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Product index

TYPE NO.

DESCRIPTION

N-channel MOS

MJ1410
MJ1440
MJ1444
MJ1445
MJ1446
MJ1471
MJ1472
MJ1473
MJ1474

8-bit format converter

HDBS3 encoder/decoder
Time slot zero transmitter
Time slot zero receiver

Time slot access

AM1/HDB3 encoder/decoder
PCM receiving circuit

PCM transmitter circuit

PCM elastic store

N-channel silicon gate

MS2002EXP
MS2014

CMOS

Mv1441
MV1448
MV3506
MV3507
MV3507A
MV4320
MV4325
MV4330
MV4332
MV5087
MV5089
MV8804
MV8860
MV8865
MV8870EXP
MV9009EXP

Bipolar

SL650B,C
SL651B,C
SL652C
SL8204
SL9009EXP
SP1404BW
D3702
SP1450B
SP1450B(B)
SP1455B
SP1455B(B)

Digital switch module (DSM) for CCITT 32-channel PCM
Digital filter and detector (FAD)

HDB3 encoder/decoder/clock regenerator
HDBS3 encoder/decoder

A-law codec with filter

p-law codec with filter

p-law codec with filter and A/B signalling
Keypad pulse dialler with M1 masking
Programmable keypad pulse dialler with M1 masking
30-bit static shift register/LCD driver
32-bit static shift register/LCD driver
DTMF generator

DTMF generator

8 x 4 analog switch array

DTMF decoder with 4-bit binary output
DTMF filter

DTMF receiver

V21 modem TX/RX

Modulator/phase lock loop circuits for modems

Modulator/phase lock loop circuits for modems

Modulator/phase lock loop

Telephone tone ringer

Adaptive cancellation filter

High voltage interface circuit

High voltage interface circuit to BT Spec.

34Mbit/s PCM signal monitor

As SP1450B but screened to MIL-STD-883, Method 5004, Class B
140Mbit/s PCM signal monitor

As SP1455B but screened to MIL-STD-883, Method 5004, Class B
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17
23
29
33
37
M
47
51
55

59
67

75
81
87
87
87
99
103
109
109
113
119
125
131
139
145
153

159
159
163
167
171
175
175
177
177
177
177

EXP products are new designs designated ‘Experimental’ but which are, nevertheless, serious
development projects. Details given may, therefore, change without notice and no undertaking is given
orimplied as to future availability. Please consult your local Plessey sales office for details of the current

status
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Selection guide

TYPE NO.

DESCRIPTION

NMOS PCM circuits

MJ1410
MJ1440
MJ1444
MJ1445
MJ1446
MJ1471
MJ1472
MJ1473
MJ1474

8-bit format converter

HDB3 encoder/decoder
Time slot zero transmitter
Time slot zero receiver

Time slot access
AM1/HDB3 encoder/decoder
PCM receiving circuit

PCM transmitter circuit

PCM elastic store

CMOS PCM circuits

MV1441
MV1448
MV3506
MV3507
MV3507A

HDB3 encoder/decoder/clock regenerator
HDB3 encoder/decoder

A-law codec with filter

u-law codec with filter

p-law codec with filter and A/B signalling

Telephone communications circuits

SL8204
SP1450B
SP1450B(B)
SP1455B
SP1455B(B)

Tone ringer

34Mbit/s PCM signal monitor

As SP1450B but screened to MIL-STD-883, Method 5004, Class B
140Mbit/s PCM signal monitor

As SP1455B but screened to MIL-STD-883, Method 5004, Class B

Interface circuits

SP1404BW
D3702

High voltage interface
High voltage interface (BT Spec.)

CMOS telephone dialling circuits - loop disconnect

MV4320
MVv4325

Keypad pulse dialler with M1 masking
Programmable keypad pulse dialler with M1 masking

CMOS telephone dialling circuits - DTMF/MF4

MV5087
MV5089
MV8860
MV8865
MV8870EXP

DTMF generator (Form A keypad)

DTMF generator (active keypad)

DTMF decoder with 4-bit binary output
DTMF filter

DTMF receiver (combined filter and decoder)

Signal processing and switching

MS2002EXP
MS2014
Mv8go4

256 x 256 digital switch module for CCITT 32-channel PCM
Digital filter and detector (FAD)
Bi-directional 8 x 4 analog switch array

Data transmission modems

MV9009EXP
SL9009EXP
SL650B,C
SL651B,C
SL652C

V21 modem RX/TX
Adaptive cancellation filter
Modulator/PLL
Modulator/PLL
Modulator/PLL

CMOS interface circuits

MV4330
MV4332
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30-bit static shift register/LCD driver
32-bit static shift register/LCD driver
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The quality concept

In common with most semiconductor manufacturers, Plessey Semiconductors perform
incoming piece parts check, in-line inspections and final electrical tests. However, quality
cannot be inspected into a product; it is only by careful design and evaluation of materials,
parts and processes - followed by strict control and ongoing assessment to ensure that
design requirements are still being met - that quality products will be produced.

In line with this philosophy, all designs conform to standard layout rules (evolved with
performance and reliability in mind), all processes are thoroughly evaluated before
introduction and all new piece part designs and suppliers are investigated before
authorisation for production use.

The same basic system of evaluation, appraisals and checks is used on all products up to
and including device packing for shipment. It is only at this stage that extra operations are
performed for certain customers in terms of lot qualification or release procedure.

By working to common procedures for materials and processes for all types of customers
advantages accrue to all users - the high reliability user gains the advantage of scale hence
improving the confidence factor in the quality achieved whilst the large scale user gains the
benefits associated with basic high reliability design concepts.

Plessey Semiconductors have the following factory approvals. BS9300 and BS9400 (BSI
Approval No. 1053/M).

DEF-STAN 05-21 (Reg. No. 23H POD).

In addition a number of U.S., European and British customers manufacturing electronics

for space have approved our facilities.



Screening to BS9400

PRODUCTION BATCH

CATEGORY S2 CATEGORY S3 CATEGORY S4 FULL ASSESSMENT
SCREENING LEVEL SCREENING LEVEL SCREENING LEVEL LEVEL
B Cc D
l I
(1) Internal visual (1) Internal visual
examination examination
(2) High temper- (2) High temper-
ature storage ature storage
(3) Rapid change (3) Rapid change
of temperature of temperature
- air - air
(5) Acceleration (5) Acceleration
(6) Leak test (6) Leak test
(7) Electrical tests (7) Electrical tests
(8) Burn-in screen (8) Burn-in screen
(11) Final _ (11) Final (11) Final (11) Final
electrical tests electrical tests electrical tests electrical tests

I

|

10% maximum de-
fectives allowed
between electrical
tests (7) and (11).

10% maximum de-
fectives allowed
between electrical
tests (7) and (11).

Inspection lot formed

Sample test to group A,B,C and D as appropriate

DESPATCH




Plessey Hi-Rel screening

The following Screening Procedures are available from Plessey Semiconductors.

CLASS CLASS *STANDARD
S B PRODUCTS
PRE CAP PRE CAP PRE CAP
VISUAL VISUAL VISUAL
1 1
STABILIZATION STABILIZATION
BAKE BAKE
TEMPERATURE TEMPERATURE
CYCLING CYCLING
I I
CENTRIFUGE CENTRIFUGE
1 1
VISUAL VISUAL VISUAL
INSPECTION INSPECTION INSPECTION
I I ]
HERMETICITY
HERMETICITY 'HERMETICITY (SAMPLE)
1
P.LN.D.

SERIALIZATION

1

RADIOGRAPHIC
1

INTERIM INTERIM
ELECTRICAL TEST | | ELECTRICAL TEST
1 1
BURN-IN BURN-IN
I I
FINAL FINAL FINAL
ELECTRICAL TEST | | ELECTRICAL TEST ELECTRICAL TEST
L J

QUALIFICATION
OR CONFORMANCE
TESTING AS REQUIRED

*Plessey Semiconductors reserve the right to change the Screening Procedure for
Standard Products. °



Semi-custom design

Plessey Semiconductors’ advanced work in the Semi-Custom field enables us to offer our
customers the opportunity to develop their own high performance circuits using our
CLASSIC software. Among the many advantages are:

® CLASSIC is cost effective and user friendly ® Prototypes in 6 weeks ® Close coordination
with customer throughout design and production process ® State-of-the-art high
performance produces ® Up to 10044 gates available

Test Patterns
And
Fault Coverage
Using CLASSIC

Simulate
Using
CLASSIC

Circuit Data
Definition Capture

Plessey
Gate Array
Design
Process

Ask for ...

Manufacture
Prototypes
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Microgate-C (Si-Gate CMOS)

CLA 2000 SERIES

Double layer metallisation

CLA 3000 SERIES

® Double layer metallisation

CLA 5000 SERIES

Double layer metallisation

® 5 micron channel length ® 4 micron channel length ® 2 micron channel length
® Product family: ® Product family: ® Product family:
CLA 21XX 840 Gates CLA 31XX 840 Gates CLA 51XX 640 Gates
CLA 23XX 1400 Gates CLA 33XX 1440 Gates CLA 52XX 1232 Gates
CLA 25XX 2400 Gates CLA35XX 2400 Gates CLA 53XX 2016 gates
CLA 37XX 4200 Gates CLA 54XX 3060 Gates
® 7ns max. prop delay CLA 39XX 6000 Gates CLA 55XX 4408 Gates
(2 input NAND fanout of 2 CLA 56XX 5984 Gates
with 2mm track 0-70°C 4.5- ® 5ns max. prop delay GLA 58XX 8064 Gates
. 55V) ® 20MHz system clock rate CLA 59XX 10044 Gates
" 14MHz system clock rate ® 50MHz toggle rate ® 2 5ns max. prop delay
30MHz toggle rate ® Fully auto-routed ® 40MHz system clock rate
¢ Fully auto-routed ® 100MHz toggle rate
°

Fully auto-routed

Plessey Megacell ™

Now there’s a VLSI design system available that's perfect for solving your Application
Specific Integrated Circuit (ASIC) problems. It's PLESSEY MEGACELL - a complete set of
advanced computer-aided engineering and design tools coupled with an advanced CMOS
process for implementing VLSI integrated circuits in the system design environment.

PLESSEY MEGACELL redefines semicustom integrated circuit design. It allows system
engineers to design complex circuits with a high level of confidence of first time success in
silicon - thanks to one of the best simulation facilities available in the world. This greatly
reduces time to market, eliminating the many prototyping iterations that are all too common
now in VLSI design.

PLESSEY MEGACELL is just about as close as you can get to achieving hand-crafted
results short of full custom itself. System engineers can directly create their designs using the
advanced layout and routing tools provided - without the aid of integrated circuit designers.
So none of the system designers’ application expertise is ever lost in transition, while chips of
the smallest size and lowest production cost are regularly achieved.

Supporting the PLESSEY MEGACELL design capability is one of the most advanced
CMOS processes available. It uses a 2-micron geometry capable of providing performance
comparable with advanced Schottky TTL, with clock speeds to 40MHz and toggle rates of
100MHz achievable. And Plessey has established a 200,000 square foot dedicated processing
facility to guarantee the manufacturing capacity required by even the most aggressive
volume considerations.

PLESSEY MEGACELL is truly the gateway to the future - custom VLSI performance, with
confidence of first time success and fast time to market. And it’s going to stay that way - with
Plessey’s commitment to add future capabilities for high-speed ECL processes, 1 micron and
submicron CMOS processes, and advanced analog capabilities.

1"



Thermal design

The temperature of any semiconductor device has an important effect upon its long term
reliability. For this reason, it is important to minimise the chip temperature; and in any case,
the maximum junction temperature should not be exceeded.

Electrical power dissipated in any device is a source of heat. How quickly this heat can be
dissipated is directly related to the rise in chip temperature: if the heat can only escapesslowly,
then the chip temperature will rise further than if the heat can escape quickly. To use an
electrical analogy: energy from a constant voltage source can be drawn much faster by using
a low resistance load than by using a high resistance load.

The thermal resistance to the flow of heat from the semiconductor junction to the ambient
temperature air surrounding the package is made up of several elements. These are the
thermal resistance of the junction-to-case, case-to-heatsink and heatsink-to-ambient
interfaces. Of course, where no heatsink is used, the case-to-ambient thermal resistance is
used.

These thermal resistances may be represented as

Bja = Bjc + Bch + 6na

wheregia is thermal resistance junction-to-ambient ° C/W
Oic is thermal resistance junction-to-case ° C/W
Gcnis thermal resistance case-to-heatsink ° C/W
Onais thermal resistance heatsink-to-ambient ° C/W

The temperature of the junction is also dependent upon the amount of power dissipated in
the device — so the greater the power, the greater the temperature.

Just as Ohm’s Law is applied in an electrical circuit, a similar relationship is applicable to
heatsinks.

Tj = Tamb + PD (eja)

T; = junction temperature
Tamb = ambient temperature
Pp = dissipated power

From this equation, junction temperature may be calculated, as in the following examples.

Example 1

A device is to be used at an ambient temperature of +50° C. fjaforthe DG14 package with a
chip of approximately Tmm sq is 107° C/W. Assuming the datasheet for the device givesPp =
330mW and Tjmax = 175°C.

Tj=Tamb + Ppfja
=50 + (0.33 x 107)
= 85.31°C (typ.)

Where operation in a higher ambient temperature is necessary, the maximum junction
temperature can easily be exceeded unless suitable measures are taken:

12



Thermal design (cont'd)

Example 2
A device with Tamb max. = +175°C is to be used at an ambient temperature of +150°C.
Again, 8ja = 107°C/W, Pp = 330mW and T max. = +175°C.

Ti= 150 + (0.33 x 107)
= +185.3°C (typ.)

This clearly exceeds the maximum permissible junction temperature and therefore some
means of decreasing the junction-to-ambient thermal resistance is required.

As stated earlier, 8ja is the sum of the individual thermal resistances; of these, fjcis fixed by
the design of device and package and so only the case-to-ambient thermal resistance, fca, can
be reduced.

If 8ca, and therefore 84, is reduced by the use of a suitable heatsink, then the maximum Tamb
can be increased:

Example 3

Assume that an IERC LIC14A2U dissipator and DC000080B retainer are used. This device
is rated as providing a ja of 55° C/W for the DG 14 package. Using this heatsink with the device
operated as in Example 2 would result in a junction temperature given by:

Tj= 150 + (0.33 x 55)
=168°C

Nevertheless, it should be noted that these calculations are not necessarily exact. This is
because factors such as 8jc may vary from device type to device type, and the efficacy of the
heatsink may vary according to the air movement in the equipment.

In addition, the assumption has been made that chip temperature and junction temperature
are the same thing. This is not strictly so, as not only can hot spots occur on the chip, but the
thermal conductivity of silicon is a variable with temperature, and thus the 8jc is in fact a
function of chip temperature. Nevertheless, the method outlined above is a practical method
which will give adequate answers for the design of equipment.

It is possible to improve the dissipating capability of the package by the use of heat
dissipating bars under the package, and various proprietary items exist for this purpose.

Under certain circumstances, forced air cooling can become necessary, and although the
simple approach outlined above is useful, more factors must be taken into account.

13
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o) PLESSEY

Semiconductors

MJ1410

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 2.5MHz 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

(H[n 2a[] /P EN
62 2377\
s 2[]6
E(]s 2f]s
weors 9 © e [} ¢ } DATA
e s whs OUTPUTS
s [ 8[]2
a(le [
\Vcc[:O 16[] 0~
22 [Jro 5[] GND
2'[n 14[] cLock
2° ] 13[] syNe 0G24

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 Data i/p E )

5 D { inputs | Datai/p D See Figs. 3 and 4

6 C Data i/p C

7 B Data i/p B

8 A Data i/p A

9 Vee Positive supply, 5V + 5%

10 22 Counter preset i/p bit 2 The counter is preset to the data on these i/ps

1 2! Counter preset i/p bit 1 on the 3rd positive clock edge following a

12 20 Counter preset i/p bit O 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 | pata 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 72 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.
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MJ1410

ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated): Vcc = 5V, Tams = 22°C + 2°C, Test circuit: Fig. 6.
Supply voltage Vcec 5V + 10%
Ambient operating temperature Tamb -10°C to +70°C

STATIC CHARACTERISTICS

Value
Characteristic Symbol Pins Units Conditions
Min. Typ. Max
Low level I/P 1,234, -0.3 0.8 Volts
voltage 56,7,8,
10,11,12,
13,14,24
High level I/P 1,234, 25 Vce Volts
voltage 56,78,
10,11,12,
13,14,24
Low level I/P 1,234, 1 50 uA
current/high level 56,78,
I/P current 10,11,12,
13,14,24
Low level O/P 16,17,18, 0.5 Volts | Isync = 1.6mA
voltage 19,20,21,
22,23
High level O/P 16,17,18, 25 Volts | Isource = 100uA
voltage 19,20,21,
22,23
Low level O/P 16,17,18, -16 mA
current sink capa- 19,20,21,
bility 2223
High level O/P 16,17,18, 100 pA
current source 19,20,21,
capability 22,23
OFF state O/P foFr L 16,17,18, 40 uA Vour = GND
current 19,20,21,
22,23
|oFF H 16,17,18, -40 HA Vout = Vce
19,20,21,
22,23
Power dissipation Poiss 90 500 mwW Vce = 5.5V
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 tseN 100 ns Fig. 6
(negative)
Lead of sync. clocking tsu 130 ns Fig. 6
edge on positive clock
edge
Set up time of counter tsc 70 ns Fig. 6
inputs (20,2',27)
Hold time of counter tHe 60 ns Fig. 6
inputs
Set up time of data tso 80 ns Fig. 6
inputs (A-H)

18




MJ1410

DYNAMIC CHARACTERISTICS

Value
Characteristic Symbol Units Conditions
Min. Typ. Max.
Hold time of data inputs tHD 85 ns Fig. 6
Propagation delay, data tpoe 100 ns Fig. 6
out valid from output
ENABLE low
Propagation delay, data tpoo 100 ns Fig. 6
2 / [¢]
out disabled from output
ENABLE high
Propagation delay, clock tpco 200 ns Fig. 6
to data out valid
2 2! 22 SYNC orEN
301 E 303
gt @ 3108 LOAD
ok © X countern ¢ DECODE GE:gl';i$OR
L
] 123 Jals]e J7 ]
A |8 |c Jo |E |F |G |H
8-BIT SHIFT B 7
A O— {ctk _ REGISTER Lfe >;D——O
A |8 |C D |E |F |G |H
8-BIT SHIFT a 1-BIT SHIFT o
L {ow REGISTER LLlf oLk REGISTER :‘3—<7 ¢
A B | Ip [E |F |6 H
8-BIT SHIFT Q o 2-BIT SHIFT Q
c o—= foix__meisTeR e +Jox  ReGISTER :D'_O *
A |B |C |D |[E |F |G |H
8-BIT SHIFT 3-BIT SHIFT a
o o—= {ox _ mecisTen LL'_ cik  REGISTER :D——O ‘
e
A |B |C D |E |F |G |H
8-BIT SHIFT a g 4-BIT SHIFT Q
£ o—> cix  REGISTER e cik  REGISTER jj'_" 3
A |B |C |D |E |F |G |H
8-BIT SHIFT a o 5-BIT SHIFT Q
Fo— {cix _ REGISTER Lje cLx REGISTER :E>—° 2
A |B |C |D |E |F |G |H
| 8BIT SHIFT 1 6-BIT SHIFT Q
¢ o—= {ex o ’_J‘;“‘ REGISTER | :D_'a !
A B Jc o | JF |o |H )
8-BIT SHIFT Q 7-BIT SHIFT Q
HOo—e cLk  REGISTER L ck  REGISTER :D__° °
J

Fig.2 Block diagram

ABSOLUTE MAXIMUM RATINGS

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

19



MJ1410
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eccc LU NUUUTLLLN

a[ao]a1]az] a3 aa]as[as a7
s(Bo[B1[B2]B3[B4]B5 ]| 86 | B7
c[cofc1]c2[cs[cacs|cs]cr

oara J ©[0ofo1[p2[ 0304 o5 0607

INPUTS ) e[eofe1[e2[e3[ ea[Es[es [ E7
Fleolr[r2ra]Fafrs[re]Fr
Glao|61]G2|Ga|ca|as|ae|ar
H|Ho [ H1 [ H2| H3| Ha | Hs]He [ n7
o Ho [Go[ Fo| Eo[ Do co[ 8o [ a0
1 Hi|gt[F] e[ p1]c1]s1]A1
2 H2 | G2| F2| E2| D2| Cc2 | B2 | A2
3 H3|Ga| r3] ea] 3] ca| B3] as

oureuts Ha|Ga| Fa| Ea[ Da] ca|Ba] Aa

H5 | Gs| F5| E5| D5| C5| B5 | AS
C6 | B6 | A6
H7 | G7| F7| E7| D7| C7 | B7 | A7

~ o n o
°
2
3
3
-]
8

Fig.3 Data conversion

INPUTS

I I
I |
COUNTER l I
| |

NpUTS | | | 1 | 1 1
oATA [ | [ I I |
OUTPUTS | 1 1 | |
REGISTER 3 4 5 6 5 B 7 0
LOADING
UNSYNCHRONISED SYNCHRONISED
cLock 1 1 1 l L L I 1 | | |
e
COUNTER | I | I | I —
INPUTS 2 ‘
B | [ e
| |
SYNC 1 LI 1 | N e I e S
REGISTER I | I I I I |
AN 6 5 4 3 2 1 o 7

Fig.4 Input and output waveforms




SYNC

COUNTER
INPUTS

DATA
INPUTS

OUTPUT
ENABLE

OouTPUT

- teco

-

f

l,_

Fig.5 Timing details

Vee
m >
cLock — 27k
SYNC
COUNTER PRESET{ TO 10MA/10pF
SCOPE PROBE
16_17 18 19
M1
{ 410 20 21 22 23
|
DATA INPUTS {
|
| ——
L —-— 5P

Fig.6 Test conditions

MJ1410
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@ PLESSEY

Semiconductors

MJ1440

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.
G703.

Asynchronous Operation.

Simultaneous Encoding and Decoding.
Clock Recovery Signal Generated from
Incoming HDB3 Data.

Loop Back Control.

HDBS3 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

+Vce 4%
Inputs Vece + 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

NRZ DATAIN[]1 6] +vee

CLOCK (ENCODER) [} 2 1B OUT 2 (0,)

LOSS OF INPUT [ 3 ulour 1(0q)
NRZ DATA OUT [J4 B8N
CLOCK (DECODER) []5 12[] LOOP TEST ENABLE

RESETAIS[]6 AN
XS g 0] cLock

GROUND[]8 9] ERROR

DG16

Fig. 1 Pin connections

CLOCK
NRZ DATA IN

ENCODER
cLock o1
02
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MJ1440
ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Supply voltage, Voc =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 1'02'151'612 13 50 WA Vi =0V
High level input voltage ViH T 25 Ve v
High level input current [’ 50 WA Vig=5V
Low level output voltage Voo 10,14,15 0.5 \ Isink = 80pA
3,479 0.4 " Isink = 1.6mA
High level output voltage Vou 34,79 27 \ Isource = 60uA
14,15 2.8 \ Isource = 2mA
10 2.8 \Y Isource = TmA
Supply current lee 20 50 mA All inputs to OV
All outputs open circuit
Dynamic Characteristics
- Value . .
Characteristic Symbol Min.[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 O4, O, 20 | ns [Figs.10,15
tpd1A-tpd1B 20 | ns |Figs.10, 15
Propagation delay Clock (Encoder) to Clock tpd3 150| ns [Loop testenable = Figs.13, 15
Setup time of NRZ data in to Clock (Encoder) ts3 30 ns |Figs.8, 10,15
Hold time of NRZ data in th3 55 ns |Figs.10, 15
Propagation delay A, 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| ns |Loop test enable = ‘0’ Figs.14, 15
Propagation delay Clock (Decoder) to NRZ data out| tpdé 150| ns [Figs.9, 11, 15. See Note 2
Setup time of A;,,, B;, to Clock (Decoder) ts1 75 ns |Figs.9,11,15
Hold time of A;j, B;, 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 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, Biv) (Fig.4).
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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 inputdata
(A,,B,,),data is clocked out by positive going edge of clock
(Decoder).
5. Clock (Decoder)

Clock for decoding ternary data A, B,.
6,7. Reset AlS, AlS

Logic ‘0’ on Reset AIS resets a decoded zero counter and
either resets AIS outputs to zero provided 3 or more zeroes
have been decoded in the preceding Reset AIS = 1 period or
sets AlIS 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

MJ1440

9. Error

A logic '1"indicates that a violation of the HDB3 coding
has been received i.e. 3 '1's of the same polarity.
10. Clock o

‘OR’ function of A;n,Bi, for clock regeneration when pin
12 ='0’, 'OR’ function of 0,,0, when pin 12 ="1".
11,13.A,,B,,

Inputs representing the received ternary HDB3 PCM sig-
nal. A, = ‘0’ represents a positive going ‘1’, Bj, = ‘0’ repre-
sents a negative going ‘1. A, and B, are sampled by the
positive going edge of the Clock (Decoder). Aj, 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 ind-
ependent and asynchronous. When pin 12 = ‘1’ Oy is con-
nected internally to A;,. O is connected internally to Bjn.
Clock becomes the OR function O; + O,. The delay from
NRZ in to NRZ out is 6" clock periods in the loop back con-
dition.
14,15.0,,0,

Outputs representing the ternary encoded data for line
transmission O, = '1'representing a positive going '1',0,=
‘1’ represents a negative going '1'. O, and O, may be inter-
changed.

16. V¢
Positive supply, 5V = 5%

01

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

I=1 L

02

M

Fig.3 Encode waveforms

{-7 i — L
" L L L
w111 M

I 3 CLOCK PERIODS |

NRZ DATA OUT

o aipipigipipipipinipiy
(DECODER)

| —

Fig.4 Decode waveforms

et LML rruUL
(DECODER)

ERRORS

E1-E2

ERROR

{_‘IJ | S
o LU

Fig.5 HDB3error output waveforms
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DATA — 131 =11 VoH (MIN) 2.4V
ouTPUT | 4 15V
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Fig. 14 Fig. 15 Test timing definitions

DEFINITION OF THE HDB3 CODE

Coding of a binary signal into an HDB3 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

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; itis coded as a mark, i.e. not a violation
(i.e.B,,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 it violates the rule
of alternate mark inversion. Such violations are denoted
V, or V_according to their polarity.
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PLESSEY

@ Semiconductors

MJ1444

2 MBIT PCM SIGNALLING CIRCUIT

MJ 1444

PCM SYNCHRONISING WORD GENERATOR

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

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

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

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

The device also provides a time slot 0 channel pulse
‘TS0', time slot 0 non-sync. frame ‘TS0 SF’, and time slot 16
‘TS16’ outputs.

FEATURES

5V £5% Supply —20mA Typical
Fully Conforms to CCITT Recommendation G732
Outputs Directly Onto PCM Data Highway

Provides Both Time Slot 0 and Time Slot 16
Channel Pulses

All Inputs and Outputs are TTL Compatible

arstfi 7 shve
e, wf 1s0
CHANNEL RESET ]+ wlleims
ctock [+ uldeims
87 (s v[lemi§
1816 6 nfemise
Birs[] 10|] COMBINED DATA
GROUND []8 sf] 150
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 N
Inputs Vcec + 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

COUNTER

BIT 1SF

u

]

3 o ¢ w o ~

= EoE e e

@ & 3 & ® @&
o?o

DECODER

|40 BIT 8

MULTIPLEXER

PISO

COMBINED
DATA

|

1516 O
TSO §F o
TS0 o

LOAD/SHIFT

Fig.2 MdJ1444 block diagram
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

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

Static Characteristics

Value
Characteristic Symbol Pins in- Typ. | Max. Units Conditions
Low level input voltage Vi 1,2,3,4,5, -0.3 0.8 \
7,11,12,13,
4.

Low level input current
High level input current } n n 1 50 KA
High level input voltage Vi 11 2.4 Vee

6,9, 15 0.5 v lsink =2MA
Low level output voltage VoL 10 0.7 v C_::k —5mA
High level output voltage Vou 6,9,15 2.8 \ lsource = 200uA
High level output leakage current lon 10 20 uA Vour=Vece
Supply current lec 20 40 mA Ve =525V

Dynamic Characteristics
Value "

Characteristic Symbol Min. | Typ. | Max. Units Conditions
Max clock frequency Frnax 3 MHz
Propagation delay, clock to TS0, TS0 SF, TS16 and )
combined data outputs. tp 80 200 ns See Figs.5and 6
Set up time channel reset to clock Tsy 100 450 ns foiock = 2.048 MHZz
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 th2 300 ns
Set up time of bit 1 (SF) and data bits 3—8todatumB| ts, 100 ns
Hold time of bit 1 (SF) and data bits 3— 8 wrt datum B tho 300 ns

DATUM 8

|OATUM A

cLock
INPUT

CHANNEL
ESET
INPUT

TSO l
ouTPUT
|
E§§§ o o l
|

COMBINED
DATA 11 o ]
ouTPUT
(SF)
o
DATA 1
outpuT
(5F)
| 8T 8IT |
1 8

Fig.3 Dala‘timing
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FUNCTIONAL DESCRIPTION

Functions Listed by pin number

1,2,5,7,13,14.Bits 3to 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
PI1SO shift register onto the PCM data highway during time
slot 0 in successive frames. The contents of the P1SO shift
register are defined as follows:

Bit1 [2|3|4[5[6]|7(8
Sync. Frame X [0jO[1[1[0]1]1
Non-sync. frame X [1X]X]X]|X[X]|X

X —indicates that these bits may be set according to the

parallel data inputs.

11.Bit1 SF

Data on this input is asynchronously loaded into bit 1 of
the PISO shift register for transmission during time slot 0 of
sync. frames.
12.Bit15F

Data on this input is asynchronously loaded into bit 1 of
the PISO shift register for transmission during time slot 0 of
non-sync. frames.
15.TSO

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

Positive supply, 5V +5%.

CHANNEL l | I

RESET

INPUT

TIME SLOT ﬂ ﬂ
256 CLOCKS

TIME SLOT 'I

o
ouTPUT

TIME SLOT

OuTPUT

128 CLOCKS

L

nnnnnr 4 27
ol 3
Uttt T
1
13]
3 MJ1444 6.9,10.15
PARALLEL 1 TO 10Mn[10p
z SCOPE PROBE
r) ==5sp

vss

Fig.4 Sync. timing

Fig.5 Test conditions (all outputs)

CLOCK

DATUM A

tH1 |

CHANNEL
RESET

A

o

TS0.T516. TS0 SF
& COMBINED
DATA

=N

OUTPUTS

DATUM B

tH2 |

ALL DATA
INPUTS

%

TIME SLOT

outeuT

Fig.6 Timing definitions
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Semiconductors

MJ1445

PCM SYNCHRONISING WORD RECEIVER

MJ1445

2 MBIT PCM SIGNALLING CIRCUIT

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 MBIi 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 for aperiod 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
+Vce v
Inputs Vce + 0.5V Gnd — 0.3V
Qutputs Vee, 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 1S E 1 ] +v

BIT15F (]2 i 1N
80 13 wijeime

cLock [« 13| CHANNEL RESET
ERROR 5 12f]8rs
SYNC ALARM ] & nf)8ire
DATA INPUT [ 7 ol 8ir?
GROUND (] 8 9f] BITS

DG16

Fig.1 Pin connections

FEATURES

5V £5% Supply - 20mA Typical.

Conforms to CCITT Recommendation G732
Synchronising Word Error Monitor

Out of Sync. Alarm

All Inputs and Outputs are TTL Compatible

CLOCK o—

COUNTER
DECODER

OUTPUT LATCHES

SYNC WORD
DETECTOR

DATA O——t

NeuT

150

CHANNEL
RESET
ERROR
SYNC
ALARM

Fig.2 Block diagram MJ1445
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ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Supply voltage, Voo =5V +0.25V

Ambient temperature, T,,, = - 10°C to +70°C

Static Characteristics

Fig.3 Test conditions, all outputs

FUNCTIONAL DESCRIPTION

Functions listed by pin number
1.Bit1§F

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.

34

Value
Conditions
Characteristic Symbol Pins Min. Typ. | Max. Units on
Low level input voltage Vi 4,7 -03 0.8 \
Low level input current
High level input current } n 47 1 50
High level input voltage Viy 4,7 24 Vee v
1,2,3,5,6
Low level output voltage VoL 9,10,11,12 0.5 \") lsink=2mMA
13, 14,15
High level output voltage Vou 2.8 lsource= 200uA
Supply current loe 20 40 mA Vec=56.25V
Dynamic Characteristics
Value
- iti
Characteristic Symbol Win Y. Max Units Conditions
Max. clock frequency fmax 2.2 MHz
Input delay of data input td data 20 200 ns |fclock = 2.048MHz
Propagation delay, clock to TS0 output td Tso 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 s 50 300 ns |Fig.3
4. Clock
vee System clock input (2.048MHz for a 2MBit PCM
le system).
! s 2.7k 5.Error
cLock 12.3.5.6, 10 1oMay10pF This output goes high at the end of time slot 0 in the 2nd
L S X R IRTRERTRTS SCOPE PROBE sync frame following the frame with sync word errors. If
DATA - u consecutive sync words occur with errors this output will
N °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 retuns low at the end of TSO 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. Ve

Positive supply 5V +5%.
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Fig.4 Timing diagram and output waveforms
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@ PLESSEY

Semiconductors

MJ1446

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 dependent on
the state of the mode control input. With the mode control
high the device is in the transmit mode and with the mode
control low the device is in the receive mode.

In the transmit mode the device accepts 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.

8k [0 7 6] v
16kHz ]2 15[ ALARM O P
cock (J3 1a[] 1318
ALARM INHBIBIT [a 13[7] mooE conTRoL
Amior s 12[7] DIG HIGHWAY ACC iN.OUT
Aviop (Je 11[] BINARY DATA 10
AMIDATA INiOUT []7 10[] 6akz
GROUND ds o[ ] A DATA IN OUT
DG16

Fig.1 Pin connections

FEATURES

B 5V 5% Supply—20mA Typical

Il Conforms to CCITT Recommendations

[l Provides Both AMI and Binary Format Data Outputs
[l Single Chip Receive or Transmit

B Alllnputs and Outputs are TTL Compatible.

16kHz 8kHz
)

TS16
o

CLOCK o—-——l_—_ COUNTER

O ALARM

AMI CODED
CLOCK GEN

ALARM
INHIBIT

LOCK

DIGITAL
1/0 PORT o HIGHWAY

SHIFT REGISTER

ACCESS

INjOUT

S-R
CLOCK GEN

BINARY

MODE
CONTROL

AMI
DATA

AMI CODEC

out

BINARY
IN

ijo
PORT

AM1 BINARY
DATA DATA

Fig.2 Block diagram
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Supply voltage Voo =5V +0.25V
Ambient temperature T,,, = - 10°C to +70°C

Static Characteristics

- " Value R .
Characteristic Symbol Pins in: Typ. | Max. Units Conditions
Low level input voltage Vi 3’1‘;‘ 71‘39’1141‘ -0.3 0.8 \

Low level input current
High level input current i " 1 50 HA
High level input voltage Viy 11 2.4 Vee \
1,2,5,6,7, -

Low level output VoL 9,10 11, 15 0.5 lsink = 2MA

12 0.5 lsink = 5mMA
High level output voltage Vou 1.2 1105 58, 28 lsource = 200pA
High level output leakage current len 7,9,11,12 20 uA Vour = Vec
Supply current lee 20 mA Voe=5.25V

Dynamic Characteristics (f,cx = 2.048 MHz)
Ch teristic Symbol Value Units Conditions
aracteristl Y Min. Typ. | Max.

Propogation delay clock to data out to digital highway t 20 200 ns Fig.7
Propogation delay clock to 64kHz out t, 20 200 ns Fig.7
Input delay, clock to digital highway access t4pATA 20 200 ns
Input delay, clock to time slot 16 taTsie 80 200 ns
Output delay 64 kHz to 16 kHz output to16 70 ns Fig.7
Output delay, 64 kHz to 8kHz output ts 170 ns Fig.7
Output delay, 64 kHz to binary data output (64kHz) toain 20 450 ns Fig.8
Output delay 64kHz to AMI, AMI, AMI data & "
AMI data olp's to ami 20 400 ns Fig.8
Input delay, 64 kHz to binary data in (64kHz) 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

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

Alternative Mark Inversion coded 64kHz.
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.
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11. Binary data in/out

In the transmit mode 64 k bit/sec signailing 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 k bits/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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Fig.5 Timing diagram
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64kHz OUTPUT

16kHz OUTPUT

8kHz OUTPUT

tp BIN
BINARY DATA
OUT (RX)
tp AMI
AMI AMI, AMI DATA
& AMI DATA
OuTPUTS
td BIN
-

BINARY DATA
IN (TX)

N

Fig.6 Timing diagram
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Fig.7 Test conditions (transmit mode)
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Fig.8 Test conditions (receive mode)
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2 MBIT PCM SIGNALLING CIRCUIT

MJ1471

HDB3 OR AMI ENCODER/DECODER

The MJ1471 is an encoder/decoder for pseudo-ternary
transmission codes. The codes are true Alternate Mark
Inversion (AMI) or AMI modified according to HDB3 rules
(CCITT Orange Book Vol 111-2, Annex to Rec.G703). The
device encodes and decodes simultaneously and
asynchronously. Error monitoring functions are provided to
detect violations of HDB3 coding and all ones detection
(AIS). In addition a loop test function is provided for
terminal testing.

FUNCTIONS

5V 5% Supply —40mA Max.
AMI or HDB3 Operation —TTL Selectable
Loop Back Facility

‘All Ones’ Error Monitor to Detect Loss of
Synchronising Word (Time Slot Zero)

Error Monitor of HDB3 Incoming Code
Decoded Data in NRZ Form

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. AMI/HDB3 )

MJ 1471 operates in HDB3 if pin 3 is at logic ‘1. AMI
if pin 3 is at logic ‘0.
4. NRZ Data out

Decoded data from ternary inputs A, B, .
5. Clock (Decoder)

Clock for decoding ternary data A
6,7. Reset AlS, AIS

Logic ‘0’ on Reset AIS resets a decoded zero counter
and either resets AIS outputs to zero provided 3 or more
zeroes have been decoded in the preceding Reset AIS = 1
period or sets AIS to ‘1’ if less than 3 zeroes have been de-
coded in the preceding two Reset AIS = 1 periods.

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 decoded i.e. 3 ‘1's of the same
polarity.

B,

in?

nRzoatain (1 ~ e 1+,
cLock (encooer) []2 5[] o,
AmiiHos3 [a 1a[]o0,
NRZ DATA OUT (4 13[] 8,
CLOCK (DECODER) [ 5 12[] LOOP TEST ENABLE

RESET IS ({6 n[JA

as [z 10[] cLock

GROUND s o[] ERROR

DG16

Fig.1 Pin connections

10. Clock

OR function of A, B, for clock regeneration when
pin 12 =‘0’, OR function of O, O, when pin 12="1",
11,13.A,,B,,

Inputs representing the received ternary PCM signal. A,
= ‘1’ represents a positive going ‘1", Bj, = ‘1’ represents a
negative going ‘1. Aj, and B, are sampled by the positive
going edge of the clock decoder. A, and B;, may be inter-
changed.

12. Loop test enable

TTL input to select normal or loop back operation.
Pin 12 = ‘0’ selects normal operation, encode and de-
code are independent and asynchronous.

When pin 12 = ‘1" O, is connected internally to
A, and O, to B;,. Clock becomes the OR function
of O, O,. N.B. a decode clock has to be supplied. The
delay from NRZ in to NRZ out is 7% clock periods in
loop back.
14,15,0,,0,

Outputs representing the ternary encoded PCM
AMI/HDBS3 signal for line transmission. O, and O, are in
Return to zero form and are clocked out on the positive
going edge of the encode clock. The length of O, and
O, pulses is set by the positive clock pulse length.

16. + Ve
Positive 5V £5% supply.
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Supply voltage Voo =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 volts
. 12,3,5,6 -
ng level input current i 10.41.12.13 50 pA ViL=0V
High level input voltage Vin 25 Ve \'
High level input current M 50 uA Viu=5V
Low level output voltage Voo 10,14,15 0.5 \ Isink = 800uA
4,79 0.4 \" Isink = 1.6mA
High level output voltage Vou 47,9 27 \ Isource = 60pA
14,15 28 \ Isource = 2mA
10 2.8 Y Isource = 1mA
Supply current lec 20 40 mA All inputs to Ov
All outputs open circuit
Dynamic Characteristics
s Value . .
Characteristic Symbol Min.[Typ] Max. Units Conditions
Max. Clock (Encoder) frequency fmaxenc| 4.0 MHz [Figs.9, 14
Max. Clock (Decoder) frequency fmaxgec| 2.2 MHz | Figs.10, 14
Propagation delay Clock (Encoder) to O4, O, tpd1A/B 100 ns |Figs.8, 9, 14. See Note 1
Rise and Fall times Oy, O, 20 | ns [Figs.9, 14
tpd1A-tpd1B 20 | ns |[Figs.9, 14
Propagation delay Clock (Encoder) to Clock tpd3 150| ns |[Loop testenable=1,Figs.9, 14
Setup time of NRZ data in to Clock (Encoder) ts3 30 ns |Figs.7,9, 14
Hold time of NRZ data in th3 55 ns |Figs.7,9,14
Propagation delay A;,, Bj, to Clock tpd2 150| ns |Loop test enable = ‘0’ Figs.12, 14
Propagation delay Clock (Decoder) to error tpd4 200| ns |[Figs.11,14
Propagation delay Reset AIS to AIS tpd5 200| ns |Loop testenable = ‘0’ Figs.13, 14
Propagation delay Clock (Decoder) to NRZ data out] tpd6 150| ns |Figs.7, 10, 14. See Note 2
Setup time of A, Bj, to Clock (Decoder) ts1 | 75 ns |Figs.7,10, 14
Hold time of A;y, Bj, to Clock (Decoder) th1 5 ns |Figs.7,10, 14
Hold time of Reset AIS= ‘0’ th2 (100 ns |Figs.7,13, 14
Setup time Clock (Decoder) to Reset AIS ts2 |200 ns |Figs.7,13,14
Setup time Reset AIS = 1 to Clock (Decoder) ts2' 0 ns | Figs.13, 14

NOTES
1.

The Encoded ternary 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).
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AMI/HDB3 O
NRZ DATA IN
cLock
(ENCODER)
01
0 02

LOOP TEST
ENABLE D——‘ SWITCH
NRZ
AN DECODER [0 DATA
ouTt

BIN O

CLOCK
(DECODER)

ERROR
CIRCUIT

JE— AlS
RESET AIS %——'__CM—_Q AlS

ERROR

Fig. 2 MJ1471Block diagram

| 3% CLOCK PERIODS |
ENCODER
(TYPICAL)
01 I I I sl lv |
02 I l

Fig. 3 Encode waveforms

an 7] 1 I I
in Epllin
cox [ T Mo

I 3 cLOCK PERIODS |

TYPICAL

(DECODER)

NRZ DATA OUT I l I | I

Fig. 4 Decode waveforms

oecooem _| LI 1 LU
an 1 T T I Tel
w1 T
ERROR 1

INCLUDING
ERROR

Fig. 5 HDB3error output waveforms

MJ1471

43



MJ1471

44
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Fig.6 A/S error and reset waveforms
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Fig. 7 Decoder timing relationship
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DEFINITION OF THE HDB3 CODE

Coding of a binary signal into an HDB3 signal is done acc-
ording to the following rules:
1. The HDB3 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
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. not a violation
(i.e.B,,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.

MJ1471

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

© International Telecommunications Union

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 Vee + 0.5V Gnd — 0.3V
Outputs Vce, Gnd —0.3V

Thermal Ratings
Max Junction Temperature 175°C

b The second and third spaces of a string are always Thermal Resistance: Chip to Case Chip to Amb.
coded as spaces. 40°C/Watt 120°C/Watt
vcc‘——T—— vee
5 27k
Loaic . = _L o host s B
mar —— — ; pherhd
N
LOGIC 1 3 15 " LOGIC 0 12 5p
Vss Vss
Fig. 9 Fig. 10
vce 1 vee I
5 27k
u Loaic o/t 12
13) 9 TO 10MA/10pF 10 TO 10M A /10pF
B SCOPE PROBE 1.2 SCOPE PROBE
LoGIC 0 _i-z =sp
=
2.7k
Vvss vss
Fig. 11 Fig. 12
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Vce ]

v 6 27k

1
2 TO 10Ma [ 10pF
5 SCOPE PROBE

LOGIC 0

<

patA — 1311 sp

vss

VIH (MIN) = = = —

EDGE TIMES
INPUT  ViL (MAX) —-I r—
VoH (MIN) 24V
ouTPuT I {— 15V
VoL (MAX) 0-5V
11
tpd

Fig. 13
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o) PLESSEY

Semiconductors ADVANCE INFORMATION

Advance information is issued to advise Customers of new additions to the Plessey Semiconductors range which, nevertheless, still
have ‘pre-production’ status. Details given may, therefore, change without notice aithough we would expect this performance data to
be representative of ‘full production’ status product in most cases. Please contact your local Plessey Semiconductors Sales Office

for details of current status.

PCM RECEIVING CIRCUIT

The MJ1471/1742/1473 circuits have been designed
specifically for use in 30 channel PCM systems. All circuits ~
conform to the appropriate CCITT recommendations. The rzLre 2] vee
range of circuits is realised in N-channel MOS technology. mr w2 2] a
They all operate from a single 5V supply and all inputs and s 2] o
outputs are TTL compatible. Operating speed of 2.048MHzis
guaranteed over 0°C to 70°C temperatqre range. MR [Ja 21[] a6
The MJ1472 block diagram is shown in Figure 2. i s ol
a[Je 1o[] ae
FEATURES w g
ek s w[]ac
B Line Time Generation (From 9 Stage Clock Driven om [Jo 16[] 08
Qountgr). . £PAT [J10 5[] oa
B Line Timing, Frame Alignment ws o
M Alarm Signals FAT + MIR, ATL, AW, EPAT
) vss [r2 a[] PR G24
B Test Points TP1, TP2, TP3, MR D
B Inputs and Outputs LSTTL Compatible

g Fig.1 Pin connections (top view)

TP1 TP2 TP3

I G N S
T [

-— |

| O ATL

FRAME ALARMS i
O—*1  ALIGNER DETECTOR [ ¢ ¥

l }—a——O EPAT

MR

O FAT + MIR

—»—00A

Tl aF
(2.048MHz) CIRCUITRY i

———>—6 MKL (8kHz)
PR (4kHz)

Fig.2 Block diagram
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ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Supply voltage 5V + 0.25V
Ambient operating temperature 0°C to +70°C
Package thermal resistance 60° C/watt

DC CHARACTERISTICS

Characteristic Symbol | Inputs/outputs Min. Yl.a;:? Max. Units Test conditions

High-level input voltage ViH All inputs 2.0 Vv

Low-level input voltage Vie All inputs 0.8 \

High-level output voltage VoH All inputs 2.7 V[ lon -60uA

Low-level output voltage Vor All inputs 0.5 V | lo. = 0.8mA

High-level input current I+ All inputs 50 uA | VIN =525V 25°C

High-level output current loH All outputs -60 MA | Von = 2.7V

Low-level output current loL All outputs 0.8 mA | VoL = 0.5V

Input capacitance Cin All inputs 10 pF | 1MHz 100mV

Supply current lcc 40 60 mA | Vcc = 5.25V

AC CHARACTERISTICS
Propagation delays Symbol Min. ‘4.3;:? Max. Units Conditions

Qato Qi todt 50 ns Fig 5 for loading
Measure from CKL LE

MKL & PR tpa2 100 ns As above

ATL & FAT + MIR tpas 100 ns As above

AW tpas 300 ns As above

EPAT tpds 100 ns Fig 5 for loading
Measure from TP3 LE

TP2 tpds 150 ns Fig 5 for loading
Measure from TP1 TE

TP2 tpar 250 ns Fig 5 for loading
Measure from CKL LE

Required delay from DIN t1 50 430 ns

transition to CKE TE

FRAME ALIGNMENT

Frame alignment is described by the flow chart of Figure 3
where the A and B words are defined.

Position 1 2 3 4 5 6 7 8
Word A X 0 0 1 1
Word B X 1 X X X X X X

o
—_
—_

Table 1

A(TA) represents the presence of word A in TSO of frame
TA. B(TB) likewise represents the presence of word B in TSO
of frame TB. A(TA) and B(TB) represent the absence of the
words in TSO of the respective frame.

Frame alignment is assumed lost when 3 consecutive
words A(TA) or B(TB) have been received with error. Frame
alignment is recovered when the following sequence is
detected in successive frames. Word A— word B (TB) and
finally A(TA). To avoid the possibility of a state in which no
frame alignment can be achieved due to the presence of an
imitative frame alignment signal, the following procedure is
followed. Should A(TA) be followed by absence of word
B(TB) a new search for A is started a frame later.
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A(TA)

SEARCH

>l

P PRE-ALARM STATE
C CONTROL STATE
T ONE FRAME DELAY

Fig.3 Frame alignment procedure




LINE TIMING

Nine stage clock (CKL) driven counter. All outputs (QA to
Ql) available externally.
MKL One bit positive pulse corresponding to 8th bit of
TS15.
PR One bit positive pulse corresponding to position 8 of
TS30 of frame A.

TRANSMISSION ALARM DETECTION

As already outlined in Fig.3. Three consecutive words
A(TA) or B(TB) set an R-S flip-flop. This condition can also
be forced by the external signal MIR.
MIR Input to R-S flip-flop.
FAT + MIR Output indication of state of R-S flip-flop.

MJ1472

ATL Output high when logic '1" is detected in position 3 of
TS0, TB for two consecutive TB frames. Output low when
logic ‘0’ is detected in position 3 of TS0, TB. ATL output
inhibited by the presence of output FAT + MIR.

AW Output high whenever A(TA) is detected. Output is
removed only when word A(TA) is detected.

EPAT The output is high when for eight consecutive times
at least 15 words A(TA) are detected in 512ms. EPAT alarm is
removed (EPAT = 0) when less than 15 A(TA) words are
detected in (512 x 8)ms. The 512ms timer interval is obtained
by an 11 bit binary counter clocked every double frame.

TEST POINTS
TP1, TP2, TP3 and Master Reset MR are test points.

buT 10MQ/10pF PROBE

INPUTS ‘X_;wv

Teo

OUTPUTS X—- 15V

Fig.4 Propagation delay test circuit

Fig.5 Waveforms for tpd
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MJ1473

PCM TRANSMITTER CIRCUIT

The MJ1400 Series of circuits have been specifically
designed for use in 30 channel PCM systems. ot ~ uflve
The MJ1473 is designed to simplify the transmit section of
a 30 channel, 2 MBit PCM link by converting NRZ PCM data w2 sllo:
to either AMI or HDB3 format after inserting a synchronising cs[s 2[]L
word in channel 0 (conforming to CCITT recommendations 3
G.703 and G.732). Dour [} 11[JFAT + MIR
The data is output in pseudo-ternary form to facilitate r{ls 10[] cKe
driving the line interface via a transformer and AMI or HDB3 w2 ofjow
code may be remotely selected using bits 2 and 3 in channel -
0 of the incoming data stream. vss [}7 8[1MR DG14
Fig.1 Pin connections - top view
FEATURES g i
B 5V - 30mA Power Requirements Bit i 2 3 4 5 6 71 8
o )
B 0-70°C Operation . Channelo[ [ o [ o | 1| 1] o 1/ 1
B Complies with Relevant CCITT Recommendations TS0.TA
B Control Signals Compatible with MJ1472.4 C'T’;'(;“Tel'a" x| 1 lat] x| x| x| x| x
B NRZ, AMI or HDB3-Transmission Format - ——
| Transmission Format Controlled Locally or Remotely avle
Via TSO Data ABSOLUTE MAXIMUM RATINGS
M Fabricated in NMOS Technology Voltage on any pin with respect to Vss : 7V
B inputs and Outputs TTL Compatible Storage temperature : -55°C to +155°C
™ MR
2 8 I
R A 7
cs 3 |
v, <Y |
P1(256kHz) S
P2 (4kHz) s| GEE?A%?OR ’—' :
| i |
CKE (2. ) 10 O— i
' 2 i
| H l
FAT + MIR 11C | CHANNEL 0 “IJ LINE CODE | o it
(NRZ3 2,048 Mbls) 9? FORMER l/l CONV[E::"E“ ‘-———ol 13 02 [ INTERFACE
| o',, Dout
‘ r | (2.048Mbit/s)
2
|
: DEYECTOR ?‘2 .
|
' |
|
REMOTE '
0
} SO0 “Posic” |
Vee 14?——. I
Vss 70———-L— ____________________ _]

Fig.2 Block diagram of MJ1474
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ELECTRICAL CHARACTERISTI

Test conditions (unless otherwise
Supply voltage 5V + 0.25V

CS

stated):

Ambient operating temperature 0°C to +70°C

Package thermal resistance 95°
DC CHARACTERISTICS

C/watt

Characteristic Symbol | Inputs/outputs Min. \fl-a;:e Max. Units | Test conditions
High-level input voltage ViH All inputs 2.0 )
Low-level input voltage Vi All inputs 0.8 Vv
High-level output voltage Vo Outputs L & Dour| 2.7 VvV  [-60uA
Low-level output voltage Vou Outputs L & Dour 0.5 V [0.8mA
High-level input current I All inputs 50 uA | ViN = 5.25V 25°C
High-level output current loHt Outputs L & Dout| 60 A [Von =27V
High-level output current loHz | Outputs O1 & O2 2 mA |Von =28V
Low-level output current loL Outputs L & Dout| 0.8 mA |VoH = 0.5V
Input capacitance Cint All inputs except 10 pF | 1IMHz 100mV
CKE
Cinz | Input CKE 20 pF
Supply current lcc 30 45 mA | Vcc = 5.25V
AC CHARACTERISTICS
Characteristic Symbol Value Units Conditions
Min. Typ. Max.
01 & 02 tpd1 100 ns | Fig. 4 for loading; measure
from CKE leading edge. See
Fig. 5 for definition: total
delay in tpd1 + 4 CKE periods.
L Propagation delays tpd2 200 ns | Fig. 3 for loading; measure
from CKE trailing edge. See
Fig. 5 for definition.
Dout tpd3 180 ns | Fig. 3 for loading; measure
from CKE leading edge. See
Fig. 5 for definition: total
delay is tpaa + 8 CKE periods.
Rise and fall times of O1 & O2 titt 20 ns | Fig. 4 for loading. Measured
between 0.5V and 2.4V points.
Required delay from Din P1.P2 t1 50 430 ns
transition to CKE TE
Required delay from FAT + MIR t2 50 430 ns
transition to CKE LE
Required delay from CS transition t3 50 430 ns
to CKE TE

CIRCUIT DESCRIPTION

The MJ1473 generates exchange timing by a synchronous
9-bit counter driven by exchange clock CKE and preset by
P1,P2. The exchange clock also clocks data, Dinthrough the
channel 0 former and to Dour via an eight bit shift register. In
the channel O former, data bits of channel 0 are modified as
shown in Table 1.

An Xin Table 1indicates transparency through the circuit,
bits 2 and 3 of the shift register are concerned with the loop
command circuitry. When ‘01 is detected an internal latch is
set and the loop condition on output L is registered.

Dout may also be routed through the HDB3/AMI Encoder.
The CS control is logic ‘0" for AMI and logic ‘1’ for HDB3.
Encoded data is then output to 01and 02in a form suitable for
driving the PCM interface.

The line code converter can also be controlled by the
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remote control commands present on bits 2 and 3 of the shift
register. These commands are as follows:

1. The presence of ‘00' in the first frame yields AMI

transmission except channel 0 and 1, which are
transmitted in a code determined by CS.
The presence of ‘00" in each consecutive frame yields
unipolar transmission except in channel 0 and 1 as above.
The polarity of unipolar transmission is constant for any
number of consecutive ‘00’ frames but will alternate with
respect to the previous unipolar transmission provided
there has been an intermediate frame where ‘00’ was not
detected.

2. The presence of ‘11" in any frame yields AMI transmission
except for channel 0 and 1 which are transmitted in a code
determined by CS.



ATL is forced to a ‘1’ by the presence of the external signal
FAT + MIR, or by the presence of one of the two remote
control commands or by the loop comand.

An ‘all ones’ condition on the encoded data outputs (O102)
is forced in the presence of a ‘1’ in position 4 of channel 0,
when the loop condition is met.

For normal operation MR = TP1 = 1. The test point TP1is
provided as an input independent of the line code converter.
In order to enable this input when MR = 0.

All inputs and outputs are compatible with LSTTL.

MJ1473

Vece
DUT 10M(/10pF PROBE
5.4k 800p
1k
DuT 10MQ/10pF PROBE
T»
Vss
Fig.3 Propagation delay test circuits Fig.4
CKE
INPUTS X— 15V
Ted
OUTPUTS X1.SV
Fig.5 Waveforms for tpd
CKE
8 TA 8 TA
DN TS31 TS0 I Ts1 |rsz TS31 TS0 | Ts1 I-rsz TS31 TS0 | Ts1
B TA | T8 TA
-t
A I
Doutr  TS30 Ts31 thoI1 1 |o|1 1|'rs1 T30 TS31 lx|1 'rlx xeI)J)i'm TS30 TS31 Tso
L
TS0 TS0

Fig.6 Timing diagram
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ADVANCE INFORMATION

Advance information is issued to advise Customers of new additions to the Plessey Semiconductors range which, nevertheless, still
have ‘pre-production’ status. Details given may, therefore, change without notice although we would expect this performance data to
be representative of ‘full production’ status product in most cases. Please contact your local Plessey Semiconductors Sales Office
for details of current status.

MJ1474

PCM ELASTIC STORE

The MJ1400 Series of ‘circuits have been specifically

designed for use in 30 channel PCM systems. wefie 7 aafve
The MJ1474 retimes the received 30 ( +2) channel PCM a2 2
data stream to the exchange clock and also produces a 5-bit
output which identifies the individual channels within the N [ls 221
retimed data stream. wills [k
Slip is handled by control logic which causes a repetition
(or jump) of channel 0 for two consecutive frames whenever wis 20[n
the Store capacity is about to be exceeded. v:[s w10
vs[]7 18[] Dour
FEATURES vills 17 [] ke
¥ CR
B 5V - 50mA Power Requirements :EQ ‘eiﬁ
6| |10 15
B Performance Guaranteed Over 0-70°C
Temperature Range vn 4[] ow
B Performs Slip/Alignment Function in 2.048 MBit vss[]2 ] ok DG24
PCM Systems
B Conforms to Relevant CCITT Recommendations Fig.1 Pin connections - top view
- . .
- Com'patlble-wnh MJ1472, 3 Control Formats ABSOLUTE MAXIMUM RATINGS
Fabricated in NMOS Technology Voltage on any pin with respect to Vss : 7V
B Inputs and Outputs TTL Compatible Storage temperature : -55°C to +155°C
_________________________ -
(ZS‘S:I?Hx) ‘5? |
MR 150 I
EN 3? RREEAFD I
|
2.09MH ‘3?"——’1 : l I
R TIMING GUARD SIGNALS CoNTROL TMING l
(4kHz)
| 2 |
Il ENABLE | St é‘ 01
| ] 2| {%) 1 TP2
ADDRESS READ
Veo 240 = ores I
Vss 120—— WTTE > Eé'?g;g: < lJ,> ADDRESS
| | (19-23)
| > '
T Z |
onane. | [G——
‘ sty N2 ELASTIC [
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T ] INSERTER :
|
|

Din
(2.048 Mb/s) 14O
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2.048MHz) 17O
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Fig. 2 Block diagram of MJ1473
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Supply voltage 5V + 0.25V
Ambient operating temperature 0°C to +70°C
Package thermal resistance 60° C/watt
DC CHARACTERISTICS

- Value . -
Characteristic Symbol | Inputs/outputs Min. Tvp. Max. Units | Test conditions
High-level input voltage ViH All inputs 2.0 \
Low-level input voltage Vi All inputs 0.8 \Y
High-level output voltage VoH All outputs 2.7 V| -60uA
Low-level output voltage VoL All outputs except 0.5 V | 08mA
lo-l4
High-level input current hH All inputs 50 MA | Vin =525V 25°C
Low-level output voltage Vou1 Outputs lo - l4 0.4 V | 3mA
High-level output current loH All outputs 60 MA | Von =27V
Low-level output current loLo All outputs except| 0.8 mA | Von = 0.5V
lo- 14
Low-level output current loLt Outputs lo-14 3.0 mA | VoL = 0.4V
Input capacitance CiN All inputs 10 pF | IMHz 100mV
Supply current lcc 50 80 mA
AC CHARACTERISTICS
Characteristics Symbol n Value Units Conditions
Min. Typ. Max.
Dour tpat 100 ns | Fig. 4 for loading; measure
from CKE leading edge. See
Fig. 5 for definition.
TP1 tpd2 150 ns | Fig. 3 for loading; measure
. from CR and CKL. See
Propagation delays Fig. 5 for definition.
TP2 tpds 150 ns | Fig. 3 for loading; measure
from CKL trailing edge. See
Fig. 5 for definition.
lo-la tpda 200 ns | Fig. 4 for loading: measure
from CR trailing edge.
Required delay from Din transition t 50 430 ns
to CKL leading edge
Required delay from FAT + MIR t2 50 430 ns
transition to CKL leading edge
Required delay from CS transition ts 50 430 ns
to CKL trailing edge

CIRCUIT DIAGRAM

The line timing circuit consists of a 9-bit counter clocked
by CKL and preset by PR. Counter states are decoded to
form slip commands for the slip control logic and enable
signals for the data inserter. The counter also controls the
switching logic that delivers the write signals for the two
elastic stores, i.e. channel and address, and the guard signals
for the slip control circuit.

The channel elastic store has the function of retiming the
32 channels from Din, clocked by CKL, to Dour clocked by
the exchange clock CKE. The address elastic store has the
function of retiming the address of the 32 channels from the
line clock CKL to parallel lo to |4 outputs clocked by the
exchange clock CKE.

The elastic stores are controlled by a slip control logic,
which compares guard signals and the read reference signal.
The read reference is generated together with 4 read signals
from a 2-bit counter, driven by CR, in the exchange timing
circuit. When the store capacity is about to be exceeded the
slip control logic becomes active. The effects are a repetition
(or jump) of channel zero for the two consecutive frames.
Full capacity is always recovered after a normal slip. The
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contents of all other channels are unchanged during a slip.
A slip may also be forced in the presence of signal EN. This
effect is a repetition (or jump) of channel 0 and address 0 for
one frame only.
The data inserter modifies channel 0 data out according to
Table 1:

Position 1 2 3 4 5 6 7 8
Frame TA| X X Yi| Y2 | Ya| Yaf Ys | Ye
Frame TB| X 1 Y7 | SL| X X X X

Table 1 TSO format

Where SL is generated by the slip control logic Y1to Y7are
external inputs and X indicates transparency through the
circuit.

The circuit also has a master reset (MR) input for
initialization of slip control and exchange timing circuits. TP1
and TP2 are also available as test points.

All inputs and outputs are compatible with LSTTL.
Outputs lo - |4 are capable of sinking 3mA at 0.4V.
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buT 10MQ/10pF PROBE DuT 10MQ/10pF PROBE
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Vss
Fig.3 Fig.4
INPUTS — 15V
Tod
OuTPUTS A
Fig.5 Waveforms for ted
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Fig.6 Timing diagram
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Semiconductors

MS2002

PRELIMINARY INFORMATION

Preliminary Information is issued to advise Customers of potential new products which are designated ‘Experimental’ but are, nevertheless, serious development
projects and is supplied without liability for errors or omissions. Details given may change without notice and no undertaking is given or implied as to current or future

availability.

Customers incorporating ‘Experimental’ product in their equipment designs do so at their own risk. Please consult your local Plessey Semiconductors sales outlet for

MS2002EXP

DIGITAL SWITCH MODULE (DSM)

details of the current status.

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
capable of switching data from any incoming channel to any
outgoing channel. Input data can be either serial or parallel.
The DSM is designed to be easily expandable to provide a
greater switching capacity.

FEATURES

Single 5V Supply
TTL Compatible

Interfaces Directly with European Standard CCITT
32 Channel 2.048Mb/s Format

256 Input/256 Output Channels
Inputs and Outputs can be either Serial or Parallel
Open Drain Outputs Allow Easy Expansion

Only One System Clock Required with One Frame
Synchronisation Pulse

APPLICATION
B Circuit Switched PCM or Data Systems

we? 7 [l
o1z 2717 Voo
ni2[]s 26[] CLK
oi3[]s 2s[]en
pia(]s 2a[] P
ois[]s 23[] P2
ois[J7 MS2002 »2[]e3
oi7[]e 21[] cio
ces [o 20[] vss
007 [J1o 19[] cot
D06 [|11 18] coo
pos []12 17[] poo
04 [|13 16[] o1
003 [Jra 1517 po2 D628

Fig.1 Pin connections - top view

CONTROL
INPUT
WORD CI1

4

CONTROL

P—S PARALLEL TO SERIES CONVERSION
S—~P SERIES TO PARALLEL CONVERSION

PCM [ ] 3LsB CONTROL
DIo-7 S—=P COUNTER S=—=p PP
' ﬂ BUSY BIT
31BSs
COUNTER
256 x 8 ADDRESS 256 x (8 + 1)
SPEECH STORE DECODE CONTROL STORE
BINT
9
MPX LATCHES
~= |
J |
8 8 ZERO
=, DET
| COUNTER I MPX (o]
3LsBs CONTROL
COUNTER OUTPUT COO
MPX
LsB

LOGIC [e—P2

CONTROL
OUTPUT
co1

MULTIPLEX
LEAST SIGNIFICANT BIT

Fig.2 Block diagram of DSM
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RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol [ ‘:,a;:f ] Units Conditions
Supply voltage Voo 4.75 5 5.25 Y
High input voltage ViH 24 Voo \
Low input voltage Vi -0.5 0.8 \
O/P pull up resistor Reu 950 Q | +1 Schottky load
Css capacitor 1 nF
ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Voo = +5V, Tamb = 25°C
Characteristic Symbol Value Units Conditions
Min. Typ. Max.
Supply current loo 40 mA
Input current IiH 50 MA |ViH =27V Logic
I 50 uA  [ViL =04V inputs
Output voltage VoH 2.7 V |Reu = 1kQ Logic
Vou 0.5 V  |Reu = 1kQ outputs
Input capacitance Ci 5 pF |Logic inputs
Output capacitance Co 5 pF | Logic outputs
AC CHARACTERISTICS
Test conditions (uniess otherwise stated):
Tamb = 0°C to +70°C, Voo = 5V £ 5%)
- Value .
Characteristic Symbol in- Max. Units
System clock period te 243 245 ns
System clock low period tel 82 ns
System clock high period teh 82 ns
Frame sync period tr 512 512 | Clock periods
Frame sync set up time ttss 60 ns
Frame sync hold time tish 90 ns
Input data set up time tds 60 ns
Input data hold time tdn 90 ns
Clock to output delay * ted 5 150 ns

*

Loaded with 7 similar outputs + 1 Schottky TTL input + 1k§2 pull up resistor to Voo + 16pF.

PIN NAMES ABSOLUTE MAXIMUM RATINGS

DIO-7  Speech data input channels Supply voltage range (Vob) -0.5Vto +7V
DOO0-7 Speech data output channels Input voltage -0.5Vto +7v
[ef0]4} Control data out Output voltage -0.5Vto +7V
CcO1 Control word out Temperature: Storage -65°C to +150°C
Clo Control data in Operating 0°Cto +70°C
cn Control word in

P1-3 Programming pins

CLK Clock Nc;)A-II;EoItages with respect to Vss

FS Frame sync. pulse

Vss Negative supply (0V)
Voo Positive supply (5V)
Ces Substrate bias decoupling
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Symbol

Pin No.

Pin name and description

DI0o-DI7

Ces

DO0-DO7

Clo

cn

coo

CO1

1-8

17-10

21

25

18

19

Speech Data Inputs accept the 256 incoming speech channels at a 2.048Mb/s data rate and are
latched on every alternate negative edge of the 4.096MHz system clock. The eight data bits of each
channel may be arranged in serial format with each inputline carrying 32 time multiplexed channels
in standard CCITT PCM format. Frame and bit synchronisation is provided by the negative edge of
FS as shown in Fig.4. The eight lines must be time slot synchronous with each other. Alternatively
the speech data may be arranged in 8 bit parallel format, the eight input lines now operating as an
eight bit wide bus carrying 256 consecutive channels. Channel 0 appears on the first negative edge
of the clock after the FS negative transition as shown in Fig.4. The width of the frame sync. pulse FS
is used to select the required format as shown in Table 2.

Substrate Bias Decoupling for the -2.7V on-chip substrate bias generator is provided by a single
capacitor between this pin and Vss.

Speech Data Outputs carry the 256 switched outgoing speech channels ata 2.048Mb/s rate. As with
the speech data inputs the data may be arranged in either serial or parallel format, the frame sync.
pulse FS width designating the selected mode. The outgoing channels are delayed by 21 bit periods
with respect to the incoming lines and are timed by the negative clock edges alternate to those used
for input data. The timing relationships are shown in Fig.4. The speech data outputs use open drain
drivers allowing wire OR-ing of up to 8 DSMs. The correspondence of the Speech and Control store
data as seen at the Speech data outputs is shown in Fig.5(a).

Control Data Input allows updating of control memory contents (excluding Bint). Data format is 8 bit
serial at a 2.048Mb/s rate. Thirty two words are received per frame, the frame sync. pulse
designating the first bit (MSB) of the first word, as shown in Fig.4. Each Control Data word
corresponds to a specific output channel and carries the number (in bitinverted format) of the input
channel which is to be switched to that output. The format of the Control data input is shown in
Fig.5(b). The numbering system for incoming channels is shown in Fig.5(a). The Control Data
words are written to the appropriate locations in the control store determined by the current state of
the Control Word ClI1, received on pin 25, and the timesiot (0-31) in which the Control Data is
received. The address construction is shown below (Outgoing Channel Address Construction).
Table 1 shows those conditions under which a control store modification occurs.

Control Word Input accepts 8 bit serial data, word synchronised with the Control Data input CIO,
thirty two Control Words being received per frame. Each Control Word corresponds to and controls
the processing of the 8 bits of Control Data (CIO) received in the same timeslot on pin 21. The

Control Word format is shown below.

CONTROL WORD FORMAT
(MSB) s3 A2 A1 A0 W BEXT S2 S1 (LSB) (T =09)

The outgoing speech channel address to which the present Control Data relates is determined by
the combination of the present timeslot number (0-31 represented as a 5 bit number TS0-TS4) and
the bits A0-A2 of the present Control Word as shown below.

OUTGOING CHANNEL ADDRESS CONSTRUCTION
(MSB) TS4 TS3 TS2 TS1 TS0 A2 Al A0 (LSB)

The remaining bits of the Control Word have the following functions:

S1-83 allows the message to be addressed to a specific DSM. These bits are compared with the
status of the 3 Programming Pins P1-P3.

w indicates whether the present operation is a control store write (W = 0) or a speech/control
store read (W = 1) operation.

Bext s the external busy bit. If the operation is a control store write to this DSM then Bext replaces
the control store busy bit (Bint) for this channel, setting the channel to busy (Bext =0), or free
(Bext = 1) status.
If the operation is a read then(Bext = 1) data is to be read.

The flow diagram of Fig.3 gives the precise interpretation of the control word.

Control Data Output allows interrogation of control or speech store contents. Data output is 8 bit
serial with 32 words per frame. Each outgoing word corresponds to anincoming Control Data word
but is delayed from it by 21 bit periods. The precise contents of each outgoing word are determined
by the state of the related incoming Control Word CI1 as shown in the flow diagram of Fig.3. The
Control Data Output uses an open drain driver allowing wire OR-ing of up to 8 DSMs.

Control Word Out s a reflection of the input Control Word delayed by 21 bit periods. The S1-S3and
Bext bits may be modified depending on the internal state of the DSM, details are shown in Fig.3. The
CO1 uses an open drain driver allowing wire OR-ing of up to 8 DSMs.
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PIN DESCRIPTIONS

Symbol

Pin No.

Pin name and description

P1-P3

CLK

FS

22-24

26

28

Programming Pins allow up to 8 DSMs to share a common control highway (CI0,CI1) and simplify
the control structure when arrays of DSMs are used to construct larger switches. The Programming
Pins should be hardwired to Vss or Voo to give each DSM a unique address. The state of the P1-P3
pins in combination with the S1-S3and W bits (Control Word Format) of the control word determine
how the control store is modified and also influence the contents of the outgoing CO0 and CO1
words. The complete control flow is shown in Fig.3. Table 1 summarises the effects on the control
memory.

Clock input requires a 4.096MHz TTL level signal. All input signals are strobed in on alternate
negative clock edges, the active edge being denoted by the position of the frame sync.signal FS, as
shown in Fig.4.

Frame Sync. provides a frame datum for the incoming data (both speech and control), marks the
active edge of the system clock, and controls the speech inputand output formats (serial or parallel)
Fig.4 shows the timing relationship of the frame sync. signal to clock and data. The duration of the
frame sync. low period determines the 1/O format as shown in Table 2.

Following a change in I/O mode the operation of the DSM is undefined for the remainder of that
frame and the whole of the following frame.

S2

=p2|S1 =P1 Action on Control Store Low period *| I/O format

axXxoo0oo0o0 | €
X O = ==
X X O =20 =

X OO = =

x

C 10+ Control Store, BEXT+BINT
*FF=Control Store, 1+ BINT
*FF+Control Store, 1+ BINT
*FF=Control Store, 1= BINT 4

No action on Control Store

No action on Control Store

1 SISO
2 SIPO
3 PISO
PIPO

Table 2 /O format control
*Low period is shown in multiples of

Table 1 Control Store modification
*Denotes hexadecimal notation.

OPERATION

The DSM (block diagram is shown in Fig.2) is a 256
channel non-blocking digital switch capable of connecting
all 256 incoming channels to all 256 outgoing channelsinany
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, i.e. conferencing facilities are not provided. Speech
input to the device is via 8 lines (DI0-DI7) that can accept 8 bit
data in either serial or parallel format at a 2.048Mb/s rate.
Speech output is via a further 8 lines which may be set
independently of the input lines to give out serial or parallel
format data.

Call routings are held in an on-chip control memory in the
form of a nine bit word for each outgoing speech channel, bit
nine (Bint) 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. The numbering system
for incoming channels is shown in Fig.5(a). If Bintindicates
the channel is free then the remaining eight bits of the control
word are used as the contents of the outgoing channel,
hence allowing free choice of idle code. The contents of the
control store can be modified, and speech or control store
interrogated, via control messages received over the control
interface CI0, Cl1. Data generated by interrogation of either
the control or speech memories appears on the two control
output lines CO0, CO1.

SPEECH PATH DELAY CHARACTERISTICS

The switching function of the DSM is achieved by storing
the incoming speech channels sequentially in the 256 x 8
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4.096MHz system clock periods.

speech memory (after conversion to parallel format) and
then sending them to the output channels in the order
specified by the control memory. 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 determined by the time spent in
memory waiting for the relevant outgoing timeslot. The delay
is given by the relations:

D=21 +(N-M)forN =M
D =277 +(N- M for N< M iplpo format
D =21+ (INT§-INT )x8N =M)
D =277 + (INT4-INT )x8N<M §s150 format
where D = delay in bit periods (488ns)
M = incoming channel No. (as shown in Fig.5)
N = outgoing channel No.

CONSTRUCTION OF 512 CHANNEL SWITCH

Fig.6 demonstrates the use of the address facilities of the
DSM control structure to build larger switches (512 channels
in this case). The four devices share common control and
speech highways, each device being assigned a unique
address designated by the programming pins P1-P3. It
should be noted that devices sharing a common output
highway have been allocated a common value for P3. This
allocation of addresses reduces the number of control
messages required to set up or clear down calls as inspection
of table 1 reveals; a message sent to one DSM setting or
clearing a channel will automatically clear the same channei
on any DSM which outputs to the same highway (has the
same P3 value).
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Note
Cl = Input control interface
CO = Output control interface

Message not for
this DSM column

-

this DSM

Message for
column

Putalll’s

in appropriate
channel of COO
and CO1

End

Message
not for
this DSM Message
Yes | for this DSM
Write data in

Write I's to ;
specified control CIO to specified
control store

store location
location and B,

Message is
read output
No speech channel

\

LOC (inc 8,,) from CI1 to B”:x'
Wait for segment
Y \ no. in Cl to equal
3 LSB's of
control store
address counter
When B =1
\ cont store contents
appear in o/p speech
channel
[ ¢

Read control Put control

store contents store contents

at specified location at specified location }

& put in COO to COO Put specified store
contents at location
defined by
control store
contents to COO

Contents No _
inc. B, =1 =
? \
! SetS152&S3
to P1 P2 &P3
SetS152&S3 inCO1
to 1inCO 1
End
End

Fig.3 DSM control logic flowchart
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FRAME DATUM\; tc *SERIAL MODE

| +PARALLEL MODE

S
et
I

SYSTEM CLOCK l I

——|___| __________
it //// | 77 77777774

I
| ted
!
|

OUTPUT SPEECH OR *BIT 3 TS29 4 “BIT 4 TS29 %
CONTROL DATA m 1‘(;‘3235 % 1CH.236

NOTE: The outgoing frame is delayed by 21 bit periods from the incoming frame.

Fig.4 Clock, data, and frame sync timing relationships

SPEECH DATA OUTPUTS | oo [ o1 ] o2 Toos ] D04 | 0Os | DOB [ po7 ]
SPEECH STORE DATA | oo [ on [ oo | os | ou rols | DI I oI ](PARALLEL MODE)
CONTROL STORE DATA I B | 6 l 5 | 4 l 3 | 2 | ] | o l

Fig.5(a) Correspondence of Speech and Control data

INCOMING LINE NO. INCOMING CHANNEL NO.
e X
7 6 5 4 3 2 1 0
e [wlcJalwl[ [z] " [s]

Fig.5(b) Format of Control data input

"EACH Tl
FRAME DATUM IMESLOT IS 8 BITS IN LENGTH

Y S i R ENEN

o [ 1w ] % T T =]
S T R
=

Fig.5(c) Channel numbering for incoming speech data (serial mode)
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TIMESLOT NO. |
fe

DI0

21}

DI2

DI3

Dl4

DIs

DI6

DI7

0

-

-t

31

[l Telelee e s elofo]u]ele]x]?

1
1

> |e48 |249|250 |251 |25212531254|255|

Ll TeleTefe e o JeTefro]nfe]elu] ¢

; !24B|249 1250 l 251 | 252 l 253]254 I 2551

Ll iTelselslelr e e folnfelelx]?

; | 248 | 249 l 250[251 1252 I 253 ‘ 254 1255

[l TeleTeTelelrTe]o[n]n]r]a]x]¢

2 | 248 | 249 I 250 l 251 l252 ‘ 253 | ZMLZEI

Lol fefelefselrlelafwn]un]nlu]¢

; |248 l 249‘250 | 251 | 252 ’ 253] 254] 255|

Lol Jelefelefelr elo]w]n]e]u]u]s

? !2481249 |250|251 |252|25312541255J

L LEELEL L e s =3

é |248 ‘249 ‘ 250 1 251 I 252 | 253 | 254J ZSiI

[l [efeTeTsel e e [on]e]elu]s

? |24B|249 ‘250 ‘ 251 I 252{253]254 |255!

Fig.5(d) Channel numbering for incoming speech data (parallel mode).

] HEl | EIREE
CONTROL STORE CONTROL STORE
DATA DATA
16 x 16 DSM
| wgEe
SPEECH ‘OR’
iNpUTS [ 8
S U
|
| SR
8 x 8 DSM 8 x 8 DSM
| o1 MS2002 - MS2002
| P2— ] pP2— —
| P3—| P3—
SPEECH l
INPUTS [ 8
8-15
| 8 x 8 DSM 8 x 8 DSM
| Pt MS2002 Pt MS2002
— F—g| WIRED — —'a| WIRED
| :; 8 o P2 8| “or
| - P3—
SPEECH PEECI
OUTPUTS OUTPUTS
0-7 8-15

Fig.6 512 channel DSM made from four 8 x 8 DSMs
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o) PLESSEY

Semiconductors ADVANCE INFORMATION

Advance information is issued to advise Customers of new additions to the Plessey Semiconductors range which, nevertheless, still
have ‘pre-production’ status. Details given may, therefore, change without notice although we would expect this performance data to be
representative of ‘full production’ status product in most cases. Please contact your local Plessey Semiconductors Sales Office for

details of current status.
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 clockl e 2 oo

FAD comprises a cascadable second order recursive filter DET 2 0UT[]2 23 [7] DELAY SELECT
and level detector using dedicated multipliers, adders and wrcoeer. [fs 22{] oEuaY v 2

delay elements.

The data controlling the response of the MS2014 is stored DET 1IN []a 21[] DELAY OUT 2
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 A outeuT o MS2014 0[] oET 2 IN
development system at the design stage (in contrast to other

mutti N s 20[] FWR oUT

. N . NR COEFF. [7 18[] COMP 2 IN
DSP devices, which use microprocessor-based structures
and require considerable software development effort to R COEFF. s 17[] sywe.
realise their function). The off-chip data memory allows for FTeR W [fo 16[] comp 1 v
easy adaptive control, even when complicated algorithms
muLTi ouT [fro 15[ FILTER OUT

are to be implemented.
The filter and detector have been designed to give B INPUT [t 1a[] DELAY OUT 1
maximum flexibility in use and can easily generate most of

the functions required in tone detector, spectral analysis, vss [ Joeaviny DG24
adaptive filter and speech synthesis systems.
FEATURES Fig.1 Pin connections - top view
B Linear 16-Bit Data
B 13-Bit Coefficient
B 2MHz Operating Clock Frequency
B Serial Operation PIN NAMES
B 448 Bits of On-Chip Shift Register Data Storage for "
gth Order Multiplex Name Function Vo
B Nth Order Muttiplexing (N<8) 1 Clock Single phase clock input |
B TTL Compatible 2 Detect 2 Out Output from detector 2 o
. 3 Int.Coeff Integrator coefficients |
B Single +5V Supply 4 DET1in  Detector 1 input |
5 Multin Input to NR B multiplier |
APPLICATIONS 6 R Output Output of recursive section (@]
- e 7 NR Coeff Non-recursive (NR) |
B Low Cost Digital Filtering coefficient input
B Level Detection 8 R Coeff Recursive coefficient input 1
B Spectral Analysis 9 Filter In Data input to filter section |
™ P aly ) ) 10 Mult Out Output from B multiplier o
Tone Detectors (Multi-Frequency Receivers) 11 B Input Input from B multiplier |
B Speech Synthesis and Analysis }g \éss' | I rom § | dol |
elay In 1 nput from filter external delay
B Data Modems 14 Delay Out 1 Output to filter external delay o
B Group Delay Equalisers (All-Pass Networks) 15 Filter Out Data output from filter section (e}
16 Comp 1In  Comparison level 1 input |
ABSOLUTE MAXIMUM RATINGS 17 Sync Synchronisation pulse input |
18 Comp 2 In  Comparison level 2 input |
Supply voltage (Vob) -0.5V to +7V 19 DET 21In Input for detector 2 via FWR |
Input voltage -0.5V to +7V 20 FWR Out FWR output from Det 2 In data (o]
Maximum output voltage +7V 21 Delay Out 2 Output from detectors 1 and 2,and O
Temperature: Storage -65°C to 125°C connection to detector external delay
Operating 0°C to 70°C 22 Delay In2  Input from detector external delay I
NOTE 23 Delay Select Internal/External delay selector |
All voltages with respect to Vss 24 Voo +5V supply
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FILTER
out

|
SYNC 017_— SYNC

MULTIPLEX
REGISTER
m
DELAY | 13
INT O
DELAY (23
SELECTT ] \SwireH
D
8
R COEFF C|>—> ab,C1,M
7
NR COEFF O——=A,B,C2
1
CLOCK O——=¢

DET1 COMP1 INT COMP 2 DET 2
IN 1

N

D—e={

MULTIPLEX

REGISTER
Ias

FWR

|
VoD C')——VDD
Vss of2
|
L
R IN OUT B DELAY DELAY DET 2
OUT Lyyrt! IN ouT 2 IN 2 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 n Value Units Conditions
Min. Max.
Supply voltage Vop 475 5.25 \
Input voltage (high state) except clock ViH 2.2 - \Y
Input voltage (low state) except clock Vi - 0.7 \
Input voltage (high state) clock ViHe 4.5 - \
Input voltage (low state) clock Vie - 0.5 Vv
Clock rise and fall time tel 30 ns 10% - 90 % (Note 1)
Clock frequency fa 0.5 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. \-IrayI:e Mox. Units Conditions

Supply current lop 0 120 mA

Output voltage, low Vou - - 0.5 \ lo. = 0.4mA (Note 2)
Output voltage, high VoH 2.7 34 - V. llon = -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 frequency of 2.048MHz is guaranteed over the supply voltage range and the full operating temperature range.
2. The output stage is designed to drive a standard 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 +Bz2]
M Ti-az-bz2] -

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

H(z) =

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
1Z2B =-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 fo is given by:

for =32xfsxY

OUTPUT

—>—

MULTIPLY ADD
BYA

DELAY BY
TIME T

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 fsto be 8000
samples/s; hence at the maximum guaranteed clock rate of
2048kHz, Y must be less than or equal to 8.

By presenting an input sample during every 32-bit
computation cycle, 8 separate second-order filters can be
implemented. As the inputs can be independent of each
other the filter is then said to be ‘channel multiplexed'.

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

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

= computation period = 32 x (1/2048k)s = 15.63ps i.e. 32 bits at 2048 kbit/s clock rate.
*Te= sampling period = (1/8000)s = 125us at a sampling rate of 8kHz i.e. 256 bits at 2048 kbit/s clock rate.
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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 multiplier 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 3Ts +T
31/32 72Ts + T
63/64 146 Ts + T
127/128 293 Ts + T
255/256 588 Ts + T

Table 1 Integrator rise times

INPUT ¢— OUTPUT

-(J +1)

-(k + 1)

Fig.4 Leaky integrator

COMPARISON
LEVEL

e O

LEAKY

OUTPUT

INTEGRATOR

Fig.5 Simple level detector
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COMP 2 IN
18

LEAKY
INTEGRATOR 1

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 @
Es?2 + 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 (-2
s = T T .. (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 __2KT-8C
4C +2DT + T2
A 8E - 272
4E + 2FT + 12
g — AC-2DT +KT?
4C +2DT +KT2
p o 2FT-4E-T
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 Ca

When C1 = 1, data applied to FILTER IN (pin 9) goes to 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 = 0 the B multiplier is by-passed by a direct
connection, setting B = 1.

Table 2 shows the format of the serial data words for the
NR and R coefficient inputs. The timing diagram (Fig.7)
shows where this fits into the computation cycle. The
synchronising pulse (SYNC) is coincident with the first clock
pulse of the cycle and must be low before the rising edge of
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32 |31 [30 [20 |28 27[26'25]24I23|22l21]20]19|18|17 16 |15 [1a 1312 11100 [ [ 7 [ 6 [s [a [3] 2] c":::
Number
b Coett. as a Coeft. (Recursive)
C1 | M1 M2 M3 |Ma{msb. Isb |msb Is!
B Coeff. As A Coeff. (Non-Recursive)
X X | X | X |C2|msb. Isb jmsb Isb
0.125 0 073217773437
ofJol1]1]o]ofofolofofo]olofolofoofo 1fsfofs [t]1]ofs ]t o]1{1]1]®
o [ofolol1]olo]olofo]ofo]o]olo]ofofofolo]ololo]o]ofo]o [0 |ofo[ofo]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 =j—'21. 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
| TIME SLOT 1 I TIME SLOT 2 TIME SLOT 3 TIME SLOT 4 J
sYNC l_r
[ IS a a| bl b |M.MIC
R COEFF |43 0 sf12 o la 1}
NR coere |2 cxx
© 12 of2|®
|s (16) MI
6 S
FILTER IN H H
T W
FILTER OUT H (16) g
DET 1 (OR 2) IN |; 6 ﬁsl
B 8
X X[ 53 [kk] xx
1
NT COEFF ](4)|31|31| (G)I
COMP 1(OR 2) IN
DET 2
DET 2
our s " S
DELAY OUT 2 DET 1 DEJ 2
IR HIES

Fig.7 Timing diagram
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Clock pul

"u°nfbe’:“se 32 |31 (30 [29 |28 |27 |26 |25 |24 |23 |22 {21|20 (19 |18 |17 |16 |15 |14 [13 [12 |11 |10 |9 [8 |7 |6 |5 |4 |3 |2 |1

Integrator

s, X X Ix Ix fx Ix x| x Ix Ix Ex [ x [ x| x x |x [x [x [x |x |x |ks ke |Ks {os oz [os | x |x |x |x
ri

f;e:l“;aof‘;" Po [P1 P2 [Ps |Ps |Ps |Pe [P7 [Ps |Po [ProfPur|PrelPrs[Pralpis 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,/2 jsdata 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 INisconnected 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 thatata
2.048MHz clock rate the sample rate is 64000
samples/second giving a maximum bandwidth of 32kHz.

If the desired B coefficient is not unity then Rout (pin 16)
must be connected to 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 that the
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.
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Fig.8 2nd order 32kHz bandwidth 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 muitiplexing.
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+V
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Fig.10(a) Input set-up and hold times

Fig.10(b) Output delay time

Fig.10 Input and output timing
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Semiconductors

MV1441

ADVANCE INFORMATION

Advance information is issued to advise Customers of new additions to the Plessey Semiconductors range which, nevertheless, still
have ‘pre-production’ status. Details given may, therefore, change without notice although we would expect this performance data to be
representative of ‘full production’ status product in most cases. Please contact your local Plessey Semiconductors Sales Office for

details of current status.

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

HDBS3 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

+Vee -0.5V to +7V
Inputs Vce +0.5V  Gnd -0.3V
Outputs Vce Gnd -0.3V

NRZ DATA IN [+ ~ 8[] +vee
CLOCK (ENCODER) |2 []out 2 (02)
L0SS OF INPUT |3 16[] ouT 1 (01)
NRZ DATA 0UT [a 5[]

CLOCK (DECODER) |5  MV1441  1a[]L0OP TEST ENABLE

RESET AIS [|6 u[] Ay
ns[]7 12| ] CRYSTAL OUT/CLOCK R
MODE[]s n[] ERROR
GROUND [fo 10{] CRYSTAL IN

DG18

Fig.1 Pin connections - top view

DATA IN ENCODER
cLOCK %%
(ENCODER)
LosS
COUNTER |H—o OF
INPUT
LOOP 1
TEST SWITCH |
ENABLE
— NRZ
AN DECODER |-H—0 DATA
ouT
B|NO—D0——
CLOCK o
(DECODER)
MODE CLOCK
CRYSTAL REGEN
IN
uIT
CRYSTAL ERROR
ouT/ SWITCH
CLOCK R
RESET

s
Ais © || cIRCUIT || O 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 Min V:;l;e Miax Units Conditions

Low level input voltage Vi All inputs -0.3 0.8 \%

Low level input current hio 50 MA | ViL =0V

High level input voltage ViH 20 Vce \%

High level input current hiH 50 pA | Vih =5V

Low level output voltage VoL All outputs 0.4 \% Isink = 2.0mA

High level output voltage VoH 2.8 V | isource = 2mA) both
Vce-0.75 Vv Isource = TMA) apply

Supply current lcc 2 4 mA | All inputs to OV
All outputs open circuit

Dynamic Characteristics

Characteristic Symbol Win V:‘I':e Miox Units Conditions
Max. Clock (Encoder) frequency fmaxenc 4.0 10 MHz | Figs.10,15
Max. Clock (Decoder) frequency fmaxdec 2.2 5 MHz | Figs.11,15
Propagation Delay Clock (Encoder) to | tpaias 100 ns | Figs.8,10,15 See Note 1
04, 02
Rise and Fall times O4, O2 20 ns | Figs.10,15
tpdia - tpais difference 20 ns | Figs.10,15
Propagation Delay Clock (Encoder) to tpds 150 ns | Loop test enable = ‘1’, Figs.10,15
Clock Regenerate
Setup time of NRZ data in to Clock ts3 75 ns | Figs.7,10,15
(Encoder)
Hold time of NRZ data in tha 55 ns | Figs.7,10,15
Propagation delay Km, 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 An, Binto Clock tsi 75 ns | Figs.7,11,15
(Decoder)
Hold time of A, Binto Clock (Decoder) thi 5 ns | Figs.7,11,15
Hold time of Reset AIS =0’ the 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 (A , BiN) (Fig.4).

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 AIS, 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 AlS 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 AN, 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. An =
‘0’ represents a positive going ‘', Bn = ‘0’ represents a
negative going ‘1. Aiv and Bin are sampled by _the positive
going edge of the clock decoder. Ainv 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, Oz2. 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
CLOCK ||||||||||||]||||||
(ENCODER)
NRZ DATA IN _| ] J 1 J ]
(TYPICAL)
o I [el VL
02 I
Fig.3 Encode waveforms
AN L LI L U
TYPICAL {_
BiN L L L
crockr _[7] ||||||||
‘ 3 CLOCK
cLocK PERIODS
DECODER
NRZ DATA OUT 1 J ] |

Fig.4 Decode waveforms
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Fig.16 A typical application of the MV1441 with the interfacing to the transmission lines included
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ADVANCE INFORMATION

Advance information is issued to advise Customers of new additions to the Plessey Semiconductors range which, nevertheless, still
have ‘pre-production’ status. Details given may, therefore, change without notice although we would expect this performance data to be
representative of ‘full production’ status product in most cases. Please contact your local Plessey Semiconductors Sales Office for

details of current status.

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
operates from a single 5V supply with TTL compatible inputs
and outputs.

The MV1448 is an encoder/deocder for the pseudo-ternary
transmission code, HDB3 (CCITT Orange Book Vol. 1I1.2
Annex to Rec. G703). The device encodes and decodes
simultaneously and asynchronously. Error monitoring
functions are provided to detect violations of HDB3 coding,
all ones detection and loss of input (all zeros detection). In
addition a loop back function is provided for terminal testing.

FEATURES

HDB3 Encoding and Decoding to CCITT rec. G703
Asynchronous Operation
Simultaneous Encoding and Decoding

Clock Recovery Signal Allows Clock Regeneration
from Incoming HDB3 Data

Loop Back Control

HDB3 Error Monitor

‘All Ones’ Error Monitor

Loss of Input Alarm (All Zeros Detector)
Decoded Data in NRZ Form

Low Power Operation

2.048MHz or 8.544MHz Operation

NRZ DATA IN
CLOCK (ENCODER) []
LOSS OF INPUT []
NRZ DATA 0UT []
CLOCK (DECODER) [
ReseT 1S [

ais [

® N o O » W o =

GROUND []

Mv1448

16[] +Vee

15{] out 2 (02
14{] out 1 (07)

1318

12[] LOOP TEST ENABLE

0 am

10[] CLOCK R

9] ErRROR

DG16

Fig.1 Pin connections - top view

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 to GND -0.3V
Qutputs Veec to GND -0.3V

‘j:[)—»—? CLOCK R

-
>

01

o b

L
(ENCO!

02

-
o

NRZ 1

DATA IN:j l

cLock 2 | ENCODER
DER)

ZEROS LOSS OF
COUNTER| 3 INPUT

12
LOOP TEST
ENABLE |

4 NRZ
DECODER o DATA
out

5 Bin

cLock §
(DECODER)

ERROR

CIRCUIT ERROR

—— 6 7
RESET AIS cwal:sun Als

Fig.2 Block diagram 81
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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.:.t;; Max. Units Conditions
Low level input voltage Vio All -0.3 0.8 \
inputs
Low level input current e 50 MA | ViL =0V
High level input voltage ViH 2.0 Vce \
High level input current liH 50 MA | ViH =5V
Low level output voltage Vou All 0.4 \ Isink = 2.0mA
outputs
High level output voltage VoH 2.8 Y Isource = 2mA } both
Vee-0.75 Vv Isource = 1mA ) apply
Supply current lec 2 4 mA | All inputs to OV
All outputs open circuit
Dynamic characteristics
Characteristic Symbol Vi YrayI:? Mon. Units Conditions
Max. clock (encoder) frequency Fmaxenc 10 MHz | Figs. 10, 15
Max. clock (decoder) frequency Fmaxdec 10 MHz | Figs. 11, 15
Propagation delay clock tpd1A/B 50 ns Figs. 8, 10, 15 See Note 1
encoder to O1, O2
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 50 ns | Loop test enable = ‘0,
to clock regenerate Figs. 13, 15
Propagation delay clock tpd4 50 ns Figs. 12, 15
(decoder) to error
Propagation delay Reset AIS tpd5 50 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, Bin to tst 40 ns | Figs. 7, 11,15
clock (decoder)
Hold time of Ain, Bin to thi 5 ns | Figs. 7, 11, 15
clock (decoder)
Hold time of Reset AIS =0’ th2 30 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 0 ns | Figs. 14, 15
to clock (decoder)
Propagation delay clock 50 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 atthe
decoder input and then gives an output high. Any logic ‘1’ at
the input (Ainor 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 AIS, 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,Bn _

Inputs representing the received ternary PCM signal. Ain =
‘0’ represents a positive going ‘1', Bin = ‘0’ represents a
negative going ‘1. Ain and Bin are sampled by the positive
going edge of the clock decoder. Ain and Bin may be
interchanged.
12. Loop test enable

TTL input to select normal or loop back operation. Pin 14
= ‘0’ selects normal operation, encode and decode are
independent and asynchronous. When pin 14 = 1" 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
Oz gives negative going pulse.
16. +Vecc

Positive 5V & 10% supply.

NRZ DATA OUT

AN L] L L] LI
TYPICAL
BiN L LI LI
CLOCKR I | I l I I I l I
| 3 CLOCK
cLock PERIODS
(DECODER)

I I

Fig. 3 Decode waveforms

01

35 CLOCK PERIODS
cLock | ‘
@ncooen) I LT LML LML L LML
NRZDATAIN _ [~ | [ L [ 1_
(TYPICAL)
1 [al

_ L

02

-

Fig.4 Encode waveforms
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ERROR < _ .
BIN LI U |
:
.
ERROR I

Fig.6 HDB3 error output waveforms

DECODER _— - -
NRZ DATA OUT LI UL
RESET AIS U u LI
Als 1

Fig.6 AIS error and Reset waveforms
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|

|
|
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Fig.7 Decoder timing relationship
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| {CLHE
CLOCK
(ENCODER)
s3] | tha | |
[~ T |
NRZ DATA \/ INRZIN | \/
IN N | A
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01, 02 * *
Fig.8 Encoder timing relationship
CLOCK
(DECODER)
AIN/BIN 7] [
LOSS OF 1
INPUT
Fig.9 Loss of input waveforms
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U U-— s 27k it EDGE TIMES
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OUTPUT | K15V
VoL (MAX) 0.5V
(AR
tpd
GROUND
Fig.14 Fig.15 Test timing definitions
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MV3506 A-LAw CODEC WITH FILTER
MV3507 .-LAW CODEC WITH FILTER

MV3507A ,-LAW CODEC WITH FILTER AND A/B SIGNALLING

The MV3506 and MV3507 are silicon gate CMOS
Companding Encoder/Decoder integrated circuits designed
to implement the per channel voice frequency Codecs used
in PCM systems. The chips contain the band-limiting filters
and the analogue to digital conversion circuits that conform
to the desired transfer characteristic. The MV3506 provides
the European A-Law companding and the MV3507 provides
the North American u-Law companding characteristic.

These circuits provide the interface between the analogue
signals of the subscriber loop and digital signals of the PCM
highway in a digital telephone switching system. The devices
operates from dual power supplies of £5V.

For a sampling rate of 8kHz, PCM input/output data rate
can vary from 64kb/s to 2.1Mb/s. Separate transmit/receive
timing allows synchronous or asynchronous operation.

In 22-pin packages (0.400in centres) the MV3506/MV3507
are ideally suited for PCM applications: Exchange, PABX,
Channel Bank or Digital Telephone as well as fibre optic and
other non-telephone uses. A 28 pin version, the MV3507A,
provides standard u-Law A/B signalling capability.

FEATURES

Independent Transmit and Receive Sections with
75dB Isolation

Low power CMOS 80mW (Operating)
10mW (Standby)

Stable Voltage Reference On-chip

Meets or Exceeds AT&T D3, and CCITT G.711,
G.712 and G.733 Specifications

Input Analogue Filter Eliminates Need for
External Anti-aliasing Prefilter

Input/Output Op. Amps for Programming Gain

Output Op. Amp Provides 3.1V Into a 1200 Ohms
load or Can Be Switched Off for Reduced Power
(70mW)

B Special Idle Channel Noise Reduction Circuitry

B Encoder has Dual-speed Auto-zero Loop for Fast
Acquisition on Power-up

B Low Absolute Group Delay = 41 Opsec. at 1kHz

ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage Vob: +6.0V

DC Supply Voltage Vss: -6.0V

Operating Temperature: -40°C to +125°C
Storage Temperature: -65°C to +150°C
Power Dissipation at 25°C: 1000mW
Digital Input: Vss -0.3<Vin<Vop -0.3
Analogue Input: Vss -0.3<Vin<Voo -0.3

_CMQS

vee[Jre = 7 voo (+5v)
cuk st 2 21[] vour
T-SHIFT []3 20[] ouT-
svs cik [a 19 [J FLT OUT
T-STROBE [|s 18[] PoN
pem ouT [Je mv3s06/7 7[Jvw
D GND[]7 16[] -
caz e 5[] IN+
R-SHIFT [Jo 14 [ Caz eho
R-sTROBE [J10 13 [] A GND
pem N1 12 [ vss (-5V)
DG22 (10-16mm centres)
sm[]? ~ e 1] veer
amn[]2 27[] Voo (+5V)
CLK SEL [|3 26[]T-A/B SEL
T-SHIFT [|4 25 [ vour
sys cik s 24 out-
T-sTRoBE [J6 23[]FLT oUT
pcm out [J7 MV3507A 22[] PON
penp[]s 21w
Bour[Je 20| IN-
aout [fro 19 [N+
caz [ 18] Caz anp
R-A/B SEL []12 17[]A GND
R-SHIFT [|13 16 [] Vss (-5V)
R-STROBE [J1a 1s[]pcM IN
DG28

Fig.1 Pin connections - top view
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PDN Vi +5V) Vss(-5V) Caz GND T- SHIFT
18(22) Dg(m ) 15;}13)) u((;ﬁz) 14(18) 3(04)
i
VN 17(21) Omeeeeeee—— Tn;msEn:n :
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IN- 16(20) - PASS T OUTPUT
| AT ] cosine | RADS pio DiGITAL | REGISTER [ 67) PeM ouT
N+ 15(19) I D (2nd ORDER) ORDER) | ORDER) CODER '
! i |
— —/
| BANDGAP TRANSMIT
vaest(28) O] VOLTAGE BUFFER ! |
(2) A
| |reFerence RECEIVE | |sienaLuinG [0 @AM
| 256kHz 64kHz | LOGIC "B
! T |
R-SHIFT 9(13)
T—* RECEIVE | ——O (26) T-A/B SELECT
| NPUT DIGITAL sow L _Musraony |
TO
O———]
PCMINTIISHO REGISTER | ANALOGUE (5th O 19(20) FLT OUT
DECODER ORDER)
I 20(24) OUT-
| r— ] TIMING |
A QUT (10) CLOCK |
SIGNALLING I GENERATOR 21(25) Vour
8.OUT (9) O LOGIC | AND ace |
|
I |
R-A/B SELECT (12) O—L.———J ' '
; [_ MVasITAONLY | |
R-STROBE 10(14) O- ’_i) 5(6) T-STROBE
23)  46) 7(®) 13(17)
CLK SEL SYS CLK D GND GNI

Fig.2 MV3506/MV3507/MV3507A block diagram. Pin numbers for the MV3507A are shown in brackets..

ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):

Tamb = 0°C to +70°C
Power Supply Requirements

Characteristic Symbol Wi ¥;::e Mo, Units Conditions
Positive supply Vop 4.75 5.0 5.25 '
Negative supply Vss -4.75 -5.0 -5.25 \
Power dissipation (operating) Porr 80 110 mwW
Power dissipation (operating w/o Porr 70 mw Voo = 5.0V, Vss = 5.0V
output op. amp
Power dissipation (standby) Pstey 10 20 mwW
AC Characteristics (see Fig. 6)
Characteristic Symbol in. ¥;\.l:e Max. Units Conditions
System clock duty cycle Dsvs 40 50 60 % | At 1.544MHz or
2.048MHz
Shift clock frequency fsc 0.064 2.048 MHz
Shift clock duty cycle Dsc 40 50 60 %
Shift clock rise time tre 100 ns
Shift clock fall time tic 100 ns
Strobe rise time trs 100 ns
Strobe fall time tis 100 ns
Shift clock to strobe (On) delay tsc -100 0 200 ns
Strobe width tsw 600ns 124.3us At 2.048MHz,700ns min at
Shift clock to PCM out delay ted 100 150 ns 1.544MHz
Shift clock to PCM in set-up time tde 60 ns
PCM output rise time C. = 100pF tra 50 100 ns To 3V;510Q to Voo
PCM output fall time C. = 100pF thd 50 100 ns To 0.4V;510Q2 to Voo
A/B select to strobe trailing edge tdss 100 ns
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DC Characteristics at Voo = +5V, Vss = -5V, Vret = -3.075V

Characteristic Symbol Min. ¥;:;’_'e Max. Units Conditions
Analogue input resistance Rina 100 kQ
Input capacitance Ci 7 15 pF | All logic and analogue
inputs
Logic input low current (Shift clock, line 1 pA | Vi = 0.8V
PCM IN, System clock)
Logic input high current lINH 1 uA | ViH = 2.0V
Logic input low current (Strobe, Fine 600 uA | VL = 0.8V
A/B Sel, A IN B IN, PDN)
Logic input high current linm 600 uA | Vin = 2.0V
Logic input ‘low’ voltage Vi 0.8 \
Logic input ‘high’ voltage Vin 2.0 \
Logic output ‘low’ voltage (PCM out) Vou 0.4 \ 510Q2 pull-up to Vop
+2LSTTL
Logic output ‘low’ voltage (A/B out) VoL 0.4 Vv lo. = 1.6mA
Logic output ‘high’ voltage VoH 26 \ lon = 40uA
Output load resistance Vour Re 1200 Q CL = 50pF max.
Transmission Delays
Characteristic Symbol Min. -\I{;‘I:e Max. Units Conditions
Encoder 125 us From Tstrose to the start
of digital transmitting
Decoder 30 8T+25 us T = Period in us of
RsHiFr CLOCK
Transmit section filter 182 us At 1kHz
Receive section filter 110 us At 1kHz
MV3506 Single-Chip A-Law Filter/Codec Linear Characteristics
Characteristic Symbol i .\r’;:;_'e Mo, Units Conditions
Idle channel noise (weighted noise) ICNw -85 -73 dBmOp| CCITT G.712 5.1
Idle channel noise ICNsF -60 dBmO0 | CCITT G.712 5.2
(single frequency noise)
Idle channel noise (receive section) ICNRr -78 dBmOp| CCITT G.712 5.3
Spurious out-of-band signals -30 dBmO | CCITT G.712 7.1
at the channel output
Intermodulation (2 tone method) IMD2r -35 dBmO | CCITT G.712 8.1
Intermodulation (1 tone + IMDepr -49 dBmO | CCITT G.712 8.2
power frequency)
Spurious in-band signals at the -40 dBmoO | CCITT G.712 10
channel output port
Inter-channel crosstalk Vin-vout 75 80 dB | CCITT G.712 12
Max.coding analogue input level Vin(max) +3.1 Vopk
Max.coding analogue output level Vout(max) +3.1 Vopk | R = 1.2kQ
Gain variation with temperature AG +0.25 dB
and power supply
Transmit gain repeatability +0.1 +0.2 dB
Receive gain repeatability +0.1 +0.2 dB
Zero transmission level point OTLPR +5.8 dBm | Vour digital milliwatt
(decoder) (see Fig. 3) response
Zero transmission level point OTLPT +5.8 dBm | Vin to yield same as
(encoder) digital milliwatt response
at decoder
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MV350(7)A Single-Chip u-Law Filter/Codec Linear Characteristics

Characteristic Symbol Win. _\rl;::e Max. Units Conditions

Idle channel noise (weighted noise) ICNw 5 17 dBrncO| CCITT G.712 5.1

Idle channel noise ICNsF -60 dBmO | CCITT G.7125.2

(single frequency noise)

Idle channel noise (receive section) ICNRr 15 dBrncO| CCITT G.712 5.3

Spurious out-of-band signals at -28 dBmO0 | CCITT G.712 7.1

the channel output

Intermodulation (2 tone method) IMD2r -35 dBmO0 | CCITT G.712 8.1

Intermodulation (1 tone + IMDpr -49 dBmo0 | CCITT G.712 8.2

power frequency)

Spurious in-band signals at the -40 dBmO | CCITT G.712 10

channel output port

Inter-channel crosstalk Vin-Vourt 75 80 dB | CCITT G.712 12

Max.coding analogue input level Vin(max) +3.1 Vopk

Max.coding analogue output level Vour(max) +3.1 Vopk | R = 1.2kQ

Gain variation with temperature AG +0.25 dB

and power supply

Transmit gain repeatability +0.1 +0.2 dB

Receive gain repeatability +0.1 +0.2 dB

Zero transmission level point O0TLPr +5.8 dBm | Vour Digital milliwatt

(decoder) (see Fig. 3) response

Zﬁro transmission level point OTLPT +5.8 dBm | Vin to yield same as

(encoder) digital milliwatt response

at decoder
PIN/FUNCTION DESCRIPTIONS
Pin
Name Description
MV3506/
MV3507 MV3507A

SYS CLK 4 5 System Clock This pin is a TTL compatible input for either a 1.544MHz or a
2.048MHz clock that is divided down to provide the filter clocks. The status of
CLK SEL pin must correspond to the provided clock frequency.

T-SHIFT 3 4 Transmit Shift Clock 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.

R-SHIFT 9 13 Receive Shift Clock This TTL compatible input shifts PCM data into 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.

T-STROBE 5 6 Transmit Strobe This TTL compatible pulse input (8kHz) is used for analogue
sampling and for initiating the PCM output from the coder. It must be
synchronised with the T-SHIFT clock with its positive going edges occurring
after the falling edge of the shift clock. The width of this signal is not critical.
An internal bit counter generates the necessary timing for PCM output.

R-STROBE 10 14 Receive Strobe This TTL compatible pulse input (typ. 8kHz) initiates
clocking of PCM input data into the decoder. It must be synchronised with the
R-SHIFT clock with its positive going edges occurring after the falling edge of
the shift clock. The width of the signal is not critical. An internal bit counter
generates necessary timing for PCM input.

CLK SEL 2 3 Clock Select This pin selects the proper divide ratios to utilise either 1.544MHz
or 2.048MHz as the system clock. The pin is tied to Voo ( +5V) for 2.048MHz and
to Vss (-5V) for 1.544MHz operation. If this pin is connected to DGND, 256kHz
may be used as the system clock.

PCM OUT 6 7 PCM Output This is a LS TTL compatible open-drain output. It is active only
during transmission of PCM output for 8-bit periods of T-SHIFT clock signal
following a positive edge on the T-STROBE input. Data is clocked out by the
positive edge of the T-SHIFT clock into one 510Q pull-up per system plus 2 LS
TTL inputs.

PCM IN 1 15 PCM Input This is a TTL compatible input for supplying PCM input data to the
decoder. Data is clocked in by the negative edge of T-SHIFT clock.

90




PIN/FUNCTION DESCRIPTIONS

MV3506/3507/3507A

Name

Pin

MV3506/
MV3507

MV3507A

Description

CazGND

VRer

IN +
IN-
Vin

FLT OUT

OuUT-
Vout

Voo
Vss

A GND
D GND

PDN

A IN
B IN
T-A/B SEL

A OUT
B OUT
R-A/B SEL

8

14

15
16
17

19

20
21

22
12

13

18

11

18

28

19
20
21

23

24
25

27
16

17

22

-

26

10

12

Auto Zero Capacitor A capacitor of 0.1uF 20 % should be connected
between these pins for coder auto zero operation.

Sign bit of the PCM data is integrated and fed back to the comparator for DC
offset cancellation.

Output of the internal Band-gap Reference Voltage (-3.075V) generator is
brought out to Vrer pin.

Analogue input. IN- and IN + are the inputs of a high input impedance op.
amp and Vin is the output of this op. amp. These three pins allow the user
complete control over the input stage so that it can be connected as a unity
gain amplifier, amplifier with gain, amplifier with adjustable gain of as a
differential input amplifier. The adjustable gain configuration will facilitate
calibration of the transmit channel.

channel.

Filter Out This is the output of the low pass filter which represents the
recreated analogue 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.

Output and input of the uncommitted output amplifier stage. Signal at the
FLT OUT pin can be connected to this amplifier to realise a low output
impedance with unity gain, increased gain or reduced gain. This allows
easier calibration of the receive channel. The Vour pin has the capability of
driving 0dBm into 60002 load. (See Fig. 3.) If OUT- is connected directly to
Vss the op. amp will be powered down, reducing power consumption by
12mW, typically.

Power supply pins. Voo and Vss are positive and negative supply pins,
respectively (typ. +5V, -5V).

Analogue and Digital Ground pins are separate for minimising crosstalk and
digital interference.

Power Down 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.

The Transmit A/B select input (T-A/B SEL) selects the A signal input in a
positive transition and the B signal input on the negative transition. These
inputs are TTL compatible. The A/B signalling bits are sent in bit 8 of the
PCM word in the frame following the frame in which 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.

In the decoder the A/B 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 bit is latched on a positive
transition and B bit is latched on a negative transition. A common A/B
select input can be used for all channels in a multiplex operation.
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MV3507u-Law CODEC

= - [0—20log 3078 ]

= +5.8dBm at the Vin terminal

amp. for 0.2dB gain. Rin should be =>20kQ).

________ 1
| FLT out
' RN
|
VREF
TRANSMIT +3.075V —— RECEIVE out-
A/D D/A
FILTERS ENCODER DECODER FILTER : Re
AmP T
|Vouv 6000
I 60002
__________________________ I
PCM OUT  PCMIN
VRer _ " VREF
OTLPN = - |G-20log 158 OTLPour = |G + 20 log 158

(Note: The 1.58V value is that value of reference voltage that would allow the peak value of +3.17dBm as the maximum
coded value, resulting in a OTLP of 0dBm. For A-Law it would be 1.57V for +3.14dBm.)

Since the output buffer amplifier is designed to drive 1200Q, a 600Q) resistor in series with the 600Q load divides the
available voltage in half resulting in a OTLPour to the load of -0.2dBm.

For a system where OTLP is chosen to be 0dBm the input op. amp. should be configured for 5.8dB gain and the output op.

[o ¢ 20 log 3105785 ]

= +5.8dBm at the FLTour terminal

Fig.3 MV3507 and MV3507A u-law Codec input/output reference signal levels

Power Down Logic

Powering down the Codec can be done in several ways.
The most direct is to drive the PDN pin to a low level.
Stopping both the transmit strobe and the receive strobe will
also put the chip into the stand-by mode. The strobes can be
held high, low or disconnected.

Voltage Reference Circuitry

A temperature compensated band-gap voltage generator
(-3.075V) provides a stable reference for the coder and
decoder. Two amplifiers buffer the reference and supply the
coder and decoder independently to minimise crosstalk.
This reference voltage is trimmed to within +27mV during
assembly to ensure a minimum gain error of +0.2dB due to
all causes.

FUNCTIONAL DESCRIPTION

Figure 2 shows the simplified block diagram of the
MV3506/MV3507. The device contains 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. A band-gap voltage generator supplies
the reference level for the conversion process.

Transmit Section

Input analogue signals first enter the chip at the
uncommitted op. amp terminals. This op. amp allows gain
trim to be used to set OTLP in the system. From the Vin pin the
signal enters the 2nd Order analogue anti-aliasing filter. This
filter eliminates the need for any off-chip filtering as it
provides attenuation of 34dB (typ) at 256kHz and 44dB (typ)
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at 512kHz. From the cosine filter the signal enters a 5th Order
low-pass filter clocked at 256kHz, followed by a 3rd Order
high-pass filter clocked at 64kHz. The resulting band-pass
characteristics meet the CCITT G.711, G.712 and G.733
specifications. Some representative attenuations are 26dB
(typ) from O to 60Hz and 35dB (typ) from 4.6kHz to 100kHz.
The output of the high pass filter is sampled by a capacitor
array at the sampling rate of 8kHz. The polarity of the
incoming signal selects the appropriate polarity of the
reference voltage. The successive approximation analogue-
to-digital conversion process requires 9 1/2 clock cycles, or
about 72us. The 8 bit PCM date is clocked out by the transmit
shift clock which can vary from 64kHz to 2.048MHz. A
switched capacitor dual-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
Tl line clock recovery circuitry as there are never more than
15 consecutive zeroes.

An additional feature of the Codec is a special circuit to
eliminate any transmitted idle channel noise during quiet
periods. When the input of the chip is such that for 250ms the
only code words generated were +0,-0, +1or-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 to 2.048MHz, clocks the PCM data into the input
buffer register once every sampling period. A charge
proportional to the received PCM data word appears on the
decoder capacitor array. A sample and hold initialised to zero
by a narrow pulse at the beginning of each sampling period
integrates the charge and holds for the rest of the sampling
period. A switched-capacitor 5th 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 sample and hold operation. The filter
output 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 savings in power consumption. When it
is required to drive a 600Q2 load the output is configured as
shown in Fig. 3 allowing gain trimming as well as impedance
matching. With this configuration a transmission level of
0dBm can be delivered into the load with the +3.14dB or
+3.17dB overload level being the maximum expected level.

Timing Requirements

The internal design of the Single-Chip Codec paid careful
attention to the timing requirements of various systems. In
North America, central office and channel bank designs
follow the American Telephone and Telegraph Company’s
Tl 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, Codec’s
may be used in a non-multiplexed form with a data rate as
low as 64kb/s. The MV3507 and MV3507A fulfil these
requirements.

In Europe, telephone exchange and channel bank designs
follow the, CCITT carrier PCM format to multiplex 30 voice
channels at a data rate of 2.048Mb/s. The MV3506 is
designed for this market and will also handle PABX and
digital telephone applications requiring the A-Law transfer
characteristics.

MV3506/3507/3507A

The timing format chosen for the Plessey Codec allows
operation in both multiplexed or non-multiplexed form with
data rates variable from 64kb/s to 2.048Mb/s. Use of separate
internal clocks for filters and for shifting of PCM input/output
data allows the variable data rate capability. Additionally, the
MV3506/MV3507 does not require that the 8kHz transmitand
receive sampling strobes be exactly 8 bit periods wide. The
device has an internal bit counter that counts the number of
data bits shifted. It is reset on the leading ( +)edges of the
strobe, forcing the PCM output in high impedance state after
the 8th bit is shifted out. This allows the strobe signal to have
any duty cycle as long as its repetition rate is 8kHz and
transmit/receive shift clocks are synchronised to it. Figures 4
and 5 show the waveforms in typical multiplexed uses of the
Codec.

System Clock

The basic timing of the Codec is provided by the system
clock. This 2.048MHz or 1.544MHz clock is divided down
internally to provide the various filter clocks and the timing
for the conversions. In most systems this clock will also be
used as the shift clock to clock in and out the data. However,
the shift clock can actually be any frequency between 64kHz
and 2.048MHz as long as one of the two system clock
frequencies is provided. Independent strobes and shift
clocks allow asynchronous operation of transmit and
receive.

Signalling In y-Law Systems

The MV3506 and MV3507 are compact 22-pin devices to
meet the two worldwide PCM standards. In u-Law systems
there can be a requirement for signalling information to be
carried in the bit stream with the coded analogue data. This
coding scheme is sometimes called 7 5/6 bit rather than 8 bit
because of the LSB every 6th frame being 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, as 6 more pins are required
for the inputs and outputs of the A/B signalling.

1.544MHz SHIFT CLOCK

UL

CH1
1

s{alslelo]s

»

G

TRANSMIT/RECEIVE PCM HIGHWAY

=N

H FRAME RESET PULSE

" CH1 STROBE

CH2 STROBE

CH24 STROBE

700ns = tw =.124.3us

Fig.4 Waveforms in a 24 channel PCM system
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2.048MHz SHIFT CLOCK
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SLOT 0 SLOT 1 SLOT 31
s||234557s1|2 ||234ss7a
1
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PCM RESET PULSE
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I FRAME RESET PULSE

|
* —-—_
TIME SLOT ZERO STROBE (FRAME ALIGNMENT SIGNAL)

r

TIME SLOT 1 STROBE(CHANNEL 1)

TIME SLOT 31 STROBE(CHANNEL 31)
600ns < tw< 124.3us

Fig.5 Waveforms in a 30 channel PCM system
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*In this example the shift clock is the system clock (1.544 or 2.048MHz). In systems where the data shift rate is not the same
the relationship of each to the strobe remains the same. The system clock and shift clock need not have coincident edges,
but must relate to the strobe within the tsc, timing requirements.

The effect of the strobe occurring after the shift clock is to shorten the first (sign) bit at the data output.

The length of the strobe is not critical. It must be at a logic state longer than one system clock cycle. Therefore, the
minimum would be >488ns at 2.048 and the maximum <{124.3usec at 1.544MHz.

Fig.6 Waveform details

Min. Max.
tew 195nsec 9.38usec
trs 100ns
tes 100ns
tsc -100ns 200ns **
tre 100ns
tic 100ns
tow 600ns™ 124.3usec
ted 100ns 150ns *p
tae 60ns e t 2.048MHz, 700ns at 1.544MHz )
That is, the strobe can produce the shift clock by 200ns,
trdi 100ns or follow it by as much as 100ns.
ttdi 100ns
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Signalling Interface

In the AT&T TI carrier PCM format 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 (1.5 milliseconds). The
A signalling condition is sent in bit 8 of all 24 channels in
frame 6. The B signalling conditions is sent in frame 12. In
each frame, bit 193 (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

MV3506/3507/3507A

signal input on the negative transition. Internally, the device
synchronises the A/B select input with the strobe signal. As a
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,
A/B select input must go positive in the beginning of frame 5
and negative in the beginning of frame 11 (see Fig. 7).

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 the 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.

S
8BITS PER CHANNEL | BIT1 | 2 3 4 5 6 7 AT FRAMES
—B | «8——— FRAME 12

\

/

ZGCNANNELSPERFRAME|CH1I 2 I.l.l I...I 23 l 24 |S|

8000 FRAMlE_S PER SECOND,1.544Mb/s

TRANSMIT A/B SELECT INPUT

RECEIVE A/B SELECT INPUT

Fig.7 Signalling waveforms in a TI carrier system

In the TI carrier system, 24 voice channels are multiplexed
to form the transmit and receive PCM highways, 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 1.544Mb/s. Within the
channel bank the transmit and receive channels of a Codec
can occupy the same time slot for a 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 is 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 2.048Mb/s.

The line supervision and control circuitry within each
subscriber line interface can generate all the timing signals
for the associated Codec under control of a central
processor. Alternatively, a common circuitry within the
channel bank can generate the timing signals for all
channels. Generation of the timing signals for the MV3506
and MV3507A is straightforward because of the simplified
timing requirements (see timing requirements for details).
Figures 9 and 10 show design schemes for gererating these
timing signals in a common circuitry. Note that only three
signals; a shift clock, a frame reset pulse (coincident with the
S bit) and a superframe reset pulse (coincident with the S bit
in Frame 1) are needed. These signals are generated by clock
recovery circuitry in the channel bank. Since the Plessey
Codec does not need channel strobes to be exactly 8-bit
periods wide, extra decoding circuitry is not needed.
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Fig.9 Generating timing signals in a CCITT carrier system (30 + 2 channels)
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Fig.10 Generating timing signals in a T| carrier system

A Digital Telephone Application

Most new PABX designs are using PCM techniques for
voice switching with an increasing trend toward applying
them at the telephone level. The simplest form of a digital
telephone design uses four wire pairs of interface to the
switch. Two pairs carry transmit and receive PCM voice date.
One pair supplies an 8kHz synchronising clock signal and
the remaining pair supplies power to the telephone. More
sophisticated techniques minimise the number of wire pairs.
The Plessey Single-Chip Codec is ideally suited for this
application because of the low component count and its
simplified timing requirements. Figure 11 shows a schematic

for a typical digital telephone design.

Since asynchronous operation is not necessary, transmit
and receive timing signals are common. A phase-lock-loop
derives the 2048kHz system clock and 64kHz shift clock from
the 8kHz synchronising signal received from the switch. The
synchronising signal also serves as the transmit/receive
strobe signal since its duty cycle is not important for Codec
operation. Microphone output directly feeds into the coder
input while the decoder output drives the receiver through an
impedance transformer to complete the design.
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Fig.11 Voice processing in a digital telephone application
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MV4320

@FLESSEY _CMOS

MV4320

KEYPAD PULSE DIALLER

The MV4320 series is fabricated using ISO-CMOS high
density technology. The device is a pin-for-pin replacement
for the DF320 Loop Disconnect Dialler and offers wider vood T 18 = How
operating supply voltage range and lower power dissi- P2 17 v4
pation. The MV4320 accepts up to 20 digits from a stan- Seetable § M3 16 v3
dard 2 of 7 keypad and offers a REDIAL option activated by below {M/SC 4 15 v2
key #. The device provides dial pulsing and muting out- FO1]5 14> Y1
puts and has a.HOLD pin for interrupting a dialling se- Fo2e]6 13 X3
quence. Outpulsing mark/space ratio and dialling speed are CEL]7 122 %2
pin selectable. XTAL IN&]8 1M x1
The MV4320 is available in Ceramic DIL (DG, -40°C to XTALOUT=]9 10 == vss
+85°C).
DG18
FEATURES Fig.1 Pin connections (top view)
Bl Pin for Pin Replacement for the DF320
B 25Vt055V Supply Voltage Operating Range
B 375uW Dynamic Power Dissipation at 3V
B Uses Inexpensive 3.58 MHz Ceramic Resonator APPLICATIONS
or Crystal N Il Pushbutton Telephones
M Stores upto20 Digits B Tone to Pulse Converters
B Selectable Outpulsing Mark/Space Ratio B Mobile Telephone
Bl Selectable Dialling Speeds of 10, 16, 20 and 932 Hz B Repertory Dialers
B LowCost

XTAL IN 0—
XTAL OUT 0—

CHIP (CE)
ENABLE

FAD ADDRESS
READ ARDRESS ™ CONTROL
AND om
STATE LOG!
ADDRESS SELECT £ Locic

WRITE ADDRESS 1
COUNTER I

OUTPUT COUNTER

w
=3
=3
S| 20 worD
Sl x 48T |o
Q2 RraM |
VDD 0— 5
2 KEYBOARD DECODE
vss AND DEBOUNCE

11

X1 X2 X3Y1Y2Y3Y4

Fig.2 MV4320 functional block diagram
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MV4320

DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
VDD =3.0V; Tamp = +25°C; fCLK = 3.579545 MHz
All voltages wrt Vgg

CHARACTERISTICS SYMBOL |MIN |TYP*| MAX | UNITS TEST CONDITIONS
S
1 | U | Supply Voltage Operating Range Voo 25 5.5 v
— P
2 | p | Standby Supply Current Ioos 1.0 | 100 A CE = Vgg
3 # Operating Supply Current lop 125 | 200 A 3.579545 MHz Crystal, CxTaLoUT = 12pF
4 Pull-Up Transistor Source Current e 05 | -3.0 |-120| wA V\n=Vss X1,X2.X3
B Input Leakage Current Ik 0.1 nA Vin=Vop Y1,Y2,Y3,Ys
— 1!
6 | y | Input Leakage Current [ 0.1 nA Vin=Vss M/S,IDP,FO1,
—
7 lpj Pull-Down Transistor Sink Current i 0.5 3.0 {120 nA Vin=Voo F02,FD,HOLD
8| T | Logic ‘0’ Level Vi 09| v | Auinputs
9 Logic ‘1" Level Vi 2.1 v
10 Low-Level VoL 0 0.01 \
O | Voltage No Load
U | Leveis
M"lT High-level Vou 2.99 3 v
| P
121y N-Channel Sink loL 08 | 20 mA | Voyur=23V DP, M1/M2
|| 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
All voltages wrt Vgg
CHARACTERISTICS SYMBOL [MIN | TYP*| MAX | UNITS TEST CONDITIONS
14 Output Rise Time tr 1.0 us DP,M4.
15 Output Fall Time te 1.0 us C_ =50pF
16 Maximum Clock Frequency toLk 3.58 MHz 3.579545 MHz Crystal
17 21
— Mark to Space Ratio M/S Note 1
18|D 3:2
Y
19| N 10
20 ;\A 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

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
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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.




MVv4320
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| | 1
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Fig.3 Keypad pulse dialer timing diagram, CE-External control
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Fig.4 Keypad pulse dialer timing diagram, CE-Internal control

ABSOLUTE MAXIMUM RATINGS

VDD

The absolute maximum ratings are limiting values
above which operating life may be shortened or specified wowo—w— oo voo
parameters may be degraded.

x1
X2
———X3 M1(M2)

D00 v1 MV4320 xraum
MIN. MAX. @6 v2 }E 3.58MHz

m Y3 XTAL OUT

Vpp-Vss . -0.3V 10V 08E va -

Voltage on any pin Vgg-0.3V Vpp +0.3V I .

Current at any pin 10mA ws vss r

Operating Temperature -40°C +85°C Fo1 ] l

Storage Temperature -65°C +150°C Fo2

Power Dissipation 1000 mwW vss :

Derate 16 mW/°C above 75°C. All leads soldered to PC board.

Fig.5 Application diagram
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MV4320

PIN FUNCTIONS
Voo Positive voltage supply
DP Dial Pulsing Output Buffer
M1 Mute Output (Off Normal) Buffer
MIS Mark/Space (Break/Make) Ratio select. On-chip pull-down transistor to Vgg. O/C 21
Note: O/C =Open Circuit | Vpp 3:2
X . Nominal Actual* System
FO1,F02 Impulsing Rate Selection. FO1 F02 Impulsing Rate | Inpulsing Rate | Clock frequency
On-chip pull-down transistor to Vgg. [51c OIC T0Rz 70.13Hz 303.9Hz
. [e]]¢] Voo, 20Hz 19.42Hz 582.6Hz
Assumes fg i =3.579545MHz. [y 0IC 932Hz 932.17Hz 27,965.1Hz
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.
Y4,Y5,Ya,Y Row keyboard Inputs. On-chip pull-up transistors to Vpp.
v 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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MV4325

@PI.ESSEY CMOS

Semiconductors

MV4325

PROGRAMMABLE KEYPAD PULSE DIALLER

The MV4325 Keypad Pulse Dialler contains all the logic
necessary to interface a 2 of 7 keypad and convert this key w7 el tow maccess
information to control and mute pulses simulating a tele- PAUSE ouT
phone rotary dial. The MV4325 has programmable access op[J2 []va
pause capability to provide automatic interruption of diall- w s w[]vs
ing needed when accessing the toll network, WATS line or
public network. The device is fabricated using Plessey wsge M43 ep
Semiconductors’ ISO-CMOS technology which enables the s "
device to function down to 2.0V making it ideal for long 0
loop operation. Krite npx
The MV4325 will accept up to 20 digits and access ce[]7 2] x2
pauses and will redial stored information at a later time by xaLm (e alln
activation of # key. Device current in standby is less than
1pAat 1.0V. XTAL ouT [Jo 10f] vss
The MV4325 is available in Ceramic DIL (DG, -40°C to DG18
+85°C). Fig.1 Pin connections (top view)
FEATURES
B Last Number Redial
B Multiple Access Pause Programming
B Any Valid Keypad Input or HOLD IN Causes Exit
APPLICATIONS from Access Pause
. I Oscillator Start Up Controlled from Keypad Input
B Pushbutton Telephones with Last Number Redial B Oscillator Power Down whilst not Dialling
M Repertory Dialers B 300Hz Key Tone indicates Valid Key
B Tone to Pulse Converters B 2.0Vto 7.0V Supply Voltage Operating Range
B Stores up to 20 Digits and Access Pauses
Il Digit Memory Retained down to 1.0V at 1uA
[l Selectable Mark/Space Ratio 662 : 33 or 60 : 40
B 10Hz Dialling Speed (932Hz Fast Test):)

Fo1

M/S HOLD IN/JACCESS PAUSE OUT

XTAL IN o—
XTAL OUT 0—

PROGRAMMABLE
PRE DIVIDE

TIMING COUNTER
AND DECODE

CE

READ ADDRESS I
COUNTER

CONTROL

ADDRESS SELECT

WRITE ADDRESS
COUNTER

20 WORD
X 4 BIT
RAM

ADDRESS DECODE
1/0

VDD o—

AND i
STATE LOGIC

OUTPUT COUNTER

KEYBOARD DECODE
AND DEBOUNCE

o o
X1 X2 X3 Y1Y2Y3Y4

Fig.2 MV4325 function diagram
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ABSOLUTE MAXIMUM RATINGS

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

parameters may be degraded.
MIN
Vpp—Vss -0.3v
Voltage on any pin Vgs-0.3V
Current at any pin
Operating Temperature -40°C
Storage Temperature -65°C

MAX
1oV

Vpp + 0.3V

10mA

+85°C

+150°C

Power Dissipation

MIN

MAX

1000mw

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

DC ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Tamp = +25°C, fo « = 3.579545MHz; Vpp = +3.0V

All voltages wrt Vgg
CHARACTERISTIC SYMBOL| MIN | TYP* | MAX | UNITS TEST CONDITIONS
1 8 Supply Voltage Operating Range Vbp 2.0 7.0 \%
2 ; Standby Supply Current Ipps 1.0 PA CE = M/S = FO1 = HOLD IN = Vgg, Vpp = 1.0V
3 '\7 Operating Supply Current Ibp 100 150 | pA 3.579545 MHz Crystal, CxTaLOUT = 12pF
4 Pull-Up Transistor Source Current I -05}-3.0 S12 ) pA VIN=Vss X1,X2,X3
5|, |Input Leakage Current [I7*] 0.1 nA VIN=VDD Y1,Y2,Y3,Y4
6 :;‘ Input Leakage Current he -01 nA VIN=Vss M/S, FO1
7 ‘LI'J Puli-Down Transistor Sink Current Iy 05 | 3.0 8.0 pA VIN =VpD
_8 Input Low Level Voltage ViL 0.9 \ All inputs
9 input High Level Voltage Vi 2.1 \
10 Low-Level VoL 0 0.01 \
| Voltage No Load
O |Levels
1y High-level VoH 2.99 3 \
— T
j12{p| N-Channel oL | 08 | 20 mA | Voyr=23V DP, My, M, KT
13| y | Drive loL 0.2 0.5 mA Vout = 0.5V
— 1 | Current
1 14 | P-Channel Source loH -08]-20 mA VouT =07V
15 loH -02}-05 mA VouT = 25V
16 \ Input Low Level Voltage ViL 0.9 \
17 /N Input High Level Voltage Vig | 21 v
18 8 Output Low Level Current loL 15 NA | Vour = 05V CE,
19| T | Output High Level Current l0H -12 MA Vourt = 2.5V HOLD IN/ACCESS
— P
20 'lrJ Input Force High Current (from Vo )| IFH 55 MA ViN = 25V PAUSE OUT
21 Input Force Low Current (from Vou)|  1FL ~70 MA VN = 0.5V

* Typical parametric values are for Design Aid Only, not guaranteed and not subject to

subject to production functional test.
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AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamp = +25°C; fo = 3.579545MHz; Vp = +3.0V

MV4325

CHARACTERISTIC SYMBOL | MIN | TYP* MAX | UNITS TEST CONDITIONS
1 Output Rise Time - tR 1.0 Hs DP, M4
2 Output Fall Time tp 1.0 s CL = 50pF
3 Maximum Clock Frequency foLK 3.58 MHz 3.579545 MHz Crystal
D
4 Y 2:1 M/S = O/C (Vgg)
N Mark to Space Ratio M/S
5 A 3:2 MIS = Vpp
M
6 | System Clock Frequency (internal) 300 Hz FO1 = Vgg
7|¢ Impulsing Rate = I/T 10 Hz FO01 = Vgg
8 Fast Test Impulsing Rate 14.9 Hz FO1 = Vpp
9 Clock Start Up Time ton 15 4 ms Timed from GE 4 1’
10 Input Capacitance Cin 5.0 pF Any Input
Hl ‘T 7 7
VDD [ |
cE —/_L/ L
| |
" 1 ] L
I 1A %
EXAMPLE OF I |1 4
KEYBOARD ! [N ]
ENTRY || | ] |1 l I l l l
il AN
o T T T P — ;
[ [ o | ; } |
tatal Itgltq : I | | | | |
NOTES [P IR T Jt | ltd}
=10xP P L.. | |
P = System Clock period — = 8T+
T lslselecfted impulsing pperlod [—TSOP PP MAL"E‘ é%EvAK | op | : DIALING
2. Pre-Impufsing Pause (PIP) 8T + t4) - —
3. Post-Impulsing Pause (POIP) is equal lo tg ms “_D’GIT 3 OUTPULSEDﬂ DIGHT 4 OUTPULSED COMPLETE
4. tp/tm is the BREAK/MAKE RATIO. T = (tm + tn) ms | POIP
tm = 10 x Pfor 2:1 M/S ratio. tm = 12 x P for 3:2 M/S ratio
Fig.3 MV4325 timing diagram, CE External control
Voo
st ——— VUM - 5 === == == - = - el ||| MR 11! DRSS/ MU || BT
e | ' e
1 [
e b , / ! | I
' i
o LN A R RN | : T | L] ' i
KEENTFN - | H-K-E!J' | h 1 !
| ! I | |
L (L[] oo ! [Fi] |l
(3004) BURSTS m ' 7 m ' ! ; o
i i H |
o i I—U"U_L,_qb’_ L ! bt
I T h ! I ! H [
[N i ! L FORCE! ! ! |
HOLD IN/ i [ E :' N i ! I I
ACCESS PAUSE OUT o T " i : b} i 4 DIALING | | REDIAL S “ 4 1
: :4—— op —»: : : —>'|T—Iaa }| \ : : : :COMPLETE
i ! 1 —=lon | j=thn| wtRa | [
NOTES ' S DR N SRR NS S A [
! :Iua—_lon 5+ tg WHERE ton = CLOCK START UP TIME IMPULSED ﬁcuEssss_l: or e IMPULSED P DAY ; " O HooK
3. tam

405P<1hm<1P

Fig.4 MV4325 timing diagram, CE Internal control
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Viv4325

PIN FUNCTIONS
Vbp Positive voltage supply
DP Dial Pulsing Output Buffer
M1 Mute Output Buffer
M/S Mark/Space (Break/Make) Ratio select. On-chip pull-down transistor to Vgg. o/C 2:1
Note: O/C =Open Circuit Vop 3:2
FO1 Impulsing Rate Selection. Nominal Actual* System
On-chip pull-down transistor to Vgg. FO1 Impulsing Rate | Inpulsing Rate | Clock frequency
0IC 10Hz 10.13Hz 303.9Hz
" Assumes fo k =3.579545MHz. | 932Hz 982.17Hz 27,965.1Hz
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. Capacitive load on-chip.
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.
HOLD IN/ INPUT/OUTPUT| O/C |Normal Operation
ACCESS INPUT Vpp [No impulsing. I activated during impulsing, hold occurs when the current digit is complete.
PAUSE OUT OUTPUT Vpp | Logic “1” level output indicates access pause condition.
KT 300Hz Square wave bursts indicate valid keypad input.
KEYPAD INPUT CODE
N:'u‘l’;g"’ Digit Y, Y, Y, Y, X, X, X,
1 1 0 1 1 1 0 1 1
2 2 0 1 1 1 1 0 1
3 3 0 1 1 1 1 1 0
4 4 1 0 1 1 0 1 1
5 5 1 0 1 1 1 0 1
6 6 1 0 1 1 1 1 0
7 7 1 1 0 1 0 1 1
8 8 1 1 0 1 1 0 1
9 9 1 1 0 1 1 1 0
10 0 1 1 1 0 1 0 1
RE-DIAL 1 1 1 0 1 1 0
ACCESS PAUSE 1 1 1 0 0 1 1
Table 1
—| P |—
svscw J UL UL
CONTACT
KEYBOARD NOISE
ENTRY
WA |
EvsoARD. —_
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OPERATING NOTES

The MV4325 programmable keypad pulse dialer is opti-
mized for use in key operated pulse dialling telephone sets
and contains features which make it particularly suitable
for applications where redial of last number dialled and
repertory dial facilities are required.

Keypad information is accepted directly from a dual
contact keypad having two single pole switches per key:
one switch common to the column and one switch
common to the row. The common row contacts are
connected Y1 to Y4 and the common column contacts con-
nected X1 to X3. The other side of each switch is
connected to a common VSS line. The keypad code is
shown in Table 1.

The MV4325 will accept up to 20 digits and access
pauses, e.g. 18 digits plus 2 access pauses or alternately 19
digits plus 1 access pause. Prior to a keypad input being
accepted contact bounce is eliminated by a circuit which
ensures that any input which is valid for less than 10ms is
rejected and any input valid for greater than 17ms is
accepted as a valid key input. This circuit operates similarly
on the trailing edge of a valid key input preventing multiple
digit recognition in the presence of noise. Debounce
operation is shown in Fig.5.

The first key entered in any dialling sequence initiates
the oscillator on the MV4325 by internally taking CE high.
Digits may be entered asynchronously from the keypad.
Dialling and mute functions are output as shown in Fig.3
and Fig.4. Fig.3 shows use of the MV4325 with external
control of CE. This mode is useful if a bistable latching
relay is used to mute and switch the complete pulse dialer
circuit. In 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.

Fig.4 shows the timing diagram of the MV4325 including
access pause and redial mode. Initially CE is low and goes
high on recognition of the first valid key input. Keypad data is
entered asynchronously” and dialling commences after
recognition of the leading edge of the first valid key input.
When an access pause is reached M1 goes low and Hold
In/Access Pause Out goes high indicating the device is in an
access pause. This output signal can be used to enable an
external dial tone recognition circuit. Exit from the access

MV4325

pause is achieved by one of two methods. One method is by
the next valid key operation. If a valid digit is entered, the digit
will be entered in the next consecutive storage location in the
digit memory. If the key # is activated, redialling of the
number in memory will occur only if the device is in the redial
mode. The alternative method to exit from an access pause is
to pulse Hold In/Access Pause Out low, resetting the output
latch associated with this input/output pin.

Fig.4 shows a pause in dialling between the completion
of dialling digit 4 and keying digit 1. In this condition, the
oscillator powers down to minimize power consumption
and interfering signals, whilst CE remains high. On recog-
nition of the next digit, the digit is entered in the next con-
secutive memory location and dialling resumes.

The end of a key entry sequence is indicated to the
MV4325 by externally pulsing or clamping CE low. This
causes the on-chip latch holding CE high to reset.

If the first key entered after a CE low period is #, redial
of the last number dialled will occur. Access pause
operation is as previously described. In the standby con-
dition the MV4325 dissipates less than 1.0uW.

HOLD INIACCESS PAUSE OUT VDD
“ | ok
x2 L o0p
X3 F———>——o M1(M2)
000/ —n MV4325 XTALIN
@6 - %wm %3-58MH1
L v XTALOUT
B0 }—-v 3
ws ves r22n 3220k
Fo1 —

Fig.6 Application diagram
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@ PLESSEY

MV4330/MV4332

ADVANCE INFORMATION IMB

Advance information is issued to advise Customers of new additions to the Plessey Semiconductors range which, nevertheless, stiil
have ‘pre-production’ status. Details given may, therefore, change without notice aithough we would expect this performance data to
be representative of ‘full production’ status product in most cases. Please contact your local Plessey Semiconductors Sales Office

MV4330 MV4332

CMOSILSI 30/32-BIT STATIC SHIFT REGISTERS
WITH PARALLEL TRUE/COMPLEMENT OUTPUTS

for details of current status.

The MV4330 and MV4332 are CMOS/LSI 30 and 32-bit
static shift registers incorporating selectable
true/complement outputs for each bit. These devices are well
suited to drive LCD readouts directly since the AC signals MV4330 MV4332
required for the display may be generated simply by applying \_J \J
a low frequency signal directly to the True-Complement e §h sl voo Qs 40 ;VDD
input pin and to the backplane of the display. One of these D1 E 2 39 H CLk DI E 2 39 :C'-'(
devices can drive four 7-segment displays or two 14-segment wds *B gz’ ds ;’; h ;?
alpha-numeric displays plus decimal points or two 16- ads wPaw  «ds 36 P o3z
segment alpha-numeric displays directly. @ ls sBa»e o3ls 35D a3
The devices are available in 40-pin plastic DIL (DP) a7 340 az as 7 34 30
package. as Qs 13Par osfs 33[0 029
as Qo 32 g Q26 as o 321 Q28
as Q10 31 a2s a7 10 31 27
FEATURES a7 @ n sofFazs  asQn 30 az6
. . ag @ 12 29[ Q23 Qs g 12 29 P azs
B Direct LCD Drive ook RE) 8Pa2 aofs 280 a24
l CMOS Low Power (1uA) a0 g e 27Ban  angre 27P a3
. an g s 26 J Q20 a12.f 15 26 [J Q22
Il 3to 18Volt Operation a2 (16 25 a9 aizg e 25 Q21
i i Qi3 17 24[Jais a7 241 Q20
. OnChlp WaveShap'ng o3 o RE] 23 @17 ais]is 23y Q19
W High Speed (Typ. 3MHz) Shift Register a1s g 19 2.  aiegre 220 ais
vss f 20 219 Ne vss § 20 219 Q17
DP40
PIN NAMES
Dt Serial Data Input
DO Serial Data output
CLK Clock (positive transition) input
RST Master Reset (active HIGH) input
TIC True/Complement (active LOW) input
Q1toQ32  True/Complement outputs
Fig.1 Pin connections (top view)
38— lpst 38 RST
CMOsI/LSI CMOSILSI
39 ————{ CLK 4332 39 CLK 4330
32-Bit Register pof————— 37 30-Bit Register 00— 37
2 DI 2 D1
! qTe g, a32 ! Tic g Q0
Vo = pin 40
Vgs = pin 20 —_—
4-19,21-36 5-19,22-36

Fig.2 Block diagrams
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MV4330/MV4332

DC ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):

Tom = +25°C
LIMIT
TEST
CHARACTERISTIC SYMBOL CONDITIONS Vo VoD " = " UNIT
Voits|Volts " P ax
Quiescent Device " 5 - 0.5 50 uA
Current 10 _ 1 100
5 - 0 0.01
Low-Level| VOL
10 - 0 0.01
Output Voltage \
5 4.99 5 -
High-Level VOH
10 9.99 10 -
0.8 5 1.5 2.25 —
VNL
Noise Immunity 1.0/ 10 3 4.5 - v
(Any Input) 42| s 15 2.25 -
VNH
9.0 10 3 4.5 -
0.5 5 0.8 1.7 -
IDN N-Channel
0.5| 10 1.0 3.0 —
D ouT mA
Output Drive 4.5 5 -0.35 -0.9 -
Current IDP P-Channel
9.5| 10 -0.8 -1.9 -
IDN N-Channel (0.5} 10 50 250 -
QOouT uA
1DP P-Channel | 9.5| 10 -50 -250 -
Input Current I — 10 — pA
AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb=+25°C, C_=50pF
Allinput rise and fall times = 20ns
TEST LIMIT
CHARACTERISTIC, SYMBOL | conpiTIONS  [VOD) UNIT
Volts Min. Typ. Max
Propagation Delay Time [tPHL tPLH 10 — 300 - ns
. TTHL DOUT(CL=50pF)| 10 — 70 130 ns
Transition Time
tTLH QOUT (CL=15pF)| 10 - 300 - ns
Maximum Clock
Frequency fcL 10 1.0 3.0 - MHz
Mini Clock
Putse Width - WL twH 10 - 200 - ns
Mini Reset
Pulse Width ¢ WH(R) 10 - 200 - ns
input Capacitance Ci Any Input — 5 — pF
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Note 1.Voltages with respect to Vss
Note 2.Typical temperature coefficient for all values = 0.3%/°C




ABSOLUTE MAXIMUM RATINGS

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

parameters may be degraded.

MV4330/MV4332

PARAMETER _SYMBOL LIMIT UNIT
DC Supply Voltage VDD -0.5 to 18 \
Input Voltage VIN -0.5 to VDD+0.5 \%
DC Current Drain per Pin | 10 mA
Operating Temperature Range TA
0to 70 °C
Storage Temperature Range Ts -65 to 125 °C

OPERATING NOTES

The MV4330 and MV4332 accept a serial input DI which is
shifted into the register on the positive transition of the clock
(CLK) input. A feature of these devices is that the clock input
and the true/complement control (T/C) input have wave-
shaping circuits (Fig.3) to ensure fast edges on-chip
regardless of the shape of the incoming signals.

The MV4330 also has the reset (RST) input gated with the
clock input for synchronous reset on the positive transition
of the clock. The MV4332 has asynchronous reset (RST)
inputs which are active HIGH.

The parallel outputs of the shift registers are available in
either true or complementary form dependent on the state
of the true/lcomplement control input. When input is logic-
level LOW, the true form is available at all parallel outputs
and when the input goes HIGH, the parallel outputs immed-
iately revert to the complementary form of the data stored
in each register. This action is independent of the clock
input condition. A serial data (DO) output is provided for
applications using longer shift registers, etc. This output is
the true form of the last stage of the register.

CKIST

TKIsT

CK

|
i NEXT
r__D’_"D— 1 TAGE

Fig.3 Wave shaping circuit

RESET O——
CLOCK O BUS
RST RST
e MV43308 L MV43308
Nt oo 0 o1 ol
——oTic g Qs ———Tic o Q0
LTl LT
LCD BUS
siGnALC
e
/I TITr mQveTol nrcal av
LLiJlLy /..I\a/ 117L 1L Lrrl

Fig.5 Typical application
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Semiconductors

MV5087

_CMQS

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 e I TONE oUT
xwitR []2 15[ ] SINGLE TONE INHIBIT
coLumn 1[J3 1a[]Row 1
coLumn 2 [J4 13[]Row 2
coLumn 3 s 12[] ROW 3
vss e 1[] Row 4
osc N [|7 10[] MuTE
osc out [Js o[ coumn 4
DP16

Fig.1 Pin connections - top view

FEATURES
B Pin-for-Pin Replacement for MK5087
B | ow Standby Power
B  Minimum External Parts Count
B 35V to 10V Operation APPLICATIONS
B 2-0f-8 Keyboard or Calculator-Type Single Contact . .
(Form A) Keyboard Input DTMF Signalling for
B  On-Chip Regulation of Output Tone n Telephone Sets
M Mute and Transmitter Drivers On-Chip B Mobile Radio
B High Accuracy Tones Provided by 358MHz 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 [ES—
SINGLE TONE
1 2 3 4 INHIBIT
? 39
Ry
Ry
R
VppO— B Voo AAA4
KEYBOARD LOGIC SINE
e || Cowvenren ,
0sC gg‘l’JVNTER l._ "
ot B -
REF
I 1 TONE
oo | s, || w ]
e rER CONVERTER
KEYBOARD LOGIC
N Vss —O XMITR
Ve 0| *——:z TRANEFS[\J(/:MUTE O&JTTE
RE
1 2 3 4
COLUMN INPUTS

Fig.2 Functional block diagram
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MV5087

ABSOLUTE MAXIMUM RATINGS

MIN. MAX MIN. MAX.
VDD'VSS -0.3v 10.5V Power dissipation 850 mw
Voltage on any pin Vgs—0.3V | 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 Vop 35 10 \ Ref. to Vgg
g 02 | 100 uA [Voo= 3.5V | No Key Depressed
p [Standby Supply Current lops 05 200 uA Vpp = 10V | All outputs Unloaded
'; 10 | 20 mA | Vob= 3.5V | One Key Depressed
Operating Supply Current Iop 50 | 100 mA | Vpp =10V | All outputs Unloaded
| [SINGLETONE [INPUT HIGH VOLTAGE Viw  [0.7Vop Voo v
N INHIBIT INPUT LOW VOLTAGE Vi 0 0.3Voo Vv
S INPUT RESISTANCE Rin 60 K}
T |ROW 1-4 INPUT HIGH VOLTAGE Vil 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 Vv
XMITR SOURCE CURRENT lon -15 |-25 mA |Voo= 3.5V,VoH= 2.5V No
o Keyboard
U -50 [-100 mA Vg = 10V,V,,, = 8Y| Entry
; LEAKAGE CURRENT loz 01| 10 | UA Vo, =10V,V,, =Ov|Keyboard
RENT | = = No
u MUTE SINK CURREN oL 05 mA |Voo= 3.5V,VoL= 0.5V Keyboard
T 1.0 mA [Vp, =10V,V, =05V Entry
s SOURCE CURRENT lon -0.5 mA | Voo= 3.5V,Von= 3.0V| Keyboard
-1.0 mA | Voo =10V, Vo, =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 Vor 320 | 400 | 500 mVous | Single Tone

OUTPUT VOLTAGE R, = 1K@
COLUMN TONE Voc 400 | 500 | 630 mMVaus
OUTPUT VOLTAGE
EXTERNAL LOAD R, 700 Q Vop= 3.5V
IMPEDANCE 330 Y 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 Vpg. With
no keyboard input this output remains at V5 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.

3,4,59 Column 1-4 | These inputs are held at Vg by resistors Rc and sense a valid logic level (approx
/2 Vpp) when tied to a Row input.

6 Vgs 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 invertor input and OSC Out is the output.

10 Mute This CMOS Output switches to Vgg with no keyboard input and to V, 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 V, 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 Vy, and when left unconnected or tied to Vo,

Inhibit single or dual tones may be generated. When V4 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 Vpp. 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

or column. No tones are generated when diagonally-

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

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.

1

A A ow
CLASS A KEYBOARD

: - _pow

2 OF 8 DTMF KEYBOARD

A —coL

Fig.3 Keyboard configuration

Vss COLUMN
Voo ROW
Vsg= == ===~ -L—I

Fig.4 Electronic input

Voo
R
N Row input
ROW STATIC sensing circuit
INPUT PROTECTION
Column input
COLUMN STATIC sensing circuit
INPUT H PROTECTION
éRE

Vss

Fig.5 Row and column inputs
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MV5087

OUTPUT FREQUENCY

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

The row and column output waveforms are digitally
synthesised using R-2R D-to-A converters (see Fig.6),
resulting in a ‘staircase’ approximation to a sinewave. An op- Row
amp mixes these tones to produce a dual-tone waveform.
Single tone distortion is typically better than 7% and all

distortion components of the mixed dual-tone should be - -

30dB relative to the strongest fundamental (column tone).

Column

Standard DTMF

(Hz)

697
770
852
941
1209
1336
1477

1633

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
+0.61| Group
-0.63

+0.57]
-0.32 High
_0.35 | Group

+0.73

Table 1 Output frequency deviation

Vour

a)

Vour

b)

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

DISTORTION MEASUREMENTS

THD for the single tone is defined by:

100(V V2 + VE+ V2 + V2 )9

Vfundamenlal

Where Vat-- Vnrare the Fourier components of the waveform.

THD for the dual tone is defined by:

100(V VZ, + V2 - Vi + Vi + Vi VE + Vi)

v Véow + VéoL

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

V2r — VnR are the Fourier component amplitudes of the row frequencies
V2c -- Vnc are the *, ourier component amplitudes of the column frequencies

Vimp is the sum of all intermodulation components.
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MV5087

Voo N
I I—‘SlNGLE TONE INHIBIT
1 15
3
Y 7
C=13.58 MHz XTAL
5 a1
19
2 p——an
MV5087 XMITR
14 16 TONE OUTPUT
13 A
12
Vss
11
6 10
Vss  MUTE

Fig.7 Connection diagram
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MV5089

PLESSEY CMOS

Semiconductors

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 \w
: . Voo [1 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- T —
Frequency (DTMF) tones. cowmm 1 [Jo el oWt
Inputs are compatible with a standard 2-of-8 active-low coLumn 2 [f 13[] Row 2
keyboard and the keyboard entries determine the correct Cowmn 3 [Js 12[]Row3
division of the reference frequency by the row and column o
counters. D-to-A conversion, using R-2R ladder networks, vss [l n{JRowa
results in a ‘staircase’ approximation of a sinewave with low osc v [}7 10}] ANY KEY DOWN
total distortion. N
Frequency stability over operating voltage and osc out s o[ cotomw 3

temperature range are maintained within industry DTMF
standards.

DP16

Fig.1 Pin connections - top view

FEATURES
B Pin-for-Pin Replacement for MK5089 APPLICATIONS
B Low Standby Power .
B Minimum External Parts Count DTMF Signalling for
B 275V to 10V. Operation W Telephone Sets
B 2-0f-8 Keyboard Input B Mobile Radio
@ 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
o o o
1y
Ry
Voo O— :: Vss AAAA
KEYBOARD LOGIC
SINE A
E@Jﬁm || converTer v
os¢ rc‘g‘gmm I__‘ "
our & .
I TONE
osc COUNTER M i
L 34';‘55 0/A v
COUNTER CONVERTER %
KEYBOARD LOGIC
Voo TONE
W DISABLE
Vss 0 R KEYBOARO LOGIC o] fr Ll AN KEY
Rch Vss
o
1 2 4
COLUMN INPUTS

Fig.2 Functional block diagram
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MV5089

ABSOLUTE MAXIMUM RATINGS

MIN. MAX MIN. MAX.
Vbp-Vss -0.3V 10.5V Power dissipation 850 mW
Voltage on any pin Vgg —0.3V | 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 = 3V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP [ MAX | UNITS
s | Operating Supply Voltage Vpp 2.75 10 \' Ref.to Vgg
g 02 | 100 | uA | Voo= 3V | NoKeyDepressed
p [Standby Supply Current lpps 05 200 uA Vpp = 10V | All outputs Unloaded
l\; 10| 20 mA | Vpp= 3V | One Key Depressed
Operating Supply Current lop 50 | 100 mA | Vpp=10V | All outputs Unloaded
| | SINGLE TONE |{INPUT HIGH VOLTAGE Vi 0.7Voo Vpp Vv
N INHIBIT . INPUT LOW VOLTAGE Vie 0.3Vop \
E TONE DISABLE |INPUT RESISTANCE Rin 60 KQ
T|ROW 14 INPUT HIGH VOLTAGE Vi |0.7Voo Voo Vv
S |COLUMN 14  |INPUT LOW VOLTAGE Vi 03Voo| V
(o] 0.5 mA Vpp= 3V,VoL= 0.5V
ul ANYKEY SINK CURRENT loL 1.0 mA | Vpp= 10V, VoL =05V
T DOWN LEAKAGE CURRENT | oz 1 uA Vpp =3V
P
U
T
S
AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C, Voo = 3V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX | UNITS
TONE OUT OUTPUT LEVEL, ROW Vout -10 | -8 -7 dBm |V .= 3V.Single Tone. R = 100K
PRE EMPHASIS, High Band 24 27 3.0 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

MV5089

PIN NAME DESCRIPTION

1 Vpp 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.

3,459 COLUMN 14 | These CMOS inputs are held at Vpp by an internal pull-up resistor
and are activated by the application of Vsg.

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 Vg, dual tones may be generated, but keyboard input com-
binations resulting in single tone generation are inhibited. When Voo
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.

"hc—m
Vss
A ROW

Fig.3 2 of 8 DTMF keyboard

COLUMN

e Row input
RO_W STATIC sensing circuit
INPUT PROTECTION
Column input
COLUMN STATIC sensing circuit
INPUT é PROTECTION

Fig.5 Row and Column inputs
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MvV5089

OUTPUT FREQUENCY

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

The row and column output waveforms are digitally
synthesised using R-2R D-to-A converters (see Fig.6)
resulting in staircase approximations to a sinewave. An op-
amp mixes these tones to produce a dual-tone waveform.
Single tone distortion is typically better than 7% and all
distortion components of the mixed dual-tone should be -
30dB relative to the strongest fundamental (column tone).

Standard DTMF Tone Output % Deviation
(H2) Frequency Using  From Standard
3.579545 MHz
Crystal
1, e97 701.3 +0.62]
o t, 770 7.4 +0.19| o
f, 852 857.2 +0.61|Group
f, 941 935.1 -0.63]
1, 1209 12159 +0.57)
f, 1336 1331.7 -032]|, .
Column N High
f, 1477 14719 —0.35 | Group
Lf, 1633 1645.0 +0.73

Table 1 Output frequency deviation

Vour

a)

Vour

b)

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

DISTORTION MEASUREMENTS

THD for the single tone is defined by:

100( V' VZ 4+ V2 + V2 4+ V2 )%

Vfu ndamental

Where Vai-- Vnrare the Fourier components of the waveform.

THD for the dual tone is defined by:

100( V" Vi + Vi~ Vi + Vi + Vi V2 + Vi)

v Vaow + Véou

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

Var - Vnr are the Fourier component amplitudes of the row frequencies
Vac - Vnc are the Fourier component amplitudes of the column frequencies

Vimo is the sum of all intermodulation components.
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l—-‘SINGLE TONE INHIBIT

(] 5] [e] [e]

L] AW 312

£—33.58 MHz XTAL
—

t— TONE DISABLE
TONE OUTPUT

1 113 R,

(1 [ [ (-

i

Vss

Vss ANY KEY
55 DOWN

Fig.7 connection diagram

MV5089

123



MV5089

124



Mv8s04

@ PLESSEY preLiMNARY INFormATION (CINVIO)S

Semiconductors

Pre!iminary Information is issued to advise Customers of potential new products which are designated ‘Experimental’ but are, nevertheless, serious development
projects and is supplied without liability for errors or omissions. Details given may change without notice and no undertaking is given orimplied as to current or future
availability.

Customers incorporating ‘Experimental’ product in their equipment designs do so at their own risk. Please consult your local Plessey Semiconductors sales outlet for
details of the current status.

MV8804 EXP

8 x 4 BIDIRECTIONAL ANALOGUE SWITCH ARRAY

The MV8804 is a CMOS/LSI 8 x 4 Analogue Switch Array
incorporating control memory (32 bits), decoder and digital
logic level converters. The circuit has digitally-controlled e~ zfjw
analogue switches having very low ‘ON’ resistance and very
low ‘OFF’ leakage current. The switches will operate with uflz =[]
analogue signals at frequencies up to 40MHz and up to 13.0V w]s 2[Ju
peak-to-peak. A ‘HIGH’ on the Master Reset input switches
all channels ‘OFF’ and clears the memory. The MV8804 is oo (e nflis
ideal for crosspoint switching applications. . w(]s 20[]16
FEATURES i[]e w[u
B Microprocessor Compatible Control Inputs ngr ofun
B On-Chip Control Memory And Address Decoding 0z(fe whe
B Row Addressing 2 Qe o122
B Master Reset 03w sl
B 32 Crosspoint Switches in 8 x 4 Array aQn wlln 0G24
B 50V to 130V Operation vl e P24
B Low Crosstalk Between Switches
B Low On Resistance: 90Q (typ.) At 10V Fig.1 Pin connections - top view
B Matched Switch Characteristics
B Switches Frequencies Up To 40MHz
APPLICATIONS
B PABX And Key Systems
B Data Acquisition Systems
B Test Equipment/Instrumentation
B Analogue/Digital Multiplexers
D D2 D1 Do MR J3 J2 31 Jo
RS SN - SRR S - SN - S N S U S —
Vpp 240 T _]
Vss 12‘0I
|
| H{HHH I H R R bt |
| . - |
AE 17 0— I l
| s 03 Lo
| — I
Ao 140—] | I | I ——A | | | | !
| | | | | [ el | | | —ol 1
| Sggongilsz | I | | : [ : | | l ——<I723 L3
| | | | — | |
Al 150——] | | | | s : | | | F—o022 14
| | + : - | ] | I [ [ |
T T | 21 Ls
| —o020 Lg
Az 160—] |
| t t J\') 19 L7
I ]
I 8 x 4 CONTROL MEMORY 8 x 4 ANALOG SWITCH ARRAY ‘|
.- - - -

Fig.2 MV8804 functional block diagram 125



MivVago4

ABSOLUTE MAXIMUM RATINGS

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

Min. Max. Min. Max.
Voo - Vss -0.3V 16V Storage temperature -65°C +125°C
Voo - Ve -0.3v 16V (DP package)
Vss - Vee -0.3V 16V Power dissipation 1200mw*
Voltage on any logic pin Vss -0.3V | Voo +0.3V| (DG package)
Voltage on any line (Vi) or junctor (VJ)| 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

* 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, CL = 50pF, RL = 10kQ, tr = ti = 20ns (input signal)

Characteristic Symbol Min. \{:;:e Max. Units Conditions
Sine wave response (distortion) 0.1 % | Voo = 13V
0.2 % |[Vop = 10V in = 1kHz
1.0 % Voo =5V
Frequency response channel ‘ON’ 40 MHz| Ve = Voo = 10V, Ve = -3dB
(sine wave input) Vi
Feedthrough channel ‘OFF -40 dB |Vop =10V, Vc = Veg, RL = 1kQ,
fin = 1MHz
Crosstalk between any two -40 dB |fin = 1.0MH2£ Voo = 10V, Switch A
channels -90 dB |[fin = 3.4kHz ) ‘ON’,Switch B ‘OFF’
Propagation delay tes 10 ns |Vobo = 10V, Switch ‘ON’
Signal input to signal output
Turn ‘ON’ propagation delay tPLH 200 ns | Voo = 10V
Data input to signal output tPHL 400 ns | Voo =5V
Address enable to signal output trae 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 [Voo =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 tvr 175 ns |Vop = 10V, R. = 1kQ
Memory reset recovery time TmRR 150 ns | Voo = 10VE RL = 1kQ
250 ns | Voo = 5V -

126




DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

Tamb = +25°C, Vss = Vee = 0V

Mv8804

Characteristic Symbol Min: Yra;:e Max. Units Conditions

Operating voltage range

Digital Voo - Vss 5 5 13 v

Analogue Voo - Vee 5 10 13 \

Logic level converter Vss - VEE 0 5 12 Y
On state resistance Ron 75 108 Q [Voo =13V

920 Q [Voo =10V Vo =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 loFr +0.01| £500 | nA |Vop = 13V, selected crosspoint in
(any line to any junctor) Off state
Input logic ‘0’ level Vi 24255 s \\; \\;sz z—;?/Vi Vis = Voo through 1kQ
Input logic ‘1’ level ViH .5 25755 \\; \\;EZ :;3V$ Vie = Voo through 1kQ
Quiescent device current la 0.1 500 MA |Voo = 13V
(per package)
Maximum current through Imax +8.0 mA (Voo = 13V
crosspoint switch
Switch input capacitance Cis 5 pF |Voo = 10V, Vin = 0V
Switch output capacitance Cos 20 pF |Vob = 10V, Vin = 0V
Feedthrough capacitance Cios 0.2 pF |Voo =10V, Vin = 0V
Digital input capacitance Cin 5 pF |Vop = 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 analogue switch input voltage, Vin is digital input voltage.

| |

DATA {

Mv8s04

33 92 91 J0 g

]
L2|

LTI

Vpp = +5V
Vss = VEE =0V

ANALOGUE
INPUT/OUTPUT
LINES

L4
_{>0_ [we D3 D2 D1 Do Ls
E% 4710BX Lg
L7}
CP A0 A1A2Q00Q10203] [MR AE A0 A1 A; g=n
TO
HARDWIRED
CONTROL 1A G1 G2 1y
CIRCUIT 2A 2
3A 3y
A 4y
MV74SC138
CONTROL{ Q) 5A syl
v Qif—fea 6Y|
OE{ OE2 74367 5 o o o
. be( I o 74367 oo oo
ADDRESS { ——————— 14 04 aa—{a W 6 0 0 o
° C'_J A1 a3 A 2f— o0 o o o
i % aaf—3a s3W}f— o o o o
5 ‘__T 2 Qs aA ay oo o o
e %8 +va_E3 Tg 5A sy— 0 o o o
MV74SC241 5 6 &H & oo o o
Jo J1 J2 J3
G2 Q1 Go LED MATRIX
COUNTER CL 0SC (500Hz)

Lo
L1
L2
L3
La
Ls
Le
L7

Fig.3 Visual indication of MV8804 control memory status
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AE

L—«s—- b—th—-]

L A

tPLH tpAE tPLH
PHL tPHL

tMRR

Fig.4 Timing waveforms

PIN DESCRIPTION

Pin Name Description
1 L2 Analogue Switch Array Input/Output Line
2 L1 Analogue Switch Array Input/Output Line
3 Lo Analogue Switch Array Input/Output Line
4 Do Control Memory Data Line Input
5 Jo Analogue Switch Array Input/Output Junctor
6 D1 Control Memory Data Line Input
7 J1 Analogue Switch Array Input/Output Junctor
8 D2 Control Memory Data Line Input
9 NE] Analogue Switch Array Input/Output Junctor
10 Ds Control Memory Data Line Input
1 Js Analogue Switch Input/Output Junctor
12 Vss Negative Digital Power Supply
13 VEE Negative Analogue 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 Analogue Switch Array Input/Output Line
20 Le Analogue Switch Array Input/Output Line
21 Ls Analogue Switch Array Input/Output Line
22 L4 Analogue Switch Array Input/Output Line
23 Ls Analogue Switch Array Input/Output Line
24 Voo Positive Analogue/Digital Power Supply

FUNCTIONAL DESCRIPTION

The analogue 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 analogue 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 analogue 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 (D0-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’
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
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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 MASTERRESET (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 analogue levels
switched through the array. For example, with Voo = 5V, Vss
=0V and Vee =-6V, the control inputs can be driven by a 5V
system while the analogue voltages through the crosspoint
switches can swing from +5V to -6V.

8 x 8 ANALOGUE/DIGITAL SWITCH

Two MV8804s configured as shown in Fig.7, implement an
8 x 8 analogue/digital switch. The switch capacity can be
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.



LOGIC TRUTH TABLE

MV8804

Addressed
line

Memory Address

reset enable Address

Input data to Junctors connected
control memory to addressed line

AE

>
~

A1

z

Ds

D2 D1

°

J3 J2 Ji Jo

All
None

I
X
xX X
xX X

Lt et el et el ol el el el sl el ol
ITIIITITI IIIIIIIIIIIIIIICI
|l el el el el el el el el el o
Lt ol el el el el el e o
IrIrIrI rOOoooCCrCCrrcrrre X X
—
o

rrrrrrrr
ITITITrrr
IIrrIIr

> X<

IIIIIIIITIrrrrrrer

All switches ‘Off’
No change of state

x X
x X

IIIIrrrCrIIIIrrCrr
IrIrIrIrIrIrIrIc-r XX
++++..0.++++....
++..++‘.++00++..

ITITrrIIrrIIrrIIrCrr
++++++++00.0..0.

Each addressed line may
have 16 different
combinations of junctors
connected to it by
inputing data to the
control memory as shown
for LO.

+.+.+.+.+.+.+'+.

NOTES
L = Low Logic Level
H = High Logic Level
X = Don't Care Condition
+ = Indicates Connection Between Junctor and Addressed Line
® = Indicates No Connection Between Junctor and Addressed Line

Expansion in the N dimension is accomplished by
replicating the circuit shown and connecting the MV8804
junctors (J0-J3) in common. The address and data control
inputs of the MV8804s can be connected in common for any
size and switch provided that the address enable (AE) inputs
are driven individually, for example by an MV74SC601
programmable AND gate.

A particular signal path is connected by setting up the
appropriate signals or the address and data lines and taking
the corresponding address enable input high. The master
reset (MR), when taken high, disconnects all signal paths.

@
=3
=3

VDD =-VEE =25V

‘ON' RESISTANCE RON-0)
g

-
=)
=3

0
-40 -20 0 20 40 60 80
TEMPERATURE -°C

Fig.5 ON resistance vs temperature
Expanding MV8804s (input signal voltage =supply voltage/2)

1
25°C

n
=1
=3

/\Vnn =-VEg =25V
N

ARN

N

DD =-VEE =5V

-
=]
=]

‘ON’ RESISTANCE RON-Q
@
8

5 -4 3 -2 14 0 1 2 3 4 5
INPUT SIGNAL VOLTAGE -V
Fig.6 ON resistance vs input signal voltage
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ANALOGUE/DIGITAL INPUT/QUTPUTS
(EXPANDABLE TO M INPUT/OUTPUTS)

Jo 1 J2 Jdagg Jo J1 J2 43,
L1 L1
L2 L2 ANALOGUE/
DIGITAL
L3 L3 INPUT/
MV8804A MV8804A \. _OUTPUTS
La EXPANDABLE
La TO N
INPUT/
L5 Ls OUTPUTS
Le Le
L7 L7
J
AE1 | I
AC. 1
At
To OTHER | 27
FOR D
EXPANSION | D1
D:
D3
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Fig.7 Expanding MV8804s




MV8860

@FLESSEY CMOS

MV8860

DTMF DECODER
The MV8860 detects and decodes all 16 DTMF tone
pairs. The device accepts the high group and low group 052 T ey
square wave signals from a DTMF filter (MV8865) and pro- 08612 1736;"
vides a 3-state buffered 4-bit binary output. The clock sig- 1c.d3 16/ Est
nals are derived from an on-chip oscillator requiring only a FHL 4 15[ stD
single resistor and low cost crystal as external L5 14 st
components. The MV8860 is implemented in CMOS L, 6 135 FL
technology and incorporates an on-chip regulator, L7 12 == INH
providing low power operation and power supply flexibility. L8 113 Ve
The MV8860 is available in Plastic DIL (DP) and Ceramic ToE]o 105 Ve DG18
DIL (DG), both with an operating temperature range of DP18
-40°C to +85°C.
Fig.1 Pin connections (top view)
FEATURES
[l 18Pin DIL Package
B Central Office Quality Detection APPLICATIONS
B Excellent Voice Talk-Off
B Detect Times down to 20ms In DTMF Receivers For:
B Single Supply 5V, or 8 to 13V Operation B Endto-end Signalling
B Latched 3-State Buffered Outputs l Control Systems
Bl Detects All 16 DTMF Combinations W PABX
Il Uses Inexpensive 3.58 MHz Crystal B Central Office
B Low Power CMOS Circuitry Il Mobile Radio
Il Adjustable Acquisition and Release Times I KeySystems
M Equivalent to MT8860X B Tone to Pulse Converters
osc1 0sc2 FH(INPUT) INH
RESET o L1
CLOCK CONTROL
| GEN. DISCR. = H
! & L2
I z g
Vpp o— Voo + ; é L3
STEERING CgPsTcF;OL ° !
1 .
Vgs o Ve LOGIC ——t—o 14
VEE O———n
- N ! !
St StD ESt GT FL(INPUT) TOE

Fig.2 MV8860 functional block diagram

131



MV8860
DC ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Tamb = +25°C; f; = 3.579545 MHz
5V operation: Vpp - Vgg = 5V, Vgg = Vg, connections as Fig.5a
12V operation: Vpp - Vg = 12V, Rgsee = 900Q , connections as Fig.5b
Outputs not loaded
For input current parameters only, Vi = Vo = Vpp, ViL= Veg, ViLo= Vss
All voltages referenced to Vgg unless otherwise noted.

Characteristic Symbol |Min | Typ | Max Unit Test Conditions
1 Operating Supply Voltage v 475| 5 5.25 Vv Connections Fig. 5a
2] [Voo- Vee) po 8 13 v Gonnections Fig. 5b
3| S |Internal Logic Ground Voltage v 4.75 5.25 v Connections Fig. 5a
[ 4] g (Vop - Vss) oSS |60 [ 65 | 75 V__ | GConnections Fig. 5b
_2-— p | Operating Supply Current lop ;g g :: ?\2/\/ Voo —Ves 55V
7 | L [Internal Logic Ground Pin Current ss 55 6.7 mA 12V Rssee = 900Q
% Y Operating Power Consumption Po %g :a ?\zlv
,10__ High Level Input Voltage Vin 35 4 \ 5V
11 (All Inputs Except OSC1) 8.5 9 \4 12V
(12| Low Level Input Voltage Vi 1 15 \Y 5V
[13 | |(All Inputs Except OSC1) 3 35 v 12V
[14 |  [High Level Input Voltage Vino 35| 45 v 5V
15 | | |osc1 105 ] 11 v 12v
16| N Low Level Input Voltage Vio 05 15 \ 5V Ref Vgg
17 | p |OSC1 05 | 15 v 12V Ref Vgg
18 |, [Steering Input Threshold v 204|227 | 25 v sV
19 | 1 |Voltage TSt 54 | 60 6.6 vV 12V
20 | g Pull Down Sink Current | 10 | 25 75 JA 5V
21 (INF) H 10 | 190 | 400 | WA [ 12V
22 |  [Pull Up Source Current | 2 7 45 A 5V
[23 | |(TOE) I 10 | 55 | 250 | WA 12V
(24 | Input High Leakage Current [ 0.1 15 AA 5V or12V
[25 | |Input Low Leakage Current [N 01 15 A
[26 | O High Level Output Voltage v 4.9 \' 5V
27 | U |(All Outputs Except OSC2) " T119 v 12V
28 | 'Fr, Low Level Output Voltage v 0.1 v 5V
29 | () |(All Outputs Except OSC2) oL 0.1 v 12V
30 | T |High Level Output Voltage " 4.9 )" 5V
[31 | S |0osc2 oMo 119 v 12V
| 32 | Low Level Output Voltage v 0.1 Vv 5V Ref V
33 0SC2 oLo 01 v 12V Ref Vg
[34] | Output Drive P Channel | 04 | 06 mA |5V Vo, = 45V
35 | o Current Source OH 05 | 08 mA 12V Vo, = 115V
36 | U (All Outputs N Channel | 08 | 1.2 mA 5V Vg = 0.5V
37| | Except 0SC2) Sink ° 10l 16 mA_— 92V Vy = 05V
38 | P Output Drive P Channel | 90 | 120 MA 5V Vg, = 4.5V
39 | y | Current Source oHo 90 | 120 MA 12V Vg, = 115V
40 | | OsC2 N Channel | 100 | 160 MA SV Vg, = 05V
41 ] o Sink %[00 | 160 AR [12V Vg = 0BV
42 | ® [Tristate Output L,-L,=H 0035 | 15 | WA 5V Appl Vg, = OV
43 | Current Li-L,=1L 0.1 15 A 5V Appl Vo, = 5V
44 | (High Impedance Li-Ly=H | 0.1 1.5 HA 12V Appl Vo, = OV
45 State) L,-L, =L 0z 03 15 A 12V Appl Vg, = 12V

All “typical” parametric information is for design aid only, not guaranteed and not subject to production testing.
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AC ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Tamb = +25°C; Vpp = +5V; f, = 3.579545 MHz

MV8860

Characteristic Symbol (Min | Typ | Max | Unit Test Conditions
1] Tone Frequency Deviation Accept Afy +2.5 | % Nom.
| 2 | 2 Tone Frequency Deviation Reject Afg +3.5 % Nom.
[ 3] T Tone Present Detection Time top 6 10 ms
[ 4] Tone Absent Detection Time toa 0.6 4 10 ms
| 5 | g Guard Time (Adjustable) taTP or E) 20 ms See Fig. 3
| 6 | T Time' to Receive = (top + tgTp) trec 28 30 35 ms Fig. 7a R = 300k 0
| 7 | o |nval|c.| Tone Duration (f, of tgeo) tree 20 ms C = 0.1uF
| 8 | Interdigit Pause = (tp, + taTa) tp 30 ms
9| R Acceptable Drop Out (f, of t,p) too 20 ms
10 ||;p [ FL FH Input Transition Time ty 1.0 us 10% - 90% Vpp
11 Capacitance Any Input C 5 75 pF
12 | o | Propogation Delay St to L, - L, tpL 8 11 s Vpp 5V
13 | 8 11 MS Vpp 12V
14 | .Lrj Propogation Delay St to StD tesip 12 14 S Vpp 5V
15 | 12 14 MS Vpp 12V
16 | LF; Propogation Enable tere 300 ns Vpp 5V
17 | 1 |Delay TOE to 200 ns Vpp 12V
18 | s Ly-L, Disable terp 300 ns Vpp 5V
19 200 ns Vpp 12V
20 | Crystal/Clock Frequency f.  [35759[3.5795[3.5831] MHz OSC 1 OSC 2
21 | ¢ | Clock Rise Time t ol 110 ns 10% - 90% | Externally
22 | L |Input Fall Time thic 110 ns Voo = Vgg | Applied
23 | O [(OSC 1) Duty Cycle DC, 40 50 60 % Clock
24 | C | Clock Output Capacitive Cloc 30 pF With Clock Drive to OSC 1
25| K |(©0scC 2) Load Crox nF | Sinusoidal Output
With Crystal
ABSOLUTE MAXIMUM RATINGS
The absolute maximum ratings are limiting values
above which operating life may be shortened or specified
parameters may be degraded.
Parameter Min Max Max
Voo - Vee 6 v Power Dissipation DG Package” 1000mw
* %
Voo - Vs (Low DP Package 450mW
Impedance Supply) 5.5 v * Derate 16mW/ °C above 75°C
Voltage on any pin ** Derate 6.3mW/°C above 25°C
except OSC1 0SC2 Vegg —03|Vpp +03 | V All leads soldered to PC board.
Voltage OSC1 OSC2 Vgs —0.3(Vpp +0.3 | V
Max current at any pin
(except Vpp & Vig) 10 mA
Operating DP/IDG .
Temperature | Package —40 +85 ¢
Storage DG Package| _s5 +175 | °c
Temperature |DP Package -55 +125 °C
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MvV8860

Original Detected
Tone TOE| L4 L3 L2 L1 Character INH | ESt ESt St GT StD*
Character
None (] L L L L L
X L z z z Z X L H H L z L
1 H L L L H DR H H L H z H
2 H L L H L D H L H H H H
3 H L L H H - -
4 H L H L L (b) Inhibit function (c) Steering
DR |5 H L H L H * DELAYED WRT St
6 H L H H L :
7 H L H H H FOR THE PURPOSE OF THESE TABLES CONSIDER:
8 H H L L L Vgi<Vrg; LOGIC LOW (L)
9 H H L L H Vg >Vrst LOGIC HIGH (H)
0 H H L H L H= LOGIC HIGH  L=LOGIC LOW
* H H L H H Fg‘%?‘ru T CARE"CLOGIC HIGH OR Lowc
Z=HIGH IMPEDANCE  X=ANY CHARACTER
# H H H L L
DA H H H L H
B H H H H L
C H H H H H
D H L L L L
(a) Output coding
Table 1 Coding data
EVENTS | A | B c | E | F 3 |
REC- |~ ~——tREC—| |« INTERDIGIT PAUSE—~| —=|  |=— TONE DROP OUT
TONE #n TONE#n + 1 #Tlf”f 1
1Dp~l4—-1 lerl— toa
N | |
terp tore
[~ R
St ar A Pl — [
N
DATA
OUTPUTS DECODED TONE n - 1 DECODED TONE #n ) DECODED TONE #n + 1
L1-L4 HIGH IMPEDANCE
— | f——tpstD
St I I
OUTPUT
——»| |-—1tpre —’l le—tprp
TOE r
A) SHORT TONE BURSTS : DETECTED, TONE DURATION IS INVALID
B) TONE # n IS DETECTED, TONE DURATION IS VALID, DECODED TO OUTPUTS.
C) END OF TONE # n IS DETECTED AND VALIDATED.
D) 3 STAGE OUTPUTS DISABLED (HIGH IMPEDANCE).
E) TONE #n + 11S DETECTED, TONE DURATION IS VALID, DECODED TO OUTPUTS.
F) TRISTATE OUTPUTS ARE ENABLED. ACCEPTABLE DROP OUT OF TONE # n -+ 1 DOES NOT REGISTER AT OUTPUTS.
G) END OF TONE #n + 11S DETECTED AND VALIDATED.
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MV8860

PIN FUNCTIONS
Pin Name Description
1 0SC2 | CLOCK OUTPUT 3.58MHz crystal with parallel 5M(Q resistor connect-
ed between these pins completes internal oscillator,
2 OSC1 | CLOCK INPUT running between Vpp, and Vgg.
3 IC Internal connection for testing only (reset) Note 1
4 FH High frequency group input. Accepts single rectangular wave High group tone
from DTMF filter
5 L1
Data Outputs. 3 state buffered
6 L2 Provides 4 Bit binary word corresponding to the tone pair decoded, when
7 L3 enabled by TOE
See Table 1for state table
8 L4
9 TOE 3 state output enable input. Logic high on this input enables outputs L1-L4.
Internal pull up
Internal logic ground. For Vpp - Vgg = 5V Vgg connected to Vgg.
10 Vss | For Vpp - Vge > 8V, Vgg connected via resistor to Vg see Fig. 5
DD - VEE Ss
11 VEe Negative power supply. External logic ground
12 INH Inhibit input. Logic high inhibits detection of tones
representing characters #, *, A, B, C, D. Internal pull down
13 EL Low frequency group input. Accepts single rectangular wave low group tone
from DTMF filter
Steering input. A voltage greater than V1g; on this input causes the device to
accept validity of the detected tone pair and latch the corresponding
14 St codeword at the outputs
Voltage< Vrg; on this pin frees the device to accept a new tone pair. See Table
1c and Functional Description
Delayed Steering Output. Flags when a valid tone pair has been received.
15 StD Presents logic high when output latch updated. When St voltage exceeds
Vrst. Returns to logic low when St voltage falls below Vyg;
Early Steering Output. Presents a logic high immediately the digital algorithm
16 ESt detects a recognisable tone pair. Any momentary loss of the incoming tone or
excessive distortion of the tone will cause ESt to return to a logic low
17 GT Guard Time Output. 3 state output. Normally connected to St, is used in the
steering algorithm and is a function of St and ESt (See Table 1c)
18 Vbp Positive power supply

Note 1: Must be left open circuit.
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OPERATING NOTES

The MV8860 is a CMOS Digital DTMF detector and de-
coder. Used in conjunction with a suitable DTMF filter
(MV8865) it can detect and decode all 16 Standard DTMF
tone pairs, accurately discriminating between adjacent fre-
quencies in both high and low groups in the presence of
noise and normal voice signals.

To form a complete DTMF receiver the MV8860 must be
preceded by a DTMF filter, the function of which is to sep-
arate the high group and low group components of the
composite dual tone signal and limit the resulting pair of
sinewave signals to produce rectangular wave signals
having the same frequencies as the individual components
of the composite DTMF input. The high group and low
group rectangular waves are applied to the MV8860s FH
and FL inputs, respectively. The MV8865 DTMF filter pro-
vides these functions.

Within the MV8860 the FL and FH signals are operated
on by a complex averaging algorithm. This is implemented
using digital counting techniques (Control/Discriminators,
Fig.2) to determine the frequencies of the incoming tones
and verify that they correspond to standard DTMF fre-
quencies. When both high group and low group signals
have been simultaneously detected, a flag ESt (Logic
High), is generated. ESt is generated (cancelled) rapidly on
detecting the presence (absence) of a DTMF tone pair (see
Fig.3) and is used to perform a final validity check.

The final validity check requires the input DTMF signal
to be present uninterrupted by drop out or excessive dis-
tortion (which would result in ESt being cancelled) for a
minimum time (trec) before being considered valid. This
contributes greatly to the talk off performance of the
system. The check also imposes a minimum period of ‘tone
absent’ before a valid received tone is recognised as having
ended. This allows short periods of drop out (tpo) or
excessive noise to occur during a received tone, without it
being misinterpreted as two successive characters by the
steering circuit (ESt, St, GT). A capacitor C (Fig.7a) is
charged via resistor R from ESt which a DTMF tone pair is
detected. After a period tgTp, Vi exceeds the St input thres-
hold voltage Vs, setting an internal flag indicating the
detected signal is valid. Functioning of the check algorithm
is completed by the three state output GT which is

normally connected to St and operates under the control of
ESt and St. Its mode of operation is shown by the steering
state table (Table 1c) and timing diagram (Fig.3).

Internally the presence of the ESt flag allows the
control/discriminator to identify the detected tones to the
code converter which in turn presents a 4 bit binary code
word, corresponding to the original transmitted character,
to the output latch. The appearance of the internal St flag
clocks the latch, presenting the output code at the tristate
outputs L to L4. The St internal flag is delayed (by tpsip)
and appears at the StD output to provide a strobe output
function indicating that a new character has been received
and the output updated. StD will return to a logic low after
the St flag has been reset by V¢ (Fig.7a) falling below Vyst.

Increasing the ‘time to receive’ (tpgc) tends to further
improve talk off performance (discrimination against voice
simulation of a DTMF tone pair) but degrades the accept-
able signal to noise ratio for the incoming signal.
Increasing interdigit pause tp further reduces the prob-
ability of receiving the same character twice and improves
acceptable signal to noise ratio but imposes a longer inter-
digit pause. Reducing tgrgc or tip has the opposite effect
respectively. The values of tgec and t;p can be tailored by
adjusting tgTp and tgTa as shown in Fig.7.

When L to L4 are connected to a data bus TOE may be
controlled by external circuitry or connected directly to StD
automatically enabling the outputs whenever a tone is
received. In either case StD may be used to flag external cir-
cuitry indicating a character has been received.

The MV8860 may be operated from either a 5V or 8 to
13V supply by use of the internal zener reference. The
relevant connection diagrams are shown in Fig.5.

When using the MV8860 with the MV8865 DTMF filter it
is only necessary to use the MV8865 crystal oscillator (see
Fig.6). When using the higher supply voltage range the
MV8865 OSC2 output should be capacitively coupled to
the MV8860 OSC1 input as shown in Fig.6.

Where it is desirable to receive only the characters avail-
able on a rotary dial telephone, taking INH to a logic high
inhibits detection of the additional DTMF characters.
Incidentally this also further improves talk off due to the re-
duced number of detectable tones.

HIGH GROUP FREQUENCIES Hz

LOW GROUP
FREQL:‘ENCIES
Z

0SC 1

Cssee = 10uF

H

Rssex (OHMS)
¥ 888

oV

BRI
Voo (V)

(BLACKED IN CHARACTERS
ARE AFFECTED BY INH)

Vop = 5V

Vpp =8 - 13V

(A) (8 TYP. VALUE Rssee

Fig.4 DTMF matrix, indicating character-tone
pair correspondence
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Mv8860

Voo +5V g| = gﬂM
=
Rs = 300K
I Ra = 5K
FL Voo [ . 0sc2 8; z 8(}:;;::
—CFLT osct 02 R. osc1 Co = oa0pF
. = 680p
c, O oscap- X - O Xt = 3579MHz
1nput O—i |grt—L] RES 3— JFH * WITH DEVICE POWER SUPPLY
'_t mveses MV8860 CONNECTED AS FIG. 58,
Y0 Ve ml —( 33pF CAPACITOR AND
R, d HTE d 2M  RESISTOR REQUIRED
C TYPICAL PERFORMANCE
C.= 0§ FH :1'——(: l — m]
Vee =N . Vee P DYNAMICRANGE  30dB
] Ves 4 TWIST +10dB
ACC. SIN RATIO 14dB
TReC 30ms
L1 L3 TOE StD
L2 L4
Fig.6 Single-ended input receiver using the MV8865 (5V operation)
Es Es Es Tete = C (Ra + o) Logn (Fa—f*h;) (\;’H%)
il R &1 Ry SRi &1 Ry Re - R Voo =V
_l 2 _l a 2 _l a 2 Tgre = C (Ra + Ro) Logn ( Ra_"“LRb) (.%EE)
St St St )
FOR VoHest . VoLest Symetric About Vrst = "% Vpp
%Rb Ro ;Rb WITH Rp< 0.1 Ry Rp= Vpp — Vee KQ2
Ry’ Ry
c c c Rp< 0.1 (R—#——ﬂ—)
Voo T T I o 2" + Ra .
A) Tgrp = Tere0.69 R C (1~
Tore =Tote Tore <Tere Tere > Tore B) Tare }Ao 89 0( o *
A) (8) (©) C) TeTe Ra’ + Ra
B) Tere } 069 Ry’
C) Terp 069 Fa

Fig.7 Guard time adjustment
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Semiconductors

MV8865

LCMOS

MV8865

DTMF FILTER
The MV8865 contains both the high group and low group
filtering and comparator functions required to implement a o
Dual Tone Multi Frequency tone receiver using a DTMF FL e 16 >3 Vpp
Digital Detector (i.e. MV8860/62/63). Switched capacitor el 15 2 0561
techniques are used to implement the filters and the device is
fabricated using Plessey Semiconductors’ high density NCe s 14 [ 08C2
1ISO/CMOS technology. The filter clocks are derived from an INPUT & 4 13 23 NC
on-chip oscillator requiring only a low cost TV crystal as an Vegr < 5 12 ne
external component. The MV8865 offers single supply REF
operation over a wide supply voltage range and incorporates POWNT] 6 MR FHT
a logical power down facility. NeeL] 7 1o
vss K 8 sf>ane
DG16
FEATURES Fig.1 Pin connections (top view)
B Provides DTMF High and Low Group Filtering
- ) APPLICATIONS
I Hard Limiting on Filter Outputs
B 6 Pole Band Pass High and Low Group Filters In DTMF Receivers for:
[ 38dBIntergroup Attenuation Il EndtoEndSignalling
B Dial Tone Suppression Il Control Systems
B +5to+12V Single Supply Operation B PABX
Il Logical Power Down Il Central Office
B Uses Inexpensive 3.58 MHz Crystal Il Mobile Radio
I Wide Dynamic Range 30dB B KeySystems
l Equivalent to MT8865X Il Toneto Pulse Converters
FHT
COMP BUFFER
HmFTL?ESUP INTERPOLATOR b > -OFH
INPUT O—
COMP BUFFER
Low croup INTERPOLATOR M_OFL
Voo O
Vss O CLOCK GEN REF
5 ) ) )
0sC1 0sC2 FLT Vagr P DWN

Fig.2 MV8865X functional block diagram
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MV8865

DC ELECTRICAL CHAR

Test conditions (unles:

ACTERISTICS

s otherwise stated):

Tamb = +25°C; fo « = 3.579545 MHz

All voltages wrt Vgg

Characteristic Symbol| Vpp= 5V Vpp = 12V |Unit| Test Conditions
Min|Typ{ Max |Min | Typ|Max
1| |[Operating Supply Voltage Vpp |4.75 13
: ﬁ Operating Supply Current lop 12] 25 5 [7.5 |mA|PDWN=Vgg
—3— :: Standby Supply Current Ibps 100 | 150 400 | uA | PDWN =Vpp
4 :; Operating Power Consumption Po 6 60 mW | PDWN = Vgg[Fig. 6(c)
; Standby Power Consumption Ps 0.5 1.5 mW | PDWN =V C= 15pF
3' Low Level Input Voltage zDWN ViL 1.5 3.5
7 :;l High Level Input Voltage | OSC 1 Vi |35 8.5
;}I.J Pull Down Sink Current PDWN Iy 3| 6 12 | 24 |pA
_9_ S Input Current 0SC 1 I +2.5 +6 MA
10| |Low Level Output Voltage | FL, FH| Vq_ 0.1 0.1 No load
ES High Level Output Voltage|OSC 2 | Voy | 4.9 11.9
12|TD Output Drive | N Channel | FL, FH| lo_ |0.2 0.5 mA |VoL = 0.4V (5V)
13V [current Sink 0sC 2 0.1 0.25 mA [Vo, = 1.2V (12V)
14/S P Channel [FL, FH| oy |0.2 05 mA [Voy = 4.6V (5V)
15 Source 0SC 2 0.1 0.25 mA |Voy = 10.8V (12V)
ABSOLUTE MAXIMUM RATINGS
The absolute maximum ratings are limiting values
above which operating life may be shortened or specified
parameters may be degraded.
Parameter Min Max Parameter Max
Vpp - Vss 15 V | Power Dissipation | DG package'| 850mW
Voltage on any pin Vgs =03 | Vpp + 03| V
Max. current at any pin 10 mA 1Derate 16mW/°C above 75°C
Operating 40°C +85 °C
Temperature
Storage DG package —65°C +150 oG
Temperature
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MV8865

AC ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):

tamp = +25°C; f, = 3.579545 MHz; Vpp = 4.75V 0 13V
Characteristic Symbol| Min | Typ Max | Unit | Test Conditions

1 Dynamic Range 30 36 dB
z Valid Input Signal Levels Voosa | V,,

3 (Each tone of composite signal) 279 883 [mVrmsVpp = 5V
_4- 67.5 2120 [mVrms|Vpp = 12V
E Input Impedance Z, 10 MQ

6 Low Group Sensitivity (1) -28.85 dBm | Voo = 5V
—7 Low Group Sensitivity (1) -21.25 dBm | Voo = 12V
B F [High Group Sensitivity (1) -28.85 dBm | Voo = 5V
__i L |High Group Sensitivity (1) -21.25 dBm | Vop = 12V

10 E Intergroup Low Group with |IR 4509 | 34 45 dB [1209Hz | w.r.t.
[11] R High Tone IRiie7 | 36 | 40 dB [1477Hz | 770Hz
[12] Rejection High Group with | IRyg4 | 38 45 dB [941Hz w.r.t.
[13] Low Tone Rerro | 36 | 40 dB [770Hz | 1336Hz
[14|  |Dial Tone Low Group DRLeo 60 dB [440Hz | wurt
15| DR_s50 30 dB [350Hz | 770Hz
16 Rejection High Group DRu440 60 dB |440Hz w.r.t.
17 DRraso 50 dB [350Hz | 1336Hz
IB_ FHT FLT Maximum Permissible Load| R ¢ | 250 KQ

19 Cier 2000 | pF
20| :— Output Rise Time | _ trivo 9 | 150 | ns [10%to

21| M [Output Fall Time ’ truio 60 | 100 | ns [80% Vpp
_23 Crystal/Clock Freq) OSC 1, OSC 2 f. |3.5759|3.5795[3.5831| MHz
23| [Clock Rise Time tine 110 ns [10% to | Externally
24 | E Input Fall Time thic 110 90% Vpp| Applied
25| 8 0SC 1) Duty Cycle DCy, | 40 | 50 | 60 | % Clock
26| K %ggkzomput Capacitive Load | C o 30 pF g::gggfai?nlg?\ldétes
;7- ICapacitance Any Input (o} 5 7.5 pF
NOTES

1. The sensitivity characteristic specifies correct operation of the post-comparator outputs at minimum input signal levels. It is valid for each of the
four DTMF tones in each passband.
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PIN FUNCTIONS

DIP
Pin Name Description
1 FL Low group limiter output.
2 FLT Test output. Monitors low group filter output. Decouple to Vgg with 680pF
capacitor.
3 NC Not connected.
4 INPUT | Tone signal input (single ended).
5 VRer Internal reference, can be used to bias input via 2M () resistor.
6 PDWN | Power down active high. Internal pull down transistor. A high level signal
powers down the device and inhibits the oscillator.
7 NC Not connected.
Vss Negative (0V) power supply.
9 NC Not connected.
10 FH High group limiter output.
11 EHT Test output. Monitors high group filter output. Decouple to Vg with 680pF
capacitor.
12 NC Not connected.
13 NC Not connected.
14 OSC 2 | Clock Output. | 358MHz crystal connected between these
15 0SC 1 | Clock Input. pins completes internal oscillator.
16 Voo Positive power supply.
0 — -
/ \ N DIAL TONES
10 \ / \‘ X = 350Hz
v N Y = 440Hz
s, / ,\ DTMF TONES
= A = 697Hz
2 1 A 5
| Z S
Eow TN / ' \\ 5 2o
l 6 2 Tarmis
0 PR ' H = 1633Hz
AY
/1N VJARN
50 /
! ottty
XY ABC D E F G H

FREQUENCY HZ
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OPERATING NOTES

The MV8865 separates the high group and low group
components of the dual tone signal and limits the resulting
pair of sine waves, to produce square waves having the
same frequencies as the individual input tones. These
limited low group and high group tones appear at the FL
and FH outputs respectively. To implement a complete
DTMF receiver the FL and FH outputs are connected to the
FL and FH inputs of one of Plessey Semiconductors’ range
of DTMF Digital Decoders (MV8860/62/63), see Fig.4.

Separation of the low group and high group tones is
achieved by applying the dual tone signal simultaneously
to the inputs of two sixth order switched capacitor band-
pass filters, the bandwidths of which correspond to the
bands enclosing the low group and high group tones. The
frequency characteristic of each filter (see Fig.3) also incor-
porates a notch at 440Hz to provide dial tone rejection.
Each filter output is followed by a single order switched
capacitor section which operates as an interpolator
smoothing the signals prior to limiting.

The limiting functions are performed by high gain com-

MV8865

parators which are provided with hysteresis to prevent
detection of unwanted low level signals and noise. The
comparator outputs are buffered to drive the FL and FH
output pins and detector device inputs. The MV8865 has a
single ended input allowing connection either to a PCM
decoder, radio receiver (Fig.4) or via a differential buffer to a
telephone line (Fig.5). The signal input (Pin 4) should be
biased at Vpp/2. With the input capacitively coupled, this is
achieved by connecting the signal input to Vgeg (Pin 5) viaa
2MQ resistor.

FLT and FHT allow the filter outputs to be monitored
prior to limiting, and should each be decoupled to Vgg by
680 pF capacitors.

Unbalanced Loads

Presenting a high unbalanced capacitive load to the
oscillator crystal can cause attenuation of the oscillator
output signal and increased supply current (see Fig.6).
Where the MV8865 oscillator is required to drive a high
capacitive load such as a number of other MV8865/8860s it is
desirable to connect a capacitor between OSC1 and Vss, the
value of this capacitor being equal to the capacitive loading
at OSC2.

Ri = 2.0M
Rz = 300K
Rs = 5K
Voo +5V Rs = 2.0M
* Ci = 10nF
Lc Cz = 0.1uF
FL Voo :p—l .—osc2 Voo |4 o %SE
FLT osct g R. osc1 GT X = 3.579MHz
c. g osc2h X = Est . NOTE :
input F StD :
o mvsgss "EoF | MV8860 FOR DEVICE POWER SUPPLY
M Veer m] —du St R >5.25V SEE MVB860 DATA SHEET
= FHT [ L FL cs
1 g :
G FHETS, b 2 TYPICAL PERFORMANCE
Vss =] L Vee [
DYNAMIC RANGE 3008
ToE Vs 14 TWIST + 108
ACC. S/N RATIO 14d8
TReC. 25 T0 35ms
GUARD TIME 20ms

MAX. INVALID TONE DURATION | 20ms

L1 L3 TOE StD
L2 L4 MIN. INTERDIGIT PAUSE 30ms
MAX. ACCEPTABLE DROPOUT | 20ms
Fig.4 Single-ended input receiver using the MV8860 (5 V operation)
DIFFERENTIAL INPUT AMPLIFIER Vop +5V )
Cy = Cp
Ry = Ry
R3 = Ry Rs l
Ry + Rs Cy Ry Rs 1 :J
TIP o—d b— A s FL Voo
VOLTAGE GAIN o 0sc1
(Av gitt) = Rs Rz Y2 798
R Voo O 0sc2 MV
]
INPUT IMPEDANCE R ., P wvesss [ a8
Tnan) = 2RI+ LR o, R i Vrer - 8863
TYPICAL VALUES RING o 1 g =
Emmm——
Cy = Cp = 10nF = T
Ry = Ry = 200k s Vss =]
Rg = 100K |
Ry = 50K 1 7¢
Ry = 37.5K 798 N\ Vs
Ay gitt = —6dB .
Zingitt =400KQ (@ 650Hz) .

Fig.5 Connection to a telephone line
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(A) 0SC2 PEAK-PEAK OUTPUT VOLTAGE
VARIATION WITH CAPACITIVE LOADING

12
Vgp = 12V
10 0SC1 LOAD =
0SC2 LOAD
8
Vpp 6
0sc2 Vpp = 12V
0SC1 UNLOADED
4 Vpp = 5V
0SC1 LOAD =
2 0SC2 LOAD
Vpp = 5V
SC1 UNLOADED

0!
—
o 20 40 60 80 100
0SC2 LOAD pF

(B) MV8865 Ioo CURRENT VARTIATION WITH 0SC2
CAPACITIVE LOADING

2.4
0SC1 UNLOADED
2.2
0SC1 LOAD 50pF
20 0SC1 LOAD =
oo 0SC2 LOAD
L
16
1.4

L
20 40 60 80 100
0SC2 LOAD pF

©)

Voo

0SC1

MV8865 _——
r 1

|

0SC2)

| c !

1 I |

[ |

L_Z_4

Vss 1756
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w PLESSEY PRELIMINARY INFORMATION

Semiconductors

Preliminary Information is issued to advise Customers of potential new products which are designated ‘Experimental’ but are, nevertheless, serious development
projects and is supplied without liability for errors or omissions. Details given may change without notice and no undertaking is given or implied as to current or future
availability.
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MV8870EXP

DTMF RECEIVER

The MV8870 is a complete DTMF receiver integrating both
the bandsplit filter and digital decoder functions, fabricated w1 s 0 voo
on Plessey Semiconductors’ double-poly [1SO2-CMOS
technology. The filter section uses switched capacitor -2 17 sver
techniques for high- and low- group filters and dial-tone 6s[]3 16[] st
rejection; the decoder uses digital counting techniques to da 151 s0
detect and decode all 16 DTMF tone-pairs into a 4-bit code. Vi !
External component count is minimised by on-chip seL 5 14[] o
provision of a differential input amplifier, clock oscillator and oo 6 18h e
latched 3-state bus interface.
osc1 []7 12[] e
osc2 []8 10w
v 9 10{] TOE
* ¥ DG18
APPLICATIONS
Fig.1 Pin connections (top view)
W PABX FEATURES
B Central Office
B Key Systems M Full Receiver in Single 18-Pin Package
B Mobile Radio B Central Office Quality
M Remote Control B | ower Power Consumption
M Remote Data Entry M Adjustable Acquisition and Release Times
PDWN VDD  Vss VREF SEL
T T T 4
I POWER BIAS
DOWN CIRCUIT
l CHIP  CHIP CHIP
| POWER BIAS REF
I HIGH
— GROUP —— 1 Q1
| FILTER
|
IN+ 1 CODE 12 Q2
DUAL ZERO DIGITAL
I TONE | CROSSING DETECTION CONVERTER
IN_ 2 : FILTER DETECTORS ALGORITHM LATCH 13 Q3
| Low
GS 30— — GROUP ] 14 Q4
FILTER
I TO ALL * ‘
l CHIP CLOCKS
STEERING
' LOGI
VS USRS SR (S PR A" S—
1 16 1
oscit osc2 SYGT ESt StD

Fig.2 Functional block diagram
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ABSOLUTE MAXIMUM RATINGS (NOTE 1)

Parameter Min. Max. Unit
Power supply voltage Voo - Vss 6 "
Voltage on any pin Vss-0.3 | Voo +0.3 Vv
Current at any pin 10 mA
Operating temperature -40 +85 °C
Storage temperature -65 +150 °C
Package power dissipation 1000 mW
(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 Wi V'Ia.:,:e. Max. Unit Conditions
Operating supply voltage Vop 475 525 \
Operating supply current loo 3.0 7 mA
Power consumption Po 15 35 mwW f = 3.579MHz
Low level input voltage Vi 15 \
High level input voltage ViH 35 \'4
Input leakage current /i 0.1 HA ViN = Vss or Vop
Pull up source current Iso 7.5 15.0 MA TOE (Pin 10) = 0V
Input impedance (pins 1 & 2) RiN 10 MQ At 1kHz
Steering threshold voltage Vst 22 2.35 25 \'
Low level output voltage VoL 0.03 \ No load
High level output voltage VoH 4.97 \ No load
Output low (sink) current lou 1.0 25 mA Vour = 0.4V
Output high (source) current loH 0.4 0.8 mA Vour = 4.6V
Output voltage, pin 4 VRer 24 2.7 Vv No load
Output resistance, pin 4 Ror 10 kQ

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

Input leakage current I +100 nA Vss < Vin< Voo
Input resistance Rin 10 MQ
Input offset voltage Vos +25 mV
Power supply rejection PSRR 60 dB 1kHz
Common mode rejection CMRR 60 dB ViN = VRerF +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 R.  =>100kQtoVss
Tolerable capacitive load (GS) CL 100 pF
Tolerable resistive load (GS) Ru 50 kQ
Common mode range Vem 3.0 V p-p No load
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AC CHARACTERISTICS

Test conditions (unless otherwise stated):

Vob = +5V, Vss = 0V, Tamv = +25°C, fek = 3.579545MHz, using test circuit of Fig.3.

Mv8s870

Value

Ch: i
aracteristic Symbol Win. Tvp. Mo Unit Notes
. -29 dBm | 1,2356,.9
S . Min.
?lahcli(lnpur: flgnal . 275 | mVRMS| 123569
evel (each tone o
composite signal) Max. +1 dBm | 123569
883 mVRMS
) o Positive 10 dB 2,369
Twist accept limit -
Negative 10 dB 2,359
Freq. deviation accept limit +1.5% Nom. | 2359
+2Hz
Freq. deviation reject limit +3.5% Nom. | 235
Third tone tolerance -16 dB 2,3,459,10
Noise tolerance -12 dB 2,3,4,5,79,10
Dial tone tolerance +18 dB 2,3,45,89,10
Tone present detection time t 5 1 14 S
P on’ o M | Refer to Fig5
Tone absent detection time toa 0.5 4 8.5 ms
Tone duration accept trRec 40 ms
Tone duration reject trec 20 ms | (User adiéStabée)
— Refer to ‘Guar:
Interdigit pause accept tio 40 ms Time Adjustment’
Interdigit pause reject too 20 ms
Propagation delay (St to Q) tra 8 11 us
Propagation delay (St to StD) testp 12 us TOE = Vop
Output data set up (Q to StD) tasto 3.4 us
Enable teTe 50 60 ns RL = 10kQ
Propagation delay (TOE to Q
pag v ) Disable | tro 300 ns | CL = 50pF
Crystal/clock frequency fok 3.5759 3.5795 3.581 MHz
Clock output (OSC2) Capacitive| Cro 30 pF
load

NOTES
dBm = decibels above or below a reference power of 1mW into a 600 ohm load.

1

2
3
4
5.
6.
7
8
9
1

Digit sequence consists of all 16 DTMF tones.
Tone duration = 40ms. Tone pause = 40ms.
Nominal DTMF frequencies are used.

Both tones in the composite signal have an equal amplitude.

Tone pair is deviated by +1.5% +2Hz.
Bandwidth limited (0 to 3kHz) Gaussian Noise.

The precise dial tone frequencies are 350Hz and 440Hz +2%.

For an error rate of better than 1 in 10,000.

0. Reference to lowest level frequency component in DTMF signal.
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INPUT CONFIGURATION

The input arrangement of the MV8870 provides a
differential input operational amplifier as well as a bias
source (VRrer) 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 Veer biasing the input at 1/2 Vop. Fig.4 shows
the differential configuration, which permits the adjustment
of gain with the feedback resistor Rs.

C1 R1 IN -+ ,_
—AH—
5V —
_!;I R1
1 MV8870
100n
N+ ~  Vpp|[}-—
100n
I IN— SYGT [1-—
100k m 300k R2
GS ESt[3— u
VREF so}————o ‘
o—p—{seL QafF—r—o DIFFERENTIAL INPUT AMPLIFIER
— 5 C1 = C1 = 10nF
POWN esp— R1 = R4 = R1 = 100kQ All resistors =1 %
L{osct Qf+—o R2 = 60kQ R3 = 37.5kQ All capacitors +5 %
358MHzT—{Tosc2 af—+—o R = ( B2 R )
v TOE [ Rz + A1
=2 VOLTAGE GAIN (Av aiff) = BI
77
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 | Foo G |
REC] la—tREC —»| |<—INTERDIGIT —a=| —=|  |«—TONE DROPOUT tpo
PAUSE tip NE
op—{ |- —= |=—1pa
ESt ﬂ I—I | | | | |

tGTP

GTA

swatT ___ A~ Wg

tpQ

DATA
OUTPUTS
Q1-Q4

DECODED TONEn — 1

DECODED TONE # n + 1
DECODED TONE # 0} HiGH IMPEDANCE

f=—testo
StD
OUTPUT

tpTD

jl-_.m .

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

Pin Name Description
IN + Non-inverting input . . . .
—— Connections to the front-end differential amplifier

2 IN— Inverting input

3 GS Gain select. Gives access to output of front-end differential amplifier for connections of feedback
resistor.

4 VREF Reference voltage output, nominally Vooz. May be used to bias the inputs at mid-rail (see
application diagram).

5 SEL Logic ‘1" or ‘0’ selects one of two truth tables (see Table 1).

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

7 OSC1 Clock input 3.579545MHz crystal connected between these pins

8 0OSC2 Clock output completes internal oscillator.

9 Vss Negative power supply, normally connected to OV.

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

11 Q1

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

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

14 Q4

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

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.

17 St/GT Steering input/guard time output (bidirectional). A voltage greater than VTstdetected 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).

18 Voo Positive power supply.

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 areceived 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 frequencies of the
incoming tones.

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 e S
/ ./ PRECISE
\ /’ . DIAL TONES
10 N X = 350Hz
= X Y = 440Hz
> 2 / / \ DTMF TONES
o / A
< I \ A= 697Hz
Z 30 f B = 770Hz
E I C= 852Hz
) i E — To0oh
- = z
0 R /1 F = 1336Hz
\J ™ G= 1477Hz
s N/ 1 ~N H= 1633Hz
0 it titt bt ot x
Xy ABC DiK 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 (taTr), Vcreaches the threshold (VTst)
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:

trRec = top + taTe
tio = Toa + tara

The value of top 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. For example, 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 (tara). 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

VDD
(o4
Voo
SUYGT vC
R
ESt
StDp———
v
tgTA = (RC) In (V':?_S[?I')
v
teTe = (R0) I (75-2Rr)

Fig.7 Basic steering circuit

Voo
VDD
tgTa = (R1C) In
c ( VTST)

- VbD
tate = R0 0) n (gpp gy

SYGT O

(a) Decreasing tGTpP (tGTP < tGTA)

VoD
tgTA = (Rp C) In \)’DD )
[

- Vbp
tate = 100 (55 2Rrey)

(b) Decreasing tGTA (tGTP > tGTA)

Fig.8 Guard time adjustment
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@ PLESSEY PRELIMINARY INFORMATION

Semiconductors

Preliminary Information is issued to advise Customers of potential new products which are designated ‘Experimental’ but are, nevertheless, serious development
projects and is supplied without liability for errors or omissions, Details given may change without notice and no undertaking is given orimplied as to current or future
availability.

Customers incorporating ‘Experimental’ product in their equipment designs do so at their own risk. Please consuit your local Plessey Semiconductors sales outlet for
details of the current status.

MV9009 EXP

V21 MODEM TX/RX

The MV9009 is a single chip modulator/demodulator
fabricated in silicon gate ISO-CMOS and designed for use in sis V.  esim
V21 modems. The device can be used alone, or in
conjunction with the SL9009 Adaptive Cancellation Filter. sz []2 15[ ] DATA cLAMP
s3[Js 1a[] DATA 1N
SINE SHAPER § 54 [a 13[7] CHANNEL SELECT
MV9009
FEATURES ss s 12[] LocK DETECT
B 300 Baud V21 Operation s B
. . S
B Square or Sinewave Transmit Output Waveforms g ol cock
B Baseband Shaping to Reduce Out-of-Band o o DG16
Modulation Products
B 2nd Order Digital PLL Receiver Fig.1 Pin connections - top view
B Lock Detect Output
B Off-Chip Post Detection Filter Enables Optimisation ABSOLUTE MAXIMUM RATINGS
of Received Data Jiter Operating temperature 0°Cto +70°C
B Meets R20/SCVF Specification when used with Storage temperature -65°C to +150°C
SL9009 Supply voltage range -0.3V to +7V
Input voltage range -0.3V to Voo +0.3V
Output voltage range -0.3V to Voo +0.3V
r- T T T T T T T T T T T T T
| WAVE FORM ’
BASE BAND
510-_577 |< ] sm‘#'gﬂgs COUNTER BINARY SHAPING [ —=—O1 DATAIN
RATE
| MULTIPLIER |
; -—! 010 CLOCK
~«—013 CHANNEL
[ ~_l |~ SELECT
| BINARY |
RATE
[ MULTIPLIER |
| !
| Moo onoembTAL ALy - :
FSK N wT | ‘D—'E‘JTEHS | -+—0O11 PLL OUT
| | Gl |
I
| S ————— ——— —[ «—09 Vpp
' oCcK Vss €—0O 8 ov
| DETECTOR :
I | _J
12
LOCK DETECT

Fig.2 Block diagram
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = +25°C All potentials referred to pin 8

Characteristic Pin ___ Value Units Conditions
Min. Typ. Max.
Supply
Voltage 9 45 5 55 V | For defined parametrics 0°C to +70°C
Current 9 2 mA |7.5MHz clock Voo = 5.25V
9 100 uA | Static
Clock input 10
Input voltage high 3.3 V. |Voo =475V
Input voltage low 1.58 V  |Vobo = 5.25V
Input current 20 uA |Voo = 5.25, Vin = 5.5V
Other inputs 13,14,15,16
Input voltage high 1.8 \ Voo = 4.75V
Input voltage low 0.9 V |Voo =525V
Input current 20 uA |Voo =525V, Vin = 55V
Hysteresis 30 mV
Sine outputs (open drain) | 1,23,4,5,6,7
Rbs (oN) 20 32 a7 Q Vop = 4.75V
ARDs (oN) 10 Q |lo. =5mA, VoL = 0.5V
Lock detect 12
Output voltage high 427 V  |Vopo = 4.75, lo = 475mA
Output voltage low 0.525 V  |Voo =525V, lo = 5.25mA
PLL out 1
Output voltage high 4.995 \
=2 Voo = 5V
Output voltage low 0.005 Y lo SuA, Voo
Output s/c current 50 mA |Voo = 5.25V

OPERATING NOTES

If it is desired to simplify the transmit filtering, the on-chip
sine shaping circuit can be used. If this is not needed (for
example when using the Reticon R5631 modem filter) then
the square wave from pin 4 is used with a pull-up resistor.

The chip produces a sinewave output by scanning anarray
of 7 resistors as shown in Fig.3. The smallest resistor value
should be chosen to be of the order Ron x 1000 == 50kQ.

Each resistor is successively connected to ground by N-
channel MOS transistors within the chip then successively
disconnected, as shown by Fig.4. Correct weighting of the
resistors should give a sinewave output. If 1% matching of
resistors is attained, the worst case distortion will be 2nd
harmonic 47dB down on the fundamental. In Fig4 a ‘0’
indicates a closed switch, a ‘1" an open switch.

TLO64
+

VREF

GATE ARRAY
MV9009

1 J I J 1 07 od
+5V

Fig.3 Output array scanning
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Vpk / —
. / \
H
<
a
o Vek
o 2
0. / \
=)
°
RS / \
VREF
Vref - Vok = Vret. R8/(R1 + R2 + R3 + R4 + R5 + R6 + R7)
PIN
LOB 7 1 1 1 1 1 1 1 11]0]0]1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1]1]0]J]0j0]0]1 1 1 1 1 1 1
5 1 1 1 1 1 1/{]0J]0JofojojoO]1 1 1 1 1 1
4 1 1 1 1 1 oOj{ofJo|JojJo]JojJo|oO]|1 1 1 1 1
3 1 1 1 1]1]0f0j0jJo|O|ofoflo]ofoOo]1 1 1 1
2 |1 j1]1]JojJofo]Jolo]Jofo]Jo]o]Jolo]o[1 11
MOB | 1 |1 |Jt1|ofofoJofofofloloflolololololol1 1
Phase -90° 90° 270°
Fig.4 16 step sinewave produced by scanning 7 resistors
OPERATING FREQUENCIES
fcLock = 5.24288MHz
Parameter Conditions Frequency (Hz)
CH1 Mark FZ Pins 13,14 = OV 1650
CH1 Space FA Pin 13 =0V Pin 14 =5V 1850
CH2 Mark FZ Pin 13 =5V Pin 14 =0V 980
CH2 Space FA Pins 13,14 = 5V 1180
Receiver characteristics
Centre frequency CH1 1080
Lock range CH1 398
Centre frequency CH2 1750
Lock range CH2 335
CIRCUIT DESCRIPTION
The MV9009 forms a digital transmitter and 2nd order PLL Baseband shaping is also provided for the data signal, to
for modulation/demodulation of 300 Baud FSK signals. The reduce out of band modulation products. This is performed
chip transmits on one channel and receives on the other as digitally by taking 8 steps to change the Binary Rate
defined by the truth Table 1. Multiplier from FA to FZ.
The transmitter works by dividing a 5.24288MHz crystal
clock as follows:
BRM
FA x 98
256
CH1 {FZ x 118 }
fcLock 256 CH1 &2
5.24288MHz— + — -+ 16—+ 16 Mark or Space
squarewave FA x 165 Fundamental
256 U Frequency
cH2 FZ x 185
256 16-bit sine

wave scanner
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DATA INPUT 3.33ms
2.54ms
]
1180/1850 F100 I
+80
+60 I-—
+40
+20
OUTPUT FREQUENCY
At L
-20
-40
-60 o~
-80
980/1650
Fig.5
EXAMPLE

If the transmitter is operating at a continuous 980Hz output
frequency and the data input goes to ‘1’, the binary rate
multiplier output is stepped from x 98/256 to x 118/256 as
shown in Fig.5.

The receiver is a 2nd order digital phase locked loop, with
an exclusive OR gate phase comparator. CMOS or TTL level
FSK inputs are applied to the FSK input pin 16 and the
demodulated signal appears at pin 11 as a twice carrier

CHIP TRUTH TABLE

variable mark space ratio signal. A third order low pass post-
detection filter and comparator are required in order to
produce a data signal. The 2nd order PLL time constants
have been optimised to give minimum jitter at 300 baud. Due
to finite load times in the 12-bit counters a small amount of
bias distortion (0.5 %) occurs in the demodulated signal, due
to the loss of 1 or 2 least significant bits in the counters.

Fig.7 shows the block diagram for a complete modem also
using the SL9009 Adaptive Cancellation Filter.

1" = +5V ‘0" =0V
Channel | Data Data FSK Transmitter PLL Lock
Select IN Clamp In Outputs Out Detect
Pin| 13 14 15 16 1to07 11 12

980Hz 0

0 0 0 1180Hz 1650Hz 1 0
980Hz 0

0 ! 0 1180Hz 1850Hz 1 0
1650Hz 0

! 0 0 1850Hz 980Hz 1 0
1650Hz 0

1 1 0 1850Hz 1180Hz 1 0

X X 1 Valid input signal S1-84 0 PLL 0

S$5-S7 OFF still demodulating
0 X X Inside X Undefined 1
Lock range

Outside .

! X X |970-1190Hz and 1640-1860Hz X Undefined i

0 X X Outside X Undefined Mainly 1
Lock range

1 X X Outside X Undefined Mainly 1

NOTE

The lock detector is mainly ‘1’ when the input signal is outside the lock range. If a continuous signalis required a timer circuitis required to

time out ‘0’ intervals. Fig6 shows a suggested circuit.
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Voo 10k
Lock o,
DETECT P CARRIER
DETECT
N
Tk
—V?. 1,,T 10k
Fig.6
cLocK
GENERATORS
1MHz 5.24288MHz
CH1
&
CH2 ‘ﬁl
M 3 SL3009 SWITCHED MODULATOR
________ fecs—1 DATA IN
ADAPTIVE CAPACITOR
I NJ;‘:"" CANCELLATION
CIRCUIT
UNE N Myacos
R
oo 5631 L INTERFACE [—e-O DATA OUT
DEMODULATOR
LOCK DETECT =0 CARRIER
TIMER DETECTOR

Fig.7 System block diagram
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+5V

) R5631

10n
CARRIER ey
DETECT {raar
MODE
st
o
+5V 5.24288
CLOCK
10k
DATA IN v
Ii‘ 1k
i S o s S e N +5vV L ]
16 15 14 13 12 11 9 16 15 14 13 12 11 10 9

-5V 5V

820k

BREAK IN
PHONE
CONNECTOR
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SL650/SL651B/C

SL650B & C SL651B & C

MODULATOR/PHASE LOCKED LOOP CIRCUITS FOR MODEMS

The SL650/1 are versatile integrated circuits capable of
performing all the common modulation functions (AM,
PAM, SCAM, FM, FSK, PSK, PWM, tone-burst,
delta-modulation, etc.). A wide variety of phase-locked
loops can be realised using the SL650 or SL651, with all
parameters accurately controllable; they can also be used to
generate precise waveforms at frequencies up to 0.2MHz.

The highly accurate and stable variable frequency
oscillator is programmable over a wide range of frequency
by voltage, current, resistor or capacitor. In addition direct
selection of one of four spot frequencies is facilitated by
using the on-chip binary interface, which accepts standard
logic levels at very low logic ‘1" input currents.

The differential input phase comparator has a wide
common mode input voltage range. It has a high gain
limiting amplifier at its input requiring only 1mV input to
maintain lock range in a typical phase-locked loop. The
current output is programmable from zero to over 2mA by
an external resistor or current input, and the gain is
voltage —, current —, or resistance — programmable from
zero to greater than 10,000.

An auxiliary amplifier with a voltage gain of, typically,
5000 is incorpated in the SL650 for use when it is required
to interface to specified levels and impedances. The
auxiliary amplifier features low bias current (typically
25nA), fast recovery from overload, and a short-circuit
output current of £7.56mA.

The auxiliary amplifier is omitted from the SL651.

APPLICATIONS

B Modems

B Modulators

B Demodulators

B Tone Decoders

B Tracking Filters

B Waveform Generators

QUICK REFERENCE DATA
B Supply Voltages 6V

B Operating Temperature Range —55°C to +125°C

AUX AMP

SIGNAL  LOOP SIGNAL SL650 ONLY
INPUTGAIN O/P WPUT

+ - CONT + = COMP O/P
e W s T e T e B e B e W

24

uTeuT

SiGNAL «
AMPLIFIER AMPLIFIER

VFO CURRENT SWITCHES
RGNS o |77 A7
Fifz

; |

S gy Sy s | N Ny I S [y SN g Ay

REF VFO VFO AF1_Fi F2 AFy BINARY EARTH
P INP

FREQ O/P VE TIMING  CURRENT

INPUTS

DG24

TIMING
CAPACITOR

Fig.1 Pin connections (top view)

FEATURES

B VFO Frequency Variable Over 100:1 Range
With Same Capacitor: Linearity 0.2%

B VFO Temperature Coefficient:

‘B' Types 20 ppm/°C Max.

‘C’ Types 20 ppm/°C Typ.
Supply sensitivity 20 ppm/% Typ.
VFO Phase-Continuous at Transitions
Binary Interface

Phase Comparator O/P Can Swing to Supply
Voltages

On-Chip Auxiliary Amplifier (SL650)
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SL650/sLe51B/C
ELECTRICAL CHARACTERSTICS

Test conditions (unless otherwise stated)
Supply voltage =6V
Temperature T +22°C +2°C)

Value
Characteristics Pins Min.| Typ. | Max. Units Conditions
Supply current Icc 17.19 3 mA
Variable frequency oscillator
Initial frequency offset error -3 +1 +3 %
Normal mark/space ratio 0.98| 1.00 | 1.02 -
Temp. coefficient of frequency +20 ppm/°C See note 1
Frequency variation with supplies 17,19 +20 ppm/%
Voltage at timing current inputs 6,7,8,9 +10 mV See note 2
VFO output, ‘low’ state 2 0 0.2 \%
VFO output, ‘high’ state 2 +1.1| +1.3 \% RL = 10k§2
Max. freq. of oscillation 0.5 MHz
Binary inputs
Vin to guarantee logic ‘low’ 10, 1 +0.6 \% See note 3
Vin to guarantee logic ‘high’ 10,11 (+24 \%
Input current 10, 11 0.05 | 0.25 mA Vip =+3.0V
Phase comparator
Differential 1/P offset voltage 23,24 +2 mV Vout = 0V
Input bias current 23,24 0.05 | 25 HA Vip =0V
Differential input resistance 23,24 100 k2
Common mode |/P voltage range 23,24 | 4 \%
Differential I/P to limit (AC) 23,24 1.0 10 | mV rms| See note 4
Output current 21,22 {+1.0] +2.0 | +5.0 mA 13, = 260uA
Current gain (pin 22 to pin 21) 21,22 | 4 +10 — See note 5
Transconductance, O/P/diff.1/P 21,23,24 |£100| +250 mA/V See note 5
Output voltage, linear range 21 5 5.5 \%
Output current 21 +2 MA lpo =0
Phase comparator I/P “low’ 1 —4 -0.2 \%
Phase comparator I/P ‘high’ 1 +1.9 +5.3 \%
Auxiliary amplifier (SL650 only)
Differential |/P offset voltage 13,14 +2 mV Vout = 0V
Input bias current 13,14 0.025( 05 uA Vip =0V
Differential |/P resistance 13,14 | 0.2 3 MQ
Common mode |/P voltage range 13,14 | =4 \
Voltage gain (13—14) to 15 13,14,15|1000; 5000 -
Output voltage range 15 +4 4.8 \% RL=>2kQ
Output current limit 15 +4 | 6.5 | £12 mA

NOTES

With a timing current of 60pA and f = 1kHz (C = 0.0UJF, R = 100k§2, supply voltages = 36V ), the temperature coefficient of frequency of
the SLB50C is typically £2.5ppm/°C over the range 0°C to +40°C.

This voltage applies for timing currents in the range 204A to 2mA and with the relevant input selected. In the unselected state the voltage
is typically +0.6V.

The ‘low’ state is maintained when the inputs are open-circuited.

Limiting will occur earlier if the output (pin 21) voltage-limits first.

For a control current input to pin 22 of 250A The sign of the transconductance is positive when the signal input is positive and the VFO
output (or phase comparator input) is ‘high!

ok N

ABSOLUTE MAXIMUM RATINGS

Supply voltages + 7.6V

Storage temperature —55° to +175°C
Operating temperature —55° to +125°C

Input voltages Not greater than supplies
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SL650/SL651B/C

TIMING CAPACITOR
’ 5

SIGNAL INPUTS L00P GAM
CONTROL REF EREC

1§ v

iF

J SUPPLY

b W

uasa

21 SIGNAL
ouTPUT

2
EARTH

15 AUX AMP
= outPuT

"

-ve
SUPPLY

BINARY INPUTS

&} 16
HVE - COMPENSATION
INPUT

AUX AMP (SL 650 ONLY)

Fig. 2 Circuit diagram of SL650/SL651

OPERATING NOTES

Basic VFO Relationships

The VFO free-running frequency is inversely proportional
to the value of the tuning capacitor C, connected to pins 4
and 5, and directly proportional to the VFO timing current
(see Fig.3). Four current switches, controlled by TTL-
compatible logic inputs on pins 10 and 11 select a
combination of external resistors (connected to pins 6, 7, 8
and 9) which determine the VFO timing current. When both
logic inputs are low, open-circuit, or connected to 0V
however, then only the current switch associated with pin 7 is
closed. the VFO timing current is then determined solely by
the value of one resistor (R2 in Fig.3), and by the negative
voltage connected to that resistor.

In this simplified configuration, as shown in Fig.4 the VFO
frequency is determined by the relationship.

1
CR’

f=

<|<
w i

where f is in kHz, V in volts, C in uF and R in kS.
if the timing resistor R is returned to the VFO
negative supply (pin 3), then

Vg =V;
and f =E|-:(—

Pin 3 is normally connected to the chip negative
supply; if, however, pin 3 is connected to a separate

negative supply then the VFO can be voltage-controlled,
and the VFO frequency will be:
1 V-

f= .
CR Vg

where V— is the chip and timing resistor negative supply
and V is the control voltage connected to pin 3

[
F1 ORF; T s
F1L ORFY 10 CURRENT SWITCHES 1y R
i
BINARY 1 VFO
INPUTS | vFo  2f—={70
i
EOR 1, H
F+ AF H
5 s o L
oFy [Fy [F2 |oF; VFO
—VE
(v3)
1 R2 R3 R&
=VE SUPPLY (v-}
Fig. 3 VFO and binary interface
v+
| VFO "GAIN'_(INPUT = Vg)
2
[ K= =" RAD/V- SEC
- ° 2f—=VvFO O/P CRVy
T
& 12
7 21
V=UQ =
R
Ve V3= V- OR CONTROL VOLTAGE Ve

Fig. 4 VFO basic configuration
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SL650/SL651B/C

The timing current | should be between 20uA and 2mA,
corresponding to a value for R between 3k and 300k
with supplies of £6V. For accurate timing, CR should be
greater than Sus.

When the binary interface is used as shown in Fig.3 the
VFO free-running frequency is dependent on the logic input
states, as shown in Table 1.

) ) Timing VFO
Pin 10 Pin 11 Pins Frequency
1
LO LO 7 CR,
LO HI 68&7 1 + .
CR, CR;
HI LO 8 S
CR3
1 1
8&9 —+
HI HI cR, T CR,

Phase Comparator

The phase comparator parameters are defined as follows
(see Fig.5):

|
Overall transconductance = 21
24 — Va3
Vay
Vg — Va3

The input amplifier will limit when the peak input
(Va4 — Va23) exceed £5mV (typ.). It is recommended that
Ry is kept below 5k§2 to avoid saturating the output and
introducing de-saturation delays.

Overall voltage gain =

Table 1 Binary interface relationships

Auxiliary amplifier

Internal compensation provides stability down to a
closed loop gain of typically 20dB. A 30pF capacitor
connected between pins 16 and 15 will give compensation
down to a closed loop gain of unity. The output is short
circuit protected but is not recommended for driving loads
less than 2k
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SL652C

SL652C

MODULATOR/PHASE LOCKED LOOP

The SL652C is a versatile integrated circuit capable of
performing all the common modulation functions (AM,
PAM, SCAM, FM, FSK, PSK, PWM, tone-burst,
delta-modulation, etc.). A wide variety of phase-locked
loops can be realised using this device, with all parameters
accurately controllable; they can also be used to generate
precise waveforms at frequencies up to 0.2MHz.

The highly accurate and stable variable frequency
oscillator is programmable over a wide range of frequency
by voltage, current, resistor or capacitor. In addition direct
selection of one of four spot frequencies is facilitated by
using the on-chip binary interface, which accepts standard
logic levels at very low logic ‘1" input currents.

The differential input phase comparator has a wide
common mode input voltage range. It has a high gain
limiting amplifier at its input requiring only 1mV input to
maintain lock range in a typical phase-locked loop. The
current output is programmable from zero to over 2mA by
an external resistor or current input, and the gain is voltage
— current — or resistance — programmable from zero to
greater than 10,000.

FEATURES

VFO Frequency Variable Over 100: 1 Range
With Same Capacitor: Linearity 0.2%

VFO Temperature Coefficient: 20 ppm/°C
Typ.

Supply sensitivity 20 ppm/% Typ.

VFO Phase-Continuous at Transitions

Binary Interface

QUICK REFERENCE DATA

B Supply Voltages 6V
B Operating Temperature
Range 0°Cto+70°C

B Supply Currents 1.5mA typ.

VFO -VE +
SIGNAL INPUT

{

TIMING CAPACITOR J

PHASE COMPARATOR OUTPUT

TIMING
CURRENT
INPUTS

|

ik

[1 LoopGav controL
1

i

1]

]

BINARY INPUTS

DG 16

Fig. 1 Pin connections (top view)

APPLICATIONS

Modems
Modulators

Demodulators

Tone Decoders

Tracking Filters

Waveform Generators

Stable Current-Controlled Oscillators

ABSOLUTE MAXIMUM RATINGS

+7.6V

—55° to +175°C

—55° to +125°C

Not greater than supplies

Supply voltages
Storage temperature
Operating temperature
Input voltages
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SL652C

ELECTRICAL CHARACTERISTICS

Test Conditions (unless otherwise stated):
Supply voltage: *6V
Tp:+25°C #5°C

Value
Characteristics Pins Units Conditions
Min. Typ. | Max.

Variable frequency oscillator

Initial frequency offset error -3 +1 +3 %

Normal mark/space ratio 0.98 1.00 1.02 -

Temp. coefficient of frequency +20 ppm/°C See note 1
Frequency variation with supplies 11,12 +20 ppm/%

Voltage at timing current inputs 4,5,6,7 +10 mV See note 2
Max. freq. of oscillation 0.5 MHz

Binary inputs

V;n to guarantee logic ‘low’ 8,9 +0.6 \% See note 3

V;n, to guarantee logic ‘high’ 8,9 +2.4 \

Input current 8,9 0.05 0.25 mA Vin = +3.0V
Phase comparator

Differential 1/P offset voltage 15,16 +2 mV Vout = 0V

Input bias current 15,16 0.05 25 uA Vin =0V

Differential input resistance 15,16 100 kQ

Common mode |/P voltage range 15,16 t4 A

Differential 1/P to limit (AC) 15,16 1.0 10 mV See note 4

Output current 13,14 +1.0 +2.0 5.0 mA 114 = 250uA

Current gain (pin 14 to pin 13) 13,14 +4 +10 - See note 5

Transconductance, O/P/diff.1/P 13,15,16 | £100 | +250 mA/V See note 5

Output voltage, linear range 13 5 +5.5 \%

Output current 13 +2 mA li4=0

NOTES

1. With a timing current of B0UA and f = 1kHz (C = 0.01uF, R = 100k Q, supply voltages = £6V), the temperature coefficient of
frequency of the SL652C is typically 2.6ppm/ °C over the range 0°C to +40°C.

2. This voltage applies for timing currents in the range 204A to 2mA and with the relevant input selected. In the unselected state the voltage

is typically +0.6V.

The ‘low’ state is maintained when the inputs are open-circuited.

Limiting will occur earlier if the output (pin. 13) voltage-limits first.

For a control current input to pin. 14 of 250UA. The sign of the transconductance is positive when the signal input is positive and the

VFO output (or phase comparator input) is ‘high'.

0w

M
|
<5
1
13
1
|
G
|
|
|
|
|
|
|
|
|
:
|
|
|
4

PHASE
COMPARATOR

l
1
I
13
<} SIGNAL
OUTPUT

|
]
1/6-+0f =

9

1

BINARY
INPUTS

1

At 1 12 Af2

1
1/1
— O e — O = Qe — — O, = O O— S
10 (I ] N P T}

TIMING CURRENT
INPUTS

(]

i
I
I
1
|
veo-ve ‘o VFO CURRENT SWITCHES |0
1
]
]
-

Fig. 2 SL652C block diagram
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TIMING CAPACITOR

SIGNAL INPUTS. LoOP 6AIN

= CONTROL
6 15

2 v

TRI0 TRIZ

[

TR3C]  TR35]  TR36

ﬁ K["m SUPPLY
TRSE
L]Jso
[

_

TR TTRLL TR4S | TR4s

‘ TRSS
TR TR48,

13 SIGNAL
t——CourPut

TR RS0 6k

RS9
TRS! RS2 RS,

® TR61
TRS3 &0

10
EARTH

BINARY INPUTS

-ve
SUPPLY

Fig. 3 Circuit diagram of SL652

OPERATING NOTES

Basic VFO Relationships

The oscillator output is normally taken from the phase
comparator output by biasing the signal inputs a few
hundred millivolts apart. If a direct oscillator output is
required when the phase comparator is otherwise
employed, it should be taken from pin 2 or 3 (which may
affect oscillator stability). Alternatively, an SL651C can be
used in place of the SL652C .

The VFO free-running frequency is inversely
proportional to the value of the tuning capacitor C,
connected to pins 2 and 3, and directly proportional to the
VFO timing current (see Fig.4). Four current switches,
controlled by TTL-compatible logic inputs on pins 8 and 9
select a combination of external resistors (connected to
pins4, 5, 6 and 7) which determine the VFO timing
current. When both logic inputs are low, open-circuit, or
connected to OV however, then only the current switch
associated with pin b is closed. The VFO timing current is
then determined solely by the value of one resistor (R2 in
Fig.é_l), and by the negative voltage connected to that
resistor.

In this simplified configuration, as shown in Fig.5 the
VFO frequency is determined by the relationship.

1 VR

CR V,
where fis in kHz, V in volts, C in uF and R in k2.

If the timing resistor R is returned to the VFO negative
supply (pin 1) then

VR = V1

1
df =—v
anet TCR

Pin 1 is normally connected to the chip negative supply;
if, however, pin 1 is connected to a separate negative supply
then the VFO can be voltage-controlled, and the VFO
frequency will be:

_1 v-
CR V¢
where V— is the chip and timing resistor negative supply
and V¢ is the control voltage connected to pin 1.

The timing current should be between 20uA and 2mA,
corresponding to a value for R between 3k§2 and 300k$2
with supplies of +6V. For accurate timing, CR should be
greater than Sus.

When the binary interface is used as shown in Fig. _Z—l_., the
VFO free-running frequency is dependent on the logic
input states, as shown in Table 1.
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Pin 8 Pin9 Timing VFO
Pins Frequency
LO LO 5 1
CR,
Lo HI 485 LI
CR,  CR,
HI Lo 6 _
CR,
1
HI HI 6&7 | ——t——
& CR, CRa

Table 1 Binary interface relationships

Phase Comparator

The phase comparator parameters are defined as follows
(see Fig. 6):

lis
Vie — Vis

Vis

Overall transconductance =

Overall voltage gain = —————
16 —Vis

The input amplifier will limit when the peak input (V¢
— V, 5)exceeds £5mV (typ.). It is recommended that R|_ is

kept below Bk§2 to avoid saturating the output and
introducing de-saturation delays.

2 3
F10RF? g CURRENT SWITCHES I | __
LOGIC VFO
INPUTS vFo [ or
TO PHASE
FiglAF_ 9 COMPARATOR
PR I I | INTERNAL)
aF, [F1 |2 |BF; VFQ
1 P P2 2 vFo
(V1)
R1 | R2 | [R3| [Re
~VE SUPPLY (V=)
Fig. 4 VFO and binary interface
v+
VFO ‘GAIN' (INPUT= VR }
2m
K==-o RAD/V s
R 2 | ———vFo o CRYy EC
T
2 5 1 10|
V=0
R
VR V1=V-0R CONTROL VOLTAGE Ve

SIGNAL
VFO
1 > PHASE
SIGNAL ¢ COMPARATOR
INPUT
® AELIFIER ANPLIFIER Your Chn SN
AMPLIFY T0 WITHIN 0.5V
uI CURRENT GAN oF "SUPPLIES

LOOP GAIN 1L
CONTROL
INPUT 1

CURRENT
GAIN =4

Fig 6. Phase comparator
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@ PLESSEY PRELIMINARY INFORMATION

Semiconductors

Preliminary Information is issued to advise Customers of potential new products which are designated ‘Experimental’ but are, nevertheless, serious development
projects and is supplied without liability for errors or omissions. Details given may change without notice and no undertaki ng is given or implied as to current or future
availability.

Customers incorporating ‘Experimental’ product in their equipment designs do so at their own risk. Please consuit your local Plessey Semiconductors sales outlet for
details of the current status.

SL8204

TELEPHONE TONE RINGER

The SL8204 is a telephone set tone ringer IC. It is packaged
in an 8 pin DIL Minidip. The unit is designed for use as a
telephone set bell replacement, or as an extension ringer.

The SL8204 will drive a speaker in place of the existing bell, veedr. ~  shour
using power supplied from the telephone line. ™o 2° h
Two audio oscillators are incorporated. The low frequency } HicH Thee.
oscillator shifts the high frequency oscillator between 508 LOW FREQ {E“ sp
and 635Hz at a 10Hz rate. These frequencies are determined TIME CONST | 1, s1GND

by external components which may be changed as desired.
The IC has a built-in threshold circuit with hysteresis which

prevents false triggering, eliminates rotary dial ‘chirps’, and bPg
provides positive switching operation.
The IC may also be used for other applications requiring Fig.1 Pin connections - top view

an attention-getting sound. Output power from the built-in
amplifier is nominally 35mW, and will produce a maximum
90dBA sound pressure-level from a properly baffled 2 inch
speaker.
FEATURES ABSOLUTE MAXIMUM RATINGS
B Low Current Drain Supply voltage 30V d.c.
] ize (mini- Storage temperature range -65°C to +150°C

Smgll Size (mini-DIP) Operating temperature range -45°C to +65°C
B Adjustable Frequency
B Threshold Circuit Prevents False Triggering and

Rotary Dial ‘Chirps’
B Built-In Hysteresis For Positive Enable APPLICATIONS
B rew External Components B Telephone Bell Replacement
B Up To 90dBA Sound Pressure Level B Extension Ringers

R1 c R2 NOTE
c1== = C1, C2 AND R1, R2, ARE EXTERNAL PARTS
e Pt

[
| |
|
| 08 OUTPUT
| |
[ |
| |
I I
'S EoPPLY |
INPUT I WITH '
so—— | HYSTERESIS l
|
I |
e B _
2

-TRIGGER INPUT

Fig.2 SL8204 block diagram
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tamb = -45°C to +65°C

Characteristic Min. \:_a;:e Max. Units| Conditions

Initiation supply voltage Vsi 17 19 21 V | See Fig.4
Sustaining voltage Vsus 9.7 11.5 13 V |See Fig.4
Supply current Isi 1.4 2.5 4.2 mA | No load. See Fig.4
Supply current Isus 0.7 1.4 25 mA | See Fig.4
K1, fH1 (constant) See Eq.1 1/1.681| 1/1.515| 1/1.380

fr1 (frequency) 458 508 558 Hz |R2 =191k C2 = 6800pF
K2, fn2 (constant) See Eq. 2 1.190 | 1.250 | 1.310

fH2 (frequency) 545 635 731 Hz |R2 = 191k C2 = 6800pF
K3, fL (constant) See Eq. 3 1/1.367| 1/1.234{1/1.118

fL (frequency) 9 10 11 Hz |R1 =173k C1 = 0.47uF
Operating voltage - - 29 Vv
Output voltage high 18.0 19.0 20.0 V [Vcec =21V I(Pin 8) = -15mA

Pin 6 =6V Pin 7 = GND
Output voltage low 0.5 0.9 1.3 V |Vcec =21V I(Pin 8) = 15mA
Pin6 = GND Pin7 =6V

Trigger voltage VT 8.5 9.5 10.5 V |Vcc = 15V See Note 1
Trigger current IT 20.0 1000 uA | See Notes 1 and 3
Disable voltage Vb 0.4 0.8 V | Tamb = 25°C See Note 2
Disable current -40 -50 UA | Tamb = 25°C See Note 2
Iin (Pin 3) B N 500 nA |Pin3 =6V Pin 4 = GND
I (Pin 7) - - 500 nA [Pin7 =6V Pin 6 = GND
I (Pin 4) Source Vcc = Vsus 150 300 600 uA [Pin3 = GND Pin4 = GND
I (Pin 4) Sink Vcc = Vsus 100 200 350 uA |Pin3 =6V Pin 4 =5V
| (Pin 6) Source Vcc = Vsus 80 175 350 UA |Pin6 =GND Pin7 = GND Pin 4 = GND
| (Pin 6) Source Vcc = Vsus 125 250 500 pA |Pin6 = GND Pin7 = GND Pin 4 =8V
1 (Pin 6) Sink Vcc = Vsus 70 125 250 pA |Pin6 =5V Pin7 =6V Pin 4 = GND
I (Pin 6) Sink Vcc = Vsus 100 200 300 MA |Pin6 =5V Pin 7 =6V Pin 4 =8V

NOTES

1. Vrand It are the conditions applied to Pin 2 to start oscillation for Vsus<Vcc<Vsi
2. Voand lo are the conditions applied to Pin 2 to inhibit oscillation for Vsi<Vcc

3. Trigger Current must be limited externally
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SL9009

PRELIMINARY INFORMATION
R

Preliminary Information is issued to advise Customers of potential new products which are designated
projects and is supplied without liability for errors or omissions. Details given may change without notice

availability.

‘Experimental’ but are, nevertheless, serious development
and no undertaking is given or implied as to current or future

Customers incorporating ‘Experimental’ product in their equipment designs do so at their own risk. Please consultyour local Plessey Semiconductors sales outlet for

details of the current status.

SL9009EXP

ADAPTIVE CANCELLATION FILTER

ThelSL9008 s a bipolar integrated circuit designed for use
in duplex modems on 600Q telephone lines. It automatically
optimises the duplexer such that the transmitted signal is
cancelled at the input to the receiver.

INPUT 11 N 6| ] MULTIPLIER 0/P 2

3

Automatically Simulates Impedance Characteristic
of Line

Independently Variable L,C,R Impedance
Components

Achieves Typical 40dB Rejection of Transmitted
Signal

Requires Only 2 External Op-Amps for Complete
Adaptive Duplexer

16 Pin DIL Package
+4.5 to £7V Supply Range

ABSOLUTE MAXIMUM RATINGS

0°C to 70°C
-10°C to +125°C
+4.5V to =10V

Operating temperature range
Storage temperature range
Supply voltage range

Input voltage range

Pins 1,2,3,4,5,6,10,11,12,13,14,15 V-toV+
Output voltage range

Pins 16,7 V-toV+
Input voltage range

Pins 1,3 and 4 relative to Pin 2 +5v

Supply voltage range

For specified parameters +4.5V to 7V

outpuT[J2
INPUT 2[]3
INPUT 3[]s
SL9009
CONTROL INPUT 1[5
CONTROL INPUT 26
MULTIPLIER 0/P 1[]7

vee[]s

[] PHASE DETECTOR INPUT 2+
[] PHASE DETECTOR INPUT 2-
] MULTIPLIER INPUT -

[T MULTIPLIER INPUT +

'] PHASE DETECTOR INPUT 1+
[1PHASE DETECTOR INPUT 1-

[T vee

DP16

Fig.1 Pin connections - top view

[] op

N SWITCHING
INPUT

L:I MULT 2

(]
LINEAR
INPUT

B

K SWITCHING
MOLT 1

]

[ vee

Fig.2 Block diagram
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SLS00S

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
+4.5V to £7V supply, 0°C to 70°C

Characteristic Value

Min. Typ.

Max.

Units Conditions

Supply currents 0.8 1.3
4-Quadrant multipliers

Input offset voltage multiplier
switching inputs

Input offset voltage multiplier
linear input

Input bias current 0.1
Input common-mode range V- +2.7
Output offset current pin 7(16)

Transconductance V12 - V13
to pin 7(16) 250 500

Control inputs
Input current Is, ls
Control voltage input range Pin 5| V- +2.7
Input range Pin 6 -2

Input offset currents +0.15
V+-27 \Y

V+ -2

Output voltage compliance V- +25
Transconductance cells

Offset current pin 2

Input impedance

Pin 1 3

Pins 3 and 4 4

Operating voltage range

Pins 1,2,3,4 V- +2.7 V+-2
Gain range, each cell 0.05-10

Input current range Pins 1,3,4 +10

V- +6

mA | Pin 5 at V-, all other inputs and outputs at 0V

mV | Pins 14,15 and 10,11

mV | Pins 12,13

pA | Pins 10 to 15

uA | Pins 10,11,12,13,14 and 15

Pins 10 to 15

pA | Viz = Vi3 =0V

Vio- Vi1 (V14 - Vis) = 200mV p-p sine wave

pohm| Vio- V11 (V14 - Vis) switched (100mV)
V | <0.2uA change in output current, pin 7 or 16

uA | Cell under test set for gain = 4, other cells for

gain 0, V2 = 0V
Pin2 =0V

kQ

kQ

\Y

uA | For <1% non-linearity

uA | Vs Ve = +V

V | Cell gain 0.05-10

V | Forcell 2 or 3 gain <2 x cell 1 gain,
V+ =-(V-)

PRINCIPLES OF OPERATION

The cancellation principle is to use the conductance cells
to simulate the characteristics of the line, in a bridge circuitto
separate out the received signal from the transmitted signal.
The bridge output goes to two phase-sensitive detectors
which detect the out-of-balance signal components in phase
and in quadrature with the cancellation signal, derived from
the transmit signal. These out-of-balance currents are
integrated and fed back to the conductance cells, to adjust
the effective resistance and capacitance or inductance until
the bridge is balanced and the transmit signal is completely
cancelled out. The current source characteristics are
arranged to keep the loop stable for all normal line
characteristics.
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Description of Conductance Cell

Each conductance cell is effectively a variable-gain
current amplifier with a gain approximately equal to
CONTROL CURRENT
20uA

The input roughly follows the output voltage, with an
effective input series resistance of about 5kQ. Therefore, with
an impedance Z connected from the input to ground, the
impedance seen at the output is approximately

(Z +5kQ) x 20uA
CONTROL CURRENT
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Fig.3 Simplified circuit illustrating cancellation principle

fll'
EQUIVALEN

INPUT IMPEDANCE
\

L4
|

Lo

CONTROL
CURRENT

s L owecer

I
I
L,
- I
|
|
|
|
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173



SL9009

TRANSMITTED
SIGNAL

510 10k 20k

20k

|
b2 RECEIVED
SIGNAL
a7k 10k
T hH
02210 - 330

0.1 5.1k

—— PR
[] {2 10}
5.1k
{]s 1|}
L 4'72p ( 4 12[]
.__{
' 20k SL9009
g I s 1af1
6 141
0.22 20k g 0.l
.22 1n h i
- i 7 151 1H
LINE 3“ RE e 8 16 5V
- 15k| 3k 3k| 3| 3k
TRANSFORMER | 1ok 180k 180k| 120k
(TOTAL PRIMARY
+ SECONDARY 120 0.22u 1on 10n
RESISTANCE k
100Q 02241
INDUCTANCE
0.9H) ¢ ¢ -

Fig.5 Typical line circuit for modem (900-3000Hz transmit frequency)

174



SP1404BW

) PLESSEY

Semiconductors

SP1404BW, D3702

HIGH VOLTAGE INTERFACE CIRCUIT

The SP1404 is a bipolar integrated circuit comprising five
individual digital current amplifier circuits. Each circuit
accepts a logic input from TTL, CMOS or a similar source " W
and drives a high-current load at the output. The outputs are e ] ne
capable of withstanding high negative voltages in the ‘off’ NPUT 1] 1] outpuT 1
state, makAing. the SP1404 particularly suited to weut 2[] N oureur 2
telecommunications applications.
The D3702 is a version of the SP1404BW in 14 pin plastic INpUT 3 [} [] output 3
package approved to BT specification. INPUT 4 ] (] outPuT 4
CIRCUIT DESCRIPTION (FIG.2) weur s (> oureur's
OV EXCHANGE [|8 7 [] ov ELECTRONIC
The SP1404 operates as a power amplifier interfacing from DP14
a voltage-level sensitive input to a high-current output
switch. The input threshold is TTL-compatible, with a low . . . . .
input current requirement enabling one standard TTL output Fig. 1 Pin connections (viewed from underside)
to drive many interfaces. The low input current requirement
also makes it possible to use series current-limiting resistors V8 LS
to protect the SP1404 inputs. +Vee O ¢ 1 ELEMENTS
Each element of the device performs an inverting function, [’] :
i.e. a low voltage level on the input causes a high current in |
the output. If the input is left open-circuit, the output will be I
off and the output current will be zero. |
The isolation of the integrated circuit is biased to the more i
negative of the two earth points by diodes D1 and D2 so that 1
differences of up to (Vcc - 1) volts can be tolerated between 2 Sne !
the ‘noisy’ exchange earth and the ‘quiet’ electronic earth. weur o 01 |
|
|
SUBSTRATE :
-0 OUTPUT :
oV O- !
ELECTRONIC I
DI |
SUBSTRATE
Fig. 2 Circuit diagram of one element
ELECTRICAL CHARACTERISTICS
Test Conditions (unléss otherwise stated)
Temperature range = 0°C to +70°C
Vce =6V £ 0.5V
Value .
Characteristic Units Conditions
Min. Typ. Max.
Input current -20 uA Vin =0V
-2 uA Vin = Vee
Output voltage 15 \" Vin = 0.8V, lgyt = 50mA
Output current (Off state) 100 uA Vin = 2V, Vout = -60V
Output current (On state) 50 80 mA Vin = 0.8V
Ve supply current 30 mA Ve = 5V, all inputs low
Total power dissipation 450 mwW Ve = 5V, all inputs low
all outputs Iyt = 50mA
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SP1404BW

ABSOLUTE MAXIMUM RATINGS

Storage temperature —55°C to +175°C
Chip operating temperature +150°C

Ambient temperature (lgyt = 50mA) +85°C

Load current 80mA

Voltage between output

and ‘noisy’ earth —65V

V¢ to output voltage 75V

V¢ to electronic earth v

Input voltage Vee+ 1V
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o) PLESSEY

Semiconductors

SP1450B(B)

SP1450B(B) & SP1455B(B)

PCM SIGNAL MONITOR CIRCUITS

The SP1450 and SP1455 are bipolar integrated circuits
designed to monitor errors in three-level digital signals
modulated by a three-alphabet 4B3T code such as MS43.
They can also indicate the failure of positive or negative
pulses in the signal. The high frequency capability allows
operation in PCM systems up to 34M bit/s (SP1450) and
140M bit/s (SP1455). Facilities are provided to adjust input
thresholds independently on each polarity of input and the
error output can be interfaced with low speed CMOS
circuitry or high speed ECL.

The SP1450B(B) and SP1455B(B) are similar to the
SP1450B and SP1455B but are screened to MIL-STD-883,
Method 5004, Class B.

FEATURES

Suitable for 34, 120 and 140M bit/s PCM
Positive and Negative Input Signal Fail Outputs
High Speed Error Output

Low Speed ‘Stretched’ Output

Low Power Consumption

QUICK REFERENCE DATA

Supply Voltage -4.4V to -5.25V

Operating Temperature Range -10°C to +70°C
Power Consumption 100mW typ

Input Voltage Range #450mV to *1100mV
(SP1450)

+450mV to +600mV (SP1455)

Thermal Resistance 8j-a 100°C/W

veet(ov) [ e [] veez(ov)
NEG 1/P FAL [[2 15[ STRETCHED 0/P
NEG 1/P THRESH [|3 14[] STRETCH WIDTH
npUT (4 13[] FAST 0/P
pos /P FALL [|s 12[] BlAS
POS I/P THRESH []6 ufJne
we 7 10f] N/e
v:zljs o[]N/C DG16

Fig.1 Pin connections (top view)

APPLICATIONS

M PCM Telephone Transmission Terminal Equipment
B PCM Repeaters
M Error Checking Test Equipment

ABSOLUTE MAXIMUM RATINGS

Supply voltage -8V

Reverse input current (pin 4) 5mA (continuous) 20mA
(10us max)

Forward input current (pin 4) 20mA (10us max)

Storage temperature -55°C to +150°C

Operating temperature -10°C to +70°C

Junction temperature 150°C

150 150
mV mV

+Vo

DC VOLTAGE ON PIN 6—— /——
DC VOLTAGE ON PIN 4

NOT
DEFINED

DC VOLTAGE ON PIN 3— —Z-— "7

NOT
DEFINED

-Vg

Vo= +1100mV (SP1450)
=+ 600mV (SP1455)

WHEN DC VOLTAGE ON PIN 4 = -1-8V

Fig.2 Input pulse wave form
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SP1450B(B)

ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):

DC CHARACTERISTICS

Ve = Pins 1-16 =0V

Vet = Pin 8 = -5.0V

Tamb = +25°C
Input voltage range (pins 3,4,6) = -0.9V to -3.1V

Value ) .
Characteristic Pin Units Conditions
Min. Typ. Max.
GOutput low, current 2 0.9 1.2 1.9 mA Pin 2 = QV
Pin 3 =—1.7V
Pin 4 =—2.0v
Output low, current 2 0.7 — — mA Pin 2 =0V
Pin 3 =—1.95V
Pin 4 =—2.0V
Output high, current 2 — — 1 HA Pin 2 =0V
Pin 3 =—2.3V
Pin 4 =—2.0V
Output high, current 2 — — 0.4 mA Pin2 =0V
Pin 3 =—2.05V
Pin 4 =—2.0V
Output low, current 5 0.9 1.2 1.9 mA Pin 4 =—2.0V
Pin 5 = QV
Pin 6 =—2.3V
Output low, current 5 0.7 — — mA Pin 4 = —2.0V
Pin 5 =0V
Pin 6 =—2.05V
Output high, current 5 — — 1 HA Pin 5 = OV
Pin 4 = —2.0V
Pin 6 =—1.7V
Output high, current 5 — — 0.4 mA Pin 5 = OV
Pin 4 =—2.0V
Pin 6 = —1.95V
Pin 13,15 = QV
Pin 3 =—1.7V
Output low, current 13 6.0 7.0 9.0 mA Pin 4 = —2.0V
Pin 6 = —2.3V
. Pins 2,6 = QV
Output high, current 15 - — 1 pA 470 Q'pin 12 to —BV
27 kQ pin 14 to —5V
Six pos. or neg. pulses on pin 4
Pin 13,156 = OV
Pin 3 =—2.3V
Output high, current 13 —_ — 1 pA Pin4 — —2.0V
Pin6 =—1.7V
Output low, current 15 0.5 0.75 — mA Pins 2,6 = OV
470 Q pin 12 to —5V
27 kQ pin 14 to —5V
Current consumption 1,16 S 20 25 mA (Pins 2,5,13,15 = OV
(Pins 3,6 =—2.3V
(Pin 4 =—2.0V
(27 kQ resistor between
(Pin 14 and —5V
(Pin 12 open
Input bias current 3 — — 40 HA Pin 2 = OV
Pin3 =—1.7V
Pin 4 =—2V
Input bias current 6 — — 40 pA Pin 4 = —2.0V
Pin 5 = OV
Pin 6 =—1.7V
Input bias current 4 — — 80 HA Pins 2,5 = OV
Pins 3,6 = —2.3V
Pin 4 =—2.0V
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AC CHARACTERISTICS

Circuit reference: Fig.3
Input signal: Fig.2
Tamb = -10°C to +70°C
Vee = -4.4V to -5.25V

SP1450B(B)

. . Value - .
Characteristic Pin Units Conditions
Min Typ. Max.

Max. Input Frequency

SP1450 13 — 25.5 M band/s s te 1 bel

SP1455 13 — 105 M band/s } e note 1 below
Stretched output 15 0.5 0.7 2 us c1 =390 pF R1 =27 kQ
pulse width using circuit of Fig. 7

(see note 2 below)

Error pulse width 13 4.25 — 5.25 nS Input freq. 105 M band/s
SP1455
Error pulse amplitude 13 300 — — mV At max input frequency
Spurious pulse 13 — . 50 mV At max. input frequency
amplitude

NOTE 1: These figures are the max.input symbol rates. For 4B3T codes, the effective bit rate is 4/3 x (input frequency).
NOTE 2: Resistor and capacitor values quoted are absolute values; temperature coefficients and tolerances have not been taken into account.

INPUT

i

l O Vec (V)
[Y]m 2
—1 < 16
h STRETCHED ERROR
- 15[} X o outeuT
240
{1 ] g
FAST ERROR
- DY 1af} o ouTpPuT
I ' d. h 1r
_L {ls 1[]
/;7_71001- - 0[]
—{]e of] []m |:| R1
Ver
O (-4.4V TO -5.25V)

Fig.3 Functional test circuit

e S e [ iitetetlentes —
| LOGIC 1 LOGIC 0
l 1123|465 [
l o1 e2
eb—| & as ®
|
|
b
| (K]
|
4
{ o
| @ 8 lﬁ -108v
| ['] [J i
s
- e —————— — — — J
12 1%

Fig.4 Circuit diagram of SP1450/SP1455
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SP1450B8(B)

APPLICATIONS

The circuit shown in Fig.3 is designed to accept a three
level (ternary) input signal as shown in Fig.2. The input is
applied to pin 4 whilst fixed bias levels are maintained on pins
3 and 6. When a positive input pulse is applied at a level more
positive than the bias on pin 6 the positive comparator output
0 1 goes from ‘0’ (Vee) to ‘1" (Vcc). The 1-0 edge of this pulse
clocks the five bit shift register one place to the right.
Repeated operation will cause a pattern of logic ‘1’s to be
propagated along the shift register. When bit 5 is at logic ‘1’
and the input is also positive an ‘error’ will occur at pins 13
and 15.

A negative input pulse at a level more negative than the
voltage on bias pin 3 causes the negative comparator output
o 2 to clock the shift register one place to the left. Repeated
operation causes a pattern of logic ‘O's to be propagated
along the shift register. When bit 1 is at logic ‘0’ and the input
is also negative an ‘error’ output will again occur at pins 13
and 15.

During normal operation the shift register can assume one
of only six possible states as shown in Fig.5.

State 1 2 3

mTmMmOO >
- 4 4 g a0
- 2 a2 200
4 4 4000
20000 |&
—ocoo0oooco |w

Fig.5 Shift register states

When power is initially connected other states may occur.
Two ‘error’ outputs are available. The fast output at pin 13
is negative going; the peak current is defined by a resistor

connected between pin 12 and Vee according to the formula:
33
I = " (e.g. 820 ohms; 4mA)

A pullup resistor must then be connected between pin 13
and Vcc to give a suitable voltage swing. A suitable ECL
interface is shown in Fig.6.

If, as in a repeater application, a fast output is not required,
pin 12 should be left open and pin 13 connected to Vcc (pin
16).

A stretched output is available from pin 15 by connection
of a capacitor between pins 14 and 15. A suitable circuit is
shown in Fig.7.

Facilities are available at pins 2 and 5 to detect the absence
of negative and positive going input signals. If these are not
required pins 2 and 5 should be connected to Vcc (pin 1). A
CMOS interface circuit is shown in Fig.8.

vce (ov)

r

CMOS OUTPUT

VEE (-5V)

Fig.7(a) Interfacing with CMOS at the stretched output (SP1450)

o vec (0v)

O Vgg (-5V)

Fig.8 Interfacing with pulse fail output with CMOS
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o vec (0V)

O ECL_OUTPUT
(6ns}

O VEE (-5V)

Fig.6 Interfacing with ECL at the output

Pin15 O

Pin 14

Fig.7(b) Interfacing with CMOS at the stretched output (SP1455)
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Ordering information

Plessey Semiconductor integrated circuits are allocated type numbers which take the
following general form

WW XXXX Y/z2Z

where WW is a two-letter code identifying the product group and/or technology, XXXX is a
three or four numeral code uniquely specifying the particular device, Y is a single letter which
denotes the precise electrical or thermal specification for certain devices and ZZ is a two-
letter code defining the package style. Digits WW, XXXX and Y must always be used when
ordering; digits ZZ need only be used where a device is offered in more than one package
style. For example, the MV8863 is offered in DG (Ceramic dual-in-line) and DP (Plastic dual-in
line) packages so the full ordering number for this device in ceramic DIL would be
MV8863/DG and MV8863/DP for the plastic DIL version.

The Pro-Electron standard is used for package codes wherever possible. The two letters of
this code have the following meanings:

FIRST LETTER (indicates general shape)

Pin-Grid Array

Cylindrical

Dual-in-Line (DIL)

Flat Pack (leads on two sides)
Flat Pack (leads on four sides)
Quad-in-Line

Miniature (for Small Outline)
Leadless Chip Carrier Not yet designated by Pro-Electron
Leaded Chip Carrier

SECOND LETTER (indicates material)

C Metal-Ceramic (Metal Sealed)
G Glass-Ceramic (Glass Sealed)
M Metal

P Plastic

E Epoxy

Please Note:

Leadless Chip Carriers

LC Metal-Ceramic 3 Layer (Metal Sealed)
LG Glass-Sealed Ceramic

LE Epoxy-Sealed 1 Layer

LP Plastic

Note: The above information refers generally to Plessey Semiconductors integrated circuit
products and does not necessarily apply to all the devices contained in this handbook.

IFs Oo0OTMOUO»P
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Sales Offices

BELGIUM, NETHERLANDS, LUXEMBOURG
Plessey Semiconductors, Avenue de Tervuren 149, Box 2, Brussels 1150, Belgium.
Tel: 02 733 9730 Tx: 22100

FRANCE Plessey Semiconductors, Z.A de Courtaboeuf, Rue du Quebec, B.P. No. 142, 91944 - Les Ulis Cedex.
Tel: (6) 446-23-45 Tx: 692858F
ITALY Plessey Trading SpA, Corso Garibaldi 70, 20121 Milan. Tel: 6596081 Tx: 331347

NORTH AMERICA  Plessey Semiconductors, 3 Whatney, Irvine, California 92718, USA. Tel: 714 951 5212 Twx: 701464
See separate North American listings

UNITED KINGDOM Plessey Semiconductors Ltd., Cheney Manor, Swindon, Wiltshire SN2 2QW. Tel: (0793) 36251
Tx: 449637

WEST GERMANY, AUSTRIA, SWITZERLAND
Plessey GmbH, Altheimer Eck 10, 8000 Munchen 2, West Germany. Tel: 089 23 62-0 Tx: 05622197
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Electroimpex SA, Guatemala 5991, (1425) Buenos Aires. Tel: 771-3773/722-9573

Plessey Australia Pty Ltd., P.O.Box 2, Villawood, New South Wales 2163. Tel: Sydney 72 0133

Tx: 120384

Plessey plc., Vicarage Lane, liford, Essex, England. Tel: 01 478 3040 Tx: 23166

Plessey Company Ltd., Hadjigianni Mexi 2, Athens. Tel: 21 724 3000 Tx: 219251

Mammeas, Representations & Exportations, P.O.Box 181, Piraeus. Tel: 4172597 Tx: 213835 LHGR
Semiconductors Ltd., 809 Raheja Centre, Nariman Point, Bombay 400 021. Tel: 233999

Tx: 011-5414 CITO IN

Semiconductors Ltd., Unity Buildings, J.C. Road, Bangalore 560-001. Tel: 52072 & 578739
Semiconductors Ltd., 513, Ashoka Estate, 24, Barakhamba Road, Nf w Delhi — 110001,

Tel: 44879 Tx: 31 3369

Cornes & Company Ltd., Maruzen Building, 2 Chome Nihonbachi, Chuo-Ku, C.P.O.Box 158,
Tokyo 100-91. Tel: 010 81 3 272 5771 Tx: 24874

Cornes & Company Ltd., 1-Chome Nishihonmachi, Nishi-Ku, Osaka 550. Tel: 532 1012 Tx: 525-4496
YES Products Ltd., Block E, 15/F Golden Bear Industrial Centre, 66-82 Chaiwan Kok Street,
Tsuen Wan, N.T., Hong Kong. Tel: 0-444241-6 Tx: 36590

Young O Ind Co. Ltd,, Yeoevido, P.O. Box 149, Seoul. Tel: 782 1707 Tx: K25701

Plessey (NZ) Ltd., Te Pai Place, Henderson, Auckland 8. Tel: 8364189 Tx: NZ2851

Scansupply, Nannasgade 18-20, DK-2200 Copenhagen. Tel: 45 1 83 50 90 Tx: 19037

Oy Ferrado AB, P.O.Box 54, SF-00381 Helsinki 38. Tel: 90 55 00 02 Tx: 122214

Skandinavisk Elektronikk A/S, Ostre Aker Vei 99, Oslo 5. Tel: 02 64 11 50 Tx: 71963

Micronet AB, Odengatan 16, 114 24 Stockholm. Tel: 08/15 0230-31 Tx: 14725

Plessey Singapore Private Ltd., 400 Orchard Road, No. 21-07 Orchard Towers, Singapore 0923.
Tel: 7325000 Tx: RS22013

Plessey South Africa Ltd.,, Forum Building, Struben Street, P.O.Box 2416, Pretoria 0001, Transvaal.
Tel: (012) 3254200 Tx: 320277

JR Trading, Apartado de Correos 8432, Madrid 8. Tel: 248 12 18/248 38 82 Tx: 42701

Artistex International Inc., Express Trade Building 3rd Floor, 56 Nanking Road East, Section 4
Taipei 105, (P.0.Box 59253, Taipei 105) Taiwan, Republic of China. Tel: 7526330

Tx: 27113 ARTISTEX Fax: (8862) 721 5446

Plessey Thailand, Rama Mansion 47, Sukhumvit Soi 12, Bangkok 11. Tel: 2526621

Tx: CHAVALIT TH2747

Turkelek Elektronic Co. Ltd., Hatay Sokak 8, Ankara. Tel: 90-41-25 21 09, 90-41-18 94 83 Tx: 42120
Turkelek Elektronic Co. Ltd., Kemeralti Caddesi, Tophane Ishani 406, Istanbul. Tel: 90-1-143 12 68,
90-1-143 40 46 Tx: 22036

Plessey MMM.E.R,, Paris Caddesi 76/4, Kavaklidere, Ankara. Tel: 263820 Tx: 42061
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Distributors

AUSTRIA

BELGIUM
FRANCE

INDIA
ITALY

NETHERLANDS
NEW ZEALAND
SWITZERLAND
UNITED KINGDOM

WEST GERMANY
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DAHMS Elektronik Ges. mbH, Wiener Str. 287, A-8051 Graz

Tel: 0316/64030 Tx: 31099

Master Chips, 4 St. Lazarus Laan, 1030 Brussels. Tel: 02 219 58 62 Tx: 62500

Mateleco, 66,Rue Augustin Dumont, 92240 Malakoff, Paris.

Tel: (1) 46 57 70 55 Tx: 203436F

Mateleco Rhone-Alpes, 2 Rue Emile Zola, 38130 Echirolles. Tel: (76) 40 38 33 Tx: 980837

ICC, 78, Chemin Lanusse, Bdite postale n® 2147, 31200 Toulouse. Tel: (61) 26-14-10 Tx: 520897 F
ICC, ZA. du Haut Vigneau, Rue de la Source, 33170 Gradignan. Tel: (56) 31-17-17 Tx: 541539 F
ICC, 9 bis, rue du Bas Champflour, 63019 Clermont Ferrand. Tel: (73) 91-70-77 Tx: 990928 F
ICC, ZA. Artizanord I, Lot 600 - batiment 19, Traverse de I'Oasis, 13015 Marseille. Tel: (91)-03-12-12
Tx: 441313 F

Semiconductors Ltd., 809 Reheja Centre, Nariman Point, Bombay 400 021. Tel: 233999

Tx: 011 5415 CITO IN

Melchioni, Via P. Colletta 39, 20135 Milan. Tel: 5794 Tx: 320321

Eurelettronica, Via Mascheroni 19, 20145 Milan. Tel: 498 18 51 Tx: 332102

Eurelettronica, Via Bertoloni 27, Rome. Tel: 875394 Tx: 610358

Heynen B.V., Postbus 10, 6590 AA Gennep. Tel: 8851-99111 Tx: 37282

Professional Electronics Ltd., P.O.Box 31-143, Auckland. Tel: 493 029 Tx: 21084

Aumann & Co. AG, Forrlibuckstrasse 150, CH-8037 Zurich. Tel: 01/443300 Tx: 822966

Celdis Ltd., 37-39 Loverock Road, Reading, Berks RG3 1ED. Tel: 0734 585171 Tx: 848370
Electronic Resources, A Division of Intel Electronics Group Ltd., Henlow Trading Estate,

Henlow, Bedfordshire SG16 6DS Tel: (0462) 815555 Tx: 825637

Gothic Crellon Ltd, 3 The Business Centre, Molly Millars Lane, Wokingham, Berkshire RG11 2EY
Tel: 0734 788878/787848

Gothic Crellon Ltd., P.O.Box 301, Trafalgar House, 28 Paradise Circus,

Queensway, Birmingham B1 2BL. Tel: 021 6436365 Tx: 338731

Quarndon Electronics Ltd., Slack Lane, Derby DE3 3ED. Tel: 0332 32651 Tx: 37163
Semiconductor Specialists (UK) Ltd., Carroll House, 159 High Street, Yiewsley, West Drayton,
Middlesex UB7 7XB. Tel: 0895 445522 Tx: 21958

AS Electronic Vertriebs GmbH, Elisabethenstrasse 35, 6380 Bad Homburg

Tel: 06172/2 90 28-29 Tx: 410868

Astronic GmbH, Winzererstrasse 47D, 8000 Munchen 40. Tel: 089/309031 Tx: 5216187
Micronetics GmbH, Weil der Stadter Str. 45, 7253 Renningen 1. Tel: 07159/6019 Tx: 724708
Nordelektronik GmbH, Carl-Zeiss-Str. 6, 2085 Quickborn. Tel: 04106/72072 Tx: 214299



ALABAMA:
ARIZONA:
CALIFORNIA:

COLORADO:
FLORIDA:

GEORGIA:
INDIANA:

ILLINOIS:
IOWA:
KANSAS:

MARYLAND:
MASSACHUSETTS:
MICHIGAN:
MINNESOTA:
MISSOURI:
NEBRASKA:
NEVADA:

NORTH NEW JERSEY:

NEW YORK:

NORTH CAROLINA:
SOUTH CAROLINA:
OHIO:

OREGON:
TEXAS:

UTAH
WASHINGTON:

WISCONSIN:
CANADA EASTERN:

ARIZONA:
CALIFORNIA:

NEW YORK:

East Area

1767 Veterans Memorial Hwy.
Central islip, NY 11722

TLX 705922 PLESNY

(516) 582-8070

Central Area

9330 LBJ Freeway. #900
Dallas, TX 75243

EZ Link 821379

(214) 690-4930

New England District
132 Central Street, #212
Foxborough, MA 02035

PLESSEY SALES REPRESENTATIVES:

Huntsville
Phoenix

La Mirada
Sacramento
San Diego
Santa Clara
Denver
Altamonte Springs
Boca Raton
Clearwater
Melbourne
Atlanta

Fort Wayne
Carmel
Arlington Heights
Cedar Rapids
Overland Park
Wichita
Owings Mills
Framingham
Southfield
Bloomington
St. Louis
Lincoln

Reno
Hicksville
Hicksville
Skanaeteles
Raleigh
Greenville
Cincinnati
Vanadalia
Westlake
Portiand
Richardson
Salt Lake City
Bellevue
Greenacres
Brookfield
Menomonee Falls
Rexdale
Montreal

(205
(602

837-7363
252-0897
(714) 739-8891
(916) 442-2558
(619) 450-1754
(408) 998-8111
(303) 477-8180
(305) 339-3855
(305) 368-7373

(404) 448-1215
(219) 637-5548
(317) 843-0739
(312) 956-1000
(319) 377-4666
(913) 541-8431
(316) 733-1301
(301) 356-9500
(617) 875-3266
(
(
(

)
)
(305) 724-8294
)
)
)
)

313) 559-5363
612) 884-8291
314) 576-4111
(402) 475-4660
(702) 322-8299
(516) 681-8746
(516) 681-8746
(315) 685-5731
(919) 847-8800
(803) 233-4637
(513) 729-1969
(513) 890-7975
(216) 871-0520
(503) 620-8320
(214) 234-8438
(801) 466-5739
(206) 643-8100
(519) 624-4410
(414) 781-1171
(414) 251-0151
(416) 674-1330
(514) 484-2923

e o e S e e e o

PLESSEY DISTRIBUTORS

Tempe
Irvine
Tustin

San Diego
Hauppauge

(602) 829-1800
(714) 951-5212

(714) 259-8258
(619) 587-0471
(516) 273-4422

E.M.A.

Chaparral Electronics
Select

Ross Marketing Associates
CERCO

Ross Marketing Associates
West High Tech

Lawrence Associates
Lawrence Associates
Lawrence Associates
Lawrence Associates
E.M.A.

Corrao Marsh

Corrao Marsh

Micro Sales Inc.

Lorenz Sales Inc.

Kebco, Inc.

Kebco, Inc.

Walker-Houck

Stone Components

Fred Gehrke & Associates
Electronics Sales Agency
Kebco, Inc.

Lorenz Sales Inc.

Ross Marketing Associates
Lorac Sales

Lorac Sales

Robtron inc.

E.M.A.

E.M.A.

Stegman Blaine

Stegman Blaine

Stegman Blaine

Crown Electronics
Bonser-Phihower (B-P Sales)
West High Tech

Crown Electronic Sales Inc.
Crown Electronic Sales Inc.
Micro Sales Inc.

Micro Sales Inc.

Bestec Electronics Ltd.

Eli Manis Inc.

Insight

Plessey Semiconductors
Added Value

Insight

Mast

PLESSEY REGIONAL SALES OFFICES

(617) 543-3855 TLX 705185 PLESGA UD
(305) 339-6191
Plains District Sales West Area
1523 Towne Drive 3 Whatney

Elisville, MO 63011 Irvine, CA 92714

(314) 527-4100

(714) 951-5212

Southeast Region
499 Crane Roost Blvd. #235
Altamonte Springs, FL 32701

TWX 910-596-1930
TLX 701464 PLESSY

Dixie District
1229 Johnson Terry Rd. #203
Marietta, GA 33067
(404) 973-8793

Ohio Valley District
1717 E. 116th Street. #210
Carmel. Indiana 46032
(317) 843-0561

4633 Old lronside Dr. #250

Midwest Region

1918 S. Highland Ave. #120C
Lombard, IL 60148

TLX 705186

(312) 953-1484

Chesapeake District
1932 Arlington Blvd. #217
Charlottsville, VA 22903
(804) 296-7229

Southwest District

3 Whatney

Irvine, CA 92714
TWX 810-595-1930
TLX 701464 PLESSY
(714) 951-5212

Northwest District

Santa Clara, CA 85054
TLX 705187
(408) 986-8911
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