at 
the decoder input and then gives an output high. Any logic '1' 
at the input (AIN or BIN = '0') resets this count. 
4. NRZ data out 

Decoded binary data from pseudo-ternary inputs A"N,. ~ 
5. Clock (Decoder) 

Clock for decoding data on A"N and BIN, or 0 1 and 02 in 
loop test mode. 
6,7. Reset AIS, AIS 

Logic '0' on ''''R-'e:':se'-:t-A'''I'''S resets a decoded' zero counter and 
either resets AIS output to '0' provided 3 or more zeros have 
been decoded in the preceding Reset AIS = 1 period, or sets 
AIS to '1' if less than 3 zeros have been decoded in the 
preceding Reset AIS = 1 period to indicate loss of time slot 
Zero. Logic '1' on Reset AIS enables the internal decoded 
zero counter. 
8. Mode 

Mode at logic '1' selects internal crystal controlled clock 
regeneration and Mode at logic '0' selects external clock 
regeneration using, for example, a tuned circuit. 
9. Ground 

Zero volts. 
10. Crystal In 

Input to amplifier forming crystal oscillator when crystal is 
connected between pins 10 and 12. This pin may also be 
used as a 16.384MHz clock input if one oscillator is to be 
shared over several HDB3 encoders/decoders. 

3.5 CLOCK PERIODS 

CLOCK 
(ENCODER) 

NRZ DATA IN 
(TYPICAL) 

0 1 

I 

MV1441 

11. Error 
A logic '1' indicates that a violation of the HDB3 encoding 

law has been detected i.e. 3'1 's of the same polarity. 
12. Clock R/Crystal Out 

If pin 8 is at '0' pin 12 is Clock Regenerate, giving OR 
function of A"N, S,N for clock regeneration when pin 14 = '0', 
OR function of 0" 02when pin 14 = '1'. If pin 8 is at '1' then 
pin 12 becomes Crystal Out and forms oscillator with pin 10. 
13,15. AIN, BIN 

Inputs representing the received ternary PCM signal. A"N = 
'0' represents a positive going '1', BIN = '0' represents a 
negative going '1'. 'AIN and S,N are sampled by the positive 
going edge of the clock decoder. 'A'N and S,N may be 
interchanged. 
14. Loop test enable 

TTL input to select normal or loop back operation. Pin 14 
= '0' selects normal operation, encode and decode are 
independent and asynchronous. When pin 14 = '1' 0, , is 
connected internally to AIN and 02tO B,N. Clock R becomes 
the OR function of 0" 02. N.B. A decode clock has to be 
supplied, or regenerated. The delay from NRZ in (pin 1) to 
NRZ out (pin 4) is about 7% clock periods in loop back. 
16,17.01,02 

Outputs representing the ternary encoded PCM HDB3 
signal for line transmission. A, and 02are in Return to zero 
form and are clocked out on the positive going edge of the 
encode clock. The length of 0, and 02 pulses is set by the 
positive clock pulse length. Use suitable line drivers from 
these two outputs such that 0, gives positive going pulse and 
02 gives negative going pulse. 
18. +Vcc 

Positive 5V ± 10% supply. 

O2 ______ ~nL ________ __ 

Fig. 3 Encode waveforms 

TYPICAL J~IN ____ -. 

LaiN 
CLOCK R 

CLOCK 
DECODER 

NRZ DATA OUT 

FigA Decode waveforms 
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CLOCK 
DECODER 

INCLUDING~IN 
ERROR _ 

BIN , , , 
ERROR _____________________________ ~ 

CLOCK 
DECODER 

DECODER 
NRZ DATA OUT 

AIS 

CLOCK 
DECODER 

NRZ DATA 
OUT 

AIS 
OUTPUT 

ERROR 
OUTPUT 

Fig.S HDB3erroroutput waveforms 

---- -- ---u-u-----lSL.f1...f" ---

----~---LJ 

Fig.6 AIS error and Reset waveforms 

Fig.7 Decoder timing relationship 
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ICLHE 
I I' 'I 

CLOCK \ f }-(ENCODER) 

1531 IIh3 

'I I' , 
NRZ DATA J INRZ IN ~ I IN I 

I!Pdl~1 I I ~Pd\~ 
01. 0 2 J L 

Fig.8 Encoder timing relationship 

CLOCK! 
DECODER 

AIN/BIN 1J Lf 
L?~~U~F ________________________________ ~ 

Fig.9 Loss of input waveforms 

VCC-----~---

LOGIC 0 

.J1JU1f 

1-'1.::.6 --..-- ~go~~~6't~ 
MV1441 800p 

LOGIC 1 17 

lk 

Vss------+---~~~~ 

Fig. 10 

VCC 

.J1JU1f 5 2.7k 
13 
15 11 TO 10M0I10pF MV1441 SCOPE PROBE 

LOGIC 0 14 
5p 

VSS ----...... ----~--

Fig. 12 

VCC 

JlMf--2. 
AIN~ 
BIN---..1§ 

LOGICO~ 

VSS 

VCC 

LOGIC OIl ~ 

.J1J1J1.f" ~ 

Vss 

MV1441 4 

Fig. 11 

MV1441 
12 

Fig. 13 

I 2.7k 

:~5p 

2.7k 

MV1441 

TO 10M0I1OpF 
SCOPE PROBE 

TO 1 OMOIl OpF 
SCOPE PROBE 
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VCC 

lJlI~ 2.71< 

LOGICO~ 
MV1441 

7 TO 10MnJ1OpF 
----~ SCOPE PROBE 

DATA~ :~ 5p 

VSS 

Fig. 14 

5V MODE 

NRZ DATA NRZ DATA 
IN 

2.048MHz 
2 ENCODE 

CLOCK 

NRZ DATA 4 NRZDATA - - -
OUT 

5 CLOCK 
RECOVERED MV1441 
CLOCK 2.048MHz 

6 RESETAIS 

16.384MHz 
10 CRYSTAL IN 

PARALLEL 
RESONANT 12 
30pF LOAD CRYSTAL OUT 

14 

OV 

01 16 

02 17 

AIN 
13 

BIN 
15 

VIN (MIN) - - - - - -,--------

INPUT VIL (MAX) 

{

VOH(MIN) 

OUTPUT 

VOL (MAX) 

1.5V 

Fig.15 Test timing definitions 

CV7555 62 

75n 
TRANSMIT 

CV7555 

75n 
RECEIVE 

Fig. 16 A typical application of the MV1441 with the interfacing to the transmission lines included 
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8.SMBIT PCM SIGNALLING CIRCUIT 

MV1448 
HDB3 ENCODER/DECODER 

This B.544MBit PCM Signalling Circuit will perform the 
signalling and error detection functions for a B.544MBit PCM 
transmission link operating to the appropriate CCITT 
recommendations. The circuit is fabricated in CMOS and 
operates from a single 5V supply with TTL compatible inputs 
and outputs. 

The MV144B is an encoder/deocderfor the pseudo-ternary 
transmission code, HDB3 (CCITT Orange Book Vol. 111.2 
Annex to Rec. G703). The device encodes and decodes 
simultaneously and asynchronously. Error monitoring 
functions are provided to detect violations of HDB3 coding, 
all ones detection and loss of input (all zeros detection). In 
addition a loop back function is provided for terminal testing. 

FEATURES 

II HDB3 Encoding and Decoding to CCITT rec. G703 

• Asynchronous Operation 

• Simultaneous Encoding and Decoding 

III Clock Recovery Signal Allows Clock Regeneration 
from Incoming HDB3 Data 

• Loop Back Control 

• HDB3 Error Monitor 
• 'All Ones' Error Monitor 

• Loss of Input Alarm (All Zeros Detector) 

• Decoded Data in NRZ Form 

• Low Power Operation 

• 2.048MHz or 8.544MHz Operation 

NRZ 1 
DATAIN~ 

CLOCK 2 ENCODER 

(ENCODER) ~ I 

LOOP TEST 12 
ENABLE 

SWITCH 

AIN~ 
- 13 IN 
BIN 

CLOCK 5 BIN 
(DECODER) 

---6 I AIS 

NRZ DATA IN [ 1 '-./ 16 P +Vcc 

CLOCK IENCDDER) [ 2 15 POUT 2102) 

LOSS OF INPUT [ 3 14 P OUT I 10.) 

NRZ DATA OUT [ 4 
MVl448 

13 P iilN 

CLOCK (DECODER) [ 5 1 ~ ~ lOOP TEST ENABLE 

RESET AIS [ 6 11 ~ A IN 

AIS [ 7 10 P CLOCK R 

GROUND [ 8 9 P ERROR 

DG16 

Fig.1 Pin connections - top view 

ABSOLUTE MAXIMUM RATINGS 

The absolute maximum ratings are limiting values above 
wh ich operating life may be shortened or specified 
parameters may be degraded. 

Electrical Ratings 
+Vcc 
Inputs 
Outputs 

r=D 10 
CLOCK R 

14 01 

15 02 

~ ZEROS LOSS OF 
COUNTER 3 INPUT 

4 NRZ 
DECODER ---0 DATA 

OUT 

! H ERROR 9 
CIRCUIT ERROR 

l 7 

-O.5V to +7V 
Vee+O.5V to GND -O.3V 

Vee to GND -O.3V 

RESET AIS I CIRCUIT I AIS 

Flg.2 Block diagram 55 
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ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise stated): 

Supply voltage Vee = 5V ± 0.5V Ambient temperature T amb = ooe to + 70 0 e 

Static characteristics 

Characteristic Symbol Pins 
Value 

Units 
Min. Typ. Max. 

Low level input voltage V,L All -0.3 0.8 V 
inputs 

Low level input current IlL 50 flA 
High level input voltage V,H 2.0 Vee V 
High level input current IIH 50 flA 
Low level output voltage VOL All 0.4 V 

outputs 
High level output voltage VOH 2.8 V 

Vcc-0.75 V 
Supply current Icc 2 4 mA 

Dynamic characteristics 

Characteristic Symbol 
Value 

Units 
Min. Typ. Max. 

Max. clock (encoder) frequency Fmaxenc 10 MHz 
Max. clock (decoder) frequency Fmaxdec 10 MHz 
Propagation delay clock tpd1A/B 50 ns 
encoder to 0, , 02 

Rise and fall times 0, , 02 20 ns 
tpd1 A - tpd1B difference 20 ns 
Propagation delay clock to tpd3 50 ns 
clock regenerate (clock R) 

Setup time of NRZ data in ts3 40 ns 
to clock (encoder) 

Hold time of NRZ data in th3 40 ns 
Propagation delay A IN , BIN tpd2 
to clock regenerate low-high 76 ns 

high-low 50 
Propagation delay clock tpd4 50 ns 

(decoder) to error 
Propagation delay Reset AIS tpd5 50 44 ns 
falling edge to AIS output 

Propagation delay clock tpd6 50 ns 
(decoder) to NRZ data out 

Setup time of AIN, BIN to ts1 15 40 ns 
clock (decoder) 

Hold time of AIN, BIN to th1 4 5 ns 
clock (decoder) 

Hold time of Reset AIS = '0' th2 9 ns 
Setup time clock (decoder) ts2 50 ns 
to Reset AIS 

Setup time Reset AIS = '1' ts2 31 ns 
to clock (decoder) 

Propagation delay clock 50 87 ns 
(decoder) to LI P 
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Conditions 

V,L = OV 

V,H = 5V 
Isink = 2.0mA 

Isource = 2mA ! both 
Isource = 1mA apply 
All inputs to OV 
All outputs open circuit 

Conditions 

Figs. 10,15 
Figs. 11, 15 
Figs. 8, 10, 15 See Note 1 

Figs. 10, 15 
Figs. 10, 15 
Loop test enable = '1', 

Figs. 10, 15 
Figs. 7,10,15 

Figs. 7, 10, 15 

Loop test enable = '0', 
Figs. 13, 15 
Figs. 12, 15 

Loop test enable = '0', 
Figs. 14, 15 
Figs. 7, 11, 15 See Note 2 

Figs. 7,11,15 

Figs. 7, 11, 15 

Figs. 7, 14, 15 
Figs. 7,14,15 

Figs. 14, 15 



High Density Bipolar 3 (HDB3) is a pseudo-ternary signal 
in which the number of consecutive zeros that may occur is 
restricted to a maximum number of three. In any sequence of 
four consecutive binary zeros, the ultimate zero is 
substituted by a 'mark' ( + or -) of the same polarity as the 
previous mark, i.e. it violates AMI code (Alternate Mark 
Inversion) and is termed a 'violation'. To ensure parity 
between marks of opposite polarity, the first zero is 
substituted by an additional mark when there would 
otherwise be an even number of marks between 'violations'. 
Thus violations alternate in polarity. 

FUNCTIONAL DESCRIPTION 

Functions listed by pin number 
1. NRZ data in 

Input data for encoding into ternary form. The data is 
clocked by the negative going edge of the Clock (Encoder). 
2. Clock (Encoder) 

Clock for encoding data on pin 1. 
3. LIP 

Loss if input circuit detects eleven consecutive zeros at the 
decoder input and then gives an output high. Any logic '1' at 
the input (AIN or BIN = '0') resets this count. 
4. NRZ data out 

Decoded binary data from pseudo-ternary inputs AIN and 
B,N. 
5. Clock (Decoder) 

Clock for decoding data on AIN and BIN, or 0, and 02 in 
loop test mode. 
6,7. Reset AIS, AIS 

Logic '0' on Reset AIS resets a decoded zero counter and 
either resets AIS output to '0' provided 3 or more zeros have 
been decoded in the preceding Reset AIS = 1 period, or sets 
AIS to '1' if less than 3 zeros have been decoded in the 

TYPICAL J~IN ____ -, 

LBIN 

CLOCK R 

CLOCK 
(DECODER) 

NRZ DATA OUT 

MV1448 

preceding Reset AIS = 1 period to indicate loss of time slot 
zero. Logic '1' on Reset AIS enables the internal decoded 
zero counter. 
B. Ground 

Zero volts. 
9. Error 

A logic '1' indicates that a violation of the HDB3 encoding 
law has been detected i.e. 3 'l's of the same polarity. 
10. Clock R 

OR function of AIN, S,N for clock regeneration when pin 12 
= '0', OR function of 0, , 02 when pin 12 = '1'. 
11,13. AIN, BIN 

Inputs representing the received ternary PCM sig:1al. AIN = 
'0' represents a positive going '1', S,N = '0' represents a 
negative going '1'. AIN and BIN are sampled by the pOSitive 
going edge of the clock decoder. AIN and BIN may be 
interchanged. 
12. Loop test enable 

TTL input to select normal or loop back operation. Pin 14 
= '0' selects normal operation, encode and decode are 
independent and asynchronous. When pin 14 = '1' 0, , is 
connected internally to AIN and 02 to B,N. Clock R becomes 
the OR function of 0, , 02. N.B. A decode clock has to be 
supplied, or regenerated. The delay from NRZ in (pin 1) to 
NRZ out (pin 4) is about 6% clock periods in loop back. 
14,15. 01,02 

Outputs representing the ternary encoded PCM HDB3 
signal for line transmission. 0, and 02 are in Return to zero 
from and are clocked out on the positive going edge of the 
encode clock. The length of 0, and 02 pulses is set by the 
positive clock pulse length. Use suitable line drivers from 
these two outputs such that 0, gives positive gOing pulse and 
02 gives negative going pulse. 
16. +Vcc 

Positive 5V ± 10% supply. 

Fig. 3 Decode waveforms 

CLOCK 
(ENCODER) 

NRZ DATA IN 
(TYPICAL) 

0, 

3.5 CLOCK PERIODS 
I I 

______ ~!l~ __________ _ 

Fig.4 Encode waveforms 
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CLOCK 
(DECODER) 

INCLUDING{AIN 
ERROR _ 

BIN , , , 
ERROR ____________________________ ~~ 

CLOCK 
(DECODER) 

Fig.5 HDB3 error output waveforms 
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NRZ DATA OUT 
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Fig.6 AIS error and Reset waveforms 
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Fig. 7 Decoder timing relationship 
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Fig.8 Encoder timing relationship 
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Fig.9 Loss of input waveforms 
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DATA 

Fig. 14 
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MV3000AlB 
SUBSCRIBER LINE AUDIO CIRCUIT 

The MV3000 is a Subscriber Line Audio 
Circuit (SLAC) for use in subscriber line cards in 
telephone exchanges or similar equipment. 

It performs AiD and D/A conversion, adjusts 
the gain and frequency response for both the 
transmit and receive paths and performs 2 to 4 
wire balancing by automatically cancelling the 
component of the receive signal in the transmit 
path. The device also allows the telephone line 
to be easily controlled and monitored. 

High performance is ensured through the 
use of DSP techniques implemented in CMOS 
technology. 

FEATURES 
• Adaptive Balancing. 
• Programmable Filters and Gain Control. 
• Selectable for ll-Law, A-Law or Linear Codes. 
• Programmable Line Control Interface. 
• Programmable Time & Clock Slot Assignments. 

CAP 

VIN 

AGNO 

VOUT 

Sl 

CPl 

CP2 

CP3 

CP4 

CP5 

TSCA 

OXA 

TEST 

ORA 

AVCC 

OVCC 

MCLK 

OCLK 

0110 

CSB 

OGNO 

ORB 

FSR 

CLKR 

TSCB 

OXB 

FSX 

CLKX 

DG28 

• Power Down Mode. Fig. 1 Pin Connection - top view 
• On-chip Reference Voltage. 
• Meets CCITT and AT& T Specifications. 

VIN 

VOUT 

CPl 

CP2 

CP3 

CP4 

CP5 

CAP MCLK AVCC 

5 13 

SI TEST OGNO OVCC 

Fig. 2 Functional block diagram 

TSCA (TSCB) 

FSX 

CLKX 

OXA 

(OXB) 

CSB 

OCLK 

..... uOllO 

FSR 

CLKR 

ORA 

(ORB) 
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FUNCTIONAL DESCRIPTION 

The MV3000 performs the coding, decoding, 
filtering, 2 to 4 balancing and line supervision 
functions which are required for the subscriber 
line interface in a digital PABX or Central Office. 
It can be easily interfaced with the SL376 
Subscriber Line Interface Circuit to provide a 
complete subscriber line circuit. 

The received digital PCM signal is filtered, 
converted to analog and output. The analog 
input is filtered, digitised and processed to cancel 
any of the analog output signal. 

The device and the line are controlled and 
monitored using the serial device control 
interface. 

Receive Path 

PCM encoded signals are received on either 
the ORA pin or the ORB pin, depending on 
programming. Bit and frame synchronisation are 
established by the CLKR clock and FSR pulse as 
shown in Fig. 3. The negative edge of the CLKR 
clock which is used to strobe bit 1 of the PCM 
signal is determined by the programmed receive 
segment and slot address. The PCM signal can be 
I1-Law or A-Law encoded or it can be linear (16 
bits). The rate of the serial stream which is 
sampled on ORA or ORB can vary from 64 kbitJs up 
to 4096 kbitJs, giving up to 64 8-bit or 32 16-bit 
time slots. 

The PCM signal is received at an 8 kHz sample 
rate. This is interpolated to give a signal with a 16 
kHz sample rate for input to the receive fi Iter. 
There are 4 taps on the FIR (finite impulse 
response) receive filter for compensation of 

FSR .. 

distortions produced by analog components at 
the analog interface. The gain control allows a 
usable attenuation of up to 18 dB to be selected. 

The modified receive signal is fed to both the 
balance filter, to allow for 2 to 4 wire balancing, 
and to the analog interface, where it is converted 
to an analog signal. A low-pass real-time filter is 
used to remove out-of-band noise and signal 
components. 

Transmit Path 

The analog transmit signal is presented to the 
MV3000 at VIN. At the analog interface the 
signal goes through a low-pass anti-aliasing filter 
which rejects high frequency noise. The analog 
interface digitises the filtered receive signal and 
outputs the digital equivalent. 

The digital signal from the analog interface is 
passed to the adder which subtracts away the 
receive signal aher it has been modified by the 
balance (B) filter. The B-filter is a 10 tap FIR (finite 
impulse response) filter operating at a sample 
rate of 16 kHz. The coefficients for this filter are 
programmed into it and can be automatically 
updated from the residual signal output by the 
adder 

The transmit filter is a 4 tap FIR filter 
operating at a sample rate of 16kHz. It allows for 
compensations of distortions introduced by 
analog components at the analog interface. The 
transmit gain control allows a usable gain of up 
to 15 dB to be selected. 

The sample rate is reduced to 8 kHz at the 
transmit interface and the signal is encoded to 11-
Law or A-Law (8 bits) or remains linear (16 bits) 

Limit is Segment 1, Slot 255 (511th. Bit) ~. I ~irst samPI.e Strobe for Segment 0, Slot 0 

"" '" ~ 
ORA (B) 

8116 

Fig. 3 Receive timing diagram 
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according to programming. The PCM signal is 
clocked out on the DXA or DXB pin by the CLKX 
clock. Frame synchronisation is established by the 
pulse on FSX (see Fig. 4). The delay between the 
pulse on FSX and the first bit of data clocked out 
is determined by the programmed transmit 
segment address and slot address. The serial 
output stream can vary from 64 kbitls up to 4096 
kbitls giving from 1 8-bit time slot up to 64 8-bit 
or 32 16-bit time slots. The TSCA or TSCB pin will 
be pulled low when data is output. The DXA and 
DXB pins go into the high impedance state when 
they are not active. 

Encoding and Decoding 

The analog input signal should be in the 
range + /- 3 Volts with respect to analog ground. 
An input signal in this range is encoded according 
to the A-law, u-Law or linear algorithms. The 
corresponding PCM code is decoded to give an 
analog output signal in the range + /- 1.5 Volts 
with respect to Vaa (nominally 2.5 Volts). This 
means that the analog output is one half of the 
amplitude of the analog input and has a net DC 
offset from ground. There are different 
reference milliwatt signals (0 dBmO leve)s) for 

FSX .: 
I I 1 

MV3000AlB 

input and output due to the difference in 
amplitude. 

A-Law and ll-Law codes (8 Bit) 

These are non-linear codes in which the signal 
is described in terms of a sign bit plus segment 
and chord bits which denote the magnitude. 
There are 7 segments for A-Law and 8 for ll-Law. 
The size of the segments increase in 
approximately exponential steps. 

Each segment is divided up linearly into 
chords (except the zero level in ll-Law). This 
means that the resolution is finer at smaller input 
voltages than at larger, and so gives a better 
match to the human ear. Fig. 5 shows how the A­
Law code operates and Fig. 6 shows the ll-Law 
code. 

In both codes positive values are represented 
by a sign bit of 1. The A-Law data is alternate 
digit inverted (ADI) and the ll-Law magnitude 
data is in effect inverted. These techniques are 
used to ensure that ones are transmitted for good 
clock recovery on digital trunk lines when the 
channel is quiet. 

Limit is Segment 1, Slot 255 (511th. Bit) 

.~"" am,", '" <," 'm ",., .... "". 

CLKX . J1fU1[UL 

TSCA (B) 

DXA(B) 

I I 

I I 
I . I 
I I o 

Fig. 4 Transmit timing diagram 

8/16 
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Input Voltage Chord Steps Data Character Output Voltage 
Segment ·Voo [ x (4096/3)] Number x Size 

WithoutADI WithADI [ x (4096/1.5)] 

(+1-) Oto 2 1 32x2 (110) 000 0000 (lID) 101 0101 ( + 1-) 1 

(+ 1-) 2 to 4 (1/0) 000 0001 (lID) 101 0100 ( + 1-) 3 

( + 1-) 62 to 64 (1/0) 001 1111 (110) 100 1010 (+1-)63 

(+1-) 64 to 68 2 16x4 (lID) 010 0000 (1/0) 111 0101 (+1-) 66 

(+1-) 68to 72 (1/0) 010 0001 (1/0)111 0100 (+ 1-)70 

(+ 1-) 124 to 128 (110) 010 1111 (110) 111 1010 (+ 1-) 126 

(+1-) 128to 136 3 16x8 (1/0)011 0000 (1/0) 110 0101 ( + 1-) 132 

(+1-) 136 to 144 (lID) 011 0001 (1/0)110 0100 (+/-)140 

( + 1-) 248 to 256 (1/0)011 1111 (110) 110 1010 (+1-) 252 

( + 1-) 256 to 272 4 16x16 (110) 100 0000 (lID) 001 0101 (+ 1-) 264 

( + 1-) 272 to 288 (110) 100 0001 (110) 001 0100 (+1-) 280 

( + 1-) 496 to 512 (lID) 100 1111 (1/0) 001 1010 (+1-) 504 

(+1-) 512 to 544 5 16x32 (110) 101 0000 (110) 000 0101 (+ 1-) 528 

(+ 1-) 544 to 576 (110) 101 0001 (110) 000 0100 (+ 1-) 560 

(+1-) 992 to 1024 (110) 101 1111 (lID) 000 1010 (+ 1-) 1008 

(+1-) 1024to 1088 6 16x64 (110) 110 0000 (110)011 0101 ( + 1-) 1056 

(+1-) 1088to 1152 (110) 110 0001 (lID) 011 0100 (+1-) 1120 

(+ 1-) 1984 to 2048 (1/0)110 1111 (lID) 011 1010 (+/-)2016 

( + 1-) 2048 to 2176 7 16x128 (110) 111 0000 (lID) 010 0101 (+/-)2112 

( + 1-) 2176 to 2304 (110) 111 0001 (110) 010 0100 (+ 1-) 2240 

( + 1-) 3968 to 4096 (110) 111 1111 (lID) 010 1010 (+ 1-) 4032 

Fig. 5 A-Law 
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Input Voltage Chord Steps 
Output Voltage 

[ x (8192/3)] 
Segment 

Number x Size 
Data Character -Voo 

[ x (8192/1.5)] 

(+1-) Oto 1 1 lxl (1/0) 111 1111 ( + 1-) 0 

(+ /-) 1 to 3 15x2 (1/0) 111 1110 ( + 1-) 2 

(+/-)3t05 (1/0) 111 1101 ( + 1-) 4 

( + /-) 29 to 31 (1/0) 111 0000 (+/-)30 

(+/-) 31 to 35 2 16x4 (1/0)110 1111 ( + 1-) 33 

(+/-)91t095 (1/0) 110 0000 (+/-) 93 

(+/-) 95 to 103 3 16x8 (liD) 101 1111 (+1-) 99 

( + /-) 215 to 223 (1/0) 101 0000 (+/-)219 

( + /-) 223 to 239 4 16x16 (1/0) 100 1111 (+/-) 231 

( + /-) 463 to 479 (1/0) 100 0000 (+/-)471 

(+ /-) 479 to 511 5 16x32 (liD) 011 1111 (+/-)495 

(+ 1-) 959 to 991 (1/0) 011 0000 (+1-) 975 

(+1-) 991 tol055 6 16x64 (liD) 010 1111 (+ 1-) 1023 

( + /-) 1951 to 2015 (1/0) 010 0000 (+/-)1983 

(+ 1-) 2015 to 2143 7 16x128 (liD) 001 1111 (+ 1-) 2076 

( + 1-) 3935 to 4063 (1/0) 001 0000 (+ 1-) 3999 

( + 1-) 4063 to 4319 8 16x256 (110) 000 1111 (+/-)4191 

( + 1-) 7903 to 8159 (1/0) 000 0000 ( + /-) 8031 

Fig. 6 Jl-Law 
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Linear code (16 bit) 

The device may be programmed for linear 
operation to simplify the design of telephone 
conference circuits or if additional signal 
processing is desired. A 2s complement scheme is 
used with positive values represented by the sign 
bit equal to 0 (the opposite of the non-linear 
codes). The resolution is slightly less than the 
theoretical limit for 16 bits (see Fig. 7). 

Signal levels and the digital milliwatt 

Signal levels for A-law and Il-Law codes are 
defined with respect to a milliwatt reference level 
in units of dBmO. This means that a signal of 0 
dBmO is a reference milliwatt signal i.e. it is at the 
local reference level. It does not mean that the 
signal will dissipate 1 mW into a 600Q resistor (i.e. 

is 2.191 Vp/p) unless the local reference level, 0 
dBmO, also corresponds to 0 in units of 
dBm(600Q). 

The specifications for A-Law and Il-Law codes 
«((ITT Specification G.711) define that the 
uppermost coding decision levels for A-Law 
(4096) and Il-Law (8159) correspond to 3.14 dBmO 
and 3.17 dBmO respectively. This means that the 0 
dBmO level is about 5.6 dBm(600Q) at the analog 
input and about -0.4 dBm(600Q) at the analog 
output. 

The digital milliwatt signal provides an 
example of this in practice. The digital milliwatt is 
a defined sequence of 8 codes which, if there was 
no loss on the receive path, would produce a 0 
dBmO signal on the analog output. The codes for 
the digital milliwatt for the three cases are given 
in Fig. 8. The actual voltages involved can be 
determined from Figs. 5, 6and 7. 

Output Voltage 
Input Voltage 
[ x (32,768/3)] 

Data Character -Voo 
[x (32,768/1.5)) 

-32,768 to -32,255.5 1 000 0000 1111 1111 -32,256 

-32,255.5 to -32,254.5 1 000 0010 0000 0001 -32,255 

-1.5to-0.5 1 111 1111 1111 1111 -1 

-0.5 to 0.5 0 000 0000 0000 0000 0 

0.5to 1.5 0 000 0000 0000 0001 1 

32,254.5 to 32,255.5 0 111 1101 1111 1111 32,255 

32,255.5 to 32,768 0 111 1111 0000 0000 32,256 

Fig. 7 Linear code 

Phase A-Law Il-Law Linear 

-7/8 x 1800 0 011 0100 o 001 1110 1 101 1101 1000 0011 

-5/8 x 1800 0 010 0001 o 000 1011 1 010 1110 1000 0011 

-3/8 x 1800 0 010 0001 o 000 1011 1 010 1110 1000 0011 

-1/8 x 1800 0 all 0100 0 001 1110 1 101 1101 1000 0011 

1/8 x 1800 1 011 0100 1 001 1110 0 010 0010 0111 1100 

3/8 x 1800 1 010 0001 1 000 1011 0 101 0001 0111 1100 

5/8 x 1800 1 010 0001 1 000 1011 0 101 0001 0111 1100 

7/8 x 1800 1 011 0100 1 001 1110 0 010 0010 0111 1100 

Fig. 8 Digital milliwatts 
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Control and Monitoring 

The MV3000 is controlled and monitored 
through the device control interface. This allows 
the use of the line control and status interface, 
the control of the PCM code and modes of 
operation, the programming of the transmit and 
receive clock and time slots, gain and filters, the 
control of the B-filter, and the activation and 
deactivation of the diagnostic functions. 

Initialisation 

When power is first applied, the MV3000 is 
reset and it goes into its power-down mode of 
operation. This has several consequences: the 
transmit PCM outputs (DXA and DXB) go into 
their high-impedance state and the analog 
output (VOUT) goes to analog ground (V AGND); 

the transmit and receive slot addresses are set to 
zero; the control port pins (CP1 to CPS) are 
configured as inputs; A-Law is selected; the 
transmit and receive filters are disabled and the 
transmit and receive gains are set to 0 dB; and 
the adaption of the B-filter is enabled only if the 
51 pin is high. 

After 500 Ils control instructions may be sent 
to the device. These would normally be used to 
configure it and to take it out of power-down 
mode. 

Stand-alone operation 

If the default conditions established by 
initialisation are acceptable then stand-alone 
operation can be used. Stand-alone operation is 
selected by holding the (SB pin low. The power-

MV3000A/B 

up and power-down instructions can then be 
generated by holding the DIIO pin high or low, 
respectively. A clock must still be applied to the 
DCLK pin, but the 204B kHz. clock supplied to the 
MCLK pin can be used. This means that the only 
difference between the power-up and power­
down instructions for stand-alone operation or 
for normal operation is that in stand-alone 
operation the (5B pin is tied low. 

Normal operation 

For normal operation control information is 
sent to the MV3000 on the DIIO pin which is 
strobed under the control of the DCLK clock and 
(SB pulse. Data which is requested by the device 
is output on the DI/O pin. Fig. 9 shows the 
nominal timing of the signals. 

The normal sequence is for a code byte to be 
sent to the device. This may be followed by a 
number of data bytes which may either be sent to 
the device or sent by it depending on the specific 
code byte. If the control instruction causes the 
device.to accept further data bytes on DIIO, then 
programming will be aborted and the device will 
enter power-down mode if a power-down 
instruction is sent instead of an input data byte 
(N.B. There is no all zeroE:S data byte so confusion 
is avoided.). 

Fig. 10 shows the various control instructions 
used and Fig. 11 shows the control byte map. The 
operation of each specific instruction is indicated 
in Figs. 12 to 21. 

C58 ~ ________________ ~r----~7tMCY----~L-________________ ~ 

DClK 
I 

DI/O ~[:r::J=C:CI:r:r=~-----------------t:r:r=C:CIJ::r::J (Output) 

DI/O 
(Input) 

7 I I I I I I I 0 I 

t t ! t t t t t , , , , , , , , , I I I I I , I I I 
7 o o 

Fig. 9 Control timing diagram - normal operation 
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Instruction Mnemonic OpCode Data Bytes 

Power Up PU FF 

Down PD 00 

Slot Address Transmit Read STR 75 1 -Out 

Write I High STWH 20 to 3F 

I Low STWL 60 to 67 

Receive Read SRR 7D I-Out 

Write I High SRWH 40 t05F 

I Low SRWL 68 to 6F 

Gain Transmit Read GTR 71 2 -Out 

Write GTW 72 2 -In 

Receive Read GRR 79 2 -Out 

Write GRW 7A 2 -In 

Filter Enable FE 80 to 87 

Transmit Read FTR A7 8-0ut 

Wnte FTW A4 8 -In 

Receive Read FRR AB 8-0ut 

Wnte FRW A8 8-ln 

Balance Control FBC BC to BF 

Read FBR A3 20 - Out 

Write FBW AO 20 -In 

Control Interface Configuration Read CCR Cl 1 -Out 

Write CCW Dl 1 -In 

Port Read CPR C8 1 -Out 

Write CPW D8 1 -In 

PCM Code PC B8 to BB 

Association Read PAR 77 1 -Out 

Write PAW 90 to 9F 

Diagnostic Reset DR BO 

Transmit High Pass Filter Disable DTH B3 

Receive Attenuate DRA Bl 

DISable Path DRD B2 

Loop Analog DLA B7 

Digital DLD B4 

Fig. 10 Control instructions 
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~ ~ 
g 
~ 
:E 

NB Second Nibble 
All undefmed bytes are 

I I I I I I I I I I I J reserved - do not use these. 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 PD 

1 
First 

Nibble 
2 STWH 

3 

4 SRWH 

5 

6 STWL SRWL 

7 GTR GTW I I STR I I PAR I GRR I GRW I ~ 
8 FE 

9 PAW 

A FBW I FBR I FTW I I FTR FRW I I FRR I 
B DR DRA DRD I DTH I DLD I I DLA PC I FBC 

C CCR 

~ r---
D CCW CPW 

'----
E 

F rru-
Fig. 11 Control byte map 
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Mnemonic OpCode Data Bytes Description 

PU FF - Power- Up. 
This instruction takes the device out of power-down. It would 

normally be preceeded by instructions to configure the device. It has 
no effect if the device is not in power-down mode. 

PD 00 - Power - Down. 
This instruction puts the device into power-down mode. The 

transmit PCM outputs (DXA and DXB) go into their high impedance 
state and the analog output (VOUT) goes to V AGND. The device is still 
programmable in this mode. 

Fig. 12 Power instructions 

Mnemonic OpCode Data Bytes Description 

sTR 75 1 Output Slot Address - Transmit - Read. 
This instruction causes the device to output a data byte which 

contains the transmit slot address. The data byte contains the 5 high 
address bits followed by the 3 low address bits. If the hex data byte is 
81 then the high address is 22 and the low address is 1, i.e. the start of 
the transmit PCM output is offset by 177 ( = 22x8 + 1) clock cycles. 

sTWH 20to 3F - Slot Address - Transmit - Write - High. 
This instruction defines the transmit slot high address. The hex 

code 2A sets the high address to 10. 

sTWL 60 to 67 - Slot Address - Transmit - Write - Low. 
This instruction defines the transmit slot low address. The hex 

code 63 sets the low address to 3. 

SRR 7D 1 Output Slot Address - Receive - Read. 
This instruction causes the device to output a data byte which 

contains the receive slot address. The data byte conta.ins the S high 
address bits followed by the 3 low address bits. If the hex data byte is 
81 then the high address is 22 and the low address is 1, i.e. the start of 
the transmit PCM input is offset by 177 ( = 22x8 + 1) clock cycles. 

sRWH 40 to SF - Slot Address - Receive - Write - High. 
This instruction defines the receive slot high address. The hex 

code 4A sets the high address to 10. 

sRWL 68to 6F - Slot Address - Receive - Write - Low. 
This instruction defines the receive slot low address. The hex 

code 68 sets the low address to 3. 

Fig. 13 Slot address instructions 

Data Bytes Description 

Byte D7 D6 D5 D4 D3 D2 Ql DO These bytes contain a 2s complement number 
1 1 G, Go G., G·2 G·3 G.4 G·5 in the range + /- 2 which is used to construct the 
2 1 G.6 G·7 G·a G·9 G.1O - - gain coefficients as follows:-

G = -G,x2' + Gox20 + ... + G.1Ox2"o. 
The receive gain is:- GR = G i.e. -2 to 2. 
The transmit gain is:- Gx = 2x(G + 1) i.e. -2 to 6. 

Fig. 14 Gain coefficients 
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Mnemonic OpCode Data Bytes Description 

GTR 71 2 Output Gain - Transmit - Read. 
This instruction causes the device to output 2 data bytes which 

contain the transmit gain information (see Fig. 14). 

GTW 72 2 Input Gain - Transmit - Write. 
This instruction sets the transmit gain to the value defined by the 

2 data bytes (see Fig. 14). 

GRR 79 2 Output Gain - Receive - Read. 
This instruction causes the device to output 2 data bytes which 

contain the receive gain information (see Fig. 14). 

GRW 7A 2 Input Gain - Receive - Write. 
This instruction sets the receive gain to the value defined by the 2 

data bytes (see Fig. 14). 

Fig. 15 Gain instructions 

Data Bytes Description 

Byte 07 06 05 04 D3 D2 Ql DO These bytes contain four 2s complement 
1 1 A3 1 A30 A31 A32 A3.3 A3.4 A3.s numbers in the range + 1- 2 which are used to 
2 1 A3.6 A3.7 A3.8 A3·9 A3.10 - - construct the filter coefficients as follows:-
3 1 A21 A20 A2.1 A2.2 A2.3 A2.4 A2.5 Am = -Am l x2 1 + Amox20 + ... + Am.lOx2·1O 
4 1 A2.6 A2.7 A2.8 A2.9 A2.10 - - for m ='0, 1, 2, 3. 
5 1 All Al 0 Al.1 Al.2 Al.3 Al4 Al.5 The transfer function for the filter is:-
6 1 Al.6 Al.7 Al.8 Al.9Al'l0 - - H(Z) = AO + A 1 xZ· l + A 2xZ·2 + A 3xZ·3. 
7 1 AOl AOo AO.l AO.2 AO.3 AOA AO. 5 where the Z-transformation is at 16 kHz i.e. 
8 1 AO.6 AO.7 AO.8 AO.9AO.l0 - - Z = exp(j211fT) where T = 1/(16 kHz}. 

Fig. 16 Transmit and receive filter coefficients 

Data Bytes Description 

!Mg D7 06 D5 D4 D3 D2 Ql DO These bytes contain ten 2s complement 
1 1 B81 B80 B8.1 B8·2 B8·3 B8·4 B8·5 numbers in the range + 1- 2 which are used to 
2 1 B8·6 B8·7 B8·8 B8.9 B8. 10 - - construct the filter coefficients as follows:-
3 1 B6 1 B60 B6.1 B6·2 B6·3 B6 ·4 B6·5 Bm = -Bm l x2 1 + Bmox20 + Bm. l x2·1 + ... + Bm.l0x2· 10 

4 1 B6·6 B6.7 B6·8 B6.9 B6.10 - - for m = 0, 1,2, ... ,9. 
5 1 B41 B40 B4.1 B4·2 84.3 84.4 B4·5 
6 1 B4·6 B4.7 B4·8 B4.9 B410 - - The transfer function for the filter is:-
7 1 B21 B20 B2'1 B2'2 B2·3 B2·4 B2·5 H(Z) = BO + B 1 xZ· l + B2xZ·2 + B3xZ·3 + ... + B9xZ·9. 
8 1 B2·6 B2.7 B2·8 B2.9 B2.1O - - where the Z-transformation is at 16 kHz i.e. 
9 1 BOl BOo BO·l BO.2 BO·3 BO.4 BO·5 Z = exp(j2nfT) where T = 11(16 kHz). 
10 1 BO·6 BO.7 BO·8 BO·9 BO.l0 - -
11 1 B91 B90 B9.1 B9.2 B9·3 B9.4 B9·5 Only the 5 odd coefficients (B9,B7,B5,B3,Bl) 
12 1 B9.6 B9.7 B9·8 B9.9 B9.10 - - adapt. Otherwise the filter would attempt to 
13 1 B71 B70 B7.1 B7.2 B7·3 B7·4 B7·5 adapt to frequencies in the range 4kHz to 8kHz. 
14 1 B7·6 B7.7 B7·8 B7.9 B7.10 - -
15 1 B5 1 B50 B5.1 B5.2 BS3 B5.4 B5·5 
16 1 B5·6 B5.7 B5·8 B5.9 B5·10 - -
17 1 B3 1 B30 B3.1 B3.2 B3·3 B3.4 B3·5 
18 1 B3·6 B3.7 B3·8 B3·9 B3.10 - -
19 1 Bl1 Bl 0 Bl.l Bl·2 Bl·3 Bl·4 Bl·5 
20 1 Bl·6 Bl.7 Bl·8 Bl.9 Bl.1O - -

Fig. 17 Balance filter coefficients 
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Mnemonic OpCode Data Bytes Description 

FE 80/87 - Filter - Enable. 
This instruction allows the balance (B) filter, transmit (X) filter 

and the receive (R) filter to be enabled or disabled. The instruction 
has the format:-

D7 D6 D5 D4 D3 D2 Dl DO 
1 0 0 0 0 BF XF RF 

If BF is 1 then the B-filter is enabled. If it is 0 then the B-filter is 
disabled (i.e. Balance subtracts zero). 

If XF is 1 then the X-filter is enabled. If it is 0 then the X-filter is 
disabled (i.e. the transfer function is set to 1). 

If RF is 1 then the R-filter is enabled. If it is 0 then the R-filter is 
disabled (i.e. the transfer function is set to 1). 

N.B. Disabling a filter does not change its coefficients. 

FTR A7 8 Output Filter - Transmit - Read. 
This instruction causes the device to output 8 data bytes which 

represent the 4 numbers corresponding to the 4 transmit filter 
coefficients (see Fig. 16). 

FTW A4 81nput Filter - Transmit - Write. 
This instruction sets the 4 transmit filter coefficients to the 4 

numbers represented by the 8 data bytes (see Fig. 16). 

FRR AB 8 Output Filter - Receive - Read. 
This instruction causes the device to output 8 data bytes which 

represent the 4 numbers corresponding to the 4 receive filter 
coefficients (see Fig. 16). 

FRW A8 8 Input Filter - Receive - Write. 
This instruction sets the 4 receive filter coefficients to the 4 

numbers represented by the 8 data bytes (see Fig. 16). 

FBC BC to BF - Filter - Balance - Control. 
This instruction allows the automatic adaption of the B-filter to 

be enabled or disabled. There is a 2-bit field in the instruction which 
allows adaption to be enabled with or without polling the SI pin. The 
instruction has the format:-

D7 D6 D5 D4 D3 D2 Dl DO 
1 0 1 1 1 1 BD BA 

If BD is 1 then adaption of the B-filter is disabled. 
If BD is 0 then the adaption is enabled if either BA is 1 or if the SI 

pin is high. 

FBR A3 20 Output Filter - Balance - Read. 
This instruction causes the device to output 20 data bytes which 

represent the 10 numbers corresponding to the 10 balance filter 
coefficients (see Fig. 17). 

FBW AD 20 Input Filter - Balance - Write. 
This instruction sets the 10 balance filter coefficients to the 10 

numbers represented by the 20 data bytes (see Fig. 17) 

Fig. 18 Filter instructIOns 
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Mnemonic Op Code Data Bytes Description 

CCR Cl 

CCW Dl 

CPR C8 

CPW D8 

1 Output Control Interface - Configuration - Read. 
The data byte which is output by the device during this 

instruction indicates which of the control pins are inputs and which 
are outputs. The data byte has the format:-

D7 D6 D5 D4 D3 D2 Dl DO 
CCl CC2 CC3 CC4 CC5 X X X 

If CCn is 0 then the CPn pin is an output. If CCn is 1 then the CPn 
pin is an input (n = 1,2,3,4,5). 

1 Input Control Interface - Configuration - Write. 
This instruction configures the control pins to be inputs or 

outputs according to the input data byte. The data byte has the 
format:-

D7 D6 D5 D4 D3 D2 
CCl CC2 CC3 CC4 CC5 R2 

Dl 
Rl 

DO 
RO 

If CCn is 0 then the CPn pin is an output. If CCn is 1 then the CPn 
pin is an input (n = 1,2,3,4,5). 

The R21 0 bits are reserved and should be held at 1. 
N.B. When power is first applied these pins are configured as 

inputs. 

1 Output Control Interface - Port - Read. 
The data byte which is output by the device during the 

instruction indicates the status of the control pin and the SI pin. The 
data byte has the format:- . 

D7 D6 D5 D4 D3 D2 Dl DO 
CPl CP2 CP3 CP4 CPS X X SI 

If the CPn pin is configured as an input then the CPn bit is 1 or 0 
depending on whenther the input is high or low. If the CPn pin is 
configured as an output then the CPn bit is 1 or 0 depending on 
whether the output is high or low (n = 1,2,3,4,5). 

The SI bit is 1 or 0 depending on whether the Sl pin is high or low. 

1 Input Control Interface - Port - Write. 
This instruction controls the output levels of those control pins 

configured as outputs accordi ng to the input data byte. The data 
byte has the format:-

D7 D6 D5 D4 D3 D2 Dl DO 
CP 1 CP2 CP3 CP4 CPS R2 R 1 RO 

If the CPn pin is configured as an output then it will go high or 
low depending on whether the CPn bit is 1 or O. If the CPn pin is 
configured as an input then the corresponding CPn bit should be held 
at 0 (n = 1,2,3,4,5). 

The R2 / 0 bits are reserved and should be held at 1. 

Fig. 19 Control interface instructions 
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Mnemonic Op Code Data Bytes 

PC B8to BB 

Description 

PCM - Code. 
This instruction defines the PCM code used by the device. The 

instruction has the format:-
D7 D6 05 04 03 
1 0 1 1 1 

C1 CO Code 
0 0 Li near (16 bits) 
0 1 u-Iaw (8 bits) 
1 0 A-law (8 bits) 
1 1 Reserved - do not use. 

D2 
o 

01 
C1 

00 
CO 

PAR 77 1 Output PCM - Association - Read. 

PAW 90 to 9F 
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The data byte which is output by the device during the 
instruction indicates whether the PCM is associated with the A or B 
pins and with the first or second segment of 256 bits. Separate 
associations are used for both transmitted and received PCM. The 
data byte has the format:-

07 06 05 04 03 02 01 00 
X X X X Rs Xs RSA XSA 

If the Rs bit is 1 then the DRB pin is used for the receive PCM 
input. If it is 0 then ORA is used. 

If the Xs bit is 1 then the DXB pin is used for the transmit PCM 
output. If it is 0 then OXA is used. 

If the RSA bit is 0 then the receive segment address is 0 and the 
receive PCM is associated with the first segment of 256 bits. If it is 1 
then the receive PCM is associated with the second segment of 256 
bits. 

If the XSA bit is 0 then the transmit segment address is 0 and the 
transmit PCM is associated with the first segment of 256 bits. If it is 1 
then the transmit PCM is associated with the second segment of 256 
bits. 

PCM - Association - Write. 
This instruction determines whether the PCM is associated with 

the A or B pins and with the first or second segment of 256 bits. 
Separate associations are used for both transmitted and received 
PCM. The instruction has the format:-

07 06 D5 D4 03 02 01 00 
1 0 0 1 Rs Xs RSA XSA 

If the Rs bit is 1 then the DRB pin is used for the receive PCM 
input. If it is 0 then DRA is used. 

If the Xs bit is 1 then the DXB pin is used for the transmit PCM 
output. If it is 0 then OXA is used. 

If the RSA bit is 0 then the receive segment address is O.and the 
receive PCM is associated with the first segment of 256 bits. If it is 1 
then the receive PCM is associated with the second segment of 256 
bits. 

If the XSA bit is 0 then the transmit segment address is 0 and the 
transmit PCM is associated with the first segment of 256 bits. If it is 1 
then the transmit PCM is associated with the second segment of 256 
bits. 

Fig. 20 PCM instructions 
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Mnemonic OpCode Data Bytes Description 

OR BO - Diagnostic - Reset. 
This instruction resets any transmit, recei ve or loop test 

conditions previously set up. 

OTH B3 - Diagnostic - Transmit - High Pass Filter Disable. 
This instruction disables the digital high-pass filter in the transmit 

path. 

DRA B1 - Diagnostic - Receive - Attenuate. 
This instruction adds 6dB attenuation to the receive path. 

ORO B2 - Diagnostic - Receive - Disable Path. 
This instruction disables the receive path. This means that VOUT is 

set to Voo regardless of the receive PCM data input to the device. 

OLA B7 - Diagnostic - loop - Analog. 
This instruction puts the device into its analog loop test mode. 

This means that the analog signal output on the VOUT pin is derived 
from the analog signal on the VIN pin instead of the normal filtered 
PCM receive data. 

OLD B4 - Diagnostic - loop - Digital. 
This instruction puts the device into its digital loop test mode. 

This means that the digital PCM signal input on DRA or ORB is 
switched internally, multiplied by 15116 and replaces the digital PCM 
signal normally output on DXA or DXB. 

Fig. 21 Diagnostic instructions 
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PIN DESCRIPTIONS 

Symbol Pin No. Pin Name and Description 

CAP 1 Capacitor (Analog Node). A capacitor of 0.1 uF should be connected between this 
pin and analog ground (AGNO pin). This is used to decouple the internal voltage 
reference. 

VIN 2 Input Voltage (Analog Input). The analog voltage input at this pin is sampled, 
processed, digitally encoded and then output as PCM data on either OXA or OXB. 
This signal is referenced to AGNO and there is an input impedance of 30k Ohms to 
AVccl3. 

AGNO 3 Analog Ground (Power Input). This is the ground reference pin for the analog 
input (VIN pin) and analog output (VOUT pin). Care should be taken to minimise 
the noise at this pin. 

VOUT 4 Output Voltage (Analog Output). The analog voltage at this pin is derived from 
the PCM data input on either ORA or ORB. This PCM data is processed digitally, 
decoded, converted to analog and then output here. This signal is referenced to 
AGNO but has a OC offset of nominally 2.5 Volts. 

51 5 Status In (Digital Input). The data sampled at this input can be read out on the 
OliO pin. This allows information about the status of the telephone line to be 
passed on to a line card controller. 

This pin can also be used to control the operation of the filter used for 
adaptive balancing (the B-filter). 

CPl to 5 6tol0 Control Port 1 to 5 (Digital I/O with Pull ups). These pins are independently 
programmable as either inputs or outputs through the control stream input on 
OliO. Pins which are programmed as outputs are also controlled by OliO. Pins 
which are programmed as inputs can be read on OliO. 

These pins allow a line card controller to monitor and control the line cards 
and mean that a single hardware design for a line card can be configured through 
software for a number of different requirements. 

There are pull ups of 150k Ohms on these pins. 

TSCA, 11, Time Slot Control A, B (Open Drain Pulldown Outputs). The TSCA OR TSCB pins are 
TSCB 18 pulled low when PCM data is output on OXA OR OXB respectively. These pins on 

different devices may be connected together with a single pullup resistor (wire-
ored) to generate an enable signal for an output buffer on a line card. 

OXA, 12, Digital Transmit A, B (Three-State Outputs). The PCM data is output at these pins. 
OXB 17 The data is routed to either OXA or OXB under the direction of the control stream 

input at the OliO pin. The PCM data can be p-Iaw (8 bits), A-law (8 bits) or linear 
(16 bits). 

Bit and frame synchronisation are established by CLKX and FSX. The start of 
the PCM burst relative to the pulse on FSX is determined by the serial control at 
OliO. A data word is output once every 125 us. 

These pins go to their high impedance state between PCM bursts and when 
the device is in standby mode. 

TEST 13 Test Pin (Internal Connection). This pin is used during device testing. It should be 
held low during normal operation. 

ORA, 14, Digital Receive A. B (Digital Inputs). These are the inputs for PCM data. Either 
ORB 21 ORA or ORB is used under the direction of the serial control input at OliO. The PCM 

data can be p-Iaw (8 bits), A-law (8 bits) or linear (16 bits). 
Bit and frame synchronisation are established by CLKR and FSR. The position 

of the first bit sampled relative to the pulse on FSR is also determined by the serial 
control at OliO. A data word is sampled once every 125 us. 
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PIN DESCRIPTIONS (Continued) 

Symbol Pin No. Pin Name and Description 

CLKX 15 Transmit Clock (Digital Input). The clock input at this pin establishes the bit 
synchronisation on the PCM data output on DXA and DXB. The clock frequency 
must be between 64 KHz and 4.096 MHz and there must be an integral number of 
clock cycles between pulses on FSX. This clock should also be locked to the MCLK 
clock. 

FSX 16 Transmit Frame Synchronisation (Digital Input). The pulse input at this pin 
establishes the frame synchronisation on the PCM data output on DXA and DXB. 
There should be 125 us between pulses and the pulses should be synchronised with 
CLKX. 

DXB 17 See pin 12. 

TSCB 18 See pin 11. 

CLKR 19 Receive Clock (Digital Input). The clock input at this pin strobes the bits of PCM 
data input on DRA and DRB. The clock frequency must be between 64 KHz and 
4.096 MHz and there must be an integral number of clock cycles between pulses 
on FSR. This clock should also be locked to the MCLK clock. 

FSR 20 Receive Frame Synchronisation (Digital Input). The pulse input at this pin 
establishes the frame synchronisation on the PCM data input on DRA and DRB. 
There should be 125 us between pulses and the pulses should be synchronised with 
CLKR. 

DRB 21 See pin 14. 

DGND 22 Digital Ground (Power Input). o Volts Supply. 

CS8 23 Chip Select Bar {Digital Input). This input should be held low to enable the chip to 
input or output serial data on DI/O. This input is used to gate DCLK when a 
command or data is to be entered on or output on DIIO. If held low for more than 
8 cycles of DCLK it will force the device into stand-alone operation. 

DIIO 24 Data InlOut (Digital Input/Output with Pull up). Serial control data is input and 
output at this pin when C58 is low. Input data is sampled by DCLK and output data 
is clocked out by DCLK. The data is used to control and monitor a wide variety of 
programmable functions. 

A common data input/output line can be used by a number of devices. 

DCLK 25 Data Clock (Digital Input). This clock strobes the serial control input data and 
clocks out serial control output data on DI/O. It is used in association with the C58 
pin. The clock can run at any frequency from DC to 2.048 MHz. 

MCLK 26 Master Clock (Digital Input). This clock controls the sampling for the analog to 
digital conversion and the signal reconstruction for the digital to analog 
conversion. This clock should also be locked to the CLKX and CLKR clocks. 

DVCC 27 Digital Positive Supply Voltage (Power Input). 5 Volts. 

AVCC 28 Analog Positive Supply Voltage (Power Input). 5 Volts. 
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ElECTRICAL CHARACTERISTICS 

Test Conditions - Voltages are with respect to analog ground (V AGNO)· 

Parameter Symbol 
Value 

Units 
Min. Typ.* Max. 

Analog Supply Voltage AVec 4.75 5 5.25 Volts 

Digital Ground Voltage VOGNO -0.1 0 0.1 Volts 

Digital Supply Voltage DVcc 4.75 5 5.25 Volts 

Ambient Temperature TAMS 0 70 °C 

Input Low Voltage (with respect to VOGNO) V,L 0 0.4 0.8 Volts 

Input High Voltage (with respect to VOGNO) V,H 2.0 2.4 DVcc Volts 

Output Loading Co 150 pF 

Master Clock Frequency FM 2047.9 2048 2048.1 kHz 

Analog Input Voltage V,A -3.0 3.0 Volts 

* Typical figures are for design aid only. They are not guaranteed and not subject to production testing 

Digital Static Characteristics - Voltages are with respect to digital ground (VOGNO). 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

Normal Supply Current IN 30 mA Unloaded 

Power-down Ipo 20 mA Unloaded 
Supply Current 

Input Leakage Current I,L 10 uA O<V<DVcc 

Output High Voltage VOH 2.4 DVcc Volts IOH (Source) = 400uA 

Output Low Voltage VOL 0 0.4 Volts 10L (Sink) = 2mA 

Output Leakage Current IOL 10 uA O<V<DVcc 

• Typical figures are for design aid only. They are not guaranteed and not subject to production testing 

Digital Dynamic Characteristics - Master Clock (see Fig. 22) 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

Master Clock Rise Time tMR 20 ns 

Master Clock High Period tMH 50 236 ns 

Master Clock Fall Time tMF 20 ns 

Master Clock Low Period tML 50 236 ns 

• Typical figures are for deSign aid only. They are not guaranteed and not subJect to production testing. 
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~ t Ml --. 

MClK 

Fig. 22 Timing - master clock 

Digital Dynamic Characteristics - PCM Clocks and Frame Synchronisation (see Figs. 23 and 24) 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

PCM Clock Period tpcp 225 488 15650 ns 

PCM Clock Rise Time tpCR 20 ns 

PCM Clock High Period tpCH 100 ns 

PCM Clock Fall Time tpCF 20 ns 

PCM Clock Low Period tpCL 100 ns 

PCM Frame Sync. Set-up tpFS 50 ns 
Time 

PCM Frame Sync. Hold tpFH 30 ns 
Time 

• Typical figures are for deSign aid only. They are not guaranteed and not subject to production testing. 

ClKX 

(ClKR) 
2.0V·- -- ------------ --------------- -- ------------ - ------------- - ---f: 'K' 1f 'K" If ,~ --r-:: 
'''- --":----------~--------:: ,;.;:"-----~;~ -:-------- ----

Fig. 23 Timing - PCM clocks 

CLKX . 2.0 V --- - - -:- -- - - - - --:- - -- - -----: - - ..,---,­

(CLKR) 0.8 v -- - -- --- - - - --- - -- - - - ----- - -- ----

FSX 

(FSR) 

____ ' .. y ,,, ---> ____ 'e>" Y '., ---> 

20V------------------ -- ---------------------------- - ------------------­

;,.~---------------: ---:------------------------------ -----------------_. 

Fig. 24 Timing - PCM frame synchronisation 
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Digital Dynamic Characteristics - PCM Outputs (see Figs. 25 and 26) 

Characteristic Symbol 
Value 

Units 
Min. Typ.* Max. 

TSC Low Delay tTLD 150 ns 

TSC High Delay tTHD 150 ns 

PCM Active Delay tPAD 70 170 ns 

PCM Passive Delay tpPD 70 ns 

PCM Output Hold Time tpOH 30 ns 

PCM Output Delay tpOD 100 ns 

• Typical figures are for deSIgn aid only. They are not guaranteed and not subject to production testing. 

(LKX 
O~V'---- ------------

TSCA 2.4 V .---­

(TS(8) O.4V.----

Conditions 

OXA 

(OXB) 
+""1 +'''1 > .• , _umm_m ___ mmmmm~m~_mmmcumu ___ um uu_ 

O.4V------------- ------------------- ---- --------------------- -----------

OXA 

(OX8) 
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Fig. 25 Timing - PCM Output Start and Stop of Burst (see Fig. 4) 

2.4V -----------------­

~4V------------------

------- ~ -----------
------- ~ -----------

Fig. 26 Timing - PCM output changing during burst (see Fig. 4) 



Digital Dynamic Characteristics - PCM Input (see Fig. 27) 

Characteristic Symbol 
Value 

Units 
Min. Typ.* Max. 

PCM Input 5et-up Time tplS 50 tpcp/2 ns 

PCM Input Hold Time tplH 30 tpcp/2 ns 

* Typical figures are for deSign aid only. They are not guaranteed and not subject to production testing 

CLKR 

ORA 

(ORB) 

Fig. 27 Timing - PCM input (see Fig. 3) 

Digital Dynamic Characteristics - Data Clock (see Fig. 28) 

Characteristic Symbol 
Value 

Min. Typ.* Max. 

Data Clock Period Gl tDCP 450 

Data Clock Rise Time tDCR 25 50 

Data Clock High Period tDCH tDCP /2 tDcp/2 
-50 + 50 

Data Clock Fall Time tDCF 25 50 

Data Clock Low Period tDCL tDcp/2 tDcp/2 
-50 + 50 

Units 

ns 

ns 

ns 

ns 

ns 

* TYPical figures are for deSign aid only. They are not guaranteed and not subject to production testing 

MV3000A/B 

Conditions 

Conditions 

DCLK 
;p '." df '''" If ,~ --r:: 20V·- -- ------------ --------------- -- ------------ - ------------- - ---'''_ m~mmm_~m-----~ :"~-------~ _.~=mmm _m 

Fig. 28 Timing - peM clocks 
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Digital Dynamic Characteristics - Chip Select CD (see Fig. 29) 

Characteristic Symbol 
Value 

Units 
.. Min. Typ.* Max . 

Chip Select Falling tCFH 0 ns 
Hold Time 

Chip Select Falling tCFS 1S0 ns 
Set-up Time 

Chip Select Rising tCRH 0 ns 
Hold Time 

Chip Select Rising tCR5 150 ns 
Set-upTime 

Chip Select Low Period tCLP Stocp ns 
• TYPICal figures are for design aid only. They are not guaranteed and not subject to production testing. 

(j) If CS8 is tied low then the. MV3000 will operate in stand-alone mode. 

DCLK 

C58 
2.0 V ----­

O.8V -----

~--------- tel, ---------... 

Fig. 29 Timing - chip select (see Fig. 9) 

Digital Dynamic Characteristics - Data Input (see Fig. 30) 

Characteristic Symbol 
Value 

Min. Typ.* Max. 

Data Input Set-up Time tOl5 50 tocp/2 

Data Input Hold Time tOIH 30 tocp/2 

Units 

ns 

ns 

• TYPlcaLf,gures are for design aid only They are not guaranteed and not subject to productIon testing. 

OCLK 

DI/O 

Fig. 30 Timing - data input (see Fig. 9) 
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Digital Dynamic Characteristics· Data Outputs (see Figs. 31 and 32) 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

Data Active Delay tOAO 100 ns 

Data Passive Delay topo 100 ns 

Data Output Hold Time tOOH 30 50 ns 

Data Output Delay tOOD 100 150 ns 

* TypIcal figures are for design aid only. They are not guaranteed and not subject to production testing 

C58 ::::::::::::1:::::::::::::::::::;::~::::::::::::::::::::7<::::::::. 
J .I 

-'Sf -""'f 0110 

OCLK 

0110 

",_m_m_m~mm_m_m~_~_m_mmmmm_mm~_ 
OAV .---------------- ---------------- -- --------------------------- ----. 

Fig. 31 Timing - data output start and stop of burst (see Fig. 9) 

2.0V·- ------------------ ------------ ----------------- ------------

O~v·---- ------------ -- --------------- ------------

.. tooo .. 

2AV·----------------- ------­

~4V .----------------- -------

.. tooo .. 

.. tOOH .. 

Fig. 32 Timing - data output changing during burst (see Fig. 9) 
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MV3000A/B 

Analog Static Characteristics - Voltages are with respect to analog ground (V AGND). 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

Pin Capacitance Cp 8 10 pF O<V<AVcc, DVcc 

Analog Input Impedance ZI 20 30 kQ -3V<V< +3V 

Analog Input Bias VBI AVccl3 V 

Input Offset Voltage VIO -5 5 mV 

Output Impedance Zo 20 Q 1V<V<4V 

Output Offset Voltage Voo 2.3 2.5 2.7 V 

Analog Output Voltage VOA Voo-l.5 Voo + 1.5 V RL = 1 OkQ, CL = 50pF 

• Typical figures are for deSign aid only. They are not guaranteed and not subject to production testing. 

Analog Dynamic Characteristics· General 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

Transmit 0 dBmO Level VTO 4.03 4.18 4.33 VP/P A-Law 
4.00 4.15 4.30 p-Law 

Receive 0 dBmO Level VRO 2.01 2.09 2.17 VP/P A-Law 
2.00 2.075 2.15 p-Law 

Power Supply Rejection PSR 50 dB 

Minimum Receive Gain All 
MV3000A GRMIN -12.1 -12 dB cCin G.714 
MV3000B -6.1 -6 Specifications 

Maximum Transmit Gain All 
MV3000A GTMAX 12 12.1 dB cCin G.714 
MV3000B 6 6.1 Specifications 

• Typical figures are for design aid only. They are not guaranteed and not subject to production testing. 

Analog Dynamic Characteristics - Channel Gain (see Figs. 33 and 34) 

Characteristic Symbol 
Value 

Units Conditions 
Min. Typ.* Max. 

Transmit Gain GT -80 dB o Hz 
-25 50 Hz 
-25 60 Hz 
0 200 Hz 

-0.125 0 0.125 300 - 3000 Hz 
-0.35 0 0.125 3300 Hz 
-0.8 0 3400 Hz 

-17.5 4000 Hz 
-35 >4600 Hz 

Receive Gain GR -0.125 0 0.125 dB 0- 3000 Hz 
-0.35 0 0.125 3300 Hz 
-0.8 0 3400 Hz 

-17.5 4000 Hz 
-35 >4600 Hz 

• TYPical figures are for deSign aid only. They are not guaranteed and not subject to production testing. 

84 
































































































































































































































































































































































































































































