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ABSTRACT

The induction of state of the art PATCOMS equipment has revolutionized
the communication scenario of Pakistan Army. In field conditions, the
importance of provision of vital information to commanders at all level can
never be denied. It has often experienced that units/detachments are
deployed in AOR much ahead of the formations/unit headquarters. A normal
analog PATCOMS subscriber number which has a maximum line length of
6 kms can not be extended to such isolated units/detachments deployed
beyond the recommended line distance as no line extender/repeaters are
presently available with PATCOMS equipment.

The functionality of this project is to describe the specifications for a device
which will be used to enhance the existing range of the analog extention of
patcoms. This device will include two separate circuits,one each for exch
side(DMU-220) and the other for the subscriber side. Each device will act as
self-contained independent systems. This configuration will allow the signal
to be enhanced and amplified at both ends.The device is planned to contain
a power amplifier in the voice frequency range, an echo cancellation

device,and an impedance matching unit.



Project Specification
1.1 Background

In today’s economy, it is an immense need that people are demanding more and more
cost effective systems for communication to function efficiently. To make up for this
demand, companies are enhancing their communication systems and applications which
is effective in both efficiency and cost.

For this reason, it is necessary to make communication between our defense equipments
as easy as possible by allowing the ARMY with ease for greater distance and lesser cost.
For the implementation of this project the equipment of well know and developed
communication company called MITEL was used.

1.2 Motivation

The big scope of this project was to develop a module to aid in the extention in the
existing range of the PATCOM’s analog subscriber to serve the units and detachments
deployed at far away from the main Headquarters.This will help in serving these units
and detachments as well as in saving the complete PATCOMS link and inturn saving a
lot for the national exchequer.

1.3 Implementation

To implement the design , two different circuit boards were designed. The two boards
consisted of a exchange side modem and the subscriber side modem. The exchange side
accepts signals from DMU-220and transfer the information to subscriber side modem.
The signals from the exchange side before being received by the subscriber side modem
are amplified and boosted.The same process is repeated by the subscriber side modem

when the signals received are from the user side.
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CHAPTER 1: DELTA MULTIPLEXER UNIT (DMU-220)
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CHAPTER 1: DELTA MULTIPLEXER UNIT

1.1 INTRODUCTION

1.1.1 General

This guide is intended for the general guidance of readers of the Delta Multiplexer Unit
(DMU-220) hereafter called DMU-220 and does not contain the detailed circuitry of
DMU-220. The DMU-220 is an autonomous high capacity Multiplexer for local
subscribers.

1.2 DATA

1.2.1 Description

Description: Delta Multiplexer Unit

Type: DMU-220

1.2.2 Physical data for the DMU-220
Width: 483 mm (191)

Height: 266 mm (10,51)

Depth: 364 mm (14,21 ) (including handles)
Weight: maximum 30 kg (66,141b)
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Figure 1.1  DMU-220 Physical Dimensions
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1.2.3 Technical data CPX

1.2.3.1 General

The DMU-220 is Multiplexer Unit with access for local subscribers. The Multiplexing
system is based on the Time Division Multiplexing (TDM) concept. The DMU-220 is
equipped with 2 TDM ports that provide communication between the DMU-220 and the
network.DMUs,CPXs and TDSs can also be connected to the TDM ports.Local
subscribers can be analog or digital.

1.2.3.2 TDM connections

The DMU-220 provides 2 TDM connections. Both TDM ports are equal and can be
connected to the following equipment:

Equipment | TDM bitrate | Description
type {Khit/s)
”M
CPX 512 or 1024 Tactical Switch with:
-5 TDM ports (EUROCOM A interface, trunk group!
- 15 local subseriber lines (16-128 Kbit/s)
DMU200 512 Delta Multiplexer with:

-1 TDM port (EUROCOM A interface, loop group!

_ 15 local subscriber lines (16 or 32 Khit/s). Single
DMUZ00 or

- Up to 30 local subseriber lines (16 Kbit/s).
Master / slave DMU200,

DMTU210 512 or 1024 | Delta Multiplexer with:
-2 TDM ports (EUROCOM A interface, loop group)
- 15 lncal subscriber lines (16 or 32 Kbit/s), Single
DMU210 or
- 30 local subscriber lines (16 or 32 Khit/s).
Master / slave DMU210

DMU220 F120r 1024 | Delta Multiplexer with;

- 2 TDM ports (EUROCOM A interface, loop group)

- 15 local subscriber lines (16 or 32 Kbit/z). Single
DMU220 or

- 30 local subscriber Lines (16 or 32 Khit/s).
Master / slave DMU220

TDS 512 Tactical Delta Switch with:

- 8 TDM ports (EUROCOM A interface, loop group)
- 15 subscriber lines on each port, 32 Khit/s,

- 30 subscriber lines on each port, 16 Kbit/s.

Table 1: Equipments Connected to TDM Ports
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1.2.3.3 Subscriber connections
The DMU-220 can be equipped with 15 line cards. Both analog and digital subscribers
can be connected.

Function Type Description
CHAZ Is used to connect 2- and 4-wire analog equipment
. “HAS i = st 2- and 4-wire ang D
ANALOG LINE CHASZ 15 wsed to connect 2- and 4-wire analog equipment
CARDS LTA Is used to connect 2-wire analog telephones. Up to 3 telephones on one hine card
CHD 15 wsed to connect 2- and 4-wire digatal equipment
CHP Is used to connect 2- and 4-wire digital equipment. In addition can data

equipment with R5-232-C or R5-422 interface be connected. Bitrate from 300
bit's 1o 256 kbit's

DIGITAL LINE | LTD Is used to connect 2-wire digital equipment. Up to 3 equipments on one ling
CARDS cand
CHOI [ wsed to connect MLT2Z10MLT220. 2 umits tor each CHO card and totally 5

CHOL cards in one CPX (totally @ MLT210MLT220 00 one CPX, CHO card
no. 5 can handle one MLT). Bitrate 15 160 Kiat/s,

15 also used to connect PS200. One PS200 requure one CHOT card (2 hines)
Bitrate 15 2 * 160 klut's,

ISD™ 15 wsed to connect ISDN equipment (2B + 1)

CHF I Is used to connect 32 Kbit/'s asynchronous user eguipment

Table 2: Line Cards used in DMU-220

1.2.3.4 Data stored in battery backup memory

The data stored in the battery backup memory(configuration type,line card modes,line
card types etc) will last at least 2 years when the DMU-220 is powered off.

1.2.3.5 Electrical specifications

TDM interface (Port 1 - Port 2)

Data signal: - AMI (Alternate Mark Inversion)

Clock signal: - NRZ (Non Return to Zero)

Transmission speed: - 512, 1024 kbit/s (Port 2 has only 512 kbit/s)

Pulse: - Rectangular

Peak voltage: - £ 0.5 V across 130 ohm load

Return loss: - >16 dB

Maximum cable length: - 50 m (max attenuation 2 dB)

Power feeding: - 24 VV DC, max. 550mA drawn (option)

Cable attenuation: - 2 dB (maximum)

Alarm terminals:

Relay controlled: - The maximum current drawn with relay contacts closed is 150mA.
- The maximum voltage over open contacts is 100 V.

Subscriber connections:

Connection:
Ringing voltage

DC Voltage

-2 kohms in serial with 2 mF

-250 Vrms, 25 Hz (1 second maximum)
-60 Vrms, 25 Hz (Minimum)

-70 VDC maximum
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Power supply:

Operating voltage: - 24V DC nominal (19V - 32 V)

Maximum ripple (21 - 30 V): - 4V p-p, 1 Hz - 200 kHz

Power consumption: -70 W (maximum, including current feeding of external
equipment)

1.2.4 Pin-out description
The following tables show the pin-out and the signal names on the TDM port-, terminal,

power-, and subscriber connectors.

Fin no. Signal
Iaata Tx cas
F Iata Tx (b
Lr [ata Bx (ay
H rata Rox (b
1 Clock Tx {ay
B Clock Tw (b
L. Clock Rx (&)
Pt Clock Rx (k)
P Aligrment Comansand {a)
P ."‘|.|i;__'|'||||l_'||.1 Comaneaand by
I Porver Foed (Ot +24 W D0
1 Pkt 1emed
W LML

Table 3: TDM Port Connections
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POS 1-15 CONNECTOR

POS 1-5, POS 6 - 10 and POS 11 - 15 CONNECTORS

POS Pin No. POS 1-53 POS 6-10 POS 11-156 Signal Pair Pin No,

1 C Signalling 8 v
D Signalling R W

2 A 1 6 11 Receive (al M
B Receive (h} L

3 F Send (ak L#
E Send (b} D

4 o Signalling 8 a
K Signalling R Z

5] G 2 7 12 Receive (a) R
H Receive (b} 3

6 M Send (a) A
L Send (b} B

7 R Signalling 5 d
8 Signalling R a

8 N 3 8 13 Receive (a) N
P Receive (h} P

g 17 Soend (a) F
T Send (b} E

10 X Signalling S b
W Signalling R ¢

11 WV 4 9 14 Receive (a) 8]
W Receive (b T

12 a Send (a) J
Z Send (b) K

13 d Signalling S 4
e Signalling R f

14 h 5 10 15 Receive (a) X
i Receive (b Y

15 E Send (a) G
f Send (b) H

Table 4: subscriber connectors

Pin no, Signal
A D inpuat | Polasity independent)
[E] Mot connected
C O mput { Polasity mdependeont)

Table 5: Power Connector
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1.3. DESIGN AND FUNCTIONALITY
1.3.1 General
The DMU-220 is:

- An intelligent Multiplexer which permits connection of many different types of
equipment to its 15 subscriber lines.

- Equipped with 2 TDM ports for bitrates 512 or 1024 kbits/s.

- Provided with a Multiplexing system based on the time division Multiplexing
(TDM) concept.

- Small,light-weight and has low power consumption.

- Designed to be rack mounted and to meet military environmental standards for
harsh environments.

The DMU-220 can:

- Be used as a stand-alone unit or flexible arrangement of deployed networks,
including support of star, ring, chain or mesh type topologies.

- Be equipped with various types of line interfaces. Each line interface supports
various types of subscriber equipment such as telephones (digital and analog),

radios, and PTT / PABXes

Figurel.2 front layout of the DMU-220

1.3.2 Analog Equipment:

- Telephones (LB telephones, CB telephones both pulse- and DTMF fi signaling)

- PTT / PABX (pulse- and DTMF signaling)
- INMARSAT M terminal

- DECT System

- HF, VHF, UHF radio connections

ey
| .ﬁ
i 3 ; st oK
POS1-4 POS H-10 i
PCEL 18 S 11 -1 TESMIMA.  ALARRM
- e i
Lt o e il b
e e s S e
s -_-,_.-" il % ¢ @
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1.3.3Digital Equipment:

- Multi Line Terminals (MLT210/MLT220) requires special line card (CHO1)

- Digital Voice Terminals; Digital Access Point (DAP) and Eurocom Terminal (ET-10)
- Digital None Secure Terminal (DNVT)

- HF, VHF, UHF radio connections, connected via DAP

- Data equipment (up to 32kbit/s), connected via DAP

- High speed data equipment (up to 256kbit/s), require special line card (CHP)

- PABX /PTT (ISDN-signaling), require special line card (ISDN)

- ISDN terminals, require special line card (ISDN)

- Packet Switch (PS200), require special line card (CHO1)

_Tacti cal
MNetwork

i Slenw Sean) lite

E &

I!'-o-'dl-rea-h-l

Figurel.3: Subscriber Connections towards DMU-220

1.3.4 Synchronization

The DMU-220 provides support of the following synchronization modes:

- Plesiochronous operation (use of internal clock). Used for stand-alone units only.

- Synchronization from an external master clock via a TDM port 1 or 2

1.3.5 Transmission system

The DMU-220 is designed with a standard TDM interface to the multi channel
transmission system. This enables the user to implement the transmission system, which
best meets the requirements of that particular application.

Transmission systems that can be used are:

- Cable (multi wire)

- Field cable (4-wire) with LTU

- Fiber optical cable with FTU

- Radio Links utilizing ECCM features such as spread spectrum, frequency hopping and
adaptive power control



- Bulk-encryption on link level. The TDM ports supports the EUROCOM A" alignment
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command (Line 5) for alignment of the crypto synchronization

1.4 TDM Port Connections

The DMU-220 has an automatic equipment detection function on the TDM ports.The
bitrate is fixed and set according to the configuration selected.The equipment types which

can be connected to a TDM port are shown in the table below:

Equipment
tyvpe

TDM hbitrate
{Khit/s)

Description

CFX

512 or 1024

Tactical Switch with:
- 5 TDM ports (EURGCOM A interface, trunk group)
- 15 loeal subscriber hines (16-128 Khit/s)

DMU200

Delta Mualtiplexer with:

-1 TDM port (EUROCOM A interface, loop groupt

- 15 loeal subscriber lines (16 or 32 Kbit/z). Single
DMIUIZ00 or

- Up to 30 local subseriber lines (16 Kbit/s).
Master / slave DMUZ00,

DATT210

512 or 1024

Dielta Multiplexer with:
- 2 TDM ports (EUROCOM A interface, loop group)
- 15 Iocal subseriber lines (16 or 32 Kbit/z), Single
DMUZ210 or
- 30 local subseriber lines (16 or 32 Ebit/s).
Master / slave DRUZ1D

DMLI220

512 or 1024

Delta Multiplexer with;

- 2 TDM ports (EUROCOM A interface, loop group)

- 15 local subscriber lines (16 or 32 Khit/z). Single
DKUI220 or

- 30 local subseriber lines (16 or 32 Khit/s).
Master / slave DMU2Z220

TDS

512

Tactical Delta Switch with:

- 8 TDM ports (EUROCONW A interface, loop group)
- 15 subscriber lines on each port, 32 Kbit/s,

- 30 subscriber lines on each port, 16 Kbib/s.

Table 6 TDM port connections (possible equipment types)
1.5 Modes for CHA3

For CHAS line cards the modes 02-49 shall be used when the bit rate is 16 kbit/s.The
modes 50-99 shall be used when the bit rate is 32 kbit/s. CHA3 is used for connecting of

analog subscribers.
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Mode no | Noof | Subscriber type Power feed | Sipnalling to Sionalling from | Comment
Wires aithseriber subscriber
S iz o=
)| Uridefined card / no eard in position
02 Disconnected line (releass)
04 Dizeonnected line (zero)
(SR 2 |CB phone ON Ringing current | Lnop closure with | Default mode
DTMF sipnalling
t‘,'-"l [0 2 | LB phone Ringing current | Ringing current
11461 2 |CB phone ON Ringing current | Loop closure
12/62 2 | External networlk Lonp closure Ringing current | Ringing current = call to 990
(PABX/PTT) Can be used as DOD line
15768 4 | LB phone . Wire E-Wire 2) R = OFF-HOOK and ON-HOOK
19/69 4 |CB phone 0N 5-Wire B-Wire T K = OFF-HOOK or dialling
270 4 | External network 5-Wire R-Wire  4) 3 = OFF-HOOK or dialling
(PABX/PTT)
2373 4+ | Through-conneetion 8-Wire B-Wire &)
37087 2 | External network Loop elosure with | Ringing current | Ringing current = call to 590
(PABN/PTT; DTMF sigmalling Dial and call progress tone detection
Can be uzed az DO line
JB/85 4 | DTMF 3-Wire H-Wire 6} Dial and eall progress tone detection
Through-connection
NG 4 | Tranzparent No signalling Noaignalling Open for continuous traffic (DTTA)
41/ 4 | Transparent No gipnalling Mo eignalling Open for continueus traffic (DTTA)
44194 2 |LB phone Ringing current | Ringing current | Ringing eurrent = eall o 990
4595 1 |LE phone S-Wire R-Wire Ringing eurrent = call to 990
46596 2 | Field exchange Long ringing Ringing current | Ringing current = call to 990
current (3 see)
4797 4 | GATR Radio interface S-Wire R-Wire 1 Direct Lralfic both ways
4898 2 |External network Loap elosure with | Ringingcurrent | Ringing eurrent = call to 330
(PARX/PTT: DTME sipnulling No dial tone detection
Can be used ag DOD line
49/99 4 | Radio iterface 5-Wire R-Wire 13 Peint to point only

Table7 Modes for analog line card, CHA3 |

LB phone=The telephone is power fed from a local battery (field telephone)
CB phone=The telephone is power fed from a central battery (DMU-220)
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CHAPTER 2: WIRE WD-1/TT

PoLYETHYLENE & CoPPoR
IHE UL ATION % STREL STRAMDS
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CHAPTER 2: WIRE WD-UTT

2.1 Field wire WD-1/TT

Field wire WD-1/TT consist of two twisted ,individually insulated , conductors having
the following characteristics:-

1.

2.

3.

American wire gauge (AWG) No.23(Each conductor)

Four tined—copper strands and three galvanized steel strands.

And inner insulation of polyethylene and an outer insulation jacket of Nylon.
Tensile strength of approximately 90.71Kg (Both conductors).

Weighs 21.77 Kg per 1.6Km.

Direct current (DC) loop resistance from 200 to 234 ohms per 1.6 Km at 21.110
Fahrenheit (F).

Loss at 1 kilocycle (kc) at 21,100 F is 2.5 decibel (db) per 1.6 Km, under wet
condition, and 1.5 db per mile under dry conditions.

PoLYETHYLENE & COPPOR
INEULATION % STREL STRAwWDS

Figure2.1 WD-1/TT
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CHAPTER 3: PROJECT SPECIFICATIONS




25

CHAPTER 3: PROJECT SPECIFICATIONS

3.1 Project Specifications

1.

DC Voltages.
a. Off Hook
b. On Hook

Ringing voltages
Current (Off hook)
Signal frequency

After 5 kms

a. On Hook Voltages
b. Off Hook Voltages
C. Off hook Current
d. Ringing Voltages
After 20 Kms

a. On hook Voltages
b. Off hook Voltages
C. Off hook current
d Ringing Voltages
Losses

a. Voltage Loss

b. Current Loss

Gain Requirement
a. Voltage Gain
b. Current Gain

Initial Signal level (2 Wire)
a. 2 Wire in
b. 2 Wire out

Line Impedence

11 vDC
60 VDC

80 Vrms

30 mA

300-800 Hz

60 VDC
8.7vDC
30 mA

73 Vrms

60 VDC
7.87vDC
14 mA
51.8 Vrms

1.454 dbs
3.30 dbs

1.454 dbs
3.30 dbs

0 dbm Nominal
-4 dbm Nominal

600 ohms



26

7. Signal Types

DTMF Signal (Dail Tone)
Ring Signal

Tone Signal (500 Hz)
Speech Signal

Hook on

Hook off

L B B N

3.2 DTMEF Signal

1209 1336 1477 1633 Hz
697 1 2 3 A
770 4 5 6 B
852 7 8 9 C
941 * 0 # D

Table8 DTMF Signal
Dail Tone [350|440| Hz

Ring |440[480| Hz
Busy |480|620] Hz

3.3 Technical Data for CHA3

-Connections: 2-wire
4-wire(R&S)
-Bit-rate 16 Kbits/s
32 Kbits/s
-Signal level 2-wire in, 0 dbm nominal

2-wire out, -4 dbm nominal
4-wire in, 0 dbm nominal
4-wvire out, -1 dbm nominal

Typical line length using WD-1/TT is 6 km

-Impedance 600 ohms

-Cross talking 2-wire (channel to channel) > 58 db
4-wire (send/receive) > 45 db




-Ringing voltage

-Call detection LB
Telephone 25Hz

-Current feeding
CB telephone

27

80 Vrms, 25 Hz (150 V peak voltage)

Call detected if ringing vltage > 25 V rms
Call cannot detected if ringing voltage< 7 VV rms

1,2 kohm line loop > 26 mA (max 31 mA)
Off-hook detected > 18 mA
Off-hook not detected < 7 mA



Loss {dB)
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CHAPTER 4: THE BASICS

I | | | l I

10 20 a0 40 50 B0 70
Aound—trip delay (msl
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CHAPTER 4: THE BASICS

4.3 Noise

CCITT Rec. 103 treats noise. It equates noise to length of a circuit. This is equated at
the rate of 4 pWp/km. Assume a national connection is 2500 km long, or 2500 km to
reach the international interface. Then we would expect to measure no more than 10,000
pWp at that point. The reader should consult CCITT Recs. G.152 and G.153 for further
information. Actual design objectives should improve on these specifications by proper
choice of equipment and system layout and engineering.
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Figure 4.1 Attenuation Distortion

SourceCCITT Rec. G.131

It assumes that the nominal 4-kHz voice channel is used straight through. The
attenuation distortion as shown in the figure is a result of 12 circuits of a four-wire chain
in tandem. Note that the slope from 300 to 600 Hz and from 2400-3400 Hz is
approximately 6.6 dB. The slope for one link, therefore, would be 6.5/12 or
approximately 0.5 dB. From this we can derive the attenuation distortion permissible for
each link to the international interface.
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4.4 Echo, Singing, and Design Loss

441 General

The operation of the hybrid with its two-wire connection on one end and four-wire
connection on the other leads us to the discussion of two phenomena that, if not properly
designed for, may lead to major impairments in communication. These impairments are
echo and singing.

4.4.2 Echo

As the name implies, echo in telephone systems is the return of a talker’s voice. The
returned voice, to be an impairment, must suffer some noticeable delay.Thus we can say
that echo is a reflection of the voice. Analogously, it may be considered as that part of
the voice energy that bounces off obstacles in a telephone connection. These obstacles
are impedance irregularities, more properly called impedance mismatches.Echo is a
major annoyance to the telephone user. It affects the talker more than the listener. Two
factors determine the degree of annoyance of echo: its loudness, and how long it is
delayed.

4.4.3 Singing

Singing is the result of sustained oscillations due to positive feedback in telephone
amplifiers or amplifying circuits. Circuits that sing are unusable and promptly overload
multichannel carrier equipment. Singing may be thought of as echo that is completely out
of control. This can occur at the frequency at which the circuit is resonant. Under such
conditions the circuit losses at the singing frequency are so low that oscillation will
continue even after the impulse that started it ceases to exist.

The primary cause of echo and singing generally can be attributed to the mismatch
between the balancing network and its two-wire connection associated with the
subscriber loop. It is at this point that the major impedance mismatch usually occurs and
an echo patch exists. ldeally the hybrid balancing network must match each and every
subscriber line to which it may be switched. Obviously the impedances of the four-wire
trunks (lines) may be kept fairly uniform. However, the two-wire subscriber lines may
vary over a wide range. The subscriber loop may be long or short, may or may not have
inductive loading, and may or may not be carrier derived. The hybrid imbalance causes
signal reflection or signal “return.” The better the match, the more the return signal is
attenuated. The amount that the return signal (or reflected signal) is attenuated is called
the return loss and is expressed in decibels.

Let us consider now the problem of match. For our case the impedance match is
between the balancing network (N) and the two-wire line (L).

Return LOSS dB =20 logl0 ZN+ZL
ZN-ZL

If the network perfectly balances the line, ZN = ZL, and the return loss would be infinite.
Return loss may also be expressed in terms of reflection coefficient, or
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Return loss dB = 20 log 10 1
Reflection coefficient
Where the reflection coefficient = reflected signal/incident signal.
The CCITT uses the term “balance return loss” (see CCITT Rec, G.122) and classifies it
as two types:

1. Balance return loss from the point of view of echo. *This is the return loss
across the band of frequencies from 500 to 2500 Hz.
2. Balance return loss from the point of view of stability. This is the return

loss between O and 4000 Hz.
For frequencies outside the 500-2500-Hz band, return loss values often are below the
desired 11 dB. For these frequencies we are dealing with return loss from the point of
view of stability. CCITT recommends that balance return loss from the point of view of
stability (singing) should have a value of not less than 2 dB for all terminal conditions
encountered during normal operation (CCITT Rec. G.122, p. 3.

e Called echo return loss (ERL) in VNL (north American practice), but uses a
weighted distribution of level.

e Improved return loss at the term set (hybrid).

e Adding loss on the four-wire side (or on the two-wire side).

e Reducing the gain of the individual four-wire amplifiers.

The annoyance of echo to a subscriber is also a function of its delay. Delay is a function
of the velocity of propagation of the intervening transmission facility. A telephone signal
requires considerably more time to traverse 100 km of a voice pair cable facility,
particularly if it has inductive loading, than 100 km of radio facility.

Delay is measured in one-way or round-trip propagation time measured in

milliseconds. CCITT recommends that if the mean round-trip propagation time exceeds
50 ms for a particular circuit, an echo suppressor should be used. Bell System practices in
North America use 45 ms as a dividing line. In other works, where echo delay is less
than that stated above, echo will be controlled by adding loss.
An echo suppressor is an electronic device inserted in a four-wire circuit which
effectively blocks passage of reflected signal energy. The device is voice operated with a
sufficiently fast reaction time to “reverse” the direction of transmission, depending on
which subscriber is talking at the moment. The blocking of reflected energy is carried
out by simply inserting a high loss in the return four wire patch.
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Figure 4.2 Echo path on a four-wire circuit.

4.3 Effects of Transmission Losses and Noise in Analog Communication Systems

In any communication system there are usually two dominant factors that limit the
performance of the system. One factor is additive noise generated by electronic devices
that are used to filter and amplify the communication signal. Second factor that affects
the performance of a communication system is signal attenuation. Basically all physical
channels, including wire-line and radio channels, are lossy. Hence, the signal is
attenuated (reduced in amplitude) as it travels through the channel. A simple
mathematical model of the attenuation

TRANSMITTED RECEIVED
SIGNAL S(t) CHANNEL SIGNAL

» > 4 >

R(t)=aS(t)+N(t)

ATTANUATION NOISE
N()

Figure4.3 Model of channel with attenuation and noise
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may be constructed, as shown in Figure 4.3 by multiplying the transmitted signal
b a factor a <1. Consequently , if the transmitted signal is s(t), the received
signal is

r(t)=as(t)+n(t)
Clearly, the effect of signal attenuation is to reduce the amplitude of the desired signal
s(t) and, thus, to render the communication signal more vulnerable to additive noise.

In many channels, such as wirelines and microwave LOS channels, signal
attenuation can be offset by using amplifiers to boost the level of the signal during
transmission. However, an amplifier also introduces additive noise in the process of
amplification and, thus, corrupts the signal. This additional noise must be taken into
consideration in the design of the communication system. In this section, we consider the
effects of attenuation encountered in signal transmission through a channel and additive
thermal noise generated in electronic amplifiers. We also look how these two factors
influence the design of a communication system.

4.6 Effective Noise Temperature and Noise Figure

When we employ amplifiers in communication systems to boost the level of a signal, we
are also amplifying the noise corrupting the signal. Since any amplifier has some finite
passband, we may model an amplifier as a filter with frequency-response characteristic H
(F). Let us evaluate the effect of the amplifier on an input thermal noise source.

THERMAL AMPLIFIER
NOISE H(f)

A 4

A 4

LOAD

MATCHED MATCHED

Figure4.4 Thermal noise converted to amplifier and load

Figure 4.4 illustrates a thermal noise source connected to a matched two-port
network having frequency response H (f). The output of this network is connected to a
matched load. First, we recall that the noise power at the output of the network is
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Pno={ Sn(f)\H(f)\2=No}\H(f)\2df
2
The noise-equivalent bandwidth of the filter is defined as

Bneg=_1_{\H(f)\2df
29
where, by definition, g = \H(f)\2max is the maximum available power gain of the
amplifier. Consequently, the output noise power from an ideal amplifier that introduces
no additional noise may be expressed as

Pno = gNo Bneq

Any practical amplifier introduces additional noise at its output due to internally
generation noise. Hence, the noise power at its output may be expressed as

Pno=gNo Bneq + Pni
=gkT Bneq + Pni

where Pni is the power of the amplifier output due to internally generated noise.
Therefore,

Te= _ Pni
gkBneq

which we call the effective noise temperature of the two-port network (amplifier. Then,
Pno=gkBneq (T+Te)

Thus, we interpret the output noise as originating from a thermal noise source at
temperature T+Te.

As signal source at the input to the amplifier with power Psi will produce an
output with power
Pso = gPsi
Hence, the output SNR from the two-port network is

@ gPsi
Pgo ng Bneq (1+Te/T)
= Pst

Naneq (1& jT)

1= Te/T
where, by definition, (S/N), is the input SNR to the two-port network. We observe that
the SNR at the output of the amplifier is degraded (reduced) by the factor (1=Te/T).
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Thus, Te is a measure of the noisiness of the amplifier. An ideal amplifier is one for
which Te=0.

When T is taken as room temperature To(290 K) the factor (1+Te/To) is called
the noise figure of the amplifier. Specifically, the noise figure of a two-port network is
defined as the ratio of the output noise power Pno to the output noise power of an ideal
(noiseless) two-port network for which the thermal noise source is at room temperature
(To=290 K). Clearly, the ratio

F= 1+ Te ]
To
Is the noise figure of the amplifier. Consequently, Equation may be expressed as

S| 1 |S
[N] o[ F ]E\l ]i
By taking the logarithm of both sides of Equation, we obtain

10 Iog[ %]: -10 log F+10 log E%]I

Hence, 10 log F represents the loss in SNR due to the additional noise introduced by the
amplifier. The noise figure for many low-noise amplifiers such as traveling wave tubes
in below 3dB. Conventional integrated circuit amplifiers have noise figures of 6 dB-7
dB.

It is easy to show hat the overall noise figure of a cascade of K amplifiers with
gains gk and corresponding noise figures Fk, 1< k > K is

F=F1+F2-1 + F3-1+..+ __ Fk-1
gl glg2 glg2...gk-1

This expression is known as Fries” formula. We observe that the dominant term is F1,
which is the noise figure of the first amplifier stage. Therefore, the front end of a
receiver should have a low-noise figure and a high gain. In that case, the remaining terms
in the sum will be negligible.

In LOS radio systems the transmission loss is given as
L =[ﬂ] 2
r

where r=c/f is the wavelength of the transmitted signal; ¢ is the speed of light (3x103
m/sec), f is the frequency of the transmitted signal, and d is the distance between the
transmitter and the receiver in meters. In radio transmission, L is called the free-space
path loss.
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4.7 Noisy Communications Channels

We consider a basic problem associated with the transmission of a signal over a noisy
communication channel. For the sack of being specific, suppose we require that a
telephone conversation be transmitted from New York to Los Angeles. If the signal is
transmitted by radio, then, when the signal arrives as its destination it will be greatly
attenuated and also combined with noise due to thermal noise present in all receivers, and
to all manner of random electrical disturbances which are added to the radio signal during
its propagation. As a reserve the received signal may not be distinguishable against its
background of noise. The situation is not fundamentally different if the signal is
transmitted over wire. Any physical wire transmission path will both attenuate and
distort a signal in an amount which increases with path length. Unless the wire path is
completed and perfectly shielded as in the case of a perfect coaxial cable, electrical noise
and crosstalk disturbances from neighboring wire paths will also be picked up and note
that even coaxial cable does not provide complete freedom from crosstalk External low-
frequency magnetic fields will penetrate the outer conductor of the coaxial cable and
thereby induce signals on the cable. In telephone cable, where coaxial cables are
combined with parallel wire signal paths, it is common practice to wrap the coax in Perm
ally for the sake of magnetic shielding. Even the use of fiber optic cables which are
relatively immune to such interference, does not significantly alter the problem since
receiver noise is often the noise source of large power.

One attempt to resolve this problem is simply to raise the signal level at the
transmitting end to so high a level that, in spite of the attenuation, the receive signal
substantially overrides the noise. (Signal distortion may be corrected separately by
equalization). Such a solution is hardly feasible on the grounds that the signal power and
consequent voltage levels at the transmitter would be difficult to handle. For example, at
1 kHz, a telephone cable may be expected to produce an attenuation of the order of 1 dB
per mile. For a 3000-mile run, even if we were satisfied with a received signal of 1 mV,
the voltage at the transmitting end would have to be 10 147 volts.

An amplifier at the receiver will not help the above situation, since at the point both
signal and noise levels will be increased together. But suppose that repeater (repeater
is the term used for an amplifier in a communications channel) is located at the midpoint
of the long communications path. This repeater will raise the signal level; in addition, it
will raise the level of only the noise introduced in the first half of the communications
path. Hence, such a midway repeater, as contrasted with an amplifier at the receiver, has
the advantage to improving the received signal-to-noise ratio. This midway repeater will
relieve the burden imposed on transmitter and cable due to higher power requirement
when the repeater is not used.

The next step is of course, to use additional repeaters, say initially at the one quarter
and three quarter points and thereafter at points in between the added repeater
serves to lower the maximum power level encountered on the communications link
and each repeater improves the signal-to-noise ratio over what would result if the
corresponding gain were introduced at the receiver.
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In the limit we might, conceptually at least, use an infinite number of repeaters. We
could even adjust the gain of each repeater to be infinitesimally greater than unity by just
the amount to overcome the attenuation in the infinitesimal section between repeaters. In
the end we would thereby have constructed a channel which had no attenuation. The
signal at the receiving terminal of the channel would then be the unattenuated transmitted
signal. We would then, in addition, have at the receiving end all the noise introduced at
all points of the channel. This noise is also received without attenuation, no matter howe
far away from the receiving end the noise was introduced.

This situation is actually somewhat more dismal than has just been intimated since
each repeater (transistor amplifier) introduces some noise on its own accord. Hence,
as more repeaters are cascaded, each repeater must be designed to more exacting
standards with respect to noise figure (see Sec 14.10). This limitation of the system we
have been describing for communicating over long channels is that once noise has been
introduced any place along the channel, we are “stuck” with it.

If we now were to transmit a digital signal over the same channel we would find that
significantly less signal power would be needed in order to obtain the same
performance at the receiver. The reason for this is that the significant parameter is now
not the signal-to-noise ratio but the probability of mistaking a digital signal for a different
digital signal. In practice we find that signal to noise ratios of 40-60 dB are required for
analog signals while 10-12 dB are required for digital signals. This reason and others, to
be discussed subsequently, have resulted in a large commercial and military switch to
digital communications.
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4.6 Transmission design to control echo and singing

Echo is an annoyance to the subscriber.
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Figure 4.5 Echo path delay to echo path loss.

The curve in Figure 4.5 is a group of points at which the average subscriber will tolerate
echo as a function of its delay. The greater the return signal is delay, the more annoying
it is to the telephone talker (i.e., the more the echo signal must be attenuated). For
instance, if the echo path delay on a particular circuit is 20 ms, an 11-dB loss must be
inserted to make echo tolerable to the talker.

To control singing all four-wire paths must have some loss. Once they go into a gain
condition, and we refer here to overall circuit gain, we will have positive feedback and
the amplifiers will begin to oscillate or “sing”. North American practice calls for a 4-dB
loss on all four-wire circuits to ensure against singing. CCITT recommends a minimum
loss for a national network of 7 dB (CCITT Rec. G. 122, p. 2.).
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5.2 Telephone Loop Length

Subscriber’s telephone sets are interconnected via a switch or network of switches.
Present commercial telephone service provides for transmission and reception on the
same pair of wires that connect the subscriber to the local switch. Let us now define
some terms.

The pair of wires connecting the subscriber to the local switch that serves him is the
subscriber loop. It is a wire pair typically supplying a metallic path for the following.

e Talk battery for the telephone transmitter.

e An ac ringing voltage for the bell on the telephone instrument supplied from a
special ringing source voltage.

e Current to flow through the loop when the telephone instrument is taken out of its
cradle, telling the switch that it requires “access” and permitting line seizer at the
switching center.

e The telephone dial that, when operated, makes and breaks the de current on the
closed loop, which indicates to the switching equipment the number of the distant
telephone with which communication is desired.

The typical subscriber loop is supplied battery by means of a battery feed circuit
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Figure 5.1 Battery feed circuit
at the switch. Such a circuit is shown in Figure 5.1; one important aspect of battery feed
is line balance. Telephone battery voltage has been fairly well standardized at — 48 V.

5.2.1 Telephone loop length limits

It is desirable from an economic viewpoint to permit subscriber loop lengths to be as long
as possible. Thus the subscriber area served by a single switching center may be much
larger. As a consequence, the total number of switches or telephone central offices may
be reduced to a minimum. For instance if loops were limited to 4 km in length, a
switching center could serve all subscribers within a radius of something less than 4 km.
If 10 km were the maximum loop length, the radius of an equivalent area that one office
could cover would be extended an additional 6 km, out to a total of nearly 10 km. It is
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evident that to serve a large area, fewer switches (switching centers) are required for the
10 km situation than for the 3 km. The result is fewer buildings, less land to buy, fewer
locations where maintenance is required, and all the benefits accuring from greater
centralization, which become even more evident as subscriber density decreases, such as
in rural areas.

The two basic criteria that must be considered when designing subscriber loops, and
which limit their length, are the following:

. Attenuation limits (covered under what we call transmission design).

. Signaling limits (covered under what we call resistance design).
Attenuation in this case refers to loop loss in decibels (or nepers) at

o 1000 Hz in North America.

. 800 Hz in Europe and many other parts of the world.
As a loop is extended in length, its loss at reference frequency increases. It follows that
at some point as the loop is extended, level will be attenuated such that the subscriber
cannot hear sufficiently well.
Likewise, as a loop is extended in length, some point is reached where signaling and /or
supervision is no longer effective. This limit is a function of the IR(voltage) drop of the
line. We know that R increases as length increases. With today’s modern telephone sets,
the first to suffer is usually the “supervision”. This is a signal sent to the switching
equipment requesting “seizure” of a switch circuit and, at the same time, indicating the
line is busy. “Off-hook” is a term more commonly used to describe this signal condition.
When a telephone is taken “off-hook” (i.e., out of its cradle), the telephone loop is closed
and current flows, closing a relay at the switch. If current flow is insufficient the relay
will not close or it will close and open intermittently (chatter) such that line seizure
cannot be effected.
Signaling and supervision limits are a function of the conductivity of the cable conductor
and its diameter or gauge. Consider a copper conductor. The larger the conductor, the
higher the conductivity and thus the longer the loop may be for signaling purposes.
Copper is expensive so we cannot make the conductor as large as we would wish and
extend subscriber loops long distances. First, we must describe what a subscriber
considers as hearing sufficiently well, which is embodied in “transmission design”
(regarding subscriber loop).
5.2 Design of subscriber loop
5.2.1 Introduction
The subscriber loop connects a subscriber telephone subset with a local switching center..
A subscriber loop in nearly all cases is two wire with simultaneous transmission in both
directions.
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5.2.2 Transmission Design

The attenuation of a wire pair used on a subscriber loop varies with frequency, resistance,
inductance capacitance and leakage conductance. Resistance of the line will depend on
temperature.

Gauge of Conductor | n/1000 ft of loop | n/mi of loop | n/km of loop

26 83.5 440 237

24 51.9 274 148

22 32.4 171 92.4

19 16.1 85 45.9

Table 9

American Wire Gauge Diameter (mm) Resistance (n/km)* at
200C

11 2.305 4.134

12 2.053 5.210

13 1.828 6.571

14 1.628 8.284

15 1.450 10.45

16 1.291 13.18

17 1.150 16.61

18 1.024 20.95

19 0.9116 26.39

20 0.8118 33.30

21 0.7229 41.99

22 0.6439 52.95

23 0.5733 66.80

24 0.5105 84.22

25 0.4547 106.20

26 0.4049 133.9

27 0.3607 168.9

28 0.3211 212.9
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29 0.2859 268.6
30 0.2547 338.6
31 0.2268 426.8
32 0.2019 538.4

Table 10 American Wire Gauge vs Wire Diameter

For open-wire lines attenuation may vary + 12% between winter and summer conditions.
For buried cable, which we are more concerned with, loss variations due to temperature
are much less.

5.4 The Reference Equivalent

5.4.1 Definition

Hearing “sufficiently well” on a telephone connection is a subjective matter under the
blanket heading of “customer satisfaction”. Various methods have been devised over the
years to rate telephone connections regarding customer (subscriber) satisfaction.
Subscriber satisfaction will be affected by the following regarding the received telephone
signal:

. Level.
. Signal-to-noise ratio
. Response or attenuation frequency characteristic

A common rating system in use today to grade customer satisfaction is the “reference
equivalent” system. This system considers only the first criterion mentioned above,
namely, level. It must be emphasized that subscriber satisfaction is subjective. To
measure satisfaction, the world regulative body for telecommunications, the International
Telecommunication Union, devised a system of rating sufficient level to “satisfy”, using
the familiar decibel as the unit of measurement. It is particularly convenient in that, first
disregarding the subscriber telephone subset, essentially we can add losses and gains
(measured at 800 Hz) in the intervening network end-to-end, and determine the reference
equivalent of a circuit by then adding this sum to a decibel value assigned to the subset,
or to a subset plus a fixed subscriber loop length with wire gauge stated.

Let us look at how the reference equivalent system was developed, keeping in mind again
that it is a subjective measurement dealing with the likes and dislikes of the “average”
human being. Development took place in Europe. A standard for reference equivalent is
determined using a team of qualified personnel in a laboratory. A telephone connection
was established in the laboratory which was intended to be the most efficient telephone
system known.

The original reference system or unique master reference consisted of the following:

A solid-back telephone transmitter.

Bell telephone receiver.

Interconnecting these, a “zero decibel loss” subscriber loop.

Connecting the loop, a manual, central battery, 22-V dc telephone
exchange (switch).
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At present more accurate measurement methods have evolved. A more modern reference
system is now available in the ITU laboratory in Geneva, Switzerland, called the
NOSFER. From this master reference, field test standards are available to telephone
companies, administrations, and industry to establish the reference equivalent of
telephone subsets in use. These field test standards are equivalent to the NOSFER.

The NOSFER is made up of a standard telephone transmitter, receiver, and network. The
reference equivalent of a subscriber’s subset, together with the associated subscriber line
and feeding bridge, is a quantity obtained by balancing the loudness of received speech
signals and is expressed relative to the whole or a corresponding part of the NOSFER (or
field) reference system.

5.4 Two-Wire/Four-Wire Transmission

5.4.1 Two-Wire Transmission

By its basic nature a telephone conversation requires transmission in both directions.
When both directions are carried on the same wire pair, we call it two-wire transmission.
The telephones in our home and office are connected to a local switching center by
means of two-wire circuits. A more proper definition for transmitting and switching
purposes is that when oppositely directed portions of a single telephone conversation
occur over the same electrical transmission channel or path, we call this two-wire
operation.

5.5.2 Four-Wire Transmission

Carrier and radio systems require that oppositely directed portions of a single
conversation occur over separate transmission channels or paths (or using mutually
exclusive time periods) . Thus we have two wires for the transmit path and two wires for
the receive path, or a total of four wires for a full-duplex (two-way) telephone
conversation. For almost all operational telephone systems, the end instrument (i.e, the
telephone subset) is connected to its intervening network on a two-wire basis*.

Nearly all long distance telephone connections traverse four-wire links. From the near-
end user the connection to the long distance network is two wire. Likewise, the far-end
user is also connected to the long-distance network via a two-wire link.
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Figure 5.3 long distance telephone connection

Such a long-distance connection is shown in Figure 5.3. Schematically, the four-wire
interconnection is shown as if it were wire line, single channel with amplifiers. More
likely it would be multi-channel carrier on cable and/or multiplex on radio. However, the

amplifiers in the figure serve to convey the ideas that this chapter considers.

5.5.3 The Operation Of A Hybrid

A hybrid, for telephone work (at voice frequency), is a transformer. For a simplified
description, a hybrid may be viewed as a power splitter with four sets of wire pair

connections.

Four-wirg transmit

Ealancing
network (N)

il

2| Two=wire connection (L)

:) Four=wire riceve

4

Figure5.4 Operation of a hybrid transformer
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A functional block diagram of a hybrid device is shown in Figure 2.3. Two of these wire
pair connections belong to the four-wire path, which consists of a transmit pair and a
receive pair. The third pair is the connection to the two-wire link to the subscriber subset.
The last wire pair connects the hybrid to a resistance-capacitance balancing network,
which electrically balances the hybrid with the two-wire connection to the subscriber’s
subset over the frequency range of the balancing network. An artificial line may also be
used for this purpose.

The hybrid function permits signals to pass from any pair through the transformer to both
adjacent pairs but blocks signals to the opposite pair. Signal energy entering from the
four-wire side divides equally, half dissipating into the balancing network and half going
to the desired two-wire connection. Ideally no signal energy in this path crosses over the
four-wire transmit side.

Signal energy entering from the two-wire subset connection divides equally, half of it
dissipating in the impedance of the four wire side receive path, and half going to the four-
wire side transmit path. Here the ideal situation is that no energy is to be dissipated by
the balancing network (i.e., there is a perfect balance). The balancing network is
supposed to display the characteristic impedance of the two-wire line (subscriber
connection) to the hybrid.

In the description of the hybrid, in every case, ideally half of the signal energy entering
the hybrid is used to advantage and only half is dissipated, wasted. Also keep in mind
that any passive device inserted in a circuit such as a hybrid has an insertion loss. As a
rule of thumb, we say that the insertion loss of a hybrid is 0.5 dB. Thus there are two
losses here:

Hybrid insertion loss 0.5 dB
Hybrid dissipation loss 3.0 dB (half power)
3.5 dB total

5.6 Repeaters for Signal Transmission

Analog repeaters are basically amplifiers that are generally used in telephone wireline
channels and microwave LOS radio channels to boost the signal level and, thus, to offset
the effect of signal attenuation in transmission through the channel.
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Figure 5.5 A system in which a repeater is used to amplify the signal
Hence, the input signal power at the input to the repeater is

PR=PT/L
The output power from the repeater is
Po=gPR=gPT/L
We may select the amplifier gain g to offset the transmission loss. Hence, g=L and
Po=Pt.
Now, the SNR at the output of the repeater is

EIF
NJ 1 Fa LNJ i
= 1 [_PR =1 PT
Fa | NoBneq Fa LnoBneq

= 1 PT
Fa WNoBne

Based on this result, we view the lossy transmission medium followed by the amplifier as
a cascade of two networks, one with a noise figure L and the other with a noise figure Fa.
Then, for the cascade connection, the overall noise figure is
F=L= Fal
ga

If we select ga = 1/L, then,

F = L+Fa-1=Lfa
1/L
Hence, the cascade of the lossy transmission medium and the amplifier is equivalent to a
single network with noise figure LFa.
Now, suppose that we transmit the signal over K segments of the channel where each
segment as its own repeater.,
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Then, if Fi=LiFai is the noise figure of the ith section, the overall noise figure for the K
sections is

F=L1Fal=L2Fa2-1+ L3Fa3-1
L1/gal (L1/Gal)(L2/Ga2)
+ LKFaK-1
(L1/Gal)(L2/Ga2)...(LK/GaK)

Therefore, the SNR at the output of the repeater (amplifier) at the receiver is

L Hy
Fobrea]

In the important special case where the K segments are identical; i.e., Li=L for all i and
Fai = Fa for all i, and where the amplifier gains are designed to offset the losses in each
segment; i.e., Gai=L.i for all I, then the overall noise figure becomes

T T

F=KLFa - (K-1) =KLFa

Therefore, the overall noise figure for the cascade of the K identical segments is simply K
times the noise figure of one segment.

5.5.2 VF REPEATERS

VF repeaters in telephone terminology imply the use of unidirectional amplifiers at voice
frequency on VF trunks. On a two-wire trunk two amplifiers must be used on each pair
with a hybrid in and a hybrid out.
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Figure5.6 VVF repeater

The gain of a VF repeater can be run up as high as 20 or 25 dB, and originally they were
used on 50-mi, 19 gauge loaded cable in the long distance (toll) plant. Today they are
seldom found on long-distance circuits, but do have application on local trunk circuits,
where the gain requirements are considerably less. Trunks using VF repeaters have the
repeater’s gain adjusted to the equivalent loss of the circuit minus the 4-dB loss to
provide the necessary singing margin. In practice a repeater is installed at each end of the
trunk circuit to simplify maintenance and power feeding. Gains may be as high as 6-8
dB. An important consideration with VVF repeaters is the balance at the hybrids. Hence
precision balancing networks may be used instead of the compromise networks employed
at the two-wire, four-wire interface. It is common to achieve a 21-dB return loss, 27 dB is
also possible, and theoretically, 35 dB can be reached.

Another repeater commonly used on two-wire trunks is the negative impedance repeater.
This repeater can provide a gain as high as 12 dB, but 7 or 8 dB is more common is
practice. The negative-impedance repeater requires a line build out (LBO) at each port
and is a true two-way, two-wire repeaters.

5.6 Loading
In many situations it is desirable to extend subscriber loop lengths beyond the limits.
Common methods to attain longer loops without exceeding loss limits are the following:

e Increase conductor diameter.
e Use amplifiers and/or loop extenders.*
e Use inductive loading.

Loading tends to reduce transmission loss on subscriber loops and other types of voice
pairs at the expense of good atteunation-frequency response beyond 3000-34000 Hz.
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Loading a particular voice pair loop consists of inserting series inductances (loading
coils) into the loop at fixed intervals. Adding load coils tends to

e Decrease the velocity of propagation.

e Increase impedance
*A loop extender is a device that increases battery voltage on a loop extending signaling
range. It may also contain an amplifier, thereby extending transmission loss limits.

Loaded cables are coded according to the spacing of the load coils. The standard code
for load coils regarding spacing is shown in Table below.

Code Letter | Spacing (ft) | Spacing (m)
A 700 2135

B 3000 915

C 929 283.3

D 4500 1372.5

E 5575 1700.4

F 2787 850

H 6000 1830

X 680 207.4

Y 2130 649.6

Table 11 Code for Load Coil Spacing

Loaded cables typically are designated 19-H-44, 24-B-88, and so forth. The first number
indicates the wire gauge, the letter is taken from Table 2.7 and is indicative of the
spacing, and the third item is the inductance of the coil in millihenries (mH). 19-H-66 is
a cable commonly used for long-distance operation in Europe. Thus the cable has 19-
guage voice pairs loaded at 1830-m intervals with coils of 66-mH inductance. The most
commonly used spacings are B, D and H.

Table 12 will be useful to calculate attenuation of loaded loops for a given length. For
example, for 19-H-88 (last entry in table) cable, the attenuation per kilometer is 0.26 dB
(0.42 dB statute mi). Thus for our 6-dB loop loss limit, we have 6/0.26, limiting the loop
to 23 km in length (14.3 statute mi). When determining signaling limits in loop design,
add about 15 n per load coil as series resistors. The tendency in many administrations is
to use a new loading technique. This has been taken from “unigauge design”. With this
technique no loading is required on any loop less than 5000 m long (15,000 ft). For loops
longer than 5000 m, loading starts at the 4200-m point and load coils are installed at
1830-m intervals thereon. The loading intervals should not vary by more than 2%.
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Diamet | AWG Mutual Type of | Loop Attenuation
er No Capacitance Loading Resistance at 1000 Hz
(mm) (nF/km) (n/km) (dB/km)
0.32 28 40 None 433 2.03
50 Non 2.27
0.40 40 None 277 1.62
50 H-66 1.42
50 H-88 1.24
0.405 26 40 None 270 1.61
50 None 1.79
40 H-66 273 1.25
50 H-66 1.39
40 H-88 274 1.09
50 H-88 1.21
0.50 40 None 177 1.30
50 H-66 180 0.92
50 H-88 181 0.80
0.511 24 40 None 170 1.27
50 None 1.42
40 H-66 173 0.79
50 H-66 0.88
40 H-88 174 0.69
50 H-88 0.77
0.60 40 None 123 1.08
50 None 1.21
40 H-66 126 0.58
50 H-88 127 0.56
0.644 22 40 None 107 1.01
50 None 1.12
40 H-66 110 0.50
50 H-66 0.56
40 H-88 111 0.44
0.70 40 None 90 0.92
50 H-66 0.48
40 H-88 94 0.37
0.80 40 None 69 0.81
50 H-66 72 0.38
40 H-88 73 0.29
0.90 40 None 55 0.72
0.91 19 40 None 53 0.71
50 None 0.79
40 H-44 55 0.31

Table 12 Properties of Cable Conductors

Source: ITT, Telecommunication Planning Documents — Outside Plant.
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CHAPTER 6: THE CIRCUIT DESCRIPTION
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CHAPTER 6: THE CIRCUIT DESCRIPTION

6.1 General
These circuits are used to interface the exchange and subscriber sides along with the
signal amplification.
6.2 Description.
These subscriber side and exchange side circuits perform following functions:-
6.2.1 Subscriber Side

e 2/4 Line conversion of the signals to and from the subscriber telephone.

e Transcoding of EM signaling.
e Detect on/off hook condition of subscriber telephone.
e Automatic subscriber loop current regulation.
e Adjustment of the signal gains.
6.2.2 Exchange Side
e To convert the signals from 2 wire into 4 wire and vice versa .
e Detect incoming ring from DMU-220.
e Detect on/off hook condition.
e Detect dialing signals from subscriber end both in DTMF and pulse modes.
6.2.4 Technical Data
Subscriber Side
Number of Channel 1
Impedance, 2 wire connection 600 balanced
2 wire return Loss 20 dB (input 0. 5V @1 kHz 600 )
Transhybrid Loss 35 dB (input 0.5V 1 Khz 600 )
Input Level 2 wire 0 dBm( nominal)
Output level 2 wire -4.0 dBm (nominal)
Input level 4 wire 0 dBm (nominal)
Output level 4 wire -1.0 dBm
Ringing signal to subscriber 80V rms 25 Hz
Constant current line feed 24 t0 28 mA
Dialing mode Pulse and DTMF auto detection
Secondary protection 250 mA quick blow up fuse on both Tip
and Ring.
Max loop length 22 Km typical
Line voltage 24 volts
Temperature range (operating) O Cto+70 C
Temperature range (storage) 20 Cto85 C
Exchange Side
Number of exchange 1
Inpedance, 2 wire connection 600 balanced
2 wire return loss 20 dB (input 0. 5V @1 kHz 600 )
Transhybrid loss 20 dB (input 0.5V 1 Khz 600 )
Input level 2 wire 0 dBm( nominal)
Output level 2 wire -4.0 dBm (nominal)

Ring Voltage 80 v rms
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Operating loop current 80 mA

Off-Hook DC Voltage 6V rms 25 Hz
Table 13 Exchange And Subscriber Side Units
6.3 Description of the Block Diagram
6.3.1 Subscriber Side. Following are the basic functions of the unit:-
6.3.1.1 Protection Circuit. This protection circuit provides two distinct functions i.e
high current and primary high voltage protection to the devices appearing on line side.
To meet the safety requirement it is necessary to provide dependable current limiting 10
ohms resistance with 250 millivolt quick blow up fuse. It is obvious that smaller the
current rating of the fuse, the better will be the performance. However, from a system
performance point of view, it was undesirable to have the fuse of such a low current
which blow due to intermittent transients that may appear on a routine basis. Therefore,
250 milliamp fuses have been used with current limiting resistance of 10 ohms (which
cater for small transients). Surge protectors SK 14K130 prevent the modem from any
surge appears on line side. These surge protector clamp the voltage by storing/dissipating
the energy through ground. If the surge is large enough the surge protectors will burn
and also short-circuit this voltage to ground immediately hence preventing the equipment
from any possible damage.
6.3.1.3 SLIC (Functional description).
The SLIC performs a transformer-less 2-wire to 4-wire conversion of the analog signal.
The 2-wire circuit is the balanced line going to the subscriber loop while the 4-wire
circuit is the audio signal going to and from encoder/decoder. The SLIC also provides a
switch hook (SHK) status output, which goes high when the telephone is set off hook.
off hook will be detected by the SLIC when the loop impedance falls below 1200 ohms.
The SHK output on SLIC can be monitored by the system.
6.3.1.2.1 Dialing. When a number is dialed in pulse mode the loop makes and breaks
according to the number dialed. The SLIC detects these signals and sends the
information to pulse filter through SHK. When a number is dialed in tone mode
(DTMF), signals are transmitted through the massage channel (4 wire).
6.3.1.2.2 Current Limit. The Tip or Ring may accidentally short to ground. In such a
case, current will only flow through the feed resistor. This high current will be sensed
and reduced by the current limit circuit to a lower value to protect the internal circuitry.
6.3.1.2.3 Ring. Ringing signals are sent to the subscriber through the Tip and Ring pair
of wires. When ringing signals are received on exchange side modem, it converts these
ringing signals into logic level. This logical activates ring encoder circuit. In this way
oscillator is connected to amplifier and a tone of 500 Hz is sent on line. From line these
signals are received in ring decoder circuits on subscriber side and converted into logic
level again. Then these logic levels are sent to ring detection circuit. When this circuit
receives these signals turns “on” the relay. This relay connects ringing generator to
SLIC, which connect these signals, to 2 wire (Tip and Ring).
6.3.1.3 Amplifier/High Pass Filter. The function of this block is to filter out dc and any
low frequency noise generated due to fluctuation and also provide gain/loss to the
incoming and out going signals (encoder/decoder) to meet the level plan as every
encoder/decoder has its own level setting.
6.3.1.4 Pulse Filter, Off/On Hook Generation Circuit. This block is directly connected
with the SHK pin of the SLIC. Since this pin only provide permanent high or low level
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signals to code this, an off/on hook generation circuit is used. When a subscriber set goes
off hook, SHK become high and this generation circuit generate a pulse of 400 ms.
When subscriber set goes on hook SHK become low and this circuit after detecting low
level generate a pulse of 150 ms. These pulses are then fed to pulse encoder circuit
which connects 1630Hz oscillator to amplifier stage and send 1630Hz tone on line for
pulse remain high duration. The dial pulses are filtered and pass through the circuit as
such and go directly to pulse encoder stage.

6.3.1.5 Ring Detection Circuit. A ringing signals are received in ring detection circuit
from other end. This circuit detects the ringing signals and activates the ring controller
circuit.

6.3.1.6 Call Processing. Refer to Fig-.

e To make a call the telephone is first lifted i.e off-hook and loop current start
flowing in the circuit. This flow of current is detected by SLIC and it sends this
signal to the off/on hook generator circuit. This circuit generates appropriate
off/on hook signals and sends to pulse encoder, it converts this pulse into tone
and from line this tone is received by pulse decoder on exch side and recovered
from tone to pulse signals. This pulse signals are then send to exch. The dial tone
from the exchange side is fed to the amplifier/high pass filter. This circuit
amplifies the incoming dial tone and after filtering feed this dial tone to SLIC.
SLIC through its TIP and RING connect this dial tone to line protection circuit,
which is connected to the telephone. After receiving dial tone subscriber can dial
any number.

e Subscriber can dial in both pulse and tone mode. In pulse mode loop makes and
breaks according to the make and break ratio. The SLIC detects this make and
breaks of loop current and sends these pulses to pulse filter. Pulse encoder circuit,
which converts pluses into 1630Hz. These pulses are sent to the pulse encoder
circuit which converts pulses into 1630Hz tone on/off. In tone mode the DTMF
(Dual Tone Multiple Frequency) is send directly from the SLIC to amplifier/high
pass filter.

e Speech from the exchange side is received in the amplifier/high pass filter. This
circuit after necessary amplification and filtering feed these signals to SLIC.
SLIC connect these signals to subscriber through line protection circuit.

e When subscriber places his handset the circuit breaks. SLIC after detecting
circuit break inform the off/on hook generator circuit. This circuit generates
appropriate signals and feeds these signals to pulse encoder and encoder converts
these signals into 1630Hz tone and sends it through amplifier to exchange side.

e Incoming ring signals are coupled to ring detector circuit. When incoming ring
signals come, relay is marked and output of ring generator is connected to the
telephone through TIP and Ring of the SLIC.

6.3.2 Exchange Side Unit. Following are the basic functions of exchange side unit.
6.3.2.3 Protection Circuit.

This protection circuit provides two distinct functions i.e high current and primary high
voltage protection to the devices appearing on line side. To meet the safety requirement
it is necessary to provide dependable current limiting 10 ohms resistance with 250
millivolt quick blow up fuse. It is obvious that smaller the current rating of the fuse, the
better will be the performance. However, from a system performance point of view, it
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will undesirable to have the fuse of such a low current which blow due to intermittent
transients that may appear on a routine basis. Therefore, 250 millivolts fuses have been
used with current limiting resistance of 10 ohms (which cater for small transients). Surge
protectors SK14K130 prevent the modem from any surge appears on line side. These
surge protector clamps the voltage by storing/dissipating the energy through ground. If
the surge is large enough the surge protectors will burn and also short-circuit this voltage
to ground immediately hence preventing the equipment from any possible damage.
6.3.2.4 Data Access Arrangement.

DAA is used to convert a balanced 2 wire loop to a ground referenced signal (4 wire)
and it also provides a signaling link between an analog loop (central office) and 4 wire
data equipment i.e Modems and telephone.

e Line Termination. When loop control (LC) is at logic 0, a line termination is
applied across Tip and Ring. The device can be considered off hook and DC loop
current will flow. The line termination consists of both a DC line termination and
an AC input impedance. When LC is at logic 1, a dummy ringer is connected
across Tip and Ring. The device can be considered on hook and negligible DC
current will flow. The dummy ringer is an AC load, which represents a telephone
mechanical ringer. If LC is applied and disconnected at the required rate, can be
used to generate dial pulses.

e Supervisory Features. The device is capable of monitoring the line conditions
across Tip and Ring. The Ringing voltage Loop Current detect pin (RVLC),
indicates the status of the device. The RVLC output is at logic O when loop
current flows, indicating that the DAA is in an off hook state. When the device is
generating dial pulses, the RVLC pin outputs a TTL pulse at the same rate. An
AC ringing voltage across Tip and Ring will cause RVLC to output a TTL pulse
at double the ringing frequency with an envelope determined buy the ringing
cadence.

e On/Off Hook Detection Circuit. When handset is resting on telephone DAA
provide open circuit to central office (normally very high impedance). When
HANDSET is picked up pulse encoder/decoder sends signals to DAA through
off/on hook circuit. These signals are detected in the off/on hook detector circuit
and it informs DAA that hand set is off hook. DAA inturn provides low
impedance to the Tip and Ring, hence circuit is completed and central office
provides dial tone to the DAA. DAA connect this dial tone to the high pass filter
circuit. When subscriber places his handset, signals are generated in off/on hook
circuit. These signals are then fed to pulse encoder. It sends these signals to
pulse decoder on exchange side. On receipt these signals are fed to the off/on
hook generator circuit. This off/on hook generator circuit informs DAA and
handset is on hook. DAA now provide very high impedance (open circuit) to the
central office, which disconnect the dial tone or message channel.

¢ Ring Detection/Conversion Circuit. When ringing voltage applied to the TIP
and Ring of DAA, it produces the frequency that is double the ringing frequency.
The ring pulse generator detected these frequencies and produce a high logic level
till such time ring is received, as soon as ring disconnected ring pulse generator
produce low logic level which is send to ring encoder circuit and this signals is
transformed into logic level through ring decoder circuit on subscriber side.
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Pulse Detection Circuit. When at subscriber end a number is dialed in pulse
mode the loop makes and breaks according to the number dialed. These pulses
are generated at subscriber unit and send to the DAA through pulse encoder and
pulse decoder. Before it connected to DAA these are filter in a pulse detector
circuit that detect whether these are off/on hook pulses or they are dial pulses and
accordingly informed DAA. When number is dialed in DTMF modes it does not
follow the above-mentioned channel rather it pass through the massage channel.
Ring Encoder Circuit. When it receives high logic level from ring detection
circuit DAA, it connects 1110Hz oscillator to amplifier for that particular
duration. Amplifier sends this tone to subscriber side modem.

6.4 Description of Detailed Circuit Diagram

6.4.1 Subscriber End.

6.4.1.1 Line Filter/Protection Circuit (2 Wire). Fuses F1 and F2 are 250 mA quick
blowup fuses, which provide protection against any heavy current drainage due to short
circuit. Varistors RV1 & RV2 are 130V, which protect the internal circuit from any
surge voltage coming from loop side. R8 and R9 are 10 ohms current limiting resistance.
These two lines terminate on SLIC Pin 9 & 10 that is TIP and Ring. U2 also provides the
loop with constant 26 mA current to power the telephone set at 24 VDC.

6.4.1.3 Amplifier/High Pass Filter (4 Wire)

Rx Side. Pin J2(3) is Rx line and Pin J2(4) is its ground C1 provide two functions
one it stops DC input and secondly it filter the unnecessary low noise entering in
the system. R1 and VR1 control the gain of the op-amp. UL is set such that it
should compensate attenuation offered by U2. U1l is high gain, frequency
compensated op-amp, which not only amp but it also block DC amplification and
protect U2 from any unusual signals. Output of U1l from Pinl is connected to
Pin3 of U2.

Tx Side. Pin J2(1)&(2) is Tx line and Pin J2(4) is its ground. Output from U2
pin8 is connected to C3, R5 and VR2 is a gain control circuit for U1. Output of
U1 pin7 is connected to Ax4.

Battery Feed. VBAT (-24) is applied to the R2, R3 and VR3, which form
potential divider circuit. VR3 is used for adjusting the required voltage at Pin4 of
U2. R4 is used to limit the current. D1 is zener diode, which protect U2 from
variation in VBAT. Doide D2, D3, D4 and D5 connected to U2 Pinl5 and
provide secondary protection to U2.

6.4.1.3 On /Off Hook Generation Circuit

Off Hook Generation. When a subscriber set goes off-hook the local loop (loop
side) is closed and a DC current flows. The SLIC monitors the loop current flow
and indicates an off-hook condition when a specific threshold has been exceeded.
The SHK (U2 Pin20), then extend ground to the FCC through R10. Initially VCC
is connected to U3 pin3 through R10, R13 and U3 pinl through R14 and R15
which makes potential divider. VCC is also connected to U3 Pin2 through C7,
VR4 and R16. VR4 and R16 makes potential divider circuit and threshold level
can be adjusted through veriable resistance VR5. When telephone set is on-hook
capacitor C7 remain on charged condition (change path is VCC R10, R4, C7 and



58

ground), as soon as set goes off-hook capacitor C7 discharges through R4 and
SHK U2 pin20 .

e Since threshold level is adjustable through VR4 and it is adjusted to 2.3 Volts.
When telephones goes off-hook voltage level at U3 pin3 varies due to discharge
of capacitor C7 when it cross the threshold level as, the output at U3 pinl changes
from high to low. This output is fed directly to U4 pinl. Another input to U4
pin2 is directly fed from SHK. These two outputs are then XORed and a pulse of
200ms is produced at U4 pin3. This is fed to U6 pinl through R19 and R20.

e On Hook Generation. Same circuit is used for the on-hook detection. When a
subscriber set goes on hook the loop breaks and DC current stop flowing through
the loop. This break is detected by the SLIC and the SHK goes to third state
(float) because of this C7 charge through the R4. Voltages at U3 pin3 changes
when it cross the threshold level and U3 become high.

6.4.1.4 Dialing Pulses Detection Circuit. When subscriber dials a number loop
makes and breaks according to the make breaks ratio. The SLIC detects this make
and break of loop current and its SHK respond accordingly. Since response of C7 is
slower therefore output of U3 Pinl remain high. Input of U4 Pin2, which is directly
connected to SHK, changes its state according to the make and break.
6.4.1.5 Ring Detection Circuit. Normally PinAx11 is open but when ring received
from exchange side, relay of encoder / decoder is marked and ground is extended. As
the ground is extended, circuit for U6 Pin3 and Pin4 is completed through R21 and
R22. Due to this VCC is connected to U5 Pinl through U6 Pin6 and Pin5. R24
eliminates any chances of false ringing due to indeterminate state. U5 Pinl remain
high for time ring is received. This time depend on type of exch. When U5 Pinl
become high U5 Pin3 also become high as U5 Pin2 is directly connected to SHK.
Therefore for the period telephone is on hook this pin will remain on high state and
since AND gate is used output of U5 Pin3 will respond according to the incoming
ring. The output U5 Pin3 is connected to the base of Q1 through R17 and to LED
RED D22 through R18. When ring comes LED will glow for visual indication and
Q1 will also go on conduction. Relay K1 will mark because Vcc is connected to K1
Pinl and K1 Pinl16 is connected to Q1 collector and emitter is connected to ground.
D6, which is connected between K1 pinl and 16, protect the coil from any damage.
Output of Ring Generator is aval on pin Ax27, which is connected to the K1 Pin9
through R7. R7 controls the voltage of ringer. K1 is a DPDT relay K1 Pinll is
normally connected to K1 Pin13 hence connecting U2 Pin15 and Pinl11l. When relay
is marked U2 Pinl15 is disconnected and ringer output is connected to U2 Pinll
through K1 Pinl3, resister R6 serves to provide battery feed to the subscriber loop
during the transitional state. R7 also provide protection and to limit the surge of DC
current when subscriber set goes off-hook. The ringing signal must be DC biased at
the battery voltage in order for the SLIC to detect an off-hook condition, while
ringing signal has been applied. The operations of the ringer at telephone end of the
loop causes AC current to flow in the loop. This current may cause the device to
indicate a false off-hook, in order to prevent, this from happening, a C5 is connected
to U2 Pin19 and ground while the ringing signal is connected to the loop.
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6.5 Power Supply

6.5.1 -24 Volt (VBAT). A -24 volt from main power supply is available at Pin P1(3).
This —24 volt are initially filtered through C6 and directly fed to U2 Pinl18 and The
ground pin for —24 volts is P1(5).

6.6 Exchange End

6.6.1 Protection Circuit (2 Wire). Al2 and A13 are connected to the fuse F1 and F2
respectively. Fuses F1 and F2 are 250mA quick blowup which provide primary
protection against any heavy current drainage due to short circuit. Varistor RV1 and
RV2 are 130V, which protect the internal circuit against any surge voltage produced due
to lightening. R1 and R2 are 10 ohms resistance, which limit the current. These two
lines terminate on (DAA) U1 Pin26 and 16, which is a balance 2 wire input/output.

6.6.2 High Pass Filter (4 Wire).

6.6.2.1 Rx Side. Pin 17 is Rx line and Pin 18 is its ground. C3 provide two functions
one it stops DC input and secondly it filters the unnecessary low noise entering in the
system. The capacitor is directly connected to U1 Pin 11.

6.6.2.2 Tx Side. Pin Bx4 is Tx line and Pin3 is its ground. Pin Bx4 is connected to the
U1 Pin13 through capacitor C4.

6.6.2.2.1 Incoming Ring Detection. Ring from central office is received at TIP & Ring
Pins on Ul. U1 detect this ringing voltage and will cause RVLC to output a TTL pulse at
double the ringing frequency. The output of RVCC is connected to U5 Pin4. This output
is XORed with line status U1 Pin5, so as to remove any possibility of ring during off-
hook conditions. The output of U5 Pin6 is inverted through U3 Pinlland Pin12. This
inverted output is connected to U4 Pin3 (opto-coupler).

6.6.2.2.2 On/Off Hook Detection Circuit. When handset is resting on telephone DAA
provide open circuit to central office (normally very high impedance). When HANDSET
is picked up pulse encoder/decoder sends signals to DAA through off/on hook circuit.
These signals are detected in the off/on hook detector circuit and it informs DAA that
hand set is off hook. DAA inturn provides low impedance to the Tip and Ring, hence
circuit is completed and central office provides dial tone to the DAA. DAA connect this
dial tone to the high pass filter circuit. When subscriber places his handset, signals are
generated in off/on hook circuit. These signals are then fed to pulse encoder. It sends
these signals to pulse decoder on exchange side. On receipt these signals are fed to the
off/on hook generator circuit. This off/on hook generator circuit informs DAA and
handset is on hook. DAA now provide very high impedance (open circuit) to the central
office, which disconnect the dial tone or message channel.
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CHAPTER 7: THE MODULES
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CHAPTER 7: THE MODULES
7.1 MH-88422
7.1.1 Features
FAX and Modem interface (V29)
Variants available with different line impedances
Provides reinforced barrier to international PTT requirements
Transformerless 2-4 Wire conversion

Integral Loop Switch

Dial Pulse and DTMF operation
Line state detection outputs
Loop current/Ringing outputs
Single +5V operation, low on-hook power (5mW)
Full duplex data transmission

7.1.2 Applications
Interface to Central Office or PABX line for:
Modem
FAX
Telemetry
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Figure 1 - Functional Block Diagram
Figure 7.1 Functional Block Diagram
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Preliminary Information

woo [ 1
cdz
AGHND O 3
Cc [+
whs
c s
RVLC [ 7
c Qe

c s
cme 10
v [ 1
cme 12
VR ] 12

Figure 7.2 Pin Connections

7.1.3 Description

Figure 2 - Pin Connections

The Mitel MH88422 Data Access Arrangement (D.A.A) provides a complete interface
between data transmission equipment and a telephone line. All functions are integrated
into a single thick film hybrid module which provides high voltage isolation, very high
reliability and optimum circuit design needing a minimum of external components.

A number of variants are available to meet particular country impedance requirements.
The D.A.A has been designed to meet regulatory approvals requirements in these

countries.
MHE8422 L
R2 -
26| o L R1 C3 L Audic
TP & I WK I 1€ OO.JL‘F!L.i
24 aLe R
- |13 C41] Audio
Protection VRE— 1 1 0 Irout
Circuit 20 =
o2 =i e T oy Ring Voltags & Loop
[ 18 \ ‘ >0 Current Detect Cutput
I TXIMN
= _ 3
RING RING [ K+ ] Loop Control Input
VDD AGND
Motes: 1 4
1) R1, R2: Transmit Gain Resistars |
2} R3: Receive Gain Resisior ct |+
23 C1: 10pF &Y Tantalum —
4y C2: Dumrmy Ringer Capacitor 280V
5153, C4: 10pF AC coupling Capacitors -

Figure7.3 Application Circuit

Figure 3 - Typical Application Circuit
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Figure7.5 Test Circuit3

Figure 6 - Test Circuit 3
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Figure 7 - Test Circuit 4
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Fin Daacriptlon
Fin# Hama Cezegiriptiom
1 WO Pociive 3upply Votags. =<
.E';--r_EI C Interral Connection. This pin |5 croppss shott
E] AGMD | Anakog Ground -1 Ground. Memaly conreched bo o Sysiem Gnoun,
5 = Loop Cortrol {mpud). & kaglc 3 actteries Infemal d roukiny which prowices a lne

I=rminaticr across Tip 2nd Sing. Used for s=zng the lire ard dal pulsing.

7 RVLT | Ringing Voltage and Currant Dedeat [Cufpud). Inclcales the slaies o loop ouress
and ringirg vohage,

10, 12 KPP | Internal Conneation or Mo Pin FEled. This pin s eBrer croppss short or mct ied
depending on e varlam. See Sote 1

" W Tranemnit {Dutpat). Analog oupul bomodesmdax chlp et
13 VR Reszabve [Inpuk). Anelkosg ppui by modemdan cnip se8
1217 C Interral Connection. This pin |5 croppss shott
15, 18 HF Ko Fin Fiitad.
18 SiHG Ring Lead. Cornscis bo e "Ring” 'ead of 2 =ephons Ine
12 TERM Cumnmy Ringer Connestkomn. Conreds b fe "Rirg”™ kead of & belepmon e [ire Srouph 3
dumrmy ringer capachion
20 TF Tip Feed Cornecls =elermaly o fne RLS DN,

o, 3 KPP | Internal Conneation or Mo Pin FEled. This pin s eBrer croppss short or mct ied
depending on e varlam. See Sote 1

24 ALE Finging Loop Sancs. Conreds exizmally 1 TF gn.

2= C Interral Connection. This pin |5 croppss shott

25 TIF TipLead Corneclsio e "Tie" (=xd of 3 i=eshone Inx
Table 14 Pin Connections

7.1.4 Functional Description. The device is a Data Access Arrangement (D.A.A). Itis
used to correctly terminate a 2-Wire analog loop. It provides a signalling link and a 2-4
Wife line interface between an analog loop and subscriber data transmission equipment
such as Modems, Facsimiles (Fax’s), Remote Metering.

7.1.5 Isolation Barrier. The device provides an Isolation barrier implemented by using
optocouplers. This is a reinforced barrier for an instantaneous power surge of up to 3kV
r.m.s., for example a lightning strike. It also provides full isolation for a continuous AC
voltage level of up to 250V rms.

7.1.6 External Protection Circuit. Should the input voltage from the line exceed that
isolated by the optocoupler, an External Protection Circuit assists in preventing damage
to the device and the subscriber equipment.

7.1.7 Line Termination. When Loop Control (LC) is at a logic 0, a line termination is
applied across Tip and Ring. The device can be considered off-hook and DC loop current
will flow. The line termination consists of both a DC line termination and an AC input
impedance. When LC is at a logic 1, a Dummy Ringer is applied across Tip and Ring.
The device can be considered on-hook and negligible DC current will flow. The dummy
ringer is an AC load, which represents a telephone’s mechanical ringer.
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7.1.8 DC Line Termination. When LC is at a logic 0, an active termination is applied
across Tip and Ring, at which time it can be considered to be in an off-hook state.

7.1.9 Input Impedance. The MH88422 is available in a number of different variants
each of which has its own fixed Tip-Ring AC input impedance (Zin).

7.1.10 Dummy Ringer. This device supports a dummy ringer option which can be
configured by the inclusion of external components. Further details relating to
component values and configuration can be obtained from MSAN-154. For example,
Figure 3 shows capacitor C2 which if set to 1.8uF would meet the New Zealand dummy
ringer requirements.

7.1.11 4 Wire Conversion. The device converts the balanced 2-Wire input, presented
by the line at Tip and Ring, to a ground referenced signal at VX, as required by
modem/fax chip sets.Conversely the device converts the ground referenced signal input at
VR, to a balanced 2-Wire signal across Tip and Ring.

During full duplex transmission, the signal at Tip and Ring consists of both the signal
from the device to the line and the signal from the line to the device. The signal input at
VR, being sent to the line, must not appear at the output VX. In order to prevent this, the
device has an internal cancellation circuit. The measure of attenuation is Transhybrid
Loss (THL).

The Transmit (VX) and Receive (VR) signals are ground referenced (AGND), and biased
to 2.5 V. The device must be in the off-hook condition for transmission or reception to
take place.

7.1.12 Transmit Gain. The transmit Gain of the MH88422 is the gain from the
differential signal across Tip and Ring to the ground referenced signal at VX. The
internal Transmit Gain of the device is fixed and depends on the variant as shown in the
AC Electrical Characteristics table. For the correct gain, the Input Impedance of the
MH88422 variant used, must match the specified line impedance.

7.1.13 Receive Gain. The Receive Gain of the MH88422 is the gain from the ground
referenced signal at VR to the differential signal across Tip and Ring. The internal
Receive Gain of the device is fixed as shown in the AC Electrical Characteristics table.
For the correct gain, the Input Impedance of the MH88422 variant used, must match the
specified line impedance.

7.1.14 Supervisory Features. The device is capable of monitoring the line conditions
across Tip and Ring, this is shown in Figure 7.2. The Ringing Voltage Loop Current
detect pin (RVLC), indicates the status of the device. The RVLC output is at logic 0
when loop current flows, indicating that the MH88422 is in an off hook state.

When the device is generating dial pulses, the RVLC pin outputs a TTL pulse at the same
rate.
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7.1.15 Absolute Maximum Ratings* - All voltages are with respect to AGND unless
otherwise specified.

L

Parameter Symbol | Min Max | Units
1| DC Supply Yoltage Voo 0.3 b l
2 | Storage Temperature T: 5 25 C
3| DC Loop Voltage Vapr 10 +10 ‘\f
4 | Ringing Voltage - Zvariant Wy - 150 | Vrms

- all other variants Vi - 120 | Vrms
5 | Loap Current lLso - 40 mA

"Exceeding these valuss may causs permanent damage. Functional operation under these condtiona is nat implied.

Recommended Operating Conditions

Parameter Sym | Min | Typt | Max | Units Test Conditions
1| OC Supply Voltages Vop | 475 | 50 | 825 | V
2 | Operating Temperaturas T | 0 | &5 | 70| C
3 | Ringing Yoltage Va 75 | 90 | Vims | 150 Vims for -2 variant

1 Typical figures are at 25°C with nominal +5V supply and are for design aid only
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Characteristics Sym | Min T'_i.rpt Max | Units Test Conditions
Finging Voliage VR Esxternally Adjustabls -
-1 Wariant Only Mo Detect 17 | Vrms | See MSAN-154
Detect ] Wrms
BO-1 Variant Cnly Mo Detect 15 [ Vrms
Detect 32 Wrms
Allother Variants Mo Detect T Wrms
Detect 14 Wrms
Ringing Fraguency
BO-1 Variant Cnly 23 28 Hz
All other Variants 15 it Hz
Operating Loop Current
BO-1 Variant Cnly 21 2] mé
All other Variants 15 20 i
Cff-Hook DC Voltage Test circuit as Fig 4
-1 Variant 6.0 Vo | lgep=18mA (See Note 1)
28.8 Vo | | g =00mA
-2 Wariant f.0 Vo | lge=15mA
24 f.0 Vo | | ep=20mA (See Note 2]
a1 7.8 Vo | lge=2BmA
-3 Variant 8.0 Vo | | gpe=15mA (See Note 3)
f.0 14.0 Vo | | ep=20mA
BO-1 Variant f.0 10.8 Vo | | ep=20mA (See Note 4)
f.0 a7 Vo | | g =00mA

Table 15

Loop Electrical Characteristics
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AC Electrical Characteristics T - MH88422 All Variants

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 Supply Curren: I | mA | Vop =50V, Onchook
2 | RVLC | Low Level Qutput Voltage | Vi 04 | V| lp =4mh
High Level Output Volage | Vo | 24 Vo[ lgy=04mA
3100 | LowLevel putVoliage | 08 | ¥
High Level Input Valtage | Vi | 20 V
Low Level Input Current | Iy A0 | pa V=0V
igh Level Input Current | | 0] pA (V=i

Characteristics Sym Min | Typ® | Max Units Test Conditions
i Input Impedance VR 47k Q
2 | Output Impedance at WX 10 Q
3 Receive Gain (VR to 2-Wire) 25 a5 4.5 dB Test circuit as Fig
Input 0.5 at 1kHz
4 Frequency Response Gain
(relative to Gain @ TkHz)
All Variants -1 o + dE A00H=
-1 o = dB | 2400Hz
£ | Signal Cutput Cverload Lewel THD = 5% @ 1kHz
at 2-Wire +2.0 | +20 dBm | | gop= 20 to 40mA
at Wx +2.0 | +3.0 dBm
g | Total Harmonic Distortion THD Input -3.5dBm at 1kHz
20-1Vanant at2-Wire 1.2 20 %
&l other Variants  at 2-Wire 1.2 25 %
All ariants at W 1.2 20 %
7 Power Supoly Rejection Ratio PSRR Ripple 0.1%rms 1kHz
BD-1 Variant  at 2-Wire 18 40 dB on Vo
at WX 18 40 dB
All other Variants a1 2-Wire i2 20 dB
at Wi 12 20 dB
2 | Transhybrid Less THL i 20 dB Test gircuit as Fig 8
Input -3.5dBm,
200-2400Hz at VR
e
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AC Electrical Characteristics™ - MH88422-1

Characteristics Sym | Min | Typ* | Max | Units |  Test Conditions
I | Return Loss at 2-Wire AL Test circuit as Fig 7
(22001 + 8200 //120nF) 1% di | 300-E00H:
0|14 de | £00-2800Hz
0| di | 2500-2400Hz
2 | Longitudinal to Metallc Balance Test circuit s Fig &
4 | & di | E0-300H:
55 | 80 dB | 200-1000Hz
53 | 80 di | 10004000z
3| ke Channel Noise N
at 2-Wire -8 | 12 | dBmy
atVx -4 | <38 | dBmp
4 | Transmit Gain (2-Wire to V) Test circuit s Fig £
A4 04| 08 | dB | InputCEV@ Tkhz
Cff -Haak
Frequency Response Gain A8 08| 04| dE |20k
21| -0 00z

(relafive fo Gan @ 1kHz)

oA

&
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Characteristics Sym | Min Tﬂ:r:t Max | Units Test Conditions
Return Loss at 2-Wire Test circuit as Fig 7
(Reference GO0 ERL | 20 | a0 48 | £00-2500Hz
SFRL [ 14 | 10 d8 | 200-2200Hz
2 | Longitudinal to Metallic Balance Test circuit as Fig 8
£4 g0 dg 200-1000Hz
B3 o] dg 1a00-3000Hz
Metallic to Longifudinal Balance Test circuit as Fig &
g0 d2 200-1000Hz
40 dg 1000-4000Hz
3 | ldle Channgl Moise Mg
at 2-Wire 13 20 | dE2mC
at \Vx 13 20 | dBmC
4 | Transmit Gain (2-Wire fo V) Test circuit as Fig &
-14 | -04 | 08 dg Input 0.5V @ 1kHz
Off- Hook
5 | Frequency Fesponse Gain 18 13| 04 d2 200Hz
(relative to Gain @ 1kHz) 21 <05 | 0.8 dg 3400Hz
AC Electrical Characteristics™ - MH88422-3
Characteristics Sym | Min T].rpI Max | Units Test Conditions
| Return Loss at 2-Wire RL Test circuit as Fig 7
(37042 + 6200 # 210nF) 18 20 d6 | 200-4000Hz
2 | Longitudinal ta Metalic Balance Test circuit as Fig 2
] il d6 | 200-2400Hz
3 | ldie Channgl Maise Nc
at 2-Wire 30 | -70 | dBmp
at VX -30 | -68 | dBmp
4 | Transmit Gain | 2-Wire to V) Test circuit as Fig £
14| 04| 08 dB | Input 0.5V @ 1kHz
Off-Hook
& | Frequency Gain A 13| 04 d6 | J00Hz
relative to gain (@ 1kHz) 21 05| 08 dB | 24004z
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7.2 MH-88610 SLIC (Subscriber Line Interface Card)

7.2.1 Features

Transformerless 2-wire to 4-wire conversion
Battery and ringing feed to line

Off-hook and dial pulse detection

Ring ground over-current protection

Loop length detection

Constant current feed

7.2.2 Applications
Line interface for:

PABX

Intercoms

Key Telephone Systems
Control Systems

LPGMD WBat WDD VEE  GNDA
! . .

TF - - - 2-'.-'-.:i:_a to VR
TIF - Current &\oliage 1 40 re
RIMNG - Sensing \~Enversian o IR

RF
‘ !
R
Cger Current )
rotactiol
" WRef
Constant _ Loo Looe
Current Supervision =
Feed .
CAFP

Figure 1 - Functional Block Diagram

Figure 7.8 Functional Block Diagram
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Ic 18
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CAP 15
SHE 20

ettt = B B = S I ST I % P

Figure 2 - Pin Connections
Figure 7.9 Pin Connections

7.2.3 Description

The Mitel MH88610 Subscriber Line Interface Circuit provides a complete interface
between a switching system and a subscriber loop. Functions provided include battery
feed and ringing feed to the subscriber line. 2-Wire to 4-Wire hybrid interfacing,
constant current, loop length and dial pulse detection. The device is fabricated using
thick film hybrid technology in a 20-pin single in-line package.
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Figure 7.10 Application Circuit

7.2.4 Functional Description

The MH88610 performs a transformerless 2-wire to 4-wire conversion of the analog
signal. The 2-wire circuit is the balanced line going to the subscriber loop, while the 4-2
wire circuit is the audio signal going to an from devices such as the voice codec or
switching circuit. The SLIC also provides two status signals, switch hook (SHK) and
loop length (Loop). The Loop signal is an analog voltage which is proportional to the
loop length and the SHK goes low when the telephone set is off-hook.
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Pin Description

Pin # Mame | Description

1 TF TF Tip Feed. Intemal conneclion. Mommally connecs a pair of extemnal dicdes for
proteciion.

[ ]

LPGHD [Loop Ground. is the system ground reference with raspact to VBat.

[
=
e il

Voice Receive (input) is the 4 wire analog signal o the SLIC.

4 Weer | Voltage Reference (Input) to sat the line current fzed o the subscrber line.

hn

Vez | Megative Power Supply Voltage [-5V).
i GHDA [Analog Ground (0V).

7 LOCP | Loop Manitor Voltage [Cutput). is proporional o the loop l2ngth.
2 WE | Voice Transmit (Qutput) is the 4-wire analog signal from the SLIC.
£ TIP | Connects to the "Tip" lzad of the telephone line
10 RING | Connects to the "Ring” lead of the telephone line.
11 RF Ring Feed (Input) is normally connected to Ring relay for negative battery feed voltage
and ringing voltage input.
12 Yoo | Positive Power Supply Veltage.
13 Ic Internal Connection. Fin cut short.
14 Ic Internal Connection. Fin cut short.
i RY Ring Feed Voltage connects fo pin 11 (RF) through a normally closed ring relay.

o
)

Internal Connection. Pin cut short.

"
=]

M Mo Connection.

18 Vgy | Megative Battery Feed Supply Voltage.

CAP | Connects external capacitor and resistor fo ground for ring trip filter control.

"
wi

20 SHE | Switch Hook Detect (Output). Digital cutput of an open-collector comparator, This cutput
will go low (Vigz) when the subscriber line resistance falls below a ==t threshold valus
ndicating that the telephone set has gone off-hook. This output can be monitored for dia
pulse collection.

Table 16 Pin Descriptions

7.2.5 Constant Current Feed

The MH88610 employs a complex feedback circuit to supply a constant feed current to
the line. This is done by sensing the sum of the voltages across the internal feed resistors
and comparing it to an input reference voltage (Vref) that determines the constant feed
current. This gives the loop current as:
ILoop = 25- (Vref) mA (+2 mA)
1.25
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7.2.6 Switch Hook Detection

When the DC current exceeds an internal threshold level, the switch hook (SHK) will go
low. If the loop resistance is so high that Vg, can no longer supply the required amount
of loop current as determined by constant current supply circuit, the output of the switch
hook (SHK) will go high impedance (open collector ouput) to indicate that the loop
resistance is too high and the line is on hook.

7.2.7 Ringing and Ring Trip Detection

In Figure 7.10 a ringing signal is applied to the line by disconnecting pin 15 (RV) from
pin 11(RF), and connecting the ringing voltage at pin 11 (RF) by use of the relay K1.The
SLIC can detect an off-hook condition during ringing but there is a large AC component
which must be filtered out to give a true off-hook condition at SHK.A 1.0uF capacitor
connected from pin 19 (CAP) to ground will provide adequate attenuation when ringing
is applied. Once an off-hook condition has been detected an external circuit will
deactivate the relay (K1) to disconnect the ringing voltage from pin 11 and reconnect to
pin 15. At that time the SLIC will revert to constant current feed operation.

During off-hook conditions (closed loop), the capacitor should be switched out. This can
be performed using a transistor, relay or system drive output of a codec. Applying
GNDA to the Ring Trip Filter Control pin will switch in the filter, whilst removing
GNDA, (with the switch in a tristate condition), will switch out the filter.For applications
using DTMF signalling, the capacitor can be permanently connected to ground.

7.2.8 Current Limit

The Tip or Ring may accidentally short to ground. In such a case, current will only flow
through the feed resistor. This high current will be sensed and reduced by the current
limit circuit to a lower value to protect the internal circuitry.



Absolute Maximum Ratings®

7

Parameter Symbal Min Max Units
1| DC Supaly Valtage Yap 15
Veg R
LPGND=GNDA Vau Sl
2 | Storage Temperaturs Ts -4 100 C
3 | Package Power Dissipation FD 2 W
" Ennzeding these vallizk May saUss permanent damage. Funcllonal operation under thess candions & not Implisd
Recommended Operating Conditions
Parameter Sym | Min T].rp-T Max | Units | Comments
1| Operating Supply Vokage Vpp | 475 | &0 | 528 i
Vz 820 | B0 | 475 W
Ve | -23 | -1 y
Vay -28 V
2 | Operating Temperature Ts 0 70 C

+ Typical fiounes are 3t 25°C and are far design akd anly

DC Electrical CharacteristicsT -uwtagss ar wen respect to GNDA unless olherwiss stated.

Characteristics Sym Min T5.l|::-:t Wax Units Test Conditions
i Supply Current
."-'ID-E Il:l: B 7.8 m&
-'IE IEE -3.4 -5.0 m&
2 | Power Consumption Fe 212 i Standby
1110 ' Aptive
2 | Constant Current Line Feed | cer 24 26 28 mid
4 | Operating Loop Resistance B oo 800 i} zap = -28W
5 | Of-Hook Threshold 1200 L) = = -28Y
£ | Ring Ground Over-Current 33 42 mé
protection
7 | Output High Voltage
—Cop :O'-'"-"}Dk: Voo 'q.-":.:. W Mo Load
g2 | Output High Source Current
Loop [on-hook) i5 mé, RLogs = 2.8V
2 | Output Low Voltage
SHE VEE Wep+1.5 W 10kEE pull-up to 5W
Loop (ofi-hook) 1.8 Z4 W Mo Load
10 | Owtput Low Sink Current
SHE i 18 mé& W SHE = 1.5V
Laogp (aff-hook) 10 20 (Y Wigon = 2.0V
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Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 | Ringing Woltage (rms) Ve 105 Vs
2 | Ring Frequency i7 5 Hz
3 | Ringer Eguivalence Mumbsr REM 3
4 | Ring Trip Detect tme 200 s
§ | Input AC Impedance 2-wire Zin A00 £l
g | Input Impedancs at Vg 230 kL)
7| Cwlput Impedance at Ve 1 £l
3 | Gain 2-wire to Ve 080 | D2 | 070 dB Input Gd8m at 2-wire
g | Gain VR to 2-wire .75 | 889 (685 [ dBE | lmput 1.0V a3t VR G000
termination
0 | 2-wire Retum Loss 20 dB Input 0.5 W 1kHz
000
11 | Transhybrid Loss THL 40 dB Input 0.5V TkHz at Vg
000
12 | Longitedinal Balance 45 dB Input 0.5V 1kHz  at
metallic cutput voltage
13 | Total Harmonie Distortion THD
at 'V 0. 1.0 " Input Gd8m at 2-wire
at Tip and Ring 0. 1.0 %o | Input 1.0V 3tV
14 | Common Mode Rejaction CMRR | 40 dB Input 0.5Wmms, 1KHz at
Riatic J-wire o Wy metallic cutput voltage
15 | ldle channel Moiss (at V) Mc 15 | dBmC | C- Message
16 | Power supply rejection rato PSRR
D dB | AtV ripple at Vpp, TkHz
] ar dB | At 2-Wire, ripple at 1Vpp
1kHz
Ve 23 dB | At Vi rpple at 1Vpp
1kHz
Ve s dg | At 2-Wire, ripple at 1Vpp
1kHz
Table 17 AC Electrical Characteristics
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7.3 LM258N

Internally frequency compensated
Large DC voltage gain: 100dB

Wide bandwidth (unity gain): 1.1mHz
(temperature compensated)

Very low supply current/op (500pA)
essentially independent of supply voltage

Low input bias current: 20nA
(temperature compensated)

Low input offset voltage: 2mV
Low input offset current: 2nA

Input common-mode voltage range
includes ground

Differential input voltage range equal to the
power supply voltage

Large output voltage swing 0V to (Vcc -
1.5V)

Pin Connections (top view)

A
1 - Cutput 1
1 E ] . 2 - Inverting input
3 - Non-inve rtirg input
2 [ 17 4- Voo
5 - Men-inve rting input 2
3 E j G &- Invarting input 2
7 - Output 2
+ [ ] 5 8-V

Figure 7.11  Pin Connections
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7.4 2N3904
INPN switching transistor 2N3904
|
FEATURES PINNING
o Low current (max. 200 mA) PIN DESCRIPTION
« Low voltage (max. 40 V). 1 collector
2 base
APPLICATIONS 3 emitter

+ High-speed switching.

DESCRIPTION .
2

NPM switching transistor in a TO-92; S0T54 plastic 3 —_—

package. PNP complement; 2N3906. S —— 2

Fig.1 Simplified outline (TO-92; SOT54)
and symhbal.

7.5 CD74ACTO8E

® Inputs Are TTL-Voltage Compatible

® Speed of Bipolar F, AS, and §, With
Significantly Reduced Power Consumption

® Balanced Propagation Delays

® Buffered Inputs

&  +24-mA Output Drive Current
— Fanout to 15 F Devices

® SCR-Latchup-Resistant CMOS Process and
Circuit Design

® Exceeds 2-kV ESD Protection Per
MIL-STD-883, Method 3015
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CDS4ACTOS . .. F PACKAGE
CDT4ACTOE . .. EOR M PACKAGE

{TOP VIEW)
1A 1 k_J 14 ] Vee
18[]z 13|] 48
17 [] 2 12 [] 44
24 (]« 1] 4y
21B([s o (=
v [|e o T

anp 7 afl 3y

Hescription

The 'ACTOE devices are quadruple 2-input positive-AMD gates. These devices perform the Boolean function
¥ =Ae«B oY = A+ Binpositive logic.

FUNCTION TABLE

{each gate)
INFUTS CQUTPUT
A B ¥
H H H
L X L
X L L

logic diagram, each gate (positive logic)

A—
A
E—

7.6 CD74ACTI14E

® [nputs Are TTL-Voltage Compatible

® Speed of Bipolar F, AS, and S, With
Significantly Reduced Power Consumption

® Greater Noise Immunity Than Standard
Inverters

® (Operates With Much Slower Than Standard
Input Rise and Fall Slew Rates

®  +24-mA Output Drive Current
- Fanout to 15 F Devices

® SCR Latchup-Resistant CMOS Process and
Circuit Design

® Exceeds 2-kV ESD Protection Per
MIL-STD-883. Method 3015
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E OR M FACKAGE

(TOP VIEW)

14 4 - 14l Ve
1]z 12l 84
2802 1z[] &Y
v [] 2 ] 54
(] s o]l 5
¥ [e ofl 42
GHMD[| 7 al] 4

FUNCTICN TAELE
{each inverter)

INPUT | OUTPUT
A Y
H L
L H

logic diagram, each inverter (positive logic)

S

7.7 CD74ACT86E

® Inputs Are TTL-Voltage Compatible

® Speed of Bipolar F, AS, and S, With
Significantly Reduced Power Consumption

® Balanced Propagation Delays

®  +24-mA Output Drive Current
— Fanout to 15 F Devices

® SCR-Latchup-Resistant CMOS Process and
Circuit Design

® Exceeds 2-kV ESD Protection Per
MIL-STD-883, Method 3015

CDS4ACTES . . .F PACKAGE
CDT4ACTEE . . . E OR M PACKAGE
(TOP VIEW)

U

14 ]
18 []
1 ]
24 ]
28 [
v ]
&HD ]

[

o D R
oo B > RE R
L JL JL JL_JL_JL 1
(TR N
B ¥ T S

=] o h




FUNCTION TABLE
{each gate)

INPUTS QUTPUT
A B ¥
1 L L
L H H
H L H
H H L

exclusive-OR logic
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An exclusive-OR gate has many applications, some of which can be represented better by alternative

logic symbols.

EXCLUSIVE OR

T T I > I o

These are five eguivalent exclusive-0R symibols valid for an COT4ACES gate in positive logic; negation may be shown at any twa poris.

LOGIC-IDENTITY ELEMENT

P

The output is actve (low) if
allinputs stand at the same
agic level (e, A=B)L

7.8 IN40O1A

EVEN-PARITY ELEMENT

2k

P

The output is active (low) if
an even number of inputs
(e, Oor2) are active.

FEATURES

* High reliability

* Low leakage

* Low forward voltage drop
* High current capability

MECHANICAL DATA

* Case: Molded plastic
* Epoxy: UL 94%-0 rate flame retardant

* Laad: MIL-STD-202E, Meathad 208 guarantead
* Palarily: Color band denotas cathaode and

* Mounting position: Any
* Weight: 0.22 gram

ODD-PARITY ELEMENT

—_— 2k +1

The outputis active (high) if
an odd number of inputs
{i.z., anly 1 of the 2} are
acive.
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7.9 LM2903

(TOP VIEW)

U

1C0UT[]
1IM-[]
1IM+]]
GHD[]

| Ve
| zoUT
] 21M-
] 2IM+

oW R =
L& I e N 5

® Single Supply or Dual Supplies

® Wide Range of Supply Voltage:
Max Rating ... 2Vio 36V
Tested ... 2 V to 30 V Non-V Devices
Tested . .. 2 V to 32 V V-Suffix Devices

® Low Supply-Current Drain Independent of
Supply Voltage ... 0.4 mA Typ Per
Comparator

® Low Input Bias Current . .. 25 nA Typ

® Low Input Offset Current . . . 3 nA Typ
{LM193)

® Low Input Offset Voltage ... 2 mV Typ

® Common-Mode Input Voltage Range
Includes Ground

® [Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage . . . £36 V

® Low Output Saturation Voltage

® Qutput Compatible With TTL, MOS, and
CMOS

® For Single Version in $0T23-5, See TL331
Data Sheet

symbol (each comparator)
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7.10 RELAY DPCO 5V

B Suitable for handling low signals in
computer peripherals, telecommunica-
tions and security equipment

B Capable of switching loads up to 2 A

B Conforms to FCC part 68 1500 V surge
withstand

m Reliable bifurcated crossbar contacts
B Fully-sealed construction
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CHAPTER 8: THE DESIGN APPROACHES

8.1 One attempt to resolve this problem is simply to raise the signal level at the
transmitting end to so high a level that, in spite of the attenuation, the receive signal
substantially overrides the noise. Such a solution is hardly feasible on the grounds that
the signal power and consequent voltage levels at the transmitter would be difficult to
handle. For example, at 1 kHz, a telephone cable may be expected to produce attenuation
of the order of 1 dB per mile. For a 3000-mile run, even if we were satisfied with a
received signal of 1 mV, the voltage at the transmitting end would have to be 10,147
volts.

8.2 An amplifier at the receiver will not help the situation, since at the point both
signal and noise levels will be increased together.

8.3 Repeater (repeater is the term used for an amplifier in a communications
channel) be located at the midpoint of the long communications path. This repeater
will raise the signal level; in addition, it will raise the level of only the noise introduced
in the first half of the communications path. Hence, such a midway repeater, as
contrasted with an amplifier at the receiver, has the advantage to improving the received
signal-to-noise ratio. This midway repeater will relieve the burden imposed on
transmitter and cable due to higher power requirement when the repeater is not used.

The next step is of course, to use additional repeaters, say initially at the one quarter and
three quarter points and thereafter at points in between the added repeater serves to lower
the maximum power level encountered on the communications link and each repeater
improves the signal-to-noise ratio over what would result if the corresponding gain were
introduced at the receiver.

In the limit we might, conceptually at least, use an infinite number of repeaters. We
could even adjust the gain of each repeater to be infinitesimally greater than unity by just
the amount to overcome the attenuation in the infinitesimal section between repeaters. In
the end we would thereby have constructed a channel which had no attenuation. The
signal at the receiving terminal of the channel would then be the unattenuated transmitted
signal. We would then, in addition, have at the receiving end all the noise introduced at
all points of the channel. This noise is also received without attenuation, no matter howe
far away from the receiving end the noise was introduced.

This situation is actually somewhat more dismal than has just been intimated since each
repeater (transistor amplifier) introduces some noise on its own accord. Hence, as more
repeaters are cascaded, each repeater must be designed to more exacting standards with
respect to noise figure (see Sec 14.10). This limitation of the system we have been
describing for communicating over long channels is that once noise has been introduced
any place along the channel, we are “stuck” with it.
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8.4 The Operation Of A Hybrid

A hybrid, for telephone work (at voice frequency), is a transformer. For a simplified
description, a hybrid may be viewed as a power splitter with four sets of wire pair
connections.

Four-wirg transmit

'l L

network (M) b =| Two=wire connection (L |
] # =

- - i
L P

‘:) FOur=wire riceHwe

Figure 8.1 Operation of a hybrid transformer

A functional block diagram of a hybrid device is shown in Figure 8.1. Two of these wire
pair connections belong to the four-wire path, which consists of a transmit pair and a
receive pair. The third pair is the connection to the two-wire link to the subscriber subset.
The last wire pair connects the hybrid to a resistance-capacitance balancing network,
which electrically balances the hybrid with the two-wire connection to the subscriber’s
subset over the frequency range of the balancing network. An artificial line may also be
used for this purpose.

The hybrid function permits signals to pass from any pair through the transformer to both
adjacent pairs but blocks signals to the opposite pair. Signal energy entering from the
four-wire side divides equally, half dissipating into the balancing network and half going
to the desired two-wire connection. Ideally no signal energy in this path crosses over the
four-wire transmit side.

Signal energy entering from the two-wire subset connection divides equally, half of it
dissipating in the impedance of the four wire side receive path, and half going to the four-
wire side transmit path. Here the ideal situation is that no energy is to be dissipated by
the balancing network (i.e., there is a perfect balance). The balancing network is
supposed to display the characteristic impedance of the two-wire line (subscriber
connection) to the hybrid.



8.6 Repeaters for Signal Transmission

Analog repeaters are basically amplifiers that are generally used in telephone wireline
channels and microwave LOS radio channels to boost the signal level and, thus, to offset
the effect of signal attenuation in transmission through the channel.

8.7 Vf Repeaters

VF repeaters in telephone terminology imply the use of unidirectional amplifiers at voice
frequency on VF trunks. On a two-wire trunk two amplifiers must be used on each pair
with a hybrid in and a hybrid out.

v

Ampl,

=

H
r

| Wi =wirg 1,|'|1 Hyhrig s

[E}-thnrr | -TWEI-WIru".fF 2

| trunk

triink T

Amql

N = batancing netwoek (preciaon

Figure 8.2 VF repeater

The gain of a VF repeater can be run up as high as 20 or 25 dB, and originally they were
used on 50-mi, 19 gauge loaded cable in the long distance (toll) plant. Today they are
seldom found on long-distance circuits, but do have application on local trunk circuits,
where the gain requirements are considerably less. Trunks using VF repeaters have the
repeater’s gain adjusted to the equivalent loss of the circuit minus the 4-dB loss to
provide the necessary singing margin. In practice a repeater is installed at each end of the
trunk circuit to simplify maintenance and power feeding. Gains may be as high as 6-8
dB. An important consideration with VVF repeaters is the balance at the hybrids. Hence
precision balancing networks may be used instead of the compromise networks employed
at the two-wire, four-wire interface. It is common to achieve a 21-dB return loss, 27 dB is
also possible, and theoretically, 35 dB can be reached.
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8.7 Loading
In many situations it is desirable to extend subscriber loop lengths beyond the limits.
Common methods to attain longer loops without exceeding loss limits are the following:
e Increase conductor diameter.
e Use amplifiers and/or loop extenders.*
e Use inductive loading.

Loading a particular voice pair loop consists of inserting series inductances
(loading coils) into the loop at fixed intervals. Adding load coils tends to

e Decrease the velocity of propagation.

e Increase impedance
A loop extender is a device that increases battery voltage on a loop extending signaling
range. It may also contain an amplifier, thereby extending transmission loss limits.
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2N3903, 2N3904

2MN3303 Iz a Praferred Davice

General Purpose
Transistors

NPN Silicon

INPN switching transistor 2N3904
FEATURES PINNING
« Low current (max. 200 mA) PIN DESCRIPTION
« Low voltage (max. 40 V). 1 collector
b base
APPLICATIONS 3 emitter

+ High-speed switching.

DESCRIPTION ;
MPN switching transistor in a TO-92; 30T54 plastic 23 —_—
package. PNP complement 2N35086. e — 2
3
MAMZTS

Fig.1  Simplified outline {TO-92; 50T54)
and symhbal.

MAXIMUM RATINGS

Rating Symbaol Value Unit
Collector — Emitter Volage Veso 40 Vide
Caollector —Base Voltage Veso 80 Vido
Emitter—Base \Volage VEBOD 8.0 \ido
Collector Current — Continuous Iz 200 mAdc
Total Device Dissipation Po

i@ Ta = 25°C 825 iy

Derate above 25°C 5.0 mi=C
Total Device Dissipation Po

@ Te=25"C 1.5 W

Derate above 25°C 12 mi=C
Operating and Storage Junction T Taig —55 to +150 °c

Temperature Rangs

Mazirmum ratings are those values beyond which device damage can ocour
Mazirmum ratings applied to the device are indnidual siress limit values (not
normal operating conditions) and are not vabid simultansously. If these limits
are exceeded, device functional operation is not implied, damages may ocour
ard reliabilitv mav be affected.
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TO-32
CASE 29
; STYLE1
]
COLLECTOR
3 MARKING DIAGRAMS
2 i - T )
BASE N | N Y
2803 3904
YW YU
1

e NACER G

FHERMAL CHARACTERISTICS (Mat= 1)
Characteristic Symbaol Max Unit

Thermal Resistancs, =Ty 200 oW
Junction-to-Ambient

Thermal Resistancs, Riaye 233 ST
Junction-to—-Case

1. Indicates Data in addition to JEDEC Requirements.

2N3903, 2N3904

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic | Symbal | Min | Max | Unit

OFF CHARACTERISTICS

Caollector— Emitter Breakdown Voliage (MNete 2) (e = 1.0 made, 15 =0} ViERjcED 40 - Vo
Callector —Base Breakdown Voltage (I = 10uAds, [z =0) ViERjcBC &0 - Wdo
Emitter—Base Breakdown Violiage (lg = 10 wAde, 1o =0) VisriESD a8.0 - \dz
Base Cutoff Curren: (Wizg = 30 Vde, Ves = 3.0 vdc) sL - g0 nédec
Caollector Cutoff Current (Vg = 30 Vdz, Vg = 2.0 Vdg) lcEx - 0] nadc
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ON CHARACTERISTICS

DC Current Gain {(Mate 2} hre -
{lg = 0.1 méde, Veg = 1.0 Vidc) 2M3B03 20 -
2M3004 40 -
{lz = 1.0 mAde, Ve = 1.0 Vdc) 2M3303 35 -
2M3B04 70 -
({lg = 10 mAde, Vs = 1.0 Vdc) 2M3B03 50 50
2M3004 100 300
({lg = 80 made, Vs = 1.0 Vdc) 2M3303 30 -
2M3004 &0 -
(lz = 100 made, Vg = 1.0 Vde) 2M3B03 15 -
2M3B04 30 -
Caollector— Emitter Saturation Voltags (Mot 2) VieEizat Wide
= = 10 made, g = 1.0 madc) o - 02
{lz = 80 mAde, g = 5.0 mAdc - 0.3
Bass—Emitter Saturation Voltage (Mate 2) VeEzat) Wide
(lg = 10 mAde. g = 1.0 mAdc) 0.65 0.85
{l = 50 mAde, lg = 5.0 mads) - 0.25
SMALL-SIGMAL CHARACTERISTICS
Current —Gain — Bandwidth Product fr hMHz
{lz = 10 made, Vs = 20 Vde, F= 100 MHz) 2M3803 250 -
2M3804 300 -
Output Capacitance (Weg = 5.0 Vde, [g =0, F= 1.0 MHz) Cona - 40 pF
Input Capacitance (Weg = 0.5 Vdc, I =0, f= 1.0 MHz) Clba - 80 pF
Input Impedance [ ki
{lg = 1.0 mAde, Vop = 10 Vde, f= 1.0 kHz) 2M3803 1.0 B.O
2M3804 1.0 10
‘oltage Feedback Ratio hre 1074
{lg = 1.0 mAde, Vop = 10 Vde, f= 1.0 kHz) 2M3803 0.1 5.0
2M3804 0.5 0
Small-Signal Cumrent Gain haz -
{lg = 1.0 mAde, Vop = 10 Vde, f= 1.0 kHz) 2M3803 50 200
2M3804 100 400
Output Admittancs (g = 1.0 mAde, Vg = 10 Wde, F= 1.0 kHz) has 1.0 40 umhos
Maoise Figure MNF dB
{lp =100 wAde, Vop =5.0Vde, Rg = 1.0 k£, f= 1.0 kHz) 2M3803 - 0
2M3804 - 0
SWITCHING CHARACTERISTICS
. - q
Celay Time [Veg = 3.0 Vide, Vigg = 0.5 Vide, 1y 35 ns
S I = 10 mAdc, Iy = 1.0 mAdz) _ ] -
Storage Time (Vo =30 Vde, I =10 made, 2N3803 tz - 17 ns
I = Ig = 1.0 mAde) 2N3004 - 200
Fall Time t - 20 ns

2. Pulze Test Pulse Width = 300 us; Duty Cycle = 2
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Figure 3. Capacitance Figure 4. Charge Data

+3V
PUTY CYCLE = 2% el <Sus—ef b p— o
300ns —] i"'__n.j,g'.,l a7 DUTY CYCLE = 2%
i}
05 W
o A
- —af l—zins
* Total shunt capacitance of test jig and conneciors
Figure 1. Delay and Rize Time Figure 2. Storage and Fall Time
Equivalent Test Circuit Equivalent Test Circuit
ﬂ'YF'IC.ﬁ.L TRANSIENT CHARACTERISTICS
— =250
— Ty = 125°C
10 5000 L
| Vep=4V
74 A% olg = 10 =
2000 [~ N
1] —_ L= 1T
UL & 1000 —
- w7 -
L TG @ s
30 S ' F 0 A~
T = 3
k 1] o 30 THI T & y,
20 Com [l 200 T 7
"‘,_““‘“‘- ______"____-_________.. QJ' /.-
[ 100
i} i
10 5]
a1 02 03 0540710 20 30 507010 o 30 4 1.0 20 30 5070 10 20 30 50 TOO100 200
AEVERSE BIAS VOLTAGE (VOLTS) I, COLLECTORA CURRENT (mé&)
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500 = UL LI 500 =5 TTTIT 1
_— ela=10 _| o Vop =4V
300 . — 300 -
™, B oy = 10
20 R 200 -
N N TN
[
100 e g W =
e e S L@Ve=30v] = T +
= M= Sy L = P
50 \ e Y "l = 50 oy
N NN ]y PN
20 N NSNS ] v = 0 = 17
20 1 =T = =20 =
= == 17[ 15v
10 = ~ 10
i
7 W @Voa=0v —p 20V
g - g
14 20 30 507010 X 30 50 T aili] 14 20 30 507010 20 30 50 TO 100 2
lz. COLLECTOR CURRENT [mA) lz, COLLECTOR CURRENT fma)
Figure 5, Turn—0n Time Figure 6. Rise Time
2N3903, 2N3904
TYPICAL STATIC CHARACTERISTICS
= 24 T T T I
E Ty =+125°C Ve =10V —
.?.;' _._._--_-_.____________1..--"' -_H-"""'"--..._‘_‘
=10 — - +25°C —
2 — — — B T
= =] 1"
= 07 = —— T o o
3 0s _— -55°C M
= | e -
—— — -
E 03 T . ™
= o]
o | [~
2 s [ \
-
e N NN
p= \“V
0.1 N
01 02 03 as 07 149 29 34 50 T0 10 il il 5 W 1 fuili]

I COLLECTOR CURAENT {mé)
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0 ! I TTI
1 Ty=25%C 1
E
o =10mA 10mA | 30ma | 100 ma
| \
a8
SEet ‘-
a8 h ™
\ 1]
= ( N[
a2 - \H‘H“"—-—-._ s —
e~ | 1 | | e S
‘o Q02 003 005 007 O 0z 03 05 07 10 20 a0 50 70 1

Iy, BASE CUARENT [ma)

Figure 16. Collector Saturation Region
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CD54ACT08, CD74ACTO08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

® |nputs Are TTL-Voltage Compatible

® Speed of Bipolar F, AS, and §, With
Significantly Reduced Power Consumption

® Balanced Propagation Delays
® Buffered Inputs

®  +24-mA Output Drive Current
— Fanout to 15 F Devices

® SCR-Latchup-Resistant CMOS Process and

Circuit Design

® Exceeds 2-kV ESD Protection Per
MIL-STD-883, Method 3015

CD54ACTOS . .. F PACKAGE
CDTAACTOR . . EOR M PACKAGE

(TOF VIEW)

18[ e | Ve
18[] =2 12] 46
17 ] 2 12 [] 44
25 (] 4 0 || ay
28(]s |l 28
v []e gl za
anp (7 gl 3y

Hescription

The 'ACTOS devices are quadruple 2-input positive-AND gates. These devices perform the Boolean function

¥ =Ae«BorY = A + Binpositive logic.

FUNCTION TABLE

{each gate)
INFUTS CUTPUT
A B ¥
H H H
L X L
X L L

logic diagram, each gate (positive logic)

)
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Flease be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thersto appears at the end of this data sheet

Copyrght € 2002, Texas Instruments Incorporatad

RﬁEUﬂm DATA in‘i\:_‘lpli_m i wrr':rt [ g.lplﬂmhbm date, .

ucrti ccrhomm to apsaorliotions per the tame of Tao Inerumanta O praslucte o omplant bo MIL-PRF-JECIE, ol parameten ars teoted

wtandard warranty. Produstion processing doss nat nessevarily include ¢ TEm urlr:dmhmior nated. On gl mhrfr::m praduction

taating of all porarmhers. [ processing doss ot neces sarly inchuds teeling of all parametare,
FOST OFFICE BOX 555303 ® DALLAE, TEXAE T5265 1

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUpPlY VOB gE FANGE, W o e -05viwoEY
Input clamp current, Iy Vi =0orVy=Veel(seeNote 1) ... +20 mA
Output clamp current, log (Vo <=00or¥o =Yool (see Note 1) oo o +50 mA
Continuous output current, I (Vo =010 Veoo) oo +50 mA,
Continuous current through Ve of GND e +100 maA
Package thermal impedance, 6, (see Note 2): Epackage ... . .. .. ... ... anrchn

Mpackage ... ... ... 3eChN
Storage temperature range, Tstg ................................................... —65%C to 150°C

recommended operating conditions (see Note 3)

Ta=25°C _d.g;ECm _515;:5:"50 UNIT

MIN  MAX | MIN MAX MIN  MAX
Ve Supply voltage 4.5 5.5 4.5 556 45 5.5 W
WIH  High-level input voltage 2 2 2 W
ViL Loww-level input voltage D.a 0.5 0.2 W
"."| nput voltage ] 'u".:.: [u] "."CC o 'u".:.: W
Vo Cutput voltage 0 Veo 0 Ve 0 Vego W
lgy  High-level output current —24 24 —24 mA
oL Low-level output current 24 24 24 mA
Atldv  Input transition rise or fall rate 10 10 0| ns'Vv

MOTE 3 All unused inputs of the device must be held at Vo or GHND to ensure proper device cperation. Refer to the Tl application report,
Implications of Slow or Floafing CAMOS Inputs, literature number SCBADDS.
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PARAMETER MEASUREMENT INFORMATION

0 2=V TEST s1
From Output & Open tPLHtPHL Open
Under Test GND tpLZitpzL 2 x Ve
C = 50 pF tPHZIYPZH GND
[see Note A)
e v —!
T - | | av
LOAD CIRCUIT Input XLE v Xw v
ov
VOLTAGE WAVEFORMS
PULSE DURATION
Refe v
av eference
Input X‘ AV X ov

|
lh'tﬁ-u'.'f"_ th—l-ll

—b — trec ———av
| 3V Data 15vz,2||9”“ 0N 15y
Inpaut 3 p
CLK 15V PUt qpap | | ¥ 10% oy
______ oV —» et —» je—tf
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
RECOVERY TIME SETUF AND HOLD AND INFUT RISE AND FALL TIMES
———————— av
Jnput 15V 15V Output v
15V 15V
v Control oV
|L'— tPLH —ﬂl |L'l— tPHL —l'll | I
. t t
in-Phase | e T somR . VoH ouput T2 _'1 r'_ FLE v
Cutput ,ng.':'.b% I I I 5'“6’0::'3'3 Waveform 1 =VCC
VoL S1at2= Voo 20% Voo
| —» [t | . _:Li H_ [see Mote B) : ———VoL
—
N~ teL _.1| [ teLn Vou tpz M - - tpyz
Out-of-Phase 0% TN 503 v 505 2 90% Output I I v
Output |} 10% 10% £ ——vo Waveform 2 ﬂc OH
S1 at GND
Mok ’ tr [see Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

OUTPUT ENABELE AND DISAELE TIMES

‘{’ TEXAS
INSTRUMENTS

FOST OFFICE BOX 555303 % DALLAE, TEXAS 75265 3
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Inputs Are TTL-Voltage Compatible

Speed of Bipolar F, AS, and 5, With
Significantly Reduced Power Consumption
Greater Noise Immunity Than Standard
Inverters

Operates With Much Slower Than Standard
Input Rise and Fall Slew Rates

+24-mA Qutput Drive Current

- Fanout to 15 F Devices

SCR Latchup-Resistant CMOS Process and
Circuit Design

Exceeds 2-kV ESD Protection Per
MIL-STD-883, Method 3015

CD74ACT14
HEX SCHMITT-TRIGGER INVERTER

E OR M PACKAGE

(TOP VIEW)
140 1 - 11l Vee
17 [] 2 12|l 64
2402 1zl 6y
el | I o 1
38l s 10l 5
3 [] e of] 44

GHD[] 7 all 4y

FUNCTION TAELE
{each inverter)
INFUT | QUTPUT
A W
H L
L H

logic diagram, each inverter (positive logic)

A

o



CD74ACT14
HEX SCHMITT-TRIGGER INVERTER

SCHE313A - NOVEMSER 2002 - REVISED NOVEMBER 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPlY vOlR0E AN, Vo« . i 05V iwoG6YV
Input clamp current, e Vi =0orVi=Veel(seaMNote 1) .o +20 mA
Cutput clamp current, log Vo <=0orVo=Veel(see Note 1) oo +50 mA
Continuous output current, 1o Vo =010 Vo) oo +50 mA
Continuous current through Ve or GND L. +100 mA
Package thermal impedance, 8, (see Note 2): Epackage ... ... ... ... ... .. ... a0*CrwW

Mpackage .. ... ... ... ... .. ... ... e CIw

Storage temperature range, Tstg .................

CD74ACT14
HEX SCHMITT-TRIGGER INVERTER

SCHS3 194 - NOVEMBSER 2002 - REVISED NOVEMBER 2004

.................................. -85°C to 150°C

PARAMETER MEASUREMENT INFORMATION

0 2= Voo

From Output C Open
Under Test GMND
Cp =50 pF
[see Note A) I R2=5000

LOAD CIRCUIT
CLR i

Input 15V
———————— ov

—H [ trac
| av
CLK 1.5V
—————— ov
VOLTAGE WAVEFORMS

TEST 51
tPLHYPHL Open
tpLzitPzL 2x=Vee
tPHZItPZH GND
f—— tw ———»
[ I av
Input Xtﬁ‘u' X‘LE\I‘
ov

VOLTAGE WAVEFORMS
PULSE DURATION

Reference

Input X1 i

}‘“tﬁu"'}‘._ th —Hl
—— 3V

Data . =
Data 15 7 a0 0% 4 5y
Pl 0% | | 0% gy
— et —» |t
VOLTAGE WAVEFORMS

X
ov
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———————— av
Input 165V 165V v
Output 15V 15V
ov Control oV
|L1— tPLH _HI I“— tPHL — | —I-Il .
, t t
in-Phase | F T prorre < I L output FZ- M |H_ o FLE
Dutput Johe I I I 50% Vcc Waveform 1 - “Vco
Vo Stat2= Ve WhVoe y 20% Voo
lH —H. — }.‘_ —I'.| — b [see Mote B) | T ———VoL
— tPHL tPLH
— | VOH tpzy —» lhl— —»l rl— tpyz
Out-of-Phase 30% | 50% Voo 5‘?"3 0% Output — — — Vou
Output | 10% 0% F+——vou Waveform 2 B0% Vo X 80% Vo
S1 at GND
Mot g (s=e Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY AND OUTPUT TRANSITION TIMES COUTPUT ENABLE AND DISAELE TIMES

wwnw tl.com
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CD54ACT86, CD74ACT86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

® [nputs Are TTL-Voltage Compatible

® Speed of Bipolar F, AS, and S, With
Significantly Reduced Power Consumption

® Balanced Propagation Delays

® £24.mA Output Drive Current
— Fanout to 15 F Devices

® SCR-Latchup-Resistant CMOS Process and
Circuit Design

® Exceeds 2-kV ESD Protection Per
MIL-STD-883, Method 3015

CDS4ACTES .. F PACKAGE
CDT4ACTEE . . E OR M PACKAGE
(TOP VIEW)

|,

14 ]
1B ]
17 ]
24 ]
28 []
e |
aMD ]

[

[ N T O
-
I JL JL JL JL_JL ]
Lo L e e b o
T I S i e

= o h

FUNCTICN TABLE
{each gate)

INPUTS CUTPUT

A B Y
L L
L H
H L
H H L




exclusive-OR logic
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An exclusive-OR gate has many applications, some of which can be represenied better by alternative

logic symbols.

EXCLUSIVE OR

— ) o— T Oo— —d o= ) e

These are five eguivalent exclusive-0R symbeols valid for an COT4ACEE gate in positive logic; negation may be shown at any twa ports.

LOGIC-IDENTITY ELEMENT

P

The output is actve (low) if
allinputs stand at the sams
agic level {ie., A=B)L

EVEN-PARITY ELEMENT

2k
=

The output is active (low) if
an even number of inputs
(e, Oor2) are active.

ODD-PARITY ELEMENT

2k +1

The outputis active (high) i
an ocdd number of inputs
{i.e., only 1 of the 2} are
acive.

CD54ACTa6, CD74ACT86

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

FCHI322 - JANUARY 2003

electrical characteristics over recommended

otherwise noted)

operating free-air temperature range (unless

Ta = 250C -55°C to —40°C to
PARAMETER TEST CONDITIONS Ve A 125°C a5°c UNIT
MIN MaX | miN max| MiN MmAx
IoH = —50 pA 45V 44 4.4 44
) ) IoH = —24 mA 45V 3.04 37 38
¥oH W)= Vi e VL v
lgp = -50 mat 55V 3.85
loH =-T5 mal 55V 3.65
lgL =50 pa 45V 0.1 01 0.1
) ) loL =24 mA 45V 0.38 05 0.44
VoL W)= Vi er VL v
laL =50 mat 55V 1.65
oL =75 mat XY 1.85
| V| = Vi or GND 5.5V +0.1 +1 + uA
oo W= Veooor GND, lg=0 AWV 4 = 40 pna
W
Aloct VisVoo-21v 4;,5: .::D 24 3 25 A
[ 10 10 o] eF
PARAMETER MEASUREMENT INFORMATION
0 2=Vee TEST 51
From Qutput & Open tPLHAPHL Open
Under Test GND tpLZitPZL 2x=Vce
CL =50 pF tpHZ/tPZH GND
[see Mote A)
— tw —
= = = | I av
LOAD CIRCUIT Input X‘I.E v X‘LE v
oV

VOLTAGE WAVEFORMS
PULSE DURATION
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Refe av
. IV eference } { }{
CLR Input 1.5V
Input 18V | ov
T ov l“‘ tsy —We— th _.'ll
—H [ trec _
Data |4 30% 30% &) 2V
| v Input 1AV 415V
CLK 16V 10% [ | 410 gy
—————— oV — et —» j—tF
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
RECOVERY TIME SETUF AND HOLD AND INPUT RISE AND FALL TIMES
________ 3V av
Input 15V 1.5V
_/r( Qutput 15V 15V
oV Control oV
|L|— tpry —» |L'l— tpyL — | I
; | | ; |___-.,r tpz —¥ f— —» l—tpz
n-Phase ) an% | 90% R T YOH Cutput | ] v
Output | 13&% I I I 501'55;:'3'3 Waveform 1 =vecC
VoL S1at2=Vee 20% Ve
lH —"'I. — . —"1_'..| fe—t {see Note E] : ———VoL
— tPHL PLH
— | I Vou tPzH —M b— e tpyz
t-of-Phase 0% [¥ 50% Viee 50% 0% Output l l —_——
Output k 10% 10% £t ——voL Waveform 2 B0% Voo & 80% Ve O
1 at GND
Mo . [see Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

OUTPUT ENABLE AND DISAELE TIMES

‘3 TEXAS
INSTRUMENTS

FOST OFFICE BOX 555303 ® DALLAS, TEXAS 75265
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N RL
@ DC COMPONENTS CO., LTD. 4001A /101
®

THRU

RECTIFIER SPECIALISTS 1N RL
40074 [ 107

=

TECHNICAL SPECIFICATIONS OF SILICON RECTIFIER
VOLTAGE RANGE - 50 to 1000 Volts CURRENT - 1.0 Ampere

FEATURES

* High reliability

* Low leakage

* Low forward voltage drop
* High current capability

MECHANICAL DATA

* Case: Molded plastic

* Epoxy: UL 94%-0 rate flame retardant

* Laad: MIL-STD-202E, Meathad 208 guarantead
* Palarily: Color band denotas cathaode and

* Mounting position: Any

* Weight: 0.22 gram

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25°C amblent temperature unless otherwise specified.
Single phaszs, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.
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it
A405
. 25 (0.6} A,
1,0 (26,4 21 (0.5
MIM,
205 (5.2) u
166 (4.2) Ty 107 i2.7)
|"f DlA,
080 (2.0}
1.0 (25.4)
MM,
Dimensions in inches and {millimetars)
A0 A (1 MNA0T2A |1 NA00AA [1MNA004A  INA005A [1NA006A | 1NA00T A
EYMBOL RL1M | RL102 | RL103 | RL104 | RLIOS | RL106 | RL1OT | UNITS
Maximum Recurrent Peak Reverse Vollags VR 5l 100 20 400 il 800 | 1000 | Vais
Maximum RMS Vdtage Vamz 35 T 140 280 420 5al) 70 | Vol
Maximum DC Bocing Valtage Voc 51 100 il 400 &0 300 1000 | Vobs
Maximum Average Forward Rectified Current
at TA = 55°C I 1.0 Amps
Peak Forward Surge Currant, 8.3 me gngle half sna-wave ;
superimposed on rated load (JEDEC Method) IFaM + Amps
Maximum Instantansous Forwand Vaollage at 1.04 D VE 11 Wit
Maximum DC Reverss Current @Ta= 25°C 50 -
ai Rated DC Blocking Voltage @Ta = 100 . 500 P
Mammum Full Load Reverse Current Average, Full Cyde 0 uAmgs
A75*(9.5mm) lead length al TL = 75T
Typical Junction Capaciance (Nate) [#l) 15 pF
Typleal Tharmal Resistance Rids 51 oW
Operaling and Starage Bmperalre Bangs Ty, Tama -5 10+ 175 "

MOTES @ Meazurad a1 1 MH and applisd reverse vollage of 410 volz




RATING AND CHARACTERISTIC CURVES

AVE

GE CURRENT, [A)

PEAK FORWARD SUR(

RAGE FORWARD CURRENT, (A)

FIG, 1 = TYPICAL FORWARD CURRENT
DERAT|NG CURVE

1.0
B
B
A
Single Phase
f= Hall ‘Wave E0Hz
! Rasistive or
- |nductive Load
0 I
0 25 B0 75 100 125 150 175

AMBIENT TEMPERATURE, (C)

FIG. 3 = MAXIMUM NON-REPETITIVE FORWARD
SURGE CURRENT

T TTTTm
a0 8,3ms Singla Hall Sire-Wava _| |
(JEDEC Mslhod)
0
. ™
20 =
'h..‘“
10 P~
My
‘h""iluu
0
1 2 4 6610 20 40 60B0100

NUMBER OF CYCLES AT 80Hz

110

OUS FORWARD CURRENT, (A)

INSTANTAM

INSTANTAMECQUS REVERSE CURRENT, (ud)

1N4007A
RL107

1N4001A

RL101 THRU

FIG, 2 - TYPICAL INSTANTANEOLUS FORWARD
CHARACTERISTICS

20
10
——
,J
4
2 A
1.0 /
7
7
4 }’
2
. Vi Ty= 25T |
' ra Pulse Widih=300 3 5 =
1% Duly Cycle —
04 f
a2 1
m
B 3 1.0 1.2 14 1.5

INSTANTANEOUS FORWARD VOLTAGE, (V)

FIG, 4 - TYPICAL REVERSE CHARACTERISTICS

10 T T T
A fM
== T4=100C
i P
0
4
4 T 25T
01 |

0 20 40 &0 B0 100 120 140
FERCENT OF RATED PEAR REVERSE VOLTAGE, (%)
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FIG. 5=TYPICAL JUNCTION CAPACITANCE

200 TT T

EFET

E. [pF)
[}
=

e
L=
=

JUNCTION CAPACITAN

T = L =]

d 2 4 1.0 2 4 10 20 40 100
REVERSE VOLTAGE, (V)

e @ DC COMPONENTS CO., LTD.
o
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&7 LM158, LM258, LM358
N A LM158A, LM258A, LM358A

Internally frequency compensated
Large DC voltage gain: 100dB

Wide bandwidth (unity gain): 1.1mHz
(femperature compensated)

Very low supply current/op (500pA)
essentially independent of supply voltage

Low input bias current: 20nA
(femperature compensated)

Low input offset voltage: 2mV
Low input offset current: 2nA

Input common-mode voltage range
includes ground

Differential input voltage range equaltothe
power supply voltage

Large output voltage swing 0V to (Vee -
1.5V}

DIP-8
(Plastic Package)

* »

D&S
50-8 & mini 50-8
{Plastic Micropackage)

*

P
TSSOPs
(Thin Shrink Small Qutline Package)
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Pin Connections (top view)

1 ~ g 1- Output 1
E ] 2 - Invarting input
3 - Non-inve rtirg input
[ 17 4- Vo'
5 - Mon-inve rtirg input 2
3 E j & &- Inverting input 2
7 - Cutput 2
+[ [15 s-v .t

Figure 1. Schematic diagram {1/2 LM158)

OLNING)

100

Ce

Q2 Q3

Imverting
o o4

input

Qg 4

MNon-inverting 0 ‘—[51 1 )
input

(8] ]

Output

GND




1 Absolute Maximum Ratings
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Table 1. Key parameters and their absolute maximum ratings

Symbol Parameter LM158,A LM258. A LM3as8.A Unit
WCC | Supply voltage +/-16 or 32 W
Wi Input Voltage -0.3 to +32 W
Via Differential Input Voltage +32 "
Prot Power Dissipation ! 500 miy
Output Short-circuit Duration 2 Infinite
lin Input Gurrent 2 50 mA
Teper | @perating Free-air Temperature Range -ESto +125 | -40to 4105 | 0 to +70 o
TQIEI Storage Temperature Range -65 to +160 °C
Ti Maximurn Junction Temperature 150 oG
Rihja | Thermal Resistance Junction to Ambient?
S08 125 =G
TSSOPs 120
DIPs a5
miniS0& 190

LM158, LM258, LM358, LM158A, LM258A, LM358A

Electrical Characteristics

Figure 2. Open loop frequency response

Figure 5. Voltage follower pulse response

OPEN LOOP FREQUENCY RESPONSE (NOTE 3)

140 T T T T
120 QAuF

T oo v

= = Vool

< a0 \

o \ Vi

w -

% &0 -

% 40 \

=

20 v = +100 + 18V &
207G § Tamb o +125°C
0 | | |

LR T T B 1

\\
1k 100k 1M 10M

FREQUEMNCY (Hz)

VOLTAGE FOLLOWER PULSSE RESPONSE
{SMALL SIGNAL)
&0 T 1
=
E
w AT &0
E =l T o ]nl
=
gm0 —+ 1 ;
3ot T
c nput
2 e
5 \ Cutput X
=z e
U Tamky = +25°C
250 e
a1 2 3 4 s & 7 8
TIME (s}




Figure 8. Output characteristics
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Figure 11. Positive supply voltage

OUTPUT VOLTAGE REFERENGED
TO Vet (V)
F o

CUTPUT CHARACTERISTICS

Voo

3 Independent of Vine
Tamb =+25°C
2
Iy
1
0,00 001 i 1 00

CUTPUT SOURCE CURREMNT {ma)

160 |
R, =20k& -
@
% 120 =]
= P ™
3 R, =2k0
w B0 L= .
(]
=
o 40
=
0 10 20 30 40

POSITIVE SUPPLY VOLTAGE (V)

Figure 10. Input veltage range Figure 13. Supply current
INPUT WVOLTAGE RANGE SUPPLY CURRENT
15 4 T T
- F |
2 / E 3l
L
@ 10 4 =
é Nagative / x|
5 d Positive =T
o 5 — a 0°C to +125°C
£ / a1 —t—t
/| v |
Tamb = -65°C
o 5 10 15 0 10 20 an

POWER SUPPLY VOLTAGE (£V)

POSITIVE SUPPLY VOLTAGE (V)

7

STMicroalactronics group of companias
Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Isragl - ltaly - Japan -
Malaysia - Malta - Morocco - Singapore - Spain - Sweden - Switzerand - United Kingdom - United States of America

wwrw.st.com

16/15
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LM193, LM293, LM293A
LM393, LM393A, LM2903
DUAL DIFFERENTIAL COMPARATORS

(TOP VIEW)

.

10UT[] 1
1IN-]] 2
1N=+]] 3
GND[| 4

| v
]EOUT
| 21N-
] 21N+

th & =] m

Single Supply or Dual Supplies

Wide Range of Supply Voltage:

Max Rating...2Vto 36V

Tested ... 2V to 30 V Non-V Devices
Tested . .. 2 V to 32 V V-Suffix Devices
Low Supply-Current Drain Independent of
Supply Voltage ... 0.4 mA Tvp Per
Comparator

Low Input Bias Current ... 25 nA Typ

Low Input Offset Current . .. 3 n& Typ
(LM193)

Low Input Offset Voltage . .. 2 mV Typ
Common-Mode Input Voltage Range
Includes Ground

Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage .. . 236 V
Low Qutput Saturation Voltage

Output Compatible With TTL, MOS, and
CMOS

For Single Version in S0T23-5, See TL331
Data Sheet

symbol (each comparator)

*9 TexAs

INSTRUMENTS

FOST OFFICE BOX 555303 ® DALLAS, TEXAS TE52E5
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schematic (each comparator)

- UCC
™y BO-pA
o Current Regulator
COMPOMNENT COUNT
Epi-FET 1
Diodes 2
Resisors 2
ouTt Transistors 30
GMD

Current values shown are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Ve (see Note 1)
Differential input voltage, Vg (see Note 2)
Input voltage range, V| (either input)
Cutput voltage, Vi
Cutput current, 1o
Dwration of output shor-circuit to ground (see Mote 3)
Package thermal impedance, 8, (see Notes 4 and 5). D package
DGK package
F package
PS5 package
PW package
Package thermal impadance, 8 (see Motes 6 and 7): FK package
JG package

Operating virtual junction temperature, T
Case iemperature for 60 seconds: FK package

Lead temperature 1,6 mm {1/16 inch) from case for 60 seconds: JG package . ... ... ... ......
. —65°C to 150°C

Storage temperafure range, Teig

________ +36 W
-0.3Vio 36V
......... Y
....... 20 mA
Unlimited

97=CrW
172°CIW

a5°ChW

95°CIW
149°CHW
A B1°CIN
14 5°CAN
180°C
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electrical characteristics at specified free-air temperature, Vi = 3V (unless otherwise noted)

LM233A
LM2303
FPARAMETER TEST CONDITIONS Tat LM333A UNIT
P TP MAX
Voo =5 W io Maxd, FEC 2 7
Vio Input offset voltage |V =14V, - mV
Vi = Vigimin) Full range 15
I Input offs rrent W 14W =< 2 = = A
Is] np et cu Wi =1 SyTpe— =0 n
] ot s ez 14 25°C -25 25 ol
1= nput bias cumrsnt Vo =14V =yrp— oo n
2800 . :
v, Commaon-mode - 5 Vo185 o
ICR  input voltage range$ - N
Full range
Large-signa Voo =18W,
D differential-voliage Vo =14Wio 114, 25°C 200 ao Wim
amplification RL 215k o Voo
High-level v,  \ip=1V 2EC 0.1 D1 50| naA
OH  cutput curent VoH = Voo ML VD=1V Full range LA
Low-level 2H0C 180 150 400 N
Voo output voltage lgp =4 mA, Vip=-1V Ful range 200 mVy/
owe-lavel e = E V=t J— o
oL output current VoL =1.5V, Vip=-1V 25°C 6 mé
Voo=8W 25°C 0.8 1 0.8
e Supply cumrent R = - b
Vep=MAX | Full rangs 25 25

Q’ TEXAS
INSTRUMENTS

FOST OFFICE BOX £55303 ® DALLAE, TEXAE 75265
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I
FAIRCHILD

SEMICONDUCTOR® www.fairchildsemi.com

LM2903/LM29031,LM393/LM393A,
LM293/LM293A

Dual Differential Comparator

Features

Single Supply Operation: 2V to 36V

Dual Supply Operation: + 1V 1o £18V

Allow Comparison of Voltages Near Ground Potential
Low Current Drain 200pA Typ.

Compatble with all Forms of Logic

Low Input Bias Corrent 23n4 Typ.

Low Input Offset Current +5n 4 Typ.

Low Offset Voltage 1mV Typ.

Description

The LM2003/ L2903, LM393/TM303A TM2IG3/
IW2034 consist of twe mdependent voltage comparatars
designed to operate from a single power supply over a wide
voltage range.

8-DIP

&

B-SOP

«
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L ] U
N1 =}
IN1[+) N2 —)
INZ(+)

Voo O . -

Internal Block Diagram

Schematic Diagram

o

Fre

M (=}

™ -0

GHD O

O QUTRUT
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Parameter Symbol Value Unit
Power Supply Voliage Vee +18 or 36 W%
Differential Input Voltage VIiDIFF) 36 W
Input Voltage W) -03 10 +36 W
Cutput Short Circuit to GND - Continuous -
Power Dissipation, Ta=25°C
8-DIF Po 1040 mi
B-50P 480
Operating Temperaiura
LM303/LM3534 0~+70
LMZ803 T -40 ~+85 a0
LM2903I oFR -40 ~ +105
LMZ293/LM25834 -25 ~ =85
Storage Temperature TsTG - G5~ +150 “C
Typical Performance Characteristics
= T [ |
] : e
e L ——2m o T
!,.-I"'j-::"“ j-n-f_.-"-"_.r =]
i -'T-"-_ e _.‘_____...--"'"'"-__ - d____,.--""' i =
E &, .--F‘.I.L“:-?FT:_. - g - | —
£ | LT - I P
- Ta _'Tc = -] M el
, o
| | Vo= v
o l Hom o | i | P TR
a & m m m @\ = m = e

ENPFLY WOLTADE (V)

Figure 1. Supply Current vs Supply Voltage

E
%
§
;
E -
o | = 1H
= - - = [ 16
CRTRUT SIMK SURRENT (et
Figure 3. Cutput Saturation Voltage vs Sink Current

I
FAIRCHILD

]
SEMICONDUCTOR?®

BUPELY YOLTAOE (W]

Figure 2_ Input Current vs Supply Valtage

Ty=25°C

e ||
ol
g

? Rl
L

E ag

E 18

Figure 4. Response Time for Various Input
Crhverdrive-Megative Transition

www.fairchildsemi.com
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OMRON.
Low Signal Relay GSV-2

B Suitable for handling low signals in
computer peripherals, telecommunica-
tions and security equipment

B Capable of switching loads upfo 2 A

B Conforms to FCC part 68 1500V surge
withstand

B Reliable bifurcated crossbar contacts
B Fully-sealed construction

a—
B CONTACT DATA
Load Resistive load (pf.= 1)
Rated load 0.50 A at 125 WAC
2 Aar20VDC
Contact material Ag (Au clad)
Carry current 24
Max. operating voliage 125 WVAC
125vDC
Max. operating current 24
Ma. switching capacity B2.50 WA
GOW
Min. permissitle load 10 pA, 10 myDC
pﬁ‘u’_z OmRON G5V-2
B COIL DATA
Standard type
Rated Rated Caoi Coil inductances Fick-up Dropout Maximum | Power
voltage current resistance [Ref. value) (H) voltage voltage voltags consurmnpiion
(vVDT) (ma) (€2 Armature OFF | Armaturs ON | % of rated voliage (i)
3 166.70 18 0.04 0.05 TE% max. | 5% min. 120% max.| Approe. S00
5 100 50 0.08 0.1 at85°C
1400
5] B3.30 72 0.18 0.18 (148°F)
] 55.60 182 0.3 0.48
12 41.70 288 0.47 0.74
24 20.80 1,152 1.28 2.88
48 12 4,000 — — 110% max.| Approe. 5280
at G0°C
{140°F)
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Contact resistance

50 mil max. GEV-2, GEV-2-H, 100 mi2 max. G5W-2-H1

Operate time

7 ms max. (mean value: approx. 3.5 ms)

Release time

3 ms max. (mean value: approe. 0.8 ms)

Bounce time Operate Mean value: approe. 0.5 ms
Release Mean value: appros. 3.5 ms
Operating frequency Meachanical 38,000 operations/hour
Electrical 1.800 operations'hour {under rated load)

Insulation resistance

1,000 ML rin (at 500 WVDC)

Diglectric strength

1,000 VAC, 50/80 Hz for 1 minute betwesn coil and contacis

1,000 VAC, 50/80 Hz for 1 minute beiwesn contacts of different poles
750 WAC, 50080 Hz for 1 minute between contacts of same poles
(500 WAL, 80/80 Hz for 1 minute betwesn contacts of same poles for
ulira-sensitive type)

Surge withstand voliage

1,600 10 X 160 ps (conforms to part 88 of FCC rules)

\ibration

Mechanical durability

10 w2 55 Hz, 1.50 mm (0.5% in) doubkle ampliude

Malfunction durability

Shock

Mechanical durability

1.000 m/s® (appros. 100 G)

Malfunction durability

200 mis? [approx. 20 (3)

Ambient temperaturs

DOperating/siorage

=257 to T0PC {-13° to 158°F)

Hurmidity 35% to 85% RH

Sarvice life Meachanical 18 million operations min. (at operating frequency of 25,000 operations/hour)
Electrical See "Characteristic Data”

Wigight 5 g (0.21 az)

B CHARACTERISTIC DATA

Maximum switching capacity

Riabesd operling currerd (A

Electrical service life Ambient temperature vs.

maximum voltage
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I T —: r
| T
| f===5== = . ]
a0 | 1| —— = - —
! %% b+ A rusiniivw kowel - 'l \\_ J-‘_BN':‘CIInTmnd ._'\
L% | & . 1 - \
! j 1 | | €
B — - g L c |
— - £ i L T — ————— g- 2
A " "“‘.’“"""'__ LN i E-S us.\:ll:-nlnhl-m_— = |
4 | ] = etk i ] B ol B )
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Y 1 A 1] 5 —
El \ . N |
_ I HEEEE = B N S —
o | i ====== | | H T |
| T 1 -
- - .I, T s 0 ] B B
) ] ] £ a a5 L] a & [ = Fr) [ TR T T
Fated cperatng voitage (V) Fiaizd cpemsng current (A} Amiient temperature [°C (*F1]

—— 42 WDC coll voRkage (standard typel
— Al ciner types and voliages
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Dimensions

Unit: mmn (inch)

B RELAYS
Fully-sealed
2054807 000 |38
fra—— 1 h = THAR. ——
113
| 453
.mII.
on ——_ . L
] [ ] |:1'355:|
¢E’1%1- 782
as5 h
L0am 1200

Terminal arrangementinternal
{bottom view)

T ddigm ]} mb|
b e
fiek oo
Mark

Mounting holes
[bottom view)

254

1100y
e £10(039) din. ol
P Man S100 1.:@4':1’
i L ] 1
E'Igﬁl i IH !
i ere et
] i

e 1.3 [057) 1.3{051)
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| MH88610
MITEL Subscriber Line Interface Circuit (SLIC)

Preliminary Information

Features

= Transformerless 2-wire to 4-wire conversion
+  Battery and ringing feed to line

«  Off-hook and dial pulse detection

*  Ring ground aver-current pratection

+  Loop length detection

« Constant current feed

LEGMD WBat WDD VEE  GNDA
i . .,

TF - - - 2-40ire to VR
TIF - Current &Volage 1 4-ire
RING - Sensing onversion = v
RF -
‘ !
RY
Cger Current '
rotectio
" VRef
Constant ~ LGDF‘ . LooR
Current Supervision =R
Feed e
CAP

Figure 1 - Functional Block Diagram
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T F
LPGHD
VR
VRef

e

=

GNDA
LOOP
WX
TIF
RING
q:
VDD
Ic

IC
R
Ic
NG
WBat

SHK

=l @ n b b=

Figure 2 - Pin Connections
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l
] r
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il
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MHESE1D
v L
10
HING ()} ———
Vet -
(&3
1
rF
IFH
(5
Wl
o3 y el
18] oy ERE
b R
Az
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RHCIRL
MELEY
LT

THIF
FILTER
A TRl

gz = NOE] e (A0nA |

[ ek

Flgurs & - Applloabon Clroult
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@ MITEL MH88422

Data Access Arrangement
SEMICONDUCTOR Preliminary Information

Features

+  FAX and Modem interface (v29)

«  Variants available with different line
impedances

+  Provides reinforced barrier to international PTT
requirements

+  Transformerless 2-4 Wire conversion.

+ |ntegral Loop Switch

+  Dial Pulse and DTMF operation

+ Line state detection outputs

+  Loop current/ringing outputs

+  Single +5Y operation, low on-hook power

(BEMYW)

Full duplex data transmission

Isolation Barrier
— oD
— AGMD
Opto- Logic Input e
TIP % nput Buffer (—I Isclation Buffer N
&
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Figure 1 - Functional Block Diagram
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Preliminary Information
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Figure 2 - Pin Connections
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Figure 3 - Typical Application Circuit
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