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Introduction

The PEB 2081 S/T Bus Interface Circuit Extended (SBCX) implements the four-wire S/T-interface
used to link voice/data ISDN terminals, network terminators and PABX trunk lines to a Central
Office.

The SBCX provides the electrical and functional link between the analog S/T-interface according to
ITU recommendation 1.430, ETS 300 012 and T1.605 Basic User Network Interface Specification
respectively, and the ISDN Oriented Modular interface Rev. 2 (IOM-2).

This manual is divided into 6 major sections. Compared to previous data sheets for the S
transceiver, the organization of the data sheet for version 3.4 has been modified in order to make
information more readily available to the user.

Section 1 gives the user an introduction to the PEB 2081 Vers. 3.4. It contains information about
the functional blocks, features and pinning of the SBCX.

Section 2 provides an overview of typical ISDN applications and demonstrates how these
applications can be realized with the PEB 2081 Vers. 3.4.

Sections 3 and 4 are identical in structure. Both cover the major S transceiver topics “Interfaces”,
“Control Procedures” and “Maintenance Functions”. Section 3 gives the user an overview on the
discussed topics without going into technical details. It is intended as an application guide where the
user can quickly look up how the registers of ICC, EPIC and SBCX Vers. 3.4 need to be
programmed in order to initiate the desired action.

Section 4 is dedicated to detailed technical information. Status diagrams, state descriptions,
algorithms, dynamic characteristics are to be found here. Section 4 thus is intended for the user
who seeks specific technical information.

Section 5 summarizes all electrical, section 6 all environmental characteristics.

Semiconductor Group 10
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S/T Bus Interface Circuit Extended PEB 2081

1 Features

e Full duplex 2B+D S/T-interface transceiver according to
the following specifications:

— ITU Recommendation 1.430

— ETS 300 012

— ANSI T1.605

192 kbit/s transmission rate

Pseudo-ternary coding with 100 % pulse width

Activation and deactivation procedures P-LCC-28-1
Extended loop-length up to 2 km

IOME-2 Interface

e Optimized for operation in conjunction with IEC-Q, IBC,
ICC, EPIC and IDEC telecom ICs

e Handling of commands and indications contained in the
IOM-2 C/I channel for activation, deactivation and testing

e Switching of test-loops

Modes

e TE : Terminal Mode P-DIP-28-3
e NT : Network termination connected to IEC-Q

e LT-T : Trunk mode in private exchange

e LT-S : Line termination in public or private exchanges

Special Features

Fully compliant NT2 trunk mode including multipoint operation

Frame alignment with absorption of phase wander in NT2 network side applications
D channel access control, also in trunk application

Access to S and Q bits of S/T-interface (S1, S2 and Q channel)

Software controlled maintenance interface (I/0O ports)

Switching of test loops

Advanced CMOS technology with low power consumption:

power down max. 4 mwW

operational max. 60 mW

Type Ordering Code Package
PEB 2081P Q67100-H6581 P-DIP-28-3
PEB 2081N Q67100-H6580 P-LCC-28-1

Semiconductor Group 11 11.96
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11 Pin Configuration
(top view)

Voo [ ] ; P-DIP-2813— 28| | mai7
sx1[ ]2 27| ] Vss
sx2 []3 26| | sr2

Vss [ |4 25| ] sr1
A3 [ |5 24 ] Voo

x3 [ 6 23| | mai
RST [ |7 PEB 2081 2| ] x1
MAI2 [ ]8 SBCX 21] ] Ml
Fsc [ |9 20| ] x2
MAIL [ 10 19] ] mai4
peL [ fu 18 ] xo
pP1 [ |12 17| ] xTAL2
DPO [ 13 16| ] xTALL
MAIO [ |14 15| | mopEe

ITPO3973

Figure 1
PEB 2081 SBCX in P-DIP-28-3 and P-LCC-28-1 Packages

Semiconductor Group 12
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1.2 Pin Definition and Functions

Pin No. Symbol Input (1) Function
Output (O)

11 DCL 1/O Data Clock

The frequency is equal to twice the data rate on the
IOM-2 interface.

LT-S, LT-T, NT: clock input 512 kHz to 8192 kHz
TE: clock output 1536 kHz

9 FSC I/O Frame Synchronization Clock
LT-S, LT-T, NT: clock input 8 kHz
TE: clock output 8 kHz

13 IDPO I/O IOM-2 data port O; open drain with an external pull up
resistor, otherwise push/pull

12 IDP1 I/O IOM-2 data port 1; open drain (if external pull up
resistor at IDP0), otherwise push/pull

25 SR1 I Differential S/T-interface receiver signal input
26 SR2 I Differential S/T-interface receiver signal input
SX1 @) Differential S/T-interface positive transmitter output
3 SX2 @) Differential S/T-interface negative transmitter output
15 MODE I Setting of either LT modes or NT and TE mode
6 X3 I/0 Specific function pins dependent from the selected
20 X2 I operating mode
22 X1 I
18 X0 1/O
28,23,21,19 |MAI(7:4) |O Maintenance Auxiliary Interface; output pins
5 MAI 3 I Maintenance Auxiliary Interface; input pin
8, 10, 14 MAI (2:0) |1/O Maintenance Auxiliary Interface; input/output pins
24 Voo I Power supply + 5V +£5 %
1 Voo I Power supply +5V +5 %
4 Vss I Ground
27 Ves I Ground
7 RST I Reset, low active
16 XTAL1 I Connection for external crystal,
or input for external clock generator
17 XTAL2 @] Connection for external crystal,
not connected, when an external clock generator is
used

Semiconductor Group 13
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1.3 Logic Symbol
2.1
<—»|DCL SX1
IoOM®2  <«—»|FSC
Interface <4+—»| IDPO
<4—»|IDP1 SX?2
Maintenance
Auxiliary I MAI(7:0) SR1 |«
Interface PEB 2081
(SBCX)
SR? |«
Mode —»| MODE
<— plX XTAL1 <—l—||—|
Mode Xg
Specific C—17.68 MHz
Functions > X1
<«—»|x0 XTAL 2 S
Voo Vss  RST
i J_ T ITL03972
+5V GND
Figure 2
Logic Symbol of the SBCX
Semiconductor Group 14




SIEMENS

Features

1.4 Functional Block Diagram
» FSC
ﬁﬂ DCL
SX'1 «— i < IPD 1
< Transmit ® . —>
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Figure 3
Block Diagram of the SBCX
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2 System Integration and Applications

The SBCX implements the four-wire S- and T-interfaces used in the ISDN basic access. By
programming the corresponding operating mode it may be used at both ends of these interfaces.

The operating modes are:

e ISDN terminals (TE)

e ISDN network termination (NT) for a link between the four-wire S/T-interface and the two-wire
U-interface

e ISDN subscriber line termination (LT-S)

e ISDN trunk line termination (LT-T); (PBX connection to Central Office).

The basic use of these modes is shown in the following figure, where the usual nomenclature as
defined by the ITU for the basic access functional blocks and reference points, is used.

TE(1) | LT-S

Network Terminator (NT)
S U
TE(1) | / I NT1 : |

TE(8) NT?2 NTL| |

~
=

LT-S LT-T NT

ITS04492

Figure 4
Operating Modes of the SBCX in the ISDN Basic Access Architecture

The NT equipment serves as a converter between the U-interface at the exchange and the
S-interface at the user premises. The NT may consist of either an NT1 or an NT1 together with an
NT2 connected via the T-interface which is physically identical to the S-interface. The NT1 is a direct
transformation between layer 1 of S and layer 1 of U. NT2 may include higher level functions like
multiplexing and switching as in a PBX.
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2.1 Operational Modes and System Integration

2.1.1 TE Application

In the terminal several IOM-2 compatible devices can be connected to the IOM-2 bus structure (e.g.
PEB 2070 ISDN Communications Controller (ICC), PSB 2161 Audio Ringing Codec Filter
(ARCOFI®), PSB 2163 Audio Ringing Codec Filter (ARCOFI®SP) and PSB 2110 ISDN Terminal
Adapter Circuit (ITAC®)). The ICC allows access to IOM-2 bus by the microcontroller. The SBCX is
controlled via MONO channel, the other devices via MON1 channel of the IOM-2 bus.

I0OM®-2 Terminal Interface PEB 2081 I

SBCX
PSB 2161
®
PSB 2110 QrRCOF' -BA PEB 2070
ITAC PSB 2163 ICC
ARCOFI®-Sp
IJC 1TS08392

Figure 5
ISDN Voice/Data Terminal using the IOM®-2 Terminal Architecture (TE)
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Figure 6
SBCXin TE Mode
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2.1.2 ISDN Network Termination (NT1)

The S-interface is a four-wire interface for connecting ISDN Terminal Equipment (TE) and Terminal
Adapter (TA) to the Network Termination (NT). From here a twisted pair interfaces to the exchange.
The Network Terminator interfaces the four-wire to the two-wire interface.

A basic Network Terminator (NT1) can be built using the SBCX together with the PEB 2091 ISDN
Echo-Cancellation Circuit (IEC-Q1) or in case of a private exchange the PEB 2095 ISDN Burst
Transceiver Circuit (IBC). All information between S- and U-interface is handled automatically
between the layer-1 devices IEC-Q (or IBC) and the SBCX.

PEB 2081 IOM®-2 Terminal Interface PEB 2091 I

1
I: SBCX IEC-Q1

ITS03977

Figure 7
Basic Network Terminator (NT1)
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ITS05102
Figure 8
SBCX in NT-Mode
2.1.3 ISDN Network Terminator (NT1) in Star Configuration

A NT-star configuration is used when it is not possible to connect all terminals with a short or
extended passive bus configuration. This may be the case if the terminal locations are too far apart
to comply to the restrictions specified for short or extended passive bus systems. In this application
the IOM-2 interface operates with a DCL frequency of 512 kHz. Downstream data will be
transmitted to all connected TEs. The upstream data from all TE’'s will be wired-ANDed on the
IOM-2 interface.

The NT-star mode ensures under these circumstances, the correct D-channel collision detection as
well as the correct activation behavior (see also section 3.3).

Both point-to-point or passive bus configurations are allowed. A combination of these
two configurations is also possible, see figure 9 and 10.

Semiconductor Group 20



SIEMENS System Integration

TE TE TE
2 km 2 km 2 km
TE SBCX SBCX SBCX SBCX
2 km
\
®.

IOM=2 IEC-Q : U-Interface

TE SBCX SBCX SBCX SBCX

2 km
2 km 2 km 2 km NT
TE TE TE
ITC05103
Figure 9
NT-Star Configuration with 8 TEs Connected Point-to-Point
TE
2 km
TE TE TE SBCX I
15 km IoM®-2 |
SBCX IEC-Q 1 U-Interface
TE TE TE seex |-
2 km NT
TE
ITC05104

Figure 10

NT-Star Configuration with 2 TEs Connected Point-to-Point and 6 TEs Connected via an
Extended Passive Bus
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PEB 2091
IEC-Q1

Figure 11
NT-Star Configuration
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Figure 12
SBCX in NT-Star Mode
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214 ISDN Network Terminator Using IOM®-2 Architecture (Intelligent NT)

The IOM-2 architecture allows to build a micro controlled NT using additionally the ICC and
operating the IEC-Q (or IBC) in the IOM-2 terminal mode. The ICC provides software controlled
layer-1 maintenance function such as programming the SBCX via the monitor channel.

The SBCX is set to LT-S mode and is operated in the IOM-2 channel 1 of the IOM-2 terminal
architecture. For that purpose the SBCX offers the possibility of changing the state machine from
LT-S mode to NT mode (refer to FSMM-bit of the configuration register) in order to behave like a
Network Termination with only two devices (NT1).

The SBCX provides the required IOM-2 channel switching functions (B1, B2, D and C/I) for this
application. To ensure a proper wake up procedure of a micro controlled NT being in power down
(case of a deactivated line) the asynchronous timing bit (AST-bit of the loop-back register) should
be set.

The U- and S/T-interface maintenance data is conveyed via the IOM-2 interface’s monitor channel
to the ICC.

I PEB 2081 IOM®-2 Terminal Interface PEB 2091
I SBCX 1.536 MHz |EC-Q1
PEB 2070
ICC
ucC
ITS03978

Figure 13
Micro Controlled NT Configuration
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The S-interface is the standard ISDN subscriber interface, but in a PBX environment also an
U-interface (e.g. IBC or IEC-Q) may be used for the connection of a subscriber resulting in an
U-interface terminal with an S/T-extension (Intelligent NT). The Intelligent NT can be seen as an
enhancement of the micro controlled NT.

In this case the SBCX is treated as an additional IOM-2 device. The ICC accesses the IBC or IEC-Q
via MONO channel, the other devices via MON1 channel.

The functionality of such a configuration includes D-channel collision resolution in upstream
direction (TIC bus) and IOM-2 channel switching functions for internal communication.

SBCX IEC-Q1

I PEB 2081 IOM®-2 Terminal Interface PEB 2091 I

PSB 2110 PSB 2163 PEB 2070
ITAC ARCOFI®-Sp ICC

I 1]

uc

ITS03979

Figure 14
Intelligent NT Providing both Terminal (voice/data) and Network Terminating Functions
(S/T-interface)
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SBCX in LT-S Mode for Intelligent NT Configurations
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2.15 Line Card Application (one D-channel controller per line)

The SBCX supports a line card implementation both in an ISDN Subscriber Line Termination LT-S)
and in an ISDN Trunk Line Termination (LT-T) using e.g. the PEB 2055 Extended PCM Interface
Controller (EPIC®-1). Up to eight devices can be connected to the IOM-2 interface. This application
requires a data clock of 4.096 MHz. The standard implementation of a S/T-interface line card
includes one D-channel controller, e.g. PEB 2075 ISDN D-Channel Exchange Controller (IDEC®),
per line for decentralized D-channel handling. Figure 16 illustrates this configuration for line cards

on the exchange side.

ITS05107

IOM®-2 Interface 4096 kHz PCM
——e . . —
I: PEB 2081 —| PEB 2055
1.SBCX —| EPIC®
B B m
I: PEB 2081 PEB 2075 PEB 2075
E 2.SBCX IDEC® IDEC®
I: PEB 2081 P SAB
8.SBCX H HSCX Signaling
I: Highway

Figure 16

IOM®-2 Line Card Architecture (LT-S) with One D-Channel Controller per Line

Semiconductor Group

27




SIEMENS

System Integration

4096 kHz 11
8kHz 9

13
4

12
—_—Pp

33 pF

I_" 16

——17.68 MHz

T

33 pF
5V CEB 6
TS2 20
05V — P
TS1 22
ooy TS0 18]
05V

+5V —»15
1

+5V
° 24

10 yF ==

i
27
GND 7

0B ———>

DCL
FSC
IDPO
IDP1

XTALL

XTAL2

X3
X2
X1
X0
Mode

SX1

SX2

MAIO
MAI1
MAI2
MAI3
MAI4
MAIS
MAI6
MAI7

ITS05108

2

14 NT-STAR

10
8

5

19
21
23
28

20.40Q 2:1

10kQ  2:

SR1 |€2
10kQ
SR2 |26

Transmit
Pair

SIT Interface

Receive
Pair

Maintenance
Auxiliary
Interface

Figure 17

SBCX in LT-S Mode for Basic Line Card Configuration

Semiconductor Group




SIEMENS System Integration

2.1.6 Line Card Application (one D-channel controller for eight lines)

This configuration is used under the same circumstances as described in section 2.1.3 “NT1 Star
Configuration”. Refer to this section for additional information.

Figure 18 and figure 19 illustrate the principle and its realization in line card applications.

IOM®-2 Interface 512 kHz
L PEB 2081 4 I —| PEB 2055
1.SBCX PEB 2070 — EPIC®
B o -
E PEB 2081
E 2.SBCX
. X3:
. CEB
L PEB 2081 -
E 8.SBCX "
9 9 1TS03981
5V 5V

Figure 18
IOM®-2 Line Card Architecture (LT-S only) with One D-Channel Controller per up to Eight
Lines
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SBCXin LT-S Mode for Star Configuration
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2.1.7 Private-Branch-Exchange Application (one D-channel controller per line)

The SBCX also supports ISDN-PBX configurations in its LT-T (Line Termination-Trunk) mode. By
providing internal buffers in this mode, the device is able to compensate phase deviations between
the two clock systems on the S-interface and the IOM-2 interface (in PBX system the PEB 2081 is
slave with respect to these two clock systems). Specific requirements regarding the clock

generation in a PBX system are described in section 2.3 “Clock Generation”.

PCM 4096 kHz IOM®:2 Interface
[EEENE— .7
PEB 2055 | PEB 2081 ]
EPIC® 1.SBCX
s B o B
T ]
A
®
PEB 2075 PEB 2075 PEB 2081 ]
IDEC® IDEC® 2.SBCX ]
’7
ﬁ W - MAI5: SIG
‘ ‘ ‘ . Bit
Signaling SAB 82525 . PEB 2081 ]
Highway HSCX h 8.SBCX 7.
ITS03980
Figure 20

PBX Architecture (LT-T) with One D-Channel Controller per Line
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D-channel processing is handled by a separate controller for each line as was the case for line card
applications. In order to guarantee correct D-channel access on the S-interface when additional
terminals are connected to the same S-bus, an external “D-channel access monitor bit” (2 S/G bit)
is provided in this mode. A system where this bit must be evaluated for correct D-channel access is
shown in the following figure. In this configuration the D-channel controller of PBX No. 1 is informed
via the S/G bit when the terminal occupies the D-channel on the S-interface. In case a point-to-point
configuration is used to connect a single PBX to an exchange the S/G line is not required. Please
refer to section 3.2.3.1 for additional information regarding the use of the S/G bit.

PBX No.1 Ak
P - | r—-———=—=
I ! I
! 5V« SBCX | | SBCX
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I I I
I I I
| |ipEC® |« | '
I [ — | I *
| o— I I *
| * I : )
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I I I
I SIG I '
| sBCx | | SBCX
| LT-T I EYNT
I I :
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| |
| ISAC®-S |
I TE I
| |
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A I
aﬂ@?)))))))»}é _________ I
QS ITS05110
Figure 21

PBX-Configuration Requiring S/G Bit Evaluation
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Figure 22
SBCXin LT-T Mode
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2.2 Setting Operating Modes

Tables 1-2 illustrate which modes are supported by the PEP 2081 version 3.4 and how they can be
configured by the user. Table 1 gives an overview of pin signals and the register configuration. For
the description of MAI pins it was assumed, that for the initial mode, the “I/O specific’ mode was
selected. Refer to chapter 4.1.4 for details on the MAI interface options.

It is possible to change the mode of a device during operation by pin strapping (e.g. for test
purposes) if the mode change is followed by a hardware reset. A hardware reset sets all registers
to their initial value.

Table 1
Modes of Operation

Configuration LT-S NT LT-T TE
Point-Point/Bus | Point-Point/Bus
Pin
Mode 1 0 1 0
X0 i:TSO i:0/i:1 Y i:TSO 0:32/16 kHz (1:1)
X1 iiTS1 i:0 iiTS1 i:0
X2 iiTS2 irl iiTS2 i:0
X3 i/0:CEB i/0:CEB 0:1536 kHz (3:2) | 0:768 kHz (1:1)
MAIO i:NT-STAR i:NT-STAR i:MPRO i:MPRO
MAI1 i:MPR1 i:MFD i:CON? i:CON?
MAI2 i:MPR2 i:TM1 i:MPR2 i:MPR2
MAI3 iMPR3 i:-TM2 i:MPR3 i:MPR3
MAI4 0:MPR4 0:MPR4 0:MPR4 0:MPR4
MAI5 0:MPR5 0:MPR5 0:S/G 0:S/G if
SGE ="1"
MAIG 0:MPR6 0:MPR6 0:MPR6 0:MPR6
MAI7 0:MPR7 0:MPR7 0:MPR7 0:MPR7
FSC i:8 kHz i:8 kHz i:8 kHz 0:8 kHz (1:2)
DCL i:512-8192 kHz i:512-8192 kHz 1:512-8192 kHz 0:1536 kHz (1:1)
(cont'd)
Note:

1) Choice for bus configuration (1 = bus). In LT-S mode only programmable. In NT mode programmable or pin
strapping. Pin strapping has the higher priority.
2) CON-pin functionality is enabled if DH = “1” in the IOM-2 Channel register in LT-T mode.

3) CON-pin functionality is enabled if DH = “0” in the IOM-2 Channel register in TE mode.
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Table 1
Modes of Operation (cont'd)

Configuration LT-S NT LT-T TE
Point-Point/Bus Point-Point/Bus

Register

Configuration 0 0/17 1 0/17
Bit 0 (Mode) [0]

Configuration 0/1v 0/19 0/1? 0/13
Bit 1 (C/WI/P) [0]
Configuration 0/1 0/1 0 0
Bit 5 (FSMM) [O]
Configuration 0 0 0 0
Bit 6 (MAIM) [0]
SM/CI 0 0 0 0
Bit 0 (MIO) [O]

SM/CI 0 0 0 0/19
Bit 2 (SGE) [0]

IOM-2 Channel 0/19 0/1% 0/1% 0/1%
Bit 2 (DH) [0]

Notes:

1) Choice for bus configuration (1 = bus). In LT-S Mode only programmable. In NT mode programmable or pin
strapping. Pin strapping has the higher priority.

2) Slip warning control. C/W/P = 0 will issue C/I “Slip” code warning after 50 ps wander. C/W/P = 1 will issue
the “Slip” code warning after 25 ps.

3) PCK (pin X0) frequency select. C/W/P = 0 will issue a power converter clock frequency of 32 kHz, C/W/P =1
will issue 16 kHz.

4) Select “1” for intelligent NT applications to ensure partial TIC Bus evaluation (see section 3.3.5.5).

5) Select “1” for point-to-multipoint configurations to ensure D-channel collision resolution according to
ITU 1.430 (see section 2.1.7 and 3.3.5.4).

6) For normal D-channel collision procedure program DH = “0”".

7) 0: MAI pins I/O specific; 1: MAI pins only I/O.

8) In TE Mode pin MAI5 outputs a D-channel enable signal, which may be used by a general purpose HDLC
controller for LAP D handling. The signal contiuously monitors the D-E channel status and provides a stop/
go information.

[0] Initial register bit value after hard- or software reset.
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Table 2
IOMB-2 Channel Assignment *)

IOMP-2 TS2 TS1 TSO Bit No. Min. Freq. of DCL (kHz)
Channel No.

CHO 0 0 0 0..31 512
CH1 0 0 1 32...63 1024
CH?2 0 1 0 64 ... 95 1536
CH3 0 1 1 96 ... 127 2048
CH4 1 0 0 128 ... 159 2560
CH5 1 0 1 160 ... 191 3072
CH®6 1 1 0 192 ... 223 3584
CH7 1 1 1 224 ... 255 4096
Note:

*) TS pins are read continuously (non-latching) after the supply voltage has reached its nominal value.
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2.3 Clock Generation

Clock generation varies with the application. The following diagrams show what timing signals need
to be generated for each SBCX mode and how system synchronization is obtained.

2.3.1 TE Mode

XIN = 7.68 MHz
X3 =768 kHz
FSC =8 kHz TE
< DCL =1536 kHz
Synchr.
ITS04198

Figure 23
Clock Generation for TE Mode

In TE mode the PEB 2081 recovers the timing directly from the S-interface. A free running crystal
or other clock source provides a 7.68 MHz base clock. The device synchronizes in TE Mode with a
Receive PLL (RPLL) onto the S-interface by including 65 ns correction steps. Thus the issued IOM
clocks and the clock signal on pin X3 are synchronous to the PTT master clock.
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2.3.2 NT Mode

XTAL1=7.68 MHz

< FSC = 8 kHz

NT -
< DCL =512 kHz

Synchr.

ITS05112

Figure 24
Clocks Generation in NT Mode

In NT Mode the SBCX is supplied with synchronous IOM clocks and a synchronous base clock
signal. These signals typically are generated by the upstream U-interface device (PEB 2091 or
PEB 2095).

In case no 7.68 MHz base clock signal is available, a 7.68 MHz crystal may be connected to XTAL1
and XTAL2. In this configuration the internal Transmit PLL (XPLL) synchronizes the freerunning
crystal clock onto the FSC signal.

If required DCL clock rates up to 8192 kHz may be used. However the PEB 2081 will operate in IOM
channel 0 independently of the DCL frequency applied.
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2.3.3 LT-T Mode
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Figure 25
Clock Generation in LT-T Mode
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In LT-T mode IOM-clock signals are not issued by the device but need to be generated externally.
In order to ensure synchronous timing to the PTT-master clock, a PLL is used for generation of FSC
and DCL (supplied to LT-T and LT-S devices) as well as of the 7.68-MHz system clock (LT-S only).
Reference clock for the PLL is the PTT synchronous 1536-kHz signal from pin X3.

Note:

It may be necessary to use a multiplexer for the PLL reference clock because the X3 clock signal is
synchronous to the PTT clock only if the corresponding line is activated. Otherwise the PLL
reference must be supplied by the X3 clock from a different activated line.
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2.3.4 LT-S Mode

7.68 MHz
P FSC
LT-S DCL
1
7.68 MHz
P FSC FSC =8 kHz
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DCL ...4096 kHz
2
7.68 MHz
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47

PLL

PTT
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ITS05201

Figure 26
Clock Generation in LT-S Mode

In LT-S mode the device synchronizes with the internal Transmit PLL (XPLL) the freerunning crystal
clock onto the FSC signal. This ensures that transmission on the S-interface will be synchronous to

the PTT clock.
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2.4 S/T-Interface Configurations

The receiver of the SBCX exceeds the electrical requirements of the S/T-interface. An overview of
the different wiring configurations is given in the following figures.

The maximum length of a point-to-point configuration depends on the kind of cable installed. The
maximum allowable line attenuation is 13 dB. However, the following figures give an idea of the
performance of the SBCX.

<2km
F-——--= ! _ rooo--- !
1omM® I I IoM®1
SBCX |1 TR TR |+ SBCX I
| I | |
S TS R | owrs !
T T T T T T Timsoaoss
Figure 27
S/T-Interface Point-to-Point Configuration (“TR” stands for the 100 Q Terminating Resistor)
- <1.5km -
<50m
r———==-= |
I IoM®1
TR TR —{ SBCX I
In <10m _i T/ : :
Fe===1 r === -
. o . N
I |sBcx| | I |sBcx| |
1 1 | 1
| 1 | 1
1 TEL ) | TES |
] e —— - ITS03989
Figure 28
S/T-Interface Extended Passive Bus Configuration (“TR” stands for the 100 Q Terminating
Resistor)
<150 m... 250 m
- T rooo-- |
I IoM®'1
TR TR —{ SBCX I
’Al_J( ﬂOm_i_J(/An ! !
re———==n" r -=n
I I | I LN
1 |sBcx| | I |sBcx| |
I | 1 1
1 | 1 1
| TEL ) 1 TES |
_____ - | ITS03990
Figure 29
S/T-Interface Short Passive Bus Configuration (“TR” stands for the 100 Q Terminating
Resistor)
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3 Application Guide

3.1

The SBCX performs the layer-1 functions of the S/T-interface according to ITU recommendation
1.430, ETS 300 012 and T1.605 Basic User Network Interface Specification, respectively. It can be

SBCX Device Architecture and General Functions

used at all ends of the S/T-interface. The following figure depicts the device architecture.

——» FSC

SX1 «— IoM®2 |« IDP1
Transmitter Buffer Interface
SX2 «— Logic <> IDPO
Test
| Transmitter
D-Channel
Access P
Activation
Buffer Control
A A
o> Amplifier L .
> Peak § S/Q Bits
SR1 »| and Detector Comparators Buffer
SR2 p|  Filter
i
| Level Detect Receive PLL Oscil. »] Transmit PLL
LI IJ ITS03991
Figure 30
SBCX Device Architecture
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The Common Functions for all Operating Modes are:

line transceiver functions for the S/T-interface according to the electrical specifications of
ITU 1.430

The pseudo-ternary pulse shaping which meets the 1.430 pulse templates, is achieved with the
integrated transmitter.

The integrated receiver is designed to cope with all wiring configurations of the S/T-interface
(point-to-point, passive bus, and extended passive bus). The maximum allowable line
attenuation is 13 dB.

conversion of the frame structure between the IOM-2 interface and S/T-interface

conversion from/to binary to/from pseudo-ternary code

access to S and Q bits

The level detect block monitors the receive line and therefore initiates switching into power down
or power up state.

Mode Specific Functions are:

receive timing recovery for point-to-point, passive bus and extended passive bus configuration
S/T timing generation using IOM-2 timing synchronous to system, or vice versa

D-channel access control and priority handling

D-channel echo bit generation by handling of the common echo bit

activation/deactivation procedures, triggered by primitives received over the IOM-2 interface or
by INFOs received from the line

frame alignment in trunk application with maximum wander of + 50 us

execution of test loops
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3.2 Interfaces
Section 3.2 describes the interfaces supplied by the SBCX. Three interfaces are implemented:

— IOM-2 Interface
— S-Interface
— Maintenance Auxiliary Interface

3.2.1 IOM®-2 Interface

The IOM-2 interface is primarily used to interconnect telecommunication ICs. It provides a
symmetrical full-duplex communication link, containing user data, control/programming and status
channels. The SBCX communicates with other ISDN devices to realize OSI layer-1 functions (such
as a U Transceiver) or upper layer functions (such as ICC, EPIC, ARCOFI and ITAC).

The structure used follows the 2B + 1D-channel structure of ISDN. The ISDN user data rate of
144 kbit/s (B1 + B2 + D) on the S/T-interface is transmitted transparently in both directions over the
interface. The D-channel switching may also be subject to the D-channel access procedure and
collision detection and therefore is not fully transparent.

The IOM-2 interface is a generalization and enhancement of the IOM®-1 interface.

3.2.1.1 IOM®-2 Frame Structure/Timing Modes
The IOM-2 interface comprises two clock lines for synchronization and two data lines.

Data is carried over Data Upstream (DU) and Data Downstream (DD) signals. The downstream and
upstream direction are always defined with respect to the exchange. Downstream refers to
information flow from the exchange to the subscriber and upstream vice versa respectively. The
IOM-2 Interface Specification describes open drain data lines with external pull-up resistors.
However, if operation is logically point-to-point, tristate operation is possible as well.

The data is clocked by a Data Clock (DCL) that operates at twice the data rate. Frames are delimited
by an 8-kHz Frame Synchronization Clock (FSC).

P FSC
DCL
oM®2 |« IOM®-2
Slave DU o Master
P DD

ITS03992

Figure 31
IOM®-2 Interface Structure
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Within one FSC period 32 bit to 512 bit are transmitted, corresponding to DCL frequencies from
512 kHz to 8.192 MHz. The SBCX needs no pin strapping to indicate the actual bit rate, because
each rising edge of FSC resets the internal bit counter.

Two optimized IOM-2 timing modes exist for:

— Line card Applications
— Terminal Applications

Both the line card and terminal applications utilize the same basic frame and clocking structure, but
differ in the number and usage of the individual channels.

frame Bl B2 Monitor D Command/Indication MR MX
bits 8 8 8 2 4 1 1
Figure 32

Basic Channel Structure of IOM®-2

Each frame consists of

e two 64 kbit/s channels B1 and B2

e the monitor channel for transferring maintenance information between the layer-1 functional
blocks (SBCX, IEC-Q, etc.) and the layer-2 controller (ICC, EPIC)

e two bits for the 16 kbit/s D-channel

e four command/indication (C/I) bits for controlling of layer-1 functions (activation/deactivation and
additional control functions) by the layer-2 controller (ICC, EPIC). For a list of the C/I codes and
their use refer to chapter 4.

e two bits MR and MX for handling the monitor channel
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3.2.1.1.1 I10M®-2 Interface Line Card Frame Structure

The SBCX in line card applications (LT-S and LT-T) supports bit rates from 256 kbit/s to 4096 kbit/s
corresponding to DCL frequencies from 512 kHz to 8.192 MHz.

The typical IOM-2 line card applications comprises a DCL frequency of 4096 kHz with a nominal bit
rate of 2048 kbit/s. Therefore eight channels are available, each consisting of the basic frame with
a nominal data rate of 256 kbit/s. The length of the FSC high phase usually covers IOM-2 channel O
(minimum FSC length is 2 DCL) unless synchronization of the S/T-interface multi-frame is desired.

The SBCX is assigned to an individual channel by pin strapping.

et 125 ps -
FSCJ |
et [ _ S 1]
pu [IoM®cHo| CcH1 CH2 CH3 CH4 CH5 CH6 CH7 CHO
oD |IoM®cHo CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHO
L L T ‘MO‘N|‘TO‘R‘ T l\) ‘C‘/|‘ MIM
T N R | AN N N R T N R R | | Lo RIX ITD04319

Figure 33
Multiplexed Frame Structure of the IOM®-2 Interface
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3.2.1.1.2 I10M®-2 Interface Terminal Frame Structure

In TE mode the SBCX provides a data clock DCL with a frequency of 1536 kHz. As a consequence
the IOM-2 interface provides three channels each with a nominal data rate of 256 kbit/s.

The SBXC only uses IOM-2 channel 0, and, for D-channel access control, the C/I field of IOM-2
channel 2. The downstream data (DD) are transferred on pin IDPO, the upstream data (DU) on pin
IDP1.

The remaining two IOM-2 channels are for the use of other devices (ARCOFI, ITAC) within the TE.

et 125 ys —
FSC
- |OM® Channel 0 —— =t~ [OM® Channel 1 —— =~ [OM® Channel 2 ——=
IR I R I D NI I N NN NN NN NN BN EEEEEE
DD | B1 B2 |mMono| cno | ict | 1c2 | moNi| cit cne | B1
NN RN IR AN AN AN AN SRR AR AREEEEEE ENEEEEEE ERREEEEE AREEEEE|
IR I R I D NI I N NN NN NN NN BN EEEEEE
DU | BL B2 |moNo| cno | ict | 1c2 | moN1| cit cnre | B1
NN AN AR AN SRR AN AN NN AN IR AN SN AN
ITD04320
Figure 34

Definition of the IOM®-2 Channels in a Terminal
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— C/I0in IOM® Channel 0:

DU /DD

D D Cli4 C/3 C/n2 C/1 MR MX
D: two bits for the 16 kbit/s D-channel
C/l. The four command/indication (C/I) bits are used for controlling of the layer-1
functions (activation/deactivation and additional control functions) by the
layer-2 controller (ICC, EPIC).
MR, MX: two bits MR and MX for handling the monitor channel 0

— C/I1 in IOM® Channel 1:

DU /DD

C/16

C/5 Cll4 C/I3 Ch2

C/1 MR MX

C/11to C/I6 are used to convey real status information between a layer-2 device (ICC)

MR, MX:

and various non layer-1 devices e.g. ARCOFI.
two bits MR and MX for handling the monitor channel 1

— C/12 in IOM® Channel 2:

DU
DD

Semiconductor Group

1 1 BAC TBA2 TBAl TBAO 1 1
E E SIG A/B 1 1 1 1
E: D-echo bits
BAC-bit (Bus ACcessed), used by the layer-2 device (e.g. ICC). When the TIC bus is
occupied the BAC-bit is low.
S/G-bit (Stop/Go), available to the layer-2 devices (e.g. ICC) to determine if they can
access the S bus D-channel (S/G = 1: stop, S/G = 0: go).
A/B-bit (available/blocked), supplementary bit for D-channel control.

(A/B = 1. D-channel available, A/B = 0: D-channel blocked).

For more information also refer to the chapters TIC Bus Access and D-channel access

control.
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3.2.1.2 IOM®-2 Interface Command / Indicate Channel

The Command/Indicate channel (C/I channel) is used to control the operational status of the SBCX
and to issue corresponding indications. C/I channel codes serve as the main link between the SBCX
and other external intelligence (layer-1 or layer-2 devices). In chapter 4.3 status diagrams for all
selectable modes give information on the commands with which the current operational status may
be left, and on indications issued in all states.

The codes originating from the control devices are called “commands”, those originating from the
SBCX are referred to as “indications”. Commands have to be applied continuously by the controller
until the command is validated by the SBCX and the desired action has been initiated. Afterwards
the command may be changed.

An indication is issued permanently by the SBCX until a new indication needs to be forwarded.
Because a number of states issue identical indications it is not possible to identify each state
individually.

The interpretation of C/I codes depends on the mode selected. Table 3 shows the abbreviations
used for C/I commands and indications.

The C/I channel can be disabled (Intelligent NT) by setting the CIH-bit in the IOM channel register.
The C/I channel would then be accessible via the monitor channel (SM/CI register).

In TE mode a second C/I channel can be used to convey real status information between by a
layer 2 device (ICC) and various non layer-1 devices e.g. ARCOFI. The channel consists of six bits
in each direction.

For a list of the C/I codes and their use, refer to chapter 4.
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Table 3

C/l Abbreviations

Code Description

Al Activation Indication

Al8 Activation Indication with priority 8
All0 Activation Indication with priority 10
AlL Activation Indication Loop

AR Activation Request

ARS8 Activation Request with priority 8
AR10 Activation Request with priority 10
ARL Activation Request Loop

CVR Code Violation Received (far end)
DC Deactivation Confirmation

DI Deactivation Indication

DR Deactivation Request

MAIC Maintenance Auxiliary Interface Change
PU Power Up

RES Reset

RSY Resynchronizing

SLIP Slip of Frame (frame jump)

TIM Timing Request

T™M1 Test Mode 1 (2-kHz test signal)
TM2 Test Mode 2 (96-kHz test signal)

The following examples illustrate the use of the C/I channel in combination with the PEB 2070 and
the PEB 2055. Both examples assume that the device has been correctly initialized prior to starting
the C/I code transfer.
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PEB 2070 and C/I-Channel Programming

uP C/I Channel Handler U-Transceiver
_ Select TIC-Bus
STCR=10 ™ Addr.No7
_ Transmit C/I- _ Transfer to "RESET"
CIX0 =47 ~®  Command "RESET" C/l=0001b —» State
New C/I-Code Send C/lI-Indication
ISTA=04 [|<4— CISQ received in l<«— C/I =0000b "RES"

Channels 0 or 1

Read New C/I-Code.
CIRO=06 |«—CICO=1 The Code received
was in Channel 0

No change of

CIRO=04 [«—CICO=0 Clloods

ITD05305

Figure 35
C/I-Channel Use with the ICC (all data values hexadecimal)

The STCR-register is programmed to allocate TIC-bus address 7 to the ICC. The C/l-command is
transmitted with the CIXO0-register (structure: 0 1 C/I C/I C/I C/l 1 1, bus access bit enabled). After
the new C/I-command is loaded it is transmitted immediately.

A change in the C/I-channel is indicated by an ISTA-interrupt (CISQ-bit). The new C/I-message can
be read from register CIRO (structure: 0 0 C/I C/I C/I CICO 0 1). Bit CICO indicates that the new
C/I-message was received in channel O for at least two consecutive frames. It is reset after the read
operation.
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PEB 2055 and C/I-Channel Programming

uP EPIC®1 SBCX in TE Mode
_ C/I-Command
MADR - C7 4’ "RESET"
Select Port 0,
MAAR =08 —»| Channel 0, C/I-Code
Downstream
MACR =48 —»|  Start Transmission C/l=0001b —»] g:?esfer to "RESET
_ - <-New C/I-Code - Send C/I-Indication
ISTA=40  J&—SFI=1 was Received «— C/l=0001b 'RES"
Read Port and Time-
CIFIFO = 88 |¢— Slot No. where C/|

was Received

Select this Port/
MAAR = 88 »|  Time-Slot for Reading
(port 0, channel 0,
Cll-code)
MACR = C8 —»| Read C/l-Code
_ Return C/I-Code in
MADR =C7 < MADR-Register
ITD05304
Figure 36

C/I-Channel Use with the EPIC" (all data values hexadecimal)

After the correct initialization of the EPIC, the C/I-code which is to be transmitted to the SBCX is
written into the MADR-register (structure 1 1 C/I C/I C/I C/I 1 1). With the MAAR-register the EPIC
is informed where to send this C/I-code (transmission direction, port number and time-slot number).
For a description of this register please refer to the EPIC-manual, the example above sends the
C/I-command to port 0, IOM-2 channel 0. MACR = 48 starts the transmission of the command.

If a change in one of the C/I-channels was observed, and ISTA-interrupt (bit SFI) is generated.
Because the user does not know in which channel the change occurred, the location needs to be
read from the CIFIFO-register. This address is copied via software into address register MAAR.
After having started the read operation with MACR = C8y the C/I-message can be read from MADR
(structure as described earlier).
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3.2.1.3 IOME-2 Interface Monitor Channel

The monitor channel represents a second method to access SBCX specific features. Features of
the monitor channel are supplementary to the C/I-channel. The SBCX uses the monitor channel for
both, local programming and local functions (register access, e.g. MAI status) and S/Q maintenance
bit information transfer. Monitor commands supported by the PEB 2081 divide into three categories.
Each category derives its name from the first nibble (4 bits) of the one or two byte long message. All
monitor messages representing similar functions are grouped together.

Monitor functions of the SBCX can only be accessed by a control device (ICC, EPIC) in IOM-2
mode. The following chapters describe the principle of monitor handshake in IOM-2, internal
safeguards against a blocking of the monitor channel as well as features supported.

In case the IOM-2 Terminal structure is used, monitor channel 1 may be used by a codec device
(e.g. ARCOFI).

3.2.1.3.1 Handshake Procedure

IOM-2 provides a sophisticated handshake procedure for the transfer of monitor messages. For
handshake control two bits are assigned to each IOM-frame (on IDPO and IDP1).

The monitor transmit bit (MX) indicates when a new byte has been issued in the monitor channel
(active low). The transmitter postpones the next information until the correct reception has been
confirmed. A correct reception will be confirmed by setting the monitor read bit (MR) to low.

In order to send a monitor message from the control unit to the SBCX, the MX-bit on IDP1 and the
MR-bit on IDPO are used. In the opposite direction the SBCX handles the MX-bit of the IDP0O-pin and
watches the MR-bit of the IDP1-signal.

Figure 37 illustrates monitor channel handling with the PEB 2070 (ICC), figure 38 demonstrates it
with the PEB 2055 (EPIC-1). A two-byte message is sent from the control unit to the SBCX who
acknowledges the receipt by returning a two-byte long message in the monitor channel.
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ICC and Monitor Channel Programming

uP ICC MX MR MX MR SBCX
01 01 01 01
_ Transmission -1 T
MOCR =00 inactive
STAR Transmitter inactive
MOSR =00 confirmation
_ Store 1. Byte in
MOX0 = 1.Byte Tx Register ]
Transmit 1. Byte & > »| Read 1.Byte
MOCR =03 Enable monitor
interrupts
_ P Acknowledge .
MOCR =02 received <— Transmit ack.
T -
MOXO = 2. Byte > gtoBr;tf ransmit > | —»| Read 2.Byte
_ P Acknowledge < Transmit ack.
MOSR =02 received |
MOCR = 0A > Set MX =1(EOM)
Enable monitor
Enable receive ] _
interrupts < Transmit EOM ack.
MOSR =08 Monitor data P Transmit 1. Byte
received of confirmation
_ Read 1. Byte of
MORO = 1.Byte response
Ack. 1. Byte of >
MOCR = 0E »| response, enable Transmit 2. Byt
Interrupts > ¢ of confirmation
_ P Monitor data <
MOSR =08 received
Read 2. Byte of j -
MOX0 = 2. Byte < response —> Transmit EOM
" & Ack. receipt
MOSR =04 < EOM received
MOCR = 0A »| Set MR=1 >
STAR Enable interrupts
MOSR =00
IDP 1 IDP 0O ITD04528
(SBCX) (SBCX)
Figure 37

Monitor Channel Handling with ICC (all data values hexadecimal)
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The pP starts the transfer procedure after having confirmed the monitor channel being inactive. The
first byte of monitor data is loaded into the transmit register. Via the Monitor Control Register
MOCR-monitor interrupts are enabled and control of the MX-bit is handed over to the ICC. Then
transmission of the first byte begins. The SBCX reacts to a low level of the MX-bit on IDP1 by
reading and acknowledging the monitor channel byte automatically. On detection of the
confirmation, the ICC issues a monitor interrupt to inform the yP that the next byte may be sent.
Loading the second byte into the transmit register results in an immediate transmission (timing is
controlled by ICC). The SBCX receives the second byte in the same manner as before. When
transmission is completed, the ICC sends “End of Message” (MX-bit high).

It is assumed that a monitor command was sent that needs to be confirmed by the SBCX (e.g. EOC
commands). Therefore the PEB 2081 commences to issue a two-byte confirmation after an End-of-
Message indication from the ICC has been detected. The handshake protocol is identical to that of
the ICC. The ICC notifies the P via interrupt when new monitor data has been received. The
processor may then read and acknowledge the byte at a convenient instant. When confirmation has
been completed, the SBCX sends “EOM”. This generates a corresponding interrupt in the ICC. By
setting the MR-bit to high, the monitor channel is inactive, the transmission is finished.

PEB 2055 and Monitor Channel Programming:

The EPIC-1 supports monitor transfers on a higher level than the ICC. Several modes are offered
to support different types of monitor transfer. For communication with the SBCX, three are of special
interest.

— Transmit Only. This mode is required when the EPIC sends monitor messages but no
confirmation is returned by the SBCX (e.g. MONS8 “Configuration Register”).

— Transmit and Receive. The EPIC transmits first and receives afterwards. Confirmations sent
by the SBCX can be read (e.g. MONB8 “Identification Register”).

— Searching for Active Monitor Channels. Listens to the IOM-monitor channel and reads
information issued by the SBCX autonomously (e.g. MON1 S/Q-messages). Nothing is
transmitted by the EPIC.

Unlike the ICC which had to respond to each change of the MR- and MX-bits individually (interrupt
driven), the EPIC uses a FIFO for transmission and reception. The user therefore does not have to
provide routines for the handshake protocol.

The example of figure 37 demonstrates the use of EPIC-1 in the transmit-and-receive mode. As for
the ICC it is assumed that the transferred monitor message will be followed by a two byte
confirmation issued by the SBCX.

Before programming the FIFO, it is verified that the FIFO is empty and write access is possible. All
monitor data is loaded into the FIFO (two bytes), the transmission channel and mode are selected.
Writing “CMDR = 08” starts transmission of the FIFO contents and enables monitor data reception.
After both bytes have been transmitted, the confirmation from the SBCX is read into the FIFO. After
completion of the transfer an interrupt is generated. If the operation was successful, “STAR = 26"
will indicate that data is loaded and the read access is enabled (in addition it is indicated that the
PCM-synchronization status is correct). Following the readout of the confirmation bytes, the FIFO is
cleared and the write access is selected again with the CMDR-register (“CMDR = 01").

The handshake timing for byte transfer is identical to that described for the ICC. Both devices (EPIC
and SBCX) handle it automatically.
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EPIC® and Monitor Channel Programming

uP

STAR =05

EPIC®

MFFIFO = 1. Byte

FIFO empty, write
access enabled

MFFIFO = 2. Byte

Load 1.Byte in FIFO

STAR =04

Load 2. Byte in FIFO

MFSAR = XX

MFTC10=00

FIFO not empty,
write access
enabled

CMDR =08

Transmit to particular

subscriber IOM® tran-

smit-channel address

STAR =12

ISTA=70

Transmit & receive
mode

Send 1. FIFO-Byte

Trans. of 1. Byte

SBCX

Wait for ack.

A4

Ack. 1. Byte

Read 1. Byte

Send 2. FIFO-Byte

Trans. of 2.Byte

Transmit ack.

Wait for ack.

Ack. 2. Byte

Read 2. Byte

Send "EOM"

Transmit ack.

MFFI

Transfer operating

Write 1. Byte to FIFO

Transmit EOM ack.

Transmit ack.

Send 1. Byte of
confirmation

Write 2. Byte to FIFO

A 4

Wait for ack.

Transmit ack.

Send 2. Byte of
confirmation

Set monitor channel
inactive

Wait for ack.

STAR =06

MFFIFO = 1. Byte

Transfer completed

FIFO not empty,
Read access
enabled

MFFIFO = 2. Byte

Read 1. Byte of
confirmation

STAR =07

Read 2. Byte of
confirmation

CMDR =01

FIFO empty, read
access enabled

STAR =05

Enable FIFO write
access

FIFO empty, write
access enabled

Send "EOM"

ITD04529

Figure 38

Monitor Channel Handling with EPIC® (all data values hexadecimal)
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3.2.1.3.2 Monitor Procedure “Timeout” (TOD)

The SBCX offers an internal reset (monitor procedure “Timeout”) for the monitor routine. This reset
function transfers the monitor channel into the idle state (MR and MX set to high) by issuing “EOM”
(End of Message). Thereby possible lock-up situations will be resolved. It therefore is
recommended to enable the internal timeout feature in all systems when no pP is capable of
detecting and resolving hang-up situations in the monitor procedure (e.g. in a standard NT1).

The device checks for lock-up situation every 5 ms. In case a hang-up has been detected “EOM” will
be issued on IDPO. Afterwards the original monitor message will be sent in the monitor channel
again. The information thus is not lost after a monitor procedure timeout occurred.

In applications where a pP controls the system this internal reset function may be disabled by
programming the TOD bit (timeout disable) in the SM/CI Register to ONE. In this mode no
restrictions regarding the time for completing a monitor transfer exists.

3.2.1.3.3 MON-1, MON-2 Commands (S/Q Channel Access)

Monitor commands supported by the PEB 2081 divide into three categories. Each category derives
its name from the first nibble (4 bits). The first two categories (MON-1 and MON-2) serve a similar
function. They are therefore grouped together and will be described in more detail in this section.
MON-8 commands are described in the next section.

Both MON-1 and MON-2 messages are also referred to as S/Q messages because they are used
to read and write the registers containing the information of the S channel (direction NT — TE) or
the Q channel (direction TE - NT) on the S-interface. Via the S-interface S/Q channel itis possible
to exchange service or signalling information between the terminal and the network
termination/exchange side. The S/Q channel is only available if multiframing was selected in the
MFD bit of the MON-8 Configuration register. It is important to note that MON1/2 message provide
only access to the device internal S/Q registers. Insertion and extraction of a message on the
S-interface is handled automatically by the PEB 2081.

Currently no MON-1 and MON-2 commands are defined. The S/Q channel thus operates as a
transparent channel only. In the direction NT - TE two channels are available. They are named S1
and S2 channel, each of them containing 4 bits of information. In the opposite direction one channel
is provided (Q channel, also 4 bit wide).

The structure of a MON-1 message is shown below.

Table 4
MON-1 Structure

1 Byte
0 0 0 1 S1/Q S1/Q S1/Q S1/Q
MON-1 S1 or Q data
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The structure of a MON-2 message is similar:

Table 5
MON-2 Structure
1 Byte
0 0 1 0 S2 S2 S2 S2
MON-2 S2 data

The following table gives an overview of the S/Q messages available:

Table 6
MON-1, MON-2 Functions
TE LT Function

DD DU DD DU

S1-MON-1 S1-MON-1 Transmit and Receive in the S1 channel
via MON-1 commands

S2-MON-2 S2-MON-2 Transmit and Receive in the S2 channel
via MON-2 command

Q-MON-1 Q-MON-1 | Transmit and receive in the Q channel via

MON-1 command

Non-Auto Mode / Transparent Mode

The use of the S/Q channel depends on the S/Q processing mode. The user can choose between
the non-auto mode and the transparent mode. These two alternatives are independent of the
operational mode the SBCX works in.

The non-auto mode is restricted to transfers in the S1 and Q channel. Channel S2 is not available
in hon-auto mode operation.

In non-auto mode a message in the IOM-2 monitor channel is generated only if the Q or S1 data has

changed on the S-interface.

In transparent mode all three channels, Q, S1, and S2 can be accessed. IOM-2 monitor messages
are generated everytime a complete S-interface multiframe has been received (i.e. every 5 ms).
The generation of monitor messages thus is completely independent of the received S/Q data.
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3.2.1.3.4 MON-8 Commands (Internal Register Access)

The PEB 2081 V 3.4 contains six internal registers. Access to these registers is only possible via
the IOM-2 monitor channel. The following registers are implemented in the SBCX V 3.4:

Identification Register
Configuration Register
Loop-back Register
IOM-2 Channel Register
SM/CI Register

MAI Pin Register

The identification register is a read only register, all remaining registers are read/write registers.

The structure of MON-8 write and read request/response commands are shown in the three tables
below:

Table 7
MON-8 “Write to Register” Structure
1. Byte 2. Byte
1 0 0 0 r r r r D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
MON-8 Reg. Address Register Data Write

In case this function is used in conjunction with multiple pP read command (see MAI pin register) a
5 byte long response message will result.

Table 8
MON-8 “Read Register Request” Structure
1. Byte 2. Byte
1 0 0 0 0 0 0 0 0 0 0 0 r r r r
MON-8 Reg. Address

The response issued by the SBCX after having received a “Read Register Request’ has the
following structure.

Table 9
MON-8 “Read Response” Structure
1. Byte 2. Byte
1 0 0 0 r r r r D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
MON-8 Reg. Adr. Register Data Read
Confirmation

The following sections describe the register features. For bit locations within a register, its initial
value after reset and its address please refer to chapter 4 .
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3.2.1.3.5 MON-8 Identification Register

The contents of the identification register differs with the SBCX version. PEB 2081 V3.3 and 3.4 is
identified with the code 42,,,.

Former PEB 2081 versions identify themselves with the following codes:

PEB 2081 Identification
Version Al ... A3 40,6
Version B1, 2.2 41,6

3.2.1.3.6  MON-8 Configuration Register

In the configuration register the user programs the SBCX for different operational modes, selects
required S-bus features and controls the function of the MAI interface.

The following paragraphs describe the application relevance of all individual configuration register

bits.
MODE

C/W/P

SQM

RCVE

With this bit the user chooses between LT-S and LT-T operational mode. Default
selection is LT-S mode. The setting of the MODE bit is only evaluated when pin MODE
(No. 15 DIP) is set to ONE.

This bit has three different meanings depending on the operational mode of the SBCX:
In LT-S and NT modes the S/T bus configuration is programmed. For point-to-point or
extended passive bus configurations an adaptive timing recovery must be chosen. This
allows the SBCX to adapt to cable length dependent round trip delays.

In LT-T mode the user selects the amount of permissible wander before a C/I code
warning will be issued by the SBCX. The warning may be sent after 25 ps or 50 ps.
Note:

The C/I indication SLIP which will be issued if the specified wander has been exceeded,
is only a warning. Data has not been lost at this stage.

In TE mode the frequency of the power converter clock at pin X0 (No. 18 DIP) is selected.
The user has the choice between a 32 kHz (default) and a 16-kHz signal.

Selects the SQ channel handling mode. In non-auto mode operation, the SBCX issues S1
and Q messages in the IOM-2 monitor channel only after a change has been detected.
The S2 channel is not available in non-auto mode.

In transparent mode monitor messages containing the S1, S2 and Q data are forwarded
to IOM-2 once per multiframe (5 ms), regardless of the data content. Programming the
SQM bit is only relevant if multiframing on S/T is selected (bit MFD configuration register).
See also MON-1 and MON-2 monitor messages.

Receive Code Violation Errors. The user has the option to issue a C/I error code (CVR)
everytime an illegal code violation has been detected. The implementation is realized
according to ANSI T1.605.
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LP

FSMM

MAIM

MFD

Loop Transparency. In case analog loop-backs are closed with C/I = ARL or bit SC in the
loop-back register, the user may determine with this bit, whether the data is forwarded to
the S/T-interface outputs (transparent) or not. The default setting depends on the
operational mode. In LT-S and NT by default transparency is selected, for LT-T and TE
non-transparency is standard.

Finite State Machine Mode. By programming this bit the user has the possibility to
exchange the state machines of LT-S and NT, i.e. a SBCX pin strapped for LT-S operates
with a NT state machine and vice versa. All other operation mode specific characteristics
are retained (MAI interface, etc.).

This function is used in intelligent NT configurations where the SBCX needs to be pin-
strapped to LT-S mode but the state machine of a NT is desirable.

MAI interface Mode. Selects between UP interface and I/O mode. The operation of the 1/O
mode is determined with the MIO bit in the SM/CI register (see MAI interface).

Multi-Frame-Disable. Selects whether multiframe generation (LT-S, NT) or
synchronization (TE, LT-T) is prohibited or allowed. Enable multiframing if S/Q channel
data transfer is desired.

When reading this register the bit indicates whether multiframe synchronization has been
established or not.

3.2.1.3.7 MON-8 Loop-Back Register

The loop-back register controls all analog (S/T-interface) and digital (IOM-2 interface) loop-backs.
Additionally the wake-up mode can be programmed.

AST

SB1

SB2

Asynchronous Timing.

Defines the length of the Timing signal (IDPO = 0) on IOM-2. If synchronous timing is
selected the SBCX in NT or LT-S mode will issue the timing request only in the C/I
channel of the selected timeslot (C/I = 0000b). This mode is useful for applications where
IOM-2 clock signals are not switched off. Here the SBCX can pass the TE initiated
activation via C/l = 0000b in IOM-2 cannel 0 upstream to the U-interface device. In case
IOM-2 clocks can be turned off during power-down or the LT-S SBCX is pin-strapped to
a different timeslot than the U-interface device, synchronous timing signals will not
succeed in waking the U-interface device. Under these circumstances asynchronous
timing needs to be programmed. Here the line IDPO is set to ZERO for a period long
enough to wake any U-interface device, independent of timeslot or clocks. Typically
asynchronous timing is programmed for intelligent NT applications (SBCX pin-strapped to
LT-S with NT state machine).

Note:

The asynchronous timing option is restricted to configurations with the SBCX operating
with NT state machine (i.e., LT-S pin-strap & FSMM bit programmed, or NT pin-strap &
FSMM bit not programmed).

Closes the loop-back for B1 channel data close to the activated S/T-interface (i.e., loop-
back IOM-2 data) in LT-S and NT mode.

Closes the loop-back for B2 channel data close to the activated S/T-interface (i.e., loop-
back IOM-2 data) in LT-S and NT mode.
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SC

IB1

IB2

IB12

Close complete analog loop-back (2B+D) close to the S/T-interface. Corresponds to
C/l = ARL. Transparency is optional. Operational in LT-S and NT mode.

Close the loop-back for B1 channel close to the IOM-2 interface (i.e. loop-back S/T data).
Transparent. IB1 and IB2 may be closed simultaneously.

Close the loop-back for B2 channel close to the IOM-2 interface (i.e. loop-back S/T data).
Transparent. IB1 and IB2 may be closed simultaneously.

Exchange B1 and B2 channels. IB1 and IB2 need to be programmed. Loops back data
received from S/T and interchanges it, i.e. B1 input (S/T) — B2 output (S/T) and vice
versa.

3.2.1.3.8 MON-8 IOMF-2 Channel Register

The features accessible via the IOM-2 Channel register allow to implement simple switching
functions. These make the SBCX the ideal device for intelligent NT applications. Please refer also
to the section “IOM-2 channel switching” later in this application guide. Two types of manipulation
are possible: the transfer from the pin-strapped IOM-2 channel (O ... 7) into IOM-2 channel O and a
change of the B1, B2 and D data source.

B1L
B2L
DL

B1D

B2D

CIH

DH

Transfers the B1 channel from its pin-strapped location into IOM-2 channel 0.
Transfers the B2 channel from its pin-strapped location into IOM-2 channel 0.
Transfers the D-channel from its pin-strapped location into IOM-2 channel 0.

Direction of the B1 channel. Normally pin IDP1 is the data source (input) for all data
channels and IDPO the output. By programming this bit, input and output are interchanged
for the B1 data channel, i.e. B1 (IDPO) is input and IDP1 is output.

Direction of the B2 channel. Normally pin IDP1 is the data source (input) for all data
channels and IDPO the output. By programming this bit input and output are interchanged
for the B2 data channel, i.e. B2 (IDPO) is input and IDP1 is output.

C/1 Channel handling: Normally the C/I commands are read from the pin-strapped IOM-2
channel. With this bit programmed C/I channel access is only possible via the SM/CI
register.

D-Channel handling. Selects the protocol for D-channel access. Three alternatives exist:

— Transparent D data transmission

— D-channel collision resolution according to ITU 1.430

— D-channel bus access procedure for intelligent NT applications or configurations
involving the “new line card” concept.

An entire chapter is dedicated to D-channel access procedures later in this application

guide. Details on all three methods including typical applications are described there.
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3.2.1.3.9 MON-8 SM/CI Register

This multifeature register allows access to the C/l channel, sets the MAl interface mode and controls
the monitor time-out and S/G bit function.

C/l Allows the user to access the C/I channel if the CIH bit is the IOM-2 register has been
previously set. If the CIH bit was not programmed the content of the CI bits will be
ignored and the SBCX will access the IOM-2 C/I channel. When reading the SM/CI
register these bits will always return the current C/I indication (independent of CIH bit).

TOD Time Out Disable. Allows the user to disable the monitor time-out function. Refer to
section “Monitor Timeout” earlier in this chapter for details.

SGE S/G Enable. This bit is only relevant in TE mode. By programming it, the stop/go bit
issued in the IOM-2 channel 2 will also be available at MAI pin No. 5 (pin No. 21, DIP).
If this function is required the MAI interface must be programmed for “I/O specific”
operation.

MIO Maintenance Input Output. Provided bit MAIM was programmed for 1/O operation of
the MAI interface, bit MIO allows the choice between a standard 1/0 and 1/O specific
usage of the MAl interface. Refer to section “Maintenance Auxiliary Interface (MAI)” for
details.

3.2.1.4  MAI Pin Register

In both I/O specific and standard 1/O mode pin levels can be set and read with the MAI pin register.
In case the I/O specific mode is implemented, only pins not used for I/O specific purposes may be
read or written.

In case the pP mode is selected (MAIM bit) the MAI pins are redefined as follows to provide a
complete PP interface.

WR Write bit. The user sets the WR bit to low if data needs to be written to a specified
address of the pP interface. The desired address and data must be written
simultaneously with the WR bit into the MAI pin register.

RD Read bit. Allows the user to read data from the specified address of the pP interface.
Note that a read request must be sent to the SBCX with the “MON-8 Write to Register”
structure. The distinction between write and read operation on the PP interface is only
performed with the WR and RD bits.

With bit INT set to ONE an address needs to be specified. With INT set to ZERO all
four uP addresses are read and returned in a single 5 byte long monitor message.

INT Interrupt. Any change of the level on the INT pin of the puP interface will result in the C/I
code MAIC to be issued on IOM-2 (for four frames). Additionally the INT bit is used to
distinguish between a single address and multiple address reading (see RD bit or MAI
interface).

AOQ, A1 Address bits for uP interface.

DO, D1, D2 Data bits for yuP interface.
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3.2.2 S/T-Interface

The S-interface establishes a direct link between terminals and the exchange or NT. It consists of
two pairs of copper wires: one for the transmit and one for the receive direction.

The PEB 2081 inputs and outputs are coupled via matching resistors and transformers to the
S-interface.

Direct access to the S-interface is not possible. 2B+D user data as well as S/Q channel information
can be inserted and extracted via IOM-2 interface.

Framing and balancing bits are generated and transmitted automatically by the SBCX.

Because chapter 3 is application oriented and the user has no direct access possibility to the
S-interface, the following sections give only an overview. For details please refer to the technical
description in chapter 4.

S/T Frame Structure

Transmission over the S-interface is performed at a rate of 192 kbaud. For both directions of
transmission a pseudo-ternary code is used.

Data is grouped together into S-frames containing 48 bits each, 36 bits contain 2B+D user data (i.e.
user data from two IOM-2 frames packed into one S-frame). The remaining 12 bits are reserved for
framing, S/Q and service bits.

In case multiframing is selected (optional) 20 S-frames are combined to one S-interface multiframe.
The start of a new multiframe is marked by a special framing bit (see chapter 4 for details).

Figures 39 and 40 illustrate the S-bus framing structure.

1. S-Frame 2. S-Frame 20. S-Frame

— 5ms R

Figure 39
S Multiframe Structure

2 Bit 8 Bit 5 Bit 8 Bit 3 Bit 8 Bit 3 Bit 8 Bit 3 Bit
F Bl F+S+D B2 F+D Bl F+D B2 F+D
- 250 ps -
Figure 40

S-Frame Structure
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3.2.3 Maintenance Auxiliary Interface (MAI)

The SBCX provides eight pins, MAI (7:0), for maintenance aids and general interface purposes.
Two major operational modes are supported:

MAI Interface:

e |/O Mode
e PP Mode

The 1/0 mode offers two additional alternatives:

e |/O Specific Mode
e Standard I/O Mode.

To select between these three alternatives the “Configuration” and “SM/CI” registers are
programmed. The following table illustrates the register settings:

Table 10
Configuration Reg. SM/CI Register MAI Interface Mode
MAIM MIO
0 0 I/0 Specific Mode
0 1 Standard I/O Mode
1 0 MP Mode
1 1 not applicable

The following sections describe the features of the different MAI modes and gives application
examples.

3.2.3.1 /O Specific Mode

The 1/0O specific function mode is selected automatically after a reset. Four pins (MAI 3:0) operate
as inputs, four as outputs (MAI 4:7). Depending on the operational mode some of these MAI pins
are used to transfer mode specific signals. Pins not required to convey these special signals are
used as standard input or output pins.

All MAI pins are tristate during RST = ‘0’ or when the SBCX is in the state ‘reset’ unless MAIM is
programmed to ‘1. After reset all MAI pins are logically ‘O’ and work push/pull. The MAI pins are
accessed via the MAI pin register MPR (address 5p) using the monitor channel.

All input pins not allocated to I/O specific functions are monitored continuously. After a change was
detected the input values are latched and the C/I indication MAIC will be issued. The input values
remain latched until the MAI pin register was read via MON-8 command.

I/O specific input pin changes cause no C/I MAIC indication. The pin levels are nevertheless latched
correctly everytime a MAIC indication was generated.

The following table illustrates the I/O specific pin allocation for all operating modes.
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Table 11
I/O Specific MAI Interface

LT-S NT LT-T TE
MAI 0 i:NT-STAR i:NT-STAR i:MPRO i:MPRO
MAI 1 i:MPR1 i:MFD i:CON i:CON
MAI 2 i:MPR2 i:TM1 i:MPR2 i:MPR2
MAI 3 i:MPR3 i:TM2 i:MPR3 i:MPR3
MAI 4 0:MPR4 0:MPR4 0:MPR4 0:MPR4
MAI 5 0:MPR5 0:MPR5 0:S/G 0:S/G
MAI 6 0:MPR6 0:MPRG6 0:MPR6 0:MPR6
MAI 7 0:MPR7 0:MPR7 0:MPR7 0:MPR7

NT-STAR: In NT or LT-S configurations optionally the NT-STAR mode may be used (see sections
2.1.3 and 2.1.6). In these configurations the IOM-2 bus is operated at a DCL rate of
512 kHz. All SBCX thus write onto the same IOM-2 channel. Because their outputs are
logically ANDed “0”s win on the bus.

In the opposite direction all SBCXs receive identical information from the controller.

If an activation attempt is initiated from the upstream controller, the activation normally
(i.e. without NT-STAR mode) can only be completed successfully when all terminals are
connected. In case a single terminal was not connected the corresponding NT/LT-S
SBCX would stop the activation process in the state “G2 pend. act.” because no INFO3
is received. In this state the C/I indication AR, binary code 1000b, is issued. The 3rd
ZERO would overwrite the Al indications, binary code 1100b, from the remaining,
correctly activated, SBCXs.

Programming the NT-STAR mode by setting this pin to ZERO avoids this conflict. A NT-
STAR configuration can therefore be correctly activated even if not all terminals are
connected.

Furthermore, transitions from the states “wait for AID” or “G3 activated” to
“lost framing on S” under the condition of not receiving INFO3 is disabled.

MFD: Multi Frame Disable
In NT mode the transmission of the 5 ms multiframe signalling bits is disabled (M and S
bits high) with a HIGH at this pin.

A LOW level enables the multiframe generation provided the MFD bit in the
configuration register was not programmed to disable it.

The pin strapping has higher priority than the register setting.

CON: This input pin can be used to prevent a TE/LT-T from initiating an activation under
emergency conditions. For this purpose it must be connected to a signal indicating the
reverse polarity of a phantom power supply (e.g. pin EME of the PSB 2120).
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A LOW level at this input (D-channel collision must be programmed via DH bit in IOM
channel register) prevents transmission of INFO1 after AR (activation-request) has been
received on the C/I channel.

An activation initiated by the network side (reception of INFO2/INFO4) is possible
independently of the CON pin level.

In LT-T mode bit DH in the IOM-2-Channel register must be set to “1” to enable the CON
pin functionality.

Test Mode 1
A LOW at this input transfers the NT SBCX into test mode 1. In this test mode pseudo-
ternary pulses are transmitted at a rate of 2 kHz.

Test Mode 2
A LOW at this input transfers the NT SBCX into test mode 2. In this test mode pseudo-
ternary pulses are transmitted at a rate of 96 kHz.

Stop/Go

This pin can be used to inform the D-channel controller in TEs and LT-Ts when the
S-bus D-channel is occupied by another S-interface device (see section 2.1.7).

LT-T mode:

In LT-T mode this feature is only available after setting the DH bit in the IOM-2 register
to ONE.

In case the S-interface D-channel is busy, the S/G pin is set to ZERO. This must be
interpreted by the D-channel controller (e.g. IDEC) as a “stop D-channel transmission”
indication.

In LT-T mode the S/G bit is set synchronously to the D-channel, i.e. the stop/go
information is transmitted in the same time-slot as the corresponding SBCX is pin-
strapped to. This mechanism allows the D-channel controller to distinguish between up
to eight SBCX S/G pins (S/G ='0’ means ‘stop’, S/G = ‘1’ means ‘go’).

In mixed configurations with LT-T and LT-S mode devices connected together at pin
MAI5, these MAI5 outputs have to be decoupled by using diodes. Otherwise the
asynchronous push/pull outputs of the LT-S mode devices could disturb the
synchronous (D-channel oriented) outputs of the LT-T mode devices.

TE mode:

In TE mode this feature is only available after setting the SGE bit in the SM/CI register
to HIGH. In both operational modes the D and E bits on the S-interface are monitored
continuously to issue always the correct S/G status. Requires the same pull-up resistor
as IDPO.

In TE mode the S/G pin has the same polarity as the S/G-bit on IOM-2. S/G = ‘1’ stands
for ‘stop’ and S/G =‘0’ means ‘go’. As opposed to the LT-T mode pin S/G keeps its value
between the D-channel time-slots on IOM-2.

Applications

I/O specific MAI pins are under control of the SBCX. The user therefore can only influence the
standard 1/0O pins. Examples demonstrating the use of standard 1/O pins are presented in the
following section.
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3.2.3.2 Standard 1/0O Mode

In standard 1/0 mode no pins are reserved for special signals. Thus four input and four output lines
are available to the user for general purpose interface applications. Do not use this mode however
when in need of special features like STAR operation, collision detection in LT-T/TE point-multipoint
configurations etc. MAIO and MAI3 are used for inputs. A change at any input pin will cause a MAIC
C/l indication to be issued and the data to be latched. Data will remain latched until read out from
the MAI pin register with a MON-8 command.

MAI4 and MAI7 serve as outputs. The pin level is determined by the corresponding bit level in the
MAI pin register. The value specified for the lower four bits (inputs) does not matter.

Application

The following example illustrates the use of the standard I/O MAI interface. The same procedures
apply to the 1/0O specific MAI mode for all pins not reserved for special signals.

IOMP-2 SBCX
MON-8 Config: MAIM =0 (8100y) - - ; Select standard 1/0
MON-8 SM/CI: MIO =1 (8301y) - -
MON-8 MAI: (85F0y) - MAI4=(1) ; Set all outputs to HIGH
MAI5 = (1)
MAI6 = (1)
MAI7 = (1)
C/l MAIC: (0101) ~ (1) =MAIO ; Change input levels
(0) = MAIL
(1) = MAI2
(0) = MAI3
MON-8 MAI: (80054) - ; Read MAI register request
MON-8 MAI: (85X5y) < ; Return value MAI inputs
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3.2.3.3 pP MAI Mode

The interface structure is adapted to the register structure of the IEPC. It consists of three data bits
MAIO ... 2, two address bits MAI4,5, read and write signals MAI6 and MAI7 respectively as well as
an interrupt facility MAI3.

The address bits are latched, they may therefore in general interface applications be used as output
lines. For general interface inputs each of the three data bits is suitable. Read and write operations
are performed via MON-8 commands. Three inputs and two outputs are thus available to connect
external circuitry.

The interrupt pin is edge sensitive. Each change of level at the pin MAI3 will initiate a C/I code
“MAIC” (0101) lasting for four IOM frames. Interpretation of the interrupt cause and resultant actions
need to be performed by the control unit.

Usage of the uP interface differs from the standard I/O or I/O specific interface. As for these two
interface types the PP interface makes use of the MAI pin register. However only MON-8 commands
with the “write to register” structure may be used. The “read register request” structure is not
interpreted if the MAI pin register is accessed in combination with the uP mode. The differentiation
between a YP interface write operation and a uP interface read operation is performed only by
activating either the RD or the WR bits within the MAI pin register. In both cases the “write to
register” structure is used.

Depending on the INT bit specified together with a read PP interface request either the data from a
single, specified address is read (INT = ONE) or all addresses are read (INT = ZERO).

In case only a single address is to be read, the SBCX returns the value in a 2-byte MON-8 message
(structure: 85, MAI pin register). If all four addresses were read the response is a single 5 byte long
(85, MAI Reg. (Adr0), ... , MAI Reg. (Adr. 3)) MON-8 monitor message.

In this function the data from the following address will be read from the YP interface as soon as the
previous MON-8 byte has been acknowledged on the IOM-2 bus by the controller.

Application

The following three examples illustrate a write operation as well as a single address and full address
read operation. It is assumed that no power controller is connected. The data lines are clamped to
the values specified in the examples, the address lines are unconnected.

1. Write to WP Interface:

IOMB-2 SBCX
- MON-8 Config: MAIM (81404 - ; Program pP interface
= MON-8 MAI: (855E)  MAI4 pin = (1) ; Activate WR signal, set
MAIS5 pin = (0) ; address 1 (latched)
MAI2 pin = (1) ; Set data to value 6
MAIL pin = (1)
MAIO pin = (0) ; (non-latched)
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2. Read from pP Interface (single address):

IOME-2

- MON-8 Config: MAIM
. MON-8 MAI:

- MON-8 MAI:

SBCX
MAI2 pin = (1) ; Constant values on
MAI1 pin = (0) ; data lines
MAIOQ pin = (1)
(81404) - ; Program pP interface
(85B8,) ; Activate RD, INT = (1)
MAI5 pin = (1) ; read from address 3
MAI4 pin = (1)
(85BDy) ; 2 byte response incl.

: data lines from adr. 3

3. Read from pP Interface (complete address scan):

The following example assumes that a device capable of decoding addresses is connected to the
WP interface. The data values to be returned from the addresses are:

Adr. 0: Data=7
Adr. 1: Data=6
Adr. 2: Data=5
Adr. 3: Data=4

IOM®-2
- MON-8 Config: MAIM
- MON-8 MAI:

- MON-8 MAI:

Semiconductor Group

SBCX
(81404) - ; Program pP interface
(85804) ; Set INT = (0), activate RD
; read all addresses
(8587 96 A5 B4y) ; 5 byte response incl.

; data fromadr.0 ... 3
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3.3 Control Procedures

Control procedures describe the commands and messages required to control the PEB 2081 in
different modes and situations. This chapter shows the user how to activate and deactivate the
device under various circumstances. In order to keep this chapter as application oriented as
possible only actions and reactions the user needs to initiate or may observe are mentioned.

Technical details on transmitted status bits and signals are described in chapter 4 of this manual.

For transfer of the C/l commands to and from the ICC or EPIC proceed as described in

section 3.2.1.2.

3.3.1 Activation Initiated by Exchange (LT-S)

TE/LT-T IOM®B-2

~ C/I DC
- C/I DI

~ C/Il RSY
- C/Il AR
~ CII Al

- C/I ARS8/AR10

3.3.2 Activation Initiated by Exchange (NT)

In case the counter station of the TE of LT-T is in NT mode the C/I “Al” command needs to be issued
at the end. The first section of the activation procedure is identical to the activation with SBCX in

LT-S mode.

TE/LT-T IOM®-2

-~ C/I DC
- C/I DI

~ CII RSY
-~ CII AR
~ Ch Al

- C/l. AR8/AR10
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(1111b)
(1111b)

(0100b)
(1000b)
(1100b)
(1000b/1001b)

(1111b)
(1111b)

(0100b)
(1000b)
(1100b)

(1000b/1001b)

LT-S IOM®-2

C/l DC (1111b)
C/l DI (1111b)
C/l AR (1000b)
C/l AR (1000)
C/l Al (1100)

NT IOMZ-2
C/l DC  (1111b)
C/l DI (1111b)
C/l AR  (1000b)
C/l AR  (1000)
C/l Al (1100)
C/l Al (1100)
72
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: Initial state is G1 deactivated

: and F3 Power Down

: Start activation

; Activation completed

—

—

: Initial state is G1

: Deactivated and F3
: Power Down

: Activation starts

: Transfer to G3 Activated
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3.3.3 Activation Initiated by Terminal (TE/LT-T)

The following scheme illustrates how a terminal initiates an activation. As described in the previous
section the command C/I “Al” needs to be sent at the end if the device is operating in NT mode.

TE/LT-T IOMP-2 LT-S (NT) IOMP-2
~ C/II DC (1111b) C/l. DC (1111b) <« ; Initial state is G1 Deactivated
-~ C/Il DI (1111b) C/l DI (1111b) - ;and F3 Power Down
O C/l TIM  (0000b) ; Request timing (IOM clocks)

1)

< CIl PU (0111b)
0 C/l ARS8 (1000b)

O TIM ; Start Activation
Release 2
- C/l. RSY (0100Db) ; Transfer to G3 Activated
< CIl AR (1000b) C/l AR (1000b) -
~ CIl Al (1100b) C/l Al (1100b) - ;
(Ch Al (1100b) ~ ; Transfer to G3 Activated
; in NT mode)
Notes:

1) For PEB 2070 TIM is requested with register SPCR = 80y
2) For PEB 2070 TIM is released with register SPCR = 00,

3.34 Deactivation

A deactivation of the S-interface can only be initiated by the exchange side (SBCX in NT or LT-S
mode). It is possible to begin a deactivation process from all interim activation states, i.e. not only
from the fully activated state. The following example nevertheless assumes that the line is fully
activated when the deactivation is initialized.

TE/LT-T IOMP-2 NT/LT-S IOMP-2
~ C/II AI8 (1100b) C/l Al (1100b) - ; Initial state
~ C/Il DR (0O000Db) C/l DR (0000b) [ ; start deactivation
O C/l DI (1111b) C/l. TIM (0000b) - ;
< CN DC (1111b) C/l DI (1111b) - ;“G1 Deactivated”

CNh DC (1111b) 0O ; Transfer to “F3 Power Down”
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3.35 D-Channel Access Control

D-channel access control was defined to guarantee all connected TEs and HDLC controllers a fair
chance to transmit data in the D-channel. Figure 41 illustrates that collisions are possible on the
TIC- and the S-bus.

ICC ICC ICC
U

\ \
i SBCX — SBCX | IEC-Q
i TE1 —1 NT —1 NT
\ \
\ \
\ \
] sBCx — |

ICC ; TE2 }
\ \
\ * \
\ . \
\ \
\ \
; SBCX |

icc i TES \
\ \
\ \

TIC Bus S Bus ITS05113
Figure 41

D-Channel Access Control on TIC Bus and S Bus

The TIC bus is used to control D-channel access on the IOM interface when more than one HDLC
controller is connected. This configuration is illustrated in the above figure for TE1 where three ICCs
are connected to one IOM-2 bus.

On the S bus the D-channel control is handled according to the ITU recommendation 1.430. This
control mechanism is required everytime a point to multipoint configuration is implemented
(NT - TE1 ... TEB).

While the S-bus collision detection is handled by the SBCX itself, TIC bus access is mainly
controlled by the HDLC controller (e.g. ICC).

The following sections describe both control mechanisms because the TIC bus, although largely
handled by the HDLC controller, represents an important part of D-channel access.
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3.35.1 TIC Bus D-Channel Control in TE

The TIC bus was defined to organize D- and C/I channel access when two or more D- and C/I
channel controllers can access the same IOM-2 timeslot. Bus access is controlled by five bits in
IOM-2 channel No. 2 (see section 3.2.1.1):

Upstream: BAC Bus access control bit
TBAO ... 2 TIC bus address bits 0 ... 2
Downstream: SIG Stop/Go bit

When a controller wants to write to the D or C/I channel the following procedure is executed:

1.

Controller checks whether BAC bit is set to ONE. If this is not the case access currently is not
allowed: the controller has to postpone transmission. Only if BAC = 1 the controller may continue
with the access procedure.

. The controller transmits its TIC bus address (TBAO...2). This is done in the same frame in which

BAC = “1" was recognized. On the TIC bus binary “ZERQO"s overwrite binary “ONE”s. Thus low
TIC bus addresses have higher priority.

After transmitting a TIC bus address bit, the value is read back (with the falling edge) to check
whether its own address has been overwritten by a controller with higher priority. This procedure
will continue until all three address bits are sent and confirmed.

In case a bit is overwritten by an external controller with higher priority, the controller asking for
bus access has to withdraw immediately from the bus by setting all TIC bus address bits to ONE.
If access was granted, the controller will put the D-channel data onto the IOM-2 bus in the
following frame provided by the S/G bit is set to ZERO (i.e. S-bus free to transmit). The BAC bit
will be set to ZERO by the controller to block all remaining controllers.

In case the S/G bit is ONE this prevents only the D-channel data to be switched through to the
IOM-2 bus. The TIC bus request remains unaffected (i.e. if access was granted the TIC address
and BAC bit are activated). As soon as the S-bus D-channel is clear and the S/G bit was set back
to “GO” the controller will commence with data transmission.

The S/G Bit generation in IOM-2 channel 2 is handled automatically by the SBCX operating in TE
mode. Additionally the Stop/Go information may be issued at the MAI5 pin by setting the SGE bit
in the SM/CI register to ONE.

. After the transmission of an HDLC frame has been completed the ICC controller withdraws from

the TIC bus for one IOM-2 frame. This also applies when a new HDLC frame is to be transmitted
in immediate succession. With this mechanism it is ensured that all connected controls receive
an equally fair chance to access the TIC bus.
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3.3.5.2  S-Bus Priority Mechanism for D-Channel

The S-bus access procedure specified in ITU 1.430 was defined to organize D-channel access with
multiple TEs connected to a single S-bus.

To implement collision detection the D (channel) and E (echo) bits are used. The D-channel S-bus
condition is indicated towards the IOM-2 interface with the S/G bit (see previous section).

The access to the D-channel is controlled by a priority mechanism which ensures that to all
competing TEs is given a fair access chance. This priority mechanism discriminates among the kind
of information exchanged and information exchange history: Layer-2 frames are transmitted in such
a way that signalling information is given priority (priority class 1) over all other types of information
exchange (priority class 2). Furthermore, once a TE having successfully completed the
transmission of a frame, it is assigned a lower level of priority of that class. The TE is given back its
normal level within a priority class when all TEs have had an opportunity to transmit information at
the normal level of that priority class.

The priority mechanism is based on a rather simple method: A TE not transmitting layer-2 frames
sends binary 1s on the D-channel. As layer-2 frames are delimited by flags consisting of the binary
pattern “01111110” and zero bit insertion is used to prevent flag imitation, the D-channel may be
considered idle if more than seven consecutive 1s are detected on the D-channel. Hence by
monitoring the D echo channel, the TE may determine if the D-channel is currently used by another
TE or not.

A TE may start transmission of a layer-2 frame first when a certain number of consecutive 1s has
been received on the echo channel. This number is fixed to 8 in priority class 1 and to 10 in priority
class 2 for the normal level of priority; for the lower level of priority the number is increased by 1 in
each priority class, i.e. 9 for class 1 and 11 for class 2.

A TE, when in the active condition, is monitoring the D echo channel, counting the number of
consecutive binary 1s. If a O bit is detected, the TE restarts counting the number of consecutive
binary 1s. If the required number of 1s according to the actual level of priority has been detected, the
TE may start transmission of an HDLC frame. If a collision occurs, the TE immediately shall cease
transmission, return to the D-channel monitoring state, and send 1s over the D-channel.

3.3.5.3 S-Bus D-Channel Control in TEs

The SBCX in TE mode continuously compares the D data bits with the received E-echo bits.
Depending on the priority class selected, 8 or 10 consecutive ONEs need to be detected before
setting the S/G bitto ZERO. With bit SGE in the SM/CI register the S/G bit may optionally be issued
on pin MAI5.

The priority class (priority 8 or priority 10) is selected by transferring the appropriate activation
command via the Command/Indication (C/I) channel of the IOM-2 interface to the SBCX. If the
activation is initiated by a TE, the priority class is selected implicitly by the choice of the activation
command. If the S-interface is activated from the NT, an activation command selecting the desired
priority class should be programmed at the TE on reception of the activation indication (Al8). In the
activated state the priority class may be changed whenever required by simply programming the
desired activation request command (ARS8 or AR10).
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Application

1. Priority Class 8/10 Selection with NT Initiated Activation

TE 1OMP-2
- CN DC  (1111b)
- ¢ Dl (1111b)
— CNl RSY (0100b)
— CN AR  (1000b)
- CNh Al (1100b)
0 C/N ARS8 (1000b)

D: transfer HDLC frame
0 C/l. AR10 (1001b)

D: transfer packet data
< CN AI10 (1101b)

LT-S (NT) IOM®-2

C/l DC (1111b) -
c/l DI (1111b) -
C/l AR  (1000b) O
C/l AR  (1000b) -
C/l Al (1100b) -
C/l Al (1100b) O

2. Priority Class 8/10 Selection with TE Initiated Activation

TE IOMP-2
~ CIl DC (1111b)
-~ C/Il DI (1111b)
O C/l TIMY  (0000Db)
< Ch PU  (0111b)
O C/Il AR10 (1001b)
O C/l. TIM Release?
~ C/l. RSY (0100b)
< C/Il AR (1000b)
< CN AI10 (1101b)

D: transfer packet data
O C/l. AR8 (1000b)

D: transfer HDLC frame
~ CIl AI8 (1100b)
Note:

NT IOM2-2
C/l DC (1111b) -
c/l DI (1111b) -
C/l AR  (1000b) -
C/l AR  (1000b) O
C/l Al (1100b) -
C/l Al (1100b) O

1) For PEB 2070 TIM is requested with register SPCR = 80y
2) For PEB 2070 TIM is released with register SPCR = 00y
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3.354 S-Bus D-Channel Control in LT-T

In LT-T mode the SBCX is primarily considered to be in a point-to-point configuration. In these
configurations no S-bus D-channel collision can occur, therefore the default setting after resetting
the SBCX is transparent (IOM-2 - S-bus) D-channel transmission.

In case a point to multipoint configuration is implemented D-channel collision resolution according
to ITU 1.430 needs to be programmed in the “IOM channel register” [bit DH set to ONE]. In this mode
the SBCX will issue a strobe signal at pin MAI5 (S/G bit) to control the LAPD controller IDEC.

This strobe signal is issued synchronously to the D-channel, i.e. in case more SBCXs operate in
different IOM-2 channels (selection with pin strapping) each SBCX sends its S/G signal in its own
IOM-2 channel. This allows the IDEC to distinguish between multiple S/G signals on a single S/G
control line (see section 2.1.7).

Priority allocation is identical to that described for the TE mode. For application example refer also
to the last section [DH bit must be set in addition].

3.3.5.5 D-Channel Control in the Intelligent NT (TIC-and S-Bus)

In intelligent NT applications both the SBCX and one or more D-channel controllers have to share
a single upstream D-channel. For this purpose the SBCX must be programmed in the IOM channel
register to perform a partial TIC bus evaluation [DH = “1"].

The intelligent NT configuration involves a layer-1 device (IBC, ISAC-P TE, IEC-Q) operating in TE
mode (1.536 MHz DCL rate), one or more D-channel controllers and a SBCX in LT-S mode (D-
channel transmitting in IOM-2 channel 0).

With the DH bit set to ONE, the SBCX V 3.4 in LT-S mode interprets the A/B, BAC bit and monitors
the S-bus D-channel activity. Both S/G and BAC bit, the S-bus echo channel and the upstream
IOM-2 D-channel data are controlled by these inputs according to the following procedure:

1. NT D-Channel Controller Transmits Upstream

In the initial state neither the intelligent NT D-channel controller nor any of the terminals connected
to the S-bus transmit in the D-channel. The exchange indicates via the A/B bit (controlled by layer 1)
that D-channel transmission on this line currently is permitted (A/B = “1"). Data transmission could
temporarily be prohibited by the exchange when only a single D-channel controller handles more
lines (A/B = “0", ELIC-concept).

The SBCX thus receives A/B =“1", BAC = “1" and transmits S/G = “0". The access will then be
established according to the following procedure:

e D-channel controller verifies that BAC bit is set to ONE.

e D-channel controller issues TIC bus address and verifies that no controller with higher priority
requests transmission.

e D-channel controller issues BAC =*“0".

e SBCX reacts to BAC="0" by transmitting the S/G bit with inverse polarity of the
A/B bit 0 S/G =“0"= A/B.

e SBCX transmits inverted echo channel (E bits) on the S-bus to block all connected S-bus
terminals (E = D).

e D-channel controller commences with D data transmission on IOM-2 as soon as it receives
SIG =*0".
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e After D-channel data transmission is completed the controller sets the BAC bit to ONE.
e SBCX pulls S/G bit to ZERO.
e SBCX transmits non-inverted echo (E = D).

Note:

1. Although the D-channel controller releases the TIC bus for one IOM-2 frame even if a new HDLC
frame needs to be transmitted in immediate succession, this one frame period is not sufficient to
allow a S-bus terminal to request the D-channel successfully. The reason is that at least 8 ONEs
need to be recognized by a terminal in the echo-channel before it can start with D-channel
transmission (in the meantime the intelligent NT D-channel controller would have aquired
D-channel transmit permission again).

To ensure equal access chances for the S-bus terminals, the intelligent NT controller software
must delay any new TIC bus access request for at least 5 IOM-2 frames.

Figure 42 illustrates the signal flow in an intelligent NT and the algorithm implemented in the SBCX.

2. Terminal Transmits D-Channel Data Upstream

The initial state is identical to that described in the last paragraph. When one of the connected S-bus
terminals needs to transmit in the D-channel, access is established according to the following
procedure:

e SBCX (in intelligent NT) recognizes that the D-channel on the S-bus is active.

e SBCX sets S/G =1 to block NT D-channel controller

e SBCX transfers S-bus D-channel data transparently through to the upstream IOM-2 bus (IOM-2
channel 0).

e After D-channel transmission has been completed by the terminal and the SBCX in the intelligent
NT recognizes the idle condition on the S-bus D-channel, the S/G bit is set to ZERO.

In case the exchange prohibits D data transmission on this line the A/B bit is set to ZERO (block).
This forces the intelligent NT SBCX to transmit an inverted echo channel on the S-bus, thus
disabling all terminal requests, and switches S/G to A/B, which blocks the HDLC controller in the
intelligent NT.

Note:

1. Although the SBCX operates in LT-S mode and is pinstrapped to IOM-2 channel 0 or 1 it will write
into IOM-2 channel 2 at the S/G bit position.
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. AB
. SIG
IOM®-2 < D Channel
Master ;AIB bD > D I
Exchange <—] Device ﬁCSX
< bu <« b| (T8 E Channel
(TEMode | = BAC I Ty
1.536 MHz) >
D q
YV A
SIG D D| |BAC
ICC
ACT & BAC D-ldle
Reset —»
AB=0—» ExternalAccess - ldle SBCX Access
E=D __ BAC & D-Idle E=D D-Idle E=D
SIG=A/B SIG=0 SIG=1
ITS05115
Figure 42

Data Flow for Collision Resolution Procedure in Intelligent NT

The SBCX uses

the Echo-bit of the S-interface to control the transfer of D-channel information from

the terminals at the S-interface. It also controls the state of the Stop/Go bit (S/G) and evaluates the

A/B bit.

The state machi

ne for D-channel access uses three states:

External access

The D-channel is occupied by another source indicated by the BAC-bit

(BAC=0).
The S/G bit corresponds to the invers of the A/B bit. The Echo-bits are
setto D

Idle The D-channel is transparent and no other device occupies the
D-channel (BAC=1). The S/G bit is set to ‘0’. The Echo-bits correspond
to the received D-bits of the S-interface.

SBCX Access The D-channel is transparent and occupied by the SBCX. The S/G bit

is set to ‘1’

‘D-ldle’ is ‘1’ if the received D-channel information from the S/T interface is idle (8 x‘1’).
‘D-ldle’ changes to ‘0’ after a ‘0’ bit has been received from the S-interface D-channel.

‘ACT' is set to ‘1’ if the S-interface is in the activated state.
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3.3.6 IOM"-2 Interface Channel Switching

In order to realize intelligent NT configurations the SBCX provides basic switching functions. These
include:

¢ Individual channel transfer from IOM-2 channel 1 to IOM-2 channel 0.
¢ Individual channel reversion on input and output lines.

All switching functions are controlled via the MON-8 “IOM-2 channel” register (see MON-8
description). The following sections illustrate a variety of possible switching combinations typical for
the intelligent NT. To facilitate the description of the switching function figure 43 illustrates a typical
intelligent NT with the speech CODEC ARCOFI combined with several terminals. Monitor
programming for both ARCOFI and SBCX can only be performed in monitor channel 1.

ICC
LT-S Mode TE Mode
TE1 Channel 1 ® Channel 0
IoM®-2
IDPO |-» »| DIN
I (1.536 MHz) Exchange |
ARCOFI® | 1sAC®s SBCX ECQ | < -
\
I IDP1 |« <{DOuT
—0
—0
A y
. DU DD
TE8 —
ARCOFI®
ARCOFI®| 1sSAC®s Channel 1
UTE
ITS05114

Figure 43
Intelligent NT-Configuration for IOMP-2 Channel Switching
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The following four examples illustrate typical switching operations. Three of them are programmed
in the “IOM-2 Channel” register, example No. 4 makes use of the “Loop-back” register. All register
bits related to the B1 or B2 channel are set to ZERO unless otherwise stated.

1. Connection B1 (e.g. TE1) -~ Exchange, B2 (e.g. TE8) -~ Exchange

SBCX 81 >
IDPO B2 >
IDP1
B2L=1 |¢ o DOUT
< B1
< B2
I0M®:2 Reg.
DU DD
ARCOFI®
Power-Down
ITS05116

2. Connection B1 (e.g. TE1l) - Exchange, B2 (e.g. TE8) - U-TE

SBCX
b0 Bl—
BIL =1 . » DN
Ic2
B2D=1 LDP]' DOUT
< B1
IOM®-2 Reg. IC2 w
A v
DU DD
ARCOFI®

Voice Data to IC2

ITS05117
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3. Connection U-TE (B1) - Exchange, B2 (e.g. TE1) - Exchange

Voice Data to B1

ITS05118

SBCX
bp0 B2———m
B2L =1 » DIN
IDP1 Bl
< DOUT
< B2
IOM®-2 Reg. vr Bl
A v
DU DD
ARCOFI®

4. Connection TE1 (B1) - TE8 (B2), U-TE (B1 or B2) » Exchange

Voice Data to B1 or B2

SBCX
IDP 0 > DIN
IBL=1
B1| B2 ( ’
IB2=1 82| B1
IB12=1 IDP1 B2 or B
< DOUT
B2orBl
Loopback Reg. VF
A \ 4
DU DD
ARCOFI®

ITS05119
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3.4 Maintenance Functions

This chapter summarizes all features provided by the SBCX V 3.4 to support system maintenance
and system measurements. Two main groups may be distinguished:

— maintenance function to close and open test loop-backs.
— test modes required for system measurements.

The next sections describe these maintenance functions and their applications.

3.4.1 Test Loop-Backs

Test loop-backs are specified by national PTTs in order to facilitate the location of defect systems.
Each position of defined (ITU 1.430 Appendix 1) loop-backs is illustrated in figure 44.

SBCX S SBCX IEC-Q U IEC-Q
| LIom® |
f |
| |
| |
i > \
| |
| |
} } SBCX
| |
‘ ‘ ] E ]
| |
| |
| |
| |
- | | -
TEorLT-T NT1/NT2 S Exchange
ITS05120
Figure 44

Test Loop-Backs Supported by PEB 2081

Notes:

1. In previous data sheets for the PEB 2081 ITU loop-back A was referred to as loop-back 3.
2. Loop-back 2 is closed in a NT1, loop-back 3 is closed in a NT2.
3. Loop-back C is closed in a NT1, loop-back B, is closed in a NT2.

Loop-back 2 is controlled by the exchange. Loop-back 4 may be under exchange or local control.
Loop-backs A, B1, B2, C are initiated by the terminal or the NT2. Loop-back 3 is started by the NT2.

All loop-backs may be either transparent or non-transparent. Loops are closed in the SBCX with C/I
commands or MON-8 register access [loop-back register]. The following sections describe the
implementation of these loops in detail.
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3.4.1.1 Complete Loop-Backs (No. 2, No. 3, and No. A)

Internal Loop-Backs

In a complete loop, all three channels (B1, B2 and D) are looped back at the S/T-interface. In a
“transparent loop” the data are also sent forward (in addition to being lo