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DuSLIC

Preface

This document describes the DuSLIC chip set comprising a programmable dual channel
SLICOFI-2x codec and two single channel high-voltage SLIC chips. For more DuSLIC
related documents please see our webpage at http://www.infineon.com/duslic.

Synonyms
To simplify matters, the following synonyms are used:
SLICOFI-2x:  Synonym used for all codec versions SLICOFI-2/-2S/-2S2

SLIC: Synonym used for all SLIC versions SLIC-S/-S2, SLIC-E/-E2 and
SLIC-P

Organization of this Document
This Product Overview is divided into six chapters. It is organized as follows:

e Chapter 1, Overview
A general description of the product, list of its key features and some typical
applications.

» Chapter 2, Functional Description
The main functions are presented following a functional block diagram.

e Chapter 3, Operational Description
A brief description of the three operating modes: power down, active and ringing (plus
signal monitoring techniques).

» Chapter 4, Interfaces
Connection information including standard IOM®-2 and PCM interface timing frames
and pins.

» Chapter 5, Application Circuits
lllustrations of balanced ringing, unbalanced ringing and protection circuits.

» Chapter 6, Index

Product Overview 1 2000-11-09
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1 Overview

DuSLIC is a chip set, comprising one dual channel SLICOFI-2x codec and two single-
channel SLIC chips. It is a highly flexible codec/SLIC solution for an analog line circuit
and is widely programmable. Users can now access different markets with a single
hardware design that meets all different standards worldwide.

The interconnections between the single channel high-voltage SLIC (170 V process) and
the dual channel SLICOFI-2x codec (advanced CMOS process) are a seamless fit. This
guarantees maximum transmission performance with a minimum of necessary
components.

DuSLIC family chip sets:

Table 1 DuSLIC Chip Sets

Chip Set DuSLIC-S DuSLIC-S2 DuSLIC-E DuSLIC-E2 DuSLIC-P

Marketing Name | SLICOFI-2S/ SLICOFI-2S2/ | SLICOFI-2/ SLICOFI-2/ SLICOFI-2/
SLIC-S SLIC-S2 SLIC-E SLIC-E2 SLIC-P

Product ID PEB 3264/ PEB 3264-2/ PEB 3265/ PEB 3265/ PEB 3265/
PEB 4264 PEB 4264-21) | PEB 4265 PEB 4265-22) PEB 4266

Longitudinal 53 dB 60 dB 53 dB 60 dB 53 dB

Balance

Maximum DC 32 mA 50 mA 32 mA 50 mA 32 mA

feeding

Neg. Battery 2 2 2 2 2/3

Voltages

Add. positive 1 1 1 1 0

Voltages

Internal Ringing | 45 Vrms no 85 Vrms 85 Vrms 85 Vrms bal.,
balanced balanced balanced 50 Vrms unbal.

ITDF3) no no yes yes yes

TTX 1.2 Vrms no 2.5Vrms 2.5Vrms 2.5Vrms

Add-Ons? no no yes yes yes

1) Nevertheless marked on the chip as PEB 4264

2) Nevertheless marked on the chip as PEB 4265

3) Integrated Test and Diagnosis Functions (board or line testing)

4 The add-on functions are DTMF detection, Caller ID generation, Message Waiting lamp support, Three-party
Conferencing, Universal Tone Detection (UTD), Line Echo Cancellation (LEC) and Sleep Mode.

The DuSLIC family comprises five different chip sets (see Table 1):

— Three basic DuSLIC chip sets optimized for different applications:
DuSLIC-S (Standard),
DuSLIC-E (Enhanced),
DuSLIC-P (Power Management).

Product Overview 2 2000-11-09
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— Two different performance versions of the basic DuSLIC-E and DuSLIC-S chip sets
(mainly regarding longitudinal balance and maximum DC feeding):
DuSLIC-E2 (using SLIC-E2 PEB 4265-2 compared to DuSLIC-E)
DuSLIC-S2 (using SLIC-S2 PEB 4264-2 and codec PEB 3264-2)

The codec devices SLICOFI-2, SLICOFI-2S and SLICOFI-2S2 are manufactured in an
advanced 0.35 pm 3.3 V CMOS process.

The SLIC-E, SLIC-E2 and SLIC-P devices are manufactured in Infineon Technologies
robust and well proven 170 V Smart Power technology.

The SLIC-S and SLIC-S2 devices are manufactured in Infineon Technologies 90 V
Smart Power technology.

All line circuit functions are implemented on the DuSLIC chip set:

* BORSCHT functions

* Internal balanced/unbalanced ringing capability up to 85 Vrms

* Metering by Polarity Reversal and by 12/16 kHz sinusoidal bursts
» Dual-Tone Multifrequency (DTMF) detection and generation

» Caller ID generation

» Three-party Conferencing

* Universal Tone Detection (UTD) unit for fax-/modemtone detection
» Line Echo Cancellation unit (LEC)

Integrated battery switches guarantee minimum power consumption during the off-hook,
on-hook and ringing modes. Test and diagnosis functions have been integrated to
simplify testing (ITDF). No external test equipment is needed for either subscriber line
testing in the field or board testing during production or in the field.

Usage of Codecs and SLICs:

DuSLIC-E, DuSLIC-E2 and DuSLIC-P comprise the same SLICOFI-2 codec with full
EDSP (Enhanced Digital Signal Processor) features like DTMF detection, Caller ID
generation, Universal Tone Detection (UTD) and Line Echo Cancellation.

DuSLIC-S comprises the SLICOFI-2S codec without EDSP features.

DuSLIC-S2 comprises the SLICOFI-2S2 codec based on the SLICOFI-2S but without
Teletax metering (TTX) and internal ringing capability.

The respective SLIC variant for each chip set featured in Table 1 has been selected
according to performance and application requirements:

SLIC-S/-S2 (PEB 4264 / PEB 4264-2) and SLIC-E/-E2 (PEB 4265/ PEB 4265-2) are
optimized for access network requirements, while the power management SLIC-P
(PEB 4266) is an enhanced version for extremely power-sensitive applications or for
applications where internal unbalanced ringing is required.

Product Overview 3 2000-11-09
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DuSLIC Architecture

Unlike traditional designs, DuSLIC splits the SLIC function into high-voltage SLIC
functions and low-voltage SLIC functions.

The low-voltage functions are handled in the SLICOFI-2x device. The partitioning of the
functions is shown in Figure 1.

(@) SLIC (—)yPCM
Vv T
SLICOFI-2x
=0 IOM®-2
SLIC ()
HV SLIC Functions LV SLIC Functions Codec Filter Functions
Voltage feeding Programmable DC feeding Filtering
Transversal current Ring generation PCM compression/expansion
sensing Supervision Programmable gain
Longitudinal current Teletax generation Programmable frequency
sensing Teletax notch filter Impedance matching
Overload protection Ring trip detection Hybrid balance
Battery switching Ground key detection DTMF generation
Ring ampilification Hook switch detection DTMF detection
On-hook transmission FSK generation (Caller ID)
Polarity reversal Linear mode support

(16-bit uncompressed voice data)
IOM-2 and PCM/uC interface
Integrated Test and Diagnosis Functions (IDTF)
Line Echo Cancelling (LEC)
Universal Tone Detection (UTD)
Three-party conferencing
Message waiting lamp support

ezm14034.wmf

Figure 1 DuSLIC Chip Set
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1.1 Features

 Internal balanced/unbalanced ringing capability up
to 85 Vrms

* Programmable Teletax (TTX) generation

» Programmable battery feeding with capability for
driving longer loops

» Fully programmable dual-channel codec

» Ground/loop start signaling

» Polarity reversal

» Integrated Test and Diagnosis Functions (IDTF)

* On-hook transmission

* Integrated DTMF generator

* Integrated DTMF decoder

» Integrated Caller ID (FSK) generator

* Integrated fax/modem detection (Universal Tone
Detection (UTD))

* Integrated Line Echo Cancellation unit (LEC)

» Optimized filter structure for modem transmission

» Three-party conferencing (in PCM/puC mode)

» Message waiting lamp support (PBX)

» Power optimized architecture

* Power management capability (integrated battery switches)

 8and 16 kHz PCM Transmission
* |OM-2 or PCM/uC-interface selectable

PEB 3264/-2
PEB 3265
PEB 4264/-2
PEB 4265/-2
PEB 4266

P-MQFP-64-1,-2

P-DS0-20-5

» Specification in accordance with ITU-T Recommendation G.712,
ITU-T Recommendation Q.552 for interface Z and applicable LSSGR

Type Package
PEB 3264/-2 P-MQFP-64-1
PEB 4264/-2 P-DS0O-20-5
PEB 3265 P-MQFP-64-1
PEB 4265/-2 P-DS0O-20-5
PEB 4266 P-DS0O-20-5

Product Overview 5
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1.2 Typical Applications

The Infineon Technologies DuSLIC family is particularily designed for all access network
applications and customer premises equipment but adresses all major telephone
applications including:

» Digital Loop Carrier (DLC)

» Wireless Local Loop

» Fiberin the Loop

* Private Branch Exchange

* Intelligent NT (Network Termination) for ISDN
* ISDN Terminal Adapter

» Central Office

» Cable Modem

o XDSL NT

* Router

» Integrated Access Device (IAD)

» Voice over Packet Network Application
* PCM-x systems

Product Overview 6 2000-11-09
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1.3 Logic Symbols
VCMS [&¢——
Tip/Ring E—» TIP CEXT [P
interface
<+
"N PEB 4264 > june
IL | current
PEB 4264-2
PEB 4265 % o
—» VDD DCP {¢—— | feeding
——»aen0 PEB 4265-2 oovie—
Power
supply | —» VHR o
—» BGND Cl <4—» |Logic
—»|{ VBATL C2 [«—— |control
—»| VBATH

ezm14094.emf

Figure 2 Logic Symbol SLIC-S / SLIC-S2 / SLIC-E / SLIC-E2

VCMS «4+—
CEXT —p
Tip/Ring TP -
interface RING T Line
IL —» | current
ACP ¢ |
PEB 4266 ANk | acanc
DCP «¢—— | feeding
DCN ¢ |
—»{VDD
] — | AGND g ; — oy
OWer ___p'BGND 4 | control
supply »| VBATL C3 ¢— |
—»| VBATH
—»| VBATR
ezm14095.emf

Figure 3 Logic Symbol SLIC-P
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[—» ITA
—» ITB
Line —» ITACA [
current | —®| |TACB PCM/IOM-2 [4¢——
> LA o _
— > VoMITA TSO/DIN [€——
>/ vemITe TSIDCLK 1+
- TS2/CS I0OM-2 interface
<4——| DCPA DU/DOUT > uC-interface
loop <4—| DCNA SEL24/DRA €¢—
<—| pcNB DCL/PCLK [€4¢——
— FSC <¢—_|]

MCLK €¢—— PCM
<+ gggﬁﬁ PEB 3265 DXA —Pp | interface
<—p»| CDCPB -%i )
<—p»| CDCNB TcB

PEB 3264 H
<4—| VCM
<+
" PEB 3264-2 w1
< | ACPA = RESET
ac < | AcPB TEST ¢——
loop <4—| ACNA

CREF [4+—»
€| ACNB SELCLK |€¢——
<+—»| Cl1A _

Logic |<4—»| C1B xggg 'I

control |4——| C2A
<4—| C2B GNDA [€¢—
L= GNDB [¢—
> I01A VDDR [¢—— | Power

GNDR [«¢— |supply
A oo 4

1/0 <P |04A GNDD
feeding | «—p{ 101B VDDPLL [¢——
> 1028 GNDPLL [¢— |
<4—» 03B
| 4> 1048
ezm14096.emf
Figure 4 Logic Symbol SLICOFI-2/-25/-2S2
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2 Functional Description
2.1 Functional Overview

2.1.1 Basic Functions available for all DuSLIC Chip Sets

The DuUSLIC chip set is a cost-effective, high-performance solution that provides the
BORSCHT functions of an analog line circuit. DUSLIC has the advantage of offering all
the functions integrated in a single channel high-voltage SLIC and in a dual channel
DSP-based codec.

The functions described in this chapter are integrated in all DuSLIC chip sets (see
Figure 5 for DUSLIC-S/-S2 and Figure 6 for DuSLIC-E/-E2/-P).

BORSCHT Functions
All BORSCHT functions are integrated:

» Battery feed
» Overvoltage protection
(realized by the robust high-voltage SLIC technology and additional circuitry)
« Ringing?
» Signaling (supervision)
» Coding
» Hybrid for 2/4-wire conversion
e Testing

The following paragraphs explain the advantages of using DuSLIC to implement the
BORSCHT functions.

» Battery Feed

An analog line circuit provides the voltage and current for subscriber equipment. In
conventional line circuits, extra hardware is needed to adapt the battery feed
characteristics to the requirements for different applications and countries. With the
DuSLIC chip set, the battery feed (DC) characteristics can be programmed in the
SLICOFI-2x (low-voltage SLIC function, see Figure 1) and applied to the line via the
SLIC.

» Overvoltage Protection

Overvoltage protection is indispensable to prevent damage to the line circuit if the
system is exposed to high voltages that can result from power lines crossing or lightning
strikes.

1) For DuSLIC-S2 chip set only external ringing is supported

Product Overview 9 2000-11-09
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The robust 170 V SLIC technology together with the external low cost protection circuit,
consisting of varistors, resistors and thyristor diodes, form a reliable overvoltage
protection solution. If an overvoltage occurs, the protection circuit separates the DuSLIC
from the Tip and Ring lines.

* Ringing

The ringing signal is a low-frequency, high-voltage signal to the subscriber equipment.
In conventional line circuits, the ringing voltage (e.g. 40 Vyus to 85 Vr\s) is generated
in an external ringing generator and applied to the Tip and Ring lines by a relay. With the
DuSLIC chip set, the ringing generator is integrated and this relay is not needed. This
saves space and costs in the line circuit design. The ringing signal is generated in the
low-voltage SLICOFI-2x and amplified in the high-voltage SLIC. DuSLIC supports
balanced and unbalanced ringing. With balanced ringing, the ringing voltage is applied
differentially to the Tip and Ring lines. With unbalanced ringing, the ringing voltage is
applied single-ended to either the Tip or Ring line against a potential which is near
ground (for details see “Ringing Modes” on Page 69). Balanced ringing is generated
by SLIC-E/-E2 and SLIC-S, while SLIC-P can generate both balanced and unbalanced
ringing.

» Signaling (Supervision)

DuSLIC must detect when a subscriber changes from on-hook mode to off-hook mode
in both non-ringing (hook switch detection) and ringing modes (ring trip detection). With
this chip set, the thresholds for ring trip detection can be programmed in SLICOFI-2x to
suit applications without using external components.

» Coding
SLICOFI-2x encodes an analog input signal to a digital PCM signal and decodes a PCM

signal to an analog signal. Both A-law and p-law coding is supported and can be selected
via software.

» Hybrid for 2/4-wire Conversion

The subscriber equipment is connected to a 2-wire interface (Tip and Ring) where
information is transmitted bidirectionally. For digital transmission through the switching
network, the information must be split into separate transmit and receive paths (4 wires).
To avoid generating echoes, the hybrid function requires a balanced network matched
to the line impedance. Hybrid balancing can be programmed in the DuSLIC device
without using any external components.

» Testing

Access to the analog loop is necessary to perform the regular measurements involved
in monitoring the local loop. Line circuit functions must also be tested. In conventional
line circuit solutions, test units have to be switched to perform loop and line circuit tests.
A remote testing unit and relays are normally necessary to perform a full range of tests.
DuSLIC already offers a number of internal test features to check both the local loop and
the line circuit.

Product Overview 10 2000-11-09
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Programmability

An important feature of the DuSLIC design is the fact that all the SLIC and codec
functions are programmable via the dual-channel codec device. Conventional designs
need a number of external components to adapt the circuit for use in different countries
and applications. In contrast, the configuration software DuSLICOS can be used to
program the following functions of the DuSLIC chip set:

» DC (battery) feed characteristics

* AC impedance matching

* Transmit gain

* Receive gain

» Hybrid balance

» Frequency response in transmit and receive direction
» Ring frequency and amplitudel)

» Hook thresholds

« TTX modes?

One of the main challenges of linecard development is to adapt the above-mentioned
functions to country-specific requirements. These adaptations used to be handled by
hardware, an approach that required a different linecard board for every modification to
a specification.

Because signal processing within the SLICOFI-2x is completely digital, it is possible to
adapt to the requirements listed above by simply updating the coefficients that control
DSP processing of all data. This means, for example, that changing impedance
matching or hybrid balance requires no hardware modifications. A single hardware is
now capable of meeting the requirements for different markets. The digital nature of the
filters and gain stages also assures high reliability, no drifts (over temperature or time)
and minimal variations between different lines.

The characteristics for the two voice channels within SLICOFI-2x can be programmed
independently of each other. The DuSLICOS software is provided to automate
calculation of coefficients to match different requirements. DuUSLICOS also verifies the
calculated coefficients.

1) Not available with DuSLIC-S2 chip set
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2.1.2 Additional Functions available for DuSLIC-E/-E2/-P Chip Sets

The following line circuit functions are integrated only in the DuSLIC-E/-E2/-P chip sets
(see Figure 6):

» Teletax metering

In many countries, Teletax metering signals (TTX signals) are sent to the subscriber for
billing purposes. A 12/16 kHz sinusoidal metering burst has to be transmitted. As soon
as metering pulses are applied to the subscriber line, they also divert to the transmit
signal path which means that a notch filter has to block the 12/16 kHz signal to prevent
overloading the transmit A/D converter. In contrast to conventional line circuits, the
DuSLIC chip set generates the metering signal internally. The fact that the notch filter is
integrated is one of the big advantages of DuSLIC.

* DTMF

A DTMF signal is used for touchtone signaling from a subscriber to the central office.
Each digit is represented by a pair of tones. DuSLIC has an integrated DTMF decoder.
The decoder is able to monitor the transmit and receive path for valid tone pairs and
outputs the corresponding digital code for each DTMF tone pair. DUSLIC also has an
integrated DTMF generator comprising two tone generators.

» Caller ID Frequency Shift Keying (FSK) Modulator

Caller ID is used to provide caller information to the subscriber during on-hook
transmission. DUSLIC has an integrated FSK modulator capable of sending Caller ID
information. The Caller ID modulator complies with all requirements of ITU-T
recommendation V.23 and Bell 202.

* LEC (Line Echo Cancellation)

DuSLIC contains an adaptive line echo cancellation unit for the cancellation of near end
echos (up to 8 ms cancelable echo delay time).

» UTD (Universal Tone Detection)

DuSLIC has an integrated Universal Tone Detection unit to detect special tones in the
receive or transmit path (e.g. fax or modem tones). This is e.g. useful for activating the
optimized filter coefficient set for modem transmission.

Product Overview 12 2000-11-09
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Figure 5 Line Circuit Functions included in the DuSLIC-S/-S2
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Figure 6 Line Circuit Functions included in the DuSLIC-E/-E2/-P
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2.2 DC Feeding

Analog telephones need a DC current in the off-hook state. AC speech signals in the
receive and transmit directions are superimposed on this DC current.

Once the off-hook state has been detected, the SLIC must supply a DC current to the
subscriber line. The current is typically in the range of 14 to 40 mA (for DUSLIC
programming capabilities see Table 2), depending on local country specifications.
Conventional linecard solutions require additional hardware to adjust the DC feed
current to meet different country specifications.

By contrast, DC feeding with the SLICOFI-2x is fully programmable by using the software
coefficients depicted inTable 2. Special digital filter technology offers an extremely cost-
effective solution that is far more flexible than analog DC feeding circuits. The DC
feeding characteristic in SLICOFI-2 is programmed using software coefficients. Figure 7
shows the signal paths for DC feeding between the SLICs and SLICOFI-2x:

\ Transmit path >
IL ILA
IT ITACA
TIP TA
1 SLIC
VCMITA PCM out
RING | Channel A VCM (data upstream)
R DCP DCPA Transmit
DCN DCNA
ACP ACPA
ACN ACNA PCM or
SLICOFI-2x IOM-2
Interface
IL ILB
C
IT ITACB _
PCM in
TIP (data downstream)
o—| ITB < -
SL|C Receive
RIN VCMITB
G Channel B
o |
DCP « DCPB
DCN« DCNB
ACP ACPB
ACN ACNB
< Receive path
ezm140374.emf

Figure 7 Signal Paths - DC Feeding
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2.2.1 DC Characteristic Feeding Zones

The DuSLIC DC feeding characteristic has three different zones: the constant current
zone, the resistive zone and the constant voltage zone. A voltage reserve Vggg (see
Chapter 2.2.7) can be selected to avoid clipping the high level AC signals (e.g. TTX) and
to take into account the voltage drop of the SLIC. The DC feeding characteristic is shown
in Figure 8.

ITIP/RING

Constant Resistive zone
current zone i
%

Necessary

Constant __{ | Vvoltage reserve V

voltage zone

RES

-
IVBAT| VTIP/RING

ezm14017.emf

Figure 8 DC Feeding Characteristic

The simplified diagram shows the constant current zone as an ideal current source with
an infinite internal resistance, while the constant voltage zone is shown as an ideal
voltage source with an internal resistance of 0 Q. For the specification of the internal
resistances see Chapter 2.2.5
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2.2.2 Constant Current Zone

In the off-hook state, the feed current must usually be kept at a constant value
independent of load (see Figure 9). The SLIC senses the DC current and supplies this
information to SLICOFI-2x via the IT pin (input pin for DC control). SLICOFI-2x compares
the actual current with the programmed value and adjusts the SLIC drivers as necessary.
l11p/RING 1N the constant current zone is programmable from 0 to 32 mA or 0 to 50 mA
depending on the used SLIC version.

ITIP/RING

A RLOAD
I

R
: "

K12

RES

.
BAT| VTIP/RING

|V

ezm14016.emf

Figure 9 Constant Current Zone

Depending on the load, the operating point is determined by V1p/ring PEIWeenN the Tip
and Ring pins.
The operating point is calculated from:

VriprinG = Rioabp * IiprING
where

R oap = Rere + RUNE + RpHONE, OFF-HOOK
Rere = ReroT + RsTag (See Figure 52, Page 98).

The lower the load resistance R oap, the lower the voltage between the Tip and Ring
pins. A typical value for the programmable feeding resistance in the constant current
zone is about R, = 10 kQ (see Table 2).
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2.2.3 Resistive Zone

The programmable resistive zone R4, of DUSLIC provides extra flexibility over a wide
range of applications. The resistive zone is used for very long lines where the battery is
incapable of feeding a constant current into the line.

The operating point in this case crosses from the constant current zone for
low and medium impedance loops to the resistive zone for high impedance loops
(see Figure 10). The resistance of the zone Ry, is programmable from R,, to 1000 Q.

TIP/RING
A
R
LOAD
RI =
T K12
|
° 1
VRES
|
|VBAT| VTIP/RING

ezm14035.emf

Figure 10 Resistive Zone
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2.2.4 Constant Voltage Zone

The constant voltage zone (see Figure 11) is used in some applications to supply a
constant voltage to the line. In this case V1pring = Vv iS constant and the current
depends on the load between the Tip and Ring pin. V| is set by the DuSLICOS
software.

In the constant voltage zone the external resistors Rpre = ReroT + RsTAR NECESSary for
stability and protection define the resistance R, seen at the RING and TIP wires of the
application.

ITIF’/RING

K12

VRES RLOAD
— )K

>

Vim IVBATI VTIP/RING

ezm14036.emf

Figure 11 Constant Voltage Zone
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2.2.5 Programmable Voltage and Current Range of DC Characteristic

In the above chapters the idealized DC characteristics were shown. A detailed
description is given in Figure 12.

ITIP/RING

o

=R +R

Sy ——)

Vv PRE PROT STAB
-
Ve V2 Vi VipRING

ezm?22009.wmf

Figure 12 DC Characteristic (Detailed Description)

The programmable range of the parameters R, |, k1, Vk1, Rk12 and Vy is given in
Table 2:

Table 2 DC Characteristic

Symbol | Programmable Range |Condition

R 1.8kQ ... 40 kQ -

lo 0..32mA only for DUSLIC-S, DuSLIC-E, DuSLIC-P
0...50 mA only for DUSLIC-S2, DuSLIC-E2

1 0...32mA only for DuUSLIC-S, DuSLIC-E, DuSLIC-P
0..50mA only for DUSLIC-S2, DuSLIC-E2

e 0..50V -

Vi1 < Vium = k1 X Reaz | only (Vg1 k1)

Vi1 <Vim = ki xRy | (Vka, Ikp) and (Vko, ko)
Vki > Vv = k1 % Reaz

Rq12 Ry ... 1000 Q —

\/LJ“A O e 5() \/ -

Vium > Vi + Ik X Reaz | only (Vs 1ka)
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2.2.6 SLIC Power Dissipation

The power dissipation in the SLIC can be estimated by the power dissipation in the
output stages (see Chapter 3.5.3). The power dissipation can be calculated from:

PsLic = (VeaT — VT1iprING) % ITIP/RING

lipRiING
A SLIC output stage
power dissipation
/" constant current zone
|Lim al / SLIC output stage
power dissipation
constant voltage zone
......... >
VBAT VTIP/RING
ezm14021.wmf

Figure 13 Power Dissipation
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2.2.7 Necessary Voltage Reserve

To avoid clipping AC speech signals as well as AC metering pulses, a voltage reserve
VREes (see Figure 8) has to be provided.

VRkes = [Veatl = VLim (see Page 18)

VT IS the selected battery voltage, which can be depending on the mode either Vgaty,
VBATL’ (VHR - VBATH) for SLIC-S/-S2/-E/-E2 or VBATH’ VBATL’ — VBATR for SLIC-P.

VREgg consists of:

» Voltage reserve of the SLIC output buffers: this voltage drop depends on the output
current through the Tip and Ring pins. For a standard output current of 25 mA, this
voltage reserve is a few volts (see Table 14).

» Voltage reserve for AC speech signals: max. signal amplitude (example 2 V)

» Voltage reserve for AC metering pulses: The TTX signal amplitude V7% depends on
local specifications and varies from 0.1 Vrms to several Vrms at a load of 200 Q. To
obtain VTTX =2 Vrms at a load of 200 Q and RPRE =50Q (RPRE = RPROT + RSTAB’
see Figure 51, Page 97), 3 Vrms = 4.24 Vpeak are needed at the SLIC output.

Therefore a Vjeg value of 10.24 V must be selected (= 4 V (SLIC drop for peak current
of DC and speech and TTX) + 2 V (AC speech signals) + 4.24 V (TTX-signal)).

SLIC 200 Q v

ezm14032.wmf

Figure 14 TTX Voltage Reserve Schematic
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Extended Battery Feeding

If the battery voltage is not sufficient to supply the minimum required current through the
line even in the resistive zone, the auxiliary positive battery voltage can be used to
expand the voltage swing between Tip and Ring. With this extended supply voltage
VyR (DUSLIC-S/-S2/E/-E2) respectively Vgatr (DUSLIC-P), it is possible to supply the
constant current for long lines. Figure 15 shows the DC feeding impedances Ryax acTH
in ACTH mode and RyaxacTtr in ACTR mode (for ACTH and ACTR modes see
Chapter 3.1).

ACTR
ACTH
| Extended Battery
TIP/RING Normal Mode .
A Feeding Mode
~~~~~~~~~~~~~~~~~~~~~~~~ / //RMAX, ACTR
| g
K1 / T I? Ki2, ACTR
.
\
1
1
1
1
\
1
1
1
1
\
1
“ |- V
[ F " V1pRING
VKl VLIM VKl, ACTR VLIM, ACTR
|VBATH| |VHR - VBATHll)
|VBATR|2)
D DuSLIC-S/-S2/-E/-E2,
2 DuSLIC-P
ezm23019.emf
Figure 15 DC Feeding Characteristics (ACTH, ACTR)
Product Overview 22

2000-11-09



—

echno ogles/
Pre”minary FunCtiOI’lal DeSCI’iption
2.3 AC Transmission Characteristics

SLICOFI-2x uses either an IOM-2 or a PCM digital interface. In receive direction,
SLICOFI-2x converts PCM data from the network and outputs a differential analog signal
(ACP and ACN) to the SLIC, that amplifies the signal and applies it to the subscriber line.
In transmit direction, the transversal (IT) and longitudinal (IL) currents on the line are
sensed by the SLIC and fed to the SLICOFI-2x. A capacitor separates the transversal
line current into DC (IT) and AC (ITAC) components. As ITAC is the sensed transversal
(also called metallic) current on the line, it includes both the receive and transmit
components. SLICOFI-2x separates the receive and transmit components digitally, via
a transhybrid circuit. Figure 16 shows the signal paths for AC transmission between the
SLICs and SLICOFI-2x:

Transmit path >
IL ILA
IT ITACA
TIP ITA
1 SLIC
VCMITA PCM out
RING | Channel A VCM (data upstream)
R— DCP DCPA Transmit
DCN DCNA
ACP ACPA
ACN ACNA PCM or
SLICOFI-2x IOM-2
Interface
IL c ILB
IT 8| = ITACB _
PCMin
TIP (data downstream)
o] ITB D ——
SLIC Receive
VCMITB
RING Channel B
o— |
DCP DCPB
DCN DCNB
ACP ACPB
ACN ACNB
< Receive path
ezm140373.emf

Figure 16 Signal Paths - AC Transmission

The signal flow within the SLICOFI-2x for one voice channel is shown in Figure 17 by
the following schematic circuitry. With the exception of a few analog filter functions,
signal processing is performed digitally in the SLICOFI-2x.
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Figure 17 Signal Flow in Voice Channel (A)

2.3.1 Transmit Path

The current sense signal (ITAC) is converted to a voltage by an external resistor. This
voltage is first filtered by an anti-aliasing filter (pre-filter), that stops producing noise in
the voiceband from signals near the A/D sampling frequency. A/D conversion is done by
a 1-bit sigma-delta converter. The digital signal is down-sampled further and routed
through programmable gain and filter stages. The coefficients for the filter and gain
stages can be programmed to meet specific requirements. The processed digital signal
goes through a compander (CMP) that converts the voice data into A-law or p-law codes.
A time slot assignment unit outputs the voice data to the programmed time slot.
SLICOFI-2x can also operate in 16-bit linear mode for processing uncompressed voice
data. In this case, two time slots are used for one voice channel.

2.3.2 Receive Path

The digital input signal is received via the IOM-2 or PCM interface. Expansion (EXP),
PCM low-pass filtering, frequency response correction and gain correction are
performed by the DSP. The digital data stream is up-sampled and converted to a
corresponding analog signal. After smoothing by post-filters in the SLICOFI-2x, the AC
signal is fed to the SLIC, where it is superimposed on the DC signal. The DC signal has
been processed in a separate DC path. A TTX signal, generated digitally within
SLICOFI-2x, can also be added.
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2.3.3 Impedance Matching

The SLIC outputs the voice signal to the line (receive direction) and also senses the
voice signal coming from the subscriber. The AC impedance of the SLIC and the load
impedance need to be matched in order to maximize power transfer and minimize two-
wire return loss. The two-wire return loss is a measure of the impedance matching
between a transmission line and the AC termination of DuSLIC.

The actual line impedance however can vary considerably, depending on loop length,
loaded/unloaded lines, cable type, etc. Reference networks have therefore been defined
to represent the average characteristics of a country's local loop. These reference
networks differ from country to country and need to be reflected by the linecard being
used in that country.

Impedance matching is done digitally within SLICOFI-2x by providing three impedance
matching feedback loops. The loops feed the transmit signal back to the receive signal
simulating the programmed impedance through the SLIC. When calculating the
feedback filter coefficients, the external resistors between the protection circuit and SLIC
(Rere = RrroT + RsTaR, See Figure 51, Page 97) have to be taken into account. The
impedance can be programmed to any appropriate real and complex values shown in
the Nyquist diagram Figure 18. This means that the device can be adapted to
requirements anywhere in the world without requiring the hardware changes that are
necessary with conventional line card designs.

Re Z,
—
0 200 400 600 800 1000 1200 1400
-200
Possible Values
Im Z, for Line Impedance
-400
-600

ezm22019.emf

Figure 18 Nyquist Diagram
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2.3.4 Transhybrid Balance

Digital switching systems can handle voice data only if receive and transmit data are
separated on distinctive channels. The analog voice signal on the local loop is 2-wire full
duplex, so it needs to be converted from 2-wire to 4-wire (2 wires each for receive and
transmit). The circuitry, that performs this task, is commonly referred to as a hybrid circuit
(see Figure 19)

Transmit signal

A\

2-wire transmit

- »
2-wire subscriber Ii:ie Hybrld Unwanted

circuit echo path

2-wire receive

A

Receive signal
ecelve signa ezm14012.wmf

Figure 19 2/4-wire Conversion in the Hybrid Circuit

To prevent the receive voice signal being looped back (echoed) directly into the transmit
voice path, the hybrid circuit has to separate the receive path signal from the transmit
path signal.

In contrast with conventional line card designs, echo cancellation is implemented
digitally within SLICOFI-2x. Figure 19 shows the transhybrid loop that subtracts the
receive signal from the transmit signal. The hybrid function is also dependent on loop
condition. It has to be adapted to country-specific requirements. In conventional line card
designs, this is done by external hardware adaptation. With SLICOFI-2x, adaptation is
simply a matter of updating coefficients. No hardware changes are necessary.
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2.4 Ringing

With the 170 V technology used for the SLIC, a ringing voltage of up to 85 Vrms can be
generated on-chip without the need for an external ringing generator. The SLICOFI-2x
generates a sinusoidal ringing signal that causes less noise and cross-talk in
neighboring lines than a trapezoidal ringing signal. The ringing frequency is
programmable from 3 to 300 Hz.

The advantage over traditional applications with a central ringing generator and
decoupling resistors (approx. R = 400 Q) is the very low source impedance of DuSLIC
(approx. 60 Q without RogoT). Thus it is possible to supply the subscriber line with a
lower ringing voltage from the SLIC. SLIC-E/-E2, SLIC-S/-S2 and SLIC-P support
different ringing methods (see Chapter 2.4.3).

2.4.1 Ringer Load

A typical ringer load can be thought of as a resistor in series with a capacitor. Ringer
loads are usually described as a REN (Ringer Equivalence Number) value. REN is used
to describe the on-hook impedance of the terminal equipment, and is actually a
dimensionless ratio that reflects a certain load. REN definitions vary from country to
country. A commonly used REN is described in FCC part 68 that defines a single REN
as either 5 kQ, 7 kQ or 8 kQ of AC impedance at 20 Hz. The impedance of an n-multiple
REN is equivalent to parallel connection of n single RENSs. In this manual, all references
to REN assume the 7 kQ model.

For example, a 1 REN and 5 REN load would be:

6930 Q 8 uF 1386 Q 40 pF
— —
1 REN 5 REN
ezm14024.wmf

Figure 20 Typical Ringer Loads of 1 and 5 REN used in US

Product Overview 27 2000-11-09



e

ec (e} Oges/
Pre”minary FunCtiOI’lal DeSCI’iption

2.4.2 Ring Trip

Once the subscriber has gone off-hook, the ringing signal must be removed within a
specified time, and power must start feeding to the subscriber's phone. There are two
ring trip methods:

DC Ring Trip Detection

Most applications with DuSLIC are using DC ring trip detection. By applying a DC offset
together with the ringing signal, a transversal DC loop current starts to flow when the
subscriber goes off-hook. This DC current is sensed by the SLIC and in this way used
as an off-hook criterion. The SLIC supplies this information to the SLICOFI-2x at the IT
pin. The SLICOFI-2x continuously integrates the sensed line current ltgang OVEr one
ringer period. This causes the integration result to represent the DC component of the
ring current. If the DC current exceeds the programmed ring trip threshold, SLICOFI-2x
generates an interrupt. Ring trip is reliably detected and reported within two ring signal
periods. The ringing signal is switched off automatically at zero crossing by the
SLICOFI-2x. The threshold for the ring trip DC current is set internally in SLICOFI-2x,
programmed via the digital interface. The DC offset for ring trip detection can be
generated by the DuSLIC chip set and the internal ring trip function can be used, even if
an external ringing generator is used.

AC ring trip detection:

For short lines (< 1 kQ loop length) and for low-power applications, the DC offset can be
avoided to reduce the battery voltage for a given ring amplitude. Ring trip detection is
done by rectifying the ring current ltgans, iNtegrating it over one ringer period and
comparing it to a programmable AC ring trip threshold.

Most applications with DuSLIC are using DC ring trip detection, which is more reliable
than AC ring trip detection.
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2.4.3 Ringing Methods

There are two methods of ringing:

» Balanced ringing (bridged ringing)
» Unbalanced ringing (divided ringing)

Table 3 Unbalanced versus Balanced Ringing

Unbalanced Ringing: Balanced Ringing:

The ringing signal is applied to only An opposite-phase ringing signal is applied
either the Tip or Ring line, whereas to both Tip and Ring lines.

GND is applied to the other line. The resulting ringing signal is the differential
signal between Tip and Ring line.

VRriNG = V1= VR

V1 =Vac * Voc riNG/2

Vr ==Vacwt — Vbc,ring/2
If VT = — VR then

VRiNG = 2*Vac() * Vbc,RING

@% stie

ezm140311.wmf ezm140312.wmf

GND / \ /N/\

BGND

Vv

DC,RING

VRING

ezm140313.wmf

ezm140317.wmf

The resulting ringing amplitude in balanced mode is twice the amplitude of V; or V. This
is an advantage over the unbalanced mode because the ringing generator circuit in
balanced mode has to handle voltages of only half the amplitude to generate the same
amplitude of ringing signal. The SLIC process technology used is capable of generating
balanced ringing signals with amplitudes of up to 85 Vyps.
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Internal balanced ringing generally offers more benefits compared to unbalanced

ringing:

» Balanced ringing produces much less longitudinal voltage, which results in a lower
amount of noise coupled into adjacent cable pairs

» By using a differential ringing signal, lower supply voltages become possible

The phone itself cannot distinguish between balanced and unbalanced ringing. Where
unbalanced ringing is still used, it is often simply a historical leftover. For a comparison
between balanced and unbalanced ringing see also ANSI document T1.401-1993.

Additionally, integrated ringing with the DuSLIC offers the following advantages:

* Internal ringing (no need for external ringing generator and relays)

» Reduction of board space because of much higher integration and fewer external
components

» Programmable ringing amplitude, frequency and ringing DC offset without hardware
changes

* Programmable ring trip thresholds

» Switching off the ringing signal at zero-crossing

Product Overview 30 2000-11-09



e

ec (e} Oges/
Pre”minary FunCtiOI’lal DeSCI’iption

24.4 DuSLIC Ringing Options

Application requirements differ with regard to ringing amplitudes, power requirements,
loop length and loads. The DuUSLIC options include three different SLICs to select the
most appropriate ringing methods (see Table 4):

Table 4 Ringing Options with SLIC-S, SLIC-E/-E2 and SLIC-P

SLIC Version/ SLIC-S SLIC-E/-E2 SLIC-P
Ringing Facility, PEB 4264 PEB 4265 PEB 4266
Battery Voltages PEB 4265-2

Internal balanced ringing 45 Vrms 85 Vrms 85 Vrms

max. voltage in Vrms (sinusoidal)
with 20 V¢ used for ring trip
detection

DC voltage for balanced ringingl) programmable | programmable |programmable
typ.0...50V |typ.0...50V |typ.0...50V

Internal unbalanced ringing NO NO 50 Vrms

max. voltage in Vrms (sinusoidal)

DC voltage for unbalanced NO NO VeaTR/2

ringing

Required SLIC supply voltages |Vpp =5V, Vpp=5V, Vpp=5Vor

for maximum ringing amplitude | Vgaty =-54V, |[VgatH=-70V,|3.3V,

(typlcally) VHR =36V VHR =80V VBATH =-70V,
VBATR =-—150V

Number of battery voltages for |2 (Va1 & 2 (VeaTL & 2 (when internal

power saving VBATH) VBATH) ringing is used)

3 (when external
ringing is used)

D In most applications 20 Vp are sufficient for reliable ring trip detection. A higher DC voltage will reduce the
achievable maximum ringing voltage. For short loops 10 Vpc may be sufficient.

SLIC-S allows balanced ringing up to 45 Vrms and is dedicated for short loop or PBX
applications.

For SLIC-S2 only external ringing is provided.

SLIC-E/-E2 allows balanced ringing up to 85 Vrms and can therefore be used in systems
with higher loop impedance.

The low-power SLIC-P is optimized for power-critical applications (e.g. intelligent ISDN
network termination). Internal ringing can be used up to 85 Vrms balanced or 50 Vrms
unbalanced.
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For lowest power applications where external ringing is preferred, three different battery
voltages (VgaTr: VBATH: VBATL) Can be used for optimizing the power consumption of the
application.

SLIC-E/-E2 and SLIC-P differ in supply voltage configuration and the ring voltages at Tip
and Ring V and V. External ringing is supported by both SLIC’s.

External Ringing Support by DuSLIC

External ringing requires an external ring signal generator and a TTL compatible zero
crossing signal which has to be applied to the RSYNC pin of the SLICOFI-2x.

The ring relay is controlled by the 101 pin. Due to the high current drive capability of the
01 ouput, no additional relay driver is necessary.

The relay can be switched:

» Synchronous: The ring relay is switched at the zero crossing of the external ringing
frequency.
» Asynchronous: The ring relay is switched immediately with the ring command.

D Inthis case VeaTr is typically used for the on-hook state, while Vgat and Vgt are used for optimized feeding
of different loop length in the off-hook state.
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2.4.5 Internal Balanced Ringing via SLICs

SLIC-E/-E2 and SLIC-P support internal balanced ringing up to Vgng rms = 85 Vrms,
SLIC-S support balanced ringing up to Vg|ng rms = 45 VIms.

The ringing signal is generated digitally within SLICOFI-2xY,
A
ViR BGND
VDROP,T ¢ \
v Vanepp= V1o~ Vrp
.
VTp
VDC,RING >< ><
A
Vep
VR
y
V V
VDROP,R ¢ BATH BATR
SLIC-E
SLIC-E2 SLIC-P
SLIC-S
ezm140315.emf

Figure 21 Balanced Ringing via SLIC-E/-E2, SLIC-S and SLIC-P

In ringing mode, the DC feeding regulation loop is not active. A programmable ring offset
voltage is applied to the line instead. During ring bursts, the ringing DC offset and the
ringing signal are summed digitally within SLICOFI-2x in accordance with the
programmed values. This signal is then converted to an analog signal and applied to the
SLIC. The SLIC amplifies the signal and supplies the line with ringing voltages up to
85 Vrms. In balanced ringing mode, the SLIC uses an additional supply voltage Vg for
SLIC-E/-E2/-S and Vgatr for SLIC-P. The total supply span is now Vyr - Vgaty for
SLIC-E/-E2/-S and VBATR for SLIC-P.

The maximum ringing voltage that can be achieved is:

for SLIC-E/-E2/-S: VRriNG RMS = (VHR ~ VBATH ~ VDROP, RT ~ VDC RING)/1.41
for SLIC-P: VRrinG RMs = (- VBaTR - VDroP RT - VbC RING)/L-41
where: Vbrop RT = Vbrop,T + VbrOP.R

1) SLICOFI-2S2 supports only external ringing
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With the DuSLIC ringing voltages up to 85 Vrms sinusoidal can be applied, but also
trapezoidal ringing can be programmed.

The SLIC senses the transversal current on the line and supplies this information to the
SLICOFI-2x at the IT pin. The IT current is monitored by SLICOFI-2x. If the DC current
exceeds the programmed ring trip threshold, SLICOFI-2x generates an interrupt. Ring
trip is reliably detected and reported within two ring signal periods. The ringing signal is
switched off during zero crossing by the SLICOFI-2x. For a detailed application diagram
of internal balanced ringing refer to the chapter on "Application Circuits" (see Figure 50,
Page 96).

2.4.6 Internal Unbalanced Ringing with SLIC-P

The internal unbalanced ringing together with SLIC-P can be used for ringing voltages
up to 50 Vrms. The SLICOFI-2 integrated ringing generator is used and the ringing signal
is applied to either the Tip or Ring line. Ringing signal generation is the same as
described above for balanced ringing. Since only one line is used for ringing, technology
limits the ringing amplitude to about half the value of balanced ringing, to maximum
50 Vrms.

V, V

DROP,R,BGND: DROP,T¢

VDC,RING

VDROP,R,VBATR

ezm140316.wmf

Figure 22 Unbalanced Ringing Signal

The above diagram shows an example with the ring line used for ringing and the Tip line
fixed at - Vprop, 1 Which is the drop in the output buffer of the Tip line of SLIC-P (typ.
< 1V). Thering line has a fixed DC voltage of Vgatr/2 used for ring trip detection.

The maximum ringing voltage is:
VRING,RMs = (- VBATR - VDROP,R,VBATR — VDROP,T)/2.82
When the called subscriber goes off-hook, a DC path is established from the Ring to the

Tip line. The DC current is recognized by the SLICOFI-2 because it monitors the IT pin.
An interrupt indicates ring trip if the line current exceeds the programmed threshold.
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The same hardware can be used for integrated balanced or unbalanced ringing. The
balanced or unbalanced modes are configured by software. The maximum achievable
amplitudes depend on the values selected for Vga1g-

In both balanced and unbalanced ringing modes, SLICOFI-2 automatically applies and
removes the ringing signal during zero-crossing. This reduces noise and cross-talk to
adjacent lines.

2.4.7 External Unbalanced Ringing

SLICOFI-2x supports external ringing for higher ringing voltage requirements with all
SLICs. In this case DuSLICs integrated ring trip functionality is used. For a detailed
application diagram of unbalanced ringing see Figure 53 (Page 100) and Figure 54
(Page 101).

Since high voltages are involved, an external relay should be used to switch the RING
line off and to switch the external ringing signal together with a DC voltage to the line.
The DC voltage has to be applied for the internal ring trip detection mechanism which
operates for external ringing in the same way as for internal ringing.

The SLICOFI-2x has to be set to the external ringing mode. A synchronization signal of
the external ringer is applied to the SLICOFI-2x via the RSYNC pin. The external relay
is switched on or off synchronously to this signal via the 101 pin of the SLICOFI-2x
according to the actual mode of the DuSLIC. An interrupt is generated if the DC current
exceeds the programmed ring trip threshold.
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2.5 Signaling (Supervision)

Signaling in the subscriber loop is monitored internally by the DuSLIC chip set.

Supervision is performed by sensing the longitudinal and transversal line currents on the
Ring and Tip wires. The scaled values of these currents are generated in the SLIC and
fed to the SLICOFI-2x via the IT and IL pins.

Transversal line current: ltgans = (Ig + 17)/2
Longitudinal line current: || ong = (I - 11)/2
where I, |7 are the loop currents on the Ring and Tip wires.

Off-hook Detection

Loop start signaling is the most common type of signaling. The subscriber loop is closed
by the hook switch inside the subscriber equipment.

* In Active mode, the resulting transversal loop current is sensed by the internal current
sensor in the SLIC. The IT pin of the SLIC indicates the subscriber loop current to the
SLICOFI-2x. External resistors (R, R see Figure 50) convert the current
information to a voltage on the ITA (or ITB) pin.

The analog information is first converted to a digital value. It is then filtered and
processed further which effectively suppresses line disturbances. If the result exceeds
a programmable threshold, an interrupt is generated to indicate off-hook detection.

* In Sleep/Power Down mode (PDRXx) a similar mechanism is used. In this mode, the
internal current sensor of the SLIC is switched off to minimize power consumption.
The loop current is therefore fed and sensed through 5 kQ resistors integrated in the
SLIC. The information is made available on the IT pin and interpreted by the
SLICOFI-2x.

— In Sleep mode, the analog information is fed to an analog comparator integrated in the
SLICOFI-2x who directly indicates off-hook.

— In Power Down mode, the SLICOFI-2x converts the analog information to a digital
value. It is then filtered and processed further which effectively suppresses line
disturbances. If the result exceeds a programmable threshold, an interrupt is
generated to indicate off-hook detection.

In applications using ground start signaling, DuSLIC can be set in the ground start mode.
In this mode, the Tip wire is switched to high impedance mode. Ring ground detection is
performed by the internal current sensor in the SLIC and transferred to the SLICOFI-2x
via the IT pin.
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Ground Key Detection

The scaled longitudinal current information is transferred from the SLIC via the IL pin and
the external resistor R to SLICOFI-2x. This voltage is compared with a fixed threshold
value. For the specified R (1.6 kQ, see application circuit Figure 50) this threshold
corresponds to 17 mA (positive and negative). After further post-processing, this
information generates an interrupt and ground key detection is indicated.

The post-processing is performed to guarantee ground key detection, even if longitudinal
AC currents with frequencies of 162/3, 50 or 60 Hz are superimposed. The time delay
between triggering the ground key function and registering the ground key interrupt will
in most cases (f = 50 Hz, 60 Hz) be less than 40 ms.

In Power Down mode, the SLIC's internal current sensors are switched off and ground
key detection is disabled.

2.6 Metering

There are two different metering methods:

» Metering by sinusoidal bursts with either 12 or 16 kHz or
» Polarity reversal of Tip and Ring.

2.6.1 Metering by 12/16 kHz Sinusoidal Bursts

The required amplitude of the sinusoidal 12 or 16 kHz metering signals varies from a few
hundred millivolts to several Vgyys, depending on the country specifications and the
application (long loop or short loop application). These signals are superimposed onto
the speech signal. As soon as metering pulses are applied to the subscriber line, they
also divert to the transmit signal path which means that a notch filter has to block the 12/
16 kHz signal, to prevent overloading the transmit A/D converter. In contrast to
conventional line circuits, the DUSLIC chip set generates the metering signal internally.
The fact that the adaptive notch filter is integrated is one of the big advantages of
DuSLIC.

Teletax Metering and Filtering

To satisfy worldwide application requirements, SLICOFI-2/-2S1) offers integrated
metering injection of either 12 or 16 kHz signals with programmable amplitudes.
SLICOFI-2/-2S also has an integrated adaptive TTX notch filter and can switch the TTX
signal to the line in a smooth way. When switching the signal to the line, the switching
noise is less than 1 mV. Figure 23 shows TTX bursts at certain points of the signal flow
within SLICOFI-2/-2S.

1) Metering is not available with SLICOFI-2S2
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Figure 23 Teletax Injection and Metering

The integrated, adaptive TTX notch filter guarantees an attenuation of > 40 dB.
No external components for filtering TTX bursts are required.
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2.6.2 Metering by Polarity Reversal

SLICOFI-2/-2S also supports metering by changing the actual polarity of the voltages on
the TIP/RING lines. Metering with polarity reversal is usually used for pay phones (coin
lines). Every time the polarity changes, a magnet in the pay phone releases a coin.

2.6.2.1 Soft reversal

Some applications require a smooth polarity reversal (soft reversal), as shown in
Figure 24. Soft reversal helps to prevent negative effects like non-required ringing. Soft
reversal is deactivated by the SOFT-DIS bit in register BCR2.

SOFT-DIS=1 Immediate reversal is performed (hard reversal)

SOFT-DIS=0  Soft reversal is performed. Transition time (time from START to
SR-END1, see Figure 24) is programmable by CRAM-coefficients,
default value 80 ms.

VTIP/RING [V]
25 -
START
/

0 1

15}

0t

5 L

0 |AU

51
10,

/SR-ENDl
155 ) SR-END2
= 1/16*SR-END1
20| BUBy (SIS
|
'250 5‘0 160 150 260 250 tims]
ezm14038.wmf

Figure 24 Soft Reversal (Example for Open Loop)

START: The soft ramp starts by setting the REVPOL bit in register BCR1 to 1.

The DC characteristic is switched off.

SR-ENDZ1: At the soft reversal end one point, the DC characteristic is switched on again.
Programmable by the DuSLICOS software, e.g. AU/8.

SR-END2: At the soft reversal end two point, the soft ramp is switched off.
Programmable by the DuSLICOS software, e.g. 1/16*SR-END1.
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2.7 DuSLIC Enhanced Signal Processing Capabilities

The signal processing capabilities described in this chapter are realized by an
Enhanced Digital Signal Processor (EDSP) except for DTMF generation. Each function
can be individually enabled or disabled for each DuSLIC channel. Therefore power
consumption can be reduced according to the needs of the application.

Figure 25 shows the AC signal path for DuUSLIC with the ADCs and DACs, impedance
matching loop, thranshybrid filter, gain stages and the connection to the EDSP.

VIN AX2 LPX AXL | N XouT
: ADC HPX2 FRX HPX1 cup
EI @
DAC TTXA e ™ EC Switch »| DTMF
€

- » UTD
EDSP
RIN

duslic_0005_ACsignal_path.emf

CID

AR2
HPR2

Figure 25 DuSLIC AC Signal Path

2.7.1 DTMF Generation and Detection?)

Dual Tone Multi-Frequency (DTMF) is a signaling scheme using voice frequency tones
to signal dialing information. A DTMF signal is the sum of two tones, one from a low
group (697 - 941 Hz) and one from a high group (1209 - 1633 Hz), with each group
containing four individual tones. This scheme allows 16 unique combinations. Ten of
these codes represent the numbers from zero through nine on the telephone keypad, the
remaining six codes (*, #, A, B, C, D) are reserved for special signaling. The buttons are
arranged in a matrix, with the rows determining the low group tones, and the columns
determining the high group tone for each button.

In all SLICOFI-2x codec versions the 16 standard DTMF tone pairs can be generated
independently in each channel via two integrated tone generators. Alternatively the
frequency and the amplitude of the tone generators can be programmed individually via
the digital interface. Each tone generator can be switched on and off. The generated
DTMF tone signals meet the frequency variation tolerances specified in the ITU-T Q.23
recommendation.

1) DTMF Detection only available for DuSLIC-E/-E2/-P
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Both channels (A and B) of SLICOFI-2V) have a powerful built-in DTMF decoder that will
meet most national requirements. The receiver algorithm performance meets the quality
criteria for central office/exchange applications. It complies among others with the
requirements of ITU-T Q.24, Bellcore GR-30-CORE (TR-NWT-000506) and
Deutsche Telekom network (BAPT 223 ZV 5, Approval Specification of the Federal
Office for Post and Telecommunications, Germany).

The performance of the algorithm can be adapted according to the needs of the
application via the digital interface (detection level, twist, bandwidth and center

frequency of the notch filter).

Table 5 shows the performance characteristics of the DTMF decoder algorithm:

Table 5

Performance Characteristics of the DTMF Decoder Algorithm

Characteristic Value Notes
Valid input signal detection level —48to 0 dBmO Programmable
Input signal rejection level — 5 dB of valid signal -

detection level

3 Positive twist accept <8dB Programmable
Negative twist accept <8dB Programmable

5 Frequency deviation accept <+ (1.5% + 4 Hz) and | Related to center

<+1.8% frequency

6 Frequency deviation reject >+ 3% Related to center

frequency

7 DTMF noise tolerance —-12dB dB referenced to
(could be the same as 14) lowest amplitude

tone
Minimum tone accept duration 40 ms -
Maximum tone reject duration 25 ms —

10 |Signaling velocity > 93 ms/digit -

11 | Minimum inter-digit pause duration |40 ms -

12 | Maximum tone drop-out duration 20 ms —

13 |Interference rejection Level in frequency dB referenced to
30 Hz to 480 Hz for valid DTMF range 30 Hz ... 480 Hz |lowest amplitude
recognition < level of DTMF tone

frequency + 22 dB

1) DTMF Detection only available for DuSLIC-E/-E2/-P
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Table 5 Performance Characteristics of the DTMF Decoder Algorithm (cont’d)
Characteristic Value Notes
14 Gaussian noise influence Error rate better than -
Signal level — 22 dBmO, 1in 10000
SNR =23 dB
15 Pulse noise influence Error rate better than measured with
Impulse noise tape 201 according |14 in 10000 DTMF level
to Bellcore TR-TSY-000762 — 22 dBmo0
Impulse Noise
— 10 dBmO and
— 12 dBmO

In the event of pauses < 20 ms:

 If the pause is followed by a tone pair with the same frequencies as before, this is
interpreted as drop-out.

» If the pause is followed by a tone pair with different frequencies and if all other
conditions are valid, this is interpreted as two different numbers.

DTMF decoders can be switched on or off individually to reduce power consumption. In
normal operation, the decoder monitors the Tip and Ring wires via the ITAC pins
(transmit path). Alternatively the decoder can be switched also in the receive path. On
detecting a valid DTMF tone pair, SLICOFI-2 generates an interrupt via the appropriate
INT pin and indicates a change of status. The DTMF code information is provided by a
register which is read via the digital interface.

The DTMF decoder also has excellent speech-rejection capabilities and complies with
Bellcore TR-TSY-000763. The algorithm has been fully tested with the speech sample
sequences in the Series-1 Digit Simulation Test Tapes for DTMF decoders from
Bellcore.
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2.7.2 Caller ID Generation (only DuSLIC-E/-E2/-P)

A generator to send calling line identification (Caller ID, CID) is integrated in the DuSLIC
chip set. Caller ID is a generic name for the service provided by telephone utilities that
supply information like the telephone number or the name of the calling party to the
called subscriber at the start of a call. In call waiting, the Caller ID service supplies
information about a second incoming caller to a subscriber already busy with a phone
call.

In typical Caller ID (CID) systems, the coded calling number information is sent from the
central exchange to the called phone. This information can be shown on a display on the
subscriber telephone set. In this case, the Caller ID information is usually displayed
before the subscriber decides to answer the incoming call. If the line is connected to a
computer, caller information can be used to search in databases and additional services
can be offered.

There are two methods used for sending CID information depending on the application
and country-specific requirements:

» Caller ID generation using DTMF signaling (see Chapter 2.7.1)
» Caller ID generation using FSK

DuSLIC contains DTMF generation units and FSK generation units which can be used
for both channels simultaneously.

DuSLIC FSK Generation

Different countries use different standards to send Caller ID information. The DuSLIC
chip set is compatible with the widely used standards Bellcore GR-30-CORE, British
Telecom (BT) SIN227, SIN242 or the UK Cable Communications Association (CCA)
specification TW/P&E/312. Continuous phase binary frequency shift keying (FSK)
modulation is used for coding which is compatible with BELL 202 (see Table 6) and
ITU-T V.23, the most common standards. SLICOFI-2 can be easily adapted to these
requirements by programming via the microcontroller interface. Coefficient sets are
provided for the most common standards.

Table 6 FSK Modulation Characteristics

Characteristic ITU-T V.23 Bell 202
Mark (Logic 1) 1300 + 3 Hz 1200 + 3 Hz
Space (Logic 0) 2100 + 3 Hz 2200 + 3 Hz
Modulation FSK
Transmission rate 1200 * 6 baud

Data format Serial binary asynchronous
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The Caller ID data of the calling party can be transferred via the microcontroller interface
into a SLICOFI-2 buffer register. The SLICOFI-2 will start sending the FSK signal when
the CIS-EN bit is set and the CID-data buffer is filled up to CIS-BRS plus 1 byte. The data
transfer into the buffer register is handled by a SLICOFI-2 interrupt signal. Caller data is
transferred from the buffer via the interface pins to the SLIC-E/-E2/-P and fed to the Tip
and Ring wires. The Caller ID data bytes from CID-data buffer are sent LSB first.

DuSLIC offers two different levels of framing:
* A basic low-level framing mode

All the data necessary to implement the FSK data stream — including channel
seizure, mark sequence and framing for the data packet or checksum — has to be
configured by firmware. SLICOFI-2 transmits the data stream in the same order in
which the data is written to the buffer register.

* A high level framing mode

The number of channel seizure and mark bits can be programmed and are
automatically sent by the DuSLIC. Only the data packet information has to be written
into the CID buffer. Start and stop bits are automatically inserted by the SLICOFI-2.

The example below shows signaling of CID on-hook data transmission in accordance
with Bellcore specifications. The Caller ID information applied on Tip and Ring is sent
during the period between the first and second ring burst.

Bellcore On-hook Caller ID Physical Layer Transmission

Second Ring

First Ring Burst Channel Seizure Mark Data Packet Burst
G

A B C D E F

Parameter Message

________________ Parameter Header Parameter Body
“More “More
Message Message Parameter Parameter Parameter '
1 Parameter | Parameter Checksum

Type Lenght Type Length Byte i
Bytes Messages

Message Header Message Body

Message

1 Message length equals the number of bytes to follow in the message body, excluding the checksum.
A: 0.2-3 second ring burst.

B: 0.5-1.5 seconds between first ring burst and start of data transmission.

C: 300 alternating mark and space bits.

D: 180 mark bits.

C+ D+ E=2.9to 3.7 seconds.

F: =200ms

G: 1.8-3 second ring burst

ezm14014.wmf

Figure 26 Bellcore On-hook Caller ID Physical Layer Transmission
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2.7.3 Line Echo Cancelling (LEC) (only DuSLIC-E/-E2/-P)

The DuSLIC contains an adaptive line echo cancellation unit for the cancellation of near
end echoes. With the adaptive balancing of the LEC unit the transhybrid loss can be
improved up to a value of about 50 dB. The maximum echo cancellation time selectable
is 8 ms. The line echo cancellation unit is especially useful in combination with the DTMF
detection unit. In critical situations the performance of the DTMF detection can be
improved.

The DuSLIC line echo canceller is compatible with applicable standards ITU-T G.165
and G.168. An echo cancellation delay time of up to 8 ms can be programmed.

The LEC unit consists basically of an FIR filter, a shadow FIR filter, and a coefficient
adaption mechanism between these two filters as shown in Figure 27.

SLEC, TIN -2 SLEC, TOUT
Y -
| Adapt
| Coeff.
A
Shad <_T .
adow
Copy FIR
FIR | :
Filter - Co‘teff. Filter
T X

SLEC,R
duslic_0004_LECunit.emf

Figure 27 Line Echo Cancellation Unit - Block Diagram

The adaption process is controlled by the three parameters Pow, gcr (Power Detection
Level Receive), DeltaP| gc (Delta Power) and DeltaQ (Delta Quality). Adaptation takes
place only if both of the following conditions hold:

1. SLec,r > POW ECR

2. SLec,R — SLEc,TIN > DeltaP ¢

With the first condition, adaptation to small signals can be avoided. The second condition
avoids adaptation during double talk. The parameter DeltaP| g represents the echo loss
provided by external circuitry.

If the adaptation of the shadow filter is performed better than the adaption of the actual
filter by a value of more than DeltaQ then the shadow filter coefficients will be copied to
the actual filter.

At the start of an adaption process the coefficients of the LEC unit can be reset to default
initial values or set to the old coefficient values. The coefficients may also be frozen.
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2.7.4 Universal Tone Detection (UTD) (only DuSLIC-E/-E2/-P)

Each channel of the DuSLIC has two Universal Tone Detection units which can be used
to detect special tones in the receive and transmit paths, especially fax or modem tones
(e.g., see the modem startup sequence described in recommendation ITU-T V.8).

This allows the use of modem-optimized filter for V.34 and V.90 connections. If the
DuSLIC UTD detects that a modem connection is about to be established, the optimized
filter coefficients for the modem connection can be downloaded before the modem
connection is set up. With this mechanism implemented in the DuSLIC chip set, the
optimum modem transmission rate can always be achieved.

Figure 28 shows the functional block diagram of the UTD unit:

Programmable
Band-pass Limit
A
f\ IX| LP |
— Evaluation
Suro 47‘: 77777777 Logic g
U X @ LP [
L~ T
Limit EZM14061

Figure 28 UTD Functional Block Diagram

Initially, the input signal is filtered by a programmable band-pass (center frequency f¢
and bandwidth fg\y). Both the in-band signal (upper path) and the out-of-band signal
(lower path) are determined, and the absolute value is calculated. Both signals are
furthermore filtered by a limiter and a low-pass. All signal samples (absolute values)
below a programmable limit Levy (Noise Level) are set to zero and all other signal
samples are diminished by Levy. The purpose of this limiter is to increase noise
robustness. After the limiter stages both signals are filtered by a fixed low-pass.

The evaluation logic block determines whether a tone interval or silence interval is
detected and an interrupt is generated for the receive or transmit path.

If the bandwidth parameter is programmed to a negative value, the UTD unit can be used
for the detection of silence intervals in the whole frequency range.

The DuUSLIC UTD unit is compatible with ITU-T G.164.

The UTD is resistant to a modulation with 15 Hz sinusoidal signals and a phase reversal
but is not able to detect the 15 Hz modulation and the phase reversal.
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2.8 Message Waiting Indication (only DuSLIC-E/-E2/-P)

Message Waiting is a function that can be required by PBX applications. A Message
Waiting Indication (MWI) lamp is activated indicating to the subscriber that a message
has arrived.

The DuSLIC Message Waiting function uses a glow lamp at the subscriber phone.
Current does not flow through a glow lamp until the voltage reaches a threshold value of
approximately 80 V. At this threshold, the neon gas in the lamp will start to glow. When
the voltage is reduced, the current falls under a certain threshold and the lamp is
extinguished. DuSLIC has high-voltage SLIC technology (170 V) which is able to
activate the glow lamp without any external components.

The hardware circuitry is shown in Figure 29 below. The figure shows a typical
telephone circuit with the hook switch in the on-hook mode, together with the
impedances for the on-hook (Zg) and off-hook (Z, ) modes.

AC Impedance
Z, Ringer Impedance
Pre Resistor Message Waiting

ezm14066.wmf

Figure 29 MWI Circuitry with Glow Lamp

The glow lamp circuit also requires a resistor (Ryy) and a lamp (MW Lamp) built into the
phone. When activated, the lamp must be able to either blink or remain on constantly .

In non-DuUSLIC solutions the telephone ringer may respond briefly if the signal slope is
too steep, which is not desirable. DuSLIC’s integrated ramp generator can be
programmed to increase the voltage slowly, to ensure activating the lamp and not the
ringer.
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2.9 Three-party Conferencing

Each DuSLIC channel has a three-party conferencing facility consisting of four PCM
registers, adders and gain stages in the microprogram and the corresponding control
registers (see Figure 30). Cascading DuSLIC channels allows even Multi-party
Conferencing. Three-party conferencing is available in PCM/uC-mode only.

PCM Highways

Subscribers
PCM channel X4 X1 X3

X2 = (R3 — R4)*G
X3 = (R2 — R4A)*G
X4 = (R2 — R3)*G

ezm14069.emf

Figure 30 Conference Block for one DuSLIC Channel

Note: G...Gain Stage (Gain Factor),
X1-X4...PCM transmit channels, R1-R4...PCM receive channels,
A, B, C, D, S...examples for voice data on PCM channels X1-X4, R1-R4

Table 7 shows all possible three-party conferencing modes and the corresponding
selection of the PCM transmit and receive channels X1 to X4 and R1 to R4 (see also
Figure 30). The timeslot assignment, the PCM-highway selection, the PCM line drivers
and the behaviour of the conferencing facility itself are controled by various registersl).
A programmable gain stage G is able to adjust the gain of the conferencing voice data

(B, C, D, S) in arange of — 6 dB to + 3 dB to prevent overload of the sum signals.

D not to be explained in this document.
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2.9.1 Conferencing Modes
Table 7 Conference Modes
Receive PCM Transmit PCM
Channels Channels
Mode Rl1 | R2 | R3 | R4 | X1 X2 X3 X4 Subscriber
S
PCM Off off off off off off
PCM Active A S off off off A
External B C D | off |G«(B+D)|G-(C+D) | G-(B+C) off
Conference
External A | B | C|D S | G(B+D)|G-(C+D) | G:(B+C) A
Conference
+ PCM Active
Internal B C off | G:(B+S) | G:(C+S) off G-(B+C)
conference
« PCM Off

After a reset, or in power down there is no communication via the PCM highways. Also
when selecting new timeslots it is recommended to switch off the PCM line drivers by

setting the control bits to zero.
PCM Active

This is the normal operating mode without conferencing. Only the channels R1 and
X1 are in use, and voice data are transferred from subscriber A to analog subscriber

S and vice versa.
External Conference

In this mode the SLICOFI-2 acts as a server for a three-party conference of
subscribers B, C and D which may be controlled by any device connected to the PCM
highways. The SLICOFI-2 channel itself can remain in power down mode to lower

power consumption.

External Conference + PCM Active

Like in External Conference mode any external three-party conference is supported.
At the same time an internal phone call is active using the channels R1 and X1.

Internal Conference

If the analog subscriber S is one of the conference partners, the internal conference
mode will be selected. The partners (B, C) do not need any conference facility, since
the SLICOFI-2 performs all required functions for them as well.
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2.10 16 kHz Modes on PCM Highway

In addition to the standard 8-kHz transmission PCM-interface modes, there are also two
16-kHz modes for high data transmission performance.

Table 8 shows the configuration of the PCM channels for the different PCM interface
modes.

Table 8 Possible Modes in PCM/uC Interface Mode

Config. Bits Receive PCM Channels Transmit PCM Channels
PCM16K |LIN| R1 |RiLY| R2 R3 R4 X1 | X1L?| X2 X3 X4
PCM Mode

0 0 |A 3) B C D S - depends on
conference mode

LIN Mode
0 1 |A-HB |A-LB |B C D S-HB | S-LB | depends on
conference mode

PCM16 Mode

1 0 [DS1 |- - DS2 |- DS1 |- - DS2 |-

LIN16 Mode

1 1 |[DS1- |- DS1- |DS2- |DS2- |DS1- |- DS1- |DS2- |DS2-
HB LB HB LB HB LB HB LB

) TimeslotR1 + 1
2 Time slot X1 + 1

3) Empty cells in the table mark unused data in the PCM receive channels and switched-off line drivers in the PCM
transmit channels

The configuration bits PCM16K and LIN (in the BCR3 register) are used to select the
following PCM interface modes:

« PCM Mode

Normal mode used for voice transmission via channels R1 and X1 (receive and
transmit). The PCM input channels R2, R3 and R4 are always available for use in
different conference configurations. The status of the PCM output channels depends on
the conference mode configuration.
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* LIN Mode

Similar to the PCM mode, but for 16 bit linear data at 8 kHz sample rate via the PCM
channels R1, R1L (receive) and X1, X1L (transmit).

« PCM16 Mode

Mode for higher data transmission rate of PCM encoded data using a 16 kHz sample
rate (only in PCM/uC interface mode with specific register setting). In this mode the
channels R1, R3 (X1, X3) are used to receive (transmit) two samples of data (DS1, DS2)
in each 8 kHz frame.

« LIN16 Mode

Like the PCM16 mode for 16 kHz sample rate but for linear data. Channels R1 to R4 (X1
to X4) are used for receiving (transmitting) the high and low bytes of the two linear data
samples DS1 and DS2.

e LIN16 Mode:

Like the PCM16 mode for the 16-kHz sample rate but for linear data. The channels R1
to R4 (X1 to X4) are used for receiving (transmitting) the high and low bytes of the two
linear data samples DS1 and DS2.
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3 Operational Description
3.1 Operating Modes for the DuSLIC Chip Set
Sleep (SL)

The SLICOFI-2 is able to go into a sleep mode with minimal power dissipation. In this
mode off-hook detection is performed without any checks on spikes or glitches. Off-hook
is detected by an analog comparator in SLICOFI-2 and transferred via the INT or the DU-
pin. The sleep mode can be used for either channel, but for the most effective power
saving, both channels should be set to this mode.

Power Down Resistive (PDRH for SLIC-E/-E2/-S/-S2 and PDRR for SLIC-P)

The Power Down Resistive mode is the standard mode for none-active lines. Off-hook
is detected by a current value fed to the DSP, compared with a programmable threshold,
and filtered by a data upstream persistence checker. The power management SLIC-P
can be switched to a Power Down Resistive High (PDRH) or a Power Down Resistive
Ring (PDRR) mode.

HIRT

The line drivers in the SLIC-E/-E2/-P are shut down and no resistors are switched to the
line. Off-hook detection is not possible. In HIRT mode the SLICOFI-2 is able to measure
the input offset of the current sensors.

Power Down High Impedance (PDH)

In Power Down High Impedance mode, the SLIC is totally powered down. No off-hook
sensing can be performed. This mode can be used for emergency shutdown of a line.

Active High (ACTH)

A regular call can be performed, voice and metering pulses can be transferred via the
telephone line and the DC loop is operational in the Active High mode.

Active Low (ACTL)

The Active Low mode is similar to the Active High mode. The only difference is that the
SLIC uses a lower battery voltage, Vga1, (bit ACTL = 1).

Active Ring (ACTR)

The Active Ring mode is different for the SLIC-E/-E2 and the SLIC-P. The SLIC-E/-E2
uses the additional positive voltage Vr for extended feeding and the SLIC-P will switch
to the negative battery voltage Vga1g-
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Ringing

If the SLICOFI-2x is switched to Ringing mode, the SLIC is switched to ACTR mode.

With the SLIC-P connected to the SLICOFI-2, the Ring on Ring (ROR) mode allows
unbalanced internal ringing on the Ring wire. The Tip wire is set to battery ground. The
ring signal will be superimposed by VgaTr/2.

The Ring on Tip (ROT) mode is the equivalent to the ROR mode.

Active with HIT

This is a testing mode where the Tip wire is set to a high impedance mode. It is used for
special line testing. It is only available in an active mode of the SLICOFI-2x to enable all
necessary test features.

Active with HIR

HIR is similar to HIT but with the Ring wire set to high impedance.

Active with Metering

Any available active mode can be used for metering either with Reverse Polarity or with
TTX Signals.

Ground Start

The Tip wire is set to high impedance in Ground Start mode. Any current drawn on the
Ring wire leads to a signal on IT, indicating off-hook.

Ring Pause

The ring burst is switched off in Ring Pause, but the SLIC remains in the specified mode
and the off-hook recognition behaves like in ringing mode (Ring Trip).
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3.2 Operating Modes for the DuSLIC-S/-S2 Chip Set
Table 9 DuSLIC-S/-S2 Operating Modes
SLICOFI-2S /| SLIC-S /| SLIC-S/-S2 System Active Tip/Ring
SLICOFI-2S2 | SLIC-S2| Internal Functionality | Circuits Output
Mode Mode |Supply Voltage
Voltages
(+/-) [Vui/ VeIl
PDH PDH Open/Vgaty | None None High
Impedance
Power Down |PDRH |Open/Vgpty | Off-hook Off-hook, Vienp/VBATH
Resistive detectasin |DC transmit | (via 5 kQ)
active mode | path
(DSP)
— PDRHL Open/VBATH Off-hook Off-hOOk, VBGND/VBATH
1 detect asin | DC transmit | (via 5 kQ)
active mode | path
(DSP)
Active Low |ACTL | Vggnp/VeaTL | Voice and/or | Buffer, Tip: (VgaTL +
(ACTL) TTX Sensor, VAC + VDC)/2
transmission |DC + AC Ring: (VgaTL —
IOOp, TTX VAC - VDC)/2
generator
(optional)
Active High |ACTH | Vggnp/VeaTH | VOice and/or | Buffer, Tip: (VgaTH *+
(ACTH) TTX Sensor, VAC + VDC)/2
transmission |DC + AC Ring: (VgaTH —
IOOp, TTX VAC - VDC)/2
generator
(optional)
Active Ring |ACTR | Vur/VBaTH Voice and/or | Buffer, Tip: (+ VaTH
(ACTR) TTX Sensor, + Vur + Vac
transmission |DC + AC + Vpe)/2
loop, TTX- Ring: (+ VgaTH
generator + Vyr — Vac
(optional) - Vpeo)/2
Ringing ACTR | Vur/VBaTH Balanced ring | Buffer, Tip: (VgaTH *
(Ring) signal feed Sensor, DC | Vyr + Vpe)/2
(incl. DC loop, Ring Ring: (VgatH +
offset) generator Vur = Vpo)/2
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Table 9 DuSLIC-S/-S2 Operating Modes (cont'd)
SLICOFI-2S /| SLIC-S /| SLIC-S/-S2 System Active Tip/Ring
SLICOFI-2S2 | SLIC-S2| Internal Functionality | Circuits Output
Mode Mode |Supply Voltage
Voltages
(+1-) [Vl Vil
Ring Pause |ACTR |VHr/VBaTH DC offset Buffer, Tip: (VgaTH *+
feed Sensor, DC | Vyr + Vpe)/2
loop, Ramp | Ring:(VgatH *
generator Vur = Vpo)/2
Active with HIR Vur/VeaATH E.g. line test | Tip Buffer, Tip: (VgaTH *+
HIR (Tip) Sensor, Vyr + Vac +
DC + AC |00p VDC)/Z
Ring: High
impedance
Active with HIT Vur/VeaATH E.g. line test |Ring Buffer, |Ring:(VgatH *+
HIT (Rlng) Sensor, VHR - VAC —
DC + AC |00p VDC)/Z
Tip: High
impedance
D load ext. C for switching from PDRH to ACTH in on-hook mode
Vac ... Tip/Ring AC Voltage
Vpc ... Tip/Ring DC Voltage
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3.3 Operating Modes for the DuSLIC-E/-E2 Chip Set

Table 10 DuSLIC-E/-E2 Operating Modes

SLICOFI-2|SLIC-E/ | SLIC-E/-E2 | System Active Tip/Ring

Mode SLIC-E2 | Internal Functionality | Circuits Output

Mode Supply Voltage
Voltages
(+/-) [Vuil VeIl
PDH PDH Open/VgatHy | None None High
Impedance

Sleep PDRH Open/VBATH Off-hook Off-hOOk, VBGND/VBATH
detect via off- | Analog (via5 kQ)
hook comparator
comparator

Power PDRH Open/VBATH Off-hook Off-hOOk, DC VBGND/VBATH

Down detectas in |transmit path | (via 5 kQ)

Resistive active mode
(DSP)

- PDRHLY| Open/VgaTy | Off-hook Off-hook, DC | Vgano/VeaTh
detectas in |transmit path | (via 5 kQ)
active mode
(DSP)

Active Low | ACTL Veenp/VeaTL | Voice and/or | Buffer, Sensor, | Tip: (VeaTL +

(ACTL) TTX DC + AC |00p, VAC + VDC)/2
transmission | TTX generator | Ring: (Vgat —

(Optional) VAC - VDC)/Z

Active ACTH | Vgeno/VeatH | Voice and/or | Buffer, Sensor, | Tip: (VgatH +

H|gh TTX DC + AC |00p, VAC + VDC)/2

(ACTH) transmission | TTX generator |Ring: (VgaTtH —

(optional) Vac— Vpo)/2

Active ACTR Vyr/VBATH Voice and/or | Buffer, Sensor, | Tip:

R|ng TTX DC + AC |00p, (+ VBATH +VHR

(ACTR) transmission | TTX generator |+ Vac + Vpc)/2

(optional) Ring:

(+ VeaTh * VHR
—Vac — Vbo)/2
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Table 10 DuSLIC-E/-E2 Operating Modes (cont'd)
SLICOFI-2|SLIC-E / | SLIC-E/-E2 System Active Tip/Ring
Mode SLIC-E2 | Internal Functionality | Circuits Output
Mode Supply Voltage
Voltages
(+1=) [Vl V]
Ringing ACTR | Vur/VBATH Balanced Buffer, Sensor, | Tip: (VgatH +
(Ring) Ring signal DC loop, Ring |Vur + Vpe)/2
feed (incl. DC | generator Ring: (VgaTh +
Offset) VHR — VDC)/2
Ring ACTR | Vur/VBATH DC offset feed| Buffer, Sensor, | Tip: (VgatH +
Pause DC loop, ramp |Vyr + Vpc)/2
generator Ring: (VgaTH +
Vir — Vbo)/2
HIRT HIRT Vur/VBATH E.g. sensor | Sensor, DC High
offset transmit path | Impedance
calibration
Active with | HIR Vur/VBATH E.g. line test | Tip-Buffer, Tip: (VgaTh +
HIR (Tip) Sensor, Vur + Vac +
DC + ACloop |Vpc)/2
Ring: High
impedance
Active with | HIT Vur/VBATH E.g. line test | Ring-Buffer, Ring: (VgaTh +
HIT (Ring) Sensor, Vur = Vac -
DC + ACloop |Vpc)/2
Tip: High
impedance
1) load ext. C for switching from PDRH to ACTH in on-hook mode
Vac ... Tip/Ring AC Voltage
Vpc -.. Tip/Ring DC Voltage
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3.4 Operating Modes for the DuSLIC-P Chip Set

Table 11 DuSLIC P Operating Modes

SLICOFI-2| SLIC-P | SLIC-P System Active Circuits | Tip/Ring

Mode Mode Internal Functionality Output

Supply Voltage
Voltages
[Vell

PDH PDH VeATR None None High

impedance

Sleep PDRH VBATH Off-hook detect Off-hOOk, VBGND/VBATH
via off-hook Analog (via 5 kQ)
comparator comparator

Sleep PDRR VBATR Off-hook detect | Off-hook, VBGND/VBATR
via off-hook Analog (via 5 kQ)
comparator comparator

Power PDRH VBATH Off-hook detect Oﬁ'hOOk, DC VBGND/VBATH

Down as in active transmit path (via 5 kQ)

Resistive mode (DSP)

— PDRHL]') VBATH Off-hook detect Off-hOOk, DC VBGND/VBATH
as in active transmit path (via 5 kQ)
mode (DSP)

— PDRR VBATR Off-hook detect Off-hOOk, VBGND/VBATR
as in active Analog (via 5 kQ)
mode (DSP) comparator

- PDRRLZ) VBATR Off-hook detect Oﬁ'hOOk, DC VBGND/VBATR
as in active transmit path (via 5 kQ)
mode (DSP)

Active Low | ACTL VBATL Voice and/or | Buffer, Sensor, | Tip: (VgaTL +

(ACTL) TTX DC + AC loop, | Vac + Vpo)/2
transmission | TTX generator | Ring: (VgaTL —

(Optional) VAC - VDC)/2

Active ACTH | VgaTH Voice and/or | Buffer, Sensor, |Tip: (VgaTtH *+

H|gh TTX DC + AC |00p, VAC + VDC)/2

(ACTH) transmission | TTX generator | Ring: (VgatH —

(optional) Vac — Vpo)/2
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Table 11 DuSLIC P Operating Modes (cont’'d)

SLICOFI-2| SLIC-P |SLIC-P System Active Circuits | Tip/Ring
Mode Mode Internal Functionality Output
Supply Voltage
Voltages
[VeIl
Active ACTR | VgaTr Voice and/or | Buffer, Sensor, |Tip: (Vgatr *+
Ring TTX DC + AC loop, |Vac + Vpe)/2
(ACTR) transmission | TTX generator | Ring: (VgaTr —
(optional) Vac — Vpo)/2
Ringing |ACTR | VgaTr Balanced ring | Buffer, Sensor, | Tip: (Vgatr +
(Ring) signal feed DC loop, ring Vpe)/2
(incl. DC generator Ring: (VgaTr —
Oﬁset) VDC)/Z
Ringing ROR VBATR Ring signal on | Buffer, Sensor, |Ring: (Vgatr —
(Ring) ring, Tip on DC loop, ring Vpe)/2
BGND generator Tip: 0V
Ringing ROT VeaTR Ring signal on | Buffer, Sensor, |Tip: (Vgatr +
(Ring) ring, Tip on DC loop, ring Vpc)/2
BGND generator Ring: 0 V
Ring ACTR, |VgaTtr DC offset feed | Buffer, Sensor, |Tip: (VgaTr t+
Pause ROR, DC loop, ramp | Vpc)/2
ROT generator Ring: (VgaTr —
Vbo)/2
HIRT HIRT VBATR E.g. sensor Sensor, DC High
offset transmit path impedance
calibration
Active with | HIR VeATR E.g. line test | Tip-Buffer, Tip: (VgaTR *+
HIR (Tip) Sensor, Vac + Vpo)/2
DC + AC loop |Ring: High
impedance
Active with | HIT VeaTR E.g. line test | Ring-Buffer, Ring: (VgaTr —
HIT (Ring) Sensor, Vac — Vpo)/2
DC + AC loop | Tip: High
impedance
1) load ext. C for switching from PDRH to ACTH in on-hook mode
2) load ext. C for switching from PDRR to ACTR in on-hook mode
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3.5 Operating Modes and Power Management

In many applications, the power dissipated on the line card is a critical parameter. In
larger systems, the mean power value (taking into account traffic statistics and line
length distribution) determines cooling requirements. Particularly in remotely fed
systems, the maximum power for a line must not exceed a given limit.

351 Introduction

Generally, system power dissipation is determined mainly by the high-voltage part. The
most effective power-saving method is to limit SLIC functionality and reduce supply
voltage in line with requirements. This is achieved using different operating modes.
The three main modes — Power Down, Active and Ringing — correspond to the main
system states: on-hook, signal transmission (voice and/or TTX) and ring signal feed.

For power critical applications the Sleep mode can be used for even lower power
consumption than in Power Down mode.

— Power Down

Off-hook detection is the only function available. It is realized by 5 kQ resistors applied
by the SLIC from Tip to Vggnp @nd Ring to VgaT, respectively. A simple sensing circuit
supervises the DC current through these resistors (zero in on-hook and non-zero in off-
hook state). This scaled transversal line current is transferred to the IT pin and compared
with a programmable current threshold in the SLICOFI-2x. Only the DC loop in the
SLICOFI-2x is active.

In Sleep mode, all functions of the SLICOFI-2x are switched off except for off-hook
detection which is still available via an analog comparator. Both AC and DC loops are
inactive. To achieve the lowest power consumption of the DuSLIC chip set, the clock
cycles fed to the MCLK and PCLK pins have to be shut off.

For changing into another state the DuSLIC has to be waked up.

— Active

Both AC and DC loops are operative. The SLIC provides low-impedance voltage feed to
the line. The SLIC senses, scales and separates transversal (metallic) and longitudinal
line currents. The voltages at Tip and Ring are always symmetrical with reference to half
the battery voltage (no ground reference!). An integrated switch makes it possible to
choose between two (SLIC-S/-S2, SLIC-E/-E2) or even three (SLIC-P) different battery
voltages. With these voltages selected according to certain loop lengths, power
optimized solutions can be achieved.
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— Ringing

For SLIC-E/-E2 and SLIC-S, an auxiliary positive supply voltage VR is used to give a
total supply range of up to 150 V. For SLIC-P the whole supply range is provided by
VgaTr- The low-impedance line feed (Rgtag (2x30 Q) + Reyse (2x20 Q) + appr. 1 Q
= 101 Q output impedance) with a balanced sinusoidal Ring signal of up to 85 Vrms, plus
a DC offset of 20 V, is sufficient to supply very long lines at any kind of ringer load and
to reliable detect ring trip. Unbalanced ringing is supported by applying the Ring signal
to only one line, while Ground is applied to the other line.

For an overview of all DUSLIC operating modes see Table 9 for PEB 4264/-2, Table 10
for PEB 4265/-2 and Table 11 for PEB 4266.

3.5.2 Power Dissipation of the SLICOFI-2x

Table 12 and Table 13 show typical power dissipation values for different operating
modes of the SLICOFI-2 and SLICOFI-25/-2S21). For an optimized power consumption
of the SLICOFI-2 (Table 12) unused EDSP functions have to be switched off.

Conditions (all codecs):
Tp =—40 °C to 85 °C, unless otherwise stated.
Vbop = Vbba = Vope = Vbor = VoppLL = 3.3V £ 5 %;

Venoa = Venoe = Venor = Venop = Venpprr =0V

Table 12 Power Dissipation PEB 3265 (SLICOFI-2)
Parameter Symbol Limit Values | Unit | Test Condition

min. [typ. | max.

Power dissipation

Sleep both channels | Pppgieep |— 17 |25 |mW |(MCLK, PCLK =2 MHz)
Power Down both Pooppown | — 79 104 mW |-

channels

Active one channel Pobacti | — 129 |160 |mW |without EDSP

- 142 |174 |mw |with 8 MIPS 1
(DTMF detection)
- 155 [191 |mW |with 16 MIPS

Active both channels |Pppactz | — 182 |243 |mW |without EDSP
- 231 |315 'mW |with 32 MIPS

1) MIPS = million instructions per second (performed by the EDSP)

1) For more detailed characteristics see the DuSLIC Data Sheet.
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Table 13 Power Dissipation PEB 3264, PEB 3264-2 (SLICOFI-2S/-2S52)
Parameter Symbol Limit Values | Unit | Test Condition

min. |typ. | max.

Power dissipation

Power Down both Pooppown | — 79 104 mW |-
channels

Active one channel Popacti  |— 129 |160 mW |-
Active both channels |Pppactz | — 182 |243 mW |-

3.5.3 Power Dissipation of the SLIC

The SLIC power dissipation mainly comes from internal bias currents and the buffers
output stage (to a less extent from the sensor) where additional power is dissipated
whenever current is fed to the line.

3.5.3.1 Power Down Modes

In Power Down modes, the internal bias currents are reduced to a minimum value and
no current is fed to the line (see Table 16, Table 18 and Table 20). Even with active off-
hook detection the power dissipation of 5 mW (6 mW for SLIC-P) is negligible. Note that
this is the dominant factor for low mean power value in large systems, as a large
percentage of lines are always inactive.

3.5.3.2 Active Mode

In Active mode, the selected battery voltage VBATxl) has the strongest influence on
power dissipation. The power dissipation in the output stage Pg is determined by the
difference between Vpga1y @nd the Tip-Ring voltage Vqipring- At constant DC line
current |t ans, the shortest lines (lowest R) cause lowest V1 ipring, @nd accordingly
exhibit the highest on-chip power dissipation. However, the minimum battery voltage
required is determined by the longest line and therefore the maximum line resistance

RL,MAX and in addition RPROT and RSTAB'

Veatxmin = Itrans X (RLmax + ReroT + Rstas) + Vacp + Vboror

VAC Proeeeimnieiien, Peak value of AC signal
VDROP -+eeevreerreean. Sum of voltage drop in the SLIC buffers (Table 14)

1 _
) VBATx = VBATLl VBATH or VBATR
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Table 14 Typical Buffer Voltage Drops (Sum) for ltrans (IT0r IR)

Mode Total Voltage drop Vprop [V]
SLIC-E/-E2/-S/-S2 SLIC-P

ACTL ltrRaANS X 96 Q lTraANS % 88 Q

ACTH ltraNs X 100 Q ltraNS X 100 Q

ACTR (Itrans X 100 Q) + 1V ltraNs X 92 Q

ROR, ROT - ltraNs X 92 Q

HIR, HIT (ItorrX48Q)+1V It orr X 52 Q

The most efficient way to reduce short-loop power dissipation is to use a lower battery
supply voltage (VgaTL) Whenever line resistance is small enough. This method is
supported on the SLIC-E/-E2 by integrating a battery switch. With a standard battery
voltage of — 48 V, long lines up to 2 kQ can be driven at 20 mA line current.

The SLIC-P PEB 4266 “low-power” version even allows three battery voltages (typically
the most negative one, e.g. — 48 V, is used in Active mode (On-hook) and Power Down
mode).

DuSLIC contains two mechanism which can be used as indication for the battery
switching:

1. A threshold for the voltage at Tip/Ring can be set for generating an interrupt
2. The change between constant current and resistive feeding will generate an interrupt
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3.5.3.3 SLIC Power Consumption Calculation in Active Mode
A scheme of a typical calulation is shown in Figure 31.

Circuit Diagram

lLINE Rune E Rerot + RsTas E

— ! — !

Rprone E E

V/SUBSCRIBER E V1R SLIC E

VpHone E E

OFF-HOOK e |
ezm14049.emf

Figure 31 Circuit Diagram for Power Consumption

Rprot =40 Q, Rstag = 60 Q, Rppone = 150 Q, Vepone = 7V, Ine = 20 mA
Conditions: Vygice peak = 2 Vs lvoice peak = 2 MA, V11x mms (S€€ €xample below)

Typical Power Consumption Calculation with SLIC-E/-E2
Assuming a typical application where the following battery voltages are used:

VDD =5V, VBATL =-27V, VBATH =—48V, VHR =45V and line feeding is guaranteed
up to R max = 800 Q. For longer lines (R_> 800 Q) the extended battery feeding option
can be used (Mode ACTR).

Requirement for TTX: V1% = 0.6 Vrms at a load of 200 Q.
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Table 15 shows line currents and output voltages for different operating modes.

Table 15 Line Feed Conditions for Power Calculation of SLIC-E/-E2

Operating Mode Line Currents Output Voltages
PDRH, PDRHL l1rans = O MA -

ACTL lTRANS = 20 MA VTipRING =16 V
ACTH lTRANS = 20 MA VTipRING =24V

With the line feed conditions given in the above table the total power consumption Prot
and its shares at different operating modes are shown in Table 16.

The output voltage at Tip and Ring is calculated for a typical line length (R = 3/4*R_ax
in ACTH, R = 1/4*R| ,,ax in ACTL).

Table 16 SLIC-E/-E2 Typical Total Power Dissipation

Po" P Ps Po Prot
Operating [mW] [mW] [mW] [mW] [mMW]
Mode
PDH 3.7 0 0 0 3.7
PDRH 4.4 0 0 0 4.4
ACTL 81.8 33.7 3.3 220 339
ACTH 173 56.8 0 480 710

D' The formulas for the calculation of the power shares Pq, P, Pg and Pg can be found in the DuSLIC Data Sheet.

Figure 32 shows the total power dissipation Pyot of the SLIC-E/-E2 in Active Mode
(ACTH and ACTL) with switched battery voltage (VgatH, VeaTL) @S @ function of R jne.
The power dissipation in the SLIC is strongly reduced for short lines.
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Figure 32 SLIC-E/-E2 Power Dissipation with switched Battery Voltage

Typical Power Consumption Calculation with SLIC-P (Internal Ringing)
Assuming a typical application where the following battery voltages are used:

VDD =3.3V, VBATL =-22V, VBATH =—48V, VBATR =—-80V and a maximum line
length of up to R jax= 400 Q is used.

Requirement for TTX: V1% = 0.4 Vrms at a load of 200 Q.
Table 17 shows line currents and output voltages for different operating modes.

Table 17 Line Feed Conditions for Power Calculation for SLIC-P
Operating Mode Line Currents Output Voltages
PDRH, PDRHL ltraNs = 0 MA -

ACTL lTRANS = 20 MA VTipRiNG =14V
ACTH lTRANS = 20 MA VTipRiNG =18V

With the line feed conditions given in the above table, the total power consumption Prot
and its shares at different operating modes are shown in Table 18.

The output voltage at Tip and Ring is calculated for typical line length (R_ = 3/4*R_ax IN
ACTH, R, = 1/4*R nax in ACTL).
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Table 18 SLIC-P PEB 4266 Power Dissipation
Po" P Ps Po Prot
Operating [MmW] [MmW] [mW] [mW] [mW]
Mode
PDH 6.4 0 0 0 6.4
PDRH 6.4 0 0 0 6.4
PDRR 7.7 0 0 0 7.7
ACTL 50.5 26.8 -2 160 235
ACTH 1334 55.4 0 600 789
ROR, ROT 194.6 0 - 20 0 175
(Ring Pause)

1) The formulas for the calculation of the power shares PQ, P,, Pg and P can be found in the DuSLIC Data Sheet.

Figure 34 shows the total power dissipation PTOT of the SLIC-P in Active mode (ACTH
and ACTL) with switched battery voltage (VgatH, VeaTL) @S @ function of R je-

1400 ~

1200
1000 /
800 g

600 .
e

Prot [mW]

0 T T 1

400 8
‘W
e

200 ¢

100 200 300 400

—e— Slic Power Dissipation
—=— Power Consumption
—a— Output Power

Ruine [Q] duslic_0001_powerdiss.emf

Figure 33 SLIC-P Power Dissipation (Switched Battery Voltage, Long Loops)
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Typical Power Consumption Calculation with SLIC-P (External Ringing)
Assuming a typical application where the following battery voltages are used:

VDD =3.3V, VBATL =-22V, VBATH =—-26V, VBATR =—-48V and line feeding is
guaran-teed up to R_ =400 Q.

Requirement for TTX: Vyrx ymg = 0.4 Vrms.

This is a typical lowest-power application, where Vgatg is used just in the On-hook state
and Vgaty and Vg is used in the active modes with battery switching.

Table 19 shows line currents and output voltages for different operating modes.

Table 19 Line Feed Conditions for Power Calculation for SLIC-P

Operating Mode Line Currents Output Voltages
PDRH, PDRHL ltrans = 0 MA -

ACTL lTRANS = 20 MA VTipRiNG =14V
ACTH lTRANS = 20 MA VTipRiNG =18 V

With the line feed conditions given in the above table, the total power consumption Prot
and its shares at different operating modes are shown in Table 20.

The output voltage at Tip and Ring is calculated for a typical line length (R_ = 3/4*R_ max
in ACTH, R = 1/4*R, j,ax In ACTL).

Table 20 SLIC-P PEB 4266 Power Dissipation

Po" Py Ps Po Prot
Operating [mW] [mW] [mW] [mW] [mMW]
Mode
PDH 4.0 0 0 0 4.0
PDRH 3.9 0 0 0 3.9
PDRR 4.8 0 0 0 4.8
ACTL 49.9 26.8 -2 160 235
ACTH 73.7 31.2 - 34.7 160 230

1) The formulas for the calculation of the power shares PQ, P,, Pg and P can be found in the DuSLIC Data Sheet.
Figure 34 shows the total power dissipation Prqt of the SLIC-P in Active mode (ACTH

and ACTL) with switched battery voltage (Vgath, VeaTL) @S @ function of R j,e (Lowest
Power Applications).
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Figure 34 SLIC-P Power Dissipation (Switched Battery Voltage, Short Loops)

3.5.3.4 Ringing Modes

Internal Balanced Ringing (SLIC-E and SLIC-P)

The SLIC-E/-E2/-P internal balanced ringing facility requires a higher supply voltage
(auxiliary voltage VyR). The highest share of the total power is dissipated in the output
stage of the SLIC-E/-E2/-P. The output stage power dissipation Pg (see Table 21,
Table 22) depends on the ring amplitude (Vrng peak). the equivalent ringer load (Rrng
and Crng), the ring frequency (via cosq, ) and the line length (R)).

The minimum auxiliary voltage Vyr necessary for a required ring amplitude can be
calculated using:

VHRr — VBATH = VRNG,PEAK * VRNG,DC + VDROP = VRNG RMS * Crest factor + Veng pe + Vbrop

The crest factor is defined as peak value divided by RMS value (here always 1.41
because sinusoidal ringing is assumed).

Vrngpec  Superimposed DC voltage for Ring trip detection (10 to 20 V)
Vbropr Sum of voltage drops in SLIC buffers (Table 14)
VRrnG peEak Peak ring voltage at Tip/Ring
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The strong influence of the ringer load impedance Z,, and the number of ringers
is demonstrated by the formula for the current sensor power dissipation (P, + Pg) in
Table 21 and Table 22.

The ringer load impedance Z,, can be calculated as follows:

Zip=Zpl xe®*P =R+ Rgyg + L/jCryg with

Zp Load impedance
Rrne Ringer resistance
Crne Ringer capacitance
R Line resistance

Internal Unbalanced Ringing with SLIC-P

The ring signal is present just on one line (modes ROR, ROT), while the other line is
connected to a potential of GND.

The minimum battery voltage VgaTr hecessary for a required ring amplitude can be
calculated using:

— VBaTrR — VbRrRoP = 2 X VRNG, PEAK = 2 X VRNG,RMS X Crest factor

External Ringing (SLIC-E/-E2 and SLIC-P)

When an external ring generator and ring relays are used, the SLIC can be switched to
Power Down mode.

The “low-power” SLIC-P is optimized for extremely power-sensitive applications (see
Table 20). SLIC-P has three different battery voltages. VgaTr Can be used for on-hook,
while VgaTty and Vgat. are normally used for off-hook mode.
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3.5.3.5 SLIC Power Consumption Calculation in Ringing Mode

The average power consumption for a ringing cadence of 1 second on and 4 seconds

off is given by

Prot, average = K X Pror, Ringing T (1 — k) X Pror, RingPause

with k = 0.20

The typical circuit for ringing is shown in Figure 35.

Circuit Diagram for Ringing

i RLINE RPROT + RSTAB
¢ LI LI
RRNG |::|
SLIC
Z
RNG CRNG
- VNG V1R
\j
®
ON HOOK
ezm35004.emf
Figure 35 Circuit Diagram for Ringing
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— Power Consumption Calculation for SLIC-E/-E2 in Balanced Ringing Mode

With the example of the above calculation for SLIC-E/-E2 (see Chapter 3.5.3.3) and a
typical ringer load.

Typical ringer load: Ryng = 450 Q, Cryg = 3.4 UF

Required ringing voltage Vgng = 45 Vrms and ringing frequency fgyg = 20 Hz

DC Offset Voltage for ring trip detection Vpc = 16 V.

Table 21 shows the power calculation for the total power dissipation Prqt of the SLIC-E/
SLIC-E2 in balanced ringing mode consisting of the quiescent power dissipation P, the

current sensor power dissipation P, the gain stage power dissipation Pg and the output
stage power dissipation Pg.

Table 21 SLIC-E/-E2 Balanced Ringing Power Dissipation (typical)

Prot, RingPause ~ PQ + P+ P + Pg (Itrans = 0 mA) 458 mW
ProT, Ringing = Pg * P+ Pg + Po 1526 mw?d)
Po = Vop % lpp + IVathl X Igath + IVaTL! X IgaTL + VHR X IHR 254 mw

P =0.015 X I7ans rms X ViR * 0.055 X l1rans rms % [VBaTHI 67 mw

+0.04 x ITrans,rms X VDD with ITrans,rms = VTIP/RING, rmsllzLD|
Ps =2(VHR + [Veathl) X SQRT((Vhr + VeaTH *+ VDC-offzset)Z * (V1ipy 99 mw
RING-)2) —IVyR + VgaTuD/60K + (Vyro — 322 + VgaTy” — 487) X
(1/60k + 1/216K)

Po = (Vur + IVBaTHI) % I1rans rms X 2 X SQRT(2)/m— VripriNG, rms ¥ | 1105 mW
ITrans,rms X COS(@ pad)

) Values for VDD =5V, VBATL =-27V, VBATH =—-48YV, VHR =45V, TJ =25°C
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— Power Consumption Calculation for SLIC-P in Balanced Ringing Mode

With the example of the above calculation with R_ =400 Q line length for SLIC-P (see
Chapter 3.5.3.3) when the internal ringing feature will be used.

Typical ringer load: Rgng = 1000 Q, Cryg = 3.7 HF.
Required ringing voltage Vgng = 40 Vrms and ringing frequency frng = 20 Hz.
DC Offset voltage for ring trip detection Vpc = 14 V.

Table 22 shows the power calculation for the total power dissipation Ptot of the SLIC-P
in balanced ringing mode consisting of the quiescent power dissipation P, the current
sensor power dissipation P|, the gain stage power dissipation Pg and the output stage
power dissipation Pg.

Table 22 SLIC-P Balanced Ringing Power Dissipation (typical)

Prot, RingPause ~ PQ + P+ P + Pg (Itrans = 0 mA) 283 mW
ProT, Ringing = Pg * P+ P + Po 1137 mw?d
Po = Vop % Ipp + IVeatr! X IgaTr + IVBATH! X IgATH *+ VBATL! X IBATL | 281 MW

I:)I =0.055 % ITrans,rms X IVBATRI +0.04 x ITrans,rms X VDD 76 mW
with ITrans,rms = VTIP/RING, rms/1Z1 pl

Pg = (Vgatr? — 802) X (1/60k + 1/216k) —~ 1.6 mwW
Po = IVeaTr! X I1rans ms % 2 X SQRT(2)/11— 781 mW

V1ip/RING, rms X ITrans,rms % €OS(@ oag)

) Values for VDD =3.3 V, VBATL =-22 V, VBATH =—-48 V, VBATR =-80 V, TJ =25°C
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— Power Consumption Calculation for SLIC-P in Unbalanced Ringing Mode

A similar power calculation is valid for internal unbalanced ringing mode, which is only
available for the SLIC-P.

Example:

VDD =3.3V, VBATL =-22V, VBATH =—48YV, VBATR =—-128V and line feeding is
guaranteed up to 400 Q.

Typical ringer load: Rgng = 1000 Q, Crng = 3.7 UF

Required ringing voltage Vryg = 40 Vrms and ringing frequency frng = 20 Hz.

Table 23 shows the power calculation for the total power dissipation Prqt of the SLIC-P
in unbalanced ringing mode.

Note: For further power reduction in unbalanced ringing mode see the Application Note
“DuSLIC Ringing Modes” (chapter 5: “Integrated Unbalanced Ringing with
Reduced Power Dissipation Using SLIC-P”)

Table 23 SLIC-P Unbalanced Ringing Power Dissipation (typical)

ProT, RingPause = Pgo + P+ Pg + P (I1rans = 0 mA) 530 mW
ProT, Ringing = Po + Pi + P + Po 2125 mwb
Po = Vop % Ipp + IVeatr! X IgaTr + VBATH! X IgATH *+ VBATL! X IBATL | 310 MW

I:)I =0.055 x ITrans,rms X IVBATR' +0.04 x ITrans,rms X VDD 121 mwW
With l1rans rms = VTiPRING, rms/1ZLD!

Pg = (0.5 x Vyjpiring” — (VeaTr/2)?)/60K + (VgaTR® — 80%) X 177 mW
(1/60Kk + 1/216K)

Po = IVeatr! * l1rans,rms * 2 X SQRT(2)/m— 1518 mW

V1ip/RING, rms X ITrans,rms % €OS(@ oag)

) Values for VDD =33V, VBATL =-22V, VBATH =—-48YV, VBATR =-128V, TJ =25°C
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3.6 Integrated Test and Diagnosis Functions (ITDF)l)
3.6.1 Introduction

Subscriber loops are affected by a variety of failures which have to be monitored.
Monitoring the loop supposes the access to the subscriber loop and to have test
equipment in place which are capable to perform certain measurements. The
measurements or tests involve resistance, capacitance, leakage, and measurements of
interfering currents and voltages.

3.6.2 Conventional Line Testing

Conventional linecards in Central Office (CO) applications usually need two test relays
per channel to access the subscriber loop with the appropriate test equipment. One relay
(test-out) connects the actual test unit to the local loop. All required line tests can be
accomplished that way. The second relay (test-in) separates the local loop from the
SLIC-E/-E2/-P and connects a termination impedance to it. Hence, by sending a tone
signal the entire loop can be checked, including the SLICOFI-2 and SLIC-E/-E2/-P.

With an external test unit, every line has to be connected separately to the test unit and
the tests have to be performed one line at a time. Testing thousands of lines takes
several hours. Because of the time factor, these tests are typically carried out once a
week or once a month. The test cycle for a specific subscriber line is therefore very long
and any failures are usually detected at a very late stage. This reduces the network
quality.

3.6.3 DuSLIC Line Testing

The DuSLIC with its Integrated Test and Diagnosis Functions (ITDF) is capable to
perform all tests necessary to monitor the local loop without an external test unit and test
relays. The fact, that measurements can be accomplished much faster as with
conventional test capabilities makes it even more a compelling argument for the DuSLIC.
With the DuUSLIC both channels are able to perform line tests concurrently, which also
has a tremendous impact on the test time. All in all, the DuSLIC increases the quality of
service and reduces the costs in various applications.

1 only available with DuSLIC-E/-E2/-P
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3.6.4 Diagnostics

The two-channel chip set has a set of signal generators and features implemented to
accomplish a variety of diagnostic functions. The SLICOFI-2 device generates all test
signals, processes the information that comes back from the SLIC-E/-E2/-P and provides
the data to a higher level master device, e.g. a microprocessor. All the tests can be
initiated by the micropocessor and the results can be read back very easily. The
Integrated Test and Diagnosis Functions (ITDF) might prevent any problem which
affects service caused by the subscriber line or line equipment before the customer
complains. IDTF has been integrated to facilitate the monitoring of the subscriber loop.

3.6.4.1 Line Test Capabilities

The line test comprises the following functions:

* Loop resistance measurement:
The DC loop resistance can be determined by supplying a constant DC voltage
V1r pc to the Ring- and Tip line and measuring the DC loop current via the IT pin.
» Leakage current:
— Leakage current Tip/Ring
— Leakage current Tip/GND
— Leakage current Ring/GND
* Ringer/ Line capacitance:
Capacitance measurements can be performed by using the integrated ramp
generator function. Loading a capacitor Cyeasure With a constant voltage ramp results
in a constant current which is proportional to Cyeasure.
— Line capacitance Tip/GND
— Line capacitance Ring/GND
» Foreign voltage measurement:
Two analog input pins (103, 104) can be used for direct and differential measurement
of two external voltages.
— Foreign voltage measurement Tip/GND
— Foreign voltage measurement Ring/GND
— Foreign voltage measurement Tip/Ring
* Measurement of ringing voltage
* Measurement of line feed current
* Measurement of supply voltage Vpp of the SLICOFI-2
» Measurement of transversal- and longitudinal current
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3.6.4.2 Integrated Signal Sources

The signal sources available on the DuSLIC chip set are:

» Constant DC voltage (three programmable ringing DC offset voltages)
» 2 independent tone generators TG1 and TG2:

» TTX metering signal generator (12/16 kHz)

» Ramp generator (used for capacitance measurements)

* Ring generator (5 Hz - 300 Hz)

3.6.4.3 DC Levelmeter

The DC levelmeter results will be determined and prepared depending on certain
configuration settings. The selected input signal becomes digitized after pre-filtering and
analog-to-digital conversion.

The following values can be measured:

DC Levelmeter Measurement Values:
DC out voltage on DCP-DCN
DC currenton IT

DC current on IL

Voltage on 103

Voltage on 104

Vbp
Offset of DC-pre-filter (short circuit on DC-pre-filter input)
Voltage on 104 — 103

3.6.4.4 AC Levelmeter

The AC levelmeter allows access to the voice signal while the active voice signal is being
processed. The input signal for the AC levelmeter might get processed with a
programmable filter characteristic, i.e. bandpass- or notch filter.

The following values can be measured:

AC Levelmeter Measurement Values:

AC level in transmit

AC level in receive

AC level receive + transmit
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3.6.5 Signal Path and Test Loops

The following figures show the main AC and DC signal path and the integrated analog
and digital loops of SLICOFI-2, SLICOFI-2S and SLICOFI-2S2.

Please note the interconnections between the AC and DC pictures of the respective
chip set. For further information on the shown registers and bits/switches please see the
DuSLIC Data Sheet.

3.6.5.1 Test Loops SLICOFI-2

LM-NOTCH
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LM-EN Y

LM-AC LM-VAL*
AC-DLB-32K COX16 LM-SEL[3:0]

16K

LM2PCM

- | : IS | f PCM OUT:
AX-DIS HPX-DIS 3 LPRX-CR FRX-DIS AX-DIS HPX-DIS AC-DLB-8K Transmit Data
PCM16K to PCM or

*LM-VAL-H[7:0] I0M-2 Interface
LM-VAL-L[7:0]
TH

'
'
'
PCM2DC |
PCMlGK ':c
i 1
| '
AR-DIS % LPX-CR FRR-DIS HPR-DIS AR-DIS E
br— AR2 H‘—D—{ LPR H FRR H HPR H AR1 }—*
COR-64 EXP
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D Not Programmable PD-TTX-A 7 - TTX
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SWITCH Available only when bit + + b
TEST-EN=1
IM-DIS

duslic_0022_intstru_slicofi2_a.wmf

Figure 36 AC Test Loops SLICOFI-2
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Figure 37 DC Test Loops SLICOFI-2
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3.6.5.2 Test Loops SLICOFI-2S5/-252

The AC test loops for SLICOFI-2S (Figure 38) and SLICOFI-2S2 (Figure 39) are
different since Teletax (TTX) is not available with SLICOFI-2S2. The DC test loops are
identical.

16K MU-LAW
AC-DLB-32K COX16 LIN
a <—Q—b—{ AX2 }—M—{ HPX2 }7 4{ LPX H FRX H AX1 H HPXI} CMP
PCM OUT:
AX-DIS HPX-DIS LPRX-CR FRX-DIS AX-DIS HPX-DIS ~_f Transmit Data
AC-DLB-8K to PCM
or IOM-2 Interface
TH
'
i
PCM2DC
— g
i
AR-DIS LPX-CR FRR-DIS HPR-DIS AR-DIS E
b AR2 ‘ LPR H FRR H HPR H AR1 }—4 EXP L
COR-64 ‘ PCM IN:
MU-LAW Receive Data
PTG, from PCM
TH-DIS TG1-EN LIN or IOM-2 Interface
TG2-EN

PD-AC-PR

PD-AC-GN
ITAC AC-XGAIN PD-AC-AD
— AC-DLB-AM  aAc.pLB-128K
> PREFI ADC a

TTX
|| | ey e |

D Programmable via CRAM TTX-12K oM am TX-12K e
TIX-DIS P OPIM AN i TTX-DIS
D Not Programmable PD-TTX-A 0 —! —
Gen.
SWITCH  Always available ACN/ACP PD-AC-PO PD-AC-DA )\
SWITCH Available only when bit ¥ \f/ b
TEST-EN=1
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Figure 38 AC Test Loops SLICOFI-2S
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Figure 39 AC Test Loops SLICOFI-2S2
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Figure 40 DC Test Loops SLICOFI-2S/-2S2
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4 Interfaces

The DuUSLIC connects the analog subscriber to the digital switching network by two
different types of digital interfaces to allow for the highest degree of flexibility in different
applications:

 PCM interface combined with a serial microcontroller interface
* |OM-2 interface.

The PCM/IOM-2 pin selects the interface mode.

PCM/IOM-2 = 0: The IOM-2 interface is selected.
PCM/IOM-2 = 1: The PCM/uC interface is selected.

The analog TIP/RING interface connects the DuSLIC to the subscriber.

4.1 PCM Interface with a Serial Microcontroller Interface

In PCM/uUC interface mode, voice and control data are separated and handled by
different pins of the SLICOFI-2x. Voice data are transferred via the PCM highways while
control data are using the microcontroller interface.

4.1.1 PCM Interface

The serial PCM interface is used to transfer A-law or p-law-compressed voice data. In
test mode, the PCM interface can also transfer linear data. The eight pins of the PCM
interface are used as follows (two PCM highways):

PCLK: PCM Clock, 128 kHz to 8192 kHz

FSC: Frame Synchronization Clock, 8 kHz

DRA: Receive Data Input for PCM Highway A

DRB: Receive Data Input for PCM Highway B

DXA: Transmit Data Output for PCM Highway A

DXB: Transmit Data Output for PCM Highway B

TCA: Transmit Control Output for PCM Highway A, Active low during

transmission

TCB: Transmit Control Output for PCM Highway B, Active low during
transmission

The FSC pulse identifies the beginning of a receive and transmit frame for both
channels. The PCLK clock signal synchronizes the data transfer on the DXA (DXB) and
DRA (DRB) lines. On all channels, bytes are serialized with MSB first. As a default
setting, the rising edge indicates the start of the bit, while the falling edge is used to buffer
the contents of the received data on DRA (DRB).
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If double clock rate is selected (PCLK clock rate is twice the data rate), the first rising
edge indicates the start of a bit, while, by default, the second falling edge is used to buffer
the contents of the data line DRA (DRB).

FSC

125 ps

PCLK

DRA

Time Slot

AR
ST R R

High 'Z'

Time Slot 3
High 'Z'

DXA

SN

)

|

Detail A
DETAIL A:
FSC
Clock |01 23 45867
PCLK U U U U
Voice
DRA Data
Bit 76 543210
High 'Z' Voice High 'Z'
DXA Data
TCA
ezm14046.wmf
Figure 41 General PCM Interface Timing
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The data rate of the interface can vary from 2 x 128 kbit/s to 2 x 8192 kbit/s (two
highways). A frame may consist of up to 128 time slots of 8 bits each. The time slot and
PCM highway assignment for each DuSLIC channel can be programmed. Receive and
transmit time slots can also be programmed individually.

When DuSLIC is transmitting data on DXA (DXB), pin TCA (TCB) is activated to control
an external driving device.

The DRA/B and DXA/B pins may be connected to form a bidirectional data pin for special
purposes, e.g., for the Serial Interface Port (SIP) with the Subscriber Line Data (SLD)
bus. The SLD approach provides a common interface for analog or digital per-line
components. For more details, please see the “ICs for Communications™ User’s
Manual available from Infineon Technologies on request.

Table 24 shows PCM interface examples; other frequencies (e.g., 1536 kHz) are also
possible.

Table 24 SLICOFI-2x PCM Interface Configuration

Clock Rate PCLK |Single/Double Time Slots Data Rate
[kHz] Clock [1/2] [per highway] [kbit/s per highway]
128 1 2 128

256 2 2 128

256 1 4 256

512 2 4 256

512 1 8 512

768 2 6 384

768 1 12 768

1024 2 8 512

1024 1 16 1024
2048 2 16 1024
2048 1 32 2048
4096 2 32 2048
4096 1 64 4096
8192 2 64 4096
8192 1 128 8192

f 1 f164 f

D Ordering No. B115-H6377-X-X-7600, published by Infineon Technologies.
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Table 24 SLICOFI-2x PCM Interface Configuration
f 2 /128 fl2

Valid PCLK clock rates are: f=n x 64 kHz (2 < n < 128)

4.1.2 Serial Microcontroller Interface
The microcontroller interface consists of four lines: CS, DCLK, DIN and DOUT.

CS A synchronization signal starting a read or write access to SLICOFI-2x.
DCLK A clock signal (up to 8.192 MHz) supplied to SLICOFI-2x.

DIN Data input carries data from the master device to the SLICOFI-2x.
DOUT Data output carries data from SLICOFI-2x to a master device.

There are two different command types. Reset commands have just one byte.
Read/write commands have two command bytes with the address offset information
located in the second byte.

A write command consists of two command bytes and the following data bytes. The first
command byte determines whether the command is read or write, how the command
field is to be used, and which DuSLIC channel (A or B) is written. The second command
byte contains the address offset.

A read command consists of two command bytes written to DIN. After the second
command byte is applied to DIN, a dump-byte consisting of ‘1’s is written to DOUT. Data
transfer starts with the first byte following the ‘dump-byte’.
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Figure 42 Serial Microcontroller Interface Write Access?
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Figure 43 Serial Microcontroller Interface Read Access

D for n data bytes and single byte command
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Programming the Microcontroller Interface Without Clocks at FSC, MCLK, PCLK

The SLICOFI-2x can also be programmed via the pC interface without any clocks
connected to the FSC, MCLK, PCLK pins. This can be useful in Power Down modes
when further power saving on system level is necessary. In this case a data clock of up
to 1.024 MHz can be used on pin DCLK.

Since the SLICOFI-2x will leave the basic reset routine only if clocks at the FSC, MCLK
and PCLK pins are applied, it is not possible to program the SLICOFI-2x without any
clocks at these pins directly after the hardware reset or power on reset.
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4.2 The IOM-2 Interface

IOM-2 defines an industry-standard serial bus for interconnecting telecommunication
ICs for a broad range of applications - typically ISDN-based applications.

The IOM-2 bus provides a symmetrical full-duplex communication link containing data,
control/programming and status channels. Providing data, control and status information
via a serial channel reduces pin count and cost by simplifying the line card layout.

The IOM-2 Interface consists of two data lines and two clock lines as follows:

DU: Data Upstream carries data from the SLICOFI-2x to a master device.

DD: Data Downstream carries data from the master device to the SLICOFI-2x.
FSC: A Frame Synchronization Signal (8 kHz) supplied to SLICOFI-2x.

DCL: A Data Clock Signal (2048 kHz or 4096 kHz) supplied to SLICOFI-2x.

SLICOFI-2x handles data as described in the IOM-2 specificationl) for analog devices.

- 125 ps >
|

FSC T B

ou - IMMANMAN...... UMM

DD TSO TS1 7T; i TS3 TS4 TS5 TS6 TS7

DU ] Tso TS1 TS2 || Ts3 TS4 TS5 TS6 ST |
Dl A | -

Detail A

DD :7 \:/oiicei Ciha:nri‘eliA \:/oiicei Cihafnr{el EB I\:/Ioinit:oricﬁah él é/l iCﬁaﬁné MR|MX :

DU | Voice Channel A | Voice Chanrel 8 | Monitor Channet | G Channel |

ezm04104.emf

Figure 44 IOM-2 Int. Timing for up to 16 Voice Channels (Per 8 kHz Frame)

1 Available on request from Infineon Technologies.
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The information is multiplexed into frames, which are transmitted at an 8-kHz rate. The
frames are subdivided into 8 sub-frames, with one sub-frame dedicated to each
transceiver or pair of codecs (in this case, two SLICOFI-2x channels). The sub-frames
provide channels for data, programming and status information for a single transceiver

or codec pair.

[ 125 us ™
Fsc | | T
7 \ ;
4096 kHz  JUILILILIIUuutoubeuuogueoit - - - - - _ . o _
_l | L
DD *i TSO ‘ TS1 ‘ TS2 ‘ TS3 ‘ TS4 ‘ TS5 ‘ TS6 ‘ TS7 it B
DU J{ | TSO 1 ‘ TS1 ‘ TS2 ‘ TS3 ‘ TS4 ‘ TS5 ‘ TS6 ‘ TS7 i{:
et s | |
betailB L _______
FSC \ 777777777777777777777777777
oct || [ L
DD/DU Bit N Bit 0 Bit 1
ezm04105.emf
Figure 45 IOM-2 Interface Timing (DCL = 4096 kHz, Per 8 kHz Frame)
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etailc | 1
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FSC ‘ o
DCL
DD/DU Bit N Bit O Bit 1
ezm04106.emf

Figure 46 IOM-2 Interface Timing (DCL = 2048 kHz, Per 8-kHz Frame)

Both DuSLIC channels (see Figure 44) can be assigned to one of the eight time slots.
Set the IOM-2 time slot selection as shown in Table 25 below by pin-strapping. In this
way, up to 16 channels can be handled with one IOM-2 interface on the line card.

Table 25 IOM-2 Time Slot Assignment
TS2 TS1 TSO IOM-2 Operating Mode

Time slot 0; DCL = 2048, 4096 kHz
Time slot 1; DCL = 2048, 4096 kHz
Time slot 2; DCL = 2048, 4096 kHz
Time slot 3; DCL = 2048, 4096 kHz

Time slot 4; DCL = 2048, 4096 kHz
Time slot 5; DCL = 2048, 4096 kHz
Time slot 6; DCL = 2048, 4096 kHz
Time slot 7; DCL = 2048, 4096 kHz

P RrPFPFR, OOOO

PFR,POO PPk OO
POPFPRPO POPFRO

2 MHz or 4 MHz DCL is selected by the SEL24 pin:
SEL24 = 0: DCL = 2048 kHz
SEL24 = 1: DCL = 4096 kHz
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4.3 TIP/RING Interface

The TIP/RING interface is the interface that connects the subscriber to the DuSLIC. It
meets the ITU-T recommendation Q.552 for a Z-interface and applicable LSSGR.

4.4 SLICOFI-2S/-2S52 and SLIC-S/-S2 Interface

The SLIC-S/-S2 PEB 4264/-2 operates in the following modes controlled by a ternary
logic signal at the C1 and C2 input:

Table 26 SLIC-S/-S2 Interface Code
C2 (Pin 17)
L M H
C1 (Pin 18) LD PDH PDRHL PDRH
M ACTL ACTH ACTR
H unused HIT HIR
D no “Overtemp” signaling possible via pin C1 if C1 is low.
PEB4264/-2 ] EE§‘§264/-2
(Ino * l1o) / 10
Current ot 110208 C‘”H—EEJ ITACA
Sensor (Ig- 1) 1 200
‘}Tié‘ VCMITA
7 VCM
&ACNA
TIP ¢ H
%\DCNA
*,——‘ DCPA
RING L. H
1 ACPA
S1, S2 closed:
ACTR, HIT,
HIR | VCMs
d: Cj VCMS
VBATL - ic1 écm
VBATH Logik | ECZ g c2A
(Sub) 1 1 T
- .| 1 AGND
VDD (+5 V) AGND H
& vDD@E.3 V)
' ezm29204.emf

Figure 47

Interface SLICOFI-2S5/-252 and SLIC-S/-S2
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4.5

SLICOFI-2 and SLIC-E/-E2 Interface

The SLIC-E/-E2 PEB 4265/-2 operates in the following modes controlled by a ternary
logic signal at the C1 and C2 input:

Table 27 SLIC-E/-E2 Interface Code
Cc2
L M H
Cil LD PDH PDRHL PDRH
M ACTL ACTH ACTR
H HIRT HIT HIR
D no “Overtemp” signaling possible via pin C1 if C1 is low.
oo FEB 26512 i, PEB 3265
Off-hook ot o) /10— VHI | o
Current (101100 ITACA
Sensor (Ig- 17) / 200 H LA
2 vemiTa
Ve
5 TA
@ ACNA
TIPI;F H
g é DCNA
.D DCPA
RlNG\ik :
: { ACPA
S1, S2 closed: '
ACTR, HIT, : :
HIR, HIRT éVCMS ::] vems
VBATL D i éC1 .D C1A
VBATH 3 Switch VBI BIAS Logik E'CZ C'] C2A
(Sub) ¥ R |
""""""""""" S 0 AGND
VDD (+5V) AGND :
I VDD(3.3V)
' ezm20204.emf
Figure 48 Interface SLICOFI-2 and SLIC-E/-E2
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4.6

SLICOFI-2 and SLIC-P Interface

The SLIC-P PEB 4266 operates in the following modes controlled by a ternary logic
signal at the C1, C2 inputs and a binary logic signal at C3 input:

Table 28 SLIC-P Interface Code
C2

L M H
LY PDH PDRR PDRRL

PDRHL PDRH

C1 M ACTL ACTH ACTR

H HIRT HIT HIR

ROT ROR
C3=HorL Cc3=H? c3=1?

D no “Overtemp” signaling possible via pin C1 if C1 is low.

2 c3 pin of SLIC-P is typically connected to 102 pin of SLICOFI-2. For extremely power-sensitive applications
using external ringing the C3 pin can be connected to GND.

PEB 4266 PEB3265
(g * 1) /10
1 BGND :
(I + 1) / 100 T Coay &
: ITACA

Current H !
(I - 1) / 200

sensor

5 ILA

& VCMITA
VCM

ITA

ACNA

DCNA

DCPA

ACPA

S1, S2 closed:

ACTR, ROT,
ROR, HIT,
HIR, HIRT i VCMS
PDRH 01 ] VCMS
PDRHL :
p Gt C1A
1
Battery ] 1 C2
BIAS Logic EC:” C2A
= 102A
....................................................... Cheeneemanneeniharnennanannnnt
AGND VDD(#5 V) AGND

VDD(33V) a5m14041.emf

Figure 49 Interface SLICOFI-2 and SLIC-P

Product Overview 94 2000-11-09



e

Infineon DuSLIC

Iechno|ogies/
5 Application Circuits

Application circuits are shown for internal ringing with DuSLIC-E/-E2/-S/-P (balanced
and unbalanced) and for external unbalanced ringing with DuUSLIC-E/-E2/-S/-S2/-P for
one line. Channel A and the SLIC have to be duplicated in the circuit diagrams to show
all components for 2 channels.

5.1 Internal Ringing (Balanced/Unbalanced)

Internal balanced ringing is supported up to 85 Vrms for DuSLIC-E/-E2/-P and up to
45 Vrms for DUSLIC-S. Internal unbalanced ringing is supported for SLIC-P with ringing
amplitudes up to 50 Vrms without any additional external components. Off-hook
detection and ring trip detection are also fully internal in the DuSLIC chip set.
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5.1.1 Circuit Diagram Internal Ringing

Application Circuits

Vi Vees
C C
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c c
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c c c c

AGND | AGND | AGND | AGND
v v v, v,

BATH BATL

DDA

DDR DDD

* optional for SLIC-P

TIP
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BGND AGND AGND
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s | AGND
J— pCM/ioN-2 [«AC!
ACNA Fsc
DCL/PCLK [¢——
DCEA Channel A
DA DD/DRB f¢——
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C2A TSO/DIN fe——
TS1/DCLK fe——
coenaM TS2/CS fe—
INT |—>
MCLK Je——
COCE SEL24/DRA fe——
ITACA DXA —»
DXB|—»
TCcA |—>
ITA _
TCcB |—>
RSYNC [——_
— |, AGND
VCMITA REseT Y
TEST [ 2
AGND
i 1048 [«+—>
1038 [+—>
1028 [+—>
vew  SLICOFI-2
1018 [+—>
SLICOFI-2S
VCMS  (Channel A,B)  104A
103A f+—>
CREF PEB 3265 102A [¢—>
enor  PEB 3264 101A &>
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AGND AGND AGND

ezm14042.emf

Figure 50

Application Circuit, Internal Ringing (Balanced & Unbalanced)

As shown in Figure 50 both balanced and unbalanced internal ringing uses the same

line circuit.

Note: Only the codec/SLIC combinations shown in Table 1 "DuSLIC Chip Sets" on

Page 2 are possible.
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5.1.2 Protection Circuit for SLIC-E/-E2 and SLIC-S

A typical overvoltage protection circuit for SLIC-E/S is shown in Figure 51. Other proved
application schemes are available on request.

VFR
fuseZie resistor R |
o - Csmsl -
l "o SLIC-E/-E2
. LCPO2 | L. PEB 4265/-2

}—0; Gn
GND

Rin
- : SLIC-S
T PEB 4264
RING Ronor 200 Rsrag

X 30Q
fuseable resistor

VBATH ezm14070.emf

Figure 51 Typical Overvoltage Protection for SLIC-E/-E2 and SLIC-S

The LCP02 (from STM) protects against overvoltage strikes exceeding Vyr and VgatH-
Protection resistors must be rated for lightning pulses. In case of power contact,
protection resistors must become high impedance or additional fuses are needed.
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5.1.3 Protection Circuit for SLIC-P

A typical protection circuit for SLIC-P is shown in Figure 52. Other proved application
schemes are available on request.

Protection
RPROT 200 RSTAB
fusable resistor 30Q
TIP - — L
B1160CC J
BGND Corae
/ 15nF
B N V4
=l
- SLIC-P
i PEB 4266
Y N l BOND
Corae
15nF
RING [} 4 1
Rpror20 Q Rstag
fusable resistor 30Q
VBATR
ezm14048.emf

Figure 52 Typical Overvoltage Protection for SLIC-P

The gate trigger voltage of the Battrax B1160CC (Teccor) can be set down to the battery
VOltage of VBATR (— 150 V)

Protection resistors must be rated for lightning pulses. In case of power contact,
protection resistors must become high impedance or additional fuses are needed.
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Table 29 shows the external passive components needed for a dual channel solution
consisting of one SLICOFI-2/-2S and two SLIC-E/-E2/-S/-P.

Table 29 External Components in Application Circuit for DuSLIC-E/-E2/-S/-P

No. | Symbol Value Unit |Tolerance |Rating DuSLIC |DuSLIC
-E/-E2/-S |-P

2 |Rqp 470 Q 1% X X
2  |Rm» 680 Q 1% X X
2 R 1.6 kQ 1% X X
4 |Rs7ag 30 Q 1 %Y X X
4 |Rerort 20 Q 1 %% X X
4 | Csram 15 nF |10% see 2 X X
2 | Cpe 120 nF |10 % 10V X X
2 Cirac 680 nF 10 % 10V X X
2 | Cyemit 680 nF |10 % 10V X X
1 | Crer 68 nF |20% 10 vV X X
2 Cext 470 nF 20 % 10V X X
12 |C 100 nF 10 % X X
2 Battrax B1160CC |- - according to X

supply voltage

VBATR
2 Diode- MB2S X

bridge
2 STM LCP-02 X
Cp 220 nF 20 % according to X
supply voltage
Vearth and Vg

1 matching tolerance is dependent on longitudinal balance requirement
2) according to the highest used battery voltage IVgatg! for SLIC-P and IVl or IVgatyl for SLIC-E/-E2/-S

For handling higher electromagnetic compatibility (EMC) requirements, additional effort
in the circuit design may be necessary, e.g., a current-compensated choke of 470 puH in
the Ring/Tip lines.

Additionally to the capacitors C, a 22 pF capacitor per 8 Ring/Tip lines is recommended
for buffering the supply voltages.
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5.2 External Unbalanced Ringing with DuSLIC-E/-E2/-S/-S2/-P

External unbalanced ringing applications are shown for a standard solution (see
Figure 53) and for a solution dedicated to higher loop lengths (see Figure 54).

Note: Only the codec/SLIC combinations shown in Table 1 "DuSLIC Chip Sets" on

Page 2 are possible.
VCCS VBATH VBATL VCCA VCCA VCCA VCCA
c, c, c, C, Cy Cy Cy
AgD BgD BgD AgD AgD AgD A;—|N7D
Voo % \ \ \% \ \

VHR BATH BATL DDA DDR DDD DDPLL
——» RSYNC / SLICOFI-2
External SELCLK [
Ring ACP ACPA PCM/iON-Z [+-ACND
Generator ACN ACNA Esc e
bce DERS Channel A DCLIPCLK fe——
DCN DCNA DD/DRE
1 e DU/DOUT |—>»
c2 C2A
TSO/DIN [&——
* o3 connected to
102A TS1/DCLK fe——
] coena® TS2CS o
Coc o
‘ ] TP INT|—»
RSTAB
CST’J; CL CDCPA MCLK Je—
ITACA SEL24/DRA f&——
‘ T ITACA DXA
/E Protection DXB
CSTAB
BGND ITA TeA ’
TCB [—>
CVCMITA RSYNC
- RING —{ }— VCMITA
sThB RESET [+
RHJ\
TEST[ L
AGND
L ILA 1048 |28
[—>
SLIC-E/-E2 1038
SLIC-S/-S?2 SLICOFI-2  gy5 >
L SLIC-P SLICOFI-2S/-2S2015 }e>
1N4148 VCMS c vems  (Channel A, B) g4 k>
REF
PEB 4265/-2 }7 103A >
PEB 4264/-2 o PEB 3265
- 102A [
onor  PEB 3264/-2
PEB 4266
BGND AGND CEXT GNDA GNDD GNDPLL
J CEXT J
+ o _ 1
optional for SLIC-P BGND AGND AGND AGND AGND AGND AGND

ezm14044.emf

Figure 53 Application Circuit, External Unbalanced Ringing

This circuit senses the ring current on only one line (Tip line). It is therefore restricted to
applications with low longitudinal influence (short lines).
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Figure 54 Application Circuit, External Unbalanced Ringing for Long Loops

For handling higher electromagnetic compatibility (EMC) requirements, additional effort
in the circuit design may be necessary, e.g., a current-compensated choke of 470 puH in
the Ring/Tip lines.

This circuit senses the ring current in both Tip and Ring lines. Longitudinal influence is
cancelled out. This circuit therefore is recommended for long line applications.
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