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Preface

This document provides detailed technical information about the SICOFI®4-TE. It is
intended for anyone considering or using the device for system design or board layout
for a broad range of analog telephony applications.

Organization of this Document
This Hardware Reference Manual is organized as follows:

e Chapter 1, Overview
Includes a general description of the architecture, feature list, and logic symbol.
e Chapter 2, Pin Descriptions
lllustrates the Pin Configuration and provides detailed functional descriptions.
* Chapter 3, Functional Description
Provides a block diagram and summarizes the major functional blocks.
e Chapter 4, Operational Description
Begins with a state diagram and description of the operating states of all four channels
and concludes with detailed transmission characteristics.
e Chapter 5, Interface Descriptions
Describes the Analog, IOM-2 PCM, Signaling, and Serial Microcontroller interfaces.
* Chapter 6, Programming Overview
lllustrates the register model and coefficient RAM structure, provides a register map
and summary, and identifies the programming command sequences.
* Chapter 7, Application Hints
Describes the development system available for the PSB 2134, and provides
guidelines and schematics for board layout.
* Chapter 8, Electrical Characteristics and Timing Diagrams
Provides detailed tables for the electrical characteristics and includes timing diagrams
for the Analog, IOM-2 PCM, Serial Microcontroller, and Signaling interfaces.
* Chapter 9, Test Configuration
Describes the test loops and cut-offs available for functional tests and diagnostics.
e Chapter 10, Package Outlines
lllustrates the P-MQFP-64 package in which the PSB 2134 is manufactured.
* The Appendix
Includes a glossary and an index.

Related Documentation

Other documentation for the PSB 2134 includes a Product Brief, a Product Overview, a
Programmer’s Reference Manual, and assorted Application Notes. Similar
documentation is also available for the other members of the SICOFI Codec family
including the PSB 2132, PEB 2466, and PEB 2266. Documentation is available by
accessing our website: http://www.infineon.com/sicofi

Hardware Reference Manual 1 2001-02-20
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Overview

1 Overview

The four-channel codec filter PSB 2134 SICOFI®4-TE is built around a central DSP-core
which provides independent filter structures for all channels. Its analog I/O pins are used
to connect to external subscriber line interface circuits (SLICs). Their signals are
internally routed to the analog-to-digital and digital-to-analog converters (ADC, DAC).
The signaling pins carry line status and control information to and from the SLICs. Two
programmable clock outputs are available. The SICOFI®4-TE’s IOM-2 PCM Interface
connects directly to a 768 kbit/s IOM-2 bus, often used in terminal equipment. The
digitized voice band signals are available as A-Law or p-Law codes within selectable 8-
bit time slots.

The SICOFI®4-TE modes, features, and filter characteristics are programmed through a
serial interface to a microcontroller. The access mechanism is very simple, and can be
implemented with as few as three 1/0 ports.

PEB 2134
SICOFI4-TE DSP Core
KJ>{ ADC - DAC |«—>| Digital Filters
rr<=y suct1 |7
- Signaling Channel 1
([ ADC - DAC |« Digital Filters g [ Highway A
tr<=q1 SLIC2 | —— Channel 2 8
1] Signaling |« 5
=
(' 4[ ADC - DAC |« Digital Filters 3
tr <=4 SLIC3 : — Channel 3 o .
1 Signaling |« K> Highway B
41 ADC - DAC |=——> Digital Filters
tr <1 SLIC4 | — Channel 4
1> Signaling |«
|
| Y
™ PLL, Status and Control
< Clocking [* Registers CRAM
) )
Serial Microcontroller Interface
75
v
2134_201

Figure 1 SICOFI®4-TE Architecture

Hardware Reference Manual 2 2001-02-20



—

< Infineon
technologies

Four Channel Codec Filter with PCM and PSB 2134
Microcontroller Interface

SICOFI®4-TE

Version 2.2 CMOS
1.1 Features

Four-channel single chip codec with digital filters
High analog driving capability (300 Q, 50 pF) for
direct driving of transformers

Digital Signal Processing (DSP) technique
Programmable digital filters to adapt transmission
behavior, especially for:

— AC impedance matching P-MQFP-64
— Transhybrid balancing

— Frequency response

— Signal levels

— A/p-Law compression and expansion
High performance ADC and DAC for excellent linearity and dynamic gain
Programmable Analog Interface to electronic SLICs or transformer solutions

Seven SLIC-signaling I/O pins per channel with programmable debouncing

IOM-2 compatible PCM interface (1.536 MHz DCL, 768 kHz Bit Clock)

Easy to use 4-pin Serial Microcontroller Interface (SPI compatible) for read/write
access

Single supply voltage (5 V)

Advanced low-power mixed-signal CMOS technology

Two programmable tone generators per channel (DTMF possible)

Level metering function for system tests and for analog input signal testing
Advanced on-chip functions for device and system diagnostics and manufacturing test
— Five digital loops

— Four analog loops

Support tools include:

— Hardware development board — STUT 2466

— QSICOS Coefficient Calculation and Register Configuration Software

Standard P-MQFP-64 package

Type Package

PSB 2134 Version 2.2 P-MQFP-64

Hardware Reference Manual 3 2001-02-20
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1.2 Logic Symbol
/C-hannel —» V,,
1 VOUT1
Channel —» Vv, DU
Analog 2 . vy, DU |t
Interface \ . el —» Vins DD :34_» IOM-2
3 1 Vours DD PCM
Channel > V. FSC Interface
\ 4 1 Voun BCL [e—
DCL |e—
<«+—— RGEN
-«4+—— CHC
SICOFI®4-TE
/ —» SI1.0 SI3_0 |e—
Channel <% 28110 PSB 2134 S%Ig:g’ —® Channel
<«—{ SO1_1 S03. 1 —»
1 <«—»| SB1O SB3.0 la—p 3
<—>»| SBi_1 SB3_1 |a—»

] . <«—>» SBi1_2 SB3 2 |a—» ] .
Signaling Signaling
Interface < —» SI2.0 Sl4 0 |a——m Interface
Ch. 1&2 —» Sl2_1 Sl4_1 |a——- Ch. 3&4

Channel S02_0 S04 0 » Channel
«—— S02.1 S04 1 —»
2  <«—»| SB2O SB4 0 la—» 4
<-—>»| SB2_1 SB4 1 |a—»
-«+—>»| SB2_2 SB4 2 |a—»
\ <«— INT12 INT34 ——» /
RESET# DOUT DIN DCLK CS#
Y
Microcontroller Interface
2134_203
Figure 2 SICOFI®4-TE Logic Symbol
1.3 Typical Applications

Many applications will benefit from the versatility of the SICOFI®4-TE codec and filter.
The inherent flexibility enables several products to be developed around one basic
architecture, thus affording potentially significant savings in time to market, inventory
costs, and support administration.

The following list represents some of the typical applications for which the SICOFI®4-TE
codec was designed: Small PBX, Terminal Adapters, and intelligent NTs. Refer to the
Product Overview, Chapter 5 Application Hints for more information.

Hardware Reference Manual 4 2001-02-20
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2 Pin Descriptions
2.1 Pin Diagram
(top view)
P-MQFP-64
1—ONl'_|O|1_IOIOI‘_IO|'_|N|O1—C\|Z
Il el el NN ™ ™ — — +~ | I — W
EEmmmOOOOmmm::Eo
DDONDDDDODDODODNDDNDN!M|MELX
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
Vine < 49 32 — BCL
GNDA1 ] 50 31 — FSC
Vourr < 51 30 — DU
Vooarz < 52 29 — DD
Voure £ 53 28 — NU
GNDA2 ] 54 27 = DD
Vi <55 26 — DU
Vogr <1 56 SICOFI®4-TE 25 = NU
VDDREF ] 57 PSB 2134'H 24 e VDDD
Ving < 58 23 [ RESET#
GNDA3 < 59 22 — DCL
Vours < 60 21 — GNDD
Vooass < 61 20 — DOUT
Voura < 62 19 = DIN
GNDA4 <] 63 18 — DCLK
Vine < 64 O 17 = CS#
1 23 45 6 7 8 9 10 11 12 13 14 15 16
~ OQAN MO ~ OO 0O ~—~ANNO ™ < X
A T s
22380333335 3509
mwwwwmmmmwmwmw—g
2134_204
Figure 3 Pin Configuration of SICOFI®4-TE
Hardware Reference Manual 5 2001-02-20
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2.2 Pin Definitions and Functions
Table 1 Pin Definitions and Functions
Pin | Symbol | Type | Function Ch.
1 SI3_1 | | Signaling Input, Channel 3 Pin 1 3
2 SI3_0 | | Signaling Input, Channel 3 Pin 0 3
3 | SB3_2 | I/0O |Bi-directional Signaling, Channel 3 Pin 2 3
4 | SB3_1 I/O | Bi-directional Signaling, Channel 3 Pin 1 3
5 | SB3_0 | I/O |Bi-directional Signaling, Channel 3 Pin 0 3
6 | SO3_1 O | Signaling Output, Channel 3 Pin 1 3
7 | SO3_0 O | Signaling Output, Channel 3 Pin 0 3
8 | SO4_0 O |[Signaling Output, Channel 4 Pin 0 4
9 | SO4_1 O | Signaling Output, Channel 4 Pin 1 4
10 | SB4_0 | I/O |Bi-directional Signaling, Channel 4 Pin 0 4
11 | SB4_1 I/O | Bi-directional Signaling, Channel 4 Pin 1 4
12 | SB4_2 | I/O |Bi-directional Signaling, Channel 4 Pin 2 4
13| Sl4_0 | | Signaling Input, Channel 4 Pin 0 4
14 | Sl4_1 | | Signaling Input, Channel 4 Pin 1 4
15 | INT34 O |Interrupt Output Channels 3 and 4 3,4
Active high; only valid if DCL with 1.526 MHz is applied
16 | CHCLK | O |Chopper Clock Output all

Provides 256, 512, or 16,384 kHz signal; sync. to DCL.

17 CS# | | Chip Select all
Microcontroller Interface chip select, enable to read or
write; active low

18 | DCLK I Data Clock all
Microcontroller Interface data clock, shifts data from or to
device; maximum clock rate 8192 kHz.

19 DIN I Data Input all
Microcontroller Interface control data input pin; DCLK
determines data rate.

20 | DOUT O |Data Output all
Microcontroller Interface control data output pin; DCLK
determines data rate: DOUT is high impedance "Z" if no
data is transmitted from the SICOFI®4-TE.

Hardware Reference Manual 6 2001-02-20
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Pin | Symbol | Type | Function Ch.
21 | GNDD | | Digital Ground all

Ground reference for all digital signals. Internally isolated
from GNDA1(Pin 50), GNDA2 (Pin 54), GNDAS (Pin 59),
and GNDA4 (Pin 63).

22 DCL | | Master Clock Input all
1536 kHz signal must be applied for any operation. DCL,
BCL, and FSC must be synchronous.

23 | RESET# | | Reset Input all
Forces the device to default setting mode; active low.

24 Vbbb | | Digital Supply Voltage all
+5 V supply for digital circuits (use 100 nF blocking cap.).

25 NU None Usable
Leave unconnected.

26 DU I/O/ |IOM-2 Data Upstream all

tri- | Interface together with Pin 30. Both pins must be
state | connected together. Transmits or receives PCM data in
8-bit bursts every 125 ps. With push-pull resistor.

27 DD I/O/ | IOM-2 Data Downstream all
tri- | Interface together with Pin 29. Both pins must be

state | connected together. Transmits or receives PCM data in

8-bit bursts every 125 ps. With push-pull resistor.

28 NU None Usable
Leave unconnected.
29 DD I/0O/ | IOM-2 Data Downstream all

tri- | Interface together with pin 27. Both pins must be
state | connected together. Transmits or receives PCM data in
8 bit bursts every 125 us. With push-pull resistor.

30 DU I/O/ | IOM-2 Data Upstream all
tri- | Interface together with pin 26. Both pins must be

state | connected together. Transmits or receives PCM data in

8 bit bursts every 125 us. With push-pull resistor.

31 FSC I Frame Synchronization Clock all
8 kHz; reference for individual time slots, indicates start of
PCM frame; DCL, BCL, and FSC must be synchronous.

Hardware Reference Manual 7 2001-02-20
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Pin | Symbol | Type | Function Ch.
32 BCL I IOM-2 Bit Clock all

Determines rate at which PCM data is shifted into or out
of PCM-ports. BCL, DCL, and FSC must be synchronous.
If C-MODE = 0 in XR®6, single clocking mode is used;
768 kHz must be applied to BCL.

If C-MODE = 1 in XR6, double clocking is used; 1536 kHz
must be applied to BCL.

The data rate at the PCM ports remains 768 kbit/s.

33 | RGEN O |Ring Generator Output all
Configurable output clock (T =2 ... 28 ms), synchronous
to DCL. Square-wave signal with duty cycle 1:1.

34 | INT12 O |Interrupt Output, Channels 1 and 2 1,2
Active high; only valid if DCL with 1.526 MHz is applied
35| SI1_1 | | Signaling Input Channel 1, Pin 1 1
36 | SI1_0 | | Signaling Input Channel 1, Pin 0 1
37 | SB1_2 | /0O |Bi-directional Signaling, Channel 1 Pin 2 1
38 | SB1_1 I/O | Bi-directional Signaling, Channel 1 Pin 1 1
39 | SB1_0 | I/O |Bi-directional Signaling, Channel 1 Pin 0 1
40 | SO1_1 O |Signaling Output, Channel 1, Pin 1 1
41 | SO1_0 O | Signaling Output, Channel 1, Pin 0 1
42 | SO2_0 O |[Signaling Output, Channel 2, Pin 0 2
43 | SO2_1 O | Signaling Output, Channel 2, Pin 1 2
44 | SB2_0 | I/0 |Bi-directional Signaling, Channel 2 Pin 0 2
45 | SB2_1 I/O | Bi-directional Signaling, Channel 2 Pin 1 2
46 | SB2_2 | 1/0 |Bi-directional Signaling, Channel 2 Pin 2 2
47 | SlI2_0 | | Signaling Input, Channel 2, Pin 0 2
48 | Sl2_1 | | Signaling Input, Channel 2, Pin 1 2

Hardware Reference Manual 8 2001-02-20
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Pin | Symbol | Type | Function Ch.
49 ViNg | | Analog Voice (Voltage) Input, Channel 1 1
Requires a coupling capacitor >39 nF to the SLIC.
50 | GNDA1 | | Analog Ground, Channel 1 1

Internally isolated from GNDD (Pin 21), GNDA2 (Pin 54),
GNDAS3 (Pin 59), and GNDA4 (Pin 63).

51 Vout O |Analog Voice (Voltage) Output, Channel 1 1
Requires a coupling capacitor to the SLIC. The capacitor
value depends on the SLIC’s input impedance.

(See Chapter 5.1 Analog Interface)

52 | Vppa12 | | Analog Supply Voltage, Channels 1 and 2 1,2
+5 V (100 nF blocking capacitor required).
53 | Vour O |Analog Voice (Voltage) Output, Channel 2 2

Requires a coupling capacitor to the SLIC. The capacitor
value depends on the SLIC’s input impedance.
(See Chapter 5.1 Analog Interface)

54 | GNDA2 | | Analog Ground, Channel 2 2
Internally isolated from GNDD (Pin 21), GNDA1 (Pin 50),
GNDAGS (Pin 59), and GNDA43 (Pin 63).

55 Ving | | Analog Voice (Voltage) Input, Channel 2 2
Requires a coupling capacitor >39 nF to the SLIC.

56 VRee I/O | Reference Voltage all
Must connect to a 220 nF cap. to ground.

57 | Vbprer I Analog Supply Reference Voltage all
+5 V (100 nF blocking capacitor required).

58 Ving | | Analog Voice (Voltage) Input, Channel 3 3
Requires a coupling capacitor >39 nF to the SLIC.

59 | GNDA3 | | Analog Ground, Channel 3 3

Internally isolated from GNDD (Pin 21), GNDA1 (Pin 50),
GNDA2 (Pin 54), and GNDA4 (Pin 63).

60 | Vours O | Analog Voice (Voltage) Output, Channel 3 3
Requires a coupling capacitor to the SLIC. The capacitor
value depends on the SLIC’s input impedance.

(See Chapter 5.1 Analog Interface)

61 | Vppasa | | Analog Supply Voltage, Channels 3 and 4 3
+5 V (100 nF blocking capacitor required).

Hardware Reference Manual 9 2001-02-20
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Pin | Symbol | Type | Function Ch.
62 | Voura O | Analog Voice (Voltage) Output, Channel 4 4

Requires a coupling capacitor to the SLIC. The capacitor
value depends on the SLIC’s input impedance.
(See Chapter 5.1 Analog Interface)

63 | GNDA4 | | Analog Ground, Channel 4 4
Internally isolated from GNDD (Pin 21), GNDA1 (Pin 50),
GNDAZ2 (Pin 54), and GNDAG3 (Pin 59).

64 Vina | | Analog Voice (Voltage) Input, Channel 4 4
Requires a coupling capacitor >39 nF to the SLIC.
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3 Functional Description

The SICOFI®4-TE in combination with four Subscriber Line Interface Circuits (SLIC)
provides four analog telephone lines. The SLIC can be either a transformer or an
electronic circuit with operational amplifiers. It must have a defined input impedance
towards the analog line for maximum power transfer and return loss. Also, the signal
reflections that are generated by the hybrid inside the SLIC must be eliminated. Along
with its other features, the SICOFI®4-TE has built-in impedance matching and
transhybrid balancing to perform these tasks.

3.1 DSP-based Architecture

The impedance matching and transhybrid balancing functions are performed by loop
filters between the transmit path (analog to PCM) and the receive path (PCM to analog).
The filter characteristics must be adjusted according to the local requirements of each
market. In the analog domain, filters must be optimized in hardware; this is generally
both tedious and time-consuming. This is not the case with the DSP-based SICOFI®4-TE
four-channel codec. Its integrated signal processor implements the impedance matching
and transhybrid balancing functions as digital, programmable filters. It also performs
frequency response corrections and level adjustments to enable the design of a truly
universal and internationally applicable analog telephone interface. Transmission
characteristics and frequency behavior are enhanced by the accuracy of the digital
filters, which do not fluctuate over temperature or with age.

As an additional benefit of its DSP-based architecture, the PSB 2134 also provides two
tone generators per channel. An on-chip level-metering unit allows line-characterization
without extra hardware; it can also be used to detect specific tones, e.g., modem tones.

3.2 Programming and Control

A very simple Microcontroller Interface is used to program the SICOFI®4-TE functions.
The same port provides access to 28 general purpose I/O pins of the Signaling Interface.
This allows efficient and convenient monitoring and control of other tip/ring functions,
such as on-/off-hook detection, ground-key detection, switching of ring signals and test
relays. The Serial Microcontroller Interface provides a programming and control
interface and is generic and non-proprietary for use with any microcontroller. It can be
implemented with as few as three signal lines, since the data receive and data transmit
pins may be strapped together.
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PSB 2134, SICOFI4-TE
Vini » ADC ™ Hardware >  Programmable > A-Ic;?w >
Voure DAC |«| Filters |q Filters and Gain g u-Law IOM=2
Vine —T™® ADC = Hardware >  Programmable > A-I(;?w > ISC':VIM2 <« DU
Vours® DAC |« Filters |q Filters and Gain g p-Law i« Interface |
< PP
Vins — T ADC ™ Hardware >  Programmable > A'I(;?W > with < FSC
V. 4 DAC |«| Filters |q Filters and Gain g L < - BCL
outs haw Time Slot
Assignment
Vina —T* ADC [*| Hardware »  Programmable > A-I(;?w >
Voura® DAC [« Filters |q Filters and Gain g u-Law i«
Digital Signal Processing Compander
DCL —> PLL, 5
RGEN < Clocking
CHCLK « K—N
Registers and CRAM
—n
Six_y v @
SOx_y Signaling Interface
SBx_ Serial Microcontroller Interface
y
A A A
Y A\ \
INT34 INT12 DCLK CS# DIN DOUT 2134_205

Figure 4 SICOFI®4-TE Block Diagram

Figure 4 shows the functional blocks and the interface pins of the SICOFI®4-TE:

Four independent bi-directional voice channels;

Oversampling sigma-delta A/D and D/A converters with excellent resolution, dynamic
range, linearity, accuracy and signal-to-noise performance;

Hardware filters for decimation and interpolation of the ADC and DAC bit stream, and
pre-processing of the voice data to reduce the load of the DSP;

DSP core with programmable, channel-independent filter structures for impedance
matching, transhybrid balancing, frequency correction and level adjustments;
Configurable A-Law or p-Law compressor and expander units;

An IOM-2 PCM interface with time slot assignment, one input and one output
connected to DU, and one input and one output connected to DD;

Three clock inputs, DCL, BCL, and FSC also apply to the IOM-2 PCM Interface;

28 signaling input and output pins, accessible through registers;

Two interrupt outputs, one for each channel-pair 1&2, and 3&4;

On-chip PLL for an internal 16,384 kHz clock;

Eight common configuration registers (XR-Registers) affecting all four channels;
Four sets of six channel-specific registers (CR-Registers);

Coefficient RAM (CRAM) for filter coefficients storage for each channel; and

The Serial Microcontroller Interface has four signals: DIN, DOUT, DCLK, and CS#.
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4 Operational Description

Each channel of the SICOFI®4-TE can be in one of two stable states: “Standby” and
“Operating”. These states can be switched by programming Bit 0 (PU) in the
channel-specific configuration register CR1. “Standby” is a power-saving state. Keeping
all unused channels in this state reduces the overall system power dissipation. The third
state, “Reset”, is transient and is reached after applying power to the device (Power On),
after asserting a logic low signal to the RESET#-pin (HW-Reset), or after issuing an XOP
command with Bit 7 (RST) set to "1" (SW-Reset). All four channels would be affected in
any case.

4.1 Operating States

Power-On
HW-Reset

SW-Reset Reset

(all channels)

Standby
Ch.4

Power Up Ch.1
Power Down Ch.1
Power Up Ch.2
Power Down Ch.2
Power Up Ch.3
Power Down Ch.3
Power Up Ch.4
Power Down Ch.4

Operating
Ch.1

Operating
Ch.2

Operating
Ch.3

Operating
Ch.4

2134_206

Figure 5 SICOFI®4-TE State Diagram

411 Power On

Allinput pins must be at GND level before applying VDD to the SICOFI®4-TE. Otherwise,
the device may not enter the Reset State. In this case, the SICOFI®4-TE can be reset by
HW- or SW-Reset, or can be initialized by setting all registers to zero.
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4.1.2 Hardware Reset

Voltage levels lower than 1.2 V applied to Pin 23 (RESET#) for more than 3 ps will reset
the SICOFI®4-TE. Spikes that are shorter than 1 ps will be ignored. When RESET# is

released the SICOFI®4-TE will enter Standby State.

Table 2 Register Values and Accessibility
] SICOFI®4-TE State
Register -
Reset Standby Operating
CRO... CR4 004 user configurable | user configurable
XRO... XR7 00y user configurable | user configurable
CRAM unchanged user configurable user configurable
Table 3 Input and Output Pin Behaviorr
Pin SICOFI®4-TE State
Reset Standby Operating
DIN ignored serial input serial input
DOUT high impedance serial output serial output
receiving/transmitting
DU, DD inactive inactive PCM data during

programmed time slot

VOUT1 ’ VOUTZ’
VOUT3 ) VOUT4

high impedance

high impedance

analog output

\\//”I“h:s\\//”l\"i ignored ignored analog input
SBx_y configured as input priﬁgﬁrg:n:ubtlsufs progran;:n:ut;geu?s Input
SOx_y GNDD digital output digital output
Six_y ignored digital input digital input
RGEN high programmable programmable

frequency frequency
CHCLK high programmable freq. programmable

(not 16,384 kHz)

frequency

Note: The 1536 kHz DCL clock must be applied for all device functions.
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Table 4 Power Dissipation
No. of Channels Operating | Typical Power Dissipation
None 2.5 mW
1 70 mW
2 90 mW
3 110 mW
4 130 mW
4.2 Transmission Characteristics

4.21 Overload Point

The overload point of the SICOFI®4-TE A/D converters is at 2.223 V. This is the peak
amplitude of a sine wave level of 1.572 Vrms. Higher input signal levels will be distorted.
Theoretical load capacities for A-Law and p-Law encoded signals are defined in ITU-T
Recommendation G.711. These values correspond to the SICOFI®4-TE overload point:

Table 5 Maximum Signal Levels
IOM-2 PCM Interface Analog Interface
Encoding Law | Theoretical Load Capacity Max. Sine Wave Level
(according to ITU-T G.711) | (SICOFI®4-TE Overload Point)
A-Law 3.14 dBmO
1.572 Vrms
p-Law 3.17 dBmO

4.2.2 0 dBmO-Levels

The analog voltage levels corresponding to a 0 dBmO sine wave signal can be calculated
from the maximum signal levels shown in Table 5. The results are shown in Table 6.

Table 6 Analog Voltage Levels Corresponding to 0 dBmO-Level

Analog Sine Wave Level
corresponding to 0 dBm0 PCM Level

A-Law 1.572 Vrms*107(-3.14/20) = 1.095 V rms
p-Law 1.572 Vrms*10/(-3.17/20) = 1.091 V rms

Encoding Law

Note: Periodic PCM codes for a 1 kHz sine wave signal with 0 dBmO level can be found
inITU-T G.711.
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4.2.3 Compressor Gain Relative to Coding Law

The p-Law compressor unit of the SICOFI®4-TE automatically adds 1.94 dBmO gain,
which has to be considered for the total gain calculation. The accumulated gain of all
programmable transmit filters (AX1+AX2+FRX) must not exceed 6 dB if the device is set
to p-Law operation. If the device is set to A-Law operation, then the accumulated gain
must not exceed 8 dB.

Transmit >
_____________________ .
: |
I
V|
1014 Hz IN 0dB A-Law IDXA/B
1.095V /\/ AD = Gain > Compressor > 0dBmo
rms : I
| |
| |
: |
Vv |
OuT | 0dB A-Law DXA/B 1014 Hz
1.095 Vrms% : D/A - 1 Gain [V Expander || 0 dBmO
I
! |
- - - _____ 1
<
Receive 2134.207
Figure 6 Analog and PCM Signal Levels in A-Law Mode
Transmit >
C 1
| I
I
1014 Hz V! u-Law DXA/B
1.091 Vrmsf\/ﬂ:_» AD > g:ﬁ —>Compressor—:—> 1.94 dBmO
| [+1.94dB] | |
| I
I I
| |
I
Vour 0dB |
u-Law DXA/B 1014 Hz
1001V, | DIA 1 Gain [*] Expander || 0 dBmO
I I
o ;
<
Receive 2134_208

Figure 7 Analog and PCM Signal Levels in p-Law Mode

Hardware Reference Manual 16 2001-02-20



—

Infineon PSB 2134
ecnno Ogy

Operational Description

4.2.4 Operating Conditions

The figures in this document are based on the subscriber-line board requirements.
Proper adjustment of the programmable filters (transhybrid balancing,
impedance matching, frequency-response correction) requires a complete knowledge of
the analog environment in which the SICOFI®4-TE is to be used. Unless otherwise
stated, the transmission characteristics are guaranteed within the following operating
conditions:
e T,=0°Cto 70 °C;
* Vopp=5V +t5%;
e GNDA1,2,3,4 =GNDD =0 V;
Load on Vg 1: A, > 300 Q; C, <50 pF;
H(IM) = H(TH) = 0;
H(R1) = H(FRX) = H(FRR) = 1;
HPR and HPX enabled;
* AR=0to-8dB (AR =AR1 + AR2 + FRR + R1);
e AX =0to +8 dB for A-Law,
AX =0 to +6 dB for p-Law (AX = AX1 + AX2 + FRX);
e f=1014 Hz; 0 dBmO; A-Law or p-Law;
AGX = 0dB, +6.02 dB; and
AGR =0 dB, —6.02 dB.

\ Transmit Path >
Analog | PCM
—»| AGX [+ ADC ([ AX2 D> FRX [H| AX1 [f{| HPX || CMP
! Output
Input ! Ar
/
M TH
A
Analog | ‘L PCM
< AGR |1 DAC =(P= R1 |H| AR2 |- FRR |H| AR1 || HPR |1| EXP I
; nput
Output !
< Receive Path \
2134_209

Figure 8 Simplified Signal Flow Diagram
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4.2.5 Gain Accuracy
Table 7 Gain Accuracy
Limit Values ] .
Parameter Symbol— Unit Test Conditions
min. [typ. |max.
. . TA= 25 OC,VDD = 5 V,
Absolute Gain G 0.80| £0.10| +0.80| dB AGX = AGR = 0 dB
Variation with £0.05| dB |T,=0°Ct070°C
Temperature
Variation with
+ = +5%
Supply Voltage +0.05| dB | Vpp=5V 5%
Variation with AGX= +6.02 dB,
Analog Gain $0.05) dB | \GR=-6.02 dB
4.2.6 Gain Tracking (Receive and Transmit)

The gain deviation for a 1014 Hz sine-wave input signal will stay within limits shown in
Table 8. All values are relative to the gain of a 0 dBmO input signal.

Table 8 Gain Deviations with Input Level
Gain Deviation . .
Input Level Symbol : Unit Test Conditions
min. typ. max.
-55 to -50 dBmO AG +1.4 dB | 1014 Hz sine-wave
50 to -37 dBmO AG +0.5 JdB | testsignal. Reference
level is at 0 dBmO.
-37 to 3 dBmO AG +0.25 dB
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4.2.7 Frequency Response
Table 9 Attenuation with Frequency in Transmit and Receive Direction
Receive Loss | Transmit Loss . .
Input Frequency - - Unit Test Conditions
min. max. | min. max.
0 Hz to 100 Hz 0 > 2 dB | 0dBmO input signal
100 Hz10 200 Hz | 0 0 dB |level. 1014 Hz
reference frequency
200 Hzto 300 Hz |-0.125 -0.125 |1 dB
300 Hzt0 3.0 kHz |-0.125 | 0.125 [-0.125 |0.125 dB
3.0kHzto 3.2kHz |-0.125 | 0.3 -0.125 |0.3 dB
3.2kHzto 3.4 kHz |-0.125 | 0.65 |-0.125 |0.65 dB
> 3.4 kHz 0 0 dB

4.2.8 Group Delay

4.2.8.1 Group Delay, Absolute Values

Table 10 shows the limit values for the Absolute Group Delay. The maximum delays are
valid when the SICOFI®4-TE is operating with H(TH) = H(IM) = 0, and H(FRR) = H(FRX)
= 1, and include the delay through the A/D and D/A converters. The typical delays are
the average of all different time slot delays during one IOM-2 frame.

Table 10 Group Delay, Absolute Values

Limit Values . .
Parameter Symbol - Unit | Test Conditions
min. | typ. max.
Transmit Delay Dy, 300 375 450 bs | 0 dBmO input signal
Receive Delay D, 300 |375 |450 us | level, fregat Tgmin.
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4.2.8.2 Group Delay Distortion with Frequency

The Group Delay Distortion in transmit and receive direction will stay within the limits
shown in Table 11. Group Delay Distortion values are referenced to the minimum value
of Group Delay (Tgmin).

Table 11 Group Delay Distortion with Frequency

Symbol Limit Values Unit Test Conditions
Frequency -
min. |typ. | max.

500 Hz to 600 Hz Atg 300 pus | 0 dBmO input signal level,
600 Hz to 1.0 kHz Atg 150 us reference point is at Tgmin.
1.0 kHz to 2.6 kHz Atg 100 US

2.6 kHz to 3.0 kHz Atg 300 Us

4.2.9 Noise
Table 12 Idle Channel Noise in Transmit Direction

Limit Values .
Parameter Symbol — Unit
min. |typ. max.
A-Law, psophometric (V,, =0 V) N+p —-66.0 | dBmOp
u-Law, C-message (V,y, =0 V) N:c 19.0 dBrncO
Table 13 Idle Channel Noise in Receive Direction
Limit Values .
Parameter Symbol — Unit
min. | typ. max.

A-Law, psophometric (idle code + 0) Nge -85 |-77.0 | dBmOp
u-Law, C-message (idle code + 0) Nz 5 13.0 dBrncO
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4.2.10 Harmonic and Intermodulation Distortion

Table 14 Harmonic and Intermodulation Distortion
Limit Values . .
Parameter Symbol— Unit Test Conditions
min. |typ. |max.
Harmonic Distortion| HD —44 dB | 0dBmO; f=1014 Hz
2 3 order
Intermodulation Equal-level, 4-tone method
R, IMD —46 dB | (EIA-464) at composite
R IMD —-56 dB |level of -13 dBmO;
f =300 Hz to 3400 Hz

4.2.11 Total Distortion

Table 15 Signal-to-Total Distortion Ratio Measured with Sine Wave

Min. Values . .
Input Level | Symbol Unit Test Conditions
A-Law | p-Law
-45 dB S/D 23.5 26.0 dB |sine wave f=1014 Hz, receive and
-40 dB S/D 285 | 30.0 | gB |lransmi, ,
p-Law: C-message weighted,
-30 dB S/D 34.5 34.5 dB | A-Law: psophometrically weighted.
> -28 dB S/D 35.4 35.4 dB

40

F-n 354 - t+4—-———
%E(g) 34.5 %

285 | A
SR
23.5 A-Law

i
|
1 l
20 |
. |
@ |
|
10 |
|
|
0 l
-60 -50 -45 -40 -30 | -20 -10 dBm0 0
28 |nput Level —» 2134_210
Figure 9 Total Distortion Measured with Sine-Wave, Receive and Transmit
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4.2.12 Single Frequency Distortion

Table 16 Single Frequency Distortion

Test Input Signal Frequency Range max. Input Level
Receive Direction 300 Hz to 3.4kHz 0 dBmO
Transmit Direction 0 Hz to 12 kHz 0 dBmO

Any resulting signal with a frequency different from the test input signal will stay at least
28 dB below the input signal level.

4.2.13 Overload Compression

This is measured with a 1014 Hz sine-wave signal. The overload point in p-Law Mode is
at 3.17 dBmO.

—
o

—
Q.
93}
3
o

<

Fundamental
Output Power

o —* N W h oo N
\

~
]
==

0.25 — ,///

0 1 2 3 4 5 6 7 dBmO 9
Fundamental Input Power ~——» 2134 213

Figure 10 Overload Compression (p-Law Coding, Transmit Direction)

4.2.14 Crosstalk

Table 17 Crosstalk Between Channels
Limit Values
Parameter Symbol— Unit Test Conditions
min. |typ. |[max.
Crosstalk, 0dBm0 CT -80 |-75 dB |f= 200 Hz to 3400 Hz,

any combination of
directions and channels
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4.2.15 Out-of-Band Discrimination in Transmit Direction

With any 0 dBmO sine-wave signal below 100 Hz and in the range from 3.4 kHz to 100
kHz (out-of-band signal) applied to an analog input (V,\,), the level of any resulting
frequency component at the digital output will stay at least X dB (see Table 18) below
the output level of a 0 dBmO 1kHz sine-wave reference signal at the analog input.

Table 18 Out-of-Band Signals Applied to the Analog Inputs (V|y,)

Input Frequency Min. Output Sl)g(:]nal Rejection Unit Test Conditions
0 Hz to 60 Hz 25 dB | 0dBmO0 sine-wave input
60 Hz to 100 Hz 10 dB |signalonVy
dB
3.4 kHz to 4 kHz _ ( i ( 4000 —f) _
14 sin = 2395 1)
4 KHz 15 dB
dB
: 4000 — 7
4 kHz to 4.6 kH _ _!
z z 18 (sm(n 1200 9)
4.6 kHz to 100 kHz 40 dB

The Hardware Filters behind the A/D Converters reject teletax pulses with their poles at
12 kHz +150 Hz and 16 kHz +150 Hz.

40
dB

Rhk-—o—A————————1
30

—>

25

AL -—————-- Z

Transmit Out-of-Band
Discrimination X
o

N .

0
0 0.060.1 34 4 46 6 10 18 kHz 100
—»

2134_214

Figure 11 Out-of-Band Discrimination in Transmit Direction
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4.2.16 Out-of-Band Discrimination in Receive Direction

With any 0 dBmO sine-wave frequency in the range from 300 Hz to 3.99 kHz applied to
the digital input (DU or DD), the level of any resulting out-of-band signal at the analog
output will stay at least X dB (see Table 19) below the output level of a 0 dBm0 1kHz
sine-wave reference signal at the digital input.

Table 19 Out-of-Band Signals at the Analog Outputs (Vo)

Output Frequency | Min. Output Signal Rejection | Unit Test Conditions
X

dB |0 dBmO sine-wave

3.4 kHz to 4.6 kHz 14 (sin (n 4000—?) 1 ) input signal on digital
1200 input (DU or DD)

dB
4.6 kHz to 10.55 kHz 35 4+ 0ol = 4600
5950
4 kHz 15 dB
4.6 kHz 28 dB
>10.55 kHz 57 dB
60
T IR T
50 /%
s 40 % /
,§ 1SN i i = :
"c:_>>é 30 28 T T T T T T T T - :
52 |
Qg 20 / |
SE M5 —q————————~ // |
32 10 | |
el / | |
0 | |
0 0.060.1 34 4 46 6 8 10| 16 18 kHz 100
10.55 — 2134_215

Figure 12 Analog Output: Out-of-Band Signals

Hardware Reference Manual 24 2001-02-20



—

Infineon PSB 2134
ecnno Ogy

Operational Description

4.2.17 Out-of-Band Idle Channel Noise at Analog Output

With an idle code (any sequence of constant PCM octets) applied to the digital input, the
level of any resulting out-of-band power spectral density at the analog output, measured
with 3 kHz bandwidth, will be not greater than the limit curve shown in Figure 13.

-40
dBmO
-50

S5F——Tt—rTTTH -—//
7

—

¢

-60

.
X

-70 /ﬂ

-78
-80

-90

Out of Band Noise

-100
10’ 107 10° kHz 10

_> f
2134_216

Figure 13 Analog Output: Out-of-Band Idle Channel Noise
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4.2.18 Transhybrid Loss

The quality of Transhybrid-Balancing is very sensitive to deviations in gain, group delay,
and deviations inherent to the A/D- and D/A-converters, as well as to all external
components used with a tip/ring interface (SLIC, OP’s etc.).

Transhybrid loss test setup:

The SICOFI®4-TE test loop “DLB-ANA” is selected (see Figure 31), which connects the
analog output with the analog input. The programmable filters FRR, AR, FRX, AX are
by-passed. The IM-filter is disabled, (H(IM)=0). The balancing filter TH is enabled with
optimized coefficients for this configuration (Vo = Vin)-

A 0 dBmO sine wave signal with a frequency in the range of 300 Hz to 3400 Hz is applied
to the digital input. The signal levels of the resulting echo at the digital output will stay
below the values shown in Table 20.

Table 20 Transhybrid Loss

Transhybrid Loss . .
Input Frequency | Symbol - Unit Test Condition
min. typ.
300 Hz THL;, 19 40 dB |T,=25°C; Vpp=5V
500 Hz THLy | 25 45 dB |AGX=AGR =0dB;
typical variation of

2500 Hz THL 500 21 40 dB | amplitude: + 0.15 dB

3000 Hz THL,400 19 35 dB |delay: £ 0.5 ps.

3400 Hz THL,400 19 35 dB
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5 Interface Description

The SICOFI®4-TE provides four interfaces:

Analog Interface,

IOM-2 PCM Interface,
Signaling Interface, and

Serial Microcontroller Interface.

A general description of these interface is given in the Product Overview, Chapter 4.
Refer to the Programmers Reference Manual for information on the configuration and
operation of the four interfaces.

The subsequent chapters in this manual explain how to connect the SICOFI®4-TE to
subscriber line interface circuits (SLICs), microcontrollers, and IOM-2 PCM highways.

5.1 Analog Interface

The Analog Interface in combination with a Subscriber Line Interface Circuit (SLIC)
forms a configurable tip & ring (t/r) telephone line. The AC transmission characteristic of
the SICOFI®4-TE—SLIC combination can be controlled by programming the digital filter
structures inside the SICOFI®4-TE. The correct filter coefficients are determined by the
targeted AC transmission behavior (e.g. Telco specification) and by the transfer
functions of the SLIC.

The SICOFI®4-TE can be interfaced directly to electronic SLICs or transformer solutions.
The high driving capability of up to 300 Ohms eliminates the need for an external
amplifier that is normally used with transformer SLICs.

The peak amplitude of the analog inputs and outputs is at 2.223 V (overload point).

Out-of-band signals applied to the analog inputs are suppressed by the on-chip digital
hardware filters. The poles of these filters are fixed at 12 kHz and 16 kHz which
suppresses the echo signal from teletax pulses very efficiently: As long as the amplitude
of the teletax echo stays below the overload threshold of 2.223 Vp (1.57 Vrms), the voice
signal in the transmit path will not be disturbed. Thus, the on-chip hardware filters can
eliminate the need for external teletax filters.

5.1.1 Coupling Capacitors at the Analog Interface

A coupling capacitor >39 nF must be used on the V|-pins in the transmit direction. The
required value for the coupling capacitor on the Vy -pins depends on the input
resistance of the SLIC-circuitry (R ..4)- It has to be chosen to fulfil the frequency
response requirement in the receive direction. Figure 14 can be used to determine an
appropriate value for the coupling capacitor (Cg,y)-
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SLIC 1 SICOFI4-TE SLIC 3
Channel 1 | Channel 3
> 39nF > 39nF
49 | 58
[ S——— VIN1 | VINS ——O
t/r 51 60 t/r
o— | -f,"'<_0”— Vouri | Vours —C“_>"','_'- A
RLoad: : Ext1 | Ext1 : :RL g
[ L oal
01GNDA1 |  GNDA3 [
- | -
100nF [ ol T T T T T e [ 100nF
o VDDA12 | VDDA34 o
= | channel 2 | Channel 4 = LIC 4
SLIC 2 100nF—r Channel 2 | Channel 4 | 0OnF SLIC
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tr F{Loadu_,_: VIN2 | VIN4 :_|_| RLoad t/r
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Figure 14  Analog Interface to Four Subscriber Line Interface Circuits (SLICs)
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5.1.2 Analog Interface Pins
Table 21 Analog Interface Pins
Symbol | Pin Function

Vi 55 |Analog Input,
Channel 1, 2, 3, 4

Ving 58 Requires a coupling capacitor >39 nF to the SLIC, see Figure 14.
Ving 64
Vour 51

Analog Output,

Vourz | 53 |Channel 1,2, 3,4

Vours 60 | Requires a coupling capacitor to the SLIC. The capacitor’s value

Vv 62 depends on the input impedance of the SLIC, see Figure 14.
OouUT4

GNDA1 | 50

GNDA2 | 54 |Analog Ground,

Channel 1, 2, 3, 4

GNDAS | 59 | Not internally connected to GNDD o the other GNDAX.
GNDA4 63

Vbpaie 52 | Analog Supply Voltage, Channels 1+2 and 3+4

Vipass 61 |19V (100 nF blocking capacitor required, see Figure 14).
Vv 57 Analog Supply Reference Voltage,
DDREF +5 V (100 nF blocking capacitor required, see Figure 14).
Vv 56 Reference Voltage
REF Must connect to a 220 nF cap. to ground, see Figure 14.
5.2 IOM-2 PCM Interface

The SICOFI®4-TE’s IOM-2 PCM Interface can be connected directly to an IOM-2
interface in terminal mode (3 IOM channels, 768 kbit/s). The device uses the IOM-clock
DCL at 1536 kHz as a master clock. The bit clock input BCL can be at either 768 kHz or
1536 kHz. FCS is an 8 kHz input. The SICOFI®4-TE has data input Pin 30 and data
output Pin 26 assigned to the IOM Data Upstream signal, DU. Further, input Pin 27 and
output Pin 29 are assigned to the IOM Data Downstream signal, DD. This configuration
allows transmission and reception of PCM data on either DU or DD. It further enables
internal connections of channels, by programming the receive time slot of one channel
to the transmit time slot of the other channel, and vice versa.
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The IOM-2 PCM Interface has the following characteristics and features:

e Data rate of 768 kbit/s,

* Bit clock input (BCL) configurable for 768 kHz or 1536 kHz,

e IOM-2 DCL signal used as 1536 kHz master clock for the device; must be applied for
all device functions,

e 12 time slots per IOM-2 frame,

e PCM data format serialized 8 bits with MSB first,

» Configurable A-Law or p-Law coding,

* Independent time slot assignment for each channel and direction,

* Internal voice connection between channels possible,

* Programmable sampling slopes, and

* Programmable frame delay.

5.2.1 IOM-2 PCM Interface Pins

Table 22 IOM-2 PCM Interface Pins

Symbol |Pin |Function

DCL 22 Master Clock input, 1536 kHz.

BCL 32 Bit Clock input at 768 kHz or 1536 kHz.
FSC 31 Frame Synchronization Clock, 8 kHz.

DD 27 Data Downstream input, connect to Pin 29.
DU 30 Data Upstream input, connect to Pin 26.

DU 26 Data Upstream output, connect to Pin 30.
DD 29 Data Downstream output, connect to Pin 27.
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IOM-2 PCM Receive and Transmit Example

Each SICOFI®4-TE voice channel should be assigned to one of the following time slots:
B1,B2,1C1,1C2, IC3, or IC4. Figure 15 illustrates the positions of these time slots. Table
23 shows the corresponding register settings.

Table 23 IOM-2 Time Slot Selection
IOM-2 Reception on: Transmission on:
Time DD DU DU DD
Slot
B1 CR4 = 0000 0000 || CR4 = 1000 0000 || CR5 = 0000 0000 | CR5 = 1000 0000
B2 CR4 = 0000 0001 | CR4 = 1000 0001 ||CR5 = 0000 0001 | CR5 = 1000 0001
IC1 CR4 =0000 0100 || CR4 = 1000 0100 ||CR5 = 0000 0100 | CR5 =1000 0100
IC2 | CR4 =00000101| CR4 =1000 0101 ||CR5 = 0000 0101 | CR5 = 1000 0101
IC3 | CR4 =0000 1000 | CR4 =1000 1000 ||CR5 = 0000 1000 | CR5 = 1000 1000
IC4 | CR4 =0000 1001 || CR4 = 1000 1001 ||CR5 = 0000 1001 | CR5 = 1000 1001
125 ps
FSC |
oupo | 1 | 82 | wowo [ojco]| et | ice [wont | it [[] ies | iea | [ [mic]
MR MX MR MX
DCL J
BCL J
200000000
B1
\ 2134_218
Figure 15 IOM-2 PCM Interface Time Slot Positions
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5.3 Signaling Interface

The SICOFI®4-TE Signaling Interface is used to monitor and control supervision and
signaling functions on up to four subscriber lines. The device generates interrupt signals
to indicate signaling status changes on any of the input pins.

The Signaling Interface consists of the following I/O pins and functions:

e 28 signaling pins (2 input pins, 2 output pins, and 3 user-configurable bi-directional
pins per channel),

Debouncing functions,

2 interrupts, indicating changes on any of the signaling inputs, (one for each of the
channel-pairs 1&2 and 3&4),

1 output signal for ringing,

1 chopper clock output.

5.3.1 Signaling Interface Pins

33 f16
RGEN CHCLK
SLIC 1 —— — — = — = SLIC 3
RWG Input |«¢ Channel 1 | Channel 3 4| RWG Input
Tip ME N 5[ Tip
E— Operating| [ 38" SB1.0 | SB3_0 = > Operating —©
Mode - 37= SB1_1 | SB3 1< 3 > Mode
. -t > SB1_2 SB3_2 |= L .
Ring 36 | 5 Ring
O——1 Off-Hook Det. 3~ S0 | SI3_0 [« Off-Hook Det. —©
Ground Key Det. »{SI1_1 | SI3_1 = Ground Key Det.
Polarity Rev. |«+41—S01_0 | S03_0 |—L+»{ Polarity Rev.
|

[ Status LED |49 S01_1 S03_1|—8 1 Status LED |

SLIC 2 | SICOF-TE SLIC 3
RWG Input [« Channel 2 : Channel 4 =] RWG Input
Tip o 44 210 Tip
T oparing THTSE20 | SO o [
i Mode <« 26y SB2:2 : SB4:2 <2 p Mode g
o——  Off-Hook Det. j;= SI2 0 | Sl4 0 <1j Off-Hook Det.  [—o
Ground Key Det. 42= Sl2_1 Sl4_1 |- 5 Ground Key Det.
Polarity Rev. [« S02_0 | S04_0 »| Polarity Rev.
I
43 9
[ SawusLlED Je—1S02-1 | SO41 ° wr—sisteD ]
INT 12 l INT 34
¢34 ‘15
Microcontroller 2134 220

Figure 16 Signaling Example: Four Subscriber Lines
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Table 24 Signaling Interface: Pins and Functions for SLIC Interfaces
Symbol Pin Function
Ch1 | Ch2 | Ch3 | Ch4
Six_0 36 47 2 13 | Signaling Input Channel x, Pin O.
Six_1 35 48 1 14 | Signaling Input Channel x, Pin 1.
SOx_0 41 42 7 8 | Signaling Output, Channel x, Pin 0.
SOx_1 40 43 6 9 | Signaling Output, Channel x, Pin 1.
SBx_0 39 44 5 10 | Bi-directional Signaling, Channel x, Pin O.
SBx_1 38 45 4 11 | Bi-directional Signaling, Channel x, Pin 1.
SBx_2 37 46 3 12 | Bi-directional Signaling, Channel x, Pin 2.
INT12 34 - Interrupt Output, Channels 1+2, active high.
INT34 - 15 Interrupt Output, Channels 3+4, active high.
5.3.2 Debouncing Functions and Interrupt Generation

All signaling inputs are sampled at programmable intervals (Field N in register XR4). If
all the inputs assigned to one channel-pair (1&2 or 3&4) have been stable for two
subsequent samples their values are stored in the signaling registers and the associated
interrupt output (INT12 or INT34) is set high. The debouncing functions and interrupt
generation require a 1536 kHz signal on Pin 22 (DCL). If, for power savings reasons,
DCL is temporarily disabled, a signaling change interrupt can be generated by external
hardware. Refer to the Programmer’s Reference Manual for further details on this

function.
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5.3.3 Clock Output Signals

Two programmable Clock Output signals are provided by the PSB 2134:

e RGEN (Pin 33) divided by four can drive the ring input of a ringing SLIC. It is
configured in register XR4.Field T.

e CHCLK (Pin 16) is configured in register XR5.CHCLK.

e CHCLK = 16,384 kHz: Requires at least one channel in POWER-UP state.

Table 25 Clock Programming

RGEN CHCLK
XR4.Field T Output (Pin 33) XR5.CHCLK Output (Pin 16)
0000 High level (+5V) 00 High level (+5V)
0001 1o 1110 C!ock period = T *2ms 01 512 kHz signal
(min. 2 ms, max. 28 ms) 10 256 kHz signal
1111 Low level (OV) 11 16,384 kHz signal
5.4 Serial Microcontroller Interface

The Serial Microcontroller Interface is used to access the SICOFI®4-TE’s internal
registers and the Coefficient RAM (CRAM). The Serial Microcontroller Interface consists
of four pins: two data pins (DIN, DOUT), one clock pin (DCLK) and one pin for chip select
(CS#). If DIN and DOUT are strapped together, only three microcontroller 1/O pins are
required to build this interface.

SICOFI4-TE SICOFI4-TE
CS# DCLK DIN DOUT CS# DCLK DIN DOUT
y A A A A LJ
A
A4 Y
Qut Out Out In Out Out 110
Microcontroller Microcontroller
Configuration A: Configuration B:
Separate DIN, DOUT Bi-Directional Data 2134 221

Figure 17 Serial Microcontroller Interface
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5.4.1 Serial Microcontroller Interface Pins
Table 26 Serial Microcontroller Interface: Pins and Functions

Symbol |Pin |Function

CS# 17 | Chip Select, enable to read or write data, active low.
DCLK 18 | Data Clock, shifts data from or to device; max. clock rate is 8192 kHz.
DIN 19 | Control Data Input; sampled with rising edge of DCLK.

DOUT 20 | Control Data Output; bits are shifted with the falling edge of DCLK;
DOUT is in high impedance state when no data is transmitted from
the SICOFI®4-TE,

5.4.2 Write Access

Following a falling edge of CS#, the first eight bits received on DIN specify the type of
command. The data bytes following a write command are stored in the selected
configuration registers or the selected part of the Coefficient RAM. The number of data
bytes depends on the type of command. After every command CS# must be set to ’1°.

CS#

DCLKW KA
TR 008880000088000000680688 81

Write Command > Data Byte 1 Data Byte 2 >
High 'Z'

DOUT

2134_222

Figure 18 Example for a Two-Byte Write Access

5.4.3 Read Access

If the first eight bits received via DIN represent a read command, the SICOFI®4-TE will
initiate its response via DOUT. An identification byte (81,) is followed by the requested
number of data bytes (contents of configuration registers or contents of the CRAM).
During execution of a read command, the device will ignore data on DIN. After every
command CS# must be set to ’1’.
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CS#

DCLKW KA

AKX KRRAAARRXOW

00808006
s 00000 600000000 00 e

DOUT:

Identification 81, - Data Byte 1

2134_223

Figure 19 Example for a One-Byte Read Access

For byte-by-byte transfer, the high time of DCLK can be prolonged, resulting in a
user-defined ‘waiting time’ between bytes. This mechanism can be used for writing to
and reading from the device.

Read Command

XXX
XX
High 'Z' > High 'Z'

Identification 81, >l Data Byte 1

DOUT

2466_224

Figure 20 Example for a Read Access with Byte-by-Byte Transfer

Read and write commands can be chained by leaving CS# low after the completion of
each command sequence.

For read or write access to individual registers, the command sequence may be
terminated by rising CS# after the transmission of any number of bytes.
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5.44 Three-Wire Access

DIN and DOUT may be strapped together and connected to a single 1/O pin of the
microcontroller. The interface remains fully functional with only three wire connections.
After every command CS# must be setto ’1’.

X

2466_225

Read Command Identification 81, Data Byte 1

Figure 21 Bi-Directional Data Signal: DIN and DOUT Strapped Together
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6 Programming Overview

The transmission characteristics and interfaces of the PSB 2134 can be adapted to
various environments. Configuring the functional blocks and programming the digital
filter behavior is accomplished by loading values to the Configuration Registers and the
Coefficient RAM (CRAM). Software utilities are available to determine the appropriate
register and CRAM values (see Programmer’s Reference Manual).

6.1 Programming Overview
The SICOFI®4-TE has eight Common Configuration Registers (XRO0 to XR7). Settings in
these registers affect all four channels.

Each of the four channels has six Channel-Specific Configuration Registers (CRO to
CR5). Settings in these registers affect only the designated channel.

The filters of each channel are individually programmable through channel-specific
coefficients in CRAM. There are four global sets of TH Filter coefficients that can be
assigned to any channel. All of the filter blocks and their locations are illustrated in
Figure 8

6.1.1 Register Model

Channel-specific and Common Configuration Registers and coefficients are shown in
Table 27.

Table 27 Register Model

Configuration Registers and CRAM Type

XRO0 to XR7 (8 bytes) common
CRO to CR5 (6 bytes)
IM/R1 Coefficients (16 bytes)
FRR, FRX Coefficients (16 bytes)
AR1, AR2, AX1, and AX2 Coefficients (8 bytes)
IM, FRR, FRX, AR, AX, TG1, TG2Coefficients (8 bytes)
TG1, TG2 Coefficients (8 bytes)
TH Coefficient Set 1 (24 bytes)
TH Coefficient Set 2 (24 bytes)
TH Coefficient Set 3 (24 bytes)
TH Coefficient Set 4 (24 bytes)

channel-specific

one coefficient set
per channel
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6.1.2 Register Maps

Table 28 Read Access to Common Configuration Register (XR) Map
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
XRO | Sl4_1 Sl4_0 SI3_1 SI3_0 SI2_1 SI2_0 Si_1 SI_0
XR1 | SB4_1 SB4_0 SB3_1 SB3_0 SB2_1 SB2_0 SB1_1 SB1_0
XR2 | PSB4_1 | PSB4 0 | PSB3_1 | PSB3_ 0 | PSB2_1 | PSB2_0 | PSB1_1 | PSB1_0
XR3 | SB4.2 SB3_2 SB2_2 SB1_2 | PSB4.2 | PSB3_2 | PSB2_2 | PSB1_2
XR4 Field N (Signal Debounce) Field T (Configure RGEN)
XR5 0 0 CR_DU | CR_DD CHCLK Version
XR6 | C-Mode X-S R-S DRV_0 Shift PCM-OFFSET
XR7 | OF7 OF6 OF5 OF4 OF3 OF2 OF1 OF0
Table 29 Write Access to Common Configuration Register (XR) Map
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
XRO | SO4_1 S04._0 SO3_1 S03_0 S02_1 S02_0 SO1_1 SO1._0
XR1 | SB4_1 SB4_0 SB3_1 SB3_0 SB2_1 SB2_0 SB1_1 SB1_0
XR2 | PSB4_1 | PSB4 0 | PSB3_1 | PSB3_0 | PSB2_1 | PSB2_0 | PSB1_1 | PSB1_0
XR3 | SB4.2 SB3_2 SB2_2 SB1_2 | PSB4.2 | PSB3 2 | PSB2_2 | PSB1_2
XR4 Field N (Signal Debounce) Field T (Configure RGEN)
XR5 0 0 CR_DU | CR_DD CHCLK Version
XR6 | C-Mode X-S R-S DRV_0 Shift PCM-OFFSET
XR7 | OF7 OF6 OF5 OF4 OF3 OF2 OF1 OF0
Table 30 Channel-Specific Configuration Register (CR) Map (Read & Write)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CRO TH IM/R1 FRX FRR AX AR TH-SEL
CR1| ETG2 ETG1 PTG2 PTG1 LAW 0 0 PU
CR2 COT/R 0 IDR LM LMR V+T
CRS3 TEST-Loops AGX AGR | D-HPX | D-HPR
CR4 | RLINE 0 0 0 RS3 RS2 RS1 RSO
CR5 | XLINE 0 0 0 XS3 XS2 XS1 XS0
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6.1.3 CRAM Structure

Coefficient RAM (CRAM) is used to store the individual coefficients calculated for each
channel. The coefficients can be written and read through the Microcontroller Interface.
The IM, FRX, FRR, AX, AR, TG1, TG2, and TH coefficients are accessed through the
Coefficient Operation (COP) Command Sequences which include the channel address
(see Programmer’s Reference Manual Chapter 6.5).

Channel-specific coefficients always belong to their designated channel. Common
coefficients (TH) can be assigned to any of the four channels through field TH-SEL in
CRO (see Figure 22).

Channel 1 Channel 3
IM Part 1 & 2, o IM Part 1 & 2,
2 FRX, FRR, Common Coefficients FRX, FRR, =
'g 42 AX, AR, AX, AR, 'g *2
29 TG1, TG2 Set1 | Set2 | Set3 | Set4 TG1, TG2 S
3 & TH Part | TH Part | TH Part | TH Part 5 &
€ € | Channel 2 / 1,2,31,23(123[1,23 \ Channel4 | £
SO | IMPart1&2 IMPart1&2,[ &8O
o FRX, FRR, FRX, FRR, o
AX, AR, AX, AR,
TG1, TG2 TG1, TG2 o134 295

Figure 22 Channel-Specific and Common Coefficients

Table 31 Coefficient RAM (CRAM) Structure per Channel

IM Part 1 8 Coefficient Bytes
IM Part 2 8 Coefficient Bytes
FRX 8 Coefficient Bytes
FRR 8 Coefficient Bytes

AX| 4 Coefficient Bytes
AR| 4 Coefficient Bytes
TG1 4 Coefficient Bytes
TG2| 4 Coefficient Bytes

Table 32 Coefficient RAM (CRAM) Structure per Set

TH Part 1 8 Coefficient Bytes
TH Part 2 8 Coefficient Bytes
TH Part 3 8 Coefficient Bytes
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6.2 Types of Commands and Data Bytes

Coefficients and register contents are programmed and accessed through command
sequences via the Microcontroller Interface. There are three types of command
sequences:

» Extended Operation (XOP) for access to the Common Configuration Registers (XRO
to XR7) including the Control Registers for the signaling interface.

» Status Operation (SOP) for access to the Channel-Specific Registers (CRO to CR5),
e.g. enabling and disabling of filters, time slot assignment, and test loops.

» Coefficient Operation (COP) for access to the CRAM structures. Coefficients can be
written to the SICOFI®4-TE, and also read back.

Table 33 Types of Commands and Data Bytes.

7 6 5 4 3 2 1 0
XOP RST 0 RW 1 1 LSEL
SOP AD RW 1 0 LSEL
COP AD RW 0 CODE

With the first byte received via DIN, a command type is selected through bits 3 and 4. A
two-bit address field (AD) in the COP and SOP commands allows access to the
channel-specific structures (CRAM and CR registers). Since the XR Registers are
common for all channels, no address field is required within the XOP command byte.

All three commands allow read and write access, as indicated by bit 5 (RW). The bit
fields LSEL and CODE specify the type and the length of data that follows the command.
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7 Application Hints

71 Support Tools

711 Development Board

The Evaluation Package EASY 2466 includes the following hardware:

e One SICOFI®4-TE Evaluation Board STUT 2466 with connectors for four optional
SLIC daughter cards and BNC connectors to a PCM backplane.

* One microcontroller board EVC50x with RS-232 interface that translates data from a
PC to SICOFI®4-TE format.

e Two SLIC Babyboards STUT 5502 with HARRIS SLIC HC 5502 mounted.

The QSICOS software enables the calculation of the coefficients and the download of
the setup file to the evaluation board.

This setup allows measurements and optimization of the actual behavior of a complete
transmission system. The EASY 2466 evaluation system connects directly to
industry-standard test equipment.

510)

tip ring Power Supply

L]
SLIC (STUT5502)

F sLe ST2 ST3

SICOFIx -uC/-TE
Sicori2/a Eval. Board V1.4

-uC/-TE
STUT 2466

SsLC4

M=

sLC2
SLC3
ST1

PCM PCLK FSC

DC Loop-Holding
circuit

Figure 23 Development System with STUT 2466 Evaluation Board
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Filter Capacitors

Guidelines for Board Design

Application Hints

For high frequency noise rejection, use 100 nF SMD ceramic capacitors on pins
Vopai2s Vopass @nd Vpprer and connect to GND. Additional 2.2 pF tantalum capacitors
are recommended.
Use one 100 nF SMD ceramic capacitor on pin Vpp and connect to GNDD.

Use a 1 uF — 10 pF tantalum capacitor from +5 V supply to GND (central blocking).

Note: All blocking capacitors MUST be placed as close as possible to the
SICOFIP4-TE pins.

Signaling Interface, Channels 1&2

O 0 0 0 0O O 00000 0
5 x 680K 5 x 680K
Q 48 33 Q
~ w _
AN AN ANNANAN ™ ™ ™~ v~ v~ — 7 |
Analog Interface w PO BBLOOCOODDDGH 5z P Interface
ol % Vi, BCL F—0
2.2uF 100nF
A GNDAT FSC——o0
o] Voury DU o
5V < \Y DD O
o ||10pF VDDA12 NU
Il == L | "out2
wF”% GNDA2 DD
o 2200k | Vine bu 5v
SVW VREF SICOFI4-TE NU TOO F 110uF
T T i} nF 1-10p
o 224 1000 ViooRer PSB 2134-H Vooo
o Vs RESET#
2.2uF 100nF
£ GNDA3 DCL
p — |[——] —_—
O Il Vours GNDD — J_
5V < Viooass DOUT ——=O
o—4F* = Vours DIN |——o0
e 2.2pIF100nF GNDA4 DCLK O
o—| 52| Vina CS# [—=——0
O 9'9'88888555?5?61'3'5% controller
DDONHDDODDONDDDNDNOD®DH D EO Interface
1 16
4
5 x 680K Q 5 x 680K
O OO OO0 O OO OO0OO0OO0
2134 228
Signaling Interface, Channels 3&4
Figure 24 SICOFI®4-TE Test Circuit Configuration
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7.3 Proposal for SICOFI®4-TE Board Design

For a new layout design it is recommended to use a separate ground-layer which gives
the possibilty to connect all ground-pins of the SICOFI®4-TE (GNDA and GNDD) low-
ohmic together.

Furthermore, an optimum board layout should follow these recommendations

» Separate all digital supply lines from analog supply lines as far as possible

* Applying the standard practice regarding blocking capacitors is recommended

* Place all SLIC circuits as close as possible to the Vinx/Voutx pins of the SICOFI

» Separate all analog circuitry (especially SLIC and Vinx/Voutx) as far as possible from
any digital signal source (esp. clock signals)

-

The ground-plane should 100 nF
be used for shielding Ceramic

1 T e i i P i |

323130292827 26 25 2423 2221 20 19 18 17
lils 2

a
i34 £ 2
il3s

filss SICOFI4-TE V2.2
fijs7

lilss

VDD
Connector

fils9

E|4o
0|2+
(ils2
lss
44
filss
s
W47

Ground-
plane

PSB 2134 H

Ceramic

—_ 3 A a A A

Ceramic

(RN SIS I T e
Lo

=]

— NN W h 01O I 0 O

==

l 1-10 pF

Tantal
next to the
connector pins

GND

Connector

ull

Figure 25

Proposal for a Ground Concept

VDD is the grey colored layer and the Ground-plane is the black colored layer. The
Ground-plane should be on both sides of the board on the top and on the ground layer.
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8 Electrical Characteristics and Timing Diagrams
8.1 Absolute Maximum Ratings
Limit Values
Parameter Symbol - Unit Te:_e,t_
min. | max. Condition

Voo referred to GNDD -0.3 |7.0 \%
GNDA to GNDD -0.6 |0.6 \Y
Analog input and output voltage
Referredto Vpp =5 V; -5.3 |0.3 \Y
Referred to GNDA =0V -0.3 |5.3 \Y
All digital input voltages
Referred to GNDD =0 V; (Vpp =5 V) -0.3 |53 \Y
Referred to Vpp =5 V; (GNDD =0 V) -5.3 |0.3 \Y
DC input and output current at any input

. 10 mA
or output pin (free from latch-up)
Storage temperature Tgrg |60 [125 °C
Ambient temperature under bias T, -10 |80 °C
Power dissipation (package) Py 1 w

Note: Stresses above those listed here may cause permanent damage to the device.
Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.
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8.2 Operating Range
Vop =5V #5%; GNDD = 0 V; GNDA =0 V; T, = 0 °C to +70 °C

Limit Values . .
Parameter Symbol — Unit Test Condition
min. | typ. | max.
Vbp supply current: Ip FSC = 8 kHz,
Standby 05 1.0 mA FSC, DCL, BCL active
_ no loads,
1 channel operating 14 | 25 | mA PCM idle codes,
2 channels operating 18 | 30 | mA |V, =0V.
3 channels operating 22 | 35 | mA
4 channels operating 26 | 40 | mA
Power supply rejection | PSRR Ripple: sine wave
ratio (either direction) 30 dB |1014 Hz, 70 mVrms,
on every supply pin,
AGX=AGR=AX=AR=0dB
(see Chapter 4.2.4)

8.3 Digital Interface
Vob =5V +5%; GNDD=0V; GNDA=0V; T,=0°Cto +70 °C
Limit Values
Parameter Symbol - Unit Test Condition
min. | max.
Input voltages:
Low level V. -0.3 0.8 Vv
High level Vi 2.0 Vv
Output voltages:
Low level Vo 0.45 V | [,,=—2mA
Low level Vo 0.8 V I ,=—5mA
High level Vou 4.4 V | I,,=04mA
High level Vou 4.0 V |I=2mA
High level Vou 2.4 V |I,,=5mA
Input leakage current Vi +1 MA |03V <V
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8.4 Analog Interface

Voo =5V £5%; GNDD = 0 V; GNDA =0 V; T, = 0 °C to +70 °C

Limit Values . .
Parameter Symbol - Unit | Test Condition
min. | typ. | max.

Input resistance R, 160 | 270 380 kQ [0SV <V
Output resistance R, 0.25 Q

Output load R, 300 Q

C, 50 pF

Input leakage current I, 0.1 +1.0 HA [0SV <V
Input offset voltage Vo +50 mV

Output offset voltage Voo +50 mV

Input voltage range (AC) Vin 2223 | V
8.4.1 Coupling Capacitors at the Analog Interface

Coupling capacitors are required on pins V,y and Vg -

The recommended value for V) is >39 nF. The required value for the Vg, capacitor
depends on the input impedance of the SLIC (see Figure 14 in Chapter 5.1).

8.5 Reset Timing

To reset the SICOFI®4-TE to Reset State, logic low pulses applied to pin RESET# must
be below 1.2 V (TTL-Schmitt-Trigger Input) and must persist longer than 3 ps.

Note: Spikes shorter than 1 ps will be ignored.
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8.6 IOM-2 PCM Interface Timing

8.6.1 Single Clocking Mode

t
teoL BCLh

tFSC

trscs | trscu
FSC \

tpr_s [toR 1
P00 X _ _
- taox - —» taoxnz
pub0 X yHighlmp. ___
o 2134_229
Figure 26 PCM Interface Timing in Single Clocking Mode
Parameter Symbol Limit Values Unit
min. typ. max.

Period of BCL facL 1/768000 ps
BCL high time fscln | 0.4% 1501 tacL/2 0.6"15¢L UsS
Period FSC Iesc 125 VS
FSC setup time frscs |10 50 ns
FSC hold time frscn |40 50 ns
DU/DD setup time brs |10 50 ns
DU/DD hold time 'orn |10 50 ns
DU/DD delay time " tiox |25 fapx_min + 1c_Loag | NS
DU/DD delay time to high Z| #4pxn, |25 50 ns

) All delay times are made up by two components: an intrinsic time (min-time), caused by internal processing,

and a second component t | .4 = 0.4ns*C, ,4/pF, caused by external circuitry (C-load).
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8.6.2 Double Clocking Mode

tecL tacin

e =NV

tesc

tesc s tFSC_H
= <+

FSC \
rR.s|tbr H

DU/DD4m A
in —_——

DU/DD )1 EM -

thX thXhz
- >

ot ————
2134_230

Figure 27 PCM Interface Timing in Double Clocking Mode

Parameter Symbol Limit Values Unit

min. typ. max.

Period of BCL faoL 1/1536000 bs
BCL high time facln | 0-4%tgcL | tgol/2 0.6™ 5L VS
Period FSC frsc 125 us
FSC setup time frscs |10 50 ns
FSC hold time fescnh |40 50 ns
DU/DD setup time Ibrs |10 50 ns
DU/DD hold time born |10 50 ns
DU/DD delay time tiox |25 fapx_min + tc Loaa| NS
DU/DD delay time to high Z | tyoxn, |25 50 ns

V) All delay times are made up by two components: an intrinsic time (min-time), caused by internal processing,
and a second component t; | .4 = 0.4ns*C, ,4/pF, caused by external circuitry (C-load).
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8.7 Microcontroller Interface Timing
tpcLk tocLin
—p
W e e W
g NI
cst\ /[
tDIN_S tDIN_H
> -
o —00C N
_plwogr | Tangurne
DouT : : : )1 ) R — — -
2134_231
Figure 28 Timing of the Microcontroller Interface
Parameter Symbol Limit Values Unit
min. typ. max.

Period of DCLK fook | 1/8192 ms
DCLK high time focikn |04 ook | Tooik/2 | 0.6%fpoik us
CS# setup time fess |10 50 ns
CS# hold time fesn |30 50 ns
DIN setup time fons |10 50 ns
DIN hold time fonn |10 50 ns
DOUT delay time " fiour | 30 fapouT min + 1 Lead | NS
DOUT delay time to high Z | t,p0umh, | 30 50 ns

U All delay times are made up by two components: an intrinsic time (min-time), caused by internal processing,
and a second component t | .4 = 0.4ns*C, ,4/pF, caused by external circuitry (C-load).
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8.8 Signaling Interface Timing
8.8.1 Timing from the Microcontroller Interface to the SO/SB-pins

o \_/ ./ ] S SN\
DIN X Btz X Bit1 X Bito X::::::

tdSout
- |-
SO/SB Output Old Value X New Value

—» tyspz [E—

SB y— Hnhlmp. __
(Output—p-Input) 7

—> tdSBD il
SB High Imp. £ - - —
(Input — Output) e
2134_232
Figure 29  Signaling Output Timing (Data Downstream)
Parameter Symbol Limit Values Unit
min. typ. max.
SO/SB delay time " f4sout 30 fasout mint c Load | NS
SB to ‘Z’ - time t4sBZ 40 100 ns
SB tO ‘dl’lve’-tlme [dSBD 40 tdSBD_mln+ tC_Load nS

" All delay times are made up by two components: an intrinsic time (min-time), caused by internal processing,
and a second component t; | .4 = 0.4ns*C, ,4/pF, caused by external circuitry (C-load).

8.8.2 Timing from the SI/SB-pins to the Microcontroller Interface

The register update and interrupt behavior resulting from signaling input changes (data
upstream — pins Sl and SB, if programmed as signaling inputs) depend on internal
sampling clocks, counters and register settings. See Chapter 5.3.2 for a functional
description.
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9 Test Modes

Each SICOFI®4-TE channel has four test loops that feed the analog input signal back to
the analog output (analog test loops), and five test loops that feed the PCM input signal
back to the PCM output.

Note: The signal path can also be cut off at two different points per receive and transmit
direction.

9.1

Analog Loops

The four analog loops feed signals from the transmit path back into the receive path.

Figure 30 shows the locations of the analog loops.

Transmit Path >
Analog N ' Frequency PCM
—» AGX ADC - Digital Gain 2 D> _Rgspons_e HPX CMP W
Input A Digital Gain 1
Y Y
> > > P
® © || vz | | M1 ™ o i
7 2 % 2
A
Analog Y Y » ) Frequency PCM
-«4+—— AGR DAC H-4—P-=w Digital Gain 2 _Rgspons_e HPR EXP W
Output Digital Gain 1
< Receive Path
2134_233
Figure 30 Analog Loops
Table 34 Analog Loop Programming in Register CR3, Bits 7 to 4
Test-Loops |Analog Loops (CR3.7 = 0)
0000 All loops are disabled (normal operation).
0001 ALB-PFI Analog Loop Back via PREFI-POFI is selected.
0011 ALB-4M Analog Loop Back via 4 MHz is selected.
0100 ALB-PCM  Analog Loop Back via 8 kHz (PCM) is selected and in all
channels active.
(required slope setting in XR6.6, XR6.5 =00 or 11).
0101 ALB-8K Analog Loop Back via 8 kHz (linear) is selected.
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9.2 Digital Loops

The digital loops feed signals from the receive path back to the transmit path. There are
five digital loops, which are shown in Figure 31.

Transmit Path >
Analog Frequency PCM
—» AGX H ADC »| Digital Gain 2 @ Response H HPX —H CMP Ouoat™
- . utput
Input A Digital Gain 1
Y Y
< X 4 =
Z = & 3 5
< b | IM2 - | IM1 s TH &
& 2 4 3 3
[a) =) o a
A
Analog \/ \/ Frequency PCM
-4+—— AGR H DAC D= - Digital Gain 2 Response H HPR H EXP T
_ X nput
Output Digital Gain 1
< Receive Path
2134 234

Figure 31 Digital Loops

Table 35 Digital Loop Programming in Register CR3, Bits 7 to 4

Test-Loops |Digital Loops (CR3.7 = 1)
1000 DLB-ANA Digital Loop Back via analog port is selected.
1001 DLB-4M Digital Loop Back via 4 MHz is selected.
1100 DLB-128K  Digital Loop Back via 128 kHz is selected.
1101 DLB-64K Digital Loop Back via 64 kHz is selected.
1111 DLB-PCM  Digital Loop Back via PCM Registers is selected.
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9.3 Cut-Off’s

The transmit path and the receive path can be cut off at two locations each. Figure 32
shows the locations in the signal paths.

Transmit Path >
COT16 COT8
Analog Frequency PCM
—» AGX ADC » Digital Gain 2 -o) D Response H HPX -o)— CMP Ouna™
- X utput
Input 9 A Digital Gain 1 2
\J \ 4
M2 || IM1 TH
COR4M
COR64 A
Analog A Frequency PCM
-+— AGR —\o— DAC (a-Pe—D \o— Digital Gain 2 Response H HPR EXP |(a————
Output 9 g Digital Gain 1 nput
< Receive Path
2134_235

Figure 32 Cut-Off’s

Table 36 Cut-Off Programming in Register CR2, Bits 7 to 5.

COT/R | Cut-Off’s in the Transmit and the Receive Paths
000 | All Cut-offs disabled (Normal Operation).
001 |COT16 Cut Off Transmit path at 16 kHz (input of TH-Filter).

010 |COT8 Cut Off Transmit path at 8 kHz (shortens the input of the
compressor unit to ground, resulting in PCM idle codes in the
transmit time slot).

101 | COR4M Cut Off Receive path at 4 MHz (POFI-output).
110 | COR64 Cut Off Receive path at 64 kHz (IM-filter input).
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10 Package Outlines

Package Outlines

P-MQFP-64

(Plastic Metric Quad Flat Package)

0_3+0.,15

HAARAAR
t:HHHHHH
5]

Y |l [$]0.2 WA-BID]Cl64x
HH F/02/A-BID)4x
- ~l 4 [C102A-BD/H4x
w
HARARRR jHHHHHHH
‘

0.88 t05

Index Marking

'

= =
o = i
t@HHHHHHﬁHHHHHHH
1
0.6x45°

1) Does not include plastic or metal protrusion of 0.25 max. per side

GPM05250

Sorts of Packing

Package outlines for tubes, trays etc. are contained in our

Data Book “Package Information”.
SMD = Surface Mounted Device
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11 Glossary
AC Alternating Current
ADC Analog-to-Digital Converter
CMOS Complementary Metal Oxide Semiconductor
CRAM Coefficient RAM
DAC Digital-to-Analog Converter
DC Direct Current
DLC Digital Loop Carrier
DSP Digital Signal Processor
DTMF Dual Tone Multi Frequency
FIR Finite Impulse Response
FTTC Fiber-To-The-Curb
IR Infinite Impulse Response
IOM-2 ISDN-Oriented Modular 2nd Generation
ISDN Integrated Services Digital Network
ITU International Telecommunication Union
ITU-T International Telecommunication Union-Telecommunication
Standardization Sector (formerly CCITT)
NT Network Termination
PBX Private Branch Exchange
PCM Pulse Code Modulation
POTS Plain Old Telephone System
PSTN Public Switched Telephone Network
PTT Post Telephone Telegraph
QSICOS Quad SICOFI Coefficient Software
RITL Radio-In-The-Loop
RT Remote Terminal
SICOFI Signal Processor Codec Filter
SLIC Subscriber Line Interface Circuit
t/r tip/ring
TA Terminal Adapter
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Attenuation ............. ... .. ... 19
SymbOIS AX 40
u-Law ... 2,12, 15, 20, 30 B
p-Lawmode ... ... 16, 22 _
Balancingfilter. . ................. 26
. Bi-directional signaling pins. . . .. 6, 8, 33
Numerics Bit clock input (BCL) .............. 30
0dBmO-Levels ................... 15 Blocking capacitors . . . ............ 43
8-bittimeslots. . . ........... ... ... 2 Board AESIgN .+ o v oo 43
Boardlayout .................... 44
A Byte-by-byte transfer. . .. .......... 36
A/u-Law compression/expansion . . . . .. 3
A/D and D/A converters. . 12,15,19,23,26 C
Absolutegain .................... 18 Ceramic capacitors . . .. ........... 43
Absolute group delay . ............. 19 Channel operating ranges. . . . . . . . . . 46
Absolute maximum ratings . ... ...... 45 Channel-pair . ..........oooovn... 33
AC transmission characteristics . . . . .. 27 Channels . . . . . . .. ... 2 22 29 38
Accuracy of digital filters. ... .. 11,12 Channel-specific coefficients. . . . . . . . 40
ADC ... . 2 Channel-specific registers . .12, 13, 38, 39
ADCandDAC.................. 3,12 ChipSelect ................ 6, 34, 35
Alaw.............e 2,12,15,20, 30 Chopperclock . . .................. 6
Allawmode..................... 16 Clock ..o 32, 34
Ambient temperature .............. 45 Clock input. . ... 12
Analog ground pins.. . ............ 929 Clock output signals .. .......... 2,34
Analog l/O. ... ... 2 Clock programming . . . ............ 34
Analoginput ..........oooeennn 14 Codecfilter ... 2
Analog input/output pins. . .......... 29 (coefficient calculation &
Analog Interface . .. ... . 3, 15,27,28,47  configuration software . . ............ 3
Analog Interface pins . ............. 29 Coefficient Operation (COP)
Analog loop programming. . ......... 52 command.............iiiiii.... 41
Analogloops................... 3,52 Coefficient operation commands. . . . . 40
Analogoutput . ........... ... 14 Coefficient RAM. . . . .. 12, 34, 35, 38, 40
Analogsupply.................... 44 Command sequences .. ......... 36, 41
Analog supply reference voltage . . . . . . 9 Commandtype .................. 41
Analog supply voltage. . ............. 9 Commands ..................... 35
Analog voice input/output pins . . ... ... 9 Common configuration registers .. 12, 38, 39
Analog voltage levels . ............. 15 Compression..................... 3
Application hints .. ................ 42 Compressor. .............o...... 12
Application Notes . ................. 1 Configuration of interfaces. . ........ 27
AR. . 40
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Configuration registers . . .. ... ... 35,38 Digitalloops. .................. 3, 53
Control Data input/output pins .. ..... 35 Digitaloutput . ................... 14
Conversion utilities . . .............. 42 Digital, programmable filters . .. ... .. 11
COP ... 41 DIN ... o 50
COP command sequences. . ... ..... 40 Double clockingmode.............. 8
Coupling capacitors ......... 27,29, 47 Double clocking mode timing. . ... ... 49
CROtoCR5 .......... ... . il 38 DOUT ... 50
CROtoCR7 ........ ... .. ... ... 39 Driving capability . . ............. 3,27
CRAM........... 12,34, 35,38,40,41 DSPcore................ 2,3,11,12
CRAM structure .................. 40 DTMF....... ... . 3
Crosstalk. . . ............ .. ... .... 22 Dynamicgain..................... 3
CR-Registers . ................... 12 Dynamicrange .................. 12
CS#. . 34, 50
Cut-Off programming .............. 54 E
Cut-Offs. ... 54 EASY 2466 . ... ... 3, 42
EASY 2466 evaluation system ... ... 42
D Echo ... ... . ... .. 26
D/A and A/D converters .. .15, 19, 23,26 Electrical characteristics ........... 45
DAC ... 2 Evaluationboards ................ 42
Databytes....................... 35 EVCH0X.......ccovviiiiiiin... 42
DataClock .................... 6,35 Expander....................... 12
Data downstream input (DD) ........ 30 Expansion................. .. ... 3
Data downstream output (DD) . . . .. 7,30 Extended Operation (XOP) command . . .41
Datainputpins .................... 6 External amplifier................. 27
Data outputpins................... 6 Externalcomponents.............. 26
Datapins............ .. ... ..... 34
Datarate......................... 6 F
Data rates . . . T 30 Filter capacitors. . ........... .. ... 43
Data upstream input (DU). ... .. 7,30 Filter characteristics. . . ............ 11
Data upstream output (DU). ... ... ... 7,30 Filter coefficients . . . ... ........... 27
DCL master clock input. . ......... 7,30 Filter coefficients storage. ... ....... 12
DCLK . T e 50 Filter structures . ... ... 12
Debouncing functions. . . ... .. ... 32, 33 Flow diagram. . . . .......oooovn. .. 17
Decimation e 12 Fyctuation. .. ..o 11
Detect specifictones. . . ............ 1 Eame delay. . ..o 30
Development boards. . ........... 3,42 EFrame synchronization clock. . . . . . 7,30
Digital filters ...................... 3 Frequency correction. . ............ 12
D!g!tal ground piNnS .. ... 7 Frequency response . . . . . . ... 3,19, 27
Digitalinput. ...........ooevenne 14 Frequency response corrections . . 11, 17
Digital interface. . . .. .............. 46 Err.. . 40
Digital loop programming . .......... 53

Hardware Reference Manual

2001-02-20



—

Infineon PSB 2134
techno|ogy
FRX. 40 Interface description . ............. 27
FSC. ... . 48,49 Interfaces............... .. .. .... 38
Functional blocks . ................ 38 Intermodulation . ................. 21
Intermodulation distortion ... ....... 21
G Internal registers . .. .............. 34
Gain .. ... 16, 26 Interpolation. . . RELEEEEETER R, 12
Gain accuracy. . . ................. 1g Interruptgeneration............... 33
Gain deviations with input level . . . . .. 1g Interruptoutputpins........... 6,8, 33
Gain tracking. . . . ..o 1g Interuptpins.................... 32
Ground-key detection. . ............ 11 Interrupts...................... 6,8
Ground-pins . ........ ... .. 44 '”Ve“to"}/ COSIS ...vvvnvneenenen, 4
Ground-plane . . .. ..., 44 [OM-2bitclock. ................... 8
Group delay . ................. 19,26 |OM-2 data downstream (DD)........ 7
Group delay absolute values . . ... ... 19 |OM-2data upstream (DU) .......... 7
Group delay distortion. . .. .......... oo |OM-2frame R 19, 30
IOM-2 PCM highways . . . .......... 27
H IOM-2 PCM interface .. .2, 3, 12, 15, 27, 29
IOM-2 PCM interface timing ........ 48
Hardwarefilters. .. ............. 12, 23 TU-T . . . 3,15
Hardwarereset................... 14
Harmonic distortion. .. ............. 21 L
High impedance state. .. ........... 35 _
HW-Reset . . . . . ... ... .. 13 Leveladjustments............. 11,12
Level metering. . ............... 3, 11
I Line characterization. ... .......... 11
. Linearity. ..................... 3,12
/O pmns.............. . .. 00 32 Load CapaCitieS __________________ 15
Identificationbyte . . ............... 35  Local requirements . .............. 11
Idle channelnoise. . ............... 20 Loop filters. . ..o oo 11
IMfilter .. ... .. .. L 26
IM-filter . ........ ... ... L 40 M
Impedance matching . ..... 3,11,12,17 _
Independent filter structures. . ........ o Manufacturingtest. ................ 3
Input impedance. . .......... 11,29, 47 Masterclockinput (DCL)............ 7
Input leakage current . ... ....... 46, 47 Maximum signal levels ............ 15
Input offset voltage . . . ............. 47 Measurements................... 42
INPULPINS . oo oo 13, 32 M!crocontroller ................ 11, 27
Input resistance ............... 27,47 M!crocontroller .Interface e _11’ 34, 40, 41
Input voltage range (AC). . . ... ...... 47 Microcontroller interface timing . . . . .. 50
Inputvoltages . . . ................. 46
INTI2 oo 33 N
INT34 . ... 33 Noise..........ooiiiiiiii.. 20
Hardware Reference Manual 2001-02-20



—

Infinleon PSB 2134
techno ogy
Noise rejection . .................. 43 Power spectraldensity ............ 25
Power supply rejectionratio . ....... 46
(@) Power-saving state .. ............. 13
On-/off-hook detection ............. 11 POWER-UPstate ................ 34
Operating conditions. . . .. .......... 17 Product Brief S R EETEPEERE 1
Operating range . . .. .............. 46 Product Overview . ... EETTERTERTE 1
Operating state . . .. ............ 13,14 Programmable debouncing.......... 3
Operating states . . . .. ............. 13 Programmable Qigital filters.......... 3
Operation of interfaces . . ........... o7 Programmable filters.............. 26
Operational description. . ........... 13 Programmable frequency .......... 14
Optimization . .................... 42 Programmable tone generators. ... . ... 3
Other SICOFI devices. . . ............ 1 Programmer’s Reference Manual .. . .. 1
Out-of-band discrimination . ... ... 23, 24 Programming overview ............ 38
Out-of-band idle channel noise. . .. ... 25 PSB2132 ... 1
Out-of-band signals ............ 24, 27 PSB 2134 R 1
Outputload. . ..o oo 47 Psophometric.................... 20
Output offset voltage. . . ... ......... 47
Outputresistance . . ............... 47 Q
Output voltages. . ................. 46 QSICOS...................... 3,42
Overload compression ... .......... 22
Overload point ............. 15,22,27 R
Oversampling . ................... 12 Readaccess . . . ... ... 35, 39
Readcommands.............. 35, 36
P Receive delay . .................. 19
Package . .............. ... ... .... 3 Receivepath........... 11, 52, 53, 54
Package Outlines . . ............... 55 Reference voltage pin........... 9,29
PCMdataformat. .. ............... 30 Registermaps................... 39
PCM Interface example ............ 31 Registermodel .................. 38
PCM Interfacepins. . .............. 30 Regqistervalues . ................. 14
Peak amplitude. . .............. 15,27 Registers.............. ... ... 12
PEB2266........................ 1 Reset....... ... ... ... ... ... 7
PEB2466........................ 1 Resetstate ............... 13, 14, 47
Pin configuration. .. ................ 5 Resettiming..................... 47
Pin definitions and functions. ......... 6 RESET#..................... 13, 14
Pin descriptions .. ................. 5 RESET#pin..................... 47
Pindiagram. . ..................... 5 Resolution...................... 12
PLL. .. 12 Returnloss ..................... 11
Power dissipation . . ............ 13, 15 Ring generator output (RGEN) . ...... 8
Power dissipation (package). ........ 45 Ringsignals..................... 11
PowerOn ....................... 13 RST ... ... 13
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Sampling intervals . . .............. 33 Supervision and signaling functions .. 32
Sampling SIOPES . -« .« oo 30 Supplycurrent. .................. 46
Schmitt-Triggerinput .. ............ 47 Supply voltage . T 3
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Serial Microcontroller Interface ... 11, 27, 34 SW-Rese.t """ e 13
Sigma-delta. . . ................... 12 System diagnostics . ............... 3
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Signalpaths ..................... 54
Signal processor. . ................ 11 T
Signalrejection................... 23 Tantalum capacitors .............. 43
Signalingexample ................ 32 Telco specification. .. ............. 27
Signaling inputpins. . . ......... 6, 8,33 Telephoneinterface............... 11
Signaling Interface .. ... ... .. 11,27,32 Telephoneline................... 27
Signaling Interface pins .. .......... 33 Teletaxfilters.................... 27
Signaling interface timing . . ... ...... 51 Teletaxpulses................ 23, 27
Signaling output pins .......... 6,8,33 Testcircuit...................... 43
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Signalingpins.................. 2,32 Testmodes ..................... 52
Signaling registers . ............... 33 Testrelays...................... 11
Signaling status changes . . ......... 32 TGlandTG2.................... 40
Signal-to-noise performance. . . ... ... 12 TH-filter ... ............ ... ... 38, 40
Signal-to-total distortion ratio ... ..... 21 Three-Wireaccess ............... 37
Sinewavesignal. ................. 15 Timeslot ....................... 12
Single clockingmode .. ............. 8 Timeslots .................... 2, 31
Single clocking mode timing. . ... .... 48 Timetomarket.................... 4
Single frequency distortion. . ... ..... 22 Tming................... 48, 50, 51
SLIC................. 2,3,11,26,27 Tip&ring....................... 27
SLIC daughtercards. .............. 42 Tip/ting. ..o 11
SLICinterfaces. . ................. 33 Tonegenerators ............... 3,11
SOP ... . 41 Toolpackage.................... 42
Spikes.......... ... ..., 47 Totaldistortion................... 21
Standby. . ............ ... ... ... 46 Total gain calculation. . ............ 16
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State........... .. ... .. . ... ... 13 Transformer................ 3, 11,27
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