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SIEMENS

S/T Bus Interface Circuit
(SBC)

Preliminary Data

1

Features

Full duplex 2B + D S/T-interface transceiver according to
CCITT 1.430

Conversion of the frame structure between the S/T and
IOM® interfaces

D-channel access control

Activation and deactivation procedures according to
CCITT 1.430

Built-in wake-up unit for activation from power-down state
Adaptively switched receive thresholds

Control via IOM interface

Several operating modes

Receive timing recovery according to selected operating
mode

Frame alignment with absorption of phase wander in trunk
line applications

Switching of test loops

Advanced CMOS technology

Low power consumption:

PEB 2080: standby less than 5 mW
active max. 65 mwW
PEF 2080: standby less than 6.5 mW

active max. 70 mwW

PEB 2080
PEF 2080

CMOS IC

P-LCC-28-R

P-DIP-22

Type Ordering Code Package

PEB 2080-N Q67100-H8395 P-LCC-28-R (SMD)
PEB 2080-P Q67100-H2954 P-DIP-22

PEF 2080-N Q67100-H6097 P-LCC-28-R (SMD)
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SIEMENS Features

The S-Bus Interface Circuit (SBC) PEx 2080 implements the four-wire S/T-interface used to link
voice/data terminals to an ISDN. Through selection of operating mode, the device may be employed
in all types of applications involving an S interface. Two or more SBC’s can be used to build a point-
to-point, passive bus, extended passive bus or star configuration.

Specific ISDN applications of the SBC include: ISDN terminals, ISDN network termination (Central
Office and PABX applications), and PABX trunk lines to Central Office.

The device provides all electrical and logical functions according to CCITT recommendation 1.430.
These include: mode-dependent receive timing recovery, D-channel access and priority control,
and automatic handling of activation/deactivation procedures. The SBC does not require direct
microprocessor control.

The SBC is an IOM compatible, 22-pin CMOS device. It operates from a single + 5 V supply and
features a power-down state with very low power consumption.
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SIEMENS Features
Pin Configuration
(top view)
L
Voo [ 22] | N.C
sx1 [ ]2 21] ] SR1 =
I I O
sx2 [ |3 20 | sR2 39 12827
sx2 d 4 26 o SR2
M1 [ |4 19 | XTAL1
[ ] M1 O5 O 25 g AUX
spo [ |5 18| | XTAL2 X4 6 24 | XTALT
D0 o 7 23 b XTAL2
DCL [ 6 PEB 2080 17 ] Vss DCL O 8 PEB 2080 22 b Vss
Fscjo  PEF2080 21 fpcp
Fse L7 16f ] cp SDI {10 20 b MO
X2 o 11 19 | X1
sol [ |8 15[ ] MO
L i N.C. 0] 12 18 P N.C.
k2 []e 4] ] x1 (1314151617
RST [ |10 13| ] xo o o
2>z = ITP00751
X3 []1 12] ] M2
‘ ITP00750
P-DIP-22 P-LCC-28-R
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SIEMENS

Features

1.1  Pin Definitions and Functions

Pin No. Pin No. Symbol  |Input () Function
P-LCC P-DIP Output (O)
3 2 SX1 O Positive output S-bus transmitter
4 3 SX2 @] Negative output S-bus transmitter
7 5 SDO O Serial Data Out, IOM interface
10 8 SDI I Serial Data In, IOM interface
6 DCL 110 Serial Data Clock, IOM interface
7 FSC /0 Frame sync, IOM interface
16 12 M2 I
5 4 M1 I Setting of operation mode
20 15 MO I
14 11 X3 I Functions depending on the selected operating
11 9 X2 I/O mode see chapter 2.2
19 14 X1 I/O
17 13 X0 I/O
21 16 CP I/1O Clock Pulse/special purpose
24 19 XTAL1 I Connection for external crystal, or input for
external clock generator
23 18 XTAL2 O Connection for external crystal, n.c. when
external clock generator is used
26 20 SR2 I S-bus receiver, signal input
27 21 SR1 O S-bus receiver, 2.5 V reference output
2 1 VDD I Power supply, +5V +5 %
22 17 VSS I Power supply, ground
13 10 RST I Reset, active low
6 - X4 I External filter connection, active low
28 - UFI O Opamp output for external filter
25 - AUX I Auxiliary input: Vpp or Vg to be applied
15 - -
18 - N.C. - not connected
1 - -

Semiconductor Group



SIEMENS Features

- +—|DCL SR?2
Interface | 3]s
} SR1 l;l
10n

. <4+—SD0
N —p|M?2
Modes < — M1 SBC SX2
| ulwo  PEB 2080 TR=1000"
Clock  «—]cP SX1
r+—w|X3
Special J <+—»|X2 XTAL
Purpose | ¢ p|X1 C—77.68 MHz £100 ppm
| XTAL2
VDD Vss RST
+5V RESET

*) Terminating resistors only at the far ends of the connection
ITL00749

Logic Symbol
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R Rer
SX 1 ¢— < AMI
<] < Buffer «—0 3D
SX 24— < BIN
JZN
D-CH |¢
3
Control |[¢——0 Mode
< ir S
AN @
v
SY 1 O—» »| AMI
D P Buffer e » SDO
SY 2 O—»¥ d BIN 4
Special
TCLK RCLK Purpose
' v 11 4
L +— DCL
— PLL +— [SC
L | —» CP
ITBO0752

Block Diagram
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SIEMENS Features

1.2  System Integration

The SBC implements the four-wire S and T interfaces used in the ISDN basic access. It may be
used at both ends of these interfaces.

The applications include:

ISDN terminals (TE)

ISDN network termination (NT)

ISDN subscriber line termination (LT-S)

ISDN trunk line termination (LT-T) (PABX connection to Central Office).

These applications are shown in figure 1 , where the usual nomenclature as defined by the CCITT
for the basic access functional blocks and reference points, has been used.

Terminals Exchange Termination
TE LT-S
S
* %
—
\
_
Network Termination
TE NT 1
S U
*— i
—e / \
| / NT \
_ /" NT2 NT1 \
/ T \
il 7 AL | [\
PABX ‘
LT-S LT-T NT ITS00311

Figure 1
Applications of SBC
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SIEMENS Features

Some of the S interface wiring configurations possible with the SBC are shown in figure 2 with
approximate typical distances.

*) (N.B.: “TR” stands for terminating resistor of value 100 Q).

rFr=———————- = L s 1.5km . rFr=———————- b |
: 1y I 1 |
® ®
IOV sge - T R sec |IM—!
| 1 I I
ITE/LT—T I Point—=to—Point Configurations 1 NT/LT—SI
e e e = e e e - ——— -
L §150m . rFr———————— =
r 7‘ | I
| ® |
TR . . TR H sBC Cll :
IA1 §10m3-jTIA1 : NT:
F=="==9 Fe===q e ke -
I I I 1
| S I | S 1
1 | B | B |
1 | C | 1 | C |
I I | 1
1 I 1 1
L_T_E_1__I L_T_E_S__l Short Passive Bus
- £500m _
L £35m rF=————————— -
— | [
1 ® |
TR . TR H sBC 1O :
1 | [
IA1 §10mt IM i NT/LT—S'
r=——=—"7=7 r——=—=17 L -
I 1 I I
1 S 1 I S 1
1 | B 1 1B
1 | C| | C| o
I 1 1 [
1 I I I
L_T_E_1__l L_T_E_B__l Extended Passive Bus ITC00753
Figure 2

Some S-Interface Wiring Configurations

*) The maximum line attenuation tolerated by the SBC is 10 dB at 96 kHz
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Subscriber Terminal

Network Termination

Digital Exchange

:"‘lsj\g@f S“': 4-Wire 2-Wire
. S Bus Ulnter-
Voice/ | 1 | face
Data H ICC | SBC |I}-1 SBC [ IEC IEC — ICC |— PBC
Module | &l l
L=l ==—4|?
SLD/SS! ﬁ IOM® 5 IOM® ﬁ SLD
4
/’LC ‘ |OM® /’LC
\
gl
PABX
:- |SAC®-P -: :- |SAC®-P 1|
Voice/ | 1 Il  2-Wire U Inferface (£3km) | I
Data H ICC ] IBC |I I| IBC |— ICC H— PBC
Module | Al I | l
===l c===1===u1
SLD/SSI ﬁ IOM® IOM® @ SLD
uC uC
[ isac®s | [ isacts |
Voice/ | 1 | 4-Wire S Interface, I |
Data H ICC ] SBC |1 : : 1| SBC |— ICC H— PBC
Module | a1 I Point-to—Point/Bus | I
L ——1-——J L___?.___JT
SLD/SSI J | lom® IoM® SLD
uC uC
PEB 2050  Peripheral Board Controller PBC ITS00754
PEB 2070  ISDN Communication Controller ICC
PEB 2080  S-Bus Interface Circuit SBC _
PEB 2085 ISDN Subscriber Access Controller (S—Bus) ISAC®-S
PEB 2090 ISDN Echo Cancellation Circuit IEC
PEB 2095  ISDN Burst Transceiver Circuit IBC
PEB 20950 ISDN Subscriber Access Controller (PABX, U Interface)  ISAC®-P

Figure 3

ISDN Oriented Modular (IOM ®) Architecture

Semiconductor Group

13




SIEMENS

Figure 3 gives an example of an application of the SBC in an IOM (ISDN Oriented Modular)
architecture.

By separate implementation of OSI layer-1 and layer-2 functions, and through unified control
procedures, the architecture provides flexibility with respect to various transmission techniques.
The IOM devices are all low-power, high integration, single + 5V supply CMOS devices. Through
mode switching, each device may be used in several applications: thus with one and the same
limited set of devices all ISDN basic access configurations are covered. Note that one of the
compatible layer-1 devices (SBC, IBC, IEC) requires direct microprocessor control. This is, of
course, due to the fact that the IOM interface provides all the necessary functions for layer-1/layer-
2 communication.

Semiconductor Group 14
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SIEMENS Functional Description

2 Functional Description

The S-bus interface circuit PEx 2080 performs the layer-1 functions for the S/T interface of the ISDN
basic access.

2.1  General Functions and Device Architecture
The common functions for all operating modes are:

e line transceiver functions for the S interface according to the electrical specifications of
CCITT 1.430;

e dynamically adaptive threshold control for the receiver;

e conversion of the frame structure between IOM and S interfaces;

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

Mode specific functions are:

receive timing recovery;

S-timing generation using IOM timing synchronous to system, or vice versa;

D-channel access control and priority handling;

D-channel echo bit generation;

activation/deactivation procedures, triggered by primitives received over the IOM interface or by
INFO's received from the line;

frame alignment according to CCITT Q.503;

e execution of test loops.

Analog Functions

The full-bauded pseudo-ternary pulse shaping is achieved with the integrated transmitter which is
realized as a current limited voltage source. A voltage of 2.1V is delivered between SX1-SX2,
which yields a current of 7.5 mA over 280 Q.

The receiver is designed as a threshold detector with adaptively switched threshold levels. Pin SR1
delivers 2.5 V as an output, which is the virtual ground of the input signal on pin SR2.

An external transformer of ratio 2:1 is needed in both receive and transmit direction to provide for
isolation and transform voltage levels according to CCITT recommendations.

Semiconductor Group 15



SIEMENS Functional Description

Digital Functions

A DPLL circuitry working with a frequency of 7.68 MHz + 100 ppm serves to generate the 192-kHz
line clock from the reference clock delivered by the network and to extract the 192-kHz line clock
from the receive data stream.

The 7.68-MHz clock may be generated with the use of an external crystal between pins XTAL1 and
XTAL2. It may also be provided by an external oscillator, in which case XTAL2 is left unconnected.

The “Control” block includes the logic to detect layer-1 commands and to communicate with
external layer-1 or layer-2 devices via the IOM interface.

An incorporated finite state machine controls ISDN layer-1 activation/deactivation.

The D-channel access procedure according to CCITT 1.430 including priority management is fully
implemented in the SBC. When used as an S-bus master in a multipoint configuration, the device
generates the echo bits necessary for D-channel collision detection. In the NT-mode, moreover, the
echo channel may be made externally available through an auxiliary pin and thus “intelligent NT’s”
(star configuration) may be implemented.

In terminal applications (TE) the Q channel as specified by 1.430 is supported (stepping A6 and up.
The SBC sends a binary one in F,-bit position to allow another terminal to use the extra
transmission capacity.)

The buffer memory serves to adapt the different bit rates of the S and the IOM interface. In addition,
in trunk line applications it absorbs the possible deviation between two system clocks, according to
CCITT Q.503 (slip detection).

2.2 Operating Modes

The operating modes are determined by pin strapping on pins MO to M2. The four basic operating
modes are: TE, NT, LT-S, LT-T.

In three of these operating modes, the IOM may be programmed to function in the IOM-1 mode, in
the IOM -2 mode or in the inverted mode. To see which IOM timing mode is applicable in the four
basic operating modes, refer to table 1.

In table 1, the functions of the operating mode specific pins are given: these pins are DCL (IOM
interface data clock, input/output), FSC (IOM interface frame sync, input/output), CP (auxiliary
clock/test pin), and X0 to X3.

Depending on the selected mode, pins CP, X2 and X1 provide auxiliary clocks, either asynchronous
or synchronous to the S-interface:

3840 kHz

2560 kHz clocks derived from the 7680-kHz crystal
1280 kHz

1536 kHz clocks synchronized to S interface

512 kHz

These auxiliary clocks may be used to drive, e.g. a codec filter, or a microprocessor system (TE
applications).
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Functional Description

Table 1

Operating Modes and Functions of Mode Specific Pins of SBC

Application
TE TE TE LT-T LT-T NT LT-S LT-S LT-S
Operation | Inverted |Inverted |IOM-1 |IOM-2 |IOM-1 |IOM-1 |IOM-2 |IOM-1 |IOM-1
of IOM Mode Mode Mode Mode Mode Mode Mode Mode Mode
Interface or or
Invert. Invert.
Mode Mode
M2 0 0 0 0 0 1 1 1 1
M1 0 0 1 1 1 1 0 1 1
MO 0 1 0 1 1 1 0 0 0
DCL (o} (o} (o} i i: i: i: i: i
512 kHz* | 51 512 4096 512 512 4096 512 512
kHz* kHz* kHz kHz kHz kHz kHz kHz
FSC o: o: o: i i i i: i: i
8 kHz* 8 kHz* 8 kHz* |8 kHz |8 kHz 8kHz |8kHz |8kHz |8kHz
CP o: o: o: o: o: :SCZ |ifixed |ifixed |ifixed
1536 1536 512 512 512 ato ato ato
kHz* kHz* kHz* kHz* kHz*
X3 iiENCK |iiENCK |i:ENCK |i:fixed |ifixed [i:BUS i:BUS i:BUS i:BUS
atl at0
X2 o: o: o: iiTS2 |ifixed |i:SSz |i:TS2 |ifixed |o:
2560 1280 ECHO ato ato 192
kHz kHz kHz*
X1 o: (o} o: i'TS1 i:fixed i:DEX i:TS1 o: o:
3840 3840 3840 ato 7680 7680
kHz kHz kHz kHz kHz
X0 o0:RDY o:RDY iiCON [i:TSO ii:CON |i/lo:DE |i:TSO i:fixed |i:fixed
ato atl
*) synchronized to S/T interface
i;input
o:output
Semiconductor Group 17
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Functional Description

The other uses of the auxiliary pins are:

ENCK input Enable Clock. At “0”, forces the SBC to deliver IOM timing at all
times, regardless of SDI input level; in TE mode, pin X3.

BUS input At “1”, specifies a bus configuration (as opposed to point to point
or extended passive bus); in NT and LT-S modes, pin X3.

ECHO output Reproduces the E bits received from the S interface
push-pull synchronously to IOM frame “D” bits (bit positions 24 and 25 of

IOM frame). All other bit positions are binary “1”; in TE mode, pin
X2.

SSz input Send Single Zeros. At “0”, forces the SBC to transmit alternating
pulses at 250 s intervals (period 2 kHz) on S-interface for test
purposes; X2 in NT mode.

RDY output Ready. Provides a signal logically equal push to bit 3 of
MONITOR channel. Signals the pull D-channel status (“0” =
occupied, “1” = free) to layer-2 component; X0 in TE mode.

CON input Connected. At “0”, prevents the SBC from activating and
transmitting on the S interface. Indicates whether the device is
connected to the S interface or not; X0 in TE and LT-T modes.

DEX input External D-channel Echo enable. At “1”, makes the E-bit
dependent on the DE (X0) input. Used in NT mode to build a star
configuration; X1 in NT mode.

DE input/output D-channel Echo. The DE outputs should be tied together (open
open drain with | drain) in an NT-star configuration, to obtain the global echo bit;
integrated pull- | X0 in NT mode.
up resistor

TSOto TS2 |inputs Time Slot 0 to 7. IOM interface time slot to be used =

4xXTS2+2xTS1+TSO; LT-T and LT-S in IOM-2 mode and
inverted mode.

Semiconductor Group
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S I0M® Slave IOM® Master U
\ H \
\ \
(a)NT | r' IT \
\ | Central
I SDI |«
\ | Network
| SBC IEC I JAULLLIN
| SDO ' |
\ E XTAL1 FSC DCL \
\ \
‘ 4 512 kHz | ‘
\ 8 kHz \
7.68 MHz
S I0M® Slave IOM® Master
‘ ]
b) LT-S } r' IT
(b)LT- | E XTALT XTALZ
SDI |«
\
| SBC IcC ﬁe?*”"k
‘ SDO » etwor
\ E FSC  DCL
\
‘ 4 512 kHz \
| 8 kHz
I0M® Slave IOM® Master S
\
(¢)TE ﬂﬂﬁ }
XTAL 2 XTAL 1 :I ' Contral
N SbO | Network
IcC SBC | —>
»|SDI I |
DCL  FSC \
4 512 kHz \ |
8 kHz |
IOM® Master I0M® Slave S
\
(d)LT-T ﬂﬂﬁ }
XTAL2 XTALT | Contral
e.g. NT2 < SDo I | Network
-« IcC . SBC | —>
> \
DCL FSC CP :I \
! 512 kHz 4 i |
8 kHz |
Note 1 ITS00755

IEC = ISDN Echo Cancellation Circuit PEB 2090
ICC = ISDN Communication Controller PEB 2070

Note 1: Reference clock (512 kHz, duty cycle 1:2) may be used to drive, e.g. NT2 clock generator

Figure 4
Clocking of SBC in Different Operating Modes
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2.3 Interfaces

S Interface

According to CCITT recommendation 1.430, pseudo-ternary encoding with 100 % pulse width is
used on the S interface. A logical 1 corresponds to a neutral level (no current), whereas logical 0's
are encoded as alternating positive and negative pulses. An example is shown in figure 5.

Binary Values 6o+ 001 1 0 00 1 1
+V-———
Line Signal OV -—-— —
Ve —
ITD00322

Figure 5
S-Interface Line Code

One S frame consists of 48 bits, at a nominal bit rate of 192 kbit/s. Thus each frame carries two
octets of B1, two octets of B2, and four D bits, according to the B1 + B2 + D structure defined for
the ISDN basic access (total useful data rate: 144 kbit/s). Frame begin is marked using a code
violation (no mark inversion). The frame structures (from network to subscriber, and subscriber to
network) are shown in figure 6 .

48 Bits in 250 us

DLF Lj~— B1 —=(E D AFyNj~— B2 —==(E D M{~— B! ——{E D S{~— B2 —=(E DLJF L.

0
M T LTI
NT*TEéEj—I EaaEnsnnnnlgEEEEEE

2 Bits Offset

—

DLJFL|==— Bl —=|L.DL.FALj==— B2 —=|L.DLj=se— B!l —=|L.DLj==— B2 —=L.DL.F L.

0
et H | R R |
—>/ ITD00323
F = Framing Bit N =Bit set to a Binary Value N=F,
L =DC Balancing Bit B1=Bit within B-Channel 1
D = D-Channel Bit B2 = Bit within B-Channel 2
E = D-Echo-Channel Bit A =Bit used for Activation
F = Auxiliary Framing Bit or Q-Bit S =Reserved for Future Standardization
M = Multiframing Bit

Note: Dots Demarcate those Parts of the Frame that are Independently DC—Balanced.

Figure 6
Frame Structure at Reference Ponts Sand T (CCITT 1.430)

Semiconductor Group 20
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Digital Interface

IOM Frame Structure

The SBC is provided with a digital interface, the IOM interface, for communication with other ISDN
devices, in other words with units realizing OSI layer-1 functions (such as the ISDN Echo
Cancellation Circuit IEC PEB 2090) or layer-2 functions (such as the ISDN Communication
Controller ICC PEB 2070).

The IOM interface is a four-wire serial interface with: a bit clock, a frame clock and one data line per
direction (figure 7).

The ISDN data rate of 144 kbit/s (B1 + B2 + D) is transmitted transparently in both directions over
the interface. In addition, it is necessary to interchange control information for activation and
deactivation of OSI layer 1 and for switching of test loops. This information is transferred using time
division multiplexing with a 125-us total frame length.

FRAME |« FSC FRAME
CLOCK |« DCL CLOCK
DOUT SDI/SDO »IDIN
DIN |« SDO/SD! DOUT
I LT-S:  SBC ICC
In NT +  SBC IEC
In LT-T:  SBC ICC
n T+ ICC SBC

[TC00757

Figure 7
IOM® Interface Signals
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SIEMENS Functional Description

The basic frame consists of a total of 32 bits, or four octets: B1 + B2 + D (18 bits) plus 14 bits of
MONITOR and control information. The data in both directions are synchronous and in phase
(figure 8).

SDI

| Bf B2 Monitor B*
SDO

p | o [c/|enfc/fen] T]E

ITC00758

Figure 8

IOM® Interface Frame Structure

1st octet B1: B channel (64 kbit/s), most significant bit first
2nd octet B2

3rd octet: MONITOR channel (64 kbit/s) -"-

4th octet B*: 2-bit D channel (16 kbit/s)

4-bit C/l channel
T channel: not used with SBC
E bit: not used with SBC.

The C/I channel is used for communication between the SBC and a processor via a layer-2 device,
to control and MONITOR layer-1 functions. The codes originating from layer-2 devices are called
“commands”, those sent by the SBC are called “indications”. For a list of the C/l codes and their use,
refer to chapter 4.

Three modes of the IOM are distinguished. These modes differ only with respect to the physical data
rate (256 or 8 x 256 kbit/s) and to polarity of the clocks.

Semiconductor Group 22
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IOM-1 Mode

This timing mode is applicable in all operating modes of the SBC.
Nominal bit rate of data (SDI and SDO): 256 kbit/s
Nominal frequency of DCL.: 512 kHz
Nominal frequency of FSC: 8 kHz

Transitions of the data occur after even-numbered rising edges of DCL. Even-numbered rising
edges of the clock are defined as the second rising edge following the rising edge of FSC and every
second rising edge thereafter.

The frame is earmarked by the rising edge of FSC.

ez LTI
i) | | |

B1 B2 Monitor Bx
softjoft2fsfafslef7] [ [ [ £ I 0 L0 10T DT D01 0 1 [ 1 feo30f1ofr]2

ITD00325

SDI
Sbo

Figure 9
Timing of Data and Clocks of IOM ® in the Normal Mode

Inverted Mode
Timing mode applicable in TE mode: 512 kHz

The characteristics are the same as above, except that FSC is not a signal with 50 %, duty cyc'e
but an active low pulse, one DCL clock period long, which occurs in the middle of bit 27 (fourth bit
of B¥).

Timing mode applicable in LT-T and LT-S operating modes: 4096 kHz

Nominal bit rate of data bursts (SDI and SDO) 2048 kbit/s
Nominal frequency of DCL 4096 kHz
Nominal frequency of FSC 8 kHz.

The frame clock FSC is an active low strobe clock. The strobe earmarks the second half of bit
no. 251 in the frame. The low state of the strobe is detected with the rising edge of DCL. Refer to
figure 10 .

The data at the input SDI is valid on the even-numbered rising edges of DCL. Transitions of the data
on SDO occur after even-numbered falling edges of DCL. The rising edge earmarked by the frame
strobe is an even-numbered rising edge of DCL. The following falling edge is an even-numbered
falling edge.
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SIEMENS Functional Description

The bursts are allocated to consecutive time slots in a frame by the static inputs X0 (TS0), X1 (TS1),
X2 (TS2). Table 2 indicates the allocations. Figure 11 gives the positions of the respective frames.

FSC (8 kHz) |_|

Frame Bit No.

SDI (2048 kbit/s)  950]251| 2521253 254|255 o | 1 | 2 | 3| 4| 5| 6
SDO (2048 kbit /s)

ITD00327

Figure 10
Timing of Data and Clocks of IOM ®in the Inverted Mux Mode

IOM®-2 Mode
Timing mode applicable in LT-T and LT-S modes: 4096 kHz.

As opposed to inverted mode, data change with rising edges and frame synchronization is defined
as in IOM-1 mode. (cf. IOM® Interface Specification, Rev. 2.2).

Table 2
Allocation of Time Slots

Time Slot No. TS2 TS1 TSO Bit No.

0 0 0 0 0..31

1 0 0 1 32...63

2 0 1 0 64 ... 95

3 0 1 1 96 ... 127
4 1 0 0 128 ... 159
5 1 0 1 160 ... 191
6 1 1 0 192 ... 223
7 1 1 1 224 ... 255

Semiconductor Group 24
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Frame (8 kHz)

Frame Slot No.0
SDI (2048 ka/s
SDO (2048 ka/s

Frame Slot No.1
SDI (2048 kbiT/s
SDO (2048 ka/s

Frame Slot No.2
SDI (2048 ka/s
SDO (2048 kbiT/s

Frame Slot No.3
SDI (2048 ka/s
SDO (2048 kbiT/s

Frame Slot No.4
SDI (2048 kbiT/s
SDO (2048 ka/s

Frame Slot No.b
SDI (2048 ka/s
SDO (2048 kbiT/s

Frame Slot No.6 —

SDI (2048 kbit/s
SDO (2048 kbit/s

Frame Slot No.7
SDI (2048 kbiT/s
SDO (2048 kbiT/s

[TC00759

Figure 11

Position of IOM ©® Frames as a Function of Time Slot Allocation in IOM ®.2 and Inverted Mode

Semiconductor Group
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SIEMENS Functional Description

The IOM-2 mode may be used to link up to eight SBC’s over a single 2048 kbit/s interface to an
exchange or PABX (figure 12).

_::::::;ﬂl Exchange Termination/
_______ 10 PABX (Layer 2-3) .
— L1y
[ L1 < FRAME
]
| e
FSC |« Tl
(|
A < CLOCK
DCL |« ol
(|
L1 1 DIN
SDO T
(|
- < DOUT
SDI |« T
| LJ
J
LI
- 2048 Kbit /s
e Interface to the
- Exchange
Up to 8 x SBC ITC00760

Figure 12
IOM® Interface 2048 kbit/s MUX Mode
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2.4 Individual Functions

The SBC transmits data between the IOM interface and the line interface. The relative frame
positions have been selected to minimize the round trip delays of the B channels, which are:

125 ps for TE, NT and LT-S in normal IOM mode, max. 250 us for LT-T in normal IOM mode and
LT-S in inverted mux mode and, finally, max. 375 ps for LT-T in inverted mux mode.

In the active state the data of the B channels are switched through transparently. The same applies
to the D channel, except in TE mode where D-channel switching is subject to the S bus D-channel
access procedure and collision detection.

S/T Interface Pre-Filter

In some applications it may be desirable to improve the signal-to-noise ratio of the received S/T
interface signal by filtering out undesirable frequency (usually high frequency) components. This
may be realized by an external pre-filter.

To simplify the implementation of this filter, an operational amplifier is integrated in the ISAC-S, as
shown in figure 13 . By connecting an RC network between input SR2 and the extra pin UFI an
active RC filter of desired order can be realized (one example is shown in figure 13b ).

UFI
- - - - -= A
RC ' Mool |
Network L——I—D 1|
A SR2 I -é—
———t |
II L__J
® SR1
10 nfF ==
— Vssa

[TS02359

Figure 13a
Prefilter Connections
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RC Network Example

— UF1

| VSSA
[TS02360

Figure 13b
Example of 2 " Order RC Network

Note:

Following component values are recommended to give a 500 kHz cutoff, and 600 nS (£ 170 nS)
propagation delay time:

R =R,= 10kQ
C = 13 pF
C,= 22.5 pF

an extra delay may be introduced into the received signal by a filter.
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NT and LT-S Applications

The 192-kHz transmit bit clock is synchronized to the IOM clock DCL. In the receive direction two
cases have to be distinguished depending whether a bus or a point-to-point operation is
programmed (pin X3:BUS).

Bus Operation

The 192-kHz receive bit clock is identical to the transmit bit clock, shifted by 4.6 ps with respect to
the transmit edge. According to CCITT 1.430, the receive frame shall be shifted by two bits with
respect to the transmit frame.

Point-to-Point Operation

The 192-kHz receive bit clock is recovered from the receive data stream on the S interface (the
sampling instant for the receive bits is shifted by 3.9 us with respect to the leading edge of the
derived receive clock). According to CCITT 1.430, the receive frame can be shifted by 2-8 bits with
respect to the transmit frame at the NT (LT-S) (Other shifts are allowed by SBC (including 0)).

This operation mode should also be used in extended passive bus applications.

E channel handling

For D-channel access collision resolution, the received D bit is in all cases transmitted as the E bit
in the S-frames.

In addition, in the NT mode the echo bit may be made externally available, thus allowing for the
implementation of a star configuration.

TE Application

The transmit and receive bit clocks are derived, with the help of the DPLL, from the S-interface
receive data strem.

The transmit frame is shifted by two bits with respect to the received frame. The output clocks CP,

DCL and FSC are synchronous to the S-interface timing.
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NT/LT-S Mode

HDW

< < DCL
< o> PLL P FoC
> Pl PLLb——»pPP
7502362
MP: Receive clock for passive bus configuration
PP: Receive clock for point—to—point configuration
TE Mode
T PLL > »DCL
D > > »FSC
7502363
v
CpP

LT-T Mode FDW
q L N FSC

Detector
ﬁ— PLL

<+—DCL

\Y%

ITS03552

Figure 14
Clock System of the SBC
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D-channel access control

The D-channel access control ensures that only one terminal shall have access to the D channel at
any time. This is achieved through collision detection by each terminal (CCITT 1.430). The SBC
MONITORS the received D-echo channel, and, when transmission in the D channel is started,
compares the echo bits to the transmitted D bits.

A mismatch between D bit and D-echo bit means that another terminal is also transmitting and a
collision has taken place. This can only happen if D = 1 and D-echo = 0, since on the S bus a logical
0 overrides a logical 1 (thus the comparison of D echo with D bit is performed only when
D echo = logical 0). The SBC immediately ceases transmission, returns to the D-channel
monitoring state and sends 1's in the D channel. D-channel access is possible only after x
consecutive 1's have been received in the echo channel. Depending on the priority class, x can be
either eight or ten. If a terminal has successfully transmitted a complete HDLC frame, X is
automatically increased by 1. X is reset to its initial value of eight (ten) when nine (eleven)
consecutive 1's are received in the echo channel.

To enable initiating and interrupting HDLC frame transmission in the D channel, the SBC has to
inform the layer-2 controller ISDN Communication Controller) of the D-channel status — “ready” or
“busy”. For this, bit 20 of the IOM frame, in other words the fourth bit from the right in the MONITOR
channel, is used: see figure 15 .

Bl B2 MONITOR B*

spo N Sk T‘ KoXEX e XTXEX

Busy = 1 —» S-Bus D-Channel
not Available

Busy = 0 — S-Bus D-Channel
Available

Figure 15
Position of BUSY Bit in IOM ® Frame
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By sending the BUSY bit at O to the ISDN Communication Controller in anticipation of the S-bus D-
channel “ready” state, the first valid D bits will emerge from the SBC at exactly the moment an
access is allowed.

D-channel switching (blocked: D = 1, or transparent: D = HDLC) is described by the state diagram

in figure 15a with BUSY bit states “ready” and “busy” as input variables. Figure 15b shows the
status diagram for “ready” and “busy”, with the following variables:

P: priority (8 or 10), set by a C/I channel command
C: number of consecutive ones appearing in the echo channel
V: V =1 if: transmitted D bit = received D-echo bit
V = 0 otherwise
Dp: priority decrement for priority class P
(P =8or10).

Thus state 1 is the state where a D-channel access may be attempted. The transition “1” - “2” occurs
at the first zero of an opening flag (C = 0: zero observed in D-echo channel, and V = 1: a zero has
actually been transmitted). Transition “i - 0” (i = 1,2,3) occurs at the first monitored zero in the echo
channel when the station is idle (“1” - “0”), or if a collision either within an opening flag (“2” - “0”) or
between the opening and closing flags (“3” - “0”) of an HDLC frame is observed. The successful
transmission of a closing flag (“3” - “0” conditioned by C = 6) must be followed by a decrement in
the priority class (D, = 1 ). D, is reset when 9 or 11 consecutive 1's are observed (state “1”): cf
CCITT 1.430.
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a)

Ready Busy

ITD03554

b) Entering State F7/
C:=0
Dp:=0

C2P+1/
Dp:=0
T

ITD03555

Figure 16
D-Channel Access Control of the SBC
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Q Channel

The SBC provides Q-channel support by transmitting a binary “1” in each frame in which a “1” is
received in the F,-bit position of the NT-to-TE frame. Thus interference of F, bits from one TE with
the Q bits in passive bus configurations is avoided.

LT-T Application

As in TE applications, the receive 192-kHz clock is adaptively derived from the S-interface data. The
transmit frame is shifted by two bits with respect to the receive frame.

The SBC provides a 512-kHz clock, CP, derived from the 192-kHz receive line clock with the DPLL.
If necessary, this reference clock may be used to synchronize the central system (“NT2") clock
generator. The system timing is input over IOM interface bit and frame clocks, DCL and FSC. The
relative position of the S and IOM frame is arbitrary. Moreover, the SBC prevents a slip from
occurring if the wander between the DCL and CP clocks does not exceed a limit (The SBC enables
intermediate storage of: 3xB,, 3xB, and four D bits, for phase difference and wander absorption). In
case a wander greater than 24 us is exceeded (cf CCITT Q.503), a warning is sent twice by the
SBC in the C/I channel (“slip”).

If the analog test loop (TL3) is closed, the 192-kHz line clock is internally derived from DCL.:
therefore no slips can occur in this case.

Since only point to point configurations can be realized with the LT-T application, bus availability
indication is not required. However, the D-echo bit is still monitored and interference-free
transmission is indicated by the BUSY bit.
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2.5 Additional Functions
Test Functions

Test loops

Two kinds of test loops may be closed in the SBC, which depend on the selected mode of operation.
In both test loops, all three channels (B1, B2 and D) are looped back. In a “transparent loop” the
data are also sent forward (in addition to being looped back), whereas in a “non-transparent loop”
the forward data path is blocked (CCITT 1.430). These test loops are shown in figure 17 .

S
|
\
INFOO |
———=C 1" | P >
P \ / P
oM® ssc ) [™ 1 om2 | [ see oM®
—— 7 | < — — N <
I INFO4
\
TE/LT-T } NT/LT-S
Non-Transparent \ Transparent
Test Loop 3 | Test Loop 2 17503556

Figure 17
Test Loops of SBC

Test loop 3 is activated with the C/l channel command Activate Request Loop (ARL). An S interface
is not required since INFO3 is looped back to the receiver. When the receiver has synchronized
itself to this signal, the message “Test Indication” (or “Awake Test Indication”) is delivered in the C/I
channel. No signal is transmitted over the S interface.

Test loop 2 is likewise activated over the IOM interface with Activate Request Loop (ARL). No S line
is required. INFO4 is looped back to the receiver and also sent to the S interface. When the receiver
is synchronized, the message “AlU” is sent in the C/I channel. In the test loop mode the S-interface
awake detector is disabled, and echo bits are set to logical “0”.
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Test Signals
Two kinds of test signals may be sent by the SBC: single pulses and continuous pulses.

The single pulses are of alternating polarity, one S-interface bit period wide, 0.25 ms apart, with a
repetition frequency 2 kHz. Single pulses can be sent in all applications. The corresponding C/I
command in TE, LT-S and LT-T applications is SSZ (Send single zeros). Alternatively, this test
mode can be effected by pulling pin SSZ (pin X2, NT mode only) to logical “0”.

Continuous pulses are likewise of alternating polarity, one S-interface bit period wide, but they are
sent continuously. The repetition frequency is 96 kHz. C