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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 SLIC (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 inciuding DTMF circuits, LD dialers, Codecs and PCM building blocks.

This Handbook gives details of all current and soon-to-be-introduced products; Plessey are
continually assessing the needs of equipment manufacturers and will be expanding the range
in the future.
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Product Index

Subscriber and line card circuits

MV3000 Subscriber line audio circuit, automatic 2 to 4 wire balance; A to D; D to A; 61
Time Slot Alignment; fully programmable
MV4320 Keypad pulse dialler with selectable pulse mark/space ratio 2:1 or 3:1; 97
selectable outpulsing rate of 10,16, 20 or 932Hz; M1 masking output;
+2.5V to +5.5V supply and low power: 375uW at +13V; last number redial
MV5087 DTMF generator for 2 of 8 (Form A) keypad, single contact 101
MV5089 DTMF generator for 2 of 8 active keypad, or electronic input 106
Mv8804 8 x 4 analog switch array (32 crosspoint switch for PABX and key systems), 121
5V to 13V operation, bandwidth up to 40MHz
Mv8s70 Combined DTMF tone separation filter and decoder with 4-bit binary output code 127
and low/high group outputs
MvV8870-1 Combined DTMF tone separation filter and decoder with 4-bit binary output code 135
SL376M Subscriber line interface circuit, line power feed; hybrid function; signalling; 145
handles meter pulses
ZNA70 series Microphone amplifiers 198
ZN482/483 Buffer amplifiers for electret microphones 237
ZNA48OE Ring detector, TTL logic output 224
ZNA488E Tone ringer, single ended or balanced output 231
PCM circuits
MJ1410 8-bit format converter, 2MBit/s; 5V; 40mA 9
MJ1440 HDB3 coder/decoder, 2MBit/s; 5V; 20mA 14
MJ1444 Time slot zero transmitter, 2MBit/s; 5V; 20mA 19
MJ1445 Time slot zero receiver, 2MBit/s; 5V; 20mA 22
MJ1446 Time slot access, 2MBit/s; 5V; 20mA 25
MS2002 256 x 256 serial digital switch, 32-channel PCM, 2MBit/s, 5V, 40mA 37
Mv1441 HDB3 with clock regeneration, 2MBit/s; 5V 49
Mv1448 HDB3 coder/decoder, 8MBit/s; 5V 55
MV3506 Single channel PCM A-law codec with filter: featuring low power 86
(60mW operating, 5SmW standby), stable on-chip voltage reference and
idle channel noise reduction circuit
MV3507 Single channel PCM u-law codec with filter: other features as for MV3506 86
MV3507A Single channel PCM u-law codec with filter and A/B signalling capability: 86
other features as for MV3506
MV3508 Single channel PCM A-law filter/codec with optional squelch 86
MV3508A Single channel PCM u-law filter/codec with optional squelch 86




PCM circuits (cont.)

Type Function Page
SP1450B(B) 34MBit/s PCM signal monitor 5V/2.5mA supply 159
SP1455B(B) 40MBit/s 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
ZNS683E/J PCM line interface, 8MBit/s; 5V 251

Other telecoms products

Type - : Function Page
D3702 5 relay drivers, -65V output, to BT approved spec. 158
MS2014 Digital 16-bit filter and detector - signalling tone detector 29
MV6001 Fast HDLC/DMA controller (e.g. for ISDN) 111
SL.9009 Adaptive line equaliser 147
SP1404BW 5 relay drivers, -65V output 158

Fibre optic links/LANSs

Type G Page
SL9901 Trans-impedance amplifier 155
SP9921 Manchester decoder 163
SP9960 Encoder/LED driver 171




Product List - alpha numeric

TYPE No. DESCRIPTION PAGE

MV8870

SL376M Metering subscriber line interface circuit (SLIC) N 145“)'

SL9901 50MHz transimpedance amplifier 155

SP1450B(B)
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Semiconductors

MJ1410

8 BIT FORMAT CONVERTER

The MJ1410 is realised in N-channel MOS technology and
operates from a single 5V supply. The circuit can be clocked
from d.c. up to 25MHz and has 3-state output buffers
capable of driving two LSTTL loads. All inputs are TTL
compatible.

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

An 8-bit parallel word clocked into the eightinputs appears
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

n[fre N~ LD
6 [z 2(]7
F{s 22(]6
e (e «[]s
wirs ) OO a0 o F outeors
c wpa
8 []7 8 p 2
a(ls w[]1
Lvee (o s[]o
22 [Jo |5]GN.[]
e < 2' [ 1a[] clock
2° ]2 13[7] sync

DG24

FEATURES

Fig.1 Pin connections

B Single 5V supply.
B Three-state outputs.

B Allinputs TTL compatible.

Pin No. Title Function

1 H Data i/p H

2 G Data i/p G

3 F Data i/p F

4 E | Data Datai/p E .

5 D { inputs | DataifpD [ See Figs 3and4

6 C Data i/p C

7 B Data i/p B

8 A Data i/p A

9 Vce Positive supply, 5V + 5%

10 22 Counter preset i/p bit 2 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 to the
binary value of the counter preset i/ps.

14 CLOCK System clock

15 GND Zero volts

16 0 Three state data o/p ‘0’

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 4 | outputs | Three state data o/p ‘4’

21 5 Three state data o/p ‘5’

22 6 Three state data o/p ‘6’

23 77 Three state data o/p ‘7’

24 O/PEN A logic ‘1" on this i/p forces all the data outputs to a high impedance state.




MJ1410

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated): Vcc = 5V, Tamb
Supply voltage Vcc = 5V + 10%, Ambient operating temperature Tamb = 10°C to +70°C
STATIC CHARACTERISTICS

= 22°C + 2°C, Test circuit: Fig.6.

Value
Characteristic Symbol Pins Units Conditions
Min. Typ. Max.
Low level I/P Vi 1,2,3,4, -0.3 0.8 Volts
voltage 5,6,7,8,
10,11,12,
13,14,24
High level I/P ViH 1,234, 25 Vce Volts
voltage 5,6,7,8,
10,11,12,
13,14,24
Low level I/P IN 1,2,3,4, 1 50 pA
current/high level 56,78,
I/P current 10,11,12,
13,14,24
Low level O/P Vou 16,17,18, 05 Volts | Isync = 1.6mA
voltage 19,20,21,
22,23
High level O/P Vo 16,17,18, 25 Volts | Isource = 100uA
voltage 19,20,21,
22,23
Low level O/P lou 16,17,18, -1.6 mA
current sink capa- - 19,20,21,
bility 22,23
High level O/P loH 16,17,18, 100 pA
current source 19,20,21,
capability 22,23
OFF state O/P loFF L 16,17,18, 40 pA Voutr = GND
current 19,20,21,
22,23
loFF H 16,17,18, -40 pA Vour = Vcc
19,20,21,
22,23
Power dissipation Poiss 90 500 mW | Vcc =55V
DYNAMIC CHARACTERISTICS
Value
Characteristic Symbol Units Conditions
Min. Typ. Max.
Max.clock frequency Fmax. 24 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 (20,21,22)
Hold time of counter tHe 60 ns Fig. 6
inputs
Set up time of data tso 80 ns Fig. 6
inputs (A-H)

10




DYNAMIC CHARACTERISTICS

MJ1410

Value
Characteristic Symbol Units Conditions
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 tpop 100 ns Fig. 6
out disabled from output
ENABLE high
Propagation delay, clock tpco 200 ns Fig. 6
to data out valid
20 2! 22 SYNC oPEN
31)1 30_2 ina
a At LOAD
3-BIT 3708
oLk 0— K counter @ :j DECODE Gszglﬁiioa
L a3 iz
13 E3 BN 2 G R A o
A |B |Jc |Jo |Jge |F |G |H
8-BIT SHIFT Q
A O—= e REGISTER LL’— »—D_O
A |8 |IC |ID |E |F |G |H
N 8-BIT SHIFT GL 1o 1-BIT SHIFT a
o jou REGISTER Lle »——Ic-.x REGISTER
A B |C |[D |E |F |G |H
8-BIT SHIFT Q| {o 2-BIT SHIFT Q
c o—» ek REGISTER e cik  REGISTER I :D—@
A |B |C D |E |F |G |H
8-BIT SHIFT Q {o 3-BIT SHIFT Q
o o—> {cik © REGISTER LLI‘ »—lcu( REGISTER
— -
A B [C |D [E |F |G [H
8-BIT SHIFT a 1o 4-BIT SHIFT o‘—
£ o—= lex REGISTER e cLx REGISTER :ID—'O
A |B |C |D |JE |F |G |H
8-BIT SHIFT a fo 5-BIT SHIFT Q
FOo— lo  RecisTer LLr_ ._lcu( REGISTER I ;D—‘O
A |B |C D |IE |F |G |H
8-BIT SHIFT Q 10 6-BIT SHIFT a
¢ o— fowx REGISTER LLI_ oLk REGISTER
A B |Ic |Ip |[E |F |G |H
&BIT SHIFT a 1o 7-BIT SHIFT a
HOo—= clk___ REGISTER L | lcu  reaisten I :D—“
7

ABSOLUTE MAXIMUM RATINGS

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

Fig.2 Block diagram

1



MJ1410
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Fig.3 Data conversion
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Fig.4 Input and output waveforms
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2 MBIT PCM SIGNALLING CIRCUIT

MJ 1440

HDB3 ENCODER/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.

The MJ1440 is an encoder/decoder for the pseudo-
ternary transmission code, HDB3 (CCITT Orange Book Vol
1.2 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.

FEATURES

5v = 5% Supply —50mA Max

HDB3 Encoding and Decoding to CCITT rec.
G7083.

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
+Vee A%
Inputs Vecc + 0.5V Gnd — 0.3V
Outputs Vee, Gnd —0.3V

Thermal Ratings
Max Junction Temperature 175°C
Thermal Resistance: Chip to Case
40°C/Watt

Chip to Amb.
120°C/Watt

14

NRZ DATAIN
CLOCK (ENCODER)
LOSS OF INPUT
NRZ DATA OUT
CLOCK (DECODER)
RESET AIS

AIS

GROUND

[+vee

;[ouT 2(0,y)

[JouT 1(0y)

1By

[] LOOP TEST ENABLE
AN

[] cLock

[]ERROR

DG16

Fig. 1

Pin connections

01

NRZ DATA IN
ENCODER
CLOCK
(ENCODER)

-0 02

LOSS OF
INPUT

=l

LOOP TEST

ENABLE

SWITCH

NRZ
DECODER  |——O DATA
out

CLOCK
(DECODER)

1

ERROR

ERROR

CIRCUIT

RESET AIS

AlS
CIRCUIT

p—————————0 AlS

Fig.2 Block diagram




MJ1440
ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

Supply voltage, Ve =5V +£0.25V
Ambient temperature, T,,, = 0°C to +70°C

Static characteristics

Value
Characteristic Symbol Pins Units Conditions
‘Min Typ Max
Low level input voltage Vi : -0.3 0.8 \'
Low level input current e }6’2'151'61 213 50 HA V=0V
High level input voltage Vi T 25 V. v
High level input current . 50 HA Vig=5V
Low level output voltage Voo 10,14,15 0.5 \ Isink = 80pA
34,79 0.4 \ Isink = 1.6mA
High level output voltage Vou 34,79 27 : \ Isource = 60pA
. 14,15 2.8 \" Isource = 2mA
10 2.8 \ Isource = TmA
Supply current [ 20 50 mA All inputs to OV
' All outputs open circuit
Dynamic Characteristics
— r Value . .
Characteristic Symbol liMln. Typ|Max] Units Conditions
Max. Clock (Encoder) frequency fmaxenc| 4.0 MHz |Figs.10, 15
Max. Clock (Decoder) frequency fmaxgec| 2.2 | MHz |Figs.11, 15
Propagation delay Clock (Encoder) to Oy, O, tpd1A/B 100(- ns |Figs.10, 15. See Note 1
Rise and Fall times O,, O, : 20 | ns [Figs.10,15
tpd1A-tpd1B 20 | ns [Figs.10,15
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.8, 10,15
Hold time of NRZ datain th3 | 55 .| ns |Figs.10,15
Propagation delay Aj,, Bj, 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 ﬁs 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 A;,, Bj, to Clock (Decoder) tst |75 ns |Figs.9, 11,15
Hold time of A;,, Bjn, to Clock (Decoder) th1 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 v ns |Figs.9, 14,15
Setup time Reset AIS = 1 to Clock (Decoder) ts2' 0 ns |Figs.14,15

NOTES

1. Encoded HDB3 outputs (O,, O,) 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 (AN, Bin) (Fig.4).

15



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 of 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
(A, B,,). data is clocked out by positive going edge of clock
(Decoder).
5. Clock (Decoder)

Clock for decoding ternary data A, ,
6. Reset AIS, AIS

Logic ‘0" on Reset AlS resets a decoded zero counter and
either resets AlS 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.
8. Ground

Zero volts.

B,

9. Error

Alogic ‘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, B, for clock regeneration when pin
12 = ‘0, 'OR’ function of O,, O, when pin 12 ="1".

1,13. A, B,

Inputs_representing the received ternary HDB3 PCM
signal. A,, = ‘0" represents a _positive going ‘1", B,, = ‘0’
represents a negative going ‘1. A, and B, are sampled by the
positive going edge of the Clock (Decoder). A, and B, 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" O, is
connected internally to A, . O, is connected to B, . Clock
becomes the OR function O, + O,. The delay from NRZin to
NRZ out is 6% clock periods in the loop back condition.

14,15. 0,0,
Outputs representing the ternary encoded data for line
transmission O, = ‘1’ representing a positive going ‘1’,

O, = ‘1" represents a negative going ‘1". O, and O, may be
interchanged.
16. Vi

Positive supply, 5V + 5%.

01

l 3} CLOCK PERIODS l
(ENCODER)
NRZ DATA IN I I I I I |
(TYPICAL)

[eL VL

02

=l

Fig.3 Encode waveforms

TYPICAL

m L LT

LU

& L

wox I Moo

U L

l 3 CLOCK PERIODS ‘

NRZ DATA OUT

N g Wplpipipipipigipiy
(DECODER)

JJ S—

Fig.4 Decode waveforms

CLOCK
(DECODER)

ERRORS

E1-E2

ERROR

INCLUDING {m _l—l u I—I —L—]
e W

T

Fig.5 HDB3error output waveforms
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MJ1440
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MJ1440
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DEFINITION OF THE HDB3 CODE

Coding of a binary signal into an HDBS3 signal is done acc-
ording to the following rules:

1. The HDBS3 signal is psuedo-ternary; the three states are
denoted B,, B_and O.

2. Spaces in the binary signal are coded as spaces in the
HDB3 signal. For strings of four spaces however, special
rules apply (see 4. below).

3. Marks in the binary signal are coded alternately as B,
and B_in the HDB3 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

preceding mark of the HDB3 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. nota violation
(i.e. By, B_),if the preceding mark of the HDB3 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.

¢ The last space of a string of four is always coded as a
mark, the polarity of which is such that:itjviolates the rule
of alternate mark inversion. Such violations are denoted
V, or V_according to their polarity.
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Semiconduciors

2 MBIT PCiM SIGNALLING CIRCUIT

MJ 1444

PCiVl 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
‘TS0, time slot 0 non-sync. frame ‘TS0 SF’, and time slot 16
‘TS16’ outputs.

FEATURES

5V £5% Supply—20mA Typical

B Fully Conforms to CCITT Recommendation G732
B Outputs Directly Onto PCM Data Highway
Provides Both Time Slot 0 and Time Slot 16

Channel Pulses
All Inputs and Outputs are TTL Compatible

BITS Emj vee
8602 5[] 150
CHANNEL RESET []3 w[lems
cLock [Je BJBiT3
BT7[]s 2[]BIT1§F
1516 [J6 n[]BIT1SF
airaf}, 10[] COMBINED DATA
GROUND []e s[]1505F

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
+Vce v

Inputs Vece + 0.5V Gnd — 0.3V
Outputs Vce, Gnd —0.3V

Thermal Ratings
Max Junction Temperature 175°C
Thermal Resistance: Chip to Case
35°C/Watt

Chip to Amb.
120°C/Watt

© BIT 1SF

CH
RESET O——>{

CLOCK O COUNTER

SYNC
WORD
GEN

—0 BIT 15F
O BIT 3
BIT 4
O BIT S
O BIT 6
-0 BIT 7

}+—————————————0 BIT 8

DECODER

MULTIPLEXER

Piso

|

COMBINED
DATA

1516 ©
TS0 §F
150 o

LOAD/SHIFT

Fig.2 MJ1444 block diagram
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MJ1444

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

Supply voltage, Vo =5V £0.25V
Ambient operating temperature -10°C to +70°C

Static Characteristics

. . Value . .
Characteristic Symbol Pins Min. | Typ. | Max. Units Conditions
Low level input voltage Vi 1,2,3,4,5, -0.3 0.8 Vv

7,11,12,13, .
4.

Low level input current
High level input current } I i 1 50 HA
High level input voltage Vi 1 2.4 Vee

6,9, 15 0.5 \% lsink =2MA
Low level output voltage VoL 10 0.7 v I::k =5mA
High level output voltage Vou 6,9,15 2.8 Vv Isource = 200uA
High level output leakage current lon 10 20 uA Vour=Vec
Supply current loc 20 40 mA Vee=5.25V

Dynamic Characteristics
Value

Characteristic Symbol Min. | Typ. | Max. Units Conditions
Max clock frequency’ Frnax 3 MHz
Propagation delay, clock to TS0, TSO SF, TS16 and )
combined data outputs. te 80 200 ns See Figs.5and 6
Set up time channel reset to clock Ts1 100 450 ns felock = 2.048 MHz
Hold time of channel reset input the 20 400 ns
Set up time of bit 1 (SF) to datum B tso 100 ns
Hold time of bit 1 (SF) wrt datum B tho 300 ns
Set up time of bit 1 (SF) and data bits 3—8 to datum B tso 100 ns
Hold time of bit 1 (SF) and data bits 3—8wrtdatum B |  t,;, 300 ns

DATUM B

lDATUM A

CLOCK
INPUT

CHANNEL
RESET
INPUT

COMBINED
DATA
OUTPUT
(SF)

|
|
oureuT ||
@l o o

DATA P
ouTPUT
SF

(5F) |

BIT
8

Fig.3 Datatiming
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FUNCTIONAL DESCRIPTION

Functions Listed by pin number
1,2,5,7,13,14.Bits3to 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
PCM frame.
8.GND

Zero volts.

9. TS0 SF
This output provides a positive pulse equivalent to 8
clock periods during time slot 0 of non-sync. frames.

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:

Bit1|2|3/4/5/6[7)8

Sync. Frame X |ojoj1|t1j0(1}|1

Non-sync. frame X | 1IX[X|X] XXX
X—indicates that these bits may be set according to the

parallel data inputs.

11.Bit1 SF -

Data on this input is asynchronously foaded into bit 1 of
the PISO shift register for transmission during time slot 0 of
sync. frames.
12.Bit1 SF

Data on this input is asynchronously loaded into bit 1 of
the P1SO:shift register for transmission during time slot:0of
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. Vgc
Positive supply, 5V +5%.

vee
CHANNEL
RESET [ l ' 16
weut nnnnnr 4 27
3
ETahEeE T
TIME SLOT |-| H_ %
ouTPUT _” _:2 MJ 1444 6,9,10,15
256 CLOCKS PAS:#;EL ; 10 10Maj10p
TIME SLOT 2 SCOPE PROBE
o (5F) ] 7
ouTPUT
8 ) =sp
TIME SLOT
16 n
ouTPUT
128 CLOCKS
Vss
Fig.4 Sync. timing Fig.5 Testconditions (all outputs)

DATUM A

CLOCK I

1 tH1

CHANNEL
RESET

N

L:__J_
_

to

TS0,T516, TS0 SF
& COMBINED

<]

QUTPUTS

ts2

DATUM B

tH2 |

|
I

ALL DATA
INPUTS

HXXAXXXX]

TIME SLOT
]

ouTPUT

Fig.6 Timing definitions
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@ PLESSEY

Semiconductors

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.

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.

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.

The ‘TSO’output is high foraperiod of 8 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
+Vee 7v

Inputs Vcc + 0.5V Gnd — 0.3V
Outputs Vce, Gnd —0.3V

Thermal Ratings
Max Junction Temperature 175°C
Thermal Resistance: Chip to Case
35°C/Watt

Chip to Amb.
120°C/Watt
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] v
Pera
g
[] CHANNEL RESET
[ars
1
1
[ a8

CLocK
ERROR

SYNC ALARM
DATA INPUT
GROUND

DG16

Fig.1 Pin connections

FEATURES

B 5V 5% Supply - 20mA Typical.

[l Conforms to CCITT Recommendation G732
W Synchronising Word Error Monitor

H Outof Sync. Alarm

B Allinputs and Outputs are TTL Compatible

BIT 18F

DECODER OUTPUT LATCHES

SYNC WORD
DETECTOR

TS0

1

CHANNEL
RESET
ERROR
SYNC
ALARM
INPUT

Fig.2 Block diagram MJ1445




ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Supply voltage, Vo =5V £0.25V
Ambient temperature, T,p, =-10°C to +70°C

Static Characteristics

MJ1445

Fig.3 Test conditions, all outputs

FUNCTIONAL DESCRIPTION

Functions listed by pin number

1.Bit1SF

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.Bit1SF

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.

Characteristic Symbol Pins " Value Units Conditions
Min. Typ. | Max.
Low level input voltage Vi 4,7 -0.3 0.8 \
Low level input current
High level input current " hn 47 1 50 KA
High level input voltage V4 4,7 24 Vee Vv
1,2,3,5,6
Low level output voitage VoL 9,10, 11,12 0.5 Vv lsink = 2mMA
13, 14,15
High level output voltage Vo 2.8 lsource= 200pA
Supply current lec 20 40 mA Vec=5.25V
Dynamic Characteristics
Value
Characteristi i iti
racteristic Symbol i, Tvp. oy Units Conditions
Max. clock frequency fmax 22 MHz
Input delay of data input td data 20 200 ns |feock = 2.048MHz
Propagation delay, clock to TS0 output td TS0 40 200 ns |Fig.3
Propagation delay clock to error output, sync .
alarm and CH. Reset output high ta %0 400 ns |Fig.3
Propagation delay, clock to CH. .
Reset output low (T —tp) to 100 450 ns |Fig3
Propagation delay clock to spare bits td s8 50 300 ns |Fig.3
4. Clock
vee System clock input (2.048MHz for a 2MBit PCM
]‘6 system).
! ! a 27k 5.Error
cLock 12356 0 1M This output goes high at the end of time slot 0 in the 2nd
MJ1445  |L2:3.5.8 loMa/10pF i ;
9.10.11.12,13.14.15 SCOPE PROBE sync frame following the frame with sync word errors. If
DATA - z consecutive sync words occur with errors this output will
5 e 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
vss errors. It returns low at the end of TS0 output in the 3rd
consecutive frame received correctly (sync and non sync).

7. Data input

Serial data (2MBit/s) 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.Bits3to 8

These parallel outputs are set to the level of the spare
data bits (3to 8) of time 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. V¢e
Positive supply 5V £5%.
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MJ1445
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Semiconductors

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 TTL compatible.

The MJ1446 has two modes of operation dependenton
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 64kbits/sec
signalling information in either binary or AMI format and
outputs it at 2Mbits/sec on to the digital highway during
time slot 16.

In the receive mode the device accepts 2Mbit/sec
information from the digital highway, during time slot
16 and output is at 64kbits/sec in both binary and AMI
format.

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

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.

8kHz q| 4 |ej v,
18kHz 2 15[] ALaRM 0P
clock (3 1a[] 1518
ALARM INHBIBIT ([a 13[] MODE CONTROL
amiop s 12{7] DIG HIGHWAY ACC iNIOUT
aviop [Je 11[] BINARY DATA 1O
AMIoATA NiuT {7 10[] 64ktz
GRouND [[s o[ ] AMI DATA INOUT
DG16

Fig.1 Pin connections

FEATURES

B 5V =*5% Supply—20mA Typical

Conforms to CCITT Recommendations

B Provides Both AMI and Binary Format Data Outputs
Single Chip Receiveior Transmit

@ Alllnputs and Outputs are TTL Compatible.

16kHz BkHz
o

CLOCK 0——“_ COUNTER

RESET GEN

o Aam

AMI O——=—— am| CODED

AMi o——=—{ CLOCK GEN

LOCK

8 BIT
SHIFT REGISTER DIGITAL

INHIBIT

1/0 PORT o HIGHWAY

=

ALARM o
S-R
CLOCK GEN

/o
PORT

AMI
DATA

MODE
conTROL & AMI CODEC

BINARY
out
BINARY
il N
1jo 1o

PORT PORT
AMI BINARY
DATA DATA

Fig.2 Block diagram
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MJ1446

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

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

Static Characteristics

L . Value . .
Characteristic Symbol Pins Vi Typ. | Max. Units Conditions
Low level input voltage Vi 3’12’ 71'39’1141’ -03 0.8 "

Low level input current '
High level input current Iin n 1 50 KA
High level input voltage Viu 11 2.4 Vee
1,2,5,6,7, -

Low level output VoL 9.10.11.15 05 lsink = 2mMA

12 0.5 lsink =5mMA
High level output voltage Von 1.2, 11%’ 56, 28 lsource = 200uA
High level output leakage current Ich 7,9,11,12 20 uA Vour =Vece
Supply current loe 20 mA Vec=5.25V

Dynamic Characteristics (f.,cx = 2.048 MHz)

. Value .
Characteristic Symbol wMin. | Typ. | Max. Units Conditions
Propogation delay clock to data out to digital highway t 20 200 ns Fig.7
Propogation delay clock to 64 kHz out t 20 200 ns Fig.7
Input delay, clock to digital highway access tapaTA 20 200 ns
Input delay, clock to time slot 16 . taTsis 80 200 ns
Output delay 64kHz to 16 kHz output toe 70 ns Fig.7
Output delay, 64 kHz to 8kHz output ts 170 ns Fig.7
Output delay, 64 kHz to binary data output (64 kHz) tan 20 450 ns Fig.8
Output delay 64kHz to AMI, AMI, AMI data & . .
KMIpaata olg’s toami 20 400 ns Fig.8
Input delay, 64 kHz to binary data in (64 kHz) tamIN 100 ns

FUNCTIONAL DESCRIPTION
Functions listed by pin number
1.8kHz

8kHz square wave output.
2.16kHz

16 kHz square wave output.
3. Clock

System clock input (2.048 MHz for a 2Mbit PCM system)
4. Alarm inhibit

Ahigh level on this input inhibits the 8kHz timing signal
on the AMI clock outputs.
5. AMI output

Alternative Mark Inversion coded 64 kHz.
6. AMI output
7. AMI Data in/out

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 in/out

In the receive mode data accepted from the PCM
highway during time slot 16 appears on these outputs at
64 kbits/sec in AMI format.
10. 64kHz

. 64kHz square wave output.

26

11. Binary data in/out .

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 in/out

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
2Mbits/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 Ve

Positive supply 5V +5%.
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MJ1446
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Fig.7 Test conditions (transmit mode)
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Semiconductors

ADVANCE INFORMATION

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.

FEATURES

Linear 16-Bit Data

13-Bit Coefficient

2MHz Operating Clock Frequency
Serial Operation

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

Nth Order Multiplexing (N<8)
TTL Compatible
Single +5V Supply

APPLICATIONS

EEE BEEBER

Low Cost Digital Filtering

Level Detection

Spectral Analysis

Tone Detectors (Multi-Frequency Receivers)
Speech Synthesis and Analysis

Data Modems

Group Delay Equalisers (All-Pass Networks)

ABSOLUTE MAXIMUM RATINGS

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

-65°C to 125°C
0°C to 70°C

Supply voltage (Voo)
Input voltage
Maximum output voltage
Temperature: Storage
Operating
NOTE
All voltages with respect to Vss

clock [J1e 24[7] Voo
DET 2 0UT d 2 23] DELAY SELECT
INT.COEFF. []3 22[7] DELAY IN 2
DET1IN[]a 21[] DELAY OUT 2
MLt iN[]s 20 ; FWR 0UT
moureut [Js ms201a " Moerz2m
NR COEFF. 7 18[] COMP 2 IN
R COEFF. 'é 8 7 D SYNC.
FILTER IN dg 16[] COMP 1 1N
muL out [Jro 15{] FILTER OUT
B INPUT [|1n 1 [] DELAY OUT 1
vss [ 13[] DELAY IN 1 DG24
Fig.1 Pin connections - top view
PIN NAMES
Name Function 1/0
1 Clock Single phase clock input |
2 Detect 2 Out Output from detector 2 (o]
3  Int.Coeff Integrator coefficients |
4 DET1In Detector 1 input ]
5 Multin Input to NR B multiplier |
6 R Output Output of recursive section (o]
7 NR Coeff Non-recursive (NR) |
coefficient input
8 R Coeff Recursive coefficient input |
9 Filter In Data input to filter section |
10 Mult Out Output from B multiplier (o]
11 B Input Input from B multiplier |
12 Vss ov
13 Delay In 1 Input from filter external delay |
14 Delay Out 1 Output to filter external delay (o]
15 Filter Out Data output from filter section (0]
16 Comp 11In  Comparison level 1 input |
17 Sync Synchronisation pulse input I
18 Comp 2 In  Comparison level 2 input |
19 DET 21In Input for detector 2 via FWR |
20 FWR Out FWR output from Det 2 In data (o]
21 Delay Out 2 Output from detectors 1 and 2, and O
connection to detector external delay
22 Delay In2  Input from detector external delay |
23 Delay Select Internal/External delay selector 1
24 Voo +5V supply
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MS2014

FILTER DET 1 COMP 1
ouT IN

INT COMP 2 DET 2
IN IN
O

FWR
COEFF
o

MULTIPLEX|
REGISTER (1 '
DELAY .13
INT § p—o [
. MULTIPLEX
DELAY <|323 SWITCH ) REGISTER |
SELECT [ L. | i fas .
o, " ° |
R COEFF 02— ap,C1M '_(}J |
NR COEFF T7——> AB.C2 A |
cLock <|>1—> ® a .
SYNC 07— sYNC ELE l
Vop 62
DD 0= VDD A | |
Vss 2 j‘{j
| } |
l___,_____.____s(j_s_ ___.___021____.022___0__
R IN OUT B DELAY DELAY DET 2
ouT Lyurt! IN ouT 2 IN2 out
Fig.2 Block diagram
PERFORMANCE
A sample throughput of 64000 samples/s is guaranteed.
Thus using a sampling period of 125us (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 - Value Units Conditions
Min. Max.
Supply voltage Vob 475 5.25 Vv
Input voltage (high state) except clock ViH 22 - \
Input voltage (low state) except clock Vi - 0.7 Vv
Input voltage (high state) clock ViHe 45 - \
Input voltage (low state) clock Vie - 0.5 \
Clock rise and fall time tel 30 ns 10% - 90 % (Note 1)
Clock frequency fel 05 2.048 MHz
Operating temperature Tamb 0 70 °C
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
" Voo = +5V Tamb = 25°C

MS2014

Characteristic Symbol Min, \;a;:e.z Max. Units Conditions

Supply current loo 90 120 mA

Output voltage, low VoL - - 0.5 V  |lo. = 0.4mA (Note 2)
Output voltage, high VoH 27 34 - V  |lon = -40uA (Note 2)
Input capacitance (except clock) Cin 5 7 pF

Input capacitance (clock) Cinc 25 pF

Input data set up time tis 50 - - ns |Fig.7

Input data hold time tin 150 - - ns |Fig.7

Output data delay time tos - - 200 ns |Fig.7

NOTES

1. An operating clock freqt'Jency 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 TTL LS gate (74LS series).

FUNCTIONAL DESCRIPTION

The Filter Section

The filter section provided in the MS2014 is a second order
recursive type (see Fig.3). This structure was chosen
because of its good coefficient sensitivity and predictable
round-off, limit-cycle and overflow 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:

[1+Az-1 +Bz-2]
[1-az1-bz-2]
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 overflow

in the filter arithmetic. In the MS2014 this scaler multiplies by
a factor of '

Hz) =M (1)

M= (%)" where0<n<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
128 =-1
1>b =-1

For the A,a coefficients there is an added bit (asAs) 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 fer is given by:

fao =32xfsxY

OUTPUT

DELAY BY
TIMET

MULTIPLY ADD
BYA

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 C1; 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 = 15.63ps i.e. 32 bits at 2048 kbit/s clock rate.
*Ts= sampling period = (1/8000)s = 125ps at a sampling rate of 8kHz i.e. 256 bits at 2048 kbit/s clock rate.
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MS2014

makes up the necessary 8T 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’ (i.e. 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-leak-
factor types. Fig.4 shows the internal arrangement. The leak
factor

1o (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 (i.e. the complex zeros are located on the unit
circle in the z plane), this allows the B muiltiplier to be used for
scaling the relative levels. In this application the B coefficient
must be negative.

Leak factor Rise time (0 to 90%)

1/2 3Ts+T

3/4 8Ts +T
7/8 17Ts+T
15/16 3BTs+T
31/32 72Ts + T
63/64 146 Ts + T
127/128 203Ts + T
255/256 588 Ts + T

Table 1 Integrator rise times

OUTPUT

Fig.4 Leaky integrator

COMPARISON
LEVEL

INPUT

LEAKY
INTEGRATOR

Fig.5 Simple level detector
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Fig.6 Relative level detection

FILTER DESIGN WITH THE MS2014

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:

Cs2 +Ds +K @
Es2 +Fs +1

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

_ 2 (1-z7)

s = T 29 RS .. (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:

H(s) =

A~ __2KT2-8C
4C +2DT + T2
Q= 8E - 2T2
4E +2FT + T2
_'4C +2DT +KT?
M= torr + 12 - @)
g — AC-2DT +KT2
4C +2DT +KT?
p— 2FT-4E-T2
4E +2FT + T2

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 (M1to
Ma4) and two selector control bits C1and Cz

When C1 = 1, data applied to FILTER IN (pin 9) goesto the
filter section, when C1 = 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 [a0 [29 [28 |27 [26 [25 |24 [23[22 |21 | 20] 1918 |17 [16 |15 [1a |13 ] 12| 11 {10 |0 [ 8 | 7|6 [s [a |3 ]2 ]1 SL‘I’::
Number
b Coeft. as a Coeff. (Recursive)
C1 | M1|M2 M3 |M4|msb. Isb [msb. Is|
B Coeft. As A Coeff. (Non-Recursive)
X X | X | X |C2|msb Isb {msb. Isb]
0.125 0.73217773437
1 Jojol1]1]ofo]o ofo olofofoloJofo1f1fol1|1]1]of1]1fo]1[1]1]|R
o JoJofol1]o]o olo olofofolofojololo|ofo]ofofofo]oo]ofo]|o]|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:

Obtain A = I.’;.I 8191

Convert A into a binary number (13 bits)

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

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

Conversion of ‘B’ Coefficients
Obtain B =B.4096
Convert B into a binary number (12 bits)

If B is negative INVERT ALL BITS, ADD ‘1’ LSB AND
APPEND ‘1" AS NEW MSB.

If B 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 internal 7T delay. A ‘1’ maintained on pin 23
selects the internal delay and a ‘0’ the external option. The B
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.

32 CLOCK PULSES
—
- <
I TIME SLOT 1 I TIME SLOT 2 TIME SLOT 3 L TIME SLOT 4 J
SYNC U
[ I— a a| b...b |[MM|C
R COEFF |5 0s|12 ols 1|1
NR COEFF | A A A[ BorB [CXX
¢ 12 o0s|u2 of2|@
T [
‘s (16) sl
FILTER IN s H
T ™
FILTER OUT 3 " 3
DET 1(OR 2) IN |SE 6 Msl
B B
XX | kk]| x.x
INT COEFF l(4)|31|31| (e)|
COMP 1 (OR 2) IN
DET 2
DET 2 OUT S ae 3
T T ™
DELAY OUT 2 DET 1 2
s & sl & 3

Fig.7 Timing diagram
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lock pulse - : . -
:u:“’be‘:“” 32 |31 (30 |29 |28 {27 |26 |25 |24 |23 |22'| 21|20 [16 [18] 17 |16 |15 [14 |13 |12 [11 |10]9 |8 |7 |6 |5 |4 [3 |2 |1
Integrator ; ;

cooticionts XXX |x [x Ix [x fx fx [x [x x| x|x X |x [x [x |x |x |x ki |Ke [Ka |91 fuz Jos | x |x |x |x
::;’;":’:f;" Po [P1 [P2 |Ps [Pa |Ps |Ps [P7 |Ps [Ps [ProfPu|PizfPialprelpis [x X |x [x |x {x [x [x {x |x [x [x|x [x |x |x

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 1IN 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.7).

Note that it is possible to economise on memory by
strapping pin 3 either to pin 16 or to 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 jadata bits determine
the integrator coefficient for the data stream applied to DET 1
IN (pin 4) and the k1, k2, kadata bits for the DET 2 IN (pin 19)
data stream; their definitions and clock pulse positions are
given in Table 3. )

In most applications, the comparison levels/ 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 resultin
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 +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 thatat 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 Rour (pin 16)
must be connected to MULT IN (pin 5) and MULT 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. Input 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.

Qa Ag
Q
B Al 3ax2
Qc A2  ROM
Qp: A3
Qg Agq
COUNTER Do’ D1
CLK
i
—_— .
2.048MHz
CLOCK ¥
CLOCK SYNC NR R oo
FLTERL o
—=—{FILTER IN ms2014 D:::, DATA
DATA ) SELECT]
DELAY R_ MULT MULT B ovi
OuT IN ouT IN OUT  INPUT
o

Fig.8 2nd order 32kHz bandwidith filter

Channel Multiplexed Second Order Filter 8kHz
Sampling

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. If the 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 0/7T. The use of
external[delay also allows different orders of multiplexing.
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Semiconductors

MS2002

DIGITAL SWITCH MODULE (DSM)
The Plessey MS2002 is an n-channel MOS LS| integrated
circuit providing digital switching for 256 channels in PCM
systems. the device is unidirectional in operation and is oo (1 28f] fs
capable of switching data from any incoming channel to any ot 0 -y
outgoing channel. Input data can be either serial or paraliel. 2 °
The DSM is designed to be easily expandable to provide a 0z Q3 26[] ok
greater switching capacity. oa s 200 o
pia []s 22 P
FEATURES
. s s 23] P2
B  Single 5V Supply MS2002
K Di6 [:1 7 22[] 3
B TTL Compatible . D oo
. . o7 8 21 1
B  interfaces Directly with European Standard
CCITT 32 Channel Format e (o 20[7 vss
B 256 Input/256 Output Channels 007 {10 197 cot
B  Serial or Parallel Inputs and Outputs oos (11 187 coo
B  Open Drain Outputs for Easy Expansion oos ] 12 17[] oo
B  One System Clock and One Frame Synchronisation oos (13 16 [] o1
Pulse oo3 [J1a 15[ D02
APPLICATION DG28, DP28
B Circuit Switched PCM or Data Systems Fig.1 Pin connections - top view
Vss  Vbp CeB
r—_fzo“‘in— ————— Ti { ——————— j—‘—‘|
| I_ - - —I
Dio ?1_,__ _ COUNTER ——1-3<l3 500
224} CI>2—>— ——1—6(:7 DO1
3 15
Mo . SPEECH STORE — _'—0141 D02
DI3 O—=— INPUT =
ls DATA i} {} ODATA 13! pos
DI4 O—e—] CONVERTER CONVERTER {—*—O DO4
15 o8| CONTROL STORE ] 2] o
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> ] i < % oos
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S o by b fu e e o
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Fig.2 Functional block diagram
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PIN DESCRIPTIONS

Symbol

Pin No.

Pin name and description

DI0-DI7

Ces

DO7-DO0

CDO

Ccwo

CDI

cAl
RAI 1,0

cwi

CLK

FS

1-8

10-17

19

20
21

22
23, 24

25

26

27
28

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 CLK clock to those
used by DOO0-7. Frame synchronisation for these pins is established by the FS pulse.

Bias Decoupling Capacitor (Decoupling Node). A bias decoupling capacitor of 1000pF should
be connected between this pin and Vss.

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 CLK clock to those
used by DIO-7. Frame synchronisation for these pins is established by the FS pulse.

Control Data Out (Digital Pull-down Output). This pin outputs control data bytes. Bit
synchronisation and frame synchronisation are stablished by the CLK and FS signal in a
similar way as on the DOO-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.

Control Word Out (Digital Pull-down Output). This pin outputs control word bytes. Bit
synchronisation and frame synchronisation are established by the CLK and FS signals in a
similar way as on the DOO-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 CWIi and 4 bits which indicate to the status of the chip.

Negative Supply Voltage (Power Input). OV.

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 DIO-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’.

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

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

Control Word In (Digital Input). Control word bytes are latched into the chip at this pin. Bit
synchronisation and frame synchronisation are established by the CLK and FSin a similar way
as on the DIO-7 pins.

The bits in the input control word byte control whether reads or writes occur, allow different
chips in a control array to be addressed, and control whether connections are busy or free.
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.

Positive Supply Voltage (Power Input). 5V.

Frame Synchronisation (Digital Input). The negative pulse input at this pin is used with the CLK
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
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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 (DI0-7) 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
connected to that outgoing channel.

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, CDI). Data generated
by interrogation of either the control or speech store appears
on the two control outputs (CWO, CDO).

Frame Formats

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

If the DSM 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 1 | BIT 2 l BIT 3 | BIT 4 | BITS—I BITGT BIT7] BITG]

| (8/2048)us |

I TIME SLOT 0 l TIME SLOT M rTIME SLOT 31

L 1255

Fig.3 Serial format

BIT7

BIT6

BITS

BIT 4

BIT 3

BIT 2

BIT1

BITO

(1/2048)us

PARALLEL PARALLEL PARALLEL
CHANNEL CHANNEL CHANNEL
0 M 255

L 125us
I

Fig.4 Parallel format
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Fs I I I |
| | | |
U R D R e I I
| [
aw. TIME SLOT 31 BIT 8 TIME SLOT 0 BIT 1 TIME SLOT 0 BIT 2 |
|
cwo, | mmesiotemrs | TmMEsLoT29BIT4 TIME SLOT29BIT5 |
aEmAL) TIME SLOT 31 BIT 8 TIME SLOT 0 BIT 1 TIME SLOT 0 BIT 2
| | | |
?&’RTSJ | TIME SLOT 29 BIT 3 | TIME SLOT 29 BIT 4 J TIME SLOT 29 BIT 5 ]
(p%'g A?_g,_) ] PARALLEL CHANNEL 255 |  PARALLELCHANNELO |  PARALLEL CHANNEL 1
I I |
(PDS:&ISEL l PARALLEL CHANNEL 234 [ PARALLEL CHANNEL 235 I PARALLEL CHANNEL 236 1

Fig.5 Timing - nominal

Speech 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.

Control Store

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
(Speech or Control)

Serial Time Slot Address
(Input or Output)

Serial Pin Address
(Input or Outut)

Parallel Channel
(Input or Output)

o

o

O|lo|N|[o[O |||
—|mlO|O|O|O|O|0|0O(0

—lofNjo|loa|dlwiNn= o
O OIN|O|O | |WIN|=

254 31

255 31

Fig.6 Relationship between inputs, outputs and stores
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l SPA2 l SPA1 | SPAQ | STSA4 T STSA3 | STSA2 l STSA1 J STSAQ | I cm |
1 2 3 4 5 6 7 8 9
Bit Name Description

1-3 SPA2-0

4-8 STSA4-0

Speech Pin Address 2 to 0. 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.

Speech Time Slot Address 4 to 0. 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.

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 connectionis busy. Ifitis 1 then the connection is free. Fig.10 shows how this
bit affects reads.

Fig.7 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. Input 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.8). 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 any one
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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| CAB I CPA2 l CPA1 I CPAO I

1

2 3 4 5 6 7 8

Bit

Name

Description

CAB

Column Address Bit

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's. It goes high impedance in all other cases.

2-4

CPA2-0

Control Pin Address 2 to 0

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 unlque address in the Control Store which corresponds toa
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.

R/W

Read or Write

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).

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

CWM.

Control Word Mode

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

Row Address Bit 1 and 0

RAB1-0

These bits have no effect unless the Column Addresses match. They help to control writes i
the Column Addresses do match (see Fig.10).

The Row Address Bits ensure that 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 pulldown outputs.

This means that output high is the same as output high impedance.

Writing

The R/W bit of the instruction on Control Word In 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).

The MS2002s in the selected column whose Row Address
pins do not match the Row Address Bits in the Control Word
have 1s 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 R/W bits which are the same for all MS2002s -
see Fig.11).

The MS2002 whose Row Address matches responds

differently to the instruction. The Control Word Mode bitand
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 1s. Fig.11 shows how the MS2002
acknowledges the instruction.

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 R/W 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.

Two types of read are possible, depending on the input
Control Word Mode bit. If this bit is 0 then a Type-0 Read
occurs. Type-0 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

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

Type-0 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.

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 STSA4 | STSA3 | STSA2 T STSA1 I STSAO I
1 2 3 ) 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 1to 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.. if theseare
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 . Control
CM Bit
ch:‘rd at ngrtd Control
Control Instruction Data
RAW | CWM [ Row | Store CAB cwMm RAB1-0 Out
Bit Bit Address Bit Bit Bits
0 X Matches X Write CAP Control Store RAP1-0 Control Store
CWM bit + Pin * Bit 9 (CM)t Pins *t Bits 1-8f
CDI 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 O Pin * Bit 9 (CM) Pins * Bits 1-8
1 1 X 1 Read High Control Store High Control Store
Type 1 Impedance | Bit 9 (CM) = 1 | Impedance Bits 1-8
1 1 X 0 CAP Control Store RAP1-0 Speech Store
Pint Bit9 (CM) =0 Pins Bits 1-8

Fig.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.

1 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 \
Ambient temperature Tamb 0 70 °C
Input low voltage Vie 0 0.4 0.8 \
Input high voltage ViH 20 24 Vce \
Output pullup resistor Ror 1000 Q
Output load capacitor Cor 50 pF
Bias decoupling capacitor Ces 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 loo 40 60 mA Unloaded
Input leakage current lu 50 HA 0<V<Vcc
Output low voltage Vou 0 0.4 Vv lou (Sink) = 2mA
Output low voltage Vou 0 20 \ loL (Sink) = 8mA
Output leakage current ILo 50 uA 0<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 Ce 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 tep 225 244 275 ns
Clock rise time ter 50 ns
Clock high period toH 82 ns
Clock fall time tcr 50 ns
Clock low period toL 82 ns
) tcH tcL ,

tcp
I_
20v—|—/ N\ -
CLK 0.8V N\ %'
L

tcr Al

tcr

Digital Switching Characteristics - Frame Synchronisation (see Figs.5 and 13)

Fig.12 Timing - clock

Value
Characteristic Symbol - Units Conditions
Min. Typ.(1) Max.

Frame 'Synchronisation tFFH 90 122 ns
falling hold time

Frame synchronisation trFs 60 122 ns
falling setup time

Frame synchronsiation tFRH 90 122 ns
rising hold time

Frame synchronisation tres 60 122 ns
rising setup time

~—————

tFFH

tFFs

20V—N\
cLK \
08V
20V
Fs
08V

X

) tFRs k

i_ {

20V—
CLK
0.8V—— — —-—

g

FS

3V
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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.5 and 14)

Characteristic Symbol - Value Units Conditions
Min. Typ.(1) Max.
Input setup time tis 60 244 ns
Input hold time tiH 90 244 ns
Output hold time ton 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.

' CLK z::“:j\ //:—_XF:;// N /
| S|

tiH [ |
|
2.0V . —_—
cwi, CDI,
&DIO/7 g8y X j><__
toH toH

2.4V —_—
CWO, CDO,
& DO0/7 0.4v —_—

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 -05Vto +7V
Storage tempertaure, Tst -65°C to +150°C
Digital input voltage, Vio -0.3V to Voo +0.3V
Clamp current (Sink or Source), ic 50mA
Package power dissipation, Pp 800mwW
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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/decoder for the pseudo-ternary
transmission code, HDB3 (CCITT Orange Book Vol.lll.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.
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 -0.5Vto +7V
Inputs Vee +0.5V  Gnd -0.3V
Outputs Vce Gnd -0.3V

NRZ DATA IN (1 ~ e ] +Vec
CLOCK (ENCODER) 2 7] out 2 (02
10sS OF INPUT [|3 s[JouT 1 (01)
NRZ DATA 0UT [a 15[18 1y
CLOCK (DECODER) Es MV1441 18 :| LOOP TEST ENABLE
RESET AIS [“ 6 ]y
asl7 12 CRYSTAL OUT/CLOCK R
MODE[]s ] ERROR
GROUND o 10[] CRYSTAL IN
DG18
Fig.1 Pin connections - top view
DATA INO—]
ENCODER 001
CLOCK o— 002
(ENCODER)
Lgis
COUNTER |F1©
] INPUT
LOOP
TEST SWITCH
ENABLE

" NRZ
AN DECODER |H—O0 DATA
ouTt

Em O—DO——-—
CLOCK o
(DECODER) [
mope o—] crLock
CRYSTAL | REGEN
IN

ERROR
| I | circuiT

Lo

CRYSTAL ERROR
ouT SWITCH

cLocK R

RESET AlS
o— ———o
AlS CIRCUIT Als

Fig.2 Block diagram
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Supply voltage Vcc = 5V £ 0.5V Ambient temperature Tamb = 0°C to +70°C

Static characteristics

Characteristic Symbol | Pins V:;‘;e =] Units Conditions
Low level input voltage Vi All inputs -0.3 0.8 Vv
Low level input current he - E . . 50 pA | ViL =0V
High level input voltage ViH 20 Vce \Y
High level input current liH 50 pA | ViH =5V
Low level output voltage VoL All outputs 04 V | lsik = 2.0mA
High level output voltage VoH 2.8 V | Isouce = 2mA) both
) Vce-0.75 Vv Isource = 1MA) apply

Supply current lce 2 4 mA | All inputs to OV

All outputs open circuit

Dynamic Characteristics
Charactéristic Symbol - Valuo Units Conditions
Min | Typ | Max
Max. Clock (Encoder) frequency fmaxenc 4.0 10 MHz | Figs.10,15
Max. Clock (Decoder) frequency fmaxdec 22 5 MHz | Figs.11,15
Propagation Delay Clock (Encoder) to | tpa1as 100 ‘ns | Figs.8,10,15 See Note 1
01, O2 :
Rise and Fall times O1, O2 20 ns | Figs.10,15
tpd1a - tpd1s difference 20 ns | Figs.10,15
Propagation Delay Clock (Encoder) to tpad3 150 ns | Loop test enable = ‘1’, Figs.10,15
Clock Regenerate
Setup time of NRZ data in to Clock tsa 75 ns | Figs.7,10,15
(Encoder)
Hold time of NRZ data in ) tha 55 ns [ Figs.7,10,15
Propagation delay A, Binto Clock tpd2 150 ns | Loop test enable = ‘0’ Figs.13,15
Regenerate
Propagation delay Clock (Decoder) to tpda 200 ns | Figs.12,15
‘error : ‘ .
Propagation delay Reset AIS falling tpds 200 ns | Loop test enable = ‘0’, Figs.14,15
edge to. AIS output ‘
Propagation delay Clock (Decoder) to tpde 150 ns | Figs.7,11,15 See Note 2
NRZ data out ) )
Setup time of A, Bivto Clock ts 75 ns | Figs.7,11,15
(Decoder) -
Hold time of A, Binto.Clock (Decoder) |t 5 ns | Figs.7,11,15
Hold time of Reset AIS =0’ tha 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 0 ns | Figs.14,15
(Decoder)
Propagation Delay Clock (Decoder) 150 ns
to LIP )
NOTES

1. The Encoded ternary outputs (O1, O2) are delayed by 35 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) (Fig4).

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

previous mark, i.e. it violates AMI code (Alternate Mark
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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 (A or Bin = '0') resets this count.

4. NRZ data out -

Decoded binary data from pseudo-ternary inputs Ain,. Bin
5. Clock (Decoder) _ .

Clock for decoding data on Ainand Bin, or O1and Ozin
loop test mode.

6,7. Reset AlS, AIS )

Logic ‘0’ on Reset AIS resets a decoded zero counter and
either resets AlS 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.

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 Ain, Binfor clock regeneration when pin 14 =‘0',
OR function of O1, O2when 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. Ain =
‘0’ represents a positive going ‘1", Bin = ‘0’ represents a
negative going ‘1". Aiv and Bin are sampled by _the positive
going edge of the clock decoder. An and Bin 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’ O1, is
connected internally to Ainand Ozto Bin. Clock R becomes
the OR function of O1, O2. 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, O2

Outputs representing the ternary encoded PCM HDB3
signal for line transmission. O1and Ozare in Return to zero
form and are clocked out on the positive going edge of the
encode clock. The length of O1and Oz pulses is set by the
positive clock pulse length. Use suitable line drivers from
these two outputs such that O 1gives positive going pulse and
02 gives negative going pulse.
18. +Vcc .

Positive 5V £ 10 % supply.

3.5 CLOCK PERIODS

|
Sruuryuyyuyuyuyuye

CLOCK
(ENCODER)
NRZ DATA IN __[ ] J J 1
(TYPICAL)
o, M 1 imi
0z I
Fig.3 Encode waveforms
an L LI L |
TYPICAL §
BIN LI L [
cLockR _[] LI g
I 3 CLOCK |
cLOCK PERIODS
DECODER
NRZ DATA OUT L T ] J

Fig.4 Decode waveforms
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CLOCK
DECODERIIII I IIIIIIIIIIII

.
1
.
INcLUDING | AIN LI L L L LJ
ERROR 9. :
BIN L LI I
K
1
ERROR I

Fig.5 HDB3error output waveforms

<3'0s >2 0's
DECODER I O e W o O i O
NRZ DATA OUT 5
RESET AIS TTTU i L
AlS J ]
Fig.6 AIS error and Reset waveforms
N
ts1 th1

AN/BIN \ [

CLOCK
DECODER
thds !
NRZ DATA
ouT
| l |
tpd2 tpd2
CcLOCK T "‘
I I
th2 1s2
RESET AIS ‘ * l
ts2 | tpd
AlS
ouTPUT
tpda |
ERROR X
OUTPUT

Fig.7 Decoder timing relationship
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| {CLHE
CLOCK
(ENCODER)
 1s3 I | tha |
[ I [ |
NRZ DATA A4 NRZIN | Y
IN N il N\
| tpd1A | tpd1B
01, 02 * L
Fig.8 Encoder timing relationship
CLOCK/
DECODER
AN ] LI
LOSS OF 1
INPUT
Fig.9 Loss of input waveforms
VCC—I— Vce lr
LoGIC 0 1 16 TO 10MQ/10pF annr ——3 27k
R T’ SCOPE PROBE AN 13| . 70 10MQ/10pE
nnng MV1441 800p BN 15) MViaa SCOPE PROBE
3 17
LOGIC 1 — 14
® LOGIC 0 sp
A Y
Vss Vss
Fig.10 Fig.11
vee vee
5 2.7k
j_j_ Logic o/1 —* 12 TO 10MQ/10pF
TO 10MQ/10pF p!
12 Mvi44r 1 SCOPE PROBE 43| MV14a1 SCOPE PROBE
nnnr
Logic o — 14 sp
]2.7»(
Vss Vss
Fig.12 Fig.13
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vec T VIN (MIN) = — ————
r1r—3Y 1.5V
14 . v EDGE TIMES
LOGIC 0 | TO 10MQ/10pF INPUT  VIL (MAX)
. 5| Mvi441 SCOPE PROBE |
pata — 218 VOH (MIN) ] 24V
OUTPUT <~ | —1.5v
VoL (MAX) 0.5V
(L
tpd
Vss L
Fig.14 Fig.15 Test timing definitions
5V MODE
18 8
CV7555 62 2T,

NRZ DATA —»——H} NRZ DATA

750
TRANSMIT

2.048MHz —————24%‘,%%?(5
6
NRZ DATA «——2INRZ DATA 2
L ouT 2
—SlcLock
RECOVERED | MV1441
CLOCK 2.048MHz ™1 .
RESET AIS 750
RECEIVE
CRYSTAL IN

16.384MHz I—ﬂ
PARALLEL i,

RESONANT 12 = |1s
30pF LOAD CRYSTAVL ouTt BN ]
GND LTE

9 14

Qo
<

Fig.16 A typical application of the MV1441 with the interfacing to the transmission lines included
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Semiconductors

8.5MBIT PCM SIGNALLING CIRCUIT

MV1448

HDB3 ENCODER/DECODER

This 8.544MBit PCM Signalling Circuit will perform the
signalling and error detection functions for a 8.544MBit PCM
transmission link operating to the appropriate CCITT
recommendations. The circuit is fabricated in CMOS and \ v
operates from a single 5V supply with TTL compatible inputs Nz oxTa I8 [J1 16[] +vee
and outputs. CLOCK (ENCODER) []2 15[] ouT 2 (02)

The MV1448 is an encoder/deocder for the pseudo-ternary
transmission code, HDB3 (CCITT Orange Book Vol. il1.2 voss oF weur [13 1af our 1 oy
Annex to Rec. G703). The device encodes and decodes NRZ DATA OUT [{4 Viads 13[1 BN
simultaneously and asynchronously. Error monitoring cLock (oeconer) []5 mt 12{] L00P TEST ENABLE
functions are provided to detect violations of HDB3 coding, T
all ones detection and loss of input (all zeros detection). In ReseT Ais (J6 1nOam
addition a loop back function is provided for terminal testing. ns [7 10[0 cock R
FEATURES GROUND ()8 9 :] ERROR
HDB3 Encoding and Decoding to CCITT rec. G703
B Asynchronous Operation DG16
B  Simuitaneous Encoding and Decoding Fig.1 Pin connections - top view
B  Clock Recovery Signal Allows Clock Regeneration

from Incoming HDB3 Data
B Loop Back Control ABSOLUTE MAXIMUM RATINGS
B HDB3 Error Monitor The absolute maximum ratings are limiting values above
B ‘Al Ones’ Error Monitor w:ri;;eg::ﬁgngbelgz rr:ggd be shortened or specified
B  Loss of Input Alarm (All Zeros Detector) P Y 9 ‘
B Decoded Data in NRZ Form Eleit\jical Ratings 05V o 47V
' cc -0.5V to

M Low Power Operation Inputs Ve +0.5V to GND -0.3V
B 2048MHz or 8544MHz Operation Outputs Vee to GND -0.3V

2 | encoper 14

CLOCK o 01
(ENCODER) ~—3 02

4 ZEROS LOSS OF
COUNTER| 3 INPUT

12
LOOP TEST ¢
ENABLE SWITCH

— 11 4 NRZ
AIN DECODER [0 DATA
A|N ouT

Bin 13 o
CLOCK 3 IN
(DECODER)

l

ERROR 3
CIRCUIT ERROR

RESET AISg————> *Z AlS

AlS
CIRCUIT

Fig.2 Block diagram 55
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Supply voltage Vcc = 5V + 0.5V Ambient temperature Tamb = 0°C to +70°C

Static characteristics

Characteristic Symbol Pins Min. Va_:_";; Max. Units Conditions
Low level input voltage Vie All -0.3 0.8 "
inputs
Low level input current e 50 pA  [ViL =0V
High level input voltage ViH 2.0 Vce \
High level input current lin 50 pA  [ViH =5V
Low level output voltage VoL All 0.4 \ Isink = 2.0mA
outputs
High level output voltage VoH 28 \ Isource = 2mA) both
Vcc-0.75 \Y Isource = 1mA ) apply
Supply current lcc 2 4 mA [All inputs to OV
All outputs open circuit

Dynamic characteristics

Characteristic Symbol Min. \{re;::‘e Max. Units Conditions
Max. clock (encoder) frequency Fmaxenc 10 MHz | Figs. 10, 15
Max. clock (decoder) frequency Fmax dec 10 MHz | Figs. 11, 15
Propagation delay clock tpd1A/B 50 ns Figs. 8, 10, 15 See Note 1
encoder to O1, Oz
Rise and fall times O1, O2 20 ns Figs. 10, 15
tpd1A - tpd1B difference 20 ns Figs. 10, 15
Propagation delay clock to tpd3 50 ns Loop test enable = ‘1’,
clock regenerate (clock R) Figs. 10, 15
Setup time of NRZ data in ts3 40 ns Figs. 7, 10, 15
to clock (encoder)
Hold time of NRZ data in th3 40 ns Figs. 7, 10, 15
Propagation delay Ain, Bin tpd2
to clock regenerate low-high 76 ns Loop test enable = ‘0,
high-low 50 Figs. 13, 15
Propagation delay clock tpd4 ) 50 ns Figs. 12, 15
(decoder) to error
Propagation delay Reset AIS tpd5 50 44 ns Loop test enable = ‘0’,
falling edge to AIS output Figs. 14, 15
Propagation delay clock tpd6 50 ns Figs. 7, 11, 15 See Note 2
(decoder) to NRZ data out
Setup time of A, Binto ts1 15 40 ns | Figs.7,11,15
clock (decoder)
Hold time of A, Binto th1 4 5 ns | Figs.7, 11,15
clock (decoder)
Hold time of Reset AIS ='0 th2 9 ns Figs. 7, 14, 15
Setup time clock (decoder) ts2 50 ns Figs. 7, 14, 15
to Reset AIS
Setup time Reset AIS =1’ ts2 31 ns Figs. 14, 15
to clock (decoder)
Propagation delay clock 50 87 ns
(decoder) to LIP
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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
Bin.
5. Clock (Decoder)

Clock for decoding data on Ainand Bin, or O1and Ozin
loop test mode.
6,7. Reset AlS, AIS

Logic ‘0’ on Reset AlS 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

Mv1448

preceding Reset AIS_= 1 period to indicate loss of time slot
zero. Logic ‘1" on Reset AIS enables the internal decoded
zero counter.

8. Ground
Zero volts.
9. 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.
10. Clock R

OR function of A, Binfor clock regeneration when pin 12
=0, OR function of O1, O2when pin 12 = ‘1".
11,13. AN, Bw _

Inputs representing the received ternary PCM signal. Ain =
‘0" represents a positive going ‘', Bin = ‘0’ represents a
negative going ‘1. Ain and Bin are sampled by the positive
going edge of the clock decoder. An 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’ O1, is
connected internally to Ainand Ozto Bin. Clock R becomes
the OR function of O1, Oz 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, O2

Outputs representing the ternary encoded PCM HDB3
signal for line transmission. O1and Ozare in Return to zero
from and are clocked out on the positive going edge of the
encode clock. The length of O1and Oz pulses is set by the
positive clock pulse length. Use suitable line drivers from
these two outputs such that O1gives positive going pulse and
O:2 gives negative going pulse.
16. +Vcc

Positive 5V + 10 % supply.

AN L

TYPICAL

IS

Bin 1
CLOCKR I

L U
I I I

| 3gtock
cLocK PERIODS
(DECODER)

NRZ DATA OUT

— I

Fig. 3 Decode waveforms
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NRZDATAN [T | [ [ |
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I T8l VL

02

1

Fig.4 Encode waveforms
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Fig.5 HDB3 error output waveforms

CLOCK
(DECODER) Itruuuuinnnnnnnrnnnnnnnnr

<30's >2‘0s
2 BATA O T UL
NRZ DATA OUT
RESET AIS U u 1

AlS L

Fig.6 AlS error and Reset waveforms

ts1 th1

AIN/BIN \ ’
cLock r ’ —
(DECODER)
I
NRZ DATA X
ouT
‘ [
tpd2 tpd2
CcLOCK * — —'1 t
ts2
RESET AIS * ]’
f
AlS l X
OUTPUT
|

ERROR X
OUTPUT

Fig.7 Decoder timing relationship




MV1448

| tCLHE
CLOCK
(ENCODER)
=) ey |
| [
NRZ DATA AV INRZ IN | \/ )
IN I\ | A
l tpd1A ‘ tpd1B
01,0, __—_/Y——\_
Fig.8 Encoder timing relationship
CLOCK
(DECODER)
AIn/BIN ] [
LOSS OF | —
INPUT
Fig.9 Loss of input waveforms
Vcc—r——- Vce I
1] 14 TO 10MQ/10pF nn |'| I s 2.7k
Logic o ) SCOPE PROBE 11
4 0/10pF
MUy MV1448 800p B 13| Mv1448 e ORE
3 15
LOGIC 1—— P> 12
*® LOGIC 0 5p
Y
GROUND GROUND
Fig.10 Fig.11
vee r Vcc I
u TO 10MQY/ LOGIC 0/1 — 12
13 9 10pF 10 TO 10MQ/10pF
i SCOPE PROBE 1| MV1448 SCOPE PROBE
12| Juuu
LOGIC 0 5p
[]ka
GROUND GROUND
Fig.12 Fig.13

59



Mv1448

GROUND

27k

7 TO 10MQ/10pF
Mv1448 SCOPE PROBE

VIN (MIN) = = ————

INPUT  VIL (MAX)

OUTPUT

VOH (MIN) JK
A

VoL (MAX)

24V
1.5V
0.5V

thd

60

Fig.14

Fig.15 Test timing definitions




@PLESSEY

Semiconductors

PRELIMINARY INFORMATION

MV3000A/B

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. car |1 @ N s [ avce
It performs A/D and D/A conversion, adjusts vIN [] 2 27 [] pvec
the gain and frequency response for both the AGND [| 3 26 [] MCLK
transmit and receive paths and performs 2 to 4 vout [] a 25 [] DCLK
wire balancing by automatically cancelling the sif]s 24 gm/o
component of the receive signal in the transmit cr1 (6 23[]csB
path. The device also allows the telephone line c2[]7 MV 22[1penp
to be easily controlled and monitored. cP3 E g 3000 » D DRB
High performance is ensured through the cPaflo 20 [ kSR
use of DSP techniques implemented in CMOS cps [] 10 19 %cm
technology. Tsca [] 11 18 [] TscB
FEATURES DXA [} 12 17 [] bxB
H Adaptive Balancing. TEST [} 13 16 [JFsx
B Programmable Filters and Gain Control. DRA [] 14 15 1 cLkx
B Selectable for p-Law, A-Law or Linear Codes.
B Programmable Line Control Interface. DG28
B Programmable Time & Clock Slot Assignments.
B Power Down Mode. Fig. 1 Pin Connection - top view
B On-chip Reference Voltage.
B Meets CCITT and AT&T Specifications.
AGND CAP MCLK AVCC TSCA (TSCB)
] o |  nn| [} =
3¢ 10 26+ 28 1 (18)A
2 Transmit Filter Transmit < :: H Fsx
vin [-—P Analog '@ and Gain Control [P Interface | 12 H ckx
vout [*—{ Interface FS ] Dxa
A} (17)
@ (DXB)
Balance Device |€>{lcss
e [H—e - Filter Control N—:%J:l DCLK
cP2 [; ¢ Ctl;:\r":ol > Interface F’_D DIO
cP3 02— o Chtos Ko s
@4 [0 |nterface { <2
s Pl e Receive Filter Receive | | 19 1 FsR
. 4 ~¢——] CLKR
and Gain Control Interface < 14  ora
A T ? ﬁ @D (pra)
5 13 22 27
J J j - J
s TEST  DGND  DVCC

Fig. 2 Functional block diagram
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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 controlied and
monitored using the serial device control
interface.

Receive Path

PCM encoded signals are received on either
the DRA pin or the DRB 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
p-Law or A-Law encoded or it can be linear (16
bits). The rate of the serial stream which is
sampled on DRA or DRB can vary from 64 kbit/s up
to 4096 kbit/s, giving up to 64 8-bit or 32 16-bit
time slots.

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

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 after it has been modified by the
balance (B) filter. The B-filter isa 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 16 kHz. 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 p-
Law or A-Law (8 bits) or remains linear (16 bits)

First Sample Strobe for Segment 0, Slot 0

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

FSR r:—| /
[ 1

DRA (B)

1

t 1 Sriﬁ
CLKR _IUUPUL
[ [ [ [ 11

8/16

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 kbit/s up to 4096
kbit/s giving from 1 8-bit time slot up to 64 8-bit
or 32 16-bit time slots. The TSCA or TSCB pin wili
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 Voo (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 levels) for

MV3000A/B

input and output due to the difference in
amplitude. :

A-Law and p-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 p-Law.
The size of the segments increase in
approximately exponential steps.

Each segment is divided up linearly into
chords (except the zero level in p-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 p-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 p-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.

3

FSX

/ First Output Bit Cell for Segment 0, Siot 0

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

TSCA (B)

1 8/16

I

i

DXA (B)

|

H---

©
~
-
O’\I-‘-_.—_

Fig. 4 Transmit timing diagram
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Input Voltage Chord Steps Data Character Output Voltage
[ x (4096/3)} Segment Number x Size -Voo
Without ADI With ADI [ x (4096/1.5)]
(+/-)0to2 1 32x2 (1/0) 000 0000 |(1/0) 101 0101 (+/-)1
(+/)2to4 (1/0) 000 0001 |(1/0) 101 0100 (+/-)3
(+/-)62t0 64 (1/0) 001 1111 {(1/0) 100 1010 (+/-)63
(+/-)641068 2 16x4 (1/0) 010 0000 |(1/0) 111 0101 (+/-) 66
(+/-)68t072 (1/0) 010 0001 [(1/0) 111 0100 (+/-)70
(+/-)124t0 128 (1/0) 010 1111 |(1/0) 111 1010 (+/-) 126
(+/-)128t0 136 3 16x8 (1/0) 011 0000 |(1/0) 110 0101 (+/-)132
(+/-)136t0 144 (1/0) 011 0001 {(1/0) 110 0100 (+/-) 140
(+/-) 248 to 256 (1/0) 011 1111 {(1/0) 110 1010 (+/-) 252
(+/-) 256 to 272 4 16x16 (1/0) 100 0000 {(1/0) 001 0101 (+/-) 264
(+/-)272t0 288 (1/0) 100 0001 |(1/0) 001 0100 (+/-) 280
(+/-)496t0 512 (1/0) 100 1111 |(1/0) 001 1010 (+/-)504
(+/-)512to 544 5 16x32 (1/0) 101 0000 |(1/0) 000 0101 (+7/-)528
(+/-)544t0 576 (1/0) 101 0001 }(1/0) 000 0100 (+/-) 560
(+/-)992t0 1024 (1/0) 101 1111 |(1/0) 000 1010 (+/-) 1008
(+/-) 1024 to 1088 6 16x64 (1/0) 110 0000 {(1/0) 011 0101 (+/-) 1056
(+/-) 108810 1152 (1/0) 110 0001 }(1/0) 011 0100 (+/-)1120
(+/-) 1984 10 2048 (1/0) 110 1111 |(1/0) 011 1010 (+/-) 2016
(+/-) 2048102176 7 16x128 (1/0) 111 0000 }(1/0) 010 0101 (+/-)2112
(+/-)2176t0 2304 (1/0) 111 0001 |(1/0) 010 0100 (+/-) 2240
(+/-) 3968 to 4096 (170) 111 1111 |(1/0) 010 1010 (+/-) 4032
Fig. 5 A-Law
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Output Voltage
'?T&;’gggﬁe Segment Ncurr‘r?t::rs)te;i):e Data Character -Voo
[ x (8192/1.5)]
(+/)0to1 1 1x1 (10) 111 1111 (+1)0
(+/) 1103 15x2 (1/0) 111 1110 (+1)2
(+/)3t05 (1/0) 111 1101 (+/)4
(+/-) 290 31 (1/0) 111 0000 (+1-) 30
(+/)31t035 2 16x4 (1/0) 110 1111 (+/-)33
(+1)91t095 (1/0) 110 0000 (+1-)93
(+/)95t0 103 3 16x8 (1/0) 101 1111 (+1-)99
(+1-) 21510223 (1/0) 101 0000 (+/-)219
(+/-) 22310239 4 16x16 (1/0) 100 1111 (+1-) 231
(+/-) 463 0 479 (1/0) 100 0000 (+1-) 471
(+/)479t0 511 5 16x32 (1/0) 011 1111 (+1-) 495
(+1-) 959 t0 991 (1/0) 011 0000 (+1)975
(+1) 991101055 6 16x64 (1/0) 010 1111 (+7) 1023
(+1-) 19510 2015 (1/0) 010 0000 (+1-) 1983
(+/-) 2015 t0 2143 7 16x128 (1/0) 001 1111 (+7) 2076
(+/-) 3935 t0 4063 (1/0) 001 0000 (+1/-) 3999
(+/-) 4063 to 4319 8 16x256 (1/0) 000 1111 (+1-) 4191
(+1-) 7903 to 8159 (1/0) 000 0000 (+1-) 8031
Fig. 6 p-Law

65



MV3000A/B
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 p-Law codes are
defined with respect to a milliwatt reference level
in units of dBmO0. 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 1mW into a 600 resistor (i.e.

is 2.191 Vpjp) unless the local reference level, 0
dBm0, also corresponds to 0 in units of
dBm(6009Q).

The specifications for A-Law and p-Law codes
(CCITT Specification G.711) define that the
uppermost coding decision levels for A-Law
(4096) and p-Law (8159) correspond to 3.14 dBmQ
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 milliwattis
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, 6:and 7.

Output Voltage
[I :’2;;\;2273‘;] Data Character -Voo
. [x(32,768/1.5)]
-32,768 t0-32,255.5 000 0000 1111 1" -32,256
-32,255.5t0-32,254.5 000 0010 0000 0001 -32,255
-1.5t0-0.5 11 1M1 11N 1M1 -1
-0.5t00.5 0 000 0000 0000 - 0000 0
0.5to 1.5 0 000 0000 0000 0001 1
32,254.510 32,255.5 0 111 1101 1111 1M 32,255
32,255.5t0 32,768 01 1111 0000 0000 32,256
Fig. 7 Linear code
Phase A-Law p-Law Linear
-7/8 x 180° 0 0M 0100 0 001 1110 1101 1101 1000 0011
-5/8 x 180° 0 010 0001 0 000 1011 1 010 1110 1000 0011
-3/8 x 180° 0 010 0001 0 000 1011 1010 1110 1000 0011
-1/8 x 180° 0 011 0100 0 001 1110 1101 1101 1000 0011
1/8 x 180° 1011 0100 1 001 1110 0 010 0010 0111 1100
3/8 x 180° 1 010 0001 1000 101 0 101 0001 0111 1100
5/8 x 180° 1 010 0001 1 000 1011 0 101 0001 0111 1100
7/8 x 180° 1 0M 0100 1 001 1110 0 010 0010 0111 1100
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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 (Vagnp);
the transmit and receive slot addresses are set to
zero; the control port pins (CP1 to CP5) 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
Sl pinishigh.

After 500 ps 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 CSB pin low. The power-

MV3000A/B

up and power-down instructions can then be
generated by holding the DI/O pin high or low,
respectively. A clock must still be applied to the
DCLK pin, but the 2048 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 CSB pin is tied low.

Normal operation

For normal operation control information is
sent to the MV3000 on the DI/O pin which is
strobed under the control of the DCLK clock and
CSB 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 DI/O, 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 zeroes 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.

oy —L L T T T T T1 (T [ [ [ [ }—
‘Y Y VY VY VY ERE R ERERERER
o) N I I 1 ]
7 0 7 0

Fig. 9 Control timing diagram - normal operation
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Instruction Mnemonic Op Code Data Bytes
Power Up PU FF
Down PD 00
Slot Address Transmit Read STR 75 1-0Out
Write High STWH 20to 3F
Low STWL 60to 67
Receive Read SRR 7D 1-0Out
Write High SRWH 40 toSF
Low SRWL 68 to 6F
Gain Transmit Read GTR 71 2-0Out
Write GTW 72 2-In
Receive Read GRR 79 2-0ut
Write GRW 7A 2-In
Filter Enable FE 80to87
Transmit Read FTR A7 8-0Out
Write FTW A4 8-in
Receive Read FRR AB 8-0Out
Write FRW A8 8-In
Balance Control FBC BCto BF
Read FBR A3 20-Out
Write FBW A0 20-In
Control Interface | Configuration Read CCR al 1-Out
Write ccw D1 1-In
Port Read CPR 8 1-0Out
Write CPW D8 1-In
PCM Code PC B8 to BB
Association Read PAR 77 1-0Out
Write PAW 90 to 9F
Diagnostic Reset DR BO
Transmit High Pass Filter Disable DTH B3
Receive Attenuate DRA B1
Disable Path DRD B2
Loop Analog DLA B7
Digital DLD B4
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NB

All undefined bytes are
reserved - do not use these.

Second Nibble

0‘IIZISJIJIS|6|7|8|9TA181C\|DTEIF

First
Nibble

0 PD
1

2 STWH

4 SRWH

5

6 STWL SRWL

7 l GTR l GTWJ [ STR l ] PAR l GRR ] GRW I SRR

8 F

9 PA

A FBW FBR | FTW PR | rRw | | rre

B DR | DRA | DRD | DTH | DLD bLA PC FBC
c CCR CPR

D cew cPw

m

-

Fig. 11 Control byte map
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Mnemonic

Op Code

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 Vagnp. The device is still
programmable in this mode.

Fig. 12 Power instructions

Mnemonic

Op Code

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

| B1 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

20 to 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 contains the 5 high
address bits followed by the 3 low address bits. If the hex data byte is
B1 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

40to 5F

Slot Address - Receive - Write - High.
This instruction defines the receive slot high address. The hex
code 4A sets the high address to 10.

SRWL

68 to 6F

Slot Address - Receive - Write - Low.
This instruction defines the receive slot low address. The hex
code 6B sets the low address to 3.

Fig. 13 Slot address instructions

Data Bytes

Description

o
~-E
L]
NS

D6 D5
Gy Gy
Gg Gy

D4 D3 D2 D1 DO These bytes contain a 2s complement number
G,

G, G3 G4 G in the range +/- 2 which is used to construct the
Gg Gg Gyg - - gain coefficients as follows:-

G=-G1x21 + Ggx20 + ... + G_1¢x2-10.
Thereceive gainis:- Gg=Gi.e.-2to 2.
The transmit gainis:- Gx =2x(G+ 1) i.e.-2to 6.
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Mnemonic| Op Code |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 2Input | 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 D7 D6 D5 D4 D3 D2 D1 DO These bytes-contain four 2s complement
1 1 A3 A3g A3, A3, A33 A3, A3 numbers in the range +/- 2 which are used to
2 1 A3 A3; A3g A3gA3,, - - construct the filter coefficients as follows:-
3 1 A2; A2 A2 A2, A23 A2, A2_5 Am =AM, x21 + AMgx20 +  + Am_;5x2-10
4 1 A2.5 A2.7 Az.g A2_g A2_10 - - form =/0, 1,2,3.
5 1 Al Aly Al Al Al3 Al 4 Al The transfer function for the filter is:-
6 1 A1-6 Aly A‘_g A1_9 A1_10 - - H(Z) = A0 + ATxZ-1 + A2xZ-2 + A3xZ-3.
7 1 A0y A0y A0, AO0, AO3 A0, A0 g where the Z-transformation is at 16 kHz i.e.
8 1 Alg A0 ; A0 g AOgAD 4 - - Z =exp(j2ufT) where T=1/(16 kHz).
Fig. 16 Transmit and receive filter coefficients
Data Bytes Description
Byte D7 D6 D5 D4 D3 D2 D1 DO These bytes contain ten 2s complement
1 1 B8, B8, B8, B8, B83 B8, B8 numbers in the range +/- 2 which are used to
2 1 B8¢ B8; B8g B8gB3;, - - construct the filter coefficients as follows:-
3 1 B6, B6, B6, B6, B63 B6, B6 g Bm =-Bm;x21 + BMyx20 + BM_yx2-1 + ... + Bm_;yx2-10
4 1 B6g B6; Bbg B6gB6,y - - form=0,1,2,...,9.
5 1 B4, B4y B4, B4, B43 B4, Bis
6 1 BA4g B4; B4g BAgBa,, - - The transfer function for the filter is:-
7 1 B2, B2y B2, B2, B23 B2, B2 H(Z) = BO + B1xZ-1 + B2xZ-2 + B3xZ-3 + ... + B9xZ-9.
8 1 B2g B2y B2g B2gB2,, - - where the Z-transformation is at 16 kHz i.e.
9 1 BO, BO; BO, BO, BO5 BO, BOjg Z = exp(j2nfT) where T = 1/(16 kHz).
10 1 BOg BO; BOg BOgBO o - -
1 1 B9y B9 B9, B9, B93 B9, B9 Only the 5 odd coefficients (B9,B7,B5,B3,B1)
12 1 B9g B97 B9g BYIgBI,yy - - adapt. Otherwise the filter would attempt to
13 1 B7; B7p B7, B7, B7.3 B74 B’ adapt to frequencies in the range 4kHz to 8kHz.
14 1 B7g B7; B7g B7gB7q0 - -
15 1 BS5; BSy B5; B5; B53 B5,4 BS;
16 1 B5¢g B5; BS5g B59B54; - -
17 1 B3; B3; B3, B3, B33 B3, Bi;
18 1 B3 B3; B3g B3gB34 - -
19 1 By Bly Bl, B, Blj Bl4 Big
20 1 Blg By Blg Bl gBl;y - -

Fig. 17 Balance filter coefficients
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Mnemonic| Op Code [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 D1 DO
1 0 0 0 0 Bf Xf R¢

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

If Xg 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 Rpis 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 8Input |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 BCto 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 Sl pin. The
instruction has the format:-

D7 D6 D5 D4 D3 D2 D1 DO
1 0 1 1 1 1 Bp Ba

If Bp is 1 then adaption of the B-filter is disabled.

If Bp is O then the adaption is enabled if either B, is 1 or if the SI
pinis 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 AQ 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).
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Mnemonic| Op Code |DataBytes Description
CCR c1 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 D1 DO
CcC1 CC2 CC3 Cc4 cCes X X X

If CCn is 0 then the CPn pin is an output. If CCnis 1 then the CPn

pinisaninput(n=1,2,3,4,5).
ccw D1 1Input | 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 DS D4 D3 D2 D1 DO
CcCt CC2 CC3 CC4 CC5 R2  R1 RO

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

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

N.B. When power is first applied these pins are configured as
inputs.

CPR c8 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 Sl pin. The
data byte has the format:-

D7 D6 D5 Da D3 D2 D1 DO
CP1 CP2 (CP3 CP4 CP5 X X Sl

If the CPn pin is configured as an input then the CPn bitis 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 outputis highorlow (n=1, 2, 3, 4, 5).

The Si bitis 1 or 0 depending on whether the Sl pin is high or fow.

cPW D8 1Input | Control Interface - Port - Write.

This instruction controls the output levels of those control pins
configured as outputs according to the input data byte. The data
byte has the format:-

D7 D6 D5 D4 D3 D2 D1 DO
CP1 CP2 CP3 (CP4 CP5 R2 R1 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 0. If the CPn pin is
configured as an input then the corresponding CPn bit should be held
at0(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

Description

PC

B8to BB

PCM - Code.

This instruction defines the PCM code used by the device. The
instruction has the format:-

D7 D6 D5 D4 D3 D2 D1 DO

1 0 1 1 1 0 Ci1 co
Clt CO0 Code
0 O Linear (16 bits)
0 1 u-law (8 bits)
1
1

C

e

0 A-law (8 bits)
1 Reserved - do not use.

PAR

77

1 Output

PCM - Association - Read.

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:-

D7 D6 DS D4 D3 D2 D1 DO
X X X X Rg Xg Rea Xsa

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

If the Xg bit is 1 then the DXB pin is used for the transmit PCM
output. Ifitis 0 then DXA is used.

If the Rsa bit is O then the receive segment address is 0 and the
receive PCM is associated with the first segment of 256 bits. if itis 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 itis 1
then the transmit PCM is associated with the second segment of 256
bits.

PAW

90 to 9F

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:-

D7 D6 D5 D4 D3 D2 D1t DO
1 0 0 1 Ry Xg Rsa Xsa

If the Rg bit is 1 then the DRB pin is used for the receive PCM
input. fitis O then DRA is used.

If the Xg bit is 1 then the DXB pin is used for the transmit PCM
output. Ifitis 0 then DXA 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 itis 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 itis 1
then the transmit PCM is associated with the second segment of 256
bits.
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Mnemonic| Op Code |Data Bytes Descriptiori
DR BO - Diagnostic - Reset.
This instruction resets any transmit, receive or loop test
conditions previously set up.
DTH 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.
DRD B2 - Diagnostic - Receive - Disable Path.
This instruction disables the receive path. This means that Voyr is
set to Voo regardless of the receive PCM data input to the device.
DLA 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.
DLD 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 DRB is
switched internally, multiplied by 15/16 and replaces the digital PCM
signal normally output on DXA or DXB.

Fig. 21 Diagnostic instructions
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PIN DESCRIPTIONS

Symbol | PinNo. Pin Name and Description

CAP 1 Capacitor (Analog Node). A capacitor of 0.1 uF should be connected between this
pin and analog ground (AGND 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 DXA or DXB.
This signal is referenced to AGND and there is an input impedance of 30k Ohms to
AVc(/3.

AGND 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 DRA or DRB. This PCM data is processed digitally,
decoded, converted to analog and then output here. This signal is referenced to
AGND but has a DC offset of nominally 2.5 Volts.

Si 5 Status In (Digital Input). The data sampled at this input can be read out on the
DI/O 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).

CP1to5| 6to10 |Control Port 1 to 5 (Digital /O with Pullups). These pins are independently
programmable as either inputs or outputs through the control stream input on
DI/O. Pins which are programmed as outputs are aiso controlled by DI/O. Pins
which are programmed as inputs can be read on DI/O.

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 pullups 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 DXA OR DXB 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.

DXA, 12, Digital Transmit A, B (Three-State Outputs). The PCM data is output at these pins.

DXB 17 The data is routed to either DXA or DXB under the direction of the control stream
input at the DI/O pin. The PCM data can be p-law (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
DI/O. 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.

DRA, 14, Digital Receive A, B (Digital Inputs). These are the inputs for PCM data. Either

DRB 21 DRA or DRB is used under the direction of the serial control input at DI/O. The PCM

data can be p-law (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 DI/O. 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). 0 Volts Supply.

csB

23

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

DI/O

24

Data In/Out (Digital Input/Output with Pullup). Serial control data is input and
output at this pin when CSB 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 CSB
pin. The clock canrun 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 (Vagno)-

Parameter Symbol value Units
Min. | Typ.* Max.

Analog Supply Voltage AVc 4.75 5 5.25 Volts
Digital Ground Voltage VbpGND -0.1 0 0.1 Volts
Digital Supply Voltage DV¢c 4.75 5 5.25 Volts
Ambient Temperature Tams 0 70 °C
Input Low Voltage (with respect to Vpgnp) ViL 0 0.4 0.8 Volts
‘Input High Voltage (with respect to Vpgnp) V4 2.0 2.4 DVcc Volts
Output Loading Co 150 pF
Master Clock Frequency Fm 2047.9 2048 2048.1 kHz
Analog Input Voltage Via -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 (Vpgnp)-

o Value . .
Characteristic Symbol au Units Conditions
Min. Typ.* Max.

Normal Supply Current In 30 mA Unloaded
Power-down IpD 20 mA Unloaded
Supply Current
Input Leakage Current m 10 uA 0<V<DVcc
Output High Voltage VoH 24 DV¢c Volts | loy (Source) = 400uA
Output Low Voltage Vou 0 04 Volts loL (Sink) =2mA
Output Leakage Current loL 10 uA 0<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 tvH 50 236 ns
Master Clock Fall Time tve 20 ns
Master Clock Low Period e 50 236 ns

* Typical figures are for design aid only. Théy are not guaranteed and not subject to production testing.
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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 tpcr 20 ns
‘PCM Clock Low Period tpcL 100 ns
PCM Frame Sync. Set-up tprs 50 ns
Time

PCM Frame Sync. Hold 1PEH 30 ns
Time

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

¢ ey —P|

CLKX -

(CLKR) Z ______________
—Pitecrit— —>

Fig. 23 Timing - PCM clocks

CLKX

(CLKR)

FSX

(FSR)

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

Characteristic Symbol Value Units Conditions
Min. Typ.* Max.
TSC Low Delay t1D 150 ns
TSC High Delay tTHD 150 ns
PCM Active Delay tpAD 70 170 ns
PCM Passive Delay tppp 70 ns
PCM Output Hold Time tpoH 30 ns
PCM Output Delay troD 100 ns

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

CLKX

TSCA
(TsCB)

DXA
(DXB)

< trp >

CLKX

DXA
(DXB)

I teon ‘PI
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Fig. 26 Timing - PCM output changing during burst (see Fig. 4)




Digital Dynamic Characteristics - PCM Input (see Fig. 27)

MV3000A/B

Characteristic Symbol . Value Units Conditions
Min. Typ.* Max.
PCM Input Set-up Time tpis 50 tpcp/2 ns
PCM Input Hold Time tpin 30 tpcp/2 ns

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

CLKR

— thy —P | &—— toys — t— tyy —P» — tps —P
DRA 20V -———=--mmmmmmm e m - N\ 1{o eSO .o <4 S
(DRB)

Fig. 27 Timing - PCM input (see Fig. 3)

Digital Dynamic Characteristics - Data Clock (see Fig. 28)

Characteristic Symbol _ value Units Conditions

Min. Typ.* Max.

Data Clock Period @ toep 450 ns

Data Clock Rise Time tbcr 25 50 ns

Data Clock High Period tocH tpcp /2 tpcp/2 ns
-50 +50

Data Clock Fall Time tpcr 25 50 ns

Data Clock Low Period tocL tpcp/2 tpcp/2 ns
-50 +50

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

—tocr

Fig. 28 Timing - PCM clocks
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Digital Dynamic Characteristics - Chip Select @ (see Fig. 29)

Characteristic - | Symbol _ Value Units ~.Conditions
Min. Typ.* Max.

Chip Select Falling . tern 0 ns
Hold Time ‘
Chip Select Falling ters 150 ns
Set-up Time
Chip Select Rising LeRH 0 ns
Hold Time '
Chip Select Rising ters 150 ns
Set-up Time )
Chip Select Low Period tep 8tpcp ns

* Typical figures are for design aid only. They are not guaranteed and not subject to production testing.
@ |f CSB is tied low then the MV3000 will operate in stand-alone mode.

DCLK

CsB

Fig. 29 Timing - chip select (see Fig. 9)

' Divgital Dynamic Characteristics - Data lnpui (see Fig. 30)

Characteristic Symbol ) Value Units Conditions
Min. Typ.* Max.
Data Input Set-up Time tpis 50 tpcp/2 ns
Data Input Hold Time 1ok 30 tpcp/2 ) ns

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

DCLK

Drvo

Fig. 30 Timing - data input (see Fig. 9)

82




MV3000A/B

Digital Dynamic Characteristics - Data Outputs (see Figs. 31 and 32)

Characteristic Symbol . Value Units Conditions
Min. Typ.* Max.
Data Active Delay tbAD 100 ns
Data Passive Delay topD 100 ns
Data Output Hold Time tpoH 30 50 ns
Data Output Delay tbobp 100 150 ns

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

csB

28V mmmmmm e m NS
DI/O .

S . 7

J 7
Fig. 31 Timing - data output start and stop of burst (see Fig. 9)
DCLK
DI/O
4 toon ->| < toon -PI

Fig. 32 Timing - data output changing during burst (see Fig. 9)
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Analog Static Characteristics - Voltages are with respect to analog ground (Vagnp)-

Characteristic Symbol value Units Conditions
Min. Typ.* Max.

Pin Capacitance Cp 8 10 pF 0<V<AVcc, DVcc
Analog Input Impedance Z 20 30 kQ -3V<V< +3V
Analog Input Bias Vg AVcc/3 Vv
Input Offset Voltage Vio -5 5 mV
Output Impedance Zo 20 Q 1V<vV<av
Output Offset Voltage Voo 23 2.5 2.7 v
Analog Output Voltage Voa Voo-1.5 Voo +1.5 \ Ry = 10kQ, C_ = 50pF

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

Analog Dynamic Characteristics - General

R Val . .
Characteristic Symbol alue Units Conditions
Min. Typ.* Max.
Transmit 0 dBmO Level V10 4.03 4.18 433 Vep A-Law
4.00 4.15 4.30 p-Law
Receive 0 dBmO Level Vro 2.01 2.09 2.17 Vpsp A-Law
2.00 2.075 2.15 p-Law
Power Supply Rejection Psr 50 dB
Minimum Receive Gain All
MV3000A Gamin -12.1 -12 dB CCITTG.714
MV30008B -6.1 -6 Specifications
Maximum Transmit Gain All
MV3000A } GTmax 12 121 dB CCTTG.714
MV30008 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)

Value

Characteristic Symbol Units Conditions
Min. Typ.* Max.
Transmit Gain Gy -80 dB 0 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.
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0.54 GAIN (dB)

0.0 /r \
0.5 \
. FREQUENCY
-1.0 > (Hz)
A
0
10
-20
-30
.40
. FREQUENCY
-50 300 3000 3400 4000 (Hz)

Fig. 33 Transmit channel gain

0.54 GAIN (dB)

05 \\
10 _ FREQUENCY

> (Hz)

. FREQUENCY
>
-50 300 3000 3400 4000 (Hz)

Fig. 34 Receive channel gain

ABSOLUTE MAXIMUM RATINGS™ - Voltages are with respect to analog ground (Vagnp)-

\'} .
Parameter Symbol alue Units
Min. Max.
Analog Supply Voltage AVcc -0.5 5.7 Volts
Digital Supply Voltage DV¢c -0.5 5.7 Volts
Storage Temperature Ts -65 125 °C
Input Voltage - except VIN pin V, -0.3 DVcc Volts
+0.3
Input Voltage - VIN pin Vyin -3.3 33 Volts
Output Voltage - except VOUT pin Vo -0.3 DVcc Volts
+0.3
Output Voltage - VOUT pin Vvout -0.3 AVcc Volts
+0.3
Clamp Current (Sink or Source beyond Power Supply) @ Ik 100 mA
Package Power Dissipation P 800 mwW

* Exceeding these ratings may cause permanent damage. Functional operation under these conditionsis not implied
@ Currents above this may cause latchup or destroy the input protection circuitry.
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@ PLESSEY

Semiconductors

MV3506 a-LAw FILTER/CODEC
MV3507 .-LAw FILTER/CODEC

MV3507A .-LAW FILTER/CODEC WITH A/B SIGNALLING
MV3508 A-LAW FILTER/CODEC WITH OPTIONAL SQUELCH
MV3509 ,-LAw FILTER/CODEC WITH OPTIONAL SQUELCH

These devices are silicon gate CMOS Companding
Encoder/Decoder integrated circuits designed to implement
the per channel voice frequency Codecs used in PCM wst/seM A 22[]voo
systems. They contain the band-limiting filters and the
analog to digital conversion circuits that conform to the . cukset [ 21fJvaur
desired transfer characteristic. The MV3506 and MV3508 TSHIFT[]3 20[] out-
provide the European A-Law companding and the MV3507,

MV3507A and MV3509 provide the North American u-Law svs cu(Je trrou
companding characteristic. The MV3508 and MV3509 have Tsmoee[]s  \yas0s, 18[] P8
programmable squelch circuitry to reduce idle channel emourfs  7/8/9 17\;"«
noise. The MV3507A provides for A/B bit signalling.

These circuits provide the interface between the analog pGNp[]7 16—
signals of the subscriber loop and digital signals of the PCM c[]s 15 *;'m,,
highway in a digital telephone switching system. The devices
operate from dual power supplies of +5V. RSHIFT[]o 1a[] cazowo

R sTRoBE[]10 13{] A GND
PCM m[“ 11 12[] vss
FEATURES
B Low Power CMOS 80mW (Operating) 10mw
(Standby) <~
B Meets or Exceeds AT & T3, and CCITT G.711, s st
G.712 and G.733 Specifications am[]2 27{]veo
Input Analog Filter Eliminates Need for External o st [13 26[]7 A/B SEL
Anti-aliasing Prefilter rswer s 25[Jvowr
B Uncommitted Input and Output Op. Amps for sis e ]s 2aJour.
Programming Gain h
Bl Output Op. Amp Provides +3.1V into a 1200 Ohms T sthose [Je S Mk
Load or can be Switched Off for Reduced Power remour (7 MV3S07A 2207 pog
(70mw) p oo []s 21[Jvm
Encoder has Dual-speed Auto-zero Loop for Fast sour(]s fm-
Acquisition on Power-up
; IN+
Low Absolute Group Delay = 410 microseconds aourlio *f
at 1kHz caz [ 18[Jcazon
RA/B SEL[]12 17[]A GND
RSHIFT[]13 16 ngs
RSTROBE[|14 15[]pcM IN

DG22

DG28

Fig.1 Pin connections - top view
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FUNCTIONAL DESCRIPTION

Fig.2 shows the simplified block diagram of the devices.
They contain independent circuitry for processing transmit
and receive signals. Switched capacitor filters provide the
necessary bandwidth limiting of voice signals in both
directions. Circuitry for coding and decoding operates on
the principle of successive approximation, using charge
redistribution in a binary weighted capacitor array to define
segments and a resistor chain to define steps.

Transmit Section

Input analog signals first enter the chip at the uncommitted
op.amp. terminals (IN + and IN- pins). This allows for the
gain in the system to be trimmed. From the Vinpin the signal
enters a second-order analog anti-aliasing filter. This filter
eliminates the need for any off-chip filtering as it provides
attenuation of 34dB (typically) at 256kHz and 44dB
(typically) at 512kHz.

The signal next enters the transmit filter, which is a fifth-
order low-pass filter clocked at 256kHz, followed by a third-
order high-pass filter clocked at 64kHz. The resulting
bandpass characteristics meet the CCITT specifications
G.711, G.712 and G.733. Some representative attenuations
are better than 26dB from 0 to 60Hz and better than 35dB
from 4.6kHz to 100kHz.

The output of the transmit filter is sampled at the analog to
digital encoder by a capacitor array at the sampling rate of
8kHz. The successive approximation conversion process
requires about 72usec.

The 8-bit PCM data is clocked out by the transmit shift
clock which can vary from 64kHz to 2.048MHz in 8kHz steps
(see Figs. 3 and 4). A switched capacitor duai-speed, auto-
zero loop using a small non-critical external capacitor
(0.1uF) provides DC offset cancellation by integrating the
sign bit of the PCM data and feeding it back to the non-
inverting input of the comparator.

Included in the circuitry of the MV3507 is ‘All Zero’ code
suppression so that negative input signal values between
decision values numbers 127 and 128 are encoded as
00000010. This prevents loss of repeater synchronisation by

MV3506/7/7A/8/9

DS1 (T1) line clock recovery circuitry as there are never more
than 15 consecutive zeros.

An additional feature of the MV3506/7 and 7A is a special
circuit to eliminate any transmitted idle channel noise during
quiet periods. When the input of these chips is such that for
250ms the only code words generated were +0, -0, +1 or
-1, the output word will be a +0. The steady +0 state
prevents alternating sign bits or LSB from toggling and thus
results in a quieter signal at the decoder. Upon detection of a
different value, the output resumes normal operation
resetting the 250ms timer. This feature is a form of idle
Channel Noise ‘Squelch’ or ‘Crosstalk Suppression’. It is of
particular importance in the MV3506 A-Law version because
the A-Law transfer characteristic has ‘mid-riser’ bias which
enhances low level signals from crosstalk.

Receive Section

A receive shift clock, variable between the frequencies of
64kHz and 2.048MHz clocks the PCM data into the input
buffer register once every sampling period (see Figs.5 and 6).
A charge proportional to the received PCM data word
appears on the decoder capacitor array of the digital to
analog converter. A sample and hold circuit, initialised to zro
by a narrow pulse at the beginning of each sampling period,
integrates the charge and holds it for the rest of the sampling
period.

The receive filter, consisting of a switched-capacitor fifth-
order low-pass filter clocked at 256kHz, smooths the
sampled and held signal. It also performs the loss
equalisation to compensate for the sin(x)/x distortion due to
the sampling.

The filter output (FLT OUT pin) is available for driving
electronic hybrids directly as long as the impedance is
greater than 20kQ. When used in this fashion the low
impedance output amp can be switched off for a
considerable saving in power consumption. When it is
required to drive a 600Q load the output amp allows gain
trimming as well as impedance matching.

VIN PDB TST/SE CAZ CAZ GND
=T 7 17(21)_—I18_<22'>_ "‘“?1(_23)—_ s [1a018) _:
5(6)
! | <—0 T STROBE
| 391
—<—0 T SHIFT
e 2502 ] S0
ANTI-ALIASING TRANSMIT ATOD TRANSMIT [ O i PCM ouT
116(20) FLTER [ FILTER ENCODER INTERFACE @] seL
™9 > @l
| -———ol AIN
(1)
cu s 620 | ——qen
las) | cenERsToR I
SYS CLK O—t—| 10(18)|
| R STROBE
| 9(13)1
R SHIFT
| 1(15)]
vour 12125) | RECEIVE DTO A RECEIVE _‘_0( 2 PCM IN
7 FILTER DECODER INTERFACE d RAB SEL
| (10) |
=0 AOuT
| ol
| ' ——»—? B OUT
19(23) Y1307 [1208) |7 22(27
I L2es ﬁli_‘_’_i_‘_’_i.@_._i.f_’ _______ il

ouT- FLT OUT AGND vss

Fig.2 Functional block diagram (pin numbers for the MV3507A are in brackets)
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Fig.3 Transmit strobe alignment
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Fig.4 Transmit alignment
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Fig.5 Receive strobe alignment
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Fig.6 Receive alignment

Timing Requirements

The internal design of the devices paid careful attention to
the timing requirements of various systems. In North
America, central office and channel bank designs often
follow the American Telephone and Telegraph Company’s
T1 (DS1) Carrier PCM format to multiplex 24 voice channels
at a data rate of 1.544Mb/s. PABX designs, on the other hand,
may use their own multiplexing formats with different data
rates. Nevertheless, in digital telephone designs, Codecs
may be used in a non-multiplexed form with adaa rate as low
as 64kbit/s. The u-Law Codecs fulfil these requirements.

In Europe, telephone exchange and channel bank designs
often follow the CCITT carrier PCM format to multiplex 30
telephony channels at a data rate of 2.048Mbit/s. The A-Law
Codecs are designed for this market and will also handle
PABX and digital telephone applications.

The timing format chosen for the devices allows operation
in both multiplexed or non-multiplexed form with data rates
variable from 64kbit/s to 2.048Mbit/s. Use of separate
internal clocks for filters and for shifting of PCM input/output
data allows for this variation.

The devices do not require that the 8kHz transmit and
receive sampling strobes be exactly 8 bit periods wide. The
device has an internal bit counter that counts the number of
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data bits shifted. It is reset on the leading ( +ve) edges of the
strobe, forcing the PCM output into its high impedance state
after the 8th bit is shifted out. This allows the width of the
strobe signal to vary as long as its repetition rate is 8kHz and
the transmit and receive shift clocks are synchronised to it.

System Clock

The basic timing is provided by the system clock which is
divided down internally to provide the various filter clocks
and the timing for the conversions. The transmit and receive
strobes and clocks must be locked to this clock so that the
PCM data matches the sample rates.

Signalling in 7-Law Systems

In pu-Law systems there is a requirement for signalling
information to be carried in the bit stream with the coded
analog data. This coding scheme is sometimes called 7% bit
rather than 8 bit because the LSB in every 6th frame is
replaced by a signalling bit. This is referred to as A/B
signalling and if a signalling frame carries the ‘A’ bit, then 6
frames later the LSB will carry the ‘B’ bit. To meet this
requirement, the MV3507A is available in a 28-pin package.




Signalling Interface

In the AT&T T1 carrier PCM format (DS1) an A/B
signalling method conveys channel information. It might
include the on-or-off hook status of the channel, dial pulsing
(10 or 20 pulses per second), loop closure, ring ground etc,
depending on the application. Two signalling conditions (A
and B) per channel, giving four possible signalling states per
channel are repeated every 12 frames (1.5msec). The A
signalling condition is sent on bit 8 of all 24 channels in frame
6 and the B signalling condition is sent in frame 12. In each
frame, the 193rd bit (the S bit) performs the terminal framing
function and serves to identify frames 6 and 12.

The MV3507A in a 28-pin package is designed to simplify
the signalling interface. For example, the A/B select input
pins are transition sensitive. The transmit A/B select pin
selects the A signal input on a positive transition and the B
signal input on the negative transition. Internally, the device
synchronises the A/B select input with the strobe signal. Asa
result, a common A/B select signal can be used for all 24
transmit channels in the channel bank. The A and B
signalling bits are sent in the frame following the frame in
which the A/B select input makes the transition. Therefore
the A/B select input must go positive in the beginning of
frame 5 and negative in the beginning of frame 11.

PIN DESCRIPTIONS

MV3506/7/7A/8/9

The decoder uses a similar scheme for receiving the A and
B signalling bits, with one difference. They are latched to the
respective outputs in the same frame in which A/B select
input makes a transition. Therefore, the receive A/B select
input must go high at the beginning of frame 6 and go low at
the beginning of frame 12. In the T1 (DS1) carrier system, 24
voice channels are multiplexed to form the transmit and
receive PCM highway, 8 data bits from each channel plus a
framing bit called the S bit form a 193 bit frame. Since each
channel is sampled 8000 times per second, the resultant data
rate is 1.544Mbit/s. Within the channel bank the transmit and
receive channels of a Codec can occupy the same time slot
for synchronous operation or they can be independent of
each other for asynchronous operation. Asynchronous
operation helps minimise switching delays through the
system. Since the timing interface for the coder and decoder
sections are independent of each other in the MV3507A, it
can be operated in either manner.

In the CCITT carrier system 30 voice channels and 2
framing and signalling channels are multiplexed to form the
transmit and receive PCM highways, 8 data bits from each
channel. Since each channel is sampled 8000 times per
second, the resultant data rate is 2.048Mbit/s.

Pin name and description

Test/Squelch Enable (Internal Connection/Digital Input). This pin is an internal
test connection on the MV3506, MV3507 and MV3507A, and it is the squelch

On the MV3506/7/7A it should be left unconnected or connected to the A GND pin

On the MV3508/9 it should be tied high to enable the squelch feature and it should

Clock Select (Three Level Input). This pin selects the proper divide ratios for a
256kHz, 1.544MHz or 2.048MHz system clock. The pin is tied to Voo (+5V) for
2.048MHz operation, to D GND (0V) for 256kHz operation, and to Vss (-5V) for

Transmit Shift Clock (Digital Input). This TTL compatible input shifts PCM data
out of the coder on the positive going edges after receiving a positive edge on the
T STROBE input. The clocking rate can vary from 64kHz to 2.048MHz.

System Clock (Digital Input). This pin is a TTL compatible input for either a
256kHz, 1.544MHz or a 2.048MHz clock that is divided down to provide the filter
clocks. The status of the CLK SEL pin must correspond to the provided clock

Transmit Strobe (Digital Input with Pull-up). This TTL compatible pulse input
(typically 8kHz) is used for analog sampling and initiating the PCM output from the
coder. It must be synchronised with the T SHIFT and SYS CLK clocks with its
positive going edges occurring after the falling edges of these clocks. The width of
this signal is not critical. An internal bit counter generates the necessary timing for

PCM Out (Pull-down Output). This is a LS TTL compatible open-drain output. Itis
active only during transmission of PCM output for 8-bit periods of the T SHIFT
clock signal following positive edge on the T STROBE input. Data is clocked out
by the positive edge on the T SHIFT clock into one 510Q pull-up per system plus 2

Auto Zero Capacitor (Reference Node). A capacitor of 0.1uF (+20%) should be
connected between this pin and Caz ano for coder auto zero operation. The sign bit
of the PCM data is integrated and fed back to the comparator for DC offset

Pin No.
Symbol
3506/7/8/9 | 3507A
TST/SE 1 28
enable input on the MV3508 and MV3509.
via a capacitor for normal operation.
be left unconnected otherwise.
CLK SEL 2 3
1.544MHz operation.
T SHIFT 3 4
SYS CLK 4 5
frequency.
T STROBE 5 6
PCM output.
PCM OUT 6 7
LS TTL inputs.
D GND 7 8 Digital Ground (Power Input). OV.
Caz 8 ih|
cancellation.
R SHIFT 9 13

Receive Shift Clock (Digital Input). This TTL compatible input shifts PCM datainto
the decoder on the negative going edges after receiving a positive edge on the
R STROBE input. The clocking rate can vary from 64kHz to 2.048MHz.
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PIN DESCRIPTIONS (continued)

Symbol

Pin No.

3506/7/8/9

3507A

Pin name and description

R STROBE

PCM IN

Vss
A GND

CazanD

IN +, IN-

VIiN

PDB

FLT OUT

OouT-

BIN, A IN

B OUT,A OUT

10

1

12
13

14

15,16

17

18

19

20

21

22

14

15

16
17

19,20

21

22

23

24

25

27
1,2

9,10

Receive Strobe (Digital Input with Pull-up). This TTL compatible pulse input
(typically 8kHz) initiates clocking of PCM input data into the decoder. It must be
synchronised with the R SHIFT and SYS CLK clocks with its positive going edges
occurring after the falling edges of these clocks. The width of the signal is not
critical. An internal bit counter generates necessary timing for PCM input.

PCM In (Digital Input). This is a TTL compatible input for supplying PCM input
data to the decoder. Data is clocked in by the negative edge of the R SHIFT clock.

Negative Supply (Power Input). -5V.

Analog Ground (Reference Node). This is the ground reference node for analog
signals.

Auto Zero Capacitor Ground (Reference Node). A capacitor of 0.1uF (=20%)
should be connected between this pin and Cazfor coder auto zero operation. The
sign bit of the PCM data is integrated and fed back to the comparator for DC offset
cancellation.

In Positive and Negative (Analog Voltage Inputs). These are the differential inputs
of a high input impedance op amp whose output is connected to the Vinpin. These
three pins allow the user complete control over the input stage so that it can be
connected as a fixed gain amplifier, as an amplifier with adjustable gain, or as a
differential input amplifier. The adjustable gain configuration will facilitate
calibration of the transmit channel.

Input Voltage (Analog High-impedance Voltage Output). This is the output of a
high input impedance op amp whose differential inputs are the IN + and IN- pins.
This node feeds the rest of the analog input section.

Power Down Bar (Digital Input with Pull-up). This TTL compatible input, when
held low, puts the chip into the powered down mode regardless of strobes. The
chip will also power down if the strobes stop. The strobes can be high, low or

floating, but as long as they are static, the powered down mode is in effect.

Filter Out (Analog High-impedance Voltage Output). This is the output of the low
pass filter which represents the recreated analog signal from the received PCM
data words. The filter sample frequency of 256kHz is down 37dB at this point.
This is a high impedance output which can be used by itself or connected to the
output amplifier stage which has a low output impedance. It should not be loaded
by less than 20kQ.

Out Negative (Analog Voltage Input). This is the inverting input of the
uncommitted output amplifier stage, which has its non-inverting input connected
internally to ground and its output connected to Vour. The signal at the FLT OUT
pin can be connected to this pin to realise a low output impedance with unity,
increased or reduced gain. This allows easy calibration of the receive channel.
If OUT- is connected directly to Vssthen the op amp will be powered down,
reducing power consumption by 10mW typically.

Output Voltage (Analog Voltage Output). This is the output of the uncommitted
output amplifier stage, which has its inverting input connected to the OUT- pin
and its non-inverting input connected internally to ground. The signal at the
FLT OUT pin can be connected to OUT- to realise a low output impedance with
unity, increased or reduced gain. This allows easy calibration of the receive
channel. The Vour pin has the capability of driving 0dBm into a 600Q2 load (see
Fig.4).

Positive Supply (Power Input). 5V.

B IN and A IN (Digital Inputs with Pull-ups). These are the TTL compatible inputs
for the A and B signalling bits for transmission. The signalling bits are sent in the bit
8 position of the PCM word in the frame following the frame in which the
T-A/B SEL input makes a transition.

B OUT and A OUT (Digital CMOS Outputs). These are the outputs for the received
A and B signalling bits. The signalling bits received in the PCM input word are
latched to the respective outputs in the same frame in which the Receive A/B select
(R-A/B SEL) input makes a transition. A-bits are latched on a positive transition
and B-bits are latched on a negative transition.
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PIN DESCRIPTIONS (continued)

Symbol Pin No. Pi d descripti
yi 350577/8/9 | 3s07A in name and description

R-A/B SEL - 12 | Receive A or B Select (Digital Input with Pull-up). This is the TTL compatible input
which causes A and B signalling bits to b at the A OUT and B OUT pins. The
signalling bits received in the PCM input word are latched to the respective
outputs in the same frame in which this input makes a transition. A-bits are latched
on a positive transition and B-bits are latched on a negative transition. Acommon
select input can be used for all channels in a multiplex operation.

T-A/B SEL - 26 | Transmit A or B Select (Digital Input with Pull-up). This is the TTL compatible
input which causes the transmission of A and B signalling bitsinput at the AINand
B IN pins. The signalling bits are sent in the bit 8 position of the PCM word in the
frame following the frame in which the T-A/B SEL input makes a transition. A
common A/B select input can be used for all channels in a multiplex operation,
since it is synchronised to the T STROBE input in each device.

ELECTRICAL CHARACTERISTICS
Test conditions - Voltages are with respect to digital ground (Vpanb)

.. Value .
Characteristic Symbol - Units
Min. Typ.(1) Max.
Digital supply voltage Vob 475 5 5.25 Vv
Negative supply voltage Vss -5.25 -5 -4.75 \
Analog ground voltage VAGND -0.1 0 0.1 Vv
Ambient temperature Vavs - 0 70 °C
Input low voltage - digital inputs Vi 0 0.4 0.8 )
Input high voltage - digital inputs ViH 2.0 24 Voo Vv
System clock frequency
CLK SEL tied to Voo fs 2047.90 2048 2048.10 kHz
CLK SEL tied to D GND 255.99 256 256.01
CLK SEL tied to Vss 1549.92 1544 1544.08
Capacitive loading - digital outputs Cuw 0 100 pF
Pull-up resistance for PCM OUT pin Reu 510 Q
Analog input voltage Via Vagno -3.1 Vagno +3.1 \Y
Capacitive loading - analog outputs Cta 50 pF
Resistive loading - Vout pin Rvout 1200 Q
Resistive loading - Vin pin Rvin 10 kQ
Resistive loading - FLT OUT pin RALT out 20 kQ
Power Supply Requirements - Voo =5V, Vss = -5V
Value . -
Characteristic Symbol - Units Conditions
Min. Typ.(1) Max.
Power dissipation - normal PN 80 110 mW | Unloaded
Power dissipation - without Pwa 70 mW | Unloaded
output amp.
Power dissipation - standby Ps 10 20 mW | Unloaded
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Static Characteristics - Voltages are with respect to digital ground (Voano)

Value

Characteristic Symbol - Units Conditions
Min. Typ.(1) Max.
Pin capacitance Crin 7 15 pF
Input leakage current [ 1 uA 0< V< Voo
Input source current - inputs lis 600 uA 0< V< Vop
with pull-ups
Output high voltage Vor 24 Vob Vv loH (Source) = 40uA
Output low voltage Vou 0 0.4 \Y loL (Sink) = 1.6mA
Output leakage current lou 10 UA 0< V< Vop
Analog input resistance Ria 100 kQ
Analog output voltage Voa VaGND VAGND \
-31 +3.1
Digital Switching Characteristics - System Clock (see Fig.7)
Value . -
Characteristic Symbol N Units Conditions
Min. Typ.(1) Max.
System clock rise time tsr 50 ns
System clock high period tsH 0.4/fs 0.6/fs s
System clock fall time tsF 50 ns
System clock low period tst 0.4/fs 0.6/fs s
tsh tsL
N

.

L—tss

[
SYS CLK 202‘:—:\ \___/[_L]r/ N
Lfsn -]

Fig.7 Timing - system clock

Digital Switching Characteristics - Receive Strobe and Clock (see Figs. 8 and 9)

Value '
Characteristic Symbol - u Units Conditions
Min. Typ.(1) Max.

Receive strobe frequency frs 7.99996 8 8.00004 kHz | Phase-locked with
system clock

Receive strobe falling set-up time tRsFs 120 ns

Receive strobe early jitter tRseJ 200 ns

Receive strobe late jitter trsLy 100 ns

Receive strobe falling hold time tRSFH 220 ns

Receive clock frequency frc 63.9997 2048.01 kHz | Phase-locked with
receive strobe

Receive clock rise time trer 100 ns

Receive clock high period trcH 0.4/frc 0.6/frc s

Receive clock fall time trRCF 100 ns

Receive clock low period treL 0.4/frc 0.6/frc s

Receive clock early jitter tRCEJ 200 ns

Receive clock late jitter tRsLY 100 ns
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trcL

o]

trcL

2.0V = N\ — N
SYS CLK gou N o ! \_/
: N— N—r
tRSFH
tRSEJ tRsLy
trFs
2.0V | P.9. V.74 XXX
R STROBE 76%29”
0.8V —RIRRKIIN
Fig.8 Timing - receive strobe
2.0v.
R STROBE .
0.8V Z
tRCH
tncn-—’ ,————I (RCEJ treLy
RSHIFT oY [/.!—\ _\\ '
0.8V K % -

Fig.9 Timing - receive clock

Digital Switching Characteristics - Receive Data (see Fig.10)

Value
Characteristic Symbol - Units Conditions
Min. Typ.(1) Max.
PCM input set-up time tris 60 ns
PCM input hold time teH 60 ns
R STROBE
0.8V—
y /N o
2.0v —
RSHIFT oy I / / M/
- —
tpis tpiH_ tpis tpiH
2ov BIT 1 # BIT N &
PCMIN oy

Fig.10 Timing - receive data
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Digital Switching Characteristics - Transmit Strobe and Clock (see Figs.11 and 12)

Value )
Characteristic Symbol - Units © Conditions
Min. Typ.(1) Max.

Transmit strobe frequency frs 7.99996 8 8.00004 kHz | Phase-locked with
system clock

Transmit strobe falling trses 120 ns

set-up time

Transmit strobe early jitter tTsEy 200 ns

Transmit strobe late jitter tTsw 100 ns

Transmit strobe falling hold time tTsFH 220 ns

Transmit clock frequency. frc 63.9997 2048.01 kHz | Phase-locked with
transmit strobe

Transmit clock rise time trcr 100 ns

Transmit clock high period tTcH 0.4/fc 0.6/f1c s

Transmit clock fall time trcr 100 ns

Transmit clock low period trel 0.4/f1c 0.6/ftc S

Transmit clock early jitter tTcey 200 ns

Transmit clock late jitter trew 100 ns

N N—
tTsFH

e TN N AN AN
-

trsey trsLy
trsrs

vstroee 2% N A
0.8v

Fig.11 Timing - receive strobe

T STROBE

P e fm—
|
o8V Savavad
t
trcn~—] rﬂ—‘ ‘TCEJ"‘ trcw
| N ——

- /:’\QL/—‘ “\_}/K—\———
T SHIFT 4
08V —— J :

treL
tyeL

Fig.12 Timing - receive clock

Digital Switching Characteristics - Transmit Data (see Fig.13)

Val
Characteristic Symbol - ue Units Conditions
Min. Typ.(1) Max.
PCM output holt time troH 0 50 ns
PCM output delay trob 100 150 ns
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2.0V L. P.9. 9.4
T STROBE
0.8V—
o N S 7 - —i—
-—l re—tPOD "I troD J troD ~] troD
| e -
2.0V X L —_— —
PCM OUT BIT 1 BIT2TO7 BIT 8
0.8V —L\ T 7 A
tpoH ——] L—' POH ——‘ le—tpoH —4 l-—tpori
Fig.13 Timing - transmit data
Analog Channel Characteristics - Filter Delays
Value '
Characteristic Symbol - Units Conditions
Min. Typ.(1) Max.
Transmit filter delay treo 182 us 1kHz
Receive filter delay trFD 110 us 1kHz
Analog Channel Characteristics - A-Law
Value
Characteristic Symbol . u Units Conditions
Min. Typ.(1) Max. .
0dBmO level (see Note 2) 0dBm0 5.3 58 6.3 dBm | £5V, 25°C
\/ariation in 0dBmO level AodBmo -0.3 0 0.3 dB Over test conditions
Weighted idle channel noise ICNw -85 -73 dBmOp | CCITT G.712, §5.1
(see Note 3)
Single frequency ICNsF -60 dBmoO | CCITT G.712, §5.2
idle channel noise '
Weighted receive ICNwr -78 dBmoOp| CCITT G.712, §5.3
idle channel noise
Spurious out-band noise Nsos -30 dBmoO | CCITT G.712, §7.1
Spurious in-band noise Nsis -40 dBmO0 | CCITT G.712, §10
Two tone interdemodulation IMD2r -35 dBm0 | CCITT G.712, §8.1
Tone + power inter- IMDTp -49 dBmO0 | CCITT G.712, §8.2
demodulation )
Crosstalk attenuation between Ax 75 80 dB CCITT G.712, §12
Vinand Vour
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Analog Channel Characteristics - y-Law

Value
Characteristic Symbol - = Units Conditions
Min. Typ.(1) Max.

0dBmO level (see Note 2) 0dBmO 5.3 5.8 6.3 dBm | 5V, 25°C
Variation in 0dBmO level AdBmo -0.3 0 0.3 dB Over test conditions
Weighted idle channel noise ICNw 5 17 dBrncO| AT&T D3 (see Note 3)
Single frequency ICNsF -60 dBmO | AT&T D3

idle channel noise ’
Weighted receive ICNwr 15 dBrncO| AT&T D3

idle channel noise
Spurious out-band noise Nsos -28 dBmO | AT&T D3
Spurious in-band noise NsiB -40 dBmO | AT&T D3
Two tone interdemodulation IMDear -35 dBmoO | AT&T D3
Tone + power inter- IMD7p -49 dBmO | AT&T D3

demodulation
Crosstalk attenuation between Ax 75 80 dB AT&T D3

Vinand Vour

NOTES

1. Typical figures are for design aid only. They are not guaranteed and not subject to production testing.
2. The typical 0dBmO level of 58dBm corresponds to an RMS voltage of 1.51V and a maximum coding level of 3.1V.
3. The maximum value reduces to -68dBmOp without squelch (MV3508 with TST/SE pin unconnected).
4. The maximum value reduces to 22dBrncO without squelch (MV3509 with TST/SE pin unconnected).

ABSOLUTE MAXIMUM RATINGS

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

Positive supply voltage Voo -0.5V to +6.0V Voltage at digital or analog
Analog ground VaGno -0.1Vto +0.1V pins Vp Vss-0.3V to Voo +0.3V
Negative supply voltage Vss -6.0V to +0.5V Package power dissipation P 1000mwW
Storage temperature Ts -65°C to +150°C
rXPp -0 5V
22 |1a 8 14
47| VoD PDB CAZ GAZGND |
I: VIN T STROBE O 8kHz STROBE
161 N- TsHIFT P O 2048kHz CLOCK
ANALOG INPUT O 150 1N+ pcm out 8 O PCM OUTPUT
—3+—er our MV3506/7/8/9 R sTROBE 1
20 our- RSHIFT |2
ANALOG OUTPUT o——————--——{:}—% VouTt pem in 2L O PCM INPUT
cLkseL 2
) syscik}d
VSS _AGND DGND TST/SE
12 13 7 ]1
O DIGITAL GROUND
O ANALOG GROUND
——0 -5V

Fig.14 Simple application circuit
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Semiconductors

MV4320

KEYPAD PULSE DIALLER
The MV4320 series is fabricated using 1ISO-CMOS high

density technology. The device is a pin-for-pin replacement
for the DF320 Loop Disconnect Dialler and offers wider oo
operating supply voltage range and lower power dissi- P
pation. The MV4320 accepts up to 20 digits from a stan- See table | M1<]
dard 2 of 7 keypad and offers a REDIAL option activated by below {M/SC
key #. The device provides dial pulsing and muting out- FO1 ]
puts and has a HOLD pin for interrupting a dialling se- FO2 ]
quence*Outpulsing mark/space ratio and dialling speed are CE<]
pin selectable. XTAL IN&]

The MV4320 is available in Ceramic DIL (DG, -40°C to XTAL OUT ]
+85°C).

DG18
FEATURES Fig.1 Pin connections (top view)
B Pinfor Pin Replacement for the DF320
B 25Vto05.5V Supply Voltage Operating Range
B 375uW Dynamic Power Dissipation at 3V
M Uses Inexpensive 3.58 MHz Ceramic Resonator APPLICATIONS
or Crystal N B Pushbutton Telephones
B Stores upto 20 Digits [ Tone to Pulse Converters
I Selectable Outpulsing Mark/Space Ratio B Mobile Telephone
Il Selectable Dialling Speeds of 10, 16, 20 and 932 Hz B Repertory Dialers
M LowCost
Fo1  Fo2 ws  |Howo

i 1

XTALIN o— PROGRAMMABLE]_,,_l TIMING COUNTER l
XTAL OUT 0— PRE DIVIDE AND DECODE
CHIP (CE) J l

ENABLE

READ ADDRESS

COUNTER 1 CONTROL

AND -
STATE LOGIC

ADDRESS SELECT

WRITE ADDRESS
COUNTER

QUTPUT COUNTER

20 WORD
X 4 BIT
RAM

170

ADDRESS DECODE

VDD o—

KEYBOARD DECODE
AND DEBOUNCE

Vsso—

o
X1X2X3Y1Y2Y3Y4

Fig.2 MV4320 functional block diagram
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DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Vpp = 3.0V; Tamp = +25°C; foLk = 3.579545 MHz
““All voltages wrt Vgg

The first key entered in any dialling sequence initiates
the oscillator by internally taking CE high. Digits may be
entered asynchronously from the keypad. Dialling and
mute functions are output as shown in figures 3 and 4.
Figure 3 shows use of the circuits with external control of
CE. This mode is useful if a bistable latching relay is used
to mute and switch the complete pulse dialler circuit. In

98

CHARACTERISTICS SYMBOL |MIN | TYP*| MAX | UNITS TEST CONDITIONS
S
1 | U | Supply Voltage Operating Range Vop 2.5 55 v
—1 P
i p | Standby Supply Current Ibbs 10 | 100 wA CE=Vgg
3 ,I; Operating Supply Current lop 125 | 200 | wA 3.579545 MHz Crystal, CxtaLOUT = 12pF
4 Pull-Up Transistor Source Current I 05 | -3.0 |-120| wA Vin=Vss X1,X2,.X3
5 Input Leakage Current I 0.1 nA Vin=Vop Y1,Y2,Y3,Ys
— 11
L N | !nput Leakage Current I 0.1 nA Vin=Vss MIS,IDP,FO1,
7 S Pull-Down Transistor Sink Current hn 0.5 30 |120| wA Vin=Vpp F02,FD,HOLD
8| T |Logic ‘0 Level Vi 09| v | Alinputs
9 Logic ‘1’ Level Vik 21 v
10 Low-Level Vor 0 | 001 \
|__| O | Voltage No Load
U |Levels
Mnilr High-level Vo 2.99 3 v
—— P -
121y N-Channel Sink loL 0.8 2.0 mA Vour =23V DP, M1/M2
t—{ 1 | Drive
Current
13 P-Channel Source lon 08 | -20 mA Vour=0.7V
AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Vpp =3.0V; Tamp = +25°C; foLk = 3.579545 MHz
Allvoltages wrt Vgg
CHARACTERISTICS SYMBOL [MIN | TYP*| MAX | UNITS TEST CONDITIONS
14 Output Rise Time ta 1.0 us | DPMy.
15 Output Fall Time tr 1.0 us C_ =50pF
16 Maximum Clock Frequency tak  |3.58 MHz | 3.579545 MHz Crystal
17 2:1
——T Mark to Space Ratio M/S Note 1
i‘ 3 3:2
19N 10
20 :4 . 16 .
— | Impulsing Rate = 1_ Hz Note 1
21 T 20
] C
22 932
23 Clock Start Up Time ton 15 4 ms Timed from CE ‘1
24 Input Capacitance Cin 5.0 pF Any Input
* Typical parametric values are for Design Aid Only, not guaranteed and not subject to production
testing. Timing waveforms are subject to production functional test.
NOTES: "
1. See Pin Function, Table 1.
OPERATING NOTES

this mode, the:pulse occurring on M1 when CE is taken
high, with no keypad input, can be used to initiate the
bistable latching relay. Figure 4 shows the timing diagram
for the CE internal control mode. Initially CE is low and
goes high on recognition of the first valid key input. Keypad
data is entered asynchronously.
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'f—{l 7r Y Y%
VoD 1

] T ! Y
EXAMPLE OF 3 4
KEYBOARD
ENTRY

tn=10x P for2:1M/Sratio.t, = 12 x P for 3: 2 M/S ratio

| I [l
| ! I
DP 1 7 T v | |
I I h I 1 ! I
[t Ity L | | | |
NB l I l I l
1. 1,=10xP L= top-or kT I l (4
+ lg=10x ) | - I |
P = System Clock period = PP ———p 1y, IDP =8T =, )
2 REim R | O e | 2ilre
3 ! = DIGI Pl — MPLET!
3. Post-impulsing Pause (POIP)is equal to t; ms froicira OUTPULSED-.{ T4 OUTPULSED '
4. t,t, is the BREAKIMAKE RATIO. T = (t,, + t,) ms ’ POIP

(I

) Fig.3 Keypad pulse dialer timing diagram, CE-External control

-/ 2 /-
_/ —~_
w2 AN = — = = = —— — —— —— — —— — — ———— mn_,

CE-————A: \—

|
| L[ L,
M ; : -/ /%
EXAMPLE OF / |[ 3 I I 4 I | | \_
KEYBOARD 7 ! i |
- ) N O IR P I I O
op T : h ) ! T/ I -
1 | | (
" | | I
| B e IO !
|
HOLD — + | | | . +:
| 1 | 1 | !
| | [
: | | I | | | |
tfo— P —— ', [P N It
N8 " | MAKE akax X 1oP | o
1=t e DIGIT3 ___ e DIGIT4A |
where t,, = Clock Start Up Time ! IMPULSED ! 1 IMPULSED I

Fig.4 Keypad pulse dialer timing diagram, CE-internal control

ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are limiting values

above which operating life may be shortened or specified voo

parameters may be degraded.

HOLD

X1

o M1(M2)

%‘OM % 3:58MHz

x2 ——————0DP
X3
Y1 MV432° XTALIN
MIN. MAX. vz
XTAL OUT|
VopVss -0.3V 10v .
Voltage on any pin Vgs-0.3V Vpp +0.3V Lo $2200
Current at any pin 10mA vss T
Operating Temperature -40°C +85°C Fo1 J J
Storage Temperature -65°C +150°C Fo2
Power Dissipation 1000mW vss
Derate 16 mW/°C above 75°C. All leads soldered to PC board.

Fig.5 Application diagram
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PIN FUNCTIONS
VDD Positive voltage supply
DP Dial Pulsing Output Buffer
M1 Mute Output (Off Normal) Buffer
M/S Mark/Space (Break/Make) Ratio select. On-chip pull-down transistor to Vgg. o1 21
Note: O/C=Open Circuit | Vpp 32
. . Nominal Actual* System
FO01,F02 Impulsing Rate-Selection. FO1 FO2 Impulsing Rate | Inpulsing Rate |Clock frequency
On-chip pull-down transistor to Vgg. /¢ oIc T0Hz 70.13Hz 303.9Hz ]
. 0QI/C Vop. 20Hz 19.42Hz 582.6Hz
Assumes g i =3.579545MHz. [y 0IC 932Hz 932,171z 37,065.1Hz
Vbp Vpp 16Hz 15.54Hz 466.1Hz
CE Chip Enable. An active input. Control is internal via static keyboard decode, or by external forcing.
XTAL IN Crystal input. Active, clamped low if CE =‘0’, high impedance if CE="1".
XTAL OUT Crystal Output Buffer to drive crystal.
Vss System ground
x1,x2,x3 Column keyboard Inputs. On-chip pull-up transistors to Vpp-
Active LOW.
Y1,Y2,Y3,Y4 Row keyboard Inputs. On-chip pull-up transistors to Vpp-
Active LOW.
O/C |Normal Operation
Vpp |No impulsing. If activated during impulsing, hold occurs when the current digit is complete
HOLD Prevents further impulsing. On-chip pull-down transistor to Vgg.
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@PLESSEY

Semiconductors

MV5087

DTMF GENERATOR

The MV5087 is fabricated using Plessey Semiconductors’
ISO-CMOS high density technology and offers low power
and wide voltage operation. An inexpensive 3.58MHz TV
crystal completes the reference oscillator. From this
frequency are derived 8 different sinusoidal frequencies
which, when appropriately mixed, provide Dual-Tone Multi-
Frequency (DTMF) tones.

Inputs are compatible with either a standard 2-of-8, or
single contact (form A), keyboard. The keyboard entries
determine the correct division of the reference frequency by
the row and column counters.

D-to-A conversion, using R-2R ladder networks, results in
a staircase approximation of a sinewave with low total
distortion.

Frequency and amplitude stability over operating voltage
and temperature range are maintained within industry DTMF
specifications.

Voo [ }1

cotumn 1[Ja

coumn 2 [fa

XMITR [j 2

cotumn 3 [|s
vss[e

osc N [|7
osc out [J8

16[] TONE OUT

4[] Row 1
13[] Row 2
1zbnaw 3
uhmwa
10 muTe

9[] coLumn 4

15[] SINGLE TONE INHIBIT

|DP16

Fig.1 Pin connections - top view

FEATURES
B  Pin-for-Pin Replacement for MK5087
B (Low Standby Power
Minimum External Parts Count
B 35V to 10V Operation APPLICATIONS
B 2-0f-8 Keyboard or Calculator-Type Single Contact . "
(Form A) Keyboard Input MF Signalling for
B On-Chip Regulation of Output Tone Telephone Sets
B Mute and Transmitter Drivers On-Chip B Mobile Radio
B  High Accuracy Tones Provided by 3.58MHz B Remote Control
Crystal Oscillator B Point-of-Sale and Banking Terminals
B  Pin-Selectable Inhibit of Single Tone Generation B Process Control
ROW INPUTS _
SINGLE TONE
12 3 4 INHIBIT
o o
RR
RR
o MV5087
VppOo— R Vpp AN
Vop
KEYBOARD LOGIC
ROW L— Voo
05¢ o] counTer | | |
° VREF
EAn oGl
osco | —
" cgs{,%?m ConveRTER e
KEYBOARD LOGIC
Re Vss —O XMITR
w TRANSMIT/MUTE
Veg O— LOGIC —_OMUTE
ss out
|
)
1 2 3 4

COLUMN INPUTS

Fig.2 Functional block diagram
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ABSOLUTE MAXIMUM RATINGS

MIN. MAX. MIN. MAX.
Vpop - VSS -0.3v 105V Power dissipation ) 850 mW
Voltage on any pin Vgg - 03V | Vpp + 0.3V | Derate 16 mW/°C above 75°C
Current on any pin 10 mA (All leads soldered to PCB)
Operating temperature -40°C +85°C
Storage temperature -65°C +150°C

DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C, Voo = 3.5V to 10V

CHARACTERISTICS SYMBOL | MIN | TYP { MAX | UNITS
S | Operating Supply Voltage Vob 35 10 \ Ref.to Vss
g 02 | 100 uA | Vop= 3.5V | No Key Depressed
p [Standby Supply Current Ipps 05 200 uA Vpp =10V | All outputs Unloaded
\L( 1.0 | 20 mA | Voo= 3.5V | One Key Depressed
Operating Supply Current lop 50 | 10.0 mA | Vpp=10V | All outputs Unloaded
| | SINGLE TONE [INPUT HIGH VOLTAGE Vin 0.7Vop Vpp \Y
NI INHIBIT INPUT LOW VOLTAGE Vi 0 0.3Vop \Y
LF.; INPUT RESISTANCE RN 60 Ko
T |ROW 14 INPUT HIGH VOLTAGE Vin 0.9Vop \Y
S INPUT LOW VOLTAGE Vi 0.3Vop Vv
COLUMN 1-4 | INPUT HIGH VOLTAGE Vin 0.7Vop Vv
INPUT LOW VOLTAGE Vi 0.1Vop v
XMITR SOURCE CURRENT lon -15 |-25 mA [Vop= 3.5V,VoH= 2.5V No
° Keyboard
u -50 |-100 mA | Vpp = 10V,V,, = 8V Entry
; LEAKAGE CURRENT loz 0.1 10 UA Vg, =10V,V,, =0V Key%%?rr;,j
4 = = No
U MUTE SINK CURRENT loL 05 mA |Yoo= 3.5V,VoL= 0.5V Keyboard
T 1.0 mA | Vpp =10V,V, =0.5V Entry
S SOURCE CURRENT lon -0.5 mA |Voo= 3.5V,Vor= 3.0V| Keyboard
-1.0 mA [Vpp=10V,V,,=9.5V| Entry
AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C, Voo = 3.5V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX | UNITS
TONEOUT |ROWTONE Vonr 320 | 400 | 500 | mVyg,, |Single Tone
OUTPUT VOLTAGE R, = 1KQ
COLUMN TONE Voc 400 | 500 | 630 | mVg,.o
OUTPUT VOLTAGE
EXTERNAL LOAD R, 700 ( Vopo= 3.5V
IMPEDANCE 330 [} Vpp = 10V
OUTPUT DISTORTION -20 dB | Total out-of-band power relative to
sum of row and column
fundamental power
PRE EMPHASIS, High Band 1 3 dB
Tone Output Rise Time t, 3 5 ms
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PIN FUNCTIONS

MV5087

PIN NAME DESCRIPTION

1 Voo Positive Power Supply

2 XMITR Emitter output of a bipolar transistor whose collector is connected to Vp,. With
no keyboard input this output remains at V, and a keyboard input changes the
output to a high impedance state. The state of Single Tone Inhibit input has no
effect on XMITR output.

3,459 Column 1-4 | These inputs are held at Vg by resistors Rc and sense a valid logic level (approx
1/2 Vpp) when tied to a Row input.

6 Vss Negative Power Supply (OV)

7.8 OSC In, On-chip inverter completes the oscillator when a 3,579545 MHz crystal is

OSC Out connected to these pins. OSC In is the inverter input and OSC Out is the output.

10 Mute This CMOS Output switches to Vgg with no keyboard input and to Vg, with a
keyboard input. This output is unaffected by the state of Single Tone Inhibit.

11,12,13,14 | Row 1-4 These inputs are held at Vy, by resistors Ry and sense a valid logic level (Approx
/2 Vpp) when tied to a column input.

15 Single Tone | This input has a pull-up resistor to V,;, and when left unconnected or tied to Vgp,

Inhibit single or dual tones may be generated. When Vg4 is applied dual tones only are

generated and no input combinations will cause generation of a single tone.

16 Tone Out Emitter output of a bipolar NPN transistor whose collector is tied to Vp,. Input to
this transistor is from an op-amp which mixes, and regulates the output level of,
the row and column tones.

ROW AND COLUMN INPUTS

These inputs are compatible with the standard 2-of-8
keyboard, single contact (form A) keyboard and electronic
input. Figures 3 and 4 show these input configurations, and
Fig. 5 shows the internal structure of these inputs.

When operating with a keyboard, dual tones are generated
when any single button is pushed. Single tones are
generated when more than one button is pushed in any row

or column. No tones are generated when diagonally-
positioned buttons are simultaneously pressed.

An electronic input to a single column generates that
single column tone. Inputs to multiple columns generates no
tone. An electronic input to a single row generates no tone
and a single row tone may be generated only by activating 2
columns and the desired row.

L

coL. A A ROW
CLASS A KEYBOARD
[:;J -
A————pow
2 0F 8 DTMF KEYBOARD

Fig.3 Keyboard configuration

COLUMN

Voo ROW
Vgg = == = = == l——l

Fig.4 Electronic input

Voo

R B
i Row input
ROW STATIC sensing circuit

INPUT PROTECTION

Column input
STATIC sensing circuit
PROTECTION

Fig.5 Row and column inputs

COLUMN,

INPUT
Re

Vss
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MV5087

OUTPUT FREQUENCY

Table 1 shows the output frequency deviation from the (Hz)
standard DTMF frequencies when a 3.58MHz crystal is used
as the reference. _

The row and column output waveforms are digitally f; 697
synthesised using R-2R D-to-A converters (see Fig.6), t 770
resulting in a ‘staircase’ approximation to a sinewave. An op- Row| °
amp mixes these tones to produce a dual-tone waveform. f, 852
Single tone distortion is. typically better than 7% and all f om
distortion components of the mixed dual-tone should be - =
30dB relative to the strongest fundamental (column tone). P, 1209

: f, 1336
Column

f, 1477

Lf, 1633

Standard DTMF Tone Output

Frequency Using
3.579545 MHz
Crystal
701.3
771.4
857.2
935.1
12159
1331.7
14719

1645.0

% Deviation
From Standard

+0.62]

+0.19 Low

+061 | GroUP

-063]

+057]

-032 High
_0.35 | Group

+0.73 |

Table 1 Output frequency deviation

I

o

1T
11

Vour

-4

1

a)

Vour

b)

—_—t

Fig.6 Typical sinewave output (a) Row tones '(b) Column tones

DISTORTION MEASUREMENTS

THD for the single tone is defined by:

100( v V2 + V2 + V2 + V3 )%

\'

fundamental

Where Vat-- Vnt are the Fourier components of the waveform.

THD for the dual‘tone is defined by:

100 (V' VZ + V2~ V2 + V3 + V3 V2 + Vi)

v Véow + Véor

where Vrow is the row fundamental amplitude
Vco is the column fundamental amplitude

V2r — VR are the Fourier component amplitudes of the row frequencies
Vac — Vnc are the Fourier component amplitudes of the column frequencies

Vimp is the sum of all intermodulation components.
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l |—-<- SINGLE TONE INHIBIT

C—13.58 MHz XTAL
gp—

© v & w

2p— XMITR

L4 16 TONE OUTPUT

Fig.7 Connection diagram
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@ PLESSEY

MV5089

DTMF GENERATOR

The MV5089 is fabricated using Plessey Semiconductors’
ISO-CMOS high density technology and offers low power
and wide voltage operation. An inexpensive 3.58MHz TV \
. . voo [t 16[] TONE OUT
crystal completes the reference oscillator. From this
frequency are derived 8 different sinusoidal frequencies TONE DISABLE []2 15[ ) SINGLE TONE INHIBIT
which, when appropriately mixed, provide Dual-Tone Multi- — —
Frequency (DTMF) tones. ’ coLom 1 [jo . el Row
Inputs are compatible with a standard 2-of-8 active-low cowmn 2 (fa w[]Row 2
keyboard and the keyboard entries determine the correct o3 [Js 2[)7ow3
division of the reference frequency by the row and column -
counters. D-to-A conversion, using R-2R ladder networks, vss[ls nlrowa
:etsullts i? ?t ‘staircase’ approximation of a sinewave with low : oscw (l7 10/ ANY KEY DOWN
otal distortion. ____
Frequency stability over operating voltage and oscout e o[ cotumw 2
temperature range are maintained within industry DTMF DP16
standards.
Fig.1 Pin connections - top view
FEATURES
B Pin-for-Pin Replacement for MK5089 APPLICATIONS
M Low Standby Power o
B Minimum External Parts Count :TMF Signalling for
B 275V to 10V Operation Telephone Sets
B  2-0f-8 Keyboard Input B Vobile Radio
B High Accuracy Tones Provided by 3.58MHz B Remote Control
Crystal Oscillator B Point of Sale and Banking Terminals
B Pin-Selectable Inhibit of Single Tone Generation B Process Control
ROW INPUTS
SINGLE TONE
1 2 3 4 INHIBIT
?
Ra
Ra
Vpp O—— P AV Vss AAAH4

KEYBOARD LOGIC
SINE

VA
WAVE
COUNTER j—of CONVERTER

ROW
COUNTER L

2 Vo

1 coumn | e
i p— COUNTER . o
" e L on .
COUNTER CONVERTER
KEYBOARD LOGIC
T TONE
3 DISABLE
Vss 0—— ncA«‘,A KEYBOARD LOGIC -»——j [:__—\—__ 33:; :‘(sv
Fovmn v —o
C
12 3 4
COLUMN INPUTS

Fig.2 Functional block diagram
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ABSOLUTE MAXIMUM RATINGS

MV5089

MIN. MAX. MIN. MAX.
Vop - Vss -0.3V 10.5V Power dissipation 850 mW
Voltage on any pin Vgg-03V| Vpp + 0.3V | Derate 16 mW/°C above 75°C
Current on any pin 10 mA (All leads soldered to PCB)
Operating temperature -40°C +85°C
Storage temperature -65°C +150°C
DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C, Vob = 3V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX [ UNITS
s | Operating Supply Voltage Voo 2.75 10 Vv Ref.to Vss
g 0.2 100 uA Vpp= 3V | No Key Depressed
p {Standby Supply Current lops 05 | 200 uA Vpp= 10V | All outputs Unloaded
t 10 2.0 mA | Vpp= 3V | One Key Depressed
Operating Supply Current Iop 50 | 100 mA | Vpp=10V | All outputs Unloaded
I | SINGLE TONE {INPUT HIGH VOLTAGE Viu 0.7Vop Vbb \
N} INHIBIT. INPUT LOW VOLTAGE Vi 0 0.3Voo v
5 TONE DISABLE | INPUT RESISTANCE Rin 60 Ko
T|ROW 14 INPUT HIGH VOLTAGE Vin 0.7Vop Vop \
S|COLUMN 14  [INPUT LOW VOLTAGE ViL 0 0.3Vop \'
(e} 0.5 mA Vpp= 3V,Vp =05V
U] ANYKEY SINK CURRENT loL 1.0 mA | Vpp=10V, Vo =05V
T DOWN LEAKAGE CURRENT loz 1 uA Vpp=3V
P
U
T
S
AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C, Vop = 3V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX | UNITS
TONE OUT IOUTPUT LEVEL, ROW Vour -10 | -8 -7 dBm |V, ,=3V.Single Tone. R_= 100K
PRE EMPHASIS, High Band 24 | 27 | 30 dB
OUTPUT DISTORTION (Dual Tone) -20 dB | Total out-of-band power relative to}
sum of row and column
fundamental power
Tone Output Rise Time t, 3 5 ms | Time for waveform to reach 90%
of magnitude of either frequency
from initial key stroke
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PIN FUNCTIONS

PIN NAME DESCRIPTION

1 Vop Positive Power Supply

2 TONE DISABLE | This input has an internal pull-up resistor to Vpp. When connected to Vgg no
tones are generated by any key depression allowing the keyboard to be used
for purposes other than DTMF signalling.

3,4,59 COLUMN 1-4 These CMOS inputs are held at Vpp by an internal pull-up resistor
and are activated by the application of Vgs.

6 Vss Negative Power Supply (OV)

78 OSCIN, OSC OUT| On-chip inverter completes the oscillator when a 3,58 MHz Crystal is
connected to these pins. OSC IN is the inverter input and OSC OUT
is the output. :

10 Any Key Down This is an NMOS transistor output which switches to Vss while any key
is depressed. Otherwise this output is high impedance. Switching is
independent of Tone Disable and Single Tone Inhibit.

11,12,13,14 Row 1-4 As Column 1-4 inputs.
15 Single Tone This input has a pull-down resistor to V¢. When left unconnected or
Inhibit tied to V¢, dual tones may be generated, but keyboard input com-
binations resulting in single tone generation are inhibited. When V,
is applied single or dual tones may be'generated.

16 Tone Out Emitter output of a bipolar NPN transistor whose collector is tied to Voo .
Input to this transistor is from an op-amp which mixes the Row and Column
tones.

ROW AND COLUMN INPUTS

These inputs are compatible with the standard 2-of-8
keyboard or with an electronic input. Figures 3 and 4 show
these input configurations and Fig.5 shows the internal chip
structure of these inputs.

When operating with a keyboard, dual tones are generated
when any single button is pushed.

With Single Tone Inhibit at Voo, connection of Vss to a
single column causes the generation of that Column tone.
Connection of Vss to more than one Column will result in no
Column tones being generated. Connection of Vss to Rows
only generates no tone - aColumn must be connected to Vss.

A single Row tone only may be generated by connecting 2
columns, and the desired row, to Vss.

OUTPUT TONE LEVEL

The output tone level of the MV5089 is proportional to the
applied DC supply voltage.

A regulated supply will normally be used which may be
designed to provide stability over the temperature range.

COLUMN

ROW

‘ L ————Y
Vss .
A ROW

Row input
ROW STATIC sensing circuit
INPUT PROTECTION
Column input
COLUMN sensing circuit
INPUT

STATIC
PROTECTION
%Rc

Voo

Fig.3 2 of 8 DTMF keyboard
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MV5089

OUTPUT FREQUENCY
Standard DTMF Tone Output % Deviation

Table 1 shows the output frequency deviation from the (Hz) Frequency Using  From Standard
standard DTMF frequencies when a 3.58MHz crystal is used 3'5?;‘;:"‘“’
as the reference. _

The row and column output waveforms are digitally f, 697 701.3 +0.62]
synthgswgd using R-2R Q-to-f\ converters (see Fig.6) 1, 770 — 019
resulting in staircase approximations to a sinewave. An op- Row Ié?;’up
amp mixes these tones to produce a dual-tone waveform. f, 852 857.2 +0.61
Single tone distortion is typically better than 7% and all ¢ a4 936.1 063
distortion components of the mixed dual-tone should be - = -
30dB relative to the strongest fundamental (column tone). f, 1209 12159 +0.57

conmn f, 1336 13317 -o32|,.o0
1, 1477 1471.9 - 0.35 | Group
Lf, 1633 1645.0 +0.73

Table 1 Output frequency deviation

Vour

B __1

a)

Vour

b)

EREEE

Fig.6 Typical sinewave output (a) Row tones (b) Column tones

DISTORTION MEASUREMENTS

THD for the single tone is defined by:

100(V V2 + V24 V2 4 V2 )%
v

fundamental

Where V2i-- Vnt are the Fourier components of the waveform.

THD for the dual tone is defined by:

100 (V' VZ + V2 - VZ o+ V2 + VI V2 + V3,)

v Vaow + Véor

where Vrow is the row fundamental amplitude
VeoL is the column fundamental amplitude
V2r — Var are the Fourier component amplitudes of the row frequencies
Vac — Vnc are the Fourier component amplitudes of the column frequencies
Vimp is the sum of all intermodulation components.
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| r‘SINGLE TONE INHIBIT

C—13.58 MHz XTAL
—

2 f+— TONE DISABLE
TONE OUTPUT

Fig.7 connection diagram
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PRELIMINARY INFORMATION

@ PLESSEY
Semiconductors

MV6001

HDLC/DMA CONTROLLER

The MV6001 is a combined HDLC transceiver and DMA
controller capable of providing serial communications at

rates up to 128K bits/second, and handling direct memory GuoLft ~ 40]"1
access clock rates up to 8MHz. fo 2 39[1WRD
kS 3g[1 WA
FEATURES ma 370 me
B Data Rates up to 128K Bits/s “;‘E: ::a 223
B DMA Rate up‘to 8MHz w7 34 cs
B Low Power CMOS a8 33[] omack
B Simple Interfacing to Popular 8-Bit Processors A09 1ot 3237‘:“_
B Frame Length up to 2K Bytes ::;]E::’ :;g"m":us
B Low Host-Processor Overhead avnol]12 207 o
B Conforms to ECMA40 and Related Standards Ao [}13 2817 Tex
(CCITT X.25, X.75, 1.440, ISO3309, ANSI X3.66, An/D2[]14 27[1 Rex
FED-STD 10083, FIPS71) anwns[15 26[1 Rxe
A12/Da[]16 257 Aen
APPLICATIONS An/os (17 24[] ass
B ISDN Terminals /s (18 231 Fwr
- LANSs As/D1[]19 221 Twr
B X25 pss. Networks b A o DP40
DG40
ORDERING INFORMATION i ” - -
) i ig.1 Pin connections - top view
MV6001 BO DP (Commercial Plastic DIP)
MV6001 BO DG (Commercial Ceramic DIP)
oP ToP2 TINT TCK RINT RXIP RCK
— — 997 _‘——"_——'—_—“"?—?"?_——j
{ |
l Qin ,
| kP 4 DMA RX :
Tl T ] e
ASB
; ' | Ve
S
—O MODE
—O0 MWR
| [ REGISTERS = E%?
| | | | |
—O DMACK
' ADDRESS/ ADDRESS | | | | |
| BUS BUS TFL | TA |s|c| RFL | RMFL| RA |
| | | | |
| [ T T A B |
I 1 Y A Ny V) S
A0,A7 WR RD MR TST

AB/DO,A15/D7ﬁ

Fig.2 Block diagram
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PIN DESCRIPTION

Pin No. Name 1/0 Function
1,10,20 GND OV supply. All 3 pins must be connected.
2-9 Ac- A7 1/0 Address Bus. Output for memory Ao - A7 addressing. Input for register
addresses Ao - As.
11 TST 1 Test Enable. Tie to GND for normal operation.
12-19 | A¢Do- Aww/D7 | I/O Data Bus/High Order Address. Multiplexed data and address bus.
21 Torz2 (0] Transmitter Out. Alternative output to TXop. This output is not affected by
loop back (see Operating Notes - LOOPBACK).
22 TNt (0] Transmitter Interrupt. An interrupt is generated whenever transmission
of a frame is ended, either following the last FCS byte of acomplete frame of when
an abort sequence is transmitted. The interrupt is reset by the control
register.
23 Rint (0] Receiver Interrupt. An interrupt is generated whenever a frame is received.
The interrupt is reset by the counter register.
24 ASB (0] Address Strobe. Strobes the Address High byte from the
Data/Address Bus into an external latch.
25 AEN (0] Address Enable. Enables the external address latch.
26 RXip | Receiver Input. Serial HDLC data input, clocked in by RCK.
27 RCK | Receiver Data Clock. Provides clock to the receiver section, frequency
should be at the required data rate, this need not necessarily the the same as the
transmit data rate.
28 TCK | Transmitter Data Clock. This input provides a clock signal for the
transmitter section and should be set to the desired transmit data rate.
29 TXop (0] Transmitter output. Main transmitter output for serial data.
30 MODE 1 Bus Control Mode Select. Controls the polarity of BAK and BRQ.
MODE = Vcc gives active LOW, MODE = GND gives active HIGH.
31 WR 1 Write Register. Loads data from data bus into register addressed by Ac- As.
32 RD I Read Register. Reads addressed register onto data bus.
33 DMACK | DMA Clock. This input provides clock to the DMA section. The DMA clock rate
should be at least ten times the sum of the transmit and receive data rates.
34 cs | Chip Select. Enables RD and WR inputs.
35 BAK | Bus Acknowledge. Input from processor relinquishing control of bus. See
pin 30, Bus Mode Select.
36 BRQ (e} Bus Request. Output to processor requesting the bus for a DMA cycle. See pin
30, Bus Mode Select.
37 MR [ Master Reset. Resets everything.
38 MWR o Memory Write. This is a three-state output to write data into memory during
DMA cycles.
39 MRD (0] Memory Read. 3-state output to read data from memory during DMA cycles.
40 Vee +5V + 10% supply.
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HDLC FRAME CONSTRUCTION

MV6001

USER FIELDS
<2047 BYTES
Y /
01111110 ADDRESS CONTROL DATA FRAME CHECK SEQUENCE 01111110
FLAG 1ORN* BYTES 1OR 2 BYTES 2 BYTES FLAG
START FINISH
T MV6001 GENERATED T

*N is any integer

Fig.3 shows the construction of an HDLC frame. The start
and finish of the frame are determined by FLAGS (the binary
pattern 01111110). To prevent spurious recognition of flags
in the user fields, the transmitter automatically inserts a ‘0’
after five successive ‘1’s. The inserted ‘O’s are removed by the
receiver, and hence are not seen by the user. Each HDLC
frame contains a 2 byte frame check sequence produced by
a cyclic redundancy generator in the transmitter. This
sequence is checked by the receiver to validate the frame.

There are two other sequences which have specific
meanings - IDLE and ABORT. The IDLE state is the
transmission of at least 15 continuous ‘1’s without. inserted
zeros. ABORT is 7 to 14 consecutive ‘1’s without inserted
zeros sandwiched between two zeros.

FUNCTIONAL DESCRIPTION

The MV6001 consists of four main sections; transmitter,
receiver, DMA unit and register bank. Each of the transmitter,
receiver and DMA unit have their own clocks running at the
required data rates. There are no restrictions on the relative
timing between transmit and receive clocks, the DMA clock
rate should be greater than ten times the sum of the transmit
and receive clock rates.

Transmission

In its steady state the transmitter produces a continuous
stream of FLAGS until the control register is loaded with a
transmit instruction. The transmitter then, at intervals,
requests the DMA unit to fetch a byte of data. This is then
transferred from the system memory via the data bus to the
transmitter. (If the DMA unit should fail to fetch a byte of data
by the time the next request arrives then an under-run will
occur and the transmitter will transmitan ABORT sequence).
Data is converted into a serial stream with inserted zeros after
five ones, and the 16-bit frame check sequence is appended
at the end of each frame. As soon as the last bit of the FCS
has been clocked out, the Tint output goes low to inform the
processor that transmission has ended.

INITIALISATION

To start transmission, two items of information are
required - the start address for the data to be transmitted, and
the length of the user fields are loaded into the TA and TFL
registers respectively, after which the transmit enable bit (Do)
can be set at any time to start transmission. Once a
transmission has been started, the only way it can by stopped
is to set the abort bit (D1). The transmitter will then transmit
the abort sequence followed by flags. Transmitter reset (D2)
resets the transmitter interrupt TinT, clears the TA and TFL
registers and bits Doand D1 0of the status register. Transmitter
reset is disabled during a transmission.

Interrupt

A transmitter interrupt (TiNT) is generated whenever a
transmission ceases, the status register can then be read to
check if the frame was aborted or not. The interrupt is reset
by writing a transmitter reset to the control register. NB. The
status register must be read before a transmitter reset as this
will alter the contents of the status register.

Status

The transmitter has two status bits - transmitting data (Do)
and abort (D1). The transmitting data bit should always be
low after TinT signifying that transmission is ended. The abort
bit will be high whenever a frame is aborted either by an abort
instruction to the control register, or internally due to an
under-run.

Reception

The receiver accepts serial data, removes inserted zeros
and checks the frame check sequence. For each byte of data
received, the receiver section generates a DMA request to
transfer the data to memory. If the DMA controller fails to
make the transfer before the next request from the receiver,
then the receiver will drop out and give a receiver interrupt
with the code in the status register for overrun. If the number
of bytes received reaches the number in the receive
maximum frame length register the receiver will drop outand
give an interrupt with the code in the status register for frame
too long.

Initialisation

The RA register (2 bytes) is loaded with the address where
the first received byte of data is to be stored. The RMFL
register (11 bits) is loaded with the maximum number of
bytes in the user fields plus 3 bytes ( +2 bytes for the FCS,
+1 byte because an interrupt will occur when the frame
length is equal to the length set by the number in the
register).

Control

The receiver has two control bits in the control register,
receive enable (D3) and receive reset (D4). Once the RA
and RMFL registers have been loaded, the receive enable bit
can be set at any time to allow the receiver to receive a frame.
Once set, the receive enable bit cannot be overwritten and
receive reset is disabled until a frame has been received.

Receiver reset will reset the Rintinterrupt bit, registers RFL,
RMFL, RA and bits D2 - D7 of the status register.
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Interrupt

A receive interrupt (RinT) is generated whenever a frame is
received. The status register can then be read to check the
status of the received frame. The interrupt is reset by writing
a receiver reset to the control register. Since the reset will
clear the receiver bits in the status register, the register must
be read before writing the reset to the control register.

Status -

The receiver uses bits D2 - D7 of the status register (see
Figs. 5 and 6). Avalid frame s indicated by both ‘overrun’ (Ds)
and ‘frame too long’ (D7) bits being high. Following RinT the
‘free to receive’ bit (D2) should be low, indicating that a frame
has been received. The abort, overrun and long frame bits
will be set according to the state of the frame received. The
flag (D4) and idle (D3) bits monitor the incoming signal
continuously even when the receiver is disabled.

Frame Length Register

Having received a frame and read the status register, the
received frame length can be read from the RFL register. The
frame length is given'as an eleven bit number and includes
the 2 FCS bytes in the count. The register should be read
before a receiver reset.

Loopback

Bit D7 of the control register, the loopback bit is provided
for testing purposes. When the bit is set high an internal

connection is made between the transmitter output and
receiver input. The main transmitter output (TXop) transmits
IDLE (transmitted data is always available on Tor2). The
receiver is clocked from TCK. The loopback bit will respond
to every write to the control register.

Direct Memory Access (Fig.11)

All data transfers to or from memory are carried out by the
DMA controller. Each time it receives a request from the
transmitter or receiver it will carry out one DMA cycle, i.e.
only one byte is transferred at a time. Clashes between
transmitter and receiver are resolved in favour of the receiver,
otherwise operation is on a first come, first served basis.

Registers

Fig.7 shows the addresses for the various instruction and
status registers. All registers are readable from and writable
to except for S, C and RFL. The S and C registers have the
same address, which one is accessed is determined by
whether a read (status) or write (control) operation is carried
out. Transmitter registers should not be written to when
transmitting (except to ABORT a frame), likewise receiver
registers should not be written to when receiving. The TA
and RA registers update continuously ‘during transmission
and reception respectively, giving the nextaddress to be read
from or written to.

D7 Ds Ds Da Ds D2 D1 Do
LOOPBACK DON'T DON'T RECEIVE RECEIVE | TRANSMIT | TRANSMIT | TRANSMIT
ENABLE CARE CARE RESET ENABLE RESET ABORT ENABLE
Fig.4 Control register
D7 Ds Ds . Da D3 D2 D1 . Do
RECEIVED |RECEIVED | RECEIVED | RECEIVING [ RECEIVING | FREE TO TRANS- TRANS-
-FRAME OVERRUN ABORT FLAGS IDLE RECEIVE MISSION MITTING

TOO LONG FRAME : ABORTED | . DATA
. A
1 RECEIVE BITS ? L—TRANSMIT BITS '—j
Fig.5 Status register ’

114



MV6001

Status Register

Ds | Ds | Da | D3 | D2 | D1 | Do Condition

X X X X X 0 1 Currently transmitting data

Transmitter disabled, transmission COMPLETE (status read after an
interrupt)

Transmitter disabled, transmission ABORTED (status read after an

interrupt)
X X X X 1 X X Receiver enabled, free to receive
X X 0 0 X X X Currently receiving data
X X 0 1 X X X Receiving IDLE
X X 1 0 X X X Receiving FLAGS

Receiver disabled, ABORTED frame received (status read after an
interrupt)

Receiver disabled, OVERRUN frame received (status read after an
interrupt)

Receiver disabled, TOO LONG frame received (status read after an
interrupt)

Receiver disabled, VALID frame received (status read after an

interrupt)
Fig.6 Status conditions
. Length Address
Register Function (Bits) (Hex) As | A2 | A1 | Ao | RW
TRL Transmitter Frame Length LS Byte 8 2 0 0 1 0 | R/WW
Transmitter Frame Length MS Byte 3 3 0 0 1 1 | RW
™™ Transmitter Address LS Byte 8 6 0 1 1 0 { RW
Transmitter Address MS Byte 8 7 0 1 1 1 | RW
Status 8 9 1 0 0 1 R
(¢} Control 8 9 1 0 0 1 w
RFL Receiver Frame Length LS Byte 8 A 1 0 1 0 R
Receiver Frame Length MS Byte 3 B 1 0 1 1 R
AMFL Receiver Maximum Frame Length LS Byte 8 C 1 1 0 0 | R'W
Receiver Maximum Frame Length MS Byte 3 D 1 1 0 1 | RW
RA Receiver Address LS Byte 8 E 1 1 1 0 | R'W
Receiver Address MS Byte 8 F 1 1 1 1 | RW
Fig.7 Register addresses
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INPUT OF DATA

2V
Do-7
0.8V

| tsu

2V
DO-7 I
0.8V

Fig.9(b)

Fig.9 Register timing

2V
DATA/ADDRESS STABLE
0.8V
DMA CLOCK /4v

Fig.10 DMA timing
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DMACK

sa | «

) SHOWN IN
ACTIVE LOW
_‘—53] MODE
BAK
A0-A7 /| A0-A7 |4
D0-D7 /| ns-ats D0-D7 |
ASB | |
AEN | l
*WRD /l 14
* WA ] L1 L

Fig.11 DMA cycle timing

* During a read cycle, MWR stays high and similarly during a write cycle MRD stays high. All other external signals are the same

for both cycles.

ABSOLUTE MAXIMUM RATINGS

Supply voltage Vcc

Input voltage Vin

Output voltage Vour

Clamp diode current per pin Ik
(See Note 2)

Static discharge voltage

Storage temperature Ts

Ambient temperature with power
applied Tamb .

ELECTRICAL CHARACTERISTICS

-0.3V to 7.0V

-0.3V to Vcec +0.3V
-0.3V to Vcc +0.3V

+18mA

-65°C to +150°C

-40°C to +85°C

Test conditions (unless otherwise stated):
Tamb = -40°C to +85°C, Vcc = 5.0V + 10%, Ground = 0V

Static Characteristics

NOTES

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

2. Maximum dissipation of 1 second should not be exceeded, only
one output to be tested at any one time.

Characteristic Symbol win. VTa;:e Max. Units Conditions
Output high voltage VoH Vce-2 Vv lon = 0.8mA
Output low voltage VoL 0.4 \" loL = 1.6mA
Input high voltage ViH 22 \"
Input low voltage Vie 0.8 \
Input leakage current I -10 +10 UA GND < ViNn< Vee
Vcc current lcc 1 mA Tamb = -40°C to +85°C
Output leakage current loz -50 +50 UA GND < Voutr< Vce
Output S/C current los 15 80 mA Vcc = Max
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Switching Characteristics

Characteristic Symbol i Yra;y Mox. Units Conditions
Maximum DMA clock frequency |FDMACK 8 MHz
Maximum TX clock frequency FTCK 128 kHz
Maximum RX clock frequency FRCK 128 kHz
Minimum MR duration trs ns Fig.8(a)
RXIP to RCK set-up time tsu 0 ns Fig.8(b)
RXIP to RCK hold time th 90 ns Fig.8(b)
BAK to DMACK set-up time tsu 0 ns Fig.8(b)
BAK to DMACK hold time th 25 ns Fig.8(b)
Delay DMA clock to MRD ta 40 55 ns Fig.8(c)
Delay DMA clock to MWR ta 40 55 ns Fig.8(c)
Delay RCK t to Rint td 50 110 ns Fig.8(d)
Delay, TCK to TinT td 60 90 ns Fig.8(c)
Delay, TCK ¢ or RCK { to BRQ td 70 90 ns Fig.8(c) & (d)
Delay, DMACK to AEN ta 40 55 ns Fig.8(c)
Delay, DMACK to ASB ta 40 55 ns Fig.8(c)
Delay, TCK to TXor td 70 115 ns Fig.8(c)
Delay, TCK to Tor2 ta 60 115 ns Fig.8(c)
Hold, DMACK to MRD th 90 130 ns Fig.8(d)
Hold, DMACK to MWR th 50 75 ns Fig.8(d)
Hold, DMACK to BRQ th 60 ns Fig.8(d)
Hold, DMACK to AEN th 30 55 ns Fig.8(d)
Hold, DMACK to ASB th 40 55 ns Fig.8(d)
Data to WR set-up tsu ns Fig.9(a)
WR to data hold th ns Fig.9(a)
RD to data delay ta 50 ns Fig.9(b)
RD to data hold th ns Fig.9(b)
DMACK to data/address delay ta 60 ns Fig.10
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i) PLESSEY

Semiconductors

MV8804

8 x 4 BIDIRECTIONAL ANALOG SWITCH ARRAY

The MV8804 is a CMOS/LSI 8 x 4 Analog Switch Array
incorporating control memory (32 bits), decoder and digital 2[jre e [ voo
logic level converters. The circuit has digitally-controlled
analog switches having very low ‘ON’ resistance and very low ufl2 I
‘OFF’ leakage current. The switches will operate with analog w{s 22{]18
signals at frequencies up to 40MHz and up to 13.0V peak-to- oo 3
peak. A ‘HIGH' on the Master Reset input switches all 2
channels ‘OFF’ and clears the memory. The MV8804 is ideal Jo{]s 20[]16
for crosgpoint switching applications. oiffs wflur
a[s 1B[IMR
n2(]s 11;AE
FEATURES 2(]e 1[]a2
B Microprocessor Compatible Control Inputs 03 =P
B On-Chip Control Memory And Address Decoding g e D624
B Row Addressing s i oflve DP24
B Master Reset . Fig.1 Pin connections - top view
B 32 Crosspoint Switches in 8 x 4 Array APPLICATIONS
B 50V to 130V Operation
B ow Crosstalk Between Switches B PABX And Key Systems
B Low On Resistance: 90Q (typ.) At 10V B Data Acquisition Systems
B Matched Switch Characteristics B  Test Equipment/Instrumentation
B Swiches Frequencies Up To 40MHz | Analog/Digital Multiplexers
D D2 D1 Do MR J3 Jz2 J Jo
—_—— e e —— &5 &
Vpp 240 —-I
Vss 12é |
VEE 1ST
| L HHHHH 2 b Heh |
| 1 | | l
AE 17 O0—] T |
| 0]3 Lo
| 4
o o] I » ‘:°>: N N [
| ADDRESS ! ! ! ! l ‘_—:‘_)4 ! ! : ! I1 N
DECODER | | | | | 2 ! | | | o2
| | [ | I : ;() } | [ | |22 .
A1 15 0—] | |
" P B = N
| N | | — R
a2 16 % % % I % ——-OI 20 Le
| — T —o0 1917
| ’ |
' 8 x 4 CONTROL MEMORY 8 x 4 ANALOG SWITCH ARRAY :
- - -

Fig.2 MV8804 functional block diagram
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ABSOLUTE MAXIMUM RATINGS =
Exceeding these ratings may cause permanent damage. Functional operation under these conditions is not implied.

Min. Max. ' Min, Max.
Vop - Vss -0.3v 16V Storage temperature -65°C +125°C
Voo - Ve -0.3V 16V (DP package)
Vss - Ve -0.3v 16V Power dissipation 1200mw*
Voltage on any logic pin Vss -0.3V | Voo +0.3V| (DG package)
Voltage on any line (V1) or junctor (Vs)| Vee -0.3V | Voo +0.3V| Power dissipation 600mwW**
Current at any logic pin 10mA (DP package)
Operating temperature (all packages) -40°C +85°C
Storage temperature (DG package) -65°C +150°C

o Derate 16mW/° C above 75°C. All leads soldered to PC board.
** Derate 6.3mW/° C above 25°C. All leads soldered to PC board.

AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C, Vss - Vee = 0V, Vis =5V p-p, C. = 50pF, RL = 10kQ), tr =t = 20ns (input signal)

. Value . -
Characteristic Symbol Min.| Typ. | Max. Units Conditions
Sine wave response (distortion) 0.1 % | Voo =13V
. 0.2 % |Voo =10V ¢ fin = 1kHz
1.0 % |Voo =5V
Frequency response channel ‘ON’ 40 MHz! Ve = Voo = 10V, Yo = -3dB -
(sine wave input) Vi
Feedthrough channel ‘OFF ; . -40 dB | Voo = 10V, Vc = Veg, RL = 1kQ,
. fin = 1MHz
Crosstalk between any two -40 dB | fin = 1.0MH22 Voo = 10V, Switch A
channels -90 dB |fin = 3.4kHz ) ‘ON’,Switch B ‘OFF
Propagation delay tes 10 ns | Voo = 10V, Switch ‘ON’
Signal input to signal output
Turn ‘ON’ propagation delay tpLH 200 ns | Voo =10V
Data input to signal output teHL 400 ns |Vopo =5V
Address enable to signal output trPae 300 ns |Voo =10V
. 600 ns |Voo =5V
Minimum address enable (AE) tae 90 ns | Voo =10V
Pulse width 225 ns { Voo =5V
Minimum set-up time
Address to AE ts 0 50 ns | Voo =10V
0 90 ns |Vobo =5V
Data in to AE ts 50 ns | Voo =10V
) 90 ns |Voo =5V
Minimum Hold .Time th 50 ns | Voo = 10V
Address or data in to 90 ns |Voo =5V
. address enable
Memory reset time tMR 175 | - ns |Voo =10V, R. = 1kQ
Memory reset recovery time TMRR 150 ns Voo = 10V$ AL = 1kQ
250 ns |Voo =5V
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DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

Tamb = +25°C, Vss = VEe = OV

MV8804

D393 J2 41 Jo

D2

DATA{

D1

Lo|
L1
L2

. Value . .
Characteristic Symbol Min. | Typ. | Max. Units Conditions
Operating voltage range
Digital Voo - Vss 5 5 13 Vv
Analog Voo - Vee 5 10 13 "
Logic level converter Vss - Vee 0 5 12 Vv
On state resistance Ron 75 108 Q |Voo =13V
90 Q |Voo =10V Vy =VL =06V
240 Q |Voo =5V
Difference in On state Ron 20 Q |Voo =13V
Resistance between any switches 30 Q |Voo =10V
Off state leakage current loFF +0.01| £500 | nA |Voo = 13V, selected crosspoint in
(any line to any junctor) Off state
Input logic ‘0’ level Vi 4.5 V |Vop =10V
is = th h 1kQ
225 15 | v |voo =5v § Ve = Vo throug
Input logic ‘1’ level ViH 5.5 V |Voo = 1OV$
is = h 1kQ
35 | 275 Vv |Voo =5y § Ve = Vorthroug
Quiescent device current la 0.1 500 | wA {Voo =13V
(per package)
Maximum current through Imax +8.0 mA |Vop = 13V
crosspoint switch
Switch input capacitance Cis 5 pF |Vobo =10V, Vin =0V
Switch output capacitance Cos 20 pF |Voo = 10V, Vin =0V
Feedthrough capacitance Cios 0.2 pF |Voo =10V, Vin =0V
Digital input capacitance Cin 5 pF Voo = 10V, Vin =0V
NOTES
1. Typical parametric values are for Design Aid Only, not guaranteed and not subject to production testing.
2. Vis is the analog switch input voltage, Vin is digital input voltage.
NALOG
INPUT/OUTPUT
ICTORS
][] .

v
Vss =VEE =0V

Laf— ANALOG
{ mvesos INPUT/OUTPUT
— LINES
-‘>o—— WE D3 Dz Di Do s
=4 47108X Lef—
Ll
CP Ag A1 A2 Q0 Q10Q2Q3 !F AE_Ap A1 A: 4
)
HARDWIRED ‘ -

NTROL 181 G2,y

CIRCUIT - o

3A 3y

4A ay|

74HCT138

CONTROL{ So—]sa -

aif—fea 6|
OE1 OF2 74367 oo o0o0
N %1 Ao 74367 0o oo
ADDRESS { ————— Iy 04 ) aab—tia w oo oo
2 01 1 asl—{2a 22— 0 o o o
° o N aal—{3a swwW}p—1 oo oo
's 02 * 544 wf— 00 o o
° o6 +SVL53 Qg sy oo oo
74HCT241 3 E-ﬁ'h-—uaasv—-l 0o oo
Jo J1 92 43
Q2 Q1 Qo LED MATRIX

COUNTER CL 0OSC (500Hz)

Lo
L1
L2
L3

Ls

L

Fig.3 Visual indication of MV8804 control memory status
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Y/ SEDD "/
An

Jn
: 7K
tn -

tPHL

tPLH tPAE

Dy -

tPLH MR

tPHL MRR

PIN DESCRIPTION

Fig.4 Timing waveforms

Pin Name Description
1 L2 Analog Switch Array Input/Output Line
2 L1 Analog Switch Array Input/Output Line
3 Lo Analog Switch Array Input/Output Line
4 Do Control Memory Data Line Input
5 Jo Analog Switch Array Input/Output Junctor
6 D Control Memory Data Line Input
7 J1 Analog Switch Array Input/Output Junctor
8 D2 Control Memory Data Line Input
9 Ja2 Analog Switch Array Input/Output Junctor
10 Ds Control Memory Data Line Input
1 NE] Analog Switch Input/Output Junctor
12 Vss Negative Digital Power Supply
13 VEe Negative Analog Power Supply
14 Ao Control Memory Address Input
15 A1 Control Memory Address Input
16 Az Control Memory Address Input
17 AE Control Memory Address Enable Input (Strobe)
18 MR Master Reset
19 L7 Analog Switch Array Input/Output Line
20 Le Analog Switch Array Input/Output Line
21 Ls Analog Switch Array Input/Output Line
22 La Analog Switch Array Input/Output Line
23 Ls Analog Switch Array Input/Output Line
24 Voo | Positive Analog/Digital Power Supply

FUNCTIONAL DESCRIPTION

The analog switch array is arranged in 8 rows and 4
columns. The row input/outputs are referred to as LINES
(LO-L7) and the column input/outputs as JUNCTORS (JO-
J3). The crosspoint analog switches interconnect the lines
and junctors when turned ‘ON’ and provide a high degree of
isolation when turned ‘OFF. Interchannel crosstalk is
minimal despite the high density of the analog switch array.

The control memory of the MV8804 can be treated as an 8-
word by 4-bit random access memory. The 8 words are
selected by the ADDRESS (A0-A2) inputs through the on-
chip address decoder. Data is presented to the memory via
the 4 DATA inputs (DO-D3). This data is asynchronously
written into the control memory whenever the ADDRESS
ENABLE (AE) input is high. A high level written into a
memory cell turns the corresponding crosspoint switch ‘ON’
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while a low level causes the crosspoint to turn ‘OFF.

Only the crosspoint switches corresponding to the
addressed memory word are affected when data is written
into the memory. The remaining switches retain their
previous states. By establishing appropriate patterns in the
control memory, any combination of lines and junctors may
be interconnected. A high level on the MASTER RESET (MR)
input returns all memory locations to a low level and turns all
crosspoint switches ‘OFF’, effectively isolating the lines from
the junctors. The digital logic level converters allow the
digital input levels to differ from limits of the analog levels
switched through the array. For example, with Voo =5V, Vss
=0V and Vee = -6V, the control inputs can be driven by a5V
system while the analog voltages through the crosspoint
switches can swing from +5V to -6V.
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LOGIC TRUTH TABLE
Master Address Address Addressed Input data to Junctors connected
Reset enable line control memory to addressed line
MR AE Az A1 Ao D3 D2 D1 Do Ja J2 J1 Jo
H X X X X All X X X X All switches ‘Off’
L L X X X None X X X X No change of state
L H L L L LO L L L L ° ° . °
L H L L L LO L L L H ° . . +
L H L L L LO L L H L ° ° + .
L H L L L LO L L H H o ° + +
L H L L L LO L H L L ° + ° °
L H L L L LO L H L H U + ° +
L H L L L LO L H H L ° + + .
L H L L L Lo L H H H U] + + +
L H L L L LO H L L L + ° . .
L. H L L L Lo H L L H + ° ° +
L H L L L LO H L H L + ° + °
L H L L L LO H L H H + ° + +
L H L L L Lo H H L L + + ° °
L H L L L LO H H L H + + ° +
L H L L L LO H H H L + + + °
L H L L L LO H H H H + + + +
L H L L H L1 Each addressed line may
L H L H L L2 have 16 different
L H L H H L3 combinations of junctors
L H H L L L4 connected to it by
L H H L H L5 inputing data to the
L H H H L L6 control memory as shown
L H H H H L7 for LO.
NOTES
L = Low Logic Level
H = High Logic Level
X = Don't Care Condition
+ = Indicates Connection Between Junctor and Addressed Line cz: 300 VDD =-VEE =25V -1——
e = Indicates No Connection Between Junctor and Addressed Line S L +—1T"1 FT1
w "1
o
§ 200
8 x 8 ANALOG/DIGITAL SWITCH %
x VoD =-VEE =5V
Two MV8804s configured as shown in Fig.7, implement an g 1o —
8 x 8 analog/digital switch. The switch capacity can be ) —TT |
expanded to an M x N array of inputs/outputs. Expansion in
the N dimension is as shown and connecting the lines (LO-
L7) from the MV8804s in common. P a— 20 4 60 80
Expansion in the N dimension is accomplished by o
replicating the circuit shown and connecting the MV8804 Fig.5 oﬁi’;‘;ﬁ?ﬂc‘f\i r:mpe,a,u,e
junctors (J0-J3) in common. The address and data control (inputsignal voltage =supply voltage/2)
inputs of the MV8804s can be connected in common for any
size and switch provided that the address enable (AE) inputs 400 T
are driven individually, for example by a 74HCT515 #C
programma!lale AND|gateh b h g -
A particular signal path is connecte setting up the o
apprgpriate signag:s or Ft:’he address and dataylines ar?d tapking w /I\JBD = Ve =25V
the corresponding addréss enable input high. The master g \\
reset (MR), when taken high, disconnects all signal paths. g 200 \\
2
x 100 DD =-VEE =5V
I T

5 -4 -3 2 -1
INPUT SIGNA

0 1 2 3 4 5
L VOLTAGE -V

Fig.6 ON resistance vs input signal voltage
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ANALOG /DIGITAL INPUT/QUTPUTS
(EXPANDABLE TO M INPUT/OUTPUTS)

Jo 1 J2 J3, Jo 1 J2 J3g,
X] 8]
L2 L2 ANALOG/
DIGITAL
L3 L3 INPUT/
MV8804A MV8804A OUTPUTS
L EXPANDABLE
La TON
INPUT/
Ls Ls OUTPUTS
L Lg
L7 L7
AEt—]
A0
Al
T0 OTHEI: At
FOR Do
EXPANSION | p1
D2
MR
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MV8870

DTMF RECEIVER WITH HIGH AND LOW GROUP FILTER OUTPUTS

The MV8870 is a complete DTMF receiver integrating both
the bandsplit filter and digital decoder functions, fabricated
on Plessey Semiconductors’ double-poly CMOS
technology. The filter section uses switched capacitor
techniques for high- and low- group filters and dial-tone
rejection; the decoder uses digital counting techniques to
detect and decode all 16 DTMF tone-pairs into a 4-bit code.
External component. count is minimised by on-chip
provision of a differential input amplifier, clock oscillator and
latched 3-state bus interface.

FEATURES

B Complete DTMF Receiver

B Central Office Quality

B  Lower Power Consumption

B Adjustable Acquisition and Release Times
APPLICATIONS

w7 18[] voo
n-[]2 17[] sver
s []3 16[] Est
veer [4 15[] st
seL[|s MV8B70 g,
Pown []6 13[]a
osc1 7 12[]q
oscz []8 1
vss [ 9 10[] Toe

Not to scale

DG18, HP28

N
l
I
I

B PABX
B Central Office Fig.1 Pin connections (top view)
B Key Systems :
B Mobile Radio
B Remote Control
B Remote Data Entry
PDWN Vbp Vss VREF FHT FH  SEL
S o Sy« P S S — — O e O e O e () e
| Ts (10) Tw(za) Te (13) 2] @] 5
POWER BIAS
DOWN CIRCUIT
| ¥
CHIP CHIP  CHIP
| POWER BIAS REF
| | e
GROUP ——
| FILTER I
CODE
DUAL ZERO DIGITAL
TONE |4 CROSSING DETECTION oM R =R
FILTER DETECTORS  |ALGORITHM LATOH
Low
L Group —
FILTER )
—»TO ALL
CHIP CLOCKS * r
STEERING
LOGIC
| 7 (12) Jaay len Jea L7 en !16(26) 315(25)
: osc1 0sC2  FLT FL SUGT ESt Stp

Fig.2 Function block diagram (pin numbers in brakcets refer to HP package)

TOE

1117|
()01
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Mv8asro
ABSOLUTE MAXIMUM RATINGS (NOTE 1)

Parameter Min. Max. Unit
Power supply voltage Vop - Vss 6 Vv
Voltage on any pin Vss-0.3 | Voo +0.3 \
Current at any pin 10 mA
Operating temperature -40 +85 °C
Storage temperature -65 +150 °C
Package power dissipation 1000 mwW
(Note 2)

NOTES

1. Exceeding these ratings may cause permanent damage. Functional operation under these conditions is not implied.
2. Derate above 75°C at 16mW/°C. All leads soldered to board.

DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Voo = +5V, Vss = 0V, Tamb = +25°C

Characteristic Symbol i v::': Mo Unit anditions
Operating supply voltage Voo 4.75 5.25 Vv
Operating supply current lop 3.0 7 mA
Power consumption Po 15 35 mW f = 8.579MHz
Low level input voltage Vi 15 \
High level input voltage Vi 35 \Y%
Input leakage current I/l 0.1 MA ViIN = Vss or Vob
Pull up source current Iso 7.5 15.0 LA TOE =0V
Input impedance (IN + & IN-) RiN 10 MQ At 1kHz
Steering threshold voltage Vst 22 2.35 2.5 \
Low level output voltage Vol 0.03 \' No load
High level output voltage VoH 497 Vv No load
Output low (sink) current loL 1.0 25 mA Vour = 0.4V
Output high (source) current loH 04 0.8 mA Vour = 4.6V
Output voltage (Vrer pin) VRer 24 27 Vv No load
Output resistance (Vrer pin) Ror 10 kQ

OPERATING CHARACTERISTICS, GAIN SETTING AMPLIFIER
Test conditions (unless otherwise stated):
Voo = +5V, Vss =0V, Tamv = +25°C
Characteristic Symbol - Value Unit Conditions
Min. Typ. Max.

Input leakage current N +100 nA Vss < Vin< Vop
Input resistance Rin 10 MQ
Input offset voltage Vos +25 mvV
Power supply rejection PSRR 60 dB 1kHz
Common mode rejection CMRR 60 dB Vin = Vrer £1.3V
DC open loop voltage gain AvoL 65 dB
Open loop unity gain bandwidth fe 15 MHz
Output voltage swing Vo 45 V p-p RL > 100kQtoVss
Tolerable capacitive load (GS) CL 100 pF
Tolerable resistive load (GS) Rc 50 kQ
Common mode range Vem 3.0 V p-p No load
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AC CHARACTERISTICS

Test conditions (unless otherwise stated):

Voo = +5V, Vss = 0V, Tamb = +25°C, fcik = 3.579545MHz, using test circuit of Fig.3.

MV8870

Value
isti it Notes
Characteristic Symbol Wi Typ. Max Uni
) -29 dBm {123,569
L . Min.
:/allclj(lnpuht signal . 275 | mVRMS| 123569
evel (each tone o
composite signal) Max. + dBm 123569
883 mVRMS
X L Positive 10 dB 2,3,6,9
Twist accept limit -~
Negative 10 dB 2359
Freq. deviation accept limit +15% Nom. |2359
+2Hz
Freq. deviation reject limit +35% Nom. |235
Third tone tolerance -16 dB 2,3,4,59,10
Noise tolerance -12 dB 2,3,45,79,10
Dial tone tolerance +18 dB 23,458,910
Tone present detection ti t 5 1 14 ‘
nee - ec.I . .|me > ™ | Refer to Fig.5
Tone absent detection time toa 05 4 85 ms
Tone duration accept trec 40 ms
Tone duration reject treC 20 ms (User adjéstable)
— Refer to ‘Guard
Interdigit pause accept tip 40 ms Time Adjustment
Interdigit pause reject too 20 ms
Propagation delay (St to Q) tra 8 11 us
Propagation delay (St to StD) testo 12 us TOE = Voo
Output data set up (Q to StD) tasto 34 us
Enable teTE 50 60 ns RL = 10kQ
Propagation delay (TOE to Q) |—
Disable teTD 300 ns CL = 50pF
Crystal/clock frequency fok 3.5759 | 3.5795 3.581 MHz
Clock output (OSC2) Capacitive| Cro 30 pF
load
NOTES
1. dBm = decibels above or below a reference power of 1mW into a 600 ohm load.
2. Digit sequence consists of all 16 DTMF tones.
3. Tone duration = 40ms. Tone pause = 40ms.
4. Nominal DTMF frequencies are used.
5. Both tones in the composite signal have an equal amplitude.
6. Tone pair is deviated by +1.5% +2Hz.
7. Bandwidth limited (O to 3kHz) Gaussian Noise.
8. The precise dial tone frequencies are 350Hz and 440Hz +2%.
9. For an error rate of better than 1 in 10,000.
10. Reference to lowest level frequency component in DTMF signal.
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MV8870

INPUT CONFIGURATION

The input arrangement of the MV8870 provides a
differential input operational amplifier as well as a bias
source (Vrer) which is used to bias the inputs at mid-rail.

Provision is made for connection of a feedback register to
the op-amp output (GS) for adjustment of gain.

In a single-ended configuration the input pins are
connected as shown in Fig.3 with the op-amp connected for
unity gain and Vrer biasing the input at 1/2 Voo. Fig.4 shows
the differential configuration, which permits the adjustment
of gain with the feedback resistor Rs.

C1 R1 IN+ I__
sV ) IN— I
ci R |
Mv8870
100n ==
N+ > vpp }—J
100n
] IN— SYGT [}
100k 'I ::' 300k
1 GS ESt[}—
VREF st [}—————o0 I
o——{seL uffg———o DIFFERENTIAL INPUT AMPLIFIER
+————{Ppwn a3}—4—o C1 = C1 =10nF
R1 = R4 = R1 = 100kQ All resistors £1%
Losci G2ff———0 R2 = 60kQ R3 = 37.5kQ All capacitors £5 %
3.58MHzL—(] 052 apb——o — ( _R2Ri1
. roeh Re =\Rz + ri
t——"]vs
= VOLTAGE GAIN (Av aiff) = B
mn 2
INPUT IMPEDANCE
(ZIN diff) = 2¢/R12 + (1_)2
wC,
Fig.3 Single ended input configuration Fig.4 Differential input configuration
EVENTS | A | B | c {o] E I'F | G |
{FEC] = le—tREC —=] <«—INTERDIGIT —a] |«—TONE DROPOUT tpo
PAUSE t|p ONE
tDp—=| —= |=—tpa
Est NIl l I L
tGTP GTA
SYGT g A
—w»la—tPQ
DATA DECODED TONE # n + 1
Og;n_?lé'zs DECODED TONE n — 1 \DECODED TONE #n)m'( n
—” f=—tpsio l
StD
OuTPUT I—l—l |_
—-l ’nwlPTE — PTD
TOE I
A. Short tone bursts detected; tone durations invalid. B. Tone #n detected; tone duration valid; decoded to outputs. C. End of tone #n
detected and validated. D. 3-state outputs disabled (high impedance). E. Tone ( #n + 1) detected; tone duration valid; decoded to
outputs. F. 3-state outputs enabled; acceptable drop-out of tone (#n + 1) does not register atoutputs. G. End of tone (#n + 1) detected
and validated.

Fig.5 Timing diagram
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PIN DESCRIPTIONS

Mv8870

Pin -~
) DG Name Description
! ! IN+ Non-lbvett'ng input Connections to the front-end differential amplifier
2 2 IN- Inverting input
3 3 GS Gain select. Gives access to output of front-end differential amplifier for connections of
feedback resistor.
5 4 VRer Reference voltage output, nominally Voo2. May be used to bias the inputs at mid-rail (see
application diagram).
7 5 SEL Logic ‘1" or ‘0’ selects one of two truth tables (see Table 1).

10 6 Pown Power down active high, internal pulldown resistor. A high level signal powers down and
inhibits the oscillator.

12 7 OSC1 Clock input 3.579545MHz crystal connected between these pins

13 8 0SC2 | Clock output completes internal oscillator.

14 9 Vss Negative power supply, normally connected to 0V.

16 10 TOE 3-state output enable (input). Logic high enables the outputs Q1 - Q4. Internal pull-up.

17 11 Q1

18 12 Q2 3-state data outputs. When enabled by TOE, provide the code corresponding to the last valid

19 13 Q3 tone-pair received (see Table 1).

20 14 Q4

25 15 StD Delayed steering output presents a logic high when a received tone-pair has been registered
and the output high latch updated; returns to logic low when the voltage on St/GT falls below
Vst

26 16 ESt Early steering output. Presents a logic high immediately when the digital algorithm detects a
recognisable tone-pair (signal conditions). Any momentary loss of signal condition will cause
ESt to return to a logic low.

27 17 St/GT Steering input/guard time output (bidirectional). A voltage greater than Vst detected at St
causes the device to register the detected tone-pair and update the output latch. A voltage less
than Vst frees the device to accept a new tone-pair. The GT output acts to reset the external
steering time-constant; its state is a function of ESt and the voltage on St (see Table 1).

28 18 Voo Positive power supply.

8 - FHT High group sine wave filter output.

21 - FLT Low group sine wave filter output.

9 - FH High group square wave filter output.

22 - FL Low group square wave filter output.

FUNCTIONAL DESCRIPTION

The MV8870 monolithic DTMF receiver offers small size,
low power consumption and high performance. Its
architecture consists of a bandsplit filter section, which
separates the high and low tones of a received pair, followed
by a digital counting section which verifies the frequency and -
duration of the received tones before passing the
corresponding code to the output bus.

Filter Section

Separation of the low-group and high-group tones is
achieved by applying the dual-tone signal to the inputs of
two sixth-order switched-capacitor bandpass filters, the
bandwidths of which correspond to the bands enclosing the
low-group and high-group tones (see Fig.6).

The filter section also incorporates notches at 350Hz and
440Hz for exceptional dial-tone rejection. Each filter output
is followed by a single-order switched capacitor section to
smooth the signals prior to limiting.

Limiting is performed by high-gain comparators which are
provided with hysteresis to prevent detection of unwanted
low-level signals and noise; the outputs of the comparators

provide full-rail logic swings at the frequenices of the
incoming tones.

For testing and monitoring, the high and low group filter
outputs (FHT, FLT, FH and FL) are available on pins 8,21, 9
and 22 respectively (HP package only).

Decoder Section

The decoder uses digital counting techniques to
determine the frequencies of the limited tones and to verify
that they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals, such as voice, while
providing tolerance to small frequency deviations and
variations. The averaging algorithm has been developed to
ensure an optimum combination of immunity to ‘talk-off’ and
tolerance to the presence of interfering signals (‘third tones’)
and noise. When the detector recognises the simultaneous
presence of two valid tones (referred to as ‘signal condition’
in some industry specifications), it raises the ‘Early Steering’
flag (ESt). Any subsequent loss of signal condition will cause
ESt to fall.
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0 —— e~
/ ./ ™ PRECISE
\ I’ DIAL TONES
10 N X = 350Hz
- X Y = 440Hz
i’ 20 / / \ DTMF TONES
g | A
< I \ A= 697Hz
Z 3 J B = 770Hz
E o\ C= 852Hz
) i\ E — o00h
= = z
* 77N\ /1N F = 1336Hz
f G= 1477Hz
50 \/\ L \ H= 1633Hz
0 tt bt ot 2
Xy ABC D1K E F G H
FREQUENCY (Hz)
Fig.6 Typical filter characteristic
FLow FHiGH KEY TOE SEL Qa Qs Q2 Q1
697 1209 1 H L 0 0 0 1
697 1336 2 H L 0 0 1 0
697 1477 3 H L 0 0 1 1
770 1209 4 H L 0 1 0 0
770 1336 5 H L 0 1 0 1
770 1477 6 H L 0 1 1 0
852 1209 7 H L 0 1 1 1
852 1336 8 H L 1 0 0 0
852 1477 9 H L 1 0 0 1
941 1336 0 H L 1 0 1 0
941 1209 * H L 1 0 1 1
941 1477 # H L 1 1 0 0
697 1633 A H L 1 1 0 1
770 1633 B H L 1 1 1 0
852 1633 c H L 1 1 1 1
941 1633 D H L 0 0 0 0
697 1209 1 H H 0 0 0 1
697 1336 2 H H 0 0 1 0
697 1477 3 H H 0 0 1 1
770 1209 4 H H 0 1 0 0
770 1336 5 H H 0 1 0 1
770 1477 6 H H 0 1 1 0
852 1209 7 H H 0 1 1 1
852 1336 8 H H 1 0 0 0
852 1477 9 H H 1 0 0 1
941 1336 0 H H 0 0 0 0
941 1209 * H H 1 0 1 0
941 1477 # H H 1 0 1 1
697 1633 A H H 1 1 0 0
770 1633 B H H 1 1 0 1
852 1633 c H H 1 1 1 0
941 1633 D H H 1 1 1 1
ANY L ANY Z z z z

L = Logic low, H = Logic high, Z = High impedance

Table 1 Functional decode table




STEERING CIRCUIT

Before registration of a decoded tone-pair, the receiver
checks for a valid signal duration (referred to as ‘character
recognition condition’). This check is performed by an
external RC time constant driven by ESt. A logic high on ESt
causes Vc (see Fig.7) to rise as the capacitor discharges.
Provided signal-condition is maintained (ESt remains high)
for the validation period (taTe), Vcreaches the threshold (Vrsy)
of the steering logic to register the tone pair, latching its
corresponding 4-bit code (see Table 1) into the output latch.
At this point, the GT output is activated and drives Vcto Vob.
GT continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch to settle,
the ‘delayed steering’ output flag, StD, goes high, signalling
that a received tone pair has been registed. The contents of
the output latch are made available on the 4-bit output bus by
raising the 3-state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting signals too
short to be considered valid, the receiver will tolerate signal
interruptions (‘drop-out’) too short to be considered a valid
pulse. The facility, together with the capability of selecting
the steering time-constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustments

In many situations not requiring independent selection of
receive and pause, the simple steering circuit of Fig.7 is
applicable. Component values are chosen according to the
following formulae:

trec = top + taTP
tio = Toa + taTA

The value of tor is a parameter of the device (see AC
Characteristics) and trec is the minimum signal duration to
be recognised by the receiver. A value for C of 0.1uF is
recommended for most applications, leaving R to be selected
by the designer. Forexample, a suitable value of R for a trec of
40ms would be 300kQ.

Different steering arrangements may be used to select
independently the guard times for tone-present (tate) and
tone-absent (teTa). This may be necessary to meet system
specification which place both accept and reject limits on
both tone duration and interdigital pause.

Guard time adjustment also allows the designer to tailor
system parameters such as talk-off and noise immunity.
Increasing trec improves talk-off performance, since it
reduces the probability that tones simulated by speech will
maintain signal condition for long enough to be registered.
On the other hand, a relatively short trec with a long toowould
be appropriate for extremely noisy environments where fast
acquisition time and immunity to drop-outs would be
requirements. Design information for guard time adjustment
is shown in Fig.8.

MV8870

VoD

(2]
it
"

Vbo

SYGT vC

ESt fi—  }—

st ——m—mmm™

VDD
VTst

VDD )
VDD — VTSt

taTA = (RC) In (

taTP = (RO) In (

Fig.7 Basic steering circuit

Vbp
v
taTA = (R10) In ( V%

Cc
— VDD
SVGT O tgTP = (Rp C) In (m)
—( _R2R1
Ao = (57 )

(a) Decreasing tGTp (tGTP < tGTA)

Voo v
DD
tgTA = (RpC) In
c ( VTst

VDD )

tgTp = (R1C) In VBD — VTst

(b) Decreasing tGTA (tGTP > tGTA)

Fig.8 Guard time adjustment
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PRELIMINARY INFORMATION

MV8870-1

DTMF RECEIVER

The MV8870-1 is a complete DTMF receiver integrating
both the bandsplit filter and digital decoder functions,
fabricated in Plessey Semiconductors’ double-poly CMOS
technology. The filter section uses switched capacitor
techniques for high and low group filters; the decoder uses
digital counting techniques to detect and decode all 16
DTMF tone pairs into a 4-bit code.

External component count is minimised by on-chip
provision of a differential input amplifier, clock oscillator and
latched 3-state bus interface.

FEATURES
Complete DTMF Receiver

Low Power Consumption
Internal Gain Setting Amplifier
Adjustable Guard Time

Central Office Quality
APPLICATIONS

Receiver Systems for BT or CEPT Specifications
Paging Systems

Repeater Systems/Mobile Radio
Credit Card Systems

Remote Control

Vbp Vss

BIAS
CIRCUIT
| 7
CHIP  CHIP
| POWER BIAS
| HIGH
— GRouP
| FILTER
Iy
IN+
I DUAL ZERO
TONE  |— CROSSING
n_d2 FILTER DETECTORS
|
I3 Low
Gs - GRoup
| FILTER
I —»TO ALL
I CHIP CLOCKS
| 7 8 17
—— s o () e, s e () — w— o—— . wemns () o .
osc1 osc2 SUGT

w+ 1 ~ 18[] voo
w-[]2 17[] sver
Gs q 3 18] est
vaer [] 4 15 :[ S
we s 'MVv8870-1 wal o
NC d 6 13]a
osc1 []7 12l
oscz []@ 1w
vss []9 10[] Toe

DP18

— __TsT—‘E‘[—————"‘—

Fig.1 Pin connections - top view

VREF
4

T T T T T

DIGITAL
DETECTION
ALGORITHM

CODE
CONVERTER
AND
LATCH

LOGIC

STEERING

16
ESt

Fig.2 Functional block diagram

StD

i
|
|
|

S TR

TOE
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FUNCTIONAL DESCRIPTION

The MV8870-1 monolithic DTMF receiver offers small size,
low power consumption and high performance. Its
architecture consists of a bandsplit filter section, which
separates the high and low tone groups, followed by a digital
counting section which verifies the frequency and duration
of the received tones before passing the corresponding code
to the output bus.

Filter Section

Separation of the low-group and high-group tones is
achieved by applying the DTMF signal to the inputs of two
sixth-order switched capacitor bandpass filters, the
bandwidths of which correspond to the low and high-group
frequencies. The filter section also incorporates notches at
350 and 440Hz for exceptional dial tone rejection (see Fig.3)
Each filter is followed by a single order switched capacitor
filter section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators which are
provided with hysteresis to prevent detection of unwanted
low-level signals. The outputs of the comparators provide full

supply rail logic swings at the frequencies of the incoming
DTMF signals. :

Decoder Section

Following the filter section is a decoder employing digital
counting techniques to determine the frequencies of the
incoming tones and to verify that they correspond to
standard DTMF frequencies. A complex averaging algorithm
protects against tone simulation by extraneous signals such
as voice while providing tolerance to small frequency
deviations and variations. This averaging algorithm has been
developed to ensure an optimum combination of immunity
to talk-off and tolerance to the presence of interfering
frequencies (third tones) and noise. When the detector
recognises the presence of two valid tones (this is referred to
as the ‘Signal Condition’ in some industry specifications) the
‘Early Steering’ output (ESt) will go to an active state. Any
subsequent loss of signal condition will cause the ESt pin to
go to its inactive state (see Fig.5).

Xy ABC D
0
10
o l
Z
z 20
Q
: /
=
r4
w
& ]
40 7
\
50 L

E F G H
= PRECISE
/ N« | DIAL TONES
\ / ~ X =350Hz
Y Y =a40Hz
DTME TONES
/ A = 697Hz
B = 770Hz
C =825Hz
\ D =941Hz
E = 1209Hz
~U F = 1336Hz
G = 1477Hz
H = 1633Hz

200 400 600 800

1200 1400 1600 1800 2000

FREQUENCY (Hz)

Fig.3 Filter response

Steering Circuit

Before registration of a decoded tone-pair, the receiver
checks for a valid signal duration (referred to as character
recognition condition). This check is performed by an
external RC time constant driven by ESt. A logic high on ESt
causes the voltage at the St/GT pin (Vsvar) to rise as the
capacitor discharges (see Figs.4 and 5).

Provided signal condition is maintained (ESt remains
high) for the validation period (tGte), VsvGT reaches the
threshold (Vtst) of the steering logic which allows it to
register the tone pair and strobe the corresponding 4-bit
code into the output latch (see Table 1). At this point the
St/GT pin is activated as an output and drives VsvaT to Vop
(see Fig.5).

St/GT continues to drive high as long as ESt remains high.
After a short delay to allow the output latch to settle, the
delayed steering output pin (StD) goes high to indicate that
the code for a new received tone-pair is available. The
contents of the output latch are output onto the output bus
(Q1to Qapins) when the three-state output enable pin (TOE)
is high.

The steering circuit works in reverse to validate the
interdigit pause between signals. Thus as well as rejecting
signals too short to be considered valid, the receiver will
tolerate signal interruptions (drop-out) too short to be
considered a valid pause. This facility, together with the
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capability of selecting the steering time constants externally,
allows the designer to tailor performance to meet a wide
variety of system requirements.

VDD

MV8870-1 c

vpp [
svaT (L
R
st 8
F15

StD
v
taTa = (RO) In (722
VbD
tgTp = (RC) In (—L22—
aTP = (RC) (VDD—VTSt)

Fig.4 Basic steering circuit
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VIN —D

ESt

SYGT

StD

Q1-Q4

TOE

—

A

L
VTst /J_l_\'_—/-r | — \L
L

DECODED TONE N - 1 | TONE N I——| TONEN +1

Explanation of Events

A. Tone bursts detected, but tone duration invalid and output latch unchanged.

B. Tone N detected, tone duration valid, output latch updated and new data signalled by StD.

C. End of tone N detected, tone absent duration valid, but output latch not updated until next valid tone.

D. Outputs switched to high impedance.

E. Tone N + 1 detected, tone duration valid, tone decoded, output latch updated (although outputs are currently high
impedance) and new data signalled by StD.

F. Acceptable dropout of tone N + 1, tone absent duration invalid, StD and output latch unchanged.

G. EndoftoneN + 1detected, tone absent duration valid, StD goes low but output latch not updated until next valid tone.

L 1
IR T

Fig.5 Timing diagram

Frow FHIGH KEY TOE Qs Qs Q2 Q1
697 1209 1 H 0 0 0 1
697 1336 2 H 0 0 1 0
697 1477 3 H 0 0 1 1
770 1209 4 H 0 1 0 0
770 1336 5 H 0 1 0 1
770 1477 6 H 0 1 1 0
852 1209 7 H 0 1 1 1
852 1336 8 H 1 0 0 0
852 1477 9 H 1 0 0 1
941 1209 0 H 1 0 1 0
941 1336 * H 1 0 1 1
941 1477 # H 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 C H 1 1 1 1
941 1633 D H 0 0 0 0

- - Any L z z z z

Table 1 Functional decode
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APPLICATIONS

A simple application circuit is shown in Fig.6. This has a
symmetric guard time circuit, a single-ended analog input
and a dedicated crystal oscillator.

Guard Time Adjustment

In many situations not requiring selection of tone duration
and interdigit pause, the simple steering circuit shown in
Fig.6 is applicable. Component values are chosen according
to the formula (see Figs.4, 7 and 8):

trec = top + taTP
tio =tpa + tgTa

The value of top is a device parameter (see Dynamic
Characteristics) and trec is the minimum signal duration to
be recognised by the receiver. Likewise toa is a device
parameter and tipis the minimum time taken to recognise an
interdigit pause. A value for C of 0.1uF is recommended for
most applications, leaving R to be selected by the designer.

Different steering arrangements may be used to select
independently the guard times for tone present (tacte) and
tone absent (taTa). This may be necessary to meet system
specifications which place both accept and reject limits on

both tone duration and interdigit pause. Guard time
adjustment also allows the designer to tailor system
parameters such as talk-off and noise immunity. Increasing
trec improves talk-off performance since it reduces the
probability that tones simulated by speech will maintain
signal conditions long enough to be registered. Alternatively
a relatively short trec with a long tio would be appropriate for
extremely noisy environments where fast acquisition time
and immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figs.7 and 8.

Ditferential Input Configuration

The input arrangement of the MV8870-1 provides a
differential input op. amp. and a bias source (VreF) to bias the
inputs at mid-rail. The gain may be adjusted through a
feedback resistor from the op. amp. output (GS). In a single-
ended configuration the input pins are connected as shown
in Fig.6 where the op. amp. is connected to give unity gain
and the VRrerF pin biases the input at Voo/2.

Fig.9 shows the differential configuration. In this circuit
gain is adjusted through the feedback resistor R5.

Vop )
MV8870-1 Iq
. —Idin+ " voo e
DTMF 2 17
e | P —={IN SVGT [-— "
b E‘é Gs esti8
4] vrer sop® 4 o
——sq NC it — 5
L
—osct (o] o L I
XP 8 11
T—fosc2 pf—p———
T——_—?{ Vss Toe R
min
R1, R2 = 100kQ £ 1%
R3 = 300kQ £ 1%
Ct1,C2 =01uF £ 5%
X = 3.579545MHz = 0.1%
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VbD
MV8870-1 L.
vop &
17
j__———.
St/GT Rl
ESt l—{‘s
Rz
StD 31_5_—‘_—.
VDD
tgTa =(RpC)In Fst
VDD
taTp =(R1OIN Y55 " VTst
_ R1R2
Rr = Ri+me

Fig.7 Guard time adjustment (tarp < tGra)

C1 R1

—A=
—A—

C1 R1

|
DIFFERENTIAL INPUT AMPLIFIER
C1 = C1 = 10nF
R1 = R4 = R1 = 100kQ All resistors £1%
R2 = 60kQ R3 = 37.5kQ All capacitors +5%

ro = (5 7s)

VOLTAGE GAIN (Av diff) = 52

INPUT IMPEDANCE
(ZINdiff) = 2\/'FT1T(1_)2
@C

VDD
MV8870-1
— =c
VDD p&——
17
D__—_.
St/GT ”1
ESt ]—{16
Rz
StD :‘15———"
_ Vpb
tara =(R10)In G-
VbD
tatp =(RPCYIN G55 Vet
_ R2 R1
Rr=  RoTmi

Fig.8 Guard time adjustment (tcrr> tara)

Fig.9 Differential input configuration

Crystal Oscillator

The internal clock circuit is completed with the addition of
an external 3.78MHz crystal which is normally connected as
shown in Fig.6. However, it is possible to configure several
MV8870-1 devices to use only a single oscillator crystal. The
devices are chained together with the oscillator output of the
first device in the chain capacitively coupled to the oscillator
input of the second device and so on down the chain. The
details are shown in Fig.10. Precision balancing capacitors
are not required as problems of unbalanced loading are nota
concern.

Receiver System for British Telecom
Specification POR 1151

The circuit shown in Fig.11 illustrates the use of the
MV8870-1 in a typical receiver system. The BT specification
defines the non-operate level as input signals below
-34dBm. This is obtained by choosing R1 and R2 to give 3dB
of attenuation so that an input of -34dBm corresponds to
-37dBm at the op. amp. outpt pin (GS). The tolerances on R3
and C2 give a tolerance on guard time of 6%. For better
performance the non-symmetric guard time circuit shown in
Fig.12 is recommended.
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osc1 [ L-CRYSTAL }osc1
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0sc2 osc2

C = 30pF
CRYSTAL = 3.57945MHz

TO OSC1 OF
NEXT MV8870-1

Fig.10 Oscillator circuit

DTMF
INPUT

R1 = 102kQ + 1%

R2 =715kQ + 1%

R3 = 390kQ =%

C1, C2 = 0.1uF £ 5%

X = 3.579545MHz + 0.1%

Vbbp .
MV8870-1 -Lz
N+~ vpp[eH
0n- svetpl—0
Gs Este .
VREF StD bi————o
NC Q4 Pl"——————o
N agpt o oEcoR
X C_g—:{: osct Q2 b%—o
osc2 apfF—r———o°
+——9vss ToE [
77

Fig.11 Single ended input configuration for BT or CEPT spec
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tGTA =(R1C)In

tGTP =(RpC)m

R1 R2
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R1 = 368kQ + 1%
R2 =22MQ = %
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Fig.12 Non-symmetric guard time circuit
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PIN DESCRIPTIONS

Symbol Pin No. Pin name and description
IN -+, 1,2 In Plus and Minus (Voltage Inputs). These are respectively the non-inverting and inverting
IN- inputs to the front-end op. amp. The DTMF input is applied to these pins in normal operation.
GS 3 Gain Select (Voltage Output). This pin is connected to the output of the front-end op. amp. A
feedback resistor between this pin and the inverting input (IN-) controls the front-end gain.
VRerF 4 Reference Voltage (Voltage Output). This pin outputs a voltage which is half-way between the
power supply voltages (Vss and Voo). It can be used to bias the input signal.
(1c) 56 (Internal Connection). These pins should be tied to the ground (Vss).
0OsC1 7 Oscillator 1 (Digital Input). This is the input to the inverter of the oscillator circuit. There is an

internal biasing resistor between this pin and the inverter output (OSC2). A 3.579545MHz
crystal is normally connected externally between the two pins to complete the oscillator circuit.

0scC2 8 Oscillator 2 (Digital Output). This is the output of the inverter of the oscillator circuit. Thereis an
internal biasing resistor between this pin and the inverter input (OSC1). A 3.579545MHz crystal
is normally connected externally between the two pins to complete the oscillator circuit.

Vss 9 Negative Supply (Power Input). Thisisthe negative powersupply forthedevice. Itisnormally OV.

TOE 10 Three-State Output Enable (Digital Input with Pull-up). If this pin is high then the decoder
outputs (Q1to Q4) are enabled. If it is low then the outputs go into their high impedance state.
There is an internal pull-up at this pin.

Q1-Qa 11-14 Q1 to Q4 (Three-State Outputs). When the TOE pin is high these pins output the code in the
output latch which corresponds to the last valid tone-pair detected. They go into their high
impedance state when the TOE pin is low.

StD 15 Delayed Steering (Digital Output). This pin follows the ESt and St/GT pins. It goes high to
indicate that a new tone-pair has been detected and the corresponding code has been loaded
into the output latch. It goes low to indicate that a new tone-pair is expected.

ESt 16 Early Steering (Digital Output). This pin goes high when the digital detection algorithm decides
that there is a valid DTMF input. It goes low as soon as the algorithm decides that there is no
valid DTMF input.

In normal use this pin is used to drive an external guard time circuit which in turn drives the
St/GT pin.

St/GT 17 Steering/Guard Time (Voltage Input/Digital Output). This pin follows the ESt pin. When ESt pin
changes state this pin acts as an input and monitors the voltage developed here by the ESt pin
acting through the external guard time circuit.

When the voltage reaches the internally generated Vstlevel then this pin acts as an output and
pulls itself fully to the state of the ESt pin. When this pin goes fully high a new code is loaded into
the output latch and the StD pin goes high. When this pin goes fully low the device prepares
itself for a new tone-pair and the StD pin goes low.

Vob 18 Positive Supply (Power Input). This is the positive power supply for the device. Itis normally 5V.

ELECTRICAL CHARACTERISTICS
Test Conditions (see Fig.13) - Voltages are with respect to ground (Vss)

Value N
Parameter Symbol Units
Min. Typ. (1) Max.
Positive supply voltage (Voo pin) Voo 4.75 5 5.25 \
Ambient temperature Tamb -40 +85 °C
Op. amp. output capacitive load (GS pin) Cour 100 pF
Op. amp. output resistive load (GS pin) Rout 50 kQ
Input high voltage (OSC1 and TOE pins) ViH 35 Voo \Y)
Input low voltage (OSC1 and TOE pins) Vie 0 1.5 \Y
Oscillator frequency (OSC1 and OSC2 pins) fo 3.5759 3.579545 3.5831 MHz
Oscillator input rise time (OSC1 pin) tor 110 ns
Oscillator input high time (OSC1 pin) toH 110 170 ns
Oscillator input fall time (OSC1 pin) tor 110 ns
Oscillator input low time (OSC1 pin) toL 110 170 ns
Oscillator output load (OSC2 pin) Cuo 30 pF

NOTE
1. Typical figures are for design aid only. They are not guaranteed and not subject to production testing.
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toH
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toL
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| — L'on _—} le—toF

Fig.13 Timing - external oscillator input

Static Characteristics - Voltages are with respect to ground (Vss)

Value
Characteristic Symbol - Units Conditions
Min. Typ. (1) Max.
Power dissipation Po 15 37 mw
Supply current (Voo pin) loo 3.0 7.0 mA
Reference voltage (Vrer pin) VREF 24 2.8 \
Reference output resistance Rrer 10 kQ
(VRer pin)
Input leakage current h 100 nA 0< Ven< VoD
(OSC1, IN+ and IN- pins)
Internal pull-up current lpu 75 15 A 0< Ven< VoD
(TOE pin)
Output low sink current lou 1 25 mA 0.4V < Vpn< VDD
(OSC2, Q1- Qa, StD,
ESt and St/GT pins)
Output high source current loH 0.4 0.8 mA 0V < Vein< 4.6V
(OSC2, Q1- Q4, StD,
ESt and St/GT pins)
Steering threshold voltage Vst 22 25 Vv
(St/GT pin)
Pin capacitance Crp 7 15 pF Pin to supplies

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

1.

Dynamic Characteristics: Input Op. Amp. - Voltages are with respect to ground (Vss)

Val
Characteristic Symbol " Fue Units Conditions
Min. Typ. (1) Max.

Input impedance Rin 10 MQ 1kHz

(IN + and IN- pins)
Input offset voltage Vos 25 mV

(IN+ and IN- pins)
Power supply rejection PSRR 60 dB 1kHz
Common mode range Vem 3.0 V p-p | No load
Common mode rejection CMRR 60 dB
DC open loop voltage gain AvoL 65 dB
Open loop unit gain fc 15 MHz
bandwidth
Output voltage swing (GS pin) Vo 45 V p-p | RouttoVss = 100kQ

NOTE
Typical figures are for design aid only. They are not guaranteed and not subject to production testing.
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Dynamic Characteristics: Detector - Voltages are with respect to ground (Vss)

MVv8870-1

Value
Characteristic Symbol - Units Conditions
Min. Typ. (13) Max.
Valid input level (GS pin) VL 61.7 2458 mV p-p | 1,23569
P -31 1 dBm
Invalid input level (GS pin) Vie 30.8 mV p-p | 1,2356,9
P -37 dBm
Acceptable positive twist Tar 6 10 dB 23,69
Acceptable negative twist Tan 6 10 dB 2,3,6,9
Acceptable frequency AFA -(1.5% +2Hz) (1.5 % +2Hz) 2,359
deviation
Frequency deviation - AFRL -5% -35% 2,359
rejected as too low
Frequency deviation - AFRH 3.5% 5% 2,359
rejected as too high
Third tone tolerance PrrT -185 dB 2,3,4,59,12
Noise tolerance Pnt -12 dB 2,3,4,5,79,10
Dial tone tolerance Pott 22 dB 2,34,589,11
Tone present detect time top 5 1" 14 ms
Tone absent detect time toa 0.5 4 8.5 ms

NOTES

OXONOUT LN~

—aaa
wh=~o

. dBm = decibels above or below a reference power of 1mW into a 600 Ohm load.
Digit sequence consists of all DTMF tones.
Tone duration = 40ms, tone pause = 40ms.
Signal condition consists of nominal DTMF frequencies.
Both tone in composite signal have equal amplitudes.
Tone pair is deviated by * (1.5% + 2Hz).
Bandwidth limited (3kHz) Gaussian Noise.
The precise dial tone frequencies are (350Hz and 440Hz) +2%.
For an error rate of better than 1 in 10,000. .
Referenced to lowest frequency component in DTMF signal.
Referenced to the minimum valid input level.

Referenced to Fig.11. Input DTMF Tone Level at -25dBm (-28dBm at GS pin). Interference Frequency Range is 480 to 3400Hz.
Typical figures are for design aid only. They are not guaranteed and not subject to production testing.

/

tpa

R

Bl

tasto

VTst

SYGT
4.6V

Ql-4
0.4v
4.6V

SID
0.4V

tasto

Fig.14 Timing - decoded data
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Dynamic Characteristics: Decoder (see Figs.14 and 15) - Voltages are with respect to ground Vss)

Value
Characteristic Symbol - = Units Conditions
Min. Typ. (1) Max.
Propagation delay tra 8 1 us TOE pin high
(St/GT to Q)
Propagation delay trsio 12 us
(St/GT to StD)
Output data set-up time tasto 34 us TOE pin high
(Q to StD)
Enable propagation delay TrTE 50 ns RL = 10kQ (pulldown)
(TOE to Q) Cu = 50pF
Disable propagation delay terTD 300 ns Ru = 10kQ (pulidown)
(TOE to Q) C = 50pF

NOTE

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

3.5v

TOE

F—
e

N

teTD

PTE
4.6V
Q1-4
0.4V

N

Fig.15 Timing - output enable and disable

ABSOLUTE MAXIMUM RATINGS
Voltages are with respect to the negative power supply (Vss)

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

Positive supply voltage (pin 18), Voo 6V
Voltage on any pin (other than

supplies), VmMax -0.3V to Voo +0.3V
Current at any pin (other than

supplies), Imax 10mA
Storage temperature, Tsta -65°C to +150°C
Package power dissipation, Poiss 1000mW
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Semiconductors

ADVANCE PRODUCT INFORMATION

SL376M

METERING SUBSCRIBER LINE INTERFACE CIRCUIT

The SL376M is a Subscriber Line Interface Circuit (SLIC)
for use at the telephone exchange or PABX end of a
telephone line.

It provides power feed, controls ringing, detects ground-
key and off-hook conditions and transmits and receives
voice signals.

It also enables metering pulses to be transmitted to the
subscriber line while transmitting and receiving voice
signals. These functions can be programmed to provide the
flexibility required for different telephone networks.

The SL376M is fabricated using bipolar technlogy.

FEATURES

Low Power Line Feed via Regulator
Programmable Constant Voltage Resistive Feed
Programmable AC Termination Impedance
Ground-key Detection

Programmable Off-hook Detection

Ring Relay Driver

Low Power Standby Mode

Normal or reversed Line Polarity

Supports 2.2V RMS Metering Pulses

75V Rating to Ease Line Protector Tolerancing

O ~ 28[]
Oz 27[]
Os 267 e(',Qo
g o\)
&
g &
Oe 0@“ 23{]
'J&O 2]
\S‘ . 21{]

Q\éo “de 201
o 15"_1
O 18[]
n }E3 [
O 163
QM 151

DG28
Fig.1
sus
|

LINE FEED REGULATOR

: T

TRANSCEIVER

f@——————O RSN

R

|
HPA Ca—f
HPB O]

DC CONTROL AND DETECTORS

v  qr

RING <|D<—
VCCR O—————t

RELAY DRIVERS

O—————
oA RING TRIP COMPARATOR

CONTROL
LOGIC

Fig.2 Functional block diagram
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PIN DESCRIPTIONS

GENERAL DESCRIPTION

p " . The Plessey SL376M Metering ‘Subscriber Line Interface
Syml_:o! Pm‘Name and Description Circuit performs the telephone line interface functions
required in both central office and PABX environments. The
BGND | Battery ground (power) " full range of signal transmission, battery feed and loop
Vree | Regulated voitage for power amplifiers supervision functions are performed. Signal transmission
Vce +5V supply . performance is compatible with North American and CCITT
RING | Ring relay driver out recommendations. Overvoltage protection and ringing are
VccR | +5V relay supply provided by means of external networks. However, the SLIC
oL has a full 75V line rating.
TCH | Switching feg,“'am’ out The signal transmission function includes both 2- and 4-
Ves | Battery negative wire and 4- to 2-wire conversion. The 2-wire termination
SUB | Quiet battery (substrate) impedance is programmable with a single external
CHS | Switching regulator stabilising network impedance, which may be complex. The battery feed
CHCLK . | Switching regulator clock input architecture makes the DC feed resistance programmable
h with external resistors.
D3 Relay driver control A polarity reversal function is provided which transposes
E1 Detector select the normal voltage sense of the TIP and RING leads with a
DET | Detector output controlled transition time. All transmission functions
D1 Control input continue normally following the transition. A disable mode
D2 Control input limits loop current and cuts power dissipation while allowing
Do Control input the full range of supervisory functions to be utilised.
P - X . The output amplifiers are powered by an internal switching
RDC | DC reference defining line current via regulator in order to reduce power consumption.
RDC to RSN The supervisory functions allow for off-hook detection,
AGND | Analog and digital ground ground key detection, and ring trip detection. The outputs of
RSN | Receive summing node controlling AC these detectors are read through a single, TTL compatible
and DC line current output. The off-hook detector signal may be filterd and has a
Vee -5V input threshold adjust by means of external components.
. . Additional supervisory functions put the TIP lead into an
Vrx Transm.lt audlg output R open-circuit or high-impedance state suitable for application
HPB RlNQ side of filter cap?cntor in ground-start systems. Similarly, both the TIP and RING
HPA | TIP side of filter capacitor leads may be open circuited. A relay driver is provided for the
RD Off hook detector load resistor ring-relay.
DA Positive input, ring trip comparator The programmable states are controlled by a 3-bit TTL
L . compatible digital code. The detector output is controlled by
DB Negative input, ring trip connector a selector bit. These lines are TTL compatible levels.
LA TIP lead
LB RING lead
Ccs== C4 R8
A Yo n ap {]sGND B[} T {3 OLB
¥ ] VREG LA[} L F O LA
1 R9
cs +svo—(]vce DB 3—°}nme
11 Kot o——{{riNG paf[}——o] TRIP
(o 4— R6 o——VccR RD
R1
———————{J+cH HPA[I— J
VBB 1A H
-BATTERY O S Ve :PB _\ el o -5V
— suB X -0 4w
01'1 q X TRANSMIT
{Jchs VEg[—— R2 rs oW
o f{cHcLk  RsN [} {—_1}—0 RECEIVE
O ANALOG
=c10 D3 AGND @ L GROUND
g mocp W
R5 R4
DET Do
D1 D2
] DIGITAL
T INTERFACE
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@ PLESSEY PRELIMINARY iNFORMATION

Semiconductors

SL9009

ADAPTIVE BALANCE CIRCUIT

The SL9009 is normally used to extract the received signal
from the combined transmitted and received signal on a
telephone line. It constantly analyses the extracted signal
and adjusts to compensate for variations in telephone lines.
The device can be used with a bridge circuit where it acts gt~ oz
as an impedance network which adjusts itself to match the
telephone line. When the bridge is in balance the difference com ]2 15[] pos 2
between its two arms is due to the received signal. cewz2 |3 14[7] NG 2
The SL9009 consists of three cells and a correlation
detector which is normally used to control the cells via a ceslls o og0e PP™
negative feedback loop. It is built using bipolar technology. x[]s 12 N+
v[]e 11[] pos1
FEATURES
. . outif]7 10[] NEG1
B Extracts the Received Signal vells opve
€l
B Adapts Automatically to Line Variations
B  No Microprocessor Required DP16
B Simple Application Circuit
B 40dB (Typ.) Rejection of Transmitted Signal Fig.1 Pin connections - top view
APPLICATIONS
B Modems - Extracting the Received Data
B Feature Phones - Extracting the Received Voice
B PBX/PABX/CO Line Cards - Extracting the
Incoming Signal from the Telephone Line
com VEE vce POS1 OUT1 NEG1

I
I ‘ .
ls
X O—=—
I GAIN
ls CONTROL
Y O—o—
I

I I I

CELL1 CELL2 CELL3 POS2 O0OUT2 NEG2

Fig.2 Functional block diagram
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FUNCTIONAL DESCRIPTION

The SLI009 adaptive balance circuit is divided into two
separate parts as shown in Fig.2. These are the impedance
cell section and the phase detector section. The impedance
cell section is normally used with a balanced impedance
bridge circuit which allows the incoming signal to be
extracted from the combined signal on the line.

The phase detector section is used to analyse the
extracted signal to determine how much of the residual
outgoing signal is present. This allows the circuit to adjust
itself to minimise the residual signal automatically.

Impedance Cells

This consists of three cells and the gain controller (see
Fig.2). Each cell has a voltage buffer and a variable gain
current amplifier. The three cells share the COM pin (pin 2)
which is the common input to their voltage buffers and the
common output from their current amplifiers.

There is a pin directly associated with each cell. This is the
CELL 1, 2 or 3 pin (pin 1, 3 or 4) and it is driven by the cell’s
voltage buffer. The current which is sunk or sourced at this
pin is the input to the cell’s current amplifier.

This means that the voltage developed at the COM pin
causes a current to flow at each of the three individual cell
pins (CELL 1, 2 and 3). These currents are amplified by the
gains of the three cells and the sum is the current which flows
in or out of the COM pin.

The gain of the cells are controlled by the X and Y gain
control pins (pins 5 and 6). Fig.3 indicates how the two
controls operate. The precise voltages at the control inputs
necessary to give a defined gain vary with the power
supplies, but this is compensated for by the feedback loop.

The gain control is characterised by a line of symmetry
corresponding to a certain voltage on the Y pin. Above this

voltage cell 2 is off and below it cell 3 is off. The line of
symmetry also corresponds to the highest gain on cell 1fora
fixed voltage on the X pin.

In addition to the current due to the three impedance cel!s
at the COM pin (pin 2), a DC bias current also flows. The
value of this current depends on the power supplies and the
voltage at the control inputs, especially the X pin.

If the currents at the cell pins (CELL 1 to 3) are too high
then clipping will occur. If these pins are left open circuit then
the device still presents a finite impedance at the COM pin,
but this is very large.

Phase Detectors

The phase detector section consists of a differential
voltage input buffer which drives the two phase analysers
(see Fig.2). The input is taken from the IN+ and IN- pins
(pins 12 and 13).

Each analyser consists of a transconductance amplifier
which can have either a positive or negative gain. The sign of
the gain is determined by the analysis pins for the detector.
These are POS 1 and NEG 1 (pins 11 and 10) for detector 1
and POS 2 and NEG 2 (pins 15 and 14) for detector 2. The
outputs of the transconductance amplifiers are connected to
the OUT 1 and OUT 2 pins (pins 7 and 16).

The direction of the current at an output pin is determined
by the phase relationship between the signal at the input and
the signal at the analysis pins. The magnitude of the current
depends on the magnitude of the input alone. If the analysis
pins are in phase with the input then the output will source
current. If they are 180° out of phase then the output will sink
current. If they are 90° out of phase then the output will
alternately sink and source current. If the input is small then
the current sunk or sourced will be small.

CELL3ON

LINE OF SYMMETRY

CELL 2 ON

G1=01

Y VOLTAGE

X VOLTAGE

24

Fig.3 Typical gain characteristics for CELLS 1, 2 and 3 (G1, G2 and G3 respectively)

148




APPLICATIONS

Fig.4 shows a simple bridge configuration which can
adjust the amplitude and phase over a wide range to match
an unknown impedance, Z. In this case R1 is used to match
R3; R2 is used to match the in-phase component across Z,
C1is used to produce phase lead and C2 is used to produce
phase lag. The X and Y gain control inputs give two degrees
of freedom which allow both in-phase and out-of-phase
components to be balanced.

The feedback arrangement is shown in Fig.5. If the
extracted signal is in phase with the transmitted signal then
the OUT 1 pin (pin 7) will sink current (since the inverting
NEG 1 pin is used) and so cause the voltage at the X pin (pin
5) to fall. This causes the gain of CELL 1 to fall and so
produces less attenuation of the signal at the COM pin (pin
2). This means that more of the transmitted signal is
subtracted from the combined signal.

If too much of the transmitted signal is subtracted then the
extracted signal will become 180° out of phase with the
transmitted signal. This produces the opposite effect and so

SLS009

reduces the amount of the transmitted signal which is
subtracted.

Any remaining correlation between the transmitted singal
and the extracted signal must be due to a lag or lead. If the
extracted signal lags the transmitted signal by 90° then the
derivative of the extracted signal is in phase with the
transmitted signal (see Fig.6).

Applying the derivative of the extracted signal to the
inverting NEG 2 pin causes the OUT 2 pin to sink currentand
so lowers the voltage at the Y pin (pin 6). This causes CELL 2
to switch on and increases its gain until balance occurs. Thus
a lag is created (through C2 of Fig.4) in the signal which is
subtracted from the combined signal, cancelling the lag in
the extracted signal.

If the extracted signal leads the transmitted signal then the
circuit causes CELL 3 to switch on and causes a lead
(through C1 of Fig.4) in the signal at the COM pin. This
cancels the lead in the extracted signal.

TRANSMITTED
SIGNAL
O

R3
CELL3

COMBINED

SIGNAL COM 519009

CELL1
CELL 2

—] EXTRACTED
SIGNAL

TRANSMITTED
SIGNAL
o)
EXTRACTED Ile -L
SIGNAL
° 10INEG 1 NEG 2P
—our1 SL9009 our2f®
L5y M R
POS1 IN-  POS2
1 13 15
-

Fig.4 Simple balancing network

Fig.5 Feedback arrangement

TRANSMITTED
SIGNAL
EXTRACTED / \ / \ S
~ ~1 |~

SIGN OF DERIVATIVE

OF EXTRACTED SIGNAL

Fig.6 Signal relationship for 90° of lag on extracted signal
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Use of a Gyrator Circuit

The transmitted signal may be connected to a telephone
line through a transformer, which is often far from an ideal
component and can effectively add a resistor and inductor in

series to the line. The effect of this can be removed by adding.

the equivalent of these components, suitably scaled, to the
bridge network. The problem of doing this.is that although
the values of resistance and inductance required may be well
known, the scaled inductance may not be practical.

This may be overcome by using a gyrator circuit as shown
in Fig.7. This circuit can be used instead of resistor R2 in
Fig.4.

If Z = (j wC) then the circuit looks like a resistance of Rain
series with an impedance of L = RaBs/Z. Realistic value for
this circuit are Ra =5.1kQ, Rs =180kQ and C =0.1uF giving
L =91.8H.

Improved Line Modelling

The simple balancing network shown in Fig.4 is capable of
amplitude and phase compensation at a single frequency. To
balance a telephone line across the voice band we build a
model of the line and adjust it using the SL9009. Since the
adjustments give good balance at any single frequency, the
model ensures that good balance is achieved across the
band.

A detailed application circuit making use of this approach
is shown in Fig.8. The transmitted signal is output through
the termination impedance and on to the line where it forms
part of the combined line signal.

The transmitted signal is also passed to the termination
balancing impedance and the line balancing impedance to
generate the initial expected signal. The line balancing
impedance should take account of the resistance and
inductance introduced if a line transformer is used, possibly
by using a gyrator circuit as previously described.

If the line balancing impedance matches the line
impedance then the difference between the combined line
signal and the initial expected signal is the received signal. In
this special case all components of the transmitted signal
wuld be cancelled without using an SL9009.
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In most cases, however, the line impedance does not
match the line balancing impedance. The SL9009 can then
be used to compensate for the mismatch, as shown in Fig.8.

The initial expected signal is fed to the SL9009 which
generates the final expected signal. It is the final expected
signal which is subtracted from the combined line signal to
give the extracted signal. The SL9009 generates the final
expected signal by comparing the initial expected signal with
the in-phase and the out-of-phase components of the
extracted signal as in the case of the simple balancing
network.

To be more precise, the SL9009 generates the final
expected signal times two thirds. This is multiplied by 1.5
before it is subtracted from the combined line signal. The
signal generated by the SL9009 is always less than the initial
expected signal so multiplying it by 1.5 enables the final
expected signal to be greater than the initial expected signal.

By using the SL9009 to adjust the best estimate of the
effect of the line impedance in this way, better balancing can
be achieved for broadband voice signals.

A complete circuit which can be used in a modem or in a
sophisticated telephone is shown in Fig.9.

Ra
L THISIS
EQUIVALENT TO

Z'= RARB/Z

Fig.7 Gyrator circuit
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SL9009

PIN DESCRIPTIONS

Symbol Pin No. Pin name and description

CELL 1, 1,34 CELL 1, 2 and 3 Pins (Voltage Outputs and Current inputs). These are the pins which are
CELL 2, directly associated with CELLS 1, 2 and 3. The voltage developed at the common cell pin
CELL 3 (pin 2) is buffered and output at these pins, causing them to sink or source currents.

The currents flowing in or out of these pins act as inputs which are amplified by the gains
of the cells and the amplified currents are summed and returned to the common cell pin
as its output current. The gains of the cells are determined by the gain control pins
(pins 5 and 6).

COM 2 Common Cell Pin (Voltage Input and Current Output). The voltage developed at this pin
is buffered and output at the separate cell pins (pins 1, 3and 4). The currents output by the
3 cells are summed and the result is the current which is sunk or sourced at this pin.

X 5 X Gain Control (Voltage Input). Increasing the voltage at this pin increases the gain of
CELL 1 and also of CELL 2 and CELL 3, but to a lesser extent (see Fig.3).
Y 6 Y Gain Control (Voltage Input). Increasing the voltage at this pin from a low value

decreases the gain of CELL 2 until it switches off. At this point CELL 3 switches on and
increasing the voltage further causes the gain of CELL 3 to increase (see Fig.3).

The gain of CELL 1 increases as the voltage at this pin increases from a low value until
CELL 2 switches off. Further increasing the voltage causes the gain of CELL 1 to
decrease.

OouT 1 7 Detector 1 Output (Current Output). This is the output of phase detector 1. The current
sunk or sourced at this pin is proportional to the differential voltage between the detector
input pins (pins 12and 13). The sign of the transconductance gain (i.e. of the constant of
proportionality) is controlled by the detector 1 analysis pins (pins 11 and 10).

The direction of the average current output is determined by the phase relationship
between the input and the analysis pins and the magnitude is determined by the input

alone.
Vee 8 Negative Supply (Power Input). This is the negative power supply for the device.
Vce 9 Positive Supply (Power Input). This is the positive power supply for the device.

NEG 1, POS 1 10,11 Detector 1 Analysis - Negative and Positive (Voltage Inputs). These pins determine the
sign of the transconductance gain from the differential detector input voltage (pins 12and
13) and the current on the output of detector 1 (pin 7).

IN +, IN- 12,13 Detector Input Negative and Positive (Voltage Inputs). These pins form the differential
voltage input to the phase detectors.

NEG 2, POS 2 14,15 Detector 2 Analysis - Positive and Negative (Voltage Inputs). These pins determine the
sign of the transconductance gain from the differential detector input voltage (pins 12and
13) and the current on the output of detector 2 (pin 16).
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