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1 Overview

The ISDN PC Adapter Circuit IPAC integrates all necessary functions for a host based
ISDN access solution on a single chip.

It includes the S-transceiver (Layer 1), an HDLC controller for the D-channel and two
protocol controllers for each B-channel. They can be used for HDLC protocol or
transparent access. The system integration is simplified by several host interface
configurations selected via pin strapping. They include multiplexed and demultiplexed
interface options as well as the optional indirect register access mechanism which
reduces the number of necessary registers in the address space to 2 locations.

The IPAC combines the functions of the ISDN Subscriber Access Controller (ISAC-S
PEB 2086) and the High-Level Serial Communications Controller Extended for
Terminals (HSCX-TE PSB 21525) providing additional features and enhanced
functionality.

The FIFO size of the B-channel buffers is 2x64 bytes per channel and per direction. The
S-transceiver supports other terminal relevant operation modes like line termination
subscriber side (LT-S) and line termination trunk side (LT-T). A multi-line ISDN solution
to support both S and U (2B1Q) line coding is simplified as well as multi-line solution with
up to 3 S-interfaces.

An auxiliary 1/0 port has been added with interrupt capabilities on two input lines. These
programmable 1/O lines may be used to connect a DTMF receiver or other peripheral
components to the IPAC which need software control or have to forward status
information to the host. Peripheral data controllers can transfer data on a PCM interface
which is mapped into the B-channels on the IOM-2 interface.

Three programmable LED outputs can be used to indicate certain status information,
one of them is capable to indicate the activation status of the S-interface automatically.

The IPAC is produced in advanced CMOS technology.

Semiconductor Group 14 11.97
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ISDN PC Adapter Circuit

IPAC
Version 1.1
1.1 Features

Single chip host based ISDN solution

Integrates S-transceiver, D-channel, B-channel
protocol controller

Replaces solutions based on ISAC-S TE PSB 2186
and HSCX-TE PSB 21525

Easy adjustment of software using ISAC-S and
HSCX-TE

Various types of protocol support depending on
operating mode (Non-auto mode, transparent
mode)

Efficient transfer of data blocks from/to system
memory by DMA or interrupt request

Enlarged FIFO buffers (2x64 byte) per B-channel
and per direction

S-transceiver with TE, LT-S and LT-T modes
D-channel FIFO buffers with 2x32byte

D-channel access mechanism in all modes
D-channel priority handler on IOM-2 for intelligent
NT applications

Software reset (required for Windows95)
Programmable 1/O interface with 2 interrupt inputs

PSB 2115
PSF 2115

CMOS

P-MQFP-64

P-TQFP-64

PCM interface for non IOM-2 compatible peripheral data controllers

Programmable timer (1 ... 63 ms) for continuous or single interrupts

Reduced register address space due to indirect address mode option

3 programmable LED outputs, one can indicate S bus activation status automatically

8-bit multiplexed or demultiplexed bus interface
Siemens/Intel or Motorola P interface

Semiconductor Group 15
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1.2 Logic Symbol

The logic symbol shows all functions of the IPAC. It must be noted, that not all functions
are available simultaneously, but depend on the selected mode.

Pins which are marked with a “ * “ are multiplexed and not available in all modes.

I0M-2 Interface
LED Output 45V 4BV OV OV
ACL/ DU DD FSC DCL BCL/ SDS VDDA VDD VSSAVSS
AUX6/T* SCLK
<: ADO...7/D0..7 C768 ——>  7.68 MHz Output
XTAL2 | ——>——
[ ) Ao.7 7.68 MHz
= +100
_ - ppm
H cS XTALA1
——> RD /DS
——> WR / RW SR2
Host > ALE I I
Interface SR1
<—> RES sx2 S Interface
<——,—| DRQTA*/DRQTB I I
<5 | DRQRA*/ DRGRB s
~—5 > DACKA/DACKB MODE0 €
— J— Mode
<—INT MODE1/EAW € Setting
<— INT* AMODE <
AUX0..7*  INTO/1* CHO..2* PCMIN* PCMOUT* FBOUT *
Auxiliary External IOM Channel ~ 7
* * *
Interface Interrupts *  Select PCM Interface * 2115_11

Figure 1 Logic Symbol
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1.3 Pin Configuration
Figure 2 shows the pin configuration for P-MQFP-64 and for P-TQFP-64 packages.

530853 8EcB0epeips
IRININNNIRININIRINNININInIn
48 47 46 45 44 43 42 41 40 39 38 37 36 35 4 B
VDD ] 49 32 1 AUX1
BOL/SCLK ] 50 31 — AUXO
DU 51 30 —1 DACKB .
DD 52 29 1 DACKA
FSC ] 53 28 —1 DRQRB
DCL ] 54 27 — DRQTB
VSS 55 |PAC 26 1 VDD
MODEO | 56 25— A7
MODEL/ EAW T 57 PSB 2115 24— A6
ACL 58 2B A5
SDS ] 59 22— Ad
AUXT ] 60 21 = A3
AUX6 T 61 20— A2
AUXS T 62 19 — Al
AUX4I:63© 18 — A0
AUX3 T &4 17 — VSS
12 3456 7 89 10111213 14 15 16
INRIRIRIRIRIN IR I
8lz 46Z8 4558888885
g2 8388 3888

Figure 2 Pin Configuration
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1.4 Pin Definitions and Functions
Pin No. | Symbol | Input (1) Function
Output (O)

Microprocessor Interface

8 Multiplexed Bus Mode:

9 ADO-7 |1/O Address/data bus

10 Transfers addresses from the host system to the IPAC

11 and data between the host system and the IPAC.

13 Non-Multiplexed Bus Mode:

14 DO...7 |1/O Data bus.

15 Transfers data between the host system and the IPAC.

16

18 AO-A7 |1 Non-Multiplexed Bus Mode:

19 Address bus transfers addresses from the host system

20 to the IPAC. For indirect address mode only AO is valid.

21 Multiplexed Bus Mode

22 Not used in multiplexed bus mode. In this case A0-A7

23 should directly be connected to VDD.

24

25

6 RD I Read
Indicates a read access to the registers (Intel bus
mode).

DS I Data Strobe

The rising edge marks the end of a valid read or write
operation (Motorola bus mode).

5 WR I Write
Indicates a write access to the registers (Intel bus
mode).

R/IW I Read/Write

A HIGH identifies a valid host access as a read
operation and a LOW identifies a valid host access as
a write operation (Motorola bus mode).

4 CS I Chip Select

A LOW on this line selects the IPAC for a read/write
operation.

Semiconductor Group
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Pin No.

Symbol

Input (1)
Output (O)

Function

ALE

Address Latch Enable

A HIGH on this line indicates an address on the
external address/data bus (multiplexed bus type only).
ALE also selects the microprocessor interface type
(multiplexed or non multiplexed).

—

OD

Interrupt Request
This low active signal is activated when the IPAC
requests an interrupt. It is an open drain output.

27

DRQTB

DMA Request Transmitter (channel B)

The transmitter of the IPAC requests DMA data
transfer by activating this line.

The DRQTB remains HIGH as long as the transmit
FIFO requires data transfer.

The amount of data bytes to be transferred from
system memory to the IPAC (= byte count) must be
written first to the XBCH, XBCL register.

Always blocks of data (n x 64 bytes + REST, n=0, 1, ..)
are transferred till the byte count is reached.

DRQTB is deactivated immediately following the falling
edge of the last WR cycle.

Note: To support DMA for channel A, the DRQTA line
Is available in TE mode only (see pin AUXO).

28

DRQRB

DMA Request Receiver (channel B)

The receiver of the IPAC requests DMA data transfer
by activating this line.

The DRQRB remains HIGH as long as the receive
FIFO requires data transfer, thus always blocks of data
(64, 32, 16, 8 or 4 bytes) are transferred.

DRQRB is deactivated immediately following the falling
edge of the last read cycle.

Note: To support DMA for channel A, the DRQRA line
is available in TE mode only (see pin AUX1).

Semiconductor Group
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Pin No. | Symbol | Input (I) Function
Output (O)
29 DACKA |1 DMA Acknowledge (channel A/B)
30 DACKB When LOW, this input signal from the DMA controller

indicates to the IPAC, that the requested DMA cycle
controlled via DRQTA/B and DRQRA/B is in progress,
I.e. the DMA controller has achieved bus mastership
from the CPU and will start data transfer cycles (either
read or write).

Together with RD, if DMA has been requested from the
receiver, or with WR, if DMA has been requested from
the transmitter, this input works like CS to enable a
data byte to be read from or written to the top of the
receive or transmit FIFO of the specified channel.

If DACKA/B is active, the input on pins AO-7 is ignored
and the FIFO’s are implicitly selected.

If the DACKA/B signals are not used, these pins must
be connected to VDD.

Auxiliary Interface

31 AUXO0 |I/O Auxiliary Port 0

TE-Mode: DRQTA (output)

DMA Request Transmitter (channel A)

The transmitter of the IPAC requests DMA data
transfer by activating this line.

The DRQTA remains HIGH as long as the transmit
FIFO requires data transfer.

The amount of data bytes to be transferred from
system memory to the IPAC (= byte count) must be
written first to the XBCH, XBCL register.

Always blocks of data (n x 64 bytes + REST, n=0, 1, ..)
are transferred till the byte count is reached.

DRQTA is deactivated immediately following the falling
edge of the last WR cycle.

LT-T/LT-S Mode: CHO (input)

IOM-2 Channel Select 0

Together with CH1 (pin AUX1) and CH2 (pin AUX2),
this pin selects one of eight channels on the IOM-2
interface.
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Pin No. | Symbol | Input (I) Function
Output (O)
32 AUX1 |1/O Auxiliary Port 1
TE-Mode: DRQRA (output)
DMA Request Receiver (channel A)
The receiver of the IPAC requests DMA data transfer
by activating this line.
The DRQRA remains HIGH as long as the receive
FIFO requires data transfer, thus always blocks of data
(64, 32, 16, 8 or 4 bytes) are transferred.
DRQRA is deactivated immediately following the falling
edge of the last read cycle.
LT-T/LT-S Mode: CH1 (input)
IOM-2 Channel Select 1
Together with CHO (pin AUX0) and CH2 (pin AUX2),
this pin selects one of eight channels on the IOM-2
interface.
33 AUX2 |1/O Auxiliary Port 2

TE-Mode: AUX2 (input)

This pin is programmable as general input/output. The
state of the pin can be read from (input) / written to
(output) a register.

TE-Mode: INT (output)

This high active signal is activated when the IPAC
requests an interrupt (invers polarity of INT line).
LT-T/LT-S Mode: CH2 (input)

IOM-2 Channel Select 2

Together with CHO (pin AUXO0) and CH1 (pin AUX1),
this pin selects one of eight channels on the IOM-2
interface.

Semiconductor Group
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Pin No. | Symbol | Input (I) Function
Output (O)

64 AUX3 |10 Auxiliary Port 3

TE-Mode: AUXS3 (input/output)

This pin is programmable as general input/output. The
state of the pin can be read from (input) / written to
(output) a register.

LT-T/LT-S Mode: FBOUT (output)

FSC/BCL Output

This pin is programmable to output either an FSC clock
which is derived from the DCL input divided by 192 (in
LT-T: SCLK output provides 1.536 MHz) or a single bit
clock from the IOM-2 interface, especially to serve non
IOM-2 compatible peripheral devices on the PCM
interface.

63 AUX4 1/O Auxiliary Port 4

TE-Mode: AUX4 (input/output)

This pin is programmable as general input/output. The
state of the pin can be read from (input) / written to
(output) a register.

LT-T/LT-S Mode: PCMIN (input)

PCM Data Input

On this line the IPAC receives 8-bit data, which is
transmitted from a peripheral device. This data is
mapped to a B-Channel timeslot on IOM-2.

62 AUX5 I/O0 Auxiliary Port 5

TE-Mode: AUX5 (input/output)

This pin is programmable as general input/output. The
state of the pin can be read from (input) / written to
(output) a register.

LT-T/LT-S Mode: PCMOUT (output)

PCM Data Output

On this line the IPAC transmits 8-bit data, which is
received by a peripheral device. This data is taken from
a B-Channel timeslot on IOM-2.
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Pin No. | Symbol | Input (I) Function
Output (O)
61 AUX6 |1/O0 Auxiliary Port 6/7
60 AUX7 All Modes: INTO/1
This pin is programmable as general input/output. The
state of the pin can be read from (input) / written to
(output) a register.
Additionally, as input they can generate a maskable
interrupt to the host, which is either edge or level
triggered. An internal pull up resistor is connected to
these pins.
As outputs an LED can directly be connected to these
pins.
LT-T mode:
AUX7 can also be programmed to output the S/G bit
signal from the IOM-2 DD line (LT-T mode only).
IOM-2 Interface
53 FSC 1/O Frame Sync
Synchronisation signal. The rising edge indicates the
beginning of the IOM frame (HIGH during channel 0 in
TE mode).
54 DCL I/0 Data Clock
IOM clock signal of twice the IOM data rate. The first
rising edge is used to transmit data, the second falling
edge is used to sample data.
51 DU I/0(OD) Data Upstream
IOM data signal in upstream direction.
52 DD 1/O (OD) Data Downstream
IOM data signal in downstream direction.
50 BCL/ O Bit Clock/S-clock
SCLK TE-Mode:

Bit clock output, identical to IOM data rate.

LT-T Mode:

1.536 MHz output synchronous to S-interface.
LT-S Mode:

Bit clock output derived from the DCL input clock
divided by 2.

Semiconductor Group
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Pin No. | Symbol | Input (I) Function
Output (O)
59 SDS O Serial Data Strobe
Programmable strobe signal, selecting either one or
two channels (8 or 16 bit strobe length) on the IOM-2
or PCM interface.
Miscellaneous
34 RES I/O Reset
A HIGH on this input forces the IPAC into a reset state.
The minimum pulse length is four DCL-clock periods or
four ms (see table 29).
If the terminal specific functions are enabled, the IPAC
may also supply a reset signal.
35 AMODE || Address Mode
Selects between direct and indirect register access.
A HIGH selects indirect address mode and a LOW
selects the direct register access.
56 MODEQO |1 Mode 0 Select
A LOW selects TE-mode and a HIGH selects LT-T and
LT-S mode (see MODE1/EAW).
57 Mode 1 Select / External Awake
The pin function depends on the setting of MODEO.
MODEL1 || If MODEO=1: Mode 1 Select
A LOW selects LT-S mode and a HIGH selects LT-T
mode.
EAW I If MODEO=0: External Awake
If a falling edge on this input is detected, the IPAC
generates an interrupt and, if enabled, a reset pulse.
58 ACL O Activation LED
This pin can either function as a programmable output
or automatically indicate the activated state of the S
interface by a logic '0'.
An LED with pre-resistance may directly be connected
to ACL.
S-Bus Transmitter Output
Differential output for the S-transmitter.
47 SX1 O positive
48 SX2 O negative
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Pin No. | Symbol | Input (I) Function
Output (O)
45 SR1 I S-Bus Receiver Input
44 SR2 I Differential inputs for the S-receiver.
41 XTALL |l Oscillator Input
Input pin of oscillator or input from external clock
source. 7.68 MHz crystal or clock required.
42 XTAL2 |O Oscillator Output
Output pin of oscillator. Not connected if external clock
source is used.
40 C768 @) Clock Output
A 7.68 MHz clock is output to support other devices,
e.g. further IPACs in a multiline application. This clock
IS not synchronous to the S interface.
36 TP I Test Pins.
37 These pins are not used for normal operation.
38 They must be connected to GND.

Power Supply

1 VDD I Digital Supply Voltage +5V (+/- 5%)
12

26

49

43 VDDA || Analog Supply voltage +5V (+/- 5%)
7 VSS I Digital GND

17

39

55

46 VSSA || Analog GND
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15 Functional Block Diagram
IOM-2
IOM-2 Interface
7 N | A S | AR s
ata | <:> l
and i PeM B-channel | | B-channel | | D-channel ISDN j .:l
Clocks controller | |controller | | controller Basic i
Aux IF Access BN
I/0- and i /O H H H |
Interrupt | port FIFO FIFO FIFO
P I | S | SN
uP - Interface
”””” Host
Figure 3 Block Diagram
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1.6 System Integration
The IPAC is suited for all host based applications.

ISDN PC Adapter Card for S Interface

An ISDN adapter card for a PC is built around the IPAC using a USB, PCI or PnP
interface device depending on the PC interface (figure 4). The IPAC can be connected
to any bus interface logic and since it provides the possibility of a one-device terminal
architecture, interfacing directly to the printer port applications is rather easy.

IPAC | S
PSB 2115 ml N <:> Interface

Interface Logic
(USB, PCI, Plug and Play, ISA Bus,
Parallel Printer Port)

]

Host Interface

2115 12

Figure 4 ISDN PC Adapter Card for S Interface
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ISDN PC Adapter Card for U or S Interface

An ISDN adapter card which supports both U and S interface may be realized using the
IPAC together with the PSB 21910 IEC-Q TE (figure 5). The S interface may be
configured for TE or LT-S mode supporting intelligent NT configurations.

IOM-2

10 1L

S 10 IPAC IEC-Q TE U
Interface * <;> g PsB211s psg 20011 | B @ Interface

Interface Logic
(USB, PCI, Plug and Play, ISA Bus)

1l

Host Interface

* optional for NT applications

2115 _13

Figure 5 ISDN PC Adapter Card for U or S interface
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ISDN Voice/Data Terminal

Figure 6 shows a voice data terminal developed on a PC card, where the IPAC provides
its functionality as data controller + S interface within a two chip solution. During ISDN
calls the ARCOFI-SP PSB 2163 provides for speakerphone functions and includes a
DTMF generator. Additionally, a DTMF receiver or keypad may be connected to the
auxiliary interface of the IPAC (LT-T mode).

—a
ARCOFI-SP T
PSB 2163

IOM-2

AUX
RDT'\_/'F PAC A s
ecelver
:: PSB 2115 :. I: Interface

or Keypad
Interface Logic
(USB, PCI, Plug and Play, ISA Bus)

1L

Host Interface

2115 _14

Figure 6 ISDN Voice/Data Terminal
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ISDN Stand-alone Terminal with POTS interface

The IPAC (LT-T mode) can be integrated in a microcontroller based stand-alone terminal
(figure 7) that is connected to the communications interface of a PC. The SICOFI2-TE
PSB 2132 enables connection of analog terminals (e.g. telephones or fax) to the dual
channel POTS interface.

POTS

SICOFI2-TE SLIC
PSB 2132

==

RDTI\_/IF L IPAC . S
eceiver ¢ PSB 2115 Interface
or Keypad AL

17

Microcontroller

1L

V.24
Interface

1L

PC Interface

Figure 7 ISDN Stand-Alone Terminal with POTS interface
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Multiline PC-Adapter

Up to three S-interfaces can be combined using one IOM interface (figure 8). All three
IPACs are configured for LT-T mode in different channels. The SCLK output is used for
DCL clock and the FSC clock is generated by one device. Only one 7.68 MHz crystal is
required for the three IPACs as they provide a buffered output clock derived from the
XTALL1 clock input.

PCM
OM-2 IPAC ol
- | PSB2115 gu—
T
Data ‘ — IPAC ) 3xS
Controller — PSB 2115 mlm Interface
T
: IPAC i
PSB2115 g

Interface Logic

(USB, PCI, Plug and Play, ISA Bus)

1l

Host Interface

2115_15

Figure 8 Multiline PC-Adapter

Semiconductor Group 31 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Functional Description

2 Functional Description

The ISDN PC Adapter Circuit IPAC replaces solutions which are based on ISAC-S TE
PSB 2186 and HSCX-TE PSB 21525. Most of the functions of both devices are
integrated on the IPAC with further modifications and improvements on certain features.
Therefore the functional and operational description is quite similar to these devices.

2.1 B-Channel Operation

The HDLC controller of each channel can be programmed to operate in various modes,
which are different in the treatment of the HDLC frame in receive direction. Thus, the
receive data flow and the address recognition features can be effected in a very flexible
way, which satisfies most requirements.

There are 4 different operating modes which can be set via the MODEB register.

* Non-Auto Mode (MODEB: MDS1, MDSO0 = 01)
» Transparent Mode 1 (MODEB: MDS1, MDSO0, ADM = 101)
» Transparent Mode 0 (MODEB: MDS1, MDSO0, ADM = 100)

Extended Transparent Modes 0; 1 (MODEB: MDS1, MDSO = 11)

211 Non-Auto Mode (MODEB: MDS1, MDSO = 01)

Characteristics: address recognition, arbitrary window size.
All frames with valid addresses are forwarded directly to the system memory.

According to the selected address mode, the IPAC can perform a 2-byte or 1-byte
address recognition. If a 2-byte address field is selected, the high address byte is
compared with the fixed value FE or FCy (group address) as well as with two
individually programmable values in RAH1 and RAH2 registers.

Similarly, two compare values can be programmed in special registers (RAL1, RAL2) for
the low address byte. A valid address will be recognized in case the high and low byte
of the address field correspond to one of the compare values. Thus, the IPAC can be
called (addressed) with 6 different address combinations. HDLC frames with address
fields that do not match with any of the address combinations, are ignored by the IPAC.

The HDLC control field, data in the I-field and an additional status byte are temporarily
stored in the RFIFOB. The HDLC control field and additional information can also be
read from special registers (RHCRB, RSTAB), however, the register contents are only
valid for the last received frame and values of previous frames are overwritten. If several
frames are stored in the RFIFOB the information should be read from the FIFO contents.

In non-auto mode, all frames are treated similarly.
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2.1.2 Transparent Mode 1 (MODEB: MDS1, MDS0, ADM = 101)
Characteristics: address recognition high byte

Only the high byte of a 2-byte address field will be compared. The whole frame except
the first address byte will be stored in RFIFOB. RAL1 contains the second and RHCRB
the third byte following the opening flag.

2.1.3 Transparent Mode 0 (MODEB: MDS1, MDSO0, ADM = 100)
Characteristics: no address recognition

No address recognition is performed and each frame will be stored in the RFIFOB. RAL1
contains the first and RHCRB the second byte following the opening flag.

214 Extended Transparent Modes 0, 1 (MODEB: MDS1, MDSO = 11)
Characteristics: fully transparent

In extended transparent modes, fully transparent data transmission/reception without
HDLC framing is performed, i.e. without FLAG generation/recognition, CRC generation/
check, bit-stuffing mechanism. This allows user specific protocol variations or the usage
of Character Oriented Protocols (such as IBM BISYNC).

Data transmission is always performed out of the XFIFOB. In extended transparent
mode O (ADM = 0), data reception is done via the RALL1 register, which always contains
the actual data byte assembled at the DD pin. In extended transparent mode 1 (ADM =
1), the receive data are additionally shifted into the RFIFOB.

Also refer to chapter 2.1.8 and 2.1.9.
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2.15 Receive Data Flow

The following figure gives an overview of the management of the received HDLC frames
as affected by different operating modes.

T T
FLAG ADDR CTRL I 22 CRC FLAG
1 1
MDS1 MDS0 ADM MODE ADDRESS CONTROL DATA STATUS
RAH1,2 | RAL1,2
Non RFIFOB
0 1 1 Autoli6 4% /4%
RHCRB L RSTAB
RAL1,2 X
RFIFOB
Non 7
0 1 0 Auto/8
RHCRB RSTAB
RAH1,2
RFIFOB
1 0 1 Transparent 1 “ M W M
RAL1 | RHCRB RSTAB
7|
RFIFOB
1 0 0 Transparent 0
RAL1 RHCRB RSTAB
Description of Symbols: T Toosers
—~——= Compared with (register) Note: In case of on 8 Bit Address,
the Control Field starts here!
w Stored (FIFO, register)

Figure 9 Receive Data Flow of IPAC
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2.1.6 Transmit Data Flow

Transparent frames can be transmitted as shown below.

T T
FLAG ADDR CTRL I 2 2 CRC FLAG
1 1

ADDRESS CONTROL DATA CHECKRAM
Transmit XFIFOB
Transparent WM%
Frame
(XTF)

ITD09620

Figure 10 Transmit Data Flow of IPAC

For transparent frames (command XTF via CMDRB register), the address and the
control fields have to be entered in the XFIFOB. This is possible in all operating modes.
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2.1.7 Serial Interface

The two serial interfaces of the IPAC provide two fully independent channels for B-
channel communication.

2.1.7.1 Clock Mode 5 (Time-Slots)

This operating mode has been designed for application in time-slot oriented PCM
systems. It is well known as “Clock Mode 5“ from the HSCX-TE PSB 21525.

The receive and transmit clock is identical for both channels and is generated from the
double rate bit clock at the DCL pin, i.e. the bit clock frequency is DCL/2. The IPAC
receives and transmits only during certain time-slots of programmable width (1 ... 256
bit, via RCCR and XCCR registers) and location with respect to a frame synchronization
signal, which is determined via the FSC pin. One of up to 64 time-slots can be
programmed independently for receive and transmit direction via TSAR and TSAX
registers, and an additional clock shift of 0 ... 7 bits via TSAR, TSAX, and CCR2
registers. Together with bits XCS0 and RCSO (LSB of clock shift), located in the CCR2
register, there are 9 bits to determine the location of a time-slot.

According to the value programmed via those bits, the receive/transmit window
(time-slot) starts with a delay of 1 (minimum delay) up to 512 clock periods following the
frame synchronization signal and is active during the number of clock periods
programmed via RCCR, XCCR (number of bits to be received/transmitted within a time-
slot) as shown in figure 11.

Within one frame the Bl-channel occupies bit 0...7 and the B2-channel bit 8...15.
Considering the minimum delay of 1 bit, the host programs the previous channel with 7
bits clock shift in order to access a certain channel.

Tablel Programming of Timeslots

Timeslot TSAR/TSAX RCSO0...2
0 (B1-channel) No. of previous channel |7

(see note)
1 (B2-channel) 0 7

Note: The previous channel of the B1-channel is the last of the IOM-2 frame, e.g. in TE
mode (DCL=1.536 MHz) the channel number is 11 (12th timelsot).
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Register:  TSAR © TSAR RCS2 RCS1|RCSO
— : CCR2
TSAX C o TSNX xcs2_ xcsifxcso
<«— Time-Slot Number ———» Clock Shift -
TSN (6 Bits) CS (3 Bits)
< 9 Bits >

FSC '
I

oL Uy rirrr, Sy

TIME-SLOT | |

N

SDS

l«——DELAY —»
| SCFG:TSLT

SCFG: TLEN

1 (0, 7,15, ... 255 Clocks)

(8 or 16 Bit)

—

—WIDTH——>|

1 ITD09621

Figure 11 Location of Time-Slots

Note: In extended transparent mode the width of the time-slots has to be n x 8 bit.

The active time-slot can additionally be indicated by a programmable strobe signal SDS

of which the output is set to log 1 during th

Semiconductor Group
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2.1.7.2 Data Encoding

In the point-to-point configuration, the IPAC supports both NRZ and NRZI data encoding
(selectable via CCRL1 register).

NRZ Encoding

r. o 1t t 0 0

1
[TT00243

Figure 12 NRZ Encoding/NRZI Encoding

During NRZI encoding, level changes are interpreted as log 0, and no changes in level
as log 1.

Data output on the IOM interface is performed with the rising edge of DCL, data input
with the second falling DCL clock edge.
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2.1.8 Fully Transparent Transmission and Reception

When programmed to the extended transparent mode via the MODEB register (MDS1,
MDSO0 = 11), each channel of the IPAC supports fully transparent data transmission and
reception without HDLC framing overhead, i.e. without

* FLAG insertion and deletion
* CRC generation and checking
 Bit-stuffing mechanism.

In order to enable fully transparent data transfer, RAC bitin MODEB has to be reset and
FFy has to be written to XAD1, XAD2 and RAH2.

Data transmission is always performed out of the transmit FIFO by directly shifting the
contents of the XFIFOB via the serial transmit data pin (DU). Transmission is initiated by
setting CMDRB : XTF (08y); end of transmission is indicated by EXIRB : EXE (40y).

In receive direction, the character currently assembled via the receive data line (DD) is
available in the RAL1 register. Additionally, in extended transparent mode 1 (MODEB:
MDS1, MDSO, ADM = 111), the received data is shifted into the RFIFOB.

This feature can be profitably used e.g. for:

 user specific protocol variations
 the application of character oriented protocols (e.g. BISYNC)
 test purposes, line intentionally violation of HDLC protocol rules (e.g. wrong CRC)

The valid timeslot for data access on IOM-2 can be selected by setting timeslot position
and timeslot length.

For a timeslot length greater than 8-bit (e.g. 16-bit) the access to the selected timeslots
on IOM-2 is not synchronized to the frame sync signal FSC. For example if the valid
16-bit timeslot is programmed to B1 and B2, the IPAC does not ensure that transmission
is started in B1 of the very first IOM-2 frame, it may also start with B2 and then continue
with B1 and B2 in the next frame.

It should be noted that in extended transparent mode 1 an invalid octett is output on
IOM-2 before the first valid octett from the XFIFOB is transmitted. In receive direction the
first 3 ocetetts of each 64-byte RFIFOB block are invalid and should be discarded.

2.1.9 Cyclic Transmission (Fully Transparent)

If the extended transparent mode is selected, the IPAC supports the continuous
transmission of the transmit FIFO’s contents.

After having written 1 to 64 bytes to the XFIFOB, the command

XREP.XTF.XME

via the CMDR register (bit 7 ... 0 = ‘00101010’ = 2AH) forces the IPAC to repeatedly
transmit the data stored in the XFIFOB via DU pin.

The cyclic transmission continues until a reset command (CMDRB : XRES) is issued,
after which continuous ‘1’-s are transmitted.
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Note: In DMA-mode the command XREP, XTF has to be written to CMDRB.

2.1.10 Continuous Transmission (DMA Mode only)

If data transfer from system memory to the IPAC is done by DMA (DMA bit in XBCH set),
the number of bytes to be transmitted is usually defined via the Transmit Byte Count
registers (XBCH, XBCL : bits XBC11 ... XBCO0).

Setting the ,Transmit Continuously“ (XC) bit in XBCH, however, the byte count value is
ignored and the DMA interface of the IPAC will continuously request for transmit data
any time 64 bytes can be stored in the XFIFOB.

This feature can be used e.g. to

» continuously transmit voice or data onto a PCM highway, or to
« transmit frames exceeding the byte count programmable via XBCH, XBCL (frames
with more than 4095 bytes).

Note: If the XC bit is reset during continuous transmission, the transmit byte count
becomes valid again, and the IPAC will request the amount of DMA transfers
programmed via XBC11 ... XBCO. Otherwise the continuous transmission is
stopped when a data underrun condition occurs in the XFIFOB, i.e. the DMA
controller does not transfer further data to the IPAC. In this case continuous '1’-s
(idle), without appending a CRC, are transmitted.

2.1.11 Receive Length Check Feature

The IPAC offers the possibility to supervise the maximum length of received frames and
to terminate data reception in case this length is exceeded.

This feature is controlled via the special Receive Length Check Register (RLCR).

The function is enabled by setting the RC (Receive Check) bit in RLCR and
programming the maximum frame length via bits RL5 ... RLOY

According to the value written to RL5 ... RLO, the maximum receive length can be
adjusted in multiples of 64-byte blocks as follows:

MAX. LENGTH = (RL + 1) x 64.

All frames exceeding this length are treated as if they have been aborted from the
opposite station, i.e. the CPU is informed via a

D The frame length includes all bytes which are stored in the RFIFOB.
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— RME interrupt, and the
— RAB bit in RSTA register is set!

To distinguish between frames really aborted from the opposite station, the receive byte
count (readable from RBCHB, RBCLB registers) exceeds the maximum receive length
(via RL5 ... RLO) by one or two bytes in this case.

The check includes all data that is copied into the RFIFOB. It does not include the
address byte(s) if address recognition is selected. It includes the RSTAB value in all
operating modes.

2.1.12 Data Inversion

When NRZ data encoding has been selected, the IPAC may transmit and receive data
inverted, i.e. a ‘one’ bit is transmitted as phys. zero (0 V) and a ‘zero’ bit as phys. one (+
5 V) via the DU line.

Transmit
—
1 +5V
Log. Data Bit X Phys. Level
0 oV
47
Receive ITD00245

Figure 13 Data Inversion

This feature is selected by setting the DIV bit in the CCR2 register.
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2.2 D-Channel Operation

2.2.1 Layer-2 Functions for HDLC

The D-Channel HDLC controller in the IPAC is responsible for the data link layer using
HDLC/SDLC based protocols.

The IPAC can be configured to support data link layer to a degree that best suits system
requirements. Multiple links may be handled simultaneously due to the address
recognition capabilities, as explained in section 2.2.1.1.

The IPAC supports point-to-point protocols such as LAPB (Link Access Procedure
Balanced) used in X.25 networking.

For ISDN, one particularly important protocol is the Link Access Procedure for the
D channel (LAPD).

LAPD, layer 2 of the ISDN D-channel protocol (CCITT 1.441) includes functions for:

— Provision of one or more data link connections on a D channel (multiple LAP).
Discrimination between the data link connections is performed by means of a data link
connection identifier (DLCI = SAPI + TEI)

— HDLC-framing

— Application of a balanced class of procedure in point-multipoint configuration.

The HDLC transceiver in the IPAC performs the framing functions used in HDLC/SDLC
based communication: flag generation/recognition, bit stuffing, CRC check and address
recognition.

The FIFO structure with two 64-byte pools for transmit and receive directions and an
intelligent FIFO controller permit flexible transfer of protocol data units to and from the
HC system.

2211 Message Transfer Modes

The HDLC controller can be programmed to operate in various modes, which are
different in the treatment of the HDLC frame in receive direction. Thus, the receive data
flow and the address recognition features can be programmed in a flexible way, to satisfy
different system requirements.

For the address recognition the IPAC contains four programmable registers for individual
SAPI and TEl values SAP1-2 and TEI1-2, plus two fixed values for “group” SAPI and TElI,
SAPG and TEIG.
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There are 5 different operating modes which can be set via the MODED register:
Auto Mode (MDS2, MDS1 = 00)
Characteristics:  — Full address recognition (1 or 2 bytes).
— Normal (mod 8) or extended (mod 128) control field format
— Automatic processing of numbered frames of an HDLC procedure.

If a 2-byte address field is selected, the high address byte is compared with the fixed
value FEy or FCy (group address) as well as with two individually programmable values
in SAP1 and SAP2 registers. According to the ISDN LAPD protocol, bit 1 of the high byte
address will be interpreted as COMMAND/RESPONSE bit (C/R) dependent on the
setting of the CRI bit in SAP1, and will be excluded from the address comparison.

Similarly, the low address byte is compared with the fixed value FF (group TEI) and two
compare values programmed in special registers (TEI1, TEI2). A valid address will be
recognized in case the high and low byte of the address field match one of the compare
values. The IPAC can be called (addressed) with the following address combinations:

— SAP1/TEI1
— SAP1/FF,
— SAP2/TEI2
— SAP2/FF,
— FE4(FCQ)/TEIL
— FEL(FCQ)/TEI2
— FEy(FCR)/FFy

Only the logical connection identified through the address combination SAP1, TEI1 will
be processed in the auto mode, all others are handled as in the non-auto mode. The
logical connection handled in the auto mode must have a window size 1 between
transmitted and acknowledged frames. HDLC frames with address fields that do not
match with any of the address combinations, are ignored by the IPAC.

In case of a 1-byte address, TEI1 and TEI2 will be used as compare registers. According
to the X.25 LAPB protocol, the value in TEI1 will be interpreted as COMMAND and the
value in TEI2 as RESPONSE.

The control field is stored in RHCRD register and the | field in RFIFOD. Additional
information is available in RSTAD.

Non-Auto Mode (MDS2, MDS1 = 01)

Characteristics:  Full address recognition (1 or 2 bytes)
Arbitrary window sizes

All frames with valid addresses are accepted and the bytes following the address are
transferred to the uP via RHCRD and RFIFOD. Additional information is available in
RSTAD.
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Transparent Mode 1 (MDS2, MDS1, MDSO0 = 101).
Characteristics:  TEI recognition

A comparison is performed only on the second byte after the opening flag, with TEI1,
TEI2 and group TEI (FFy). In case of a match, the first address byte is stored in SAPR,
the (first byte of the) control field in RHCRD, and the rest of the frame in the RFIFOD.
Additional information is available in RSTAD.

Transparent Mode 2 (MDS2, MDS1, MDSO0 = 110).
Characteristics:  no address recognition

Every received frame is stored in RFIFOD (first byte after opening flag to CRC field).
Additional information can be read from RSTAD.

Transparent Mode 3 (MDS2, MDS1, MDSO = 111).
Characteristics: ~ SAPI recognition

A comparison is performed on the first byte after the opening flag with SAP1, SAP2 and
group SAPI (FER/FCh). In the case of a match, all the following bytes are stored in
RFIFOD. Additional information can be read from RSTAD.
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22.1.2 Reception of Frames

A 2x32-byte FIFO buffer (receive pools) is provided in the receive direction.

The control of the data transfer between the CPU and the IPAC is handled via interrupts.
There are two different interrupt indications concerned with the reception of data:

— RPF (Receive Pool Full) interrupt, indicating that a 32-byte block of data can be read
from the RFIFOD and the received message is not yet complete.

— RME (Receive Message End) interrupt, indicating that the reception of one message
is completed, i.e. either
e one message < 32 bytes, or
 the last part of a message = 32 bytes

is stored in the RFIFOD.

Depending on the message transfer mode the address and control fields of received
frames are processed and stored in the receive FIFO or in special registers as depicted
in figure 15.

The organization of the RFIFOD is such that, in the case of short (< 32 bytes),
successive messages, up to two messages with all additional information can be stored.
The contents of the RFIFOD would be, for example, as shown in figure 14.

RFIFOD Interrupts in
Wait Line

0 I, \\
I 1
I I
Receive : :
Message 1 I I
(<32 bytes) ! :
I I
I I
I I
31 ' '
5 L » RME,
I I
I I
I I
Receive ! :
Message 2 I I
(<32 bytes) : :
I I
I I
I I
——» RMEI
31 I 1
\ [
\ /

N o =
ITD09622

Figure 14 Contents of RFIFOD (short message)
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Flag A?_ﬁéiss A(?_%rv%ss Control Information 11 CRC Flag
Auto-Mode /sap1.5AP2 \/ TEILTER
Uand | frames) zzzz\ FE P X o > RHCRD RFIFOD %TAE#ZZZZ
(Note 1) (Note 2) (Note 3)
,’\\'A‘(’)g?“to zzzz(SAFpé'ﬁéPZX TE'%’FT El2 > RHCRD RFIFOD %T%ZZZZ
(Note 1) (Note 2) (Note 4)
Uggjplarem == SAPR ( TE'%’FT El2 > RHCRD RFIFOD %T/i#zzzz
(Note 4)
Ugggpzarem = RFIFOD %T;E#zzzz
Ujg:%arem zzzz( SAFPé'ECAP2> RFIFOD %T/i/&zzzz

ITD09623
Description of Symbols:

—» Checked automatically by IPAC

Figure 15 Receive Data Flow
Note 1: Only if a 2-byte address field is defined (MDSO = 1 in MODED register).

Note 2: Comparison with Group TE| (FFy) is only made if a 2-byte address field is
defined (MDSO = 1 in MODED register).

Note 3: In the case of an extended, modulo 128 control field format (MCS = 1 in SAP2
register) the control field is stored in RHCRD in compressed form (I frames).

Note 4: In the case of extended control field, only the first byte is stored in RHCRD, the
second in RFIFOD.
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When 32 bytes of a message longer than that are stored in RFIFOD, the CPU is
prompted to read out the data by an RPF interrupt. The CPU must handle this interrupt
before more than 32 additional bytes are received, which would cause a “data overflow”
(figure 16). This corresponds to a maximum CPU reaction time of 16 ms (data rate 16
kbit/s).

After a remaining block of less than or equal to 16 bytes has been stored, it is possible
to store the first 16 bytes of a new message (see figure 16).

The internal memory is now full. The arrival of additional bytes will result in “data
overflow” and a third new message in “frame overflow”.

The generated interrupts are inserted together with all additional information into a wait
line to be individually passed to the CPU.

After an RPF or RME interrupt has been processed, i.e. the received data has been read
from the RFIFOD, this must be explicitly acknowledged by the CPU issuing a RMC
(Receive Message Complete) command.

The IPAC can then release the associated FIFO pool for new data. If there is an
additional interrupt in the wait line it will be generated after the RMC acknowledgment.

RFIFOD Interrupts in RFIFOD Interrupts in
the Queue the Queue
0 g ™\ 0 g ™\
| | | 1
| | | 1
I I
: I Long : I
Long I | Message 1 | I
Message ! : (< 48 bytes) ! :
| I 1 |
| I | 1
| I | |
31 ' ' 31 ' '
q L RPF| q L RPF|
I | | I
| I 1 |
| I | 1
| I | |
I ! L » RME!
I : 16 I :
I I
I | Message 2 I 1
: : (<32 bytes) : :
1 I 1 1
31 > RPF ! 31 F——» RME!
‘\ / ‘\ /
N = SN ———
ITD09624

Figure 16 Contents of RFIFOD (long message)
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Information about the received frame is available for the pP when the RME interrupt is
generated, as shown in table 2.

Table 2  Receive Information at RME Interrupt

Information Register |Bit Mode

First byte after flag | SAPR - Transparent mode 1
(SAPI of LAPD
address field)

Control field RHCRD |- Auto mode, | (modulo 8) and U frames

Compressedcontrol | RHCRD |- Auto mode, | frames (modulo 128)

field

2" pyte after flag RHCRD |- Non-auto mode, 1-byte address field

3 byte after flag RHCRD |- Non-auto mode, 2-byte address field
Transparent mode 1

Type of frame RSTAD |C/R Auto mode, 2-byte address field

(Command/ Non-auto mode, 2-byte address field

Response) Transparent mode 3

Recognition of SAPI | RSTAD |SA1-0 Auto mode, 2-byte address field
Non-auto mode, 2-byte address field
Transparent mode 3

Recognition of TEI |RSTAD |[TA All except Transparent mode 2,3

Result of CRC RSTAD |CRC All
check (correct/
incorrect)

Data available in RSTAD RDA All
RFIFOD (yes/no)

Abort condition RSTAD RAB All
detected
(yes/no)

Data overflow RSTAD RDO All
during reception of
a frame
(yes/no)

Number of bytes RBCLD |RBC4-0 |All
received in RFIFOD

Message length RBCLD |RBC11-0 |All
RBCHD
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2.2.1.3 Transmission of Frames
A 2x32 byte FIFO buffer (transmit pools) is provided in the transmit direction.

If the transmit pool is ready (which is true after an XPR interrupt or if the XFW bit in
STARD is set), the CPU can write a data block of up to 32 bytes to the transmit FIFO.
After this, data transmission can be initiated by command.

The transmission of transparent frames (command: XTF) and | frames (command: XIF)
is shown in figure 17.

* Transmit
Transparent XFIFOD /
Frame

* Transmit /

| Frame XAD1 XAD2 XFIFOD /

(auto-mode only!)

Transmitted —

HDLC Frame £ 2 A‘fﬂéfs A‘J'L%rvevss Control INFORMATIONII CRC | Fiag
If 2 byte Appended if CPU
address has issued
field transmit message
selected end (XME)

command.

ITD09625

Description of Symbols:

— Generated automatically by IPAC

— Wiritten initially by CPU (into register)

D — Loaded (repeatedly) by CPU upon IPAC request (XPR interrupt)

Figure 17 Transmit Data Flow

Semiconductor Group 49 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Functional Description

For transparent frames, the whole frame including address and control field must be
written to the XFIFOD.

The transmission of | frames is possible only if the IPAC is operating in the auto mode.
The address and control field is autonomously generated by the IPAC and appended to
the frame, only the data in the information field must be written to the XFIFOD.

If a 2-byte address field has been selected, the IPAC takes the contents of the XAD 1
register to build the high byte of the address field, and the contents of the XAD 2 register
to build the low byte of the address field.

Additionally the C/R bit (bit 1 of the high byte address, as defined by LAPD protocol) is
set to “1” or “0” depending on whether the frame is a command or a response.

In the case of a 1-byte address, the IPAC takes either the XAD 1 or XAD 2 register to
differentiate between command or response frame (as defined by X.25 LAPB).

The control field is also generated by the IPAC including the receive and send sequence
number and the poll/final (P/F) bit. For this purpose, the IPAC internally manages send
and receive sequence number counters.

In the auto mode, S frames are sent autonomously by the IPAC. The transmission of
U frames, however, must be done by the CPU. U frames must be sent as transparent
frames (XTF), i.e. address and control field must be defined by the CPU.

Once the data transmission has been initiated by command (XTF or XIF), the data
transfer between CPU and IPAC is controlled by interrupts.

The IPAC repeatedly requests another data packet or block by means of an XPR
interrupt, every time no more than 32 bytes are stored in the XFIFOD.

The processor can then write further data to the XFIFOD and enable the continuation of
frame transmission by issuing an XIF/XTF command.

If the data block which has been written last to the XFIFOD completes the current frame,
this must be indicated additionally by setting the XME (Transmit Message End)
command bit. The IPAC then terminates the frame properly by appending the CRC and
closing flag.

If the CPU fails to respond to an XPR interrupt within the given reaction time, a data
underrun condition occurs (XFIFOD holds no further valid data). In this case, the IPAC
automatically aborts the current frame by sending seven consecutive “ones” (ABORT
sequence).

The CPU is informed about this via an XDU (Transmit Data Underrun) interrupt.

It is also possible to abort a message by software by issuing an XRES (Transmitter
RESet) command, which causes an XPR interrupt.

After an end of message indication from the CPU (XME command), the termination of
the transmission operation is indicated differently, depending on the selected message
transfer mode and the transmitted frame type.
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If the IPAC is operating in the auto mode, the window size (= number of outstanding
unacknowledged frames) is limited to 1; therefore an acknowledgment is expected for
every | frame sent with an XIF command. The acknowledgment may be provided either
by a received S or | frame with corresponding receive sequence number (see figure 14).

If no acknowledgment is received within a certain time (programmable), the IPAC
requests an acknowledgment by sending an S frame with the poll bit set (P = 1) (RR or
RNR). If no response is received again, this process is repeated in total CNT times (retry
count, programmable via TIMRL1 register).

The termination of the transmission operation may be indicated either with:

— XPR interrupt, if a positive acknowledgment has been received,

— XMR interrupt, if a negative acknowledgment has been received, i.e. the transmitted
message must be repeated (XMR = Transmit Message Repeat),

— TIN interrupt, if no acknowledgment has been received at all after CNT times the
expiration of the time period t; (TIN = Timer INterrupt, XPR interrupt is issued
additionally).

Note: Prerequisite for sending | frames in the auto mode (XIF) is that the internal
operational mode of the timer has been selected in the MODED register
(TMD bit = 1).

The transparent transmission of frames (XTF command) is possible in all message
transfer modes. The successful termination of a transparent transmission is indicated by
the XPR interrupt.

A transmission may be aborted from the outside (E # D) which has the effect that the
stop/go bit is set to 1, provided DIM1-0 (MODED register) are programmed
appropriately. An example of this is the occurrence of an S bus D-channel collision. If
this happens before the first FIFO pool has been completely transmitted and released,
the IPAC will retransmit the frame automatically as soon as transmission is enabled
again. Thus no pP interaction is required.

On the other hand, if a transmission is inhibited by the Stop/Go bit after the first pool has
already been released (and XPR generated), the IPAC aborts the frame and requests
the processor to repeat the frame with an XMR interrupt.

In LT-T mode the Stop/Go bit can be output on pin AUX7 which may be used for test
purposes.
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2.3 Control Procedures

Control procedures describe the commands and messages required to control the IPAC
PSB 2115 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.

2.3.1 Activation Initiated by Exchange (LT-S)
TE/LT-T IOM®-2 LT-S IOM®-2
~ CI DC (1111b) C/l DC (1111b) ~ ; Initial state is G1 deactivated
- C/Il DI (1111b) C/l DI (1111b) - ;and F3 Power Down
~ CIl RSY (0100b) C/l. AR (1000b) ~ ; Start activation
« C/l AR (1000b) C/l. AR (1000) -
~ Ch Al (1100b) C/il Al (1100) - ; Activation completed

- C/l. AR8/AR10 (1000b/1001b)

2.3.2 Activation Initiated by Terminal (TE/LT-T)

The following scheme illustrates how a terminal initiates an activation.

TE/LT-T IOMP-2 LT-S IOM"-2
- C/ DC (1111b) C/l DC (1111b) ~ ; Initial state is G1 Deactivated
- C/l DI (1111b) C/l Dl (1111b) - ; and F3 Power Down
_ C/l TIM  (0000b) ; Request timing (IOM clocks)

~ C/Il PU (0111b)
C/l ARS8 (1000b)

_ TIM ; Start Activation
Release
~ C/l. RSY (0100b) ; Transfer to G3 Activated
« ClIl AR (1000b) C/l AR (1000b) - ;
< Ch Al (1100b) C/l Al (1100b) - ;
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2.3.3 Deactivation

A deactivation of the S-interface can only be initiated by the exchange side (IPAC in
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 IOM®-2 LT-S IOM®-2
~ C/I AI8 (1100b) C/l Al (1100b) - ; Initial state
- C/l DR (0000b) C/l DR (0000b) ~ ; start deactivation
_ C/l DI (1111b) C/l. TIM (0000b) - ;
~ C/I DC (1111b) C/l DI (1111b) - ;“G1 Deactivated”
C/l. DC (1111b) ~ ; Transfer to “F3 Power Down”

(only in intelligent NT mode,
not in LT-S mode
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2.3.4 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 18 illustrates that
collisions are possible on the TIC- and the S-bus.

ICC
PEB 2070

ICC
PEB 2070

3

ICC 9
PEB 2070

3

IPAC

S-
Transceiver

D-Channel
Control

NT U

IPAC

Control Transceiver

IPAC

S-

D-Channel
Control

Transceiver

D-Channel i S-

TIC Bus S Bus

Figure 18 D-Channel Access Control on TIC Bus and S Bus
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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 ... TES).

While the S-bus collision detection is handled by the S interface control of the IPAC, TIC
bus access is mainly controlled by the D-Channel HDLC controller of the IPAC or from
external devices on the IOM-2 interface (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.

2.3.4.1 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 2.7.1):

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

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.

2. 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 “ZERO”s overwrite
binary “ONE”s. Thus low TIC bus addresses have higher priority.

3. 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.

4. If access was granted, the controller will put the D-channel data onto the IOM-2 bus
in the following frame provided 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
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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 IPAC
operating in TE mode.

5. After the transmission of an HDLC frame has been completed the D-Channel
controller withdraws from the TIC bus for two IOM-2 frames. This also applies when a
new HDLC frame is to be transmitted in immediate succession. With this mechanism
it is ensured that all connected controllers receive an equally fair chance to access the
TIC bus.

2.34.2 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 all
competing TEs are 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
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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.

2.3.4.3 S-Bus D-channel Control in TEs

If the IPAC is not in a point-to-point configuration in TE mode, D-channel collision on the
S-bus can occur. For this purpose the characteristic of the D-channel Mode register must
be programmed to DIM2-0 =001 or 011 (refer to table 27 of chapter 4.3.7) for D-channel
collision resolution according to ITU 1.430.

In this case the IPAC continuously compares the D data bits with the received E-echo
bits. Depending on the priority class selected (8 or 10), the S/G bit is controlled in a way
that data transmission by the internal D-channel controller or by an externally connected
ICC will start after the appropriate number of E-bits set to "1’ are detected by the layer 1
transceiver.

The priority class (priority 8 or priority 10) is selected by transferring the appropriate
activation command via the Command/Indication (C/l) channel of the IOM-2 interface to
the IPAC S-interface. 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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1. Priority Class 8/10 Selection with NT Initiated Activation

TE 10M®-2
~ CN DC  (1111b)
- ¢ Dl (1111b)
— CN RSY (0100b)
< CN AR  (1000b)
- ch Al (1100b)

C/l ARS8  (1000b)

D: transfer HDLC frame

Cl/l

D: transfer packet data

AR10 (1001b)

Al10 (1101b)

LT-S (NT) IOM"-2

C/
C/

Cl/
C/

C/
C/

DC
DI

AR
AR

Al
Al

(1111b)
(1111b)

(1000b)
(1000b)

(1100b)
(1100b)

Functional Description

; Start activation from

- ; NT side

- ; Allocate highest priority
; (e.g. for signaling data)
; Allocate lower priority
; for packet data

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

TE IOM®-2

<« CI DC (1111b)
- C/Il DI (1111b)
_ C/l. TIM  (0000b)
< Ch PU (0111b)
_ C/l. AR10 (1001b)
_ C/l  TIM Release

~ C/Il. RSY (0100b)
< C/Il AR (1000b)
< CNI AI10 (1101b)

D: transfer packet data

C/

D: transfer HDLC frame

ARS8  (1000b)

AI8  (1100b)

Semiconductor Group

NT IOM®=-2
C/l DC
C/l DI
C/l AR
C/l AR
C/l Al
C/ll Al

58

(1111b)
(1111b)

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

—

—

; Request timing (IOM clocks)

; Activation with second
- ; priority (e.g. for packet data)

; Allocate highest priority
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2.3.4.4 S-Bus D-Channel Control in LT-T

In LT-T mode the IPAC 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 IPAC is transparent (IOM-2 - S-bus) D-channel transmission.

In case a point to multipoint configuration is implemented, the characteristic of the D-
channel Mode register must be programmed to DIM2-0 = 001 or 011 (refer to table 27
of chapter 4.3.7) for D-channel collision resolution according to ITU 1.430.

Priority allocation is identical to that described for the TE mode.

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

In intelligent NT applications both the IPAC and one or more D-channel controllers on
the S interface and/or the IOM-2 interface have to share a single upstream D-channel.

The intelligent NT configuration involves a layer-1 device (e.g. IEC-Q TE) operating in
TE mode (1.536 MHz DCL rate) and an IPAC in LT-S mode with its D-channel controller
operating in TE timing mode (D-channel transmitting in IOM-2 channel 0).

The IPAC incorporates an elaborate statemachine for D-channel priority handling on
IOM-2. For the access to the D-channel a similar arbitration mechanism as on the S
interface (writing D-bits, reading back E-bits) is performed for the local D-channel
sources (local access), i.e. for the IPAC D-channel controller and for a D-channel
controller connected to the IOM-2 interface (e.g. ICC PEB 2070). Due to this an equal
and fair access is guaranteed for all D-channel sources on both the S interface and the
IOM-2 interface.

For this purpose the IPAC is set in LT-S mode with its layer 1 function programmed to
channel 1 and NT state machine activated. Therefore the layer 1 uses the C/I1 channel
(which is realized by the layer 2 function), however the B1-, B2- and D-channels have to
be mapped in IOM channel 0.

The layer 2 function is configured to TE timing mode (D- and C/I-channel controller
transmits on C/10 and evaluates C/I0 and C/I1) with S/G bit evaluation (refer to table 27
of chapter 4.3.7). The priority handler for D-channel access on IOM-2 is enabled and the
priority 8 or 10 is selected.

The configuration settings of the IPAC in intelligent NT applications are summarized in
table 3.
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Table 3  IPAC Configuration Settings in Intelligent NT Applications

Functional |Configuration Description Configuration Setting
Block
Layer 1 Select LT-S mode Pins:
MODEO =1
MODE1 =0
Select IOM-2 channel 1 Pins:
CH2-0 =001
Activate NT state machine MON-8 Configuration Register:
FSMM =1
Map channels B1, B2 and D MON-8 IOM-2 Channel Register:
to IOM channel O BiL=1,B2L=1,DL=1
Layer 2 Select TE timing mode Register:
SPCR:SPM =0
Enable S/G bit evaluation Register:
MODED:DIM2-0 = 001
Enable D-channel priority handler | Register:
on IOM-2 CONF:IDH =1
Select priority 8 or 10 for Register:
D-channel priority handleron IOM-2| SCFG:PRI

With the configuration settings shown above the IPAC in intelligent NT applications
provides for equal access to the D-channel for terminals connected to the S-interface
and for D-channel sources on IOM-2.

For a detailed understanding the following sections provide a complete description on
the procedures used by the D-channel priority handler on IOM-2, although this may not
be necessary to use this mode.
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1. NT D-Channel Controller Transmits Upstream

In the initial state (Ready’ state) neither the local D-channel sources nor any of the
terminals connected to the S-bus transmit in the D-channel.

The IPAC S-transceiver thus receives BAC = “1" (IOM-2 DU line) and transmits
S/G =*"0" (IOM-2 DD line). The access will then be established according to the following
procedure:

» Local D-channel source verifies that BAC bit is set to ONE (currently no bus access).

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

» Local D-channel source issues BAC = “0” to block other sources on IOM-2 and starts
D-channel transmission.

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

» Local D-channel source commences with D data transmission on IOM-2 as long as it
receives S/G = “0".

» After D-channel data transmission is completed the controller sets the BAC bit to
ONE.

* IPAC S-transceiver pulls S/G bit to ONE ('Ready’ state) to block the D-channel
controller on IOM-2.

* |IPAC S-transceiver transmits non-inverted echo (E = D).

* |IPAC S-transceiver pulls S/G bit to ZERO ('ldle’ state) as soon as n D-bits ='1’ are
counted on IOM-2 (see note) to allow for further D-channel access.

Note: Right after transmission the S/G bit is pulled to '1’ until n successive D-bits = '1’
occur on the IOM-2 interface. As soon as n D-bits = '1’ are seen, the S/G bit is set
to ‘0’ and the IPAC D-channel controller may start transmission again. This allows
an equal access for D-channel sources on IOM-2 and on the S interface.

The number n depends on configuration settings (selected priority 8 or 10) and the
condition of the previous transmission, i.e. if an abort was seen (n = 8 or 10,
respectively) or if the last transmission was successful (n = 9 or 11, respectively).

Figure 19 illustrates the signal flow in an intelligent NT and the algorithm of the D-
channel priority handler on IOM-2 implemented in the IPAC.
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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:

* |IPAC S-transceiver (in intelligent NT) recognizes that the D-channel on the S-bus is
active.

* |IPAC S-transceiver sets S/G = 1 to block local D-channel sources.

» |IPAC S-transceiver transfers S-bus D-channel data transparently through to the
upstream IOM-2 bus (IOM-2 channel 0).

» After D-channel transmission has been completed by the terminal and the IPAC
S-transceiver in the intelligent NT recognizes the idle condition (i.e. eight consecutive
D=1) on the S-bus D-channel, the S/G bit is set to ZERO.

For both cases described above the exchange indicates via the A/B bit (controlled by
layer 1) that D-channel transmission on this line 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).

In case the exchange prohibits D data transmission on this line the A/B bit is set to “0”
(block). For Upy applications with S extension this forces the intelligent NT IPAC S-
transceiver 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 D-channel controller in the
intelligent NT.

Note: Although the IPAC S-transceiver 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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D-channel controller
e.g. ICC PEB 2070
TE
D-channel »— Ds
T — | <+— BAC Dov—= DU U
1
n E-channel | | Layer DD transceiver |:> Exchange
L P S/G D | |DoBAGTBA
o > S/G
o «AB v v| 4o 4 4
IOM-2
IPAC D-channel Masterdevice,
controller e.g. IEC-Q TE
TE || (LT-S mode) (TE mode timing) A
Reset or A/B=1
~———» Ready |
S/G =1
Es=Ds
DIOM = D
Ds=0
| S Access | ONT =n ' Local Access|
S/G =1 S/G =0
Es = Ds Es = Ds
DIOM = D DIOM = D
| Ide |
S/G=0
Es = Ds 2115 25
DIOM = D
Figure 19 Data Flow for Collision Resolution Procedure in Intelligent NT
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The state machine for D-channel access in the intelligent NT describes four states and
four types of conditions for state transition:

States

Ready The D-channel is transparent to the layer 1 (D;opm = Ds) and no
device occupies the D-channel (BAC=1). The echo bits
correspond to the received D-bits on the S-interface. The layer 2
is blocked (S/G=1) until the required number (priority) of D=1 are
counted on IOM-2.

Idle This state is identical to the 'Ready’ state, except the layer 2 may
also start transmission on the D-channel (S/G=0).

S Access The D-channel is transparent to the layer 1 and occupied by a
source on the S-interface. The layer 2 is blocked (S/G=1).

Local Access 'The D-channel is occupied by the IPAC D-channel controller or
by another D-channel controller on IOM-2. This is indicated by
BAC=0. The Echo-bits are setto ‘D’ (terminals on S are blocked).

State transition conditions

T1 A terminal on the S-interface has started transmission on the D-
channel (Dg=0). Preceeding this, the required number of D=1
(according to the priority setting) was written and read back
(E-bits) on the S-interface.

T2 The required number of D=1 is counted on the IOM-2 interface,
so the IPAC D-channel controller may start transmission again.

T3 The IPAC layer 2 controller has started transmission on the
D-channel (Dp = idle).
T4 The IPAC layer 2 controller has stoped transmission on the

D-channel (Dp = idle), i.e. the end flag of the previous frame or
an abort is detected.

The number n of D=1 which has to be counted on IOM-2 by the state machine for state
transition T2 is described in the table below:

Previous transmission of NT D-channel controller
successful not successful
Configured Priority (end flag seen) (abort seen)
Prio = 8 (SCFG:PRI=0) n=9 n=8
Prio = 10 (SCFG:PRI=1) n=11 n=10

Note: D=idle implies that 8 consecutive '1’ are detected on the D-channel.
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2.3.5 IOM"-2 Interface Channel Switching

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

* Individual channel transfer from the selected (i.e. pin strapped) IOM-2 channel
(channel 0 or 1) to IOM-2 channel O.
* 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 20 illustrates a typical intelligent NT with the speech CODEC ARCOFI
combined with several terminals. Monitor programming for both ARCOFI and IPAC can
only be performed in monitor channel 1.

TE 1 LT-S Mode IOM-2 TE Mode
(1.536 MHz)
B s L] DD
ARCOFl [ISACSTE| IPAC IECQTE | U
1 | bu
TE2 DU DD
[ ARCOFI
ARCOFI |ISAC-S TE

TE7

IPAC

TE 8

IPAC

N e b

Figure 20 Intelligent NT-Configuration for IOM~-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
“Loopback” 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

IC2 w

A v
DU DD
ARCOFI®

Voice Data to IC2

ITS09628

IPAC (LT-S) Bl
DU B2—mM —»
BIL=1 > DIN
Exchange
B2L=1 ED DOUT
< B1
< B2
IOM®-2 Reg.
A \
DU DD
ARCOFI®
Power-Down
ITS09627
2. Connection B1 (e.g. TE1) -~ Exchange, B2 (e.g. TE8) - U-TE
IPAC (LT-S)
DU Bl—— »
BIL=1 > DIN
Exchange
DD Ic2
B2D=1 |¢ DOUT
< Bl
IOM®-2 Reg.
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3. Connection U-TE (B1) - Exchange, B2 (e.g. TE1) -~ Exchange

IPAC (LT-S)
DU B2—m
B2L=1 >DIN
Exchange
DD B1
< DOUT
< B2
IOM®-2 Reg. ( Bl
A \ 4
DU DD
ARCOFI®
Voice Data to B1
ITS09629
4. Connection TE1 (B1) - TE8 (B2), U-TE (B1 or B2) - Exchange
IPAC (LT-S)
P » DIN
IBl1=1 >
B2=1 521 Sl Exchange
IB12 = 1 DD B2 or Bl
® < ouT
(IOM™-2 channel 1) B2 or B1
Loopback Reg. (
A A
DU DD
ARCOFI®
Voice Data to B1 or B2

(I0M®-2 channel 0)

ITS09630
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2.4 SI/T Interface

24.1

The S-transceiver supports terminal mode (TE), line termination subscriber side mode
(LT-S) and line termination trunk side mode (LT-T). The selection is performed by two
mode pins (see table 4), additionally the B-channel receive and transmit data paths are
switched to DU or DD line depending on the mode (figure 21). In other words, the DU
line always carries data which is transferred from the subscriber to the central office and
the DD line carries data which comes from the central office to the subscriber. Therefore
the direction of DU and DD is mode dependent:

e DU s input, DD is output (TE and LT-T)
e DU is output, DD is input (LT-S)

Operating Modes

In LT-S and LT-T mode the EAW pin is used as the second mode pin.

Table 4 Mode Setting
MODEO MODE1/ Transmit-data |Receive-data
EAW on S on S
TE-mode EAW DU on IOM DD on IOM
LT-T mode 1 DU on IOM DD on IOM
LT-S mode 0 DD on IOM DU on IOM
IPAC
Transmit DU
Data
S - Interface IOM - Interface
Receive DD
Data
Mode Selection
MODEO MODE1/EAW 211517
Figure 21 Data Path Switching
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2.4.2 S/T-Interface Coding

Transmission over the S/T-interface is performed at a rate of 192 kbit/s. Pseudo-ternary
coding with 100 % pulse width is used (see following section). 144 kbit/s are used for
user data (B1+B2+D), 48 kbit/s are used for framing and maintenance information. The
IPAC uses two symmetrical, differential outputs (SX1, SX2) and two symmetrical,
differential inputs (SR1, SR2). These signals are coupled via external circuitry and two
transformers onto the 4 wire S-interface. The nominal pulse amplitude on the S-interface
is 750 mV (zero-peak).

The following figure illustrates the code used. A binary ONE is represented by no line
signal. Binary ZEROs are coded with alternating positive and negative pulses with two
exceptions:

The first binary ZERO following the framing balance bit is of the same polarity as the
framing-balancing bit (required code violation) and the last binary ZERO before the
framing bit is of the same polarity as the framing bit.

Binary Values o100 1 1 000 1 1
Ve

Line Signal 0V -——
Ve

ITD00322

Figure 22 S/T -Interface Line Code (without code violation)

A standard S/T frame consists of 48 bits. In the direction TE — NT the frame is
transmitted with a two bit offset. For details on the framing rules please refer to ITU 1.430
section 6.3. The following figure illustrates the standard frame structure for both
directions (NT —» TE and TE — NT) with all framing and maintenance bits.
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=~ 48 Bits in 250 us —
DL.FLf=— B! —=—ED AFyNj=— B2 —=E D Mj=— B1 —=—ED Sj=— B2 —=—EDL.FL

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
NT”TEJ)B: EEEEEEEREE EEEEEENEEEEEEEEEER

—

1]
]
-

<ZBHS Offset

|

DL.FLj=— B1 —={L. DL Filj=— B2 —={.DLj~— Bl —=L.DLj=— B2 —=—L.DLFL

TE—»NT ?bd_l - |
I O o O e O e O e

—

ITD03993

Figure 23 Frame Structure at Reference Points Sand T (ITU 1.430)

- F Framing Bit F = (Ob) - identifies new frame (always
positive pulse)

- L. D.C. Balancing Bit L. = (Ob) - number of binary ZEROs sent
after the last L. bit was odd

- D D-Channel Data Bit Signaling data specified by user

- E D-Channel Echo Bit E =D - no D-channel collision. ZEROs
overwrite ONEs

- Fa Auxiliary Framing Bit See section 6.3 in ITU 1.430

— N N = F_A

- Bl B1-Channel Data Bit User data

- B2 B2-Channel Data Bit User data

- A Activation Bit A = (0b) - INFO 2 transmitted
A = (1b) - INFO 4 transmitted

- S S-Channel Data Bit S, or S, channel data (see note below)

- M Multiframing Bit M = (1b) - Start of new multi-frame

Note: The ITU 1.430 standard specifies S1 - S5 for optional use.
The IPAC supports S1 - S2.

Semiconductor Group 70 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

PSB 2115
PSF 2115

SIEMENS

Functional Description

2.4.3 S/T-Interface Multiframing

According to ITU recommendation 1.430 a multi-frame provides extra layer 1 capacity in
the TE-to-NT direction through the use of an extra channel between the TE and NT (Q-
channel). The Q bits are defined to be the bits in the F, bit position.

In the NT-to-TE direction the S channel bits are used for information transmission. Two

S channels (S1 and S2) out of five possible S channels can be accessed by the IPAC.
The S and Q channels are accessed via the IOM-2 interface monitor channel.
The following table shows the S and Q bit positions within the multi-frame.

Table 5 Multiframe Structure

Frame Number NT-to-TE NT-to-TE NT-to-TE TE-to-NT
F, Bit Position M Bit S Bit F, Bit Position

1 ONE ONE S11 Q1

2 ZERO ZERO S21 ZERO

3 ZERO ZERO ZERO ZERO

4 ZERO ZERO ZERO ZERO

5 ZERO ZERO ZERO ZERO

6 ONE ZERO S12 Q2

7 ZERO ZERO S22 ZERO

8 ZERO ZERO ZERO ZERO

9 ZERO ZERO ZERO ZERO

10 ZERO ZERO ZERO ZERO

11 ONE ZERO S13 Q3

12 ZERO ZERO S23 ZERO

13 ZERO ZERO ZERO ZERO

14 ZERO ZERO ZERO ZERO

15 ZERO ZERO ZERO ZERO

16 ONE ZERO S14 Q4

17 ZERO ZERO S24 ZERO

18 ZERO ZERO ZERO ZERO

19 ZERO ZERO ZERO ZERO

20 ZERO ZERO ZERO ZERO

1 ONE ONE S11 Q1

2 ZERO ZERO S21 ZERO
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In TE and LT-T mode the IPAC identifies the Q-bit position (after multi-frame
synchronization has been established) by waiting for the F, bit inversion in the received
S/T-interface data stream (F, [NT — TE] = binary ONE). After successful identification,
the Q data will be inserted at the upstream (TE - NT) F, bit position. When
synchronization is not achieved or lost, it mirrors the received F, bits.

Multi-frame synchronization is achieved after two complete multi-frames have been
detected with reference to F,/N bit and M bit positions. Multi-frame synchronization is lost
after two or more bit errors in F,/N bit and M bit positions have been detected in
sequence, i.e. without a complete valid multi-frame between.

The multi-frame synchronization can be disabled by programming (MFD-bit in MON-8
configuration register).

244 SI/T Transceiver Control

244.1 MON-8 Commands (Internal Register Access)

The S/T transceiver of the IPAC PSB 2115 contains four internal registers. Access to
these registers is only possible via the IOM-2 monitor channel. The following registers
are implemented in the IPAC:

» Configuration Register
» Loop-back Register

* |OM-2 Channel Register
* SM/CI Register

The structure of MON-8 write and read request/response commands are shown in the
three tables below:
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Table 6 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

Table 7 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 IPAC after having received a “Read Register Request” has
the following structure.

Table 8 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.

Semiconductor Group 73 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Functional Description

2.4.4.2 MON-8 Configuration Register

In the configuration register the user programs the IPAC for different operational modes,
and selects required S-bus features.

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

Address: 1h | MFD 0 |[|[FSMM| LP |SQM |RCVE |C/W/P| O RD/WR

Value after Reset: 00y

MFD Multi-Frame-Disable. Selects whether multiframe generation (LT-S) or
synchronization (TE, LT-T) is prohibited (MFD=1) or allowed (MFD=0).
Enable multiframing if S/Q channel data transfer is desired. If MFD=1 no
S/Q MONITOR messages are released.

When reading this register the bit indicates whether multiframe
synchronization has been established (MFD=1) or not (MFD=0).

FSMM 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. an IPAC pin
strapped for LT-S operates with a NT state machine. All other operation
mode specific characteristics are retained.

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

LP 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.

TE/LT-T modes: 0= non transparent

1= transparent ext. loop
LT-S mode: 0= transparent

1= non transparent

In LT-S by default transparency is selected (LP=0), for LT-T and TE non-
transparency is standard (LP=0).
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SQM

Selects the SQ channel handling mode. In non-auto mode operation, the
IPAC 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.

RCVE

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.

C/w/P

This bit has three different meanings depending on the operational mode of
the IPAC:

In LT-S mode 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 IPAC to adapt to cable length dependent round trip
delays.

In LT-T mode the user selects the amount of permissible wander before a
C/1 code warning will be issued by the IPAC. The warning may be sent after
25 ps (C/W/P=1) or 50 ps (C/W/P=0).

Note:

The C/lindication 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 this bit is not used
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2.4.4.3 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.

Address: 2h | AST | SB1 | SB2 SC IB1 IB2 1 IB12 | RD/WR

Value after Reset: 02y

AST Asynchronous Timing.

Defines the length of the Timing signal (DU = 0) on IOM-2. If synchronous
timing is selected (AST=0) the IPAC in 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 IPAC can pass the TE initiated activation via C/I = 0000b in
IOM-2 cannel O upstream to the U-interface device. In case IOM-2 clocks
can be turned off during power-down or the LT-S IPAC 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 (AST=1).
Here the line DU 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 (IPAC pin-strapped to
LT-S with NT state machine).

Note:

The asynchronous timing option is restricted to configurations with the IPAC
operating with NT state machine (i.e., LT-S pin-strap & FSMM bit

programmed).

SB1 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 mode.

SB2 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 mode.

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

IB1 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.
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IB2 Close the loop-back for B2 channel close to the IOM-2 interface (i.e. loop-
back S/T data). Transparent. IB1 and I1B2 may be closed simultaneously.

IB12 Exchange B1 and B2 channels. IB1 and/or IB2 need to be programmed
also. Loops back data received from S/T and interchanges it, i.e. B1 input
(S/T) - B2 output (S/T) and vice versa.

Semiconductor Group 77 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Functional Description

2.4.4.4 MON-8 IOM"-2 Channel Register

The features accessible via the IOM-2 Channel register allow to implement simple
switching functions. These make the IPAC the ideal device for intelligent NT
applications. Please refer also to the section “IOM-2 channel switching”. Two types of
manipulation are possible: the transfer from the pin-strapped IOM-2 channel (0 ... 7) into
IOM-2 channel 0 and a change of the B1, B2 and D data source.

Address: 3h | B1L | B1D | B2L | B2D DL 0 CIL CIH | RD/WR

Value after Reset: 00y

B1L Transfers the B1 channel from its pin-strapped location into IOM-2
channel 0.
B1D Direction of the B1 channel. The normal direction (input/output) of DU and

DD depends on the mode and is shown in table 4 below. By setting B1D the
direction for the B1 data channel is inverted.

B2L Transfers the B2 channel from its pin-strapped location into IOM-2
channel 0.
B2D Direction of the B2 channel. The normal direction (input/output) of DU and

DD depends on the mode and is shown in table 4 below. By setting B2D the
direction for the B2 data channel is inverted.

DL Transfers the D-channel from its pin-strapped location into IOM-2 channel O.

CIL C/l Channel location: The timeslot position of the C/I Channel can be
programmed as “normal“ (LT-S and LT-T modes: pin strapped IOM-2
channel, TE mode: IOM-2 channel 0) or “fixed” to IOM-2 channel O
(regardless the selected mode).

CIH C/l 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.

Table 9 DU/DD Direction

MODEO I\/IO_DEl Transmit dataon S Receive dataon S
[EAW
TE-mode |0 EAW DU (input) DD (output)
LT-T mode |1 1 DU (input) DD (output)
LT-S mode |1 0 DD (input) DU (output)
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2.4.4.5 MON-8 SM/CI Register

This multifeature register allows access to the C/I channel and controls the monitor time-
out.

Address: 4h| CI3 Cl2 Ci1 Cl0 | TOD 0 0 0 RD/WR

Value after Reset: X0y (X contains the C/I code)

Cli

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

TOD

Time Out Disable. Allows the user to disable the monitor time-out function.
Refer to section “Monitor Timeout” for details.
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2.5 Layer-1 Functions for the S/T Interface

The common functions in all operating modes are:

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

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

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

level detect.

Mode specific functions are:

* receive timing recovery for point-to-point, passive bus and extended passive
bus configuration;

e S/T timing generation using IOM timing synchronous to system, or vice versa;

» D-channel access control and priority handling;

» D-channel echo bit generation by handling of the global echo bit;

» activation/deactivation procedures, triggered by primitives received over the
IOM C/I channel or by INFO's received from the line;

» execution of test loops.

The wiring configurations in user premises, in which the IPAC can be used, are
illustrated in figure 24.
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Figure 24 Wiring Configurations in User Premises
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2.5.1

For both receive and transmit direction, a 2:1 transformer is used to connect the ISAC-
S transceiver to the 4 wire S/T interface (CONF:AMP=0). As an option, the receiver can
also be operated with a 1:1 transformer (CONF:AMP=1). The connections are shown in
figure 25.

Analog Functions

CONF:AMP =0 CONF-AMP =1
+5V +5V
2:1 2:1
T sX1 T sX1
Vbb Protection Transmit Vob Protection Transmit
Circuit I I Pair Circuit I I Pair
10 yF 10 uF
— SX2 — SX2
IPAC IPAC
2:1 11
SRi1 SR1
Protection Receive Protection Receive
L Vss Circuit Pair L Vss Circuit Pair
GND SR2— GND SR2—
2115_09
Figure 25 Connection of the Line Transformers and Power Supply to the IPAC

The external transformers are needed in both receive and transmit direction to provide
for isolation and transform voltage levels according to CCITT recommendations.

The equivalent circuits of the integrated receiver and transmitter are shown infigure 26.

The full-bauded pseudo-ternary pulse shaping is achieved with the integrated transmitter
which is realized as a current limited voltage source.
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IPAC IPAC
50 kQ
| sx1
o 10k2 | sr1 21V — [> e [
- 1« |
. | /$134mA |
40k | SR2 ' SX2
|
25V e
(CONF : AMP = 0) 7509031
IPAC
50 kQ
oo <] 20 kQ SR1
+ —<—
20kQ | SR2
50kQ
25V
(CONF : AMP = 1) 1509678

Figure 26 Equivalent Internal Circuits of Receiver and Transmitter Stages

The transmitter of the PSB 2115 IPAC is identical to that of the well known PEB 2086
ISAC-S, hence, the line interface circuitry should be similar. The external resistors

(24 ... 33 Q) are required in order to adjust the output voltage to the pulse mask (nominal
750 mV according CCITT 1.430) on the one hand and in order to meet the output
impedance of minimum 20 Q (transmission of a binary zero according to CCITT 1.430)
on the other hand.

The S-bus receiver of the PSB 2115 is designed as a threshold detector with adaptively
switched threshold levels. Pin SR1 delivers 2.5V as an output, which is the virtual
ground of the input signal on pin SR2.

The S-bus receiver of the PSB 2115 is symmetrical, which allows for a simple external
circuitry and PCB layout to meet the 1.430 receiver input impedance specification.
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2.5.2 SIT Interface Circuitry

2521 S/T Interface Pre-Filter Compensation

To compensate for the extra delay introduced into the receive and transmit path by the
external circuit, the delay of the transmit data can be reduced by 260 ns (i.e. two
oscillator cycles). Therefore PDS of the CONF register must be programmed to “1“.

This delay compensation might be necessary in order to comply with the "total phase
deviation input to output” requirement of CCITT recommendation 1.430 which specifies
a phase deviation in the range of — 7% to + 15% of a bit period.

2522 External Protection Circuitry

The CCITT specification for both transmitter and receiver impedances in TEs results in
a conflict with respect to external S-protection circuitry requirements:

— To avoid destruction or malfunctioning of the S-device it is desirable to drain off even
small overvoltages reliably.

— To meet the 96 kHz impedance test specified for transmitters and receivers (for TEs
only, CCITT sections 8.5.1.2a and 8.6.1.1) the protection circuit must be dimensioned
such that voltages below 2.4 V are not affected (1.2 V CCITT amplitude multiplied by
transformer ratio 1:2).

This requirement results from the fact that this test is to be performed with no supply
voltage being connected to the TE. Therefore the second reference point for
overvoltages Vpp, is tied to GND. Then, if the amplitude of the 96 kHz test signal is
greater than the combined forward voltages of the diodes, a current exceeding the
specified one may pass the protection circuit.
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The following recommendations aim at achieving the highest possible device protection
against overvoltages while still fulfilling the 96 kHz impedance tests.

If the device is not used in TE or LT-T applications, the four diodes could be bridged and
the 5.4 V Zener diode could be omitted.

Protection Circuit for Transmitter

TE and LT-T modes:

20-40 Q

sX1 —1 . . 201
56V
GND Voo S Bus
20-40 Q
SX2 1

| S|
— ITS09632

LT-S mode:

20-40 Q

sx1 —1 201
GND Voo S Bus
20-40 Q
SX2 1

— ITS10289

Figure 27 External Circuitry for Transmitters

Figure 27 illustrates the secondary protection circuit recommended for the transmitter.
An ideal protection circuit should limit the voltage at the SX pins from — 0.4 V to Vpp
+04V.

Via the two resistors (typ. 20 ... 40 Q) the transmitted pulse amplitude is adjusted to
comply with the requirements. Two mutually reversed diode paths (low capacitive diodes
are recommended, e.g. 1N4151) protect the device against positive or negative
overvoltages on both lines.

The pin voltage range is increased from — 0.7 V to Vpp + 3.5 V. The resulting forward
voltage will prevent the protection circuit to become active if the 96 kHz test signal is
applied while no supply voltage is present. In TE / LT-T modes the 5.6 V zener diode is
provided to be completely on the safe side, however, system tests may reveal that it can
be omitted.
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Figure 28 illustrates the external circuitry used in combination with a symmetrical
receiver. Protection of symmetrical receivers is rather comfortable.

I

Note: Capacitors are optional for noise reduction (up to 47 pF)

1.8 k() 8.2 k()
SR2 _T_ —1 * 1
47 pF
I GND oWy o SO Bus
1.8 k0 8.2 kQ
SR1 » 1 . 1
N 47 oF ITS05643

Figure 28 External Circuitry for Symmetrical Receivers

Between each receive line and the transformer a 10 kQ resistor is used. This value is

split into two resistors: one between transformer and protection
during the 96 kHz test, and the second one between input pin
limit the maximum input current ot the chip.

diodes for current limiting
and protection diodes to

With symmetrical receivers no difficulties regarding LCL measurements are observed,;

compensation networks thus are obsolete.

In order to comply to the physical requirements of CCITT recommendation 1.430 and

considering the national

requirements concerning overvoltage protection and

electromagnetic compability (EMC), the IPAC needs additional circuitry.
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25.3 Receiver Functions

25.3.1 Receiver Characteristics

In order to additionally reduce the bit error rate in severe conditions, the IPAC performs
oversampling of the received signal and uses majority decision logic.

The receiver consists of a differential to single ended input stage, a peak detector and a
set of comparators. Additional noise immunity is achieved by digital oversampling after
the comparators. The following figure 29 describes the functional blocks of the receiver
(for receiver tansformer ratio 2:1). The equivalent internal circuit for transformer ratio 1:1
(CONF:AMP=1) is shown in figure 26.

50 k()
40 kQ) > oo
SRto—_"1——- Jl'_ Level
>
SR2o—__}—e—{+ Detect
40 kQ
Vv J_' Data High
REF1 R ——p

Peak
o) |
50 kO Detector Vagro J_' Data Low

[TS03994

CONF:AMP=0

Figure 29 Receiver Circuit

The input stage works together with external 10 kQ resistors to match the input voltage
to the internal thresholds. The data detection thresholds are chosen to 35 % of the peak
voltage to increase the performance in extended passive bus configurations. However
they never go below 85 mV with respect to the line signal level. This guarantees a
maximum line attenuation of at least 13 dB in point-to-point configurations with a margin
of more than 70 mVpp with respect to the specified 100 mVpp noise.
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Peak =100 7%

ITD03995

Figure 30 Receiver Thresholds

The peak detector requires maximum 2 us to reach the peak value while storing the peak
level for at least 250 ps (RC > 1 ms).

The additional level detector for power up/down control works with fixed thresholds at
100 mV. The level detector monitors the line input signals to detect whether an INFO is
present. In TE and LT-T mode, when closing an analog loop, it is therefore possible to
indicate an incoming signal during activated loop. In LT-S analog loop-back mode the
level detector monitors its own loop signal and an incoming signal is not recognized.

2.5.3.2 Level Detection Power Down (TE mode)

If CONF:CFS is set to “0%, the clocks are also provided in power down state, whereas if
CFSis set to “1“, only an analog level detector is active in power down state. All clocks,
including the IOM interface, are stopped. The data lines are "high", whereas the clocks
are "low".

An activation initiated from the exchange side (Info 2 on S-bus detected) will have the
consequence that a clock signal is provided automatically.

From the terminal side an activation must be started by setting and resetting the SPU-
bit in the SPCR register and writing TIM to CIXO0 or by resetting CFS=0.
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254 S/T Transmitter Disable

The transmitter of the S/T interface can be disabled by configuration (see figure 31). By
default (SCFG:TXD=0) both the S/T receiver and transmitter are active, but in order to
reduce power consumption, the transmitter can be disabled (SCFG:TXD=1) separately.

In power down mode the power consumption is reduced to a minimum and the IPAC
recognizes the activation of the S/T interface (incoming call). With several terminals
connected to the S/T interface, another terminal may keep the interface activated
although the IPAC does not establish a connection. In this case the IPAC receiver will
monitor for incoming calls while the transmitter is disabled, thus reducing power
consumption.

IPAC
Layer 1
— <« RX < SR1/2
SCFG:TXD
> X | — > 8X1/2

2115 27

Figure 31 Disabling of S/T Transmitter
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255 Timing Recovery

LT-S

In LT-S mode, the 192-kHz transmit bit clock is synchronized to the IOM clock. In the
receive direction two cases have to be distinguished depending on whether a bus or a
point-to-point operation is programmed in MON-8 Configuration Register (see figure
32).

— In a bus configuration (C/W/P=0), 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 is shifted by two bits with respect to the transmit frame.

— In a point-to-point or extended passive bus configuration (C/W/P=1), the 192-kHz
receive bit clock is recovered from the receive data stream on the S interface.
According to CCITT 1.430, the receive frame can be shifted by 2-8 bits with respect to
the transmit frame at the LT-S. However, note that other shifts are also allowed by the
IPAC (including 0).

LT-S Mode
—[]H
4 o> PLL [ < DCL
NV «— FSC
> Pl f—»PP
ITS09633

MP: Receive clock for bus configuration
PP: Receive clock for point-to-point configuration

Figure 32 Clock System of the IPAC in LT-S Mode
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TE and LT-T

In TE/LT-T applications, the transmit and receive bit clocks are derived, with the help of
the DPLL, from the S interface receive data stream. The received signal is sampled
several times inside the derived receive clock period, and a majority logic is used to
additionally reduce bit error rate in severe conditions (see chapter 2.5.3). The transmit
frame is shifted by two bits with respect to the received frame.

In TE mode the output clocks (DCL, FSC etc.) are synchronous to the S interface timing.

In LT-T mode the IPAC provides a 1.536 MHz clock on the SCLK pin synchronous to the
S interface. This can be used as the reference clock for an external PLL which provides
the FSC and DCL clocks. Since the IPAC provides different dividers, the clocks can also
be generated internally from the DCL input connected to SCLK (see chapter 2.8.2.2).

0
q L

T PLL

»DCL

v

»FSC

\V4
v
y

v

BCL

LT-T Mode
’—|[||—
4 L | Slp |, _ FSC "NT2" Clock
"| Detector [~ Generator
T— PLL

D ocl | ey

v
A

* Reference
SCLK Clock

ITS09634

Figure 33 Clock System of the IPAC in TE and LT-T Modes
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2.5.6 Activation/Deactivation

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

Setting of the IPAC for CTS Test Procedures for Frame Alignment

The IPAC needs to be programmed for multiframe operation with the Q-bits set to "1".

MON-8 Configuration Register : MFD =0
MON-1 Command/Message = 0001 1111B (1Fh)

Frame Alignment Tests

For frame alignment tests the following settings are valid:
e nN=2
e m=3o0r4
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25.7 Activation Indication via Pin ACL

The activated state of the S-interface is directly indicated via pin ACL (Activation LED).
An LED with pre-resistance may directly be connected to this pin and a low level is driven
on ACL as soon as the layer 1 is activated (see figure 34).

sX1/2  info0 | |info3)
SR1/2 info0 ‘ infoz‘ ‘ info4‘

¢ Layer 1 activated
AL |

2115_26

Figure 34  ACL Indication of Activated Layer 1

By default (PCFG:ACL=0) the state of layer 1 is indicated at pin ACL. If the automatic
indication of the activated layer 1 is not required, the state on pin ACL can also be
programmed by the host (see figure 35).

If PCFG:ACL=1 the LED on pin ACL can be switched on (PCFG:LED=1) and off
(PCFG:LED=0) by the host.

+5V

IPAC

PCFG:LED
0 : off

S L 1’ :0on

\,0,? Layer 1 |—— S-interface

ACL

PCFG:ACL

2115_26

Figure 35  ACL Configuration
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2.5.8 Terminal Specific Functions (TE mode only)

In addition to the standard functions supporting the ISDN basic access, the IPAC
contains optional functions, useful in various terminal configurations.

The terminal specific functions are enabled by setting bit TSF (STCR register) to “1”. This
has two effects:

* In TE mode the MODE1/EAW line is defined as External Awake input, but additionally
this function is only enabled by setting STCR:TSF=1
* Second, the interrupts SAW and WOV (EXIRD register) are enabled:
— SAW (Subscriber Awake) generated by a falling edge on the EAW line
— WOV (Watchdog Timer Overflow) generated by the watchdog timer. This occurs
when the processor fails to write two consecutive bit patterns in ADF1:

ADF1 WTC1 WTC2

Watchdog Timer Control 1,0.

The WTC1 and WTC2 bits have to be successively written in the following manner within
128 ms:

WTC1 WTC2
1. 1 0
2. 0 1

As a result the watchdog timer is reset and restarted. Otherwise a WOV is generated.
Deactivating the terminal specific functions is only possible with a hardware reset.

Having enabled the terminal specific functions via TSF = 1, the user can make the IPAC
generate a reset signal by programming the Reset Source Select RSS bit (CIX0
register), as follows:

0 - Avrreset signal is generated as a result of

— a falling edge on the EAW line (subscriber awake)
—a C/I code change (exchange awake).
— layer-1 part leaves power down state and supplies DCL and FSC clocks.

A falling edge on the EAW line also forces the DU line of the
IOM interface to zero.

Note: In case the layer-1 part of the IPAC is switched off (CONF:TEM=1), a falling
edge on EAW should normally induce the attached layer-1 device to leave
the power down state and supply clocking to IPAC via DCL and FSC.

A corresponding interrupt status (CIC or SAW) is also generated.
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1 - Avreset signal is generated as a result of the expiration of the
watchdog timer (indicated by the WOV interrupt status).

Note: The watchdog timer is not running when the IPAC is in the power-down state
(IOM not clocked).

Note: Bit RSS has a significance only if terminal specific functions are activated
(TSF=1).

The RSS bit should be set to “1” by the user when the IPAC is in power-up to prevent an
edge on the EAW line or a change in the C/I code from generating a reset pulse.
Switching RSS from 0 to 1 or from 1 to O resets the watchdog timer.

The reset pulse generated by the IPAC (output via RES pin) has a pulse width of 5 ms
and is an active high signal. It has no internal reset function.

Before and after this reset pulse the RES pin is input.
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2.5.9 Test Functions

2.5.9.1 B-Channel Test Mode

To provide for fast and efficient testing, the IPAC can be operated in the test mode by
setting the TLP bit in the MODEB register.

The serial data input and output (DU — DD) are connected generating a local loopback
between XFIFOB and RFIFOB.

The DD input is ignored and DU remains active.
As a result, the user can perform a simple test of the HDLC channels of the IPAC.

2.5.9.2 D-Channel and S/T Interface Test Mode

The IPAC provides several test and diagnostic functions for D-Channel and S/T interface
which can be grouped as follows:

— digital loop via TLP (Test Loop, SPCR register) command bit (figure 36): TX-path of
layer 2 is internally connected with RX-path of layer 2, output from layer 1 (S/T) on DD
is ignored; this is used for testing D-channel functionality excluding layer 1 (loopback
between XFIFOD and RFIFOD) and excluding the B-channel controller;

SPCR:TLP =0 SPCR:TLP =1
IOM-2 Interface IOM-2 Interface
. = | = L
oD _ Layer 1 SN oD _ Layer 1 Sl N
AV AV
Layer 2 Layer 2
HP pP 2115_21

Figure 36 Layer 2 Test Loops

— test of layer-2 functions while disabling all layer-1 functions and pins associated with
them (including clocking in TE mode), via bit TEM (Test Mode in CONF register); the
IPAC is then fully compatible to the ICC (PEB 2070) seen at the IOM interface.
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— loop at the analog end of the S interface;

TE/LT-T mode

Test loop 3 is activated with the C/I channel command Activate Request Loop
(ARL). An S interface is not required since INFOS is looped back internally 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.

In the test loop mode the S interface awake detector is enabled, i.e. if a level is
detected (e.qg. Info 2/Info 4) this will be reported by the Awake Test Indication (ATI).
The loop function is not effected by this condition and the internally generated 192-
kHz line clock does not depend on the signal received at the S interface.

LT-S mode

Test loop 2 is likewise activated over the IOM interface with Activate Request Loop
(ARL). No S line is required. INFO4 is looped back internally 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".

— special loops are programmed via C2C1-0 and C1C1-0 bits (register SPCR)

— transmission of special test signals on the S/T interface according to the modified AMI
code are initiated via a C/l command written in CIXO register (cf. chapter 3.6).

Two kinds of test signals may be sent by the IPAC:

* single pulses and
e continuous pulses.

The single pulses are of alternating polarity, one S interface bit period wide, 0.25 ms
apart, with a repetition frequency of 2 kHz. Single pulses can be sent in all
applications. The corresponding C/l command in TE, LT-S and LT-T applications is
SSZ (Send single zeros).

Continuous pulses are likewise of alternating polarity, one S-interface bit period
wide, but they are sent continuously. The repetition frequency is 96 kHz. Continuous
pulses may be transmitted in all applications. This test mode is entered in LT-S,
LT-T and TE applications with the C/I command SCZ.
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2.6 Microprocessor Interface

2.6.1 Operation Modes

The IPAC is programmed via an 8-bit parallel microprocessor interface. Easy and fast
microprocessor access is provided by 8-bit address decoding on the chip.

The IPAC provides three types of pUP buses (see table 10), which are selected via pin
ALE:

Table 10 Bus Operation Modes
(1) |ALE tied to Vbp | Motorola type with control signals CS, R/W, DS

(2) ALE tied to Vss | Siemens/Intel non-multiplexed bus type with control
signals CS, WR, RD

(3) Edge on ALE Siemens/Intel multiplexed address/data bus type with
control signals CS, WR, RD, ALE

The occurrence of an edge on ALE, either positive or negative, at any time during the
operation immediately selects the interface type (3). A return to one of the other interface
types is possible only if a hardware reset is issued.

Note: If the multiplexed address/data bus type (3) is selected, the unused address pins
A0-A7 must be tied to VDD.

Register Addressing Modes

The common way to read write registers is for non-multiplexed mode to set the register
address to the address bus and then access the register location. In multiplexed mode,
the address on the address/data bus is latched in, before a read or write access to the
register is performed.

The IPAC provides two different ways to access its register contents. In the direct mode
the register address to be read or written is directly set on the bus in the way described
above. This mode is selected, if the address select mode pin AMODE is set to 0.
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As a second option, the IPAC allows for indirect access of the registers (AMODE=1).
Only the LSB of the address line is used to select either the ADDRESS register or the
DATA register. The host writes the register address to the ADDRESS register (write only
register), before it reads/writes data from/to the corresponding register location through
the DATA register. Figure 37 shows both register addressing modes.

In indirect address mode (AMOD=1) all other address lines except A0 are not evaluated
by the IPAC. They may be tied to log. '0’ or '1’, however they must not be left open.

Indirect Address Mode Direct Address Mode
AMOD =1 AMOD =0
A0 DO-D7 AOQ-A7 DO-D7
CCh

) Adr. Data

Data -
0 Address - 00h

—_

2115_19

Figure 37 Indirect Register Address Mode

2.6.2 Register Set

The communication between the host and the IPAC is done via a set of directly or
indirectly accessible 8-bit registers. The host sets the operating modes, controls function
sequences and gets status information by writing or reading these registers (Command/
Status transfer).

Each of the two B-channels of the IPAC is controlled via an equal, but totally independent
register file (channel A and channel B). Additional registers are available for D-channel
control, the PCM and the Auxiliary interface.
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2.6.3 Data Transfer Mode

Data transfer between the system memory and the IPAC for both transmit and receive
direction is controlled either by interrupts (Interrupt Mode), or independently from host
interaction using the IPAC’s 4-channel DMA interface (DMA Mode). DMA transfer is
available for transfer of B-channel data only and not for D-channel data.

After RESET, the IPAC operates in Interrupt Mode, where data transfer must be done by
the host. The user selects the DMA Mode by setting the DMA bitin a register. In TE mode
both channels can independently be operated in either Interrupt or DMA Mode (e.g.
Channel A in DMA mode, Channel B in interrupt mode). In LT-S and LT-T mode, only
channel B can be operated either in Interrupt or DMA mode, channel A can only be
operated in Interrupt mode.

264 Interrupt Interface

Special events in the IPAC are indicated by means of a single interrupt output, which
requests the host to read status information from the IPAC or transfer data from/to the
IPAC.

Two interrupt lines with invers polarity are available to meet the requirements of different
kinds of applications. A low active interrupt output INT (pin 2) can be connected to a pull
up resistor together with further interrupt sources on the system. This pin is available in
all modes.

The inverted interrupt signal is available in TE mode only if pin AUX2 (pin 33) is
programmed as output (see chapter 2.8.1). This may be used in single chip solutions
(e.g. PC cards) with only one interrupt source that can directly be connected to the ISA
bus. This high active interrupt line INT is not available in LT-modes and in TE-mode with
AUX2 used as input (default after reset).

IPAC yﬁ INT IPAC
TE-Mode LT-Modes
Interrupti INT Interrupt 2 INT

2115_z

Figure 38 High and Low Active Interrupt Output

Since only one interrupt request output is provided, the cause of an interrupt must be
determined by the host reading the IPAC’s interrupt status registers.

The structure of the interrupt status registers is shown in figure 39.
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External Interrupts from pins AUX6 and AUX7

[RME|RPF|RSC|XPR| TIN | CIC[ SIN [TIN2| ISTAD (ISTA D-Channel)

XMR XDU [PCE [RFO |SOV MOS[SAWWOV| EXIRD (EXIR D-Channel)

RME|RPF| - [XPR| -- | - | = | - | ISTAB (ISTA B-Channel A)

XMRXDU| - |[RFO] - |RFS| - | - | EXIRB (EXIR B-Channel A)

BRMERPF]| - [XPR] - | -- | - [ - | ISTAB (ISTA B-Channel B)

XMRXDU| - |[RFO| -- |[RFS| - | — | EXIRB (EXIR B-Channel B)
Y Y VYV VY \E

[INT1]INTO] ICD | EXD] ICA| EXA/ ICB[ EXB ISTA (IPAC Interrupt Status Register)

[INT1]INTO] ICD | EXD| ICA | EXA[ ICB | EXB| MASK (IPAC Interrupt Mask Register)

\‘\/#\—\/—/ \
AUX-IF D-Channel B-Channels

Figure 39 IPAC Interrupt Status Registers

Two interrupt indications can be read directly from the ISTA register and another six
interrupt indications from separate interrupt status registers and extended interrupt
registers for the B-channels (ISTAB, EXIRB, each for B-Channel A and B) and the D-
channel (ISTAD, EXIRD).

Each interrupt source can individually be disabled by setting the corresponding mask bit
in the interrupt mask register.

An overview of the interrupt sources is given below, a detailed description of the interrupt
structure is provided in chapter 3.3.
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Table 11 Auxiliary Interface Interrupts

Functional Description

Bit

Register

Interrupt

INTO/1

ISTA

External Interrupt 0/1

Table 12 D-Channel Interrupts

Bit Register Interrupt
ICD ISTA ISTA D-Channel
EXD ISTA EXIR D-Channel

Receive Interrupts:

Bit Register Interrupt

RPF ISTAD Receive Pool Full

RME |ISTAD Receive Message End
RFO EXIRD Receive Frame Overflow

Transmit Interrupts:

Bit Register Interrupt

XPR ISTAD Transmit Pool Ready
XMR | EXIRD Transmit Message Repeat
XDU EXIRD Transmit Data Underrun
RSC ISTAD Receive Status Change

Special Condition Interrupts:

Bit Register Interrupt

TIN ISTAD Timer Interrupt

CIC ISTAD C/l1-Channel Change

SIN ISTAD Synchronous Transfer Interrupt
TIN2 ISTAD Timer 2 Interrupt

SOV |EXIRD Synchronous Transfer Overflow
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Table 12 D-Channel Interrupts

Functional Description

MOS |EXIRD MONITOR Status
SAW | EXIRD Subscriber Awake
WOV | EXIRD Watchdog Timer Overflow

Table 13 B-Channel Interrupts

Bit Register Interrupt

ICA/ ISTA ISTA B-Channel A/B
ICB

EXA/ |ISTA EXIR B-Channel A/B
EXB

Receive Interrupts:

Bit Register Interrupt

RPF ISTAB Receive Pool Full

RME |ISTAB Receive Message End
RFO EXIRB Receive Frame Overflow
RFS EXIRB Receive Frame Start

Transmit Interrupts:

Bit Register Interrupt

XPR ISTAB Transmit Pool Ready
XMR | EXIRB Transmit Message Repeat
XDU EXIRB Transmit Data Underrun
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2.6.5 DMA Interface

To support efficient data exchange between system memory and the FIFOs an
additional DMA-interface is provided. The FIFOs have separate DMA-request lines for
each direction (DRQRA/B for Receive FIFO, DRQTA/B for Transmit FIFO) and a
common DMA-acknowledge input for receive and transmit direction (DACKA/B). The
DMA-controller has to operate in the level triggered, demand transfer mode. If the DMA-
controller provides a DMA-acknowledge signal, each bus cycle implicitly selects the top
of FIFO and neither address nor chip select is evaluated. If no DACKA/B signal is
supplied, normal read/write operations (providing addresses) must be performed
(memory to memory transfer).

In the paragraphs below the following abbreviations are used:

DRQR = DRQRA or DRQRB
DRQT = DRQTA or DRQTB
DACK = DACKA or DACKB

The IPAC activates the DRQT and DRQR-lines as long as data transfers are needed
from/to the specific FIFOs.

A special timing scheme is implemented to guarantee safe DMA-transfers regardless of
DMA-controller speed.

If in transmit direction a DMA-transfer of n bytes is necessary (n < 64 or the remainder
of a long message), the DRQT-pin is active up to the rising edge of WR of DMA-transfer
(n-1). If n > 64 the same behavior applies additionally to transfers 63, 127, ...,

((k x 64) - 1). DRQT is activated again with the next rising edge of DACK, if there are
further bytes to transfer (figure 41). When a fast DMA-controller is used (> 16 MHz),
byte n (or bytes k x 64) will be transferred before DRQT is deactivated from the IPAC. In
this case pin DRQT is not activated any more up to the next block transfer (figure 40).

DRQT zl
WR LIy

G, —

DACK
Cycle n-2 | n-1 n

ITD05825

Figure 40 Timing Diagram for DMA-Transfers (fast) Transmit (n <64, remainder
of along message or n =k x 64)
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DRQT "l
VR N S N L
s —

DACK

Cycle n-2 n-1 n
ITD05826

Figure 41 Timing Diagram for DMA-Transfers (slow) Transmit (n < 64, remain-
der of along message or n = k x 64)

In receive direction the behavior of pin DRQR is implemented correspondingly. If k x 64
bytes are transferred, pin DRQR is deactivated with the rising edge of RD of DMA-
transfer ((k x 64) — 1) and it is activated again with the next rising edge of DACK, if there
are further bytes to transfer (figure 43). When a fast DMA-controller is used (> 16 MHz),
byte n (or bytes k x 64) will be transferred immediately (figure 42).

However, if 4, 8, 16, 32 or 64 bytes have to be transferred (only these discrete values
are possible in receive direction), DRQR is deactivated with the falling edge of RD
(figure 44).

DRQR {I

RD L] L

s, —
DACK

Cycle n-2 | n-1 n

ITD05827

Figure 42 Timing Diagram for DMA-Transfer (fast) Receive (n = k x 64)
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DRQR z]__g] Ll__
RD LITLPT N L

s, —
DACK

Cycle n—2 n—1 n

ITD05828

Figure 43 Timing Diagram for DMA-Transfers (slow) Receive (n =k x 64)

DRQR

RD L
S, |
DACK

Cycle n-2 | n-1 n ITD05829

[~— 4 |

Figure 44 Timing Diagram for DMA-Transfers (slow or fast) Receive (n = 4, 8,
16 or 32)

Generally it is the responsibility of the DMA-controller to perform the correct bus cycles
as long as a request line is active.

DRQR /DRQT
\
WR / RD \ /
DACK \ /[ \ /
n-2 n—1 n ITD06896

Figure 45 DMA-Transfers with Pulsed DACK (read or write)
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If a pulsed DACK-signal is used the DRQR/DRQT-signal will be deactivated with the
rising edge of RD/WR-operation (n-1) but activated again with the following rising edge
of DACK. With the next falling edge of DACK (DACK ‘n’) it will be deactivated again (see
figure 45).

This behaviour might cause a short negative pulse on the DRQR/DRQT-line depending
on the timing of DACK vs. RD/WR.
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2.6.6 FIFO Structure for B-Channels

In both transmit and receive direction 128 byte deep FIFO’s are provided for the
intermediate storage of B-Channel data between the serial interface and the CPU
interface. The FIFO’s are divided into two halves of 64 bytes, where only one half is
accessible to the CPU at any time.

The organization of the Receive FIFO (RFIFOB) is such, that in the case of a frame at
most 128 bytes long, the whole frame may be stored in the RFIFOB. After the first 64
bytes have been received, the IPAC prompts to read the 64 byte block by means of
interrupt or DMA request (RPF interrupt or activation of DRQR line). This block remains
in the RFIFOB until a confirmation is given to the IPAC acknowledging the transfer of the
data block. This confirmation is either a RMC (Receive Message Complete) command
via the CMDRB register in Interrupt Mode or is implicitely achieved in DMA mode after
64 byte have been read from the RFIFOB. As a result, it's possible to read out the data
block any number of times until the RMC command is issued.

The configuration of the RFIFO prior to and after acknowledgment is shown in figure 46.

64 Bytes
Inaccessible Block Free

B+1
64 ByteS Block
Accessible B Block

B+1
a) Prior to b) After
Acknowledgement Acknowledgement

2115 1

Figure 46 Configuration of RFIFOB (Long Frames)
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If frames longer than 128 bytes are received, the device will repeatedly prompt to read
out 64 byte data blocks via interrupt.

In the case of several shorter frames, up to 17 may be stored in the IPAC.

If the accessible half of the RFIFOB contains a frame i (or the last part of frame i), up to
16 short frames may be stored in the other half (i + 1, ... , i + n) meanwhile, prior to frame
i being fetched from the RFIFOB.

This is illustrated in figure 47.
For a description of a transmit and receive sequence please refer to chapter 3.4.

Frame i+n
64 Bytes Frame i+n
Inaccessible O<n<=16
Frame i+1 Frame i+2
64 Bytes
Accessible Last Part
of Frame i Frame i+1
a) Prior to b) After
Acknowledgement Acknowledgement
2115 1

Figure 47 Configuration of RFIFOB (Short Frames)

Note: The number of 17 frames applies e.g. for the IPAC operating in the non-auto mode
(address recognition), and short frames only containing the HDLC Address and
Control field are received. Since the address is not stored, the control field is
always stored first in the RFIFOB, and an additional status byte is always
appended at the end of each frame in the RFIFOB, these frames will occupy two
bytes.
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2.6.7 Timer Modes

The IPAC provides two timers which can be used for various purposes:

TIMRL1 - Timer 1 Register (Adr. A3R)
TIMR2 - Timer 2 Register (Adr. CCy)

Timer 1 provides two modes of operation which can be selected by the 'Timer Mode’ bit
in MODED register (figure 48):

Retry Counter
Internal Timer Mode
Expiration period (MODED:TMD=1)
T1 = (VALUE+1) x 0.064sec J
7 6 5 4 3 2 1 0
TIMR1 CNT VALUE ‘ A3h

L Time period (see T2 below)

T1 = (VALUE+1) x 0.064sec
(normal mode, SPCR:TLP=0)
T1 =512 x (VALUE+1) x DCL
(test mode, SPCR:TLP=1) External Timer Mode
DCL=period of DCL clock (MODED:TMD=1)

Timer Interrupt period
T2 = CNT x2.048 sec + T1
(normal mode, SPCR:TLP=0)
T2= 16348 x CNT x DCL + T1 2115_28
(test mode, SPCR:TLP=1)

Figure 48 Timer 1 Register

1. Internal Timer Mode (MODED:TMD=1)

In the internal mode the timer is used internally by the IPAC D-channel controller
for timeout and retry conditions for handling of LAPD/HDLC protocol, i.e. this
mode is only used in automode.

The number of S commands ‘N1’ which are transmitted autonomously by the
IPAC after expiration of time period T1 (see note) is indicated in parameter CNT.
The internal prodedure is started after begin of an I-frame transmission or after
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an 'RNR’ S-frame has been received. A timer interrupt (ISTAD:TIN) is generated
after the last retry. The procedure is stopped when either a TIN interrupt is
generated or the TIMR1 register is written or when a positive or negative
acknowledgement is received.

CNT can have any value up to 6, with CNT=7 the number of retries is unlimited.

A detailed description for the use of the internal timer mode is provided with the
automode description (see chapter 2.2.1.3).

Note: The time period T1 is determined by the parameter VALUE (chapter 4.3.8).
2. External Timer Mode (MODED:TMD=0)

In the external mode the host controls the timer by setting bit CMDRD:STI to start
the timer and by writting register TIMR1 to stop the timer.

After time period T2 an interrupt (ISTAD:TIN) is generated continuously

(if CNT=7) or once (if CNT<7). Two time periods T2 are defined for normal mode
(SPCR:TLP=0) and for test mode (SPCR:TLP=1), i.e when test loop is activated.

Timer 2 can be used as a general purpose timer, similar to the 'External Timer Mode’ of
Timer 1. The host can configure a timer interrupt to the host which is indicated in
ISTAD:TIN2. If TIMR2:TMD=0 the timer is operating in count down mode, i.e. an
interrupt is only generated once after the programmed timer length. A periodic interrupt
is generated if TIMR2:TMD=1.

The timer length (for count down timer) or the timer period (for periodic timer),
respectively, can be configured to a value between 1 - 63 ms (TIMR2:CNT). If CNT=0
the timer function is disabled (see figure 49).

Timer Mode
0: Count down timer
1: Periodic timer

Timer Count
0: Timer off
1-63: Timerlength=1...63 ms

7 6 5 4 3 2 1 0
TIMR2 ™™D o | CNT | cen

2115_28

Figure 49 Timer 2 Register
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2.6.8 Software Reset

The host can issue a reset command to the IPAC which has the same functionality as a
hardware reset. In register C9h bit POTA2:SRES (Software Reset) is used to release the
reset which has only effect on the internal functional blocks of the IPAC. The reset pin
RES (pin 34) is not activated.

The duration of the reset is controlled by the host, i.e. SRES is set to '1’ by the host and
the reset state is active until SRES is set to '0’. The host must ensure the required reset
timing of the IPAC which is 4 ms.

Host
Activate Deactivate
i Reset i Reset
SRES=1
SRES=OJ min. 4 ms
IPAC
2115_31

Figure 50

Reset Timing
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2.7 IOM®-2 Interface

2.7.1

The IOM-2 is a generalization and enhancement of the IOM-1. While the basic frame
structure is very similar, IOM-2 offers further capacity for the transfer of maintenance
information. In terminal applications, the IOM-2 constitutes a powerful backplane bus
offering intercommunication and sophisticated control capabilities for peripheral
modules.

IOM®-2 Frame Structure / Timing Modes

The channel structure of the IOM-2 is depicted in figure 51.

I I I I I I I I I I I I I I I

I I I I I I I I I I
MONITOR D | ¢/ |MY
| | | | | |

ITD02582

Figure 51 Channel Structure of IOM®-2

» The 64-kbit/s channels, B1 and B2, are conveyed in the first two octets.

» The third octet (monitor channel) is used for transferring maintenance information
between the layer-1 functional blocks (e.g. IEC-Q TE) and the layer-2 controller (see
chapter 2.7.4).

» The fourth octet (control channel) contains

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

— four command/indication bits for controlling activation/deactivation and for additional
control functions

— two bits MR and MX for supporting the handling of the MONITOR channel.

The I0OM-2 frame structure depends on whether TE- or non-TE mode is selected, via
pins MODEO and MODE1:

MODEO MODE1/EAW
TE mode 0 EAW
LT-T mode 1 1
LT-S mode 1 0

Note: In TE mode pin MODE1 is not required for mode selection but used as EAW.
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Non-TE timing mode

This mode is used in LT-S and LT-T applications. The frame is a multiplex of eight IOM-
2 channels (figure 52), each channel has the structure as shown in figure 51.

The IPAC is assigned to one of the eight channels (0 to 7) via pin strapping (CHO-2),
however the host can reprogram the selected timeslot in ADF1.CSELO-2.

Thus the data rate per subscriber connection (corresponding to one channel) is
256 kbit/s, whereas the bit rate is 2048 kbit/s.

The IOM-2 interface signals are:

DU, DD 2048 kbit/s
DCL 4096 kHz input
FSC 8 kHz input
|t 125 us —

= |

e [IIL.... 11111

DD IOM®CHo CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHO
DU IoM®CHo CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHO
T T T T T T T T T T 1 T
B1 B2 MONITOR D | c/i MY
I A | I [ A | L ITD09635

Figure 52 Multiplexed Frame Structure of the IOM®-2 Interface
in Non-TE Timing Mode
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TE Timing Mode
The frame is composed of three channels (figure 53):

e Channel 0 contains 144 kbit/s (for 2B+D) plus MONITOR and Command/Indication
channels for the layer-1 device.

» Channel 1 contains two 64-kbit/s intercommunication channels plus MONITOR and
Command/Indication channels for other IOM-2 devices.

* Channel 2 is used for IOM bus arbitration (access to the TIC bus). Only the Command/
Indication bits are used in channel 2. See section 2.7.6 for details.

125 s -
FSC
-~ IOM®2CHO — = 1IOM®2 CHL — = IOM®-2CH2 — =
IR LR LR EEE L EREE IRREERN LN L RREREEN IR IR AR L [
DD Bl | B2 [MoONo [p|cioj|| Ic1 | IC2 |MON1] Ci1
AR SRR AN AR NN SRR EEE AR e EEEREEE ENEREEEE AR L
MR’ MX MR’ MX SIG” “AB
IREEEREE DAERAREE LR LB INRREEEE DEAREARE IR L EERA IR LA L T
DU B1 | B2 |MoNoO p[Cio|] IC1 | IC2 | MON1]| Ci1
AEEEEEE SEEEEEEE EEEREEEE AN EEEEENE AN EEE R EEE AN EEEEEEE ENEREEN AR N L
MR’ MX MR’ MX BAC%_
SDS
ITD09636
Figure 53 Definition of IOM®-2 Channels in Terminal Timing Mode
The IOM-2 signals are:
DU, DD 768 kbit/s (DU = data upstream = input, DD = data downstream = output)
DCL 1536 kHz output
FSC 8 kHz output

In addition, to support standard combos/data devices the following signals are generated
as outputs:

BCL 768 kHz bit clock

SDS 8 kHz programmable data strobe signal for selecting an 8-bit timeslot (e.g.
channel B1) or 16-bit timeslot (e.g. B1 and B2).
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Strobe Signal

A data strobe signal is generated with every 8-kHz frame. It is active high for a duration
of either 8 or 16 bits (SCFG:TLEN) and its start position is programmable to one of up to
32 channels (SCFG:TSLT) with respect to the FSC signal.

Since the IOM-2 and PCM interface are synchronous in their channel structure, the SDS
signal may be used for external devices connected to either of these interfaces.

FSC

'RX

Example 1: SCFG:TLEN =0

SDS _ SCFG:TSLT =1

|
|
| Example 2. SCFG:TLEN =1
I _ SCFG:TSLT = 4

boL MHHHHHJL ,,,,,
i
PCMOUT | co | o1 | c2 | ¢ | c4 | o5 | c8 |
i
PCMIN | co [ o1 | c2 [ e [ o4 | o5 | c6 [
|
|
i
DU Bt | B2 | MoNo [DiCoMY[ ici | ic2 | MoN1 [
|
DD i Bt | B2 [ MoNo [Dicio™¥[ ic1 | ic2 | MOoNT |
|
|
|
|
|
|
|
|

SDS

2115_24

Figure 54 Data Strobe Signal Generation

Figure 54 shows two examples for the generation of a strobe signal. In example 1 the
SDS is active during channel B2 on IOM-2 and during channel 1 (C1) on PCM, whereas
in the second example SDS goes high during IC1 and IC2 on IOM-2 and during channel
4 and 5 (C4, C5) on PCM.
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2.7.2 IOM®-2 Interface Connections

Output Driver Selection

FSC and DCL are push pull outputs (TE mode).

The output type of the IOM datalines is selectable via bit CONF:ODS. ODS set to 0
selects open drain (reset value) and ODS set to 1 selects push pull outputs.

Normally the IOM-2 interface is operated in the "open drain" mode (ODS=0) in order to
take advantage of the bus capability. In this case pull-up resistors (1 kQ —5 kQ) are
required on DU and DD.

In push pull mode (ODS=1) DU and DD are also high impedant outside the active
timeslot the IPAC is programmed to.

IOM-2 OFF Function

The IOM-2 interface can be switched off for external devices via bit IOF in the CONF
register. The output lines can be set to tristate if bit CONF:IOF is set to 1, so DU/DD,
FSC, DCL and SDS are high impedant, else the selection in ODS determines the output
driver characteristic (push pull or open drain).

In Non-TE mode the clocks FSC and DCL are not switched off from the IOM-2 interface
for IOF=1 but remain as input, however the datalines DU and DD are tristate.

IOM-2 Direction Control

The direction of the IOM-2 data lines depends on the mode selected by pins MODEO and
MODE1/EAW for the Layer 1 block and by the configuration of CCR2:SOC for the B-
channel HDLC controller and SPCR:SDL for the D-channel controller (see figure 55).
According to the mode selection (see chapter 2.7.1) the layer 1 controller always carries
data from the subscriber to the central office on DU and data in the opposite direction on
DD.

For test applications, the direction of DU and DD can be reversed separately for the B-
channel controller and for the layer 2 block. For normal operation both bits CCR2:SOC
and SPCR:SDL should be setto 0 in TE and LT-T mode and should be setto 1in LT-S
mode.
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MOPEO MODE‘1/EAW IPAC

S/T
Interface

il

il

Layer 1

B-channels
A
Y

;4 «—CCR2:S0C

== |«—SPCR:SDL

IOM-2
Interface
DU
External
DD Device
2115 22

Figure 55 IOM-2 Direction Control
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Terminal Mode

In TE mode the IOM-2 interface has the 12-byte frame structure consisting of channels
0, 1 and 2 (see figure 53):

— DD carries the 2B+D channels from the S/T interface, and the MONITOR 0 and C/I O
channels coming from the S/T controller;

— DU carries the 2B+D channels towards the S/T interface, and the MONITOR 0 and
C/I 0 channels to the layer-1.

Channel 1 of the IOM-2 interface is used for internal communication in terminal
applications. The IPAC is operated as a master device and communicates with slave
devices via MONITOR 1 and C/I 1 channels:

— DD carries the MONITOR 1 and C/I 1 channels as output to peripheral devices (e.g.
voice/data module);

— DD carries the IC channels as output to other devices, if programmed (CXC1 -0 =01
in register SPCR).

Bit 5 of the last byte in channel 2 on DD is used to indicate the S bus state (Stop/Go bit).
If required (cf. DIM2-0, MODED register), the S/G bit is evaluated for D-channel access
handling and bits 2 to 5 of the last byte on DU (BAC and TAD) are used for TIC bus
access arbitration (see chapter 2.7.6).

Figure 56 shows the connection in a multifunctional terminal with the IPAC as a master
and an external device (e.g. ICC PEB 2070) as a slave device.
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IPAC
I0M-2
MODE0=0 B-channels |« SOC=0 Interface
S i i
Interface * A B1, B2
]I DU || || BExtemnal
Layer 1 device, e.g.
]I DD | Voice/Data
W Module
A ¥ D, MON, /0, /G, TIC
|
‘ * A MONT1, C/I1,IC1, IC2
| |
Layer2 |« SDL=0
| Channel 0 | Channel 1 | Channel 2 |
¢ > »ie >
MR MX MR MX BAC I&J
rrrrrrrprrrrrr T T rrrrrrrfrrrer T T T T FrrrTrrry T T e T T
oo [TH TR T Mo o | 7% T vom | on ] T T
AR AN RN EE R AR AR RN . 1 I A Ll
TIC Bus
IOM-2* —» S/T Layer2 —» Layer 1 IPAC receive IOM-2 —» Layer2
if programmed
MR MX MR MX S/G AB
FTrrrTrrfrrrrT T T T T T T rTd FTTrrrTrrfrrrrT T T T rrrTd FTTTTTTTry T T T T T T T T T
DD‘ B1 | B2 ‘ MONO ‘D‘CIOH 1C1 | IC2 ‘ MON1 ‘ cH H | ‘ | H ‘
RN AN RN AR RN . 1 I A L1
ST —»I0OM2* Layer1 — Layer2 IPAC transmit Layer2 —» IOM-2
if programmed
2115_22
*) either B-channel HDLC controller or external device
Figure 56 IOM-2 Data Ports DU/DD in Terminal Mode (MODEO=0)
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Non-Terminal Mode / LT-T Mode

Outside the selected 4-byte subscriber channel, both DU and DD are inactive.

The reset value for the active channel can be selected by pin strapping (in LT-S and
LT-T modes by CHO-2), however after reset the host can reconfigure the active IOM-2
channel for layer 2 in ADF1:CSELO-2. This reconfiguration is not valid for layer 1 and B-
channel HDLC.

The flow of data is similar as in TE mode except that there is only one active 4-byte
channel in LT modes compared to three channels in TE mode (see figure 57).

IPAC
MODEO=1
MODE1=1 B-channels |« SOC=0
S T T I0OM-2
Interface * ‘ B1, B2 Interface
1| U
External
] I Layer 1 W DD Device
A * MON, D,C/I‘
| |
Layer2 |« SDL=0
I I I I I I I I I I I I I I I I I I I I I I I I I M| M
DU B1 B2 MONITOR | D [o7]] ‘ |

IOM-2 — = S nterface
(B-channel controller

or external device)

Layer2 — =

S Interface

DD B1 B2
T N N Y N A I I AN N AN TR N

I 1
o

Sinterface — = IOM-2
(B-channel controller
or external device)

S Interface ——»

Layer 2

2115_22

Figure 57
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Non-Terminal Mode / LT-S Mode

Similar as in LT-T mode, both DU and DD are inactive outside the selected 4-byte
subscriber channel.

Also the reset value for the active channel can be selected by pin strapping (in LT-S and
LT-T modes by CHO-2), however after reset the host can reconfigure the active IOM-2
channel for layer 2 in ADF1:CSELO-2. This reconfiguration is not valid for layer 1 and B-
channel HDLC.

Inside the programmed 4-byte subscriber channel (see figure 58):

— DU carries the 2B+D channels coming from S/T interface, and the MONITOR and
C/l channels from the layer-1

— DD carries the 2B+D channels towards the S/T interface, and the MONITOR and
C/l channels to the layer-1.

By configuration of bit SDL (Switch Data Line, SPCR register) the data lines of the layer
2 controller of the IPAC can be switched. If SDL is set to '0’, the layer 2 controller sends
the MONITOR, D and C/I-channels on DU, normally carried by DD, i.e. normally destined
to layer 1 S/T interface. This feature can be used for test purposes, e.g. to send the D-
channel towards the system instead of the subscriber (see figure 59).
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IPAC
MODEO=1
MODE1=0 B-channels [«—SOC=1
S T T IOM-2
Interface * Y  BiB2 Interface

] I J DU > Line Card

Controller
]I Layer 1 DD | e.g. EPIC
— PEB 2055
Y 4 MON,D,C/I‘

Layer2 |« SDL=1

T R TR N N T T T N R Lo | L1 RIX
S Interface ——m IOM-2 S Interfface ——» Layer2
(B-channel controller
or external device)
T T T T T T T T T T T T T T T T T T T T Mm
DD L1 BT1 L L1 BTZ L L N\ION\ITO\R L | D\ ‘ ! Q/I ! ‘ R ‘ X |
IOM-2 — = S Interface Layer2 ——» S|nterface
(B-channel controller
or external device) 2115 22

Figure 58 IOM-2 Data Ports DU/DD in LT-S Mode (MODEO=1, MODE1=0) with
Normal Layer 2 Direction (SPCR:SDL=1)
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IPAC
MODEO=1
MODE10 B-channels +— SOC=1 ::])t':r'fgoe
S i i
Interface l 4 * B1, B2
] I J DU Line Card
Layer 1 > > > Controller
]I < DD | 4| ¢ eg.EPIC
W PEB 2055
‘ A * MON, D, C/I
| |
Layer2 |« SDL=0
I I I [ I I I I I I I I I I I I I I I I | [ ‘ I I I ‘ M‘ M|
Dy [ B\1 [ [ B\2 [ L N\ION\ITOR\ ! D\ ! Q/I ! R X
Sinterface — = 10M-2 Layer2 — = IOM-2
(B-channel controller (external device)
or external device)
I I I I I I I I I I I I I I I I I I I I I | I ‘ I I I ‘ M‘ M|
DD | | | B\1 | | | | | | \2 | | | | | MON\ITO\R | | D\ | C\/I | R X
IOM-2 — = S Interface IOM-2 — =  Layer2 a115 22
(B-channel controller (external device) -
or external device)

Figure 59 IOM-2 Data Ports DU/DD in LT-S Mode (MODEO=1, MODE1=0) with
Inversed Layer 2 Direction (SPCR:SDL=0)
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2.7.3 Microprocessor Access to B and IC Channels

In IOM-2 terminal mode (TE mode, MODEO=0) the microprocessor can access the B and
IC (intercommunication) channels at the IOM-2 interface by reading the BICR/B2CR or
by reading and writing the C1R/C2R registers. Furthermore it is possible to loop back the
B-channels from/to the S/T interface or to loop back the IC channels from/to the IOM-2
interface without pP intervention.

These access and switching functions are selected with the Channel Connect bits
(CxC1, CxCO0) in the SPCR register (table 14, figure 60).

External B-channel sources (voice/data modules) connected to the IOM-2 interface can
be disconnected with the IOM off function (CONF:IOF) in order to not disturb the B-
channel access (see figure 60).

If the B-channel access is used for transferring 64 kbit/s voice/data information directly
from the WP port to the ISDN S/T interface, the access can be synchronized to the IOM
interface by means of a synchronous transfer interrupt programmed in the STCR
register.

Table 14 pP Access to B/IC Channels (IOM®-2)

CxCl |CxCO |CxR CxR BxCR |Output [Applications
Read |Write |Read | t©
IOM-2

0 0 ICx - Bx - Bx monitoring, ICx monitoring

0 1 ICx ICx Bx ICx Bx monitoring, ICx looping from/to
IOM-2

1 0 - Bx Bx Bx Bx access from/to S;
Transmission of a constant value
in Bx channel to S

1 1 Bx Bx - Bx Bx looping from S;
transmission of a variable pattern
in Bx channel to S

Note: x=1 for channel 1 or 2 for channel 2

The general sequence of operations to access the B/IC channels is:

(set configuration register SPCR)
B> Program Synchronous Interrupt (STO)
SIN—®» Read Register (BXCR, CxR)
(Write Register)
Acknowledge SIN (SCO0) within 62.5 pys from SIN

Semiconductor Group 125 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS

PSB 2115
PSF 2115

Functional Description

SIT Interface

|

:“: Functions

B1CR /B2CR SPCR

IPAC
IOM®-2 Interface
o FSC |
.)l/ DCL !
> .)|/ bD !
< =/l/ DU |
| |
| |
CONF : IOF
Register : CIR/C2R | (IOM®-20FF)

§

WP Interface

ITS09637

Figure 60 Principle of B/IC Channel Access in IOM®-2 Terminal Mode

(a) SPCR:CxC1, CxC0 =00
BX monitoring, ICX monitoring

IOM®-2 Interface
SIT Interface
[
DD [
Layer-1 > 4 |
I I Functions < DU |
[
¥ Bx ICx |
|
BXCR CxR
uP

ITS09638

Figure 61  Access to B and IC Channels in IOM®-2 Terminal Mode
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Bx monitoring, ICX looping
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SIT Interface

..

IOM®-2 Interface

|
[
DD |
> TS |
:II: Functions < DU |
|
vy Bx ICx A |
|
BxCR CxR
uP
1TS09639
(C) SPCR:CxC1, CxC0 =10
BXx access from/to S/T
transmission of constant value to S/T
IOM®-2 Interface
SIT Interface
|
H N |
|
Layer-1 > 4 DD |
:II: Functions < DU |
|
v Bx Bx |
|
BxCR CxR
uP
1TS09640
Semiconductor Group 127 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Functional Description

(d) SPCR:CxC1, CxC0 =11
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2.7.4 MONITOR Channel Handling

In IOM-2 mode, the MONITOR channel protocol is a handshake protocol used for high
speed information exchange between the IPAC and other devices in MONITOR channel
"0" or "1" (see figure 53). In the non-TE mode, only one MONITOR channel is available
("MONITOR channel 0").

The MONITOR channel protocol is necessary:

» For programming and controlling the layer-1 part of the IPAC over MONITOR
channel 0. The layer 1 registers are not directly accessible to the host for read and
write accesses via the common register set.

» For programming and controlling external devices attached to the IOM-2 interface
when the layer-1 part of the IPAC is disabled (CONF:TEM). Examples of such devices
are: layer-1 transceivers (using MONITOR channel 0), and peripheral V/D modules
(using MONITOR channel 1) that do not need a parallel microcontroller interface, such
as the Audio Ringing Codec Filter ARCOFI PSB 2163.

» For data exchange between two microcontroller systems attached to two different
devices on one IOM-2 backplane. Use of the MONITOR channel avoids the necessity
of a dedicated serial communication path between the two systems. This greatly
simplifies the system design of terminal equipment (figure 62).

IoM®-2

Data Communication

(MONITORY) Control (MONITORY)
y \ 4 \ A 4
V/D-Module V/D-Module IPAC
ITAC® PSB 2110 ARCOFI®-SP PSB 2163 PSB 2115
ucC uC

ITS09642

Figure 62 Examples of MONITOR Channel Applications in IOM®-2 TE Mode

The MONITOR channel operates on an asynchronous basis. While data transfers on the
bus take place synchronized to frame sync, the flow of data is controlled by a handshake
procedure using the MONITOR Channel Receive (MRO or 1) and MONITOR Channel
Transmit (MXO0 or 1) bits. For example: data is placed onto the MONITOR channel and
the MX bit is activated. This data will be transmitted repeatedly once per 8-kHz frame
until the transfer is acknowledged via the MR bit.
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The microprocessor may either enforce a "1" (idle) in MR, MX by setting the control bit
MRC1, 0 or MXC1, 0 to "0" (MONITOR Control Register MOCR), or enable the control
of these bits internally by the IPAC according to the MONITOR channel protocol. Thus,
before a data exchange can begin, the control bit MRC(1, 0) or MXC(1, 0) should be set
to "1" by the microprocessor.

The MONITOR channel protocol is illustrated in figure 63. Since the protocol is identical
in MONITOR channel 0 and MONITOR channel 1 (available in TE mode only), the index
0 or 1 has been left out in the illustration.

The relevant status bits are:
— MONITOR Channel Data Received MDR (MDRO, MDR1)
_ MONITOR Channel End of Reception MER (MERO, MER1)

for the reception of MONITOR data, and

MONITOR Channel Data Acknowledged MDA (MDAO, MDA1)
— MONITOR Channel Data Abort MAB (MABO, MAB1)

for the transmission of MONITOR data (Register: MOSR)

In addition, the status bit:

MONITOR Channel Active MAC (MACO, MAC1)
indicates whether a transmission is in progress (Register: STARD).
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———— ] «— MRC=0
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FF
MAC =0 «——
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Figure 63 MONITOR Channel Protocol (IOM®-2)
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Before starting a transmission, the microprocessor should verify that the transmitter is
inactive, i.e. that a possible previous transmission has been terminated. This is indicated
by a "0" in the MONITOR Channel Active MAC status bit.

After having written the MONITOR Data Transmit (MOX) register, the microprocessor
sets the MONITOR Transmit Control bit MXC to "1". This enables the MX bit to go active
(0), indicating the presence of valid MONITOR data (contents of MOX) in the
corresponding frame. As a result, the receiving device stores the MONITOR byte in its
MONITOR Receive MOR register and generates an MDR interrupt status.

Alerted by the MDR interrupt, the microprocessor reads the MONITOR Receive (MOR)
register. When it is ready to accept data (e.g. based on the value in MOR, which in a
point-to-multipoint application might be the address of the destination device), it sets the
MR control bit MRC to "1" to enable the receiver to store succeeding MONITOR channel
bytes and acknowledge them according to the MONITOR channel protocol. In addition,
it enables other MONITOR channel interrupts by setting MONITOR Interrupt Enable to
"1

As a result, the first MONITOR byte is acknowledged by the receiving device setting the
MR bit to "0". This causes a MONITOR Data Acknowledge MDA interrupt status at the
transmitter.

A new MONITOR data byte can now be written by the microprocessor in MOX. The MX
bit is still in the active (0) state. The transmitter indicates a new byte in the MONITOR
channel by returning the MX bit active after sending it once in the inactive state. As a
result, the receiver stores the MONITOR byte in MOR and generates a new MDR
interrupt status. When the microprocessor has read the MOR register, the receiver
acknowledges the data by returning the MR bit active after sending it once in the inactive
state. This in turn causes the transmitter to generate an MDA interrupt status.

This "MDA interrupt — write data — MDR interrupt — read data — MDA interrupt"
handshake is repeated as long as the transmitter has data to send. Note that the
MONITOR channel protocol imposes no maximum reaction times to the microprocessor.

When the last byte has been acknowledged by the receiver (MDA interrupt status), the
microprocessor sets the MONITOR Transmit Control bit MXC to "0". This enforces an
inactive ("1") state in the MX bit. Two frames of MX inactive signifies the end of a
message. Thus, a MONITOR Channel End of Reception MER interrupt status is
generated by the receiver when the MX bit is received in the inactive state in two
consecutive frames. As a result, the microprocessor sets the MR control bit MRC to 0,
which in turn enforces an inactive state in the MR bit. This marks the end of the
transmission, making the MONITOR Channel Active MAC bit return to "0".

During a transmission process, it is possible for the receiver to ask a transmission to be
aborted by sending an inactive MR bit value in two consecutive frames. This is effected
by the microprocessor writing the MR control bit MRC to "0". An aborted transmission is
indicated by a MONITOR Channel Data Abort MAB interrupt status at the transmitter.
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2.7.4.1 Handshake Procedure

Structure

The structure of the monitor channel is 8 bit wide, located at bit position 16-23 in every
time slot (assuming that the first bit in a time slot is located at bit position 0). Monitor
messages sent to the IPAC are 1 or 2 bytes long, monitor messages returned by the
IPAC are 0, 1, 2, or 5 bytes long depending on the command. Transmission of multiple
monitor bytes is specified by IOM-2. For handshake control in multiple byte transfers, bit
30, monitor read “MR”, and bit 31 monitor transmit “MX”, of every time slot are used.

Verification
A double last-look criterion is implemented for both bytes of the monitor message.

Codes

3 categories of monitor messages are supported by the IPAC:

¢ MON-1 S,/Q channel
¢ MON-2 S, channel
 MON-8 Register access

The order of listing corresponds to the priority attributed to each category. MON-1
messages will be transmitted first, MON-8 messages last in case several messages are
initiated simultaneously.

The monitor channel is full duplex and operates on a pseudo-asynchronous basis, i.e.
while data transfer on the bus takes place synchronized to frame synchronization, the
flow of monitor data is controlled by the MR and MX bits. Monitor data will be transmitted
repeatedly until its reception is acknowledged.

Figure 65 illustrates a monitor transfer at maximum speed. The transmission of a 2-byte
monitor command followed by a 2-byte IPAC response requires a minimum of 12 IOM-
2 frames. In case the controller is able to confirm the receipt of first IPAC response byte
in the frame immediately following the MX transition on DOUT from HIGH to LOW (i.e.
in frame No. 6), 1 IOM frame may be saved.

Note:

Transmission and reception of monitor messages can be performed simultaneously by
the IPAC. This feature is used by the IPAC to send back the response before the
transmission from the controller is completed (IPAC does not wait for EOM from
controller).

M1/2: Monitor message 1. and 2. byte
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R1/2: Monitor response 1. and 2. byte

IOM®2 Frame No.| 1| 2|3 |4 |5 6|7 |8/|9/|10]11]12
T x 1.Byte T x 2.Byte

e o T eow
bu Ack 1Byte | Ack 2Byte

MR (1] R 2R IR 20 =TT
Mon. Data DU M1 M1|M2|M2|FF|FF|FF|FF|FF|FF|FF|FF

Tx1.Byte| Tx2.Byte

W 1 FT1L_feom
DD Ack.1.Byte | Ack. 2.Byte

MR (1) Y [T3___[leom
Mon. Data DD FF | FF | FF | FF |R1 |R1 | R1 |R2 |R2 | FF | FF | FF

ITD09644

Figure 64 Handshake Protocol with a 2-Byte Monitor Message/Response

Idle State

After the bits MR and MX have been held inactive (i.e. HIGH) for two or more successive
IOM frames, the channel is considered idle in this direction.

Standard Transmission Procedure

1.

2.

The first byte of monitor data is placed by the external controller (e.g. ICC, EPIC) on
the DU line of the IPAC and MX is activated (LOW; frame No 1).

The IPAC reads the data of the monitor channel and acknowledges by setting the MR
bit of DD active if the transmitted bytes are identical in two received frames (frame No.
2 because the IPAC reads and compares data already while the MX bit is not
activated).

. The second byte of monitor data is placed by the controller on DU and the MX bit is set

inactive for one single IOM frame. This is performed at a time convenient to the
controller.

. The IPAC reads the new data byte in the monitor channel after the rising edge of MX

has been detected. In the frame immediately following the MX transition active-to-
inactive, the MR bit of DD is set inactive. The MR transition inactive-to-active exactly
one IOM frame later is regarded as acknowledgment by the external controller (frame
No. 4-5).
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The response of the IPAC will always be sent immediately after the 2. byte has been
received and acknowledged.

5. After both monitor data bytes have been transferred to the IPAC, the controller
transmits “End of Message” (EOM) by setting the MX bit inactive for two or more IOM
frames (frame No. 5-6).

6. In the frame following the transition of the MX bit from active to inactive, the IPAC sets
the MR bit inactive (as was the case in step 4). As it detects EOM, it keeps the MR bit
inactive (frame No. 6). The transmission of the monitor command by the controller is
complete.

7. If the IPAC is requested to return an answer it will commence with the response as
soon as the second controller byte was acknowledged (i.e. response starts in frame
5).

The procedure for the response is similar to that described in points 1-6 except for the
transmission direction. It is assumed that the controller does not latch monitor data.
For this reason one additional frame will be required for acknowledgment.
Transmission of the 2. monitor byte will be started by the IPAC in the frame
immediately following the acknowledgment of the first byte. The IPAC does not delay
the monitor transfer.

Error Treatment and Transmission Abort

In case the IPAC does not detect identical monitor messages in two successive frames,
transmission is not aborted. Instead the IPAC will wait until two identical bytes are
received in succession.

Transmission is aborted only if errors in the MR/MX handshake protocol occur. An abort
is indicated by setting the MR bit inactive for two or more IOM-2 frames. The controller
must react with EOM. This situation is illustrated in the following figure.
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IOM®2 Frame No.| 1 | 2 |3 |4 |5|6 |7
MX -7
0____| EOM
DU .
MR -
0
1
MX -
0
DD
MR £ -
0 ==

Abort Request from Receiver
ITD09645

Figure 65 Abortion of Monitor Channel Transmission

2.7.4.2 Monitor Procedure Timeout (TOD)

The IPAC can operate with or without the “Monitor Timeout Procedure”. The TOD bit in
the SM/CI (Timeout Disable) controls the timeout function. TOD = ZERO enables the
function, TOD = ONE disables it.

With the timeout procedure enabled, the IPAC checks the monitor status once per multi-
frame. This check is performed at the same time the 20th (i.e. last) S-frame is transmitted
within the S-interface multi-frame structure.

In case the monitor is active the current status of the monitor channel is saved. This
condition will be compared with the status at the next check (i.e. 5 ms later). If the
condition of the monitor channel has not changed within this period the IPAC assumes
a lock-up situation.

The IPAC will resolve this lock-up situation by transmitting on DD a EOM (End of
Message) command (MX bit set to ONE for 2 IOM frames). After the transmission of
EOM the IPAC will retransmit the previous monitor channel data. No monitor channel
data will therefore be lost.
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MON-1, MON-2 Commands (S/Q Channel Access)

Function: MON-1 and MON-2 commands provide access to the IPAC internal S/Q

registers. MON1 controls the S; and Q channel, MON-2 controls the S,
channel on the S-interface. In order to synchronize onto multiframing pulses
(TE, LT-T modes) and issue monitor-messages (LT-S mode) the MFD (Multi-
frame disable) bit in the configuration register must be set to ZERO.

MON-1 and MON-2 commands may be passed at any instant provided the S-
interface is activated. They are always one byte long.

Direction S — IOM:

In the direction S-interface to IOM interface a 1 byte buffer is implemented.
Every time a S/Q message has been received on the S-interface which needs
to be forwarded to the IOM interface this message will be saved in a latch. This
latch allows retransmission of the old S/Q data on IOM in case the message
has not been read by the controller before a monitor timeout occurred.

While the latched data has not been read correctly from the monitor channel
the S/Q receiver will not reload the latch. Thus the IOM controller must read
out the S/Q messages from IOM once per 5 ms (multi-frame period). If this is
not guaranteed S/Q channel data may be lost.

Direction IOM - S:

Priority:

Modes:

No buffering is available in the direction IOM-interface to S-interface.

The IPAC will acknowledge a S/Q command correctly and transfer the
command into an internal S/Q transmit buffer if this command is received
during frame numbers 1-17. Once a command has been transferred into the
internal transmit register new S/Q commands received during frames 1-17 will
not be accepted by the IPAC (i.e. no acknowledgment issued with MR bit).
During frame numbers 18-20 however the monitor channel data is transferred
directly into the transmit register. During this period previously accepted S/Q
data could therefore be overwritten. To avoid this situation the controller must
be programmed to send no more than one S/Q command per multi-frame (5
ms).

Note that for both S; and S, channel a separate transmit register is reserved.
The above stated restriction thus applies only to S/Q commands referring to
the same channel.

Transmission of the stored data will commence with the new multi-frame.

MON-1 commands have the highest priority, MON-2 command are treated
with second priority.

Non-auto mode and transparent mode are available in all operational modes.
The SQM (SQ Mode) bit selects transparent mode (ONE) and non-auto mode
(ZERO).
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Non-Auto Mode

In non-auto mode only MON-1 functions to access the S, and Q channel are available.
MON-2 messages (for S, channel access) are ignored.

In non-auto mode monitor messages are only released after new data has been
received. In this mode traffic on the IOM monitor channel is reduced. The controller only
receives changes in the S; or Q channel reducing its processing demands as well.

Transparent Mode

In transparent mode all S/Q channels are available to the user. MON-1 commands/
messages service the S, and Q channel, MON-2 commands/messages related
exclusively to the S, channel. In this mode the data received on S,, S, or Q will be
forwarded directly to the IOM-interface. No comparison with previously sent data is
performed so that one MON-1 and one MON-2 monitor message will be issued every
5 ms (once per multi-frame) in TE or LT-T modes. In LT-S mode one MON-1 message
will indicate every multi-frame the current Q channel data received.

Codes:

MON-1 Command/Message (S,/Q channel)

1 Byte
0 0 0 1 Su/Q Sp/Q  Si/IQ  Su/Q
MON-1 Data

S1: Datain S; channel (LT-S input on IOM-2; TE, LT-T output on IOM-2)
Q: Datain Q channel (TE, LT-T input on IOM-2; LT-S output on IOM-2)

MON-2 Command/Message (S, channel)

1 Byte
0 0 1 0 Sa S Sz Sau
MON-2 Data

S,: Datain S, channel (LT-S input on IOM-2; TE, LT-T output on IOM-2)

2.7.4.4 MON-8 Commands (Register Access)

MON-8 commands provide access to the IPAC internal registers. MON-8 commands
allow to configure the S/T transceiver of the IPAC.

MON-8 Commands are specified in detail in chapter 2.4.4 S/T Transceiver Control.
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2.7.5 C/I-Channel Handling

The Command/Indication channel carries real-time status information between the IPAC
and another device connected to the IOM.

1) One C/I channel (called C/I0) conveys the commands and indications between the
layer-1 and the layer-2 parts of the IPAC. This channel is available in all timing modes
(TE and non-TE). It can be accessed by an external layer-2 device e.g. to control the
layer-1 activation/deactivation procedures. C/I0 channel access may be arbitrated via
the TIC bus access protocol in the IOM-2 terminal timing mode (pin MODEO=0). In this
case the arbitration is done in C/I channel 2 (see figure 53).

The C/10 channel is accessed via register CIRO (in receive direction, layer-1 to layer-2)
and register CIX0 (in transmit direction, layer-2 to layer-1). The C/I0 code is four bits
long.

A listing and explanation of the layer-1 C/I codes can be found in chapter 3.6.2.

In the receive direction, the code from layer-1 is continuously monitored, with an interrupt
being generated anytime a change occurs (ISTAD:CIC). A new code must be found in

two consecutive IOM frames to be considered valid and to trigger a C/I code change
interrupt status (double last look criterion).

In the transmit direction, the code written in CIXO0 is continuously transmitted in C/IO.

2) A second C/I channel (called C/I1) can be used to convey real time status information
between the IPAC and various non-layer-1 peripheral devices e.g. PSB 2163 ARCOFI-
SP. The channel consists of six bits in each direction. It is available only in the IOM-2 TE
timing mode (see figure 53).

The C/I1 channel is accessed via registers CIR1 and CIX1. A change in the received
C/11 code is indicated by an interrupt status without double last look criterion.
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Figure 66 Applications of TIC Bus in IOM®-2 Bus Configuration
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2.7.6 TIC Bus Access

In IOM-2 interface mode the TIC bus capability is only available in TE mode. The
arbitration mechanism implemented in the last octet of IOM channel 2 of the IOM-2
interface allows the access of external communication controllers (up to 7) to the layer-
1 functions provided in the IPAC and to the D channel. (TIC bus; see figure 66). To this
effect the outputs of the controllers (ICC:ISDN Communication Controller PEB 2070) are
wired-or-and connected to pin DU. The inputs of the ICCs are connected to pin DD.
External pull-up resistors on DU/DD are required. The arbitration mechanism must be
activated by setting MODED:DIM2-0=001.

An access request to the TIC bus may either be generated by software (UP access to
the C/I channel) or by the IPAC itself (transmission of an HDLC frame in the D-channel).
A software access request to the bus is performed by setting CIX0:BAC=1 bit which has
the effect that the BAC bit on the DU line (bit 5 of last octet of Ch2, see figure 67) is tied
to "0" (i.e. "TIC bus is occupied").

In the case of an access request, the IPAC checks the Bus Accessed-bit BAC on DU for
the status "bus free", which is indicated by a logical "1". If the bus is free, the IPAC
transmits its individual TIC bus address programmed in the STCR register. The IPAC
sends its TIC bus address TAD and compares it bit by bit with the value on DU. If a sent
bit set to '1’ is read back as '0’ because of the access of another D-channel source with
alower TAD, the IPAC withdraws immediately from the TIC bus. The TIC bus is occupied
by the device which sends its address error-free. If more than one device attempt to
seize the bus simultaneously, the one with the lowest address values wins. This one will
set BAC=0 on TIC bus and starts D-channel transmission.

o
o
N
<
o
=
o
- o ]
e
o
- o
S
N
<
o
=
o

ITD02575

2 10
——
TIC-Bus Address (TAD 2-0)

Bus Accessed ("1’ no TIC-Bus Access)

Figure 67 Structure of Last Octet of Ch2 on DU

When the TIC bus is seized by the IPAC, the bus is identified to other devices as
occupied via the DU Ch2 Bus Accessed-bit state "0" until the access request is
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withdrawn. After a successful bus access, the IPAC is automatically set into a lower
priority class, that is, a new bus access cannot be performed until the status "bus free"
is indicated in two successive frames.

If none of the devices connected to the IOM interface request access to the D and C/I
channels, the TIC bus address 7 will be present. The device with this address will
therefore have access, by default, to the D and C/I channels.

Note: Bit BAC (CIXO0 register) should be reset by the AP when access to the C/I channels
IS no more requested, to grant other devices access to the D and C/I channels.

The availability of the S/T interface D channel is indicated in bit 5 "Stop/Go" (S/G) of the
DD last octet of Ch2 channel (figure 68).

S/IG=1:stop

SIG=0:go

MR MR
MX F MX SIG  AB

IC1 IC2 | MON1| CI1

Bl B2 | MONO

- O
o
o

ITD09693

SIG|AB

Stop/Go J LAvailable/BIocked

Figure 68 Structure of Last Octet of Ch2 on DD

The Stop/Go bit is available to other layer-2 devices connected to the IOM to determine
if they can access the S/T bus D channel.

The A/B bit is used by the exchange (controlled by layer 1) to temporarily prohibit D-
channel transmission (A/B ='0’) when only a single D-channel controller on the linecard
handles more lines (ELIC concept). For most applications D-channel transmission is
usually permitted (A/B ='1").
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2.8 Auxiliary Interface

2.8.1 Mode Dependent Functions

The AUX interface provides for various functions, which depend on the operation mode
(TE, LT-T or LT-S mode) selected by pins MODEO and MODE1/EAW (see table 15).
After reset all pins except DRQTA and DRQRA (pins AUX0 and AUX1 in TE mode) are
switched as inputs until further configuration is done by the host.

Table 15 AUX Pin Functions

Pin TE mode LT-T mode LT-S mode

AUXO0 DRQTA CHO CHO

AUX1 DRQRA CH1 CH1

AUX2 | AUX2/INT CH2 CH2

AUX3 | AUX3 AUX3 / FBOUT AUX3 / FBOUT
AUX4 | AUX4 AUX4 /| PCMIN AUX4 /| PCMIN
AUX5 | AUX5 AUX5 / PCMOUT AUX5 / PCMOUT
AUX6 | INTO INTO INTO

AUX7 | INT1 INT1/SGOUT INT1

AUX2-5 (TE mode), AUX3-5 (LT modes)

These pins can be used as programmable 1/O lines. In LT modes this function is
multiplexed with the PCM interface, i.e. the host can select either PCM functionality
(PCFG:PLD=0) or standard I/O characteristic on AUX3-5 (PCFG:PLD=1).

As inputs (AOE:OEx=1) the state at the pin is latched in when the host performes read
operation to register ARX. A certain setup and hold time must be ensured for proper
operation (see figure 69).

As outputs (AOE:OEx=0) the value in register ATX is driven on the pins with a minimum
delay after the write operation to this register is performed. They can be configured as
open drain (ACFG:0ODx=0) or push/pull outputs (ACFG:0ODx=1). The status ("1’ or '0’) at
output pins can be read back from register ARX, which may be different from the ATX
value, e.g. if another device drives a different level.

AUX2 / INT (TE mode, output)

If configured as output, pin AUX2 provides the high active interrupt output signal. If
configured as input it can be used as a general purpose input pin as described above
(also see chapter 2.6.4).
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Ts TH

fom AKX Y

Write
to ATX
—\—/Ljﬁ’ AUX Output

AUX pin AlAhIhhnnnany Valid State

AUX Input

Figure 69 Input/Output Characteristic of AUX Pins

INTO, INT1 (all modes), INT1/SGOUT (LT-T mode)

For all modes two pins can be used as programmable 1/O with optional interrupt input
capability (default after reset, i.e. both interrupts masked).

The INTO/1 pins are general input or output pins like AUX2-5 (see description above).
In addition to that, as inputs they can generate an interrupt to the host (ISTA:INTO/1)
which is maskable in MASK:INTO/1. The interrupt input is either edge or level triggered
(ACFG:ELO0/1).

As outputs both pins are able to sink I =5 mA which allows for direct connection of
LEDs in standalone applications for example.

In LT-T mode pin AUX7 provides the additional capability to output the S/G bit from the
IOM-2 interface by setting CONF:SGO=1. This may be used for test purposes.

DRQTA, DRQRA (TE mode)

For B-channel B DMA pins are always available, whereas for channel A the availability
depends on the mode of operation.

In TE mode DRQTA and DRQRA are additionally available for the DMA interface, so
both B-channels can be operated in DMA mode.
In LT-T and LT-S mode only B-channel B can be operated by DMA data transfer.

Data transfer by DMA is described in detail in chapter 2.6.5 DMA Interface.
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CHO, CH1, CH2

In linecard mode one FSC frame is a multiplex of eight IOM-2 channels, each of them
consisting of B1-, B2-, MONITOR-, D- and C/I-channel and MR- and MX-bits.

So in LT-T and LT-S mode one of eight channels on the IOM-2 interface is selected by
CHO-2. These pins must be strapped to VDD or VSS according to table 4.

Table 16 [IOM-2 Channel Selection

CH2 |CH1 | CHO | Channel on IOM-2
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

For DCL = 1.536 MHz one of the IOM-2 channels 0 - 2 can be selected, for DCL = 4.096
MHz any of the eight IOM-2 channels can be selected.

PCMIN, PCMOUT

PCMIN and PCMOUT are receive and transmit lines of the general PCM interface. If
enabled, the B-channels on the IOM-2 interface can flexibly be switched to any timeslot
of the PCM interface.

If the PCM Interface is not used (PCFG:PLD=1), these pins serve as general I/O pins.

FBOUT (FSC/BCL Output)

In LT-T and LT-S mode this pin can be programmed to one of two functions:

* FSC Output (PCFG:FBS=0):
An FSC clock is output which is derived from the DCL input (SCLK provides a 1.536
MHz output in LT-T mode) divided by 192. This is especially suitable for multiline
applications, where one of several IPACs generates the common FSC.

e BCL Output (PCFG:FBS=1):
This pin can output a single bit clock (DCL input divided by 2) equal to the IOM-2 data
rate, especially to serve non IOM-2 compatible peripheral devices on the PCM
interface.

If the PCM Interface is not used (PCFG:PLD=1), this pin serves as a general I/O pin.
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2.8.2 PCM Interface

In LT-S and LT-T mode the IPAC provides a PCM interface (PCFG:PLD=0, default) that
can be disabled (PCFG:PLD=1), so that the PCM pins can be used as general I/O pins
(see previous chapter 2.8.1).

28.2.1 PCM Lines

Through its standard PCM interface the IPAC can be connected to devices in general
TDM (time division multiplex) systems. In this way data controllers, which are not
IOM-2 compatible, can indirectly be connected to the IOM-2 interface, since the
programmed PCM timeslots are reflected in the corresponding IOM-2 B-channel
timeslots.

The data and signal lines to be used with the PCM interface depend on the mode of
operation and the type of interface of the external device:

PCMIN Receive Data:
The IPAC receives data from a peripheral device on PCMIN. The
received data is then mapped to a B-channel on the IOM-2 interface.

PCMOUT | Transmit Data:
The IPAC transmits data to a peripheral device on PCMOUT. This data
is originated from a B-channel on the IOM-2 interface.

FSC Frame Sync:
FSC is used on the IOM-2 interface to indicate the beginning of a new

IOM-2 frame. It is also used for the PCM interface to mark the
beginning of new frame.

DCL Bit Clock (double rate):

DCL is the reference clock according to which data is written to
PCMOUT and read from PCMIN. For peripheral devices supporting
double rate bit clock, the clock signal is directly provided by SCLK (LT-
T mode) or by the system (LT-S mode).

DCL is the same clock as used for the IOM-2 interface.
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BCL Bit Clock (single rate):

(FBOUT) | For peripheral devices supporting single rate bit clock, the clock signal
is provided at FBOUT. It is derived from SCLK (LT-T mode) or from a
system clock (LT-S mode) by an internal divider (division by 2). See
chapter 2.8.2.2.

FSC Frame Sync:
(FBOUT) | The frame sync signal is multiplexed with BCL (see above) and output

at FBOUT. Itis derived from SCLK (LT-T mode) or from a system clock
(LT-S mode) by an internal divider (division by 192). See chapter
2.8.2.2.

The frame sync signal FSC and the data clock DCL which are used on the IOM-2
interface also serve as the reference clocks on the PCM interface.

The rising edge of FSC marks the beginning of a new frame that consists of several
timeslots each of which is 8 bits long (see figure 70). Depending on the frequency of the
DCL clock the host can select one of up to 32 possible timeslots (DCL = 4.096 MHz) on
the PCM interface from which B-channel data is read from (PCMIN) and written to
(PCMOUT).

FSC N P I

PCMOUT | co | ot | c2 | ca | || | cs | c3 | co | ¢t | c2 |

PCMIN | oo | ct [ c2 | ca [ /] | ca | ocat co c c2

2115_24

Figure 70 PCM Frame Alignment
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Similar as on the IOM-2 interface, PCM data is written to PCMOUT with the first rising
edge of DCL and latched in from PCMIN with the second falling edge of DCL (see figure
71).

BCL is derived from the DCL clock by an internal devider (refer to chapter 2.8.2.2).

f marks beginning of a new frame

FSC

f new bit written to PCMOUT
f new bit latched in from PCMIN

beL [ T S B e e

O N R e e

PCMOUT Bit0 Bit 1 Bit2

PCMIN Bit0 Bit 1 Bit2

2115_24

Figure 71 PCM Bit Alignment
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The PCM interface can be used to build a connection between non IOM-2 compatible
voice/data controllers and the IOM-2 interface in order to transfer B-channel data from/
to the external device. Receive data on the DD line can be mapped to any timeslot on
the PCMOUT line. Data received from the external device on any timeslot on PCMIN can
be mapped to the DU line (see figure 72).

Data which is received on PCMIN is forwarded to the DU line with the next IOM-2 frame.
Similar for the opposite direction, data on DD is forwarded to the PCMOUT line with the
next FSC frame.

For test purposes data on PCMIN can be mapped to DD and B-channel data on DU can
be mapped to PCMOUT (refer to chapter 2.8.2.3).

IOTI\%-Z
|
PCMOUT <1 oy ) X () IoM-2 | Layert s
PCMIN —» —> j l:sx
FSC B L i L
DU [Bi[B2] [ [ [ [BI[B2] | |
DD |B\MB£| [ [BetfB2] | ] ]
]
PCMIN [B1] | [B2] [/ [BI] [ [B2] |
co [o3] c2 c3 c4 co [e3] c2 c3 c4
pcMout [Bt] [ [B] [ [BI] | [B2] |
co [+3] c2 c3 c4 co (s3] c2 c3 c4
2115_24

Figure 72 Switching Data between PCM and 10M®-2

Data transfer from/to the host is performed via the 64-byte FIFOs. The paragraphs above
describe the procedures when data is tranferred between FIFO and IOM-2 interface
while the corresponding data is mapped from IOM-2 to the PCM interface.

In a similar way data can be transferred directly between FIFO and PCM interface while
the corrsponding PCM timeslots are mapped to the IOM-2 interface (figure 73). The
programming of timeslots on PCM (timeslot position and length) is the same as for
IOM-2, the only difference is that the data path is switched from FIFO « IOM-2

(DPS =0) to FIFO < PCM (DPS = 1), the timeslot switching between PCM and IOM-2
also remains the same.

Semiconductor Group 149 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Functional Description

PCM IOM-2
1 n
~~
IOM
PCFG *y >
PITAL/2
| POTA12
PCM
H 1 o

ﬁ‘i PCFG:DPS

TSAX *y—*>
TSAR

XCCR FIFO

RCCR

*) Registers for timeslot {}
programming. Host 2115_2

Figure 73 Data Path Switching

2.8.2.2 Clock Generation

In LT-T mode a 1.536 MHz clock synchronous to the S interface is provided via pin
SCLK, which can be connected to the DCL input and used as the bit clock (double rate!)
for the IOM-2 interface. An internal divider derives from the DCL input either a common
FSC (division by 192) or a single bit clock (division by 2) which is suitable for external
devices that don’t support double rate (figure 74). The host can select whether FSC
(PCFG:FBS=0) or BCL (PCFG:FBS=1) is provided on FBOUT.

In LT-S mode the 1.536 MHz clock is to be provided by the system. In a similar way it
can be used as the DCL input for FSC/BCL generation.

PCFG:FBS IPAC

= 2
BCL =768 kHz/ FBOUT ¢ -
or <<
FSC =8 kHz

SCLK (LT-T mode)

DCL = 1.536 Mgz

DCL

2115_C

Figure 74 Generation of FSC and BCL in LT-T mode
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Therefore in multiline applications where two or three IPACs are connected across one
IOM-2 interface, one IPAC may generate the FSC signal for all IPACs, while another one
generates the BCL, if necessary, for peripheral devices (figure 75).

PCM Pac AL
x| PSB 2115
IOM-2| | — )
Data : IPAC | 3xSo
Controller x| PSB 2115 EHlE Interface
17
IPAC ]
PSB 2115 EHlE
Host ‘
1.536 MHz or 768 kHz for PCM Interface IPAC
PCFG:FBS=1
FSC l
768 kHz FBOUT E
1536 MHz _ | SCLK m
DCL
IPAC
PCFG:FBS=0
FSC
< 8kHz _ |FBOUT n
MUX SCLK m
DCL
F<—
IPAC
FSC
FBOUT
SCLK
DCL

Figure 75 Multiline Application
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2.8.2.3 Switching of Timeslots

Figure 76 shows as an example, the switching of timeslots from the PCM lines to the
data upstream and data downstream lines of IOM-2 channel B1.
The datapath switching of channel B2 to the PCM interface is done in a similar way.

IOM-2 DU
B1| B2]
IOM-2 DD
BilB2] | [ |
PITA1:DUDD — | Select: IOM-2 DU/DD \
PITALTNRX — . Select; PCM Channel ]
PCMIN [Co [C1]c2]cac4 o5 Ce | |ceolCaolCat] |
IOM-2 DU
| B1B2| | [ |
IOM-2 DD
..................... Bi B2 | | |
POTA1:DUDD ——| Select: IOM-2 DU/DD \
POTATTNTX — | __ Select: PCM Channel o \
PCMOUT [co [c1 [ce2|ca3ca|cs5]ce | |ceolcaocat] |
= default datapath
------ i optional datapath

Figure 76 Switching of PCM Timeslots on IOM®-2 Channel B1
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PCM Transmit Line - PCMOUT

By default the B-channel from the DD line (POTA1/2:DUDD=0) is connected to the PCM
transmit line PCMOUT, so 8-bit data which is received by the IPAC from the S interface
on DD (LT-T mode), is transmitted to an external device via the PCM interface.

The B-channel from the DU line (POTA1/2:DUDD=1) can also be switched to the
transmit line of the PCM interface PCMOUT. This is necessary in LT-S mode where the
direction of IOM-2 data lines is inverted (see chapter 2.7.2) or it may be used for test
purposes.

B-channel data from DD (default) or DU (optional) is mapped to one of up to 32 (DCL =

4.096 MHz) or 12 (DCL = 1.536 MHz) programmable timeslots (POTAL1/2:TNTX) on
PCMOUT.

PCM Receive Line - PCMIN

By default the B-channel from the DU line (PITA1/2:DUDD=0) is connected to the PCM
receive line PCMIN, so 8-bit data which is received on the PCM interface from an
external device is transmitted by the IPAC to the S interface on DU (LT-T mode).

The B-channel from the DD line (PITA1/2:DUDD=0) can also be switched to the receive
line of the PCM interface PCMIN. As described above this is used in LT-S mode or for
test purposes.

Data from one of up to 32 (DCL = 4.096 MHz) or 12 (DCL = 1.536 MHz) programmable
timeslots (PITA1/2:TNRX) on PCMIN is mapped to the B-channel timeslot on DU
(default) or DD (optional).
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2.9 Oscillator Circuit

The IPAC derives its system clocks from an external clock connected to XTAL1 (while
XTAL2 is not connected) or from a 7.68 MHz crystal connected across XTAL1 and
XTAL2.

At pin C768 a buffered 7.68 MHz output clock is provided to drive further devices, which
is suitable in multiline applications for example (see figure 77). This clock is not
synchronized to the S-interface.

I
T 7.68 MHz T
[l g g
N.C. N.C. N.C.
| | |
XTAL1 XTAL2 C768 XTAL1 XTAL2 G768 XTAL1 XTAL2 G768
IPAC IPAC IPAC

2115_28

Figure 77 Buffered Oscillator Clock Output
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3 Operational Description

3.1 RESET
After a reset the IPAC is in an idle state and its registers are loaded with specific values.

B-Channel registers

The B-Channel related registers are located in the address range 00h - 73h. Their reset
values are described in table 17.

Table 17 RESET Values for B-Channel Registers

Register Value after Meaning
Reset (hex)
CCR1 00 — Power down mode

— Serial port configuration: NRZ coding
— Interframe time fill: idle ("1’) are output on DU

CCR2 00 — Special output control: TX on DU, RX on DD
— Transmit data enabled
— Receive frame start interrupt enable: RFS disabled

MODEB 00 — Mode select: reserved mode

— Address mode: 1 byte address field

— Receivers inactive

— Continuous frame transmission: delayed XPR
interrupt

— Receiver active: HDLC receiver inactive

— Test loop disabled

STARB 48 — XFIFO write enable

— Receive line inactive

— No commands executing
— Transmitter inactive

ISTAB 00 — No interrupt pending

MASKB — All interrupts enabled

EXIRB

CMDRB 00 — No commands

XBCH 00 — Interrupt controlled data transfer
RBCHB — Transmit continuously disabled
XCCR 00 — 1-bit time-slot

RCCR
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The D-Channel registers are located in the address range 80h - BAh. The important
reset values are summarized in table 18.

Table 18 RESET Values for D-Channel Registers
Register Value after Meaning
Reset (hex)

ISTAD 00 no interrupts

MASKD 00 all interrupts enabled

EXIRD 00 no interrupts

STARD 48 XFIFOD is ready to be written to
RFIFOD is ready to receive at least 16 octets of a
new message

CMDRD 00 no command

MODED 00 auto mode
1-octet address field
external timer mode
receiver inactive

RBCLD 00 no frame bytes received

RBCHD XXX00000,

SPCR 00 DU pin = “High”
IOM interface test loop deactivated

CIRO 7C another device occupies the D and C/I channels
received C/I code = “1111”"
no C/I code change

CIX0 3F TIC bus is not requested for transmitting a C/I code
transmitted C/I code =*“1111"

STCR 00 terminal specific functions disabled
TIC bus address = “0000”
no synchronous transfer

ADF1 00 inter-frame time fill = continuous “1”
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The IPAC registers for general functions are located in the address range COh - CCh.
The reset values are summarized in table 18.

Table 19 RESET Values for General IPAC Registers
Register Value after Meaning
Reset (hex)
CONF 00 transformer ratio 2:1
Test mode disabled
D-Channel priority handler disabled
Pin AUX7 is general I/O
DU/DD are open drain
IOM is operational
ISTA 00 No interrupts
MASK Co INTO/1 masked
All other interrupts enabled
ACFG 00 AUX2-7 are open drain (as outputs)
INTO,1 are negative level triggered (as INT inputs)
AOE FC AUX2-7 are inputs
ATX 00 Output value for AUX2-7 is O
PITAL1/2 00 PCMIN line is disabled
RX data from PCMIN mapped to DU line
Selected PCM timeslot is channel O
POTAL1/2 00 PCMOUT line is disabled
TX data on PCMOUT derived from DD line
Selected PCM timeslot is channel 0
PCFG 00 ACL will indicate S-bus activation status
AUX3-5 are used for PCM interface (LT modes)
FSC (derived from DCL in) is output
on AUX3 (LT modes)
IOM Channel 0 selected for PCM interface
(LT modes)
SCFG 00 8 bit timeslot length
SDS active during timeslot 0
TIMR2 00 Count down timer mode
Timer is disabled
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3.2 Initialization

After reset the CPU has to write a minimum set of registers and an optionally set
dependent on the required features and operating modes.

The CPU may switch the IPAC between power-up and power-down mode, which has no
influence upon the contents of the registers, i.e. the internal state remains stored.

In power-down mode however, all internal clocks are disabled, no interrupts are
forwarded to the CPU.

This state can be used as standby mode, when the IPAC is temporarily not used, thus
minimizing the power consumption.

The individual operating mode must be defined writing the individual MODE register
(MODE, MODEB and MODED).

The need for programming further registers depends on the selected features (operating
mode, address mode, user demands) according to the following tables:

B-Channel registers

Clock Mode Register
5 (Time Slot Mode) CCR2, TSAR, TSAX, XCCR, RCCR

Note: The clock mode 5 is well known from the HSCX-TE PSB 21525, other clock modes
are not supported.

@Ie 20 Register Setup

Address |2 Byte 1 Byte
Mode Address Field Address Field
Operating
Mode (MODEB: ADM =1) (MODEB: ADM = 0)
RAH1 RAH1 set to 00y
RAH2 RAH2 set to 00
Non Auto RAL1 RAL1
RAL2 RAL2
RAH1 —
Transparent RAH2
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Table 21 User Demand Registers

User Demand Register
RFS Interrupt Provided CCR2
Selective Interrupts Should be Masked MASKB
DMA Controlled Data Transfer XBCH
Receive Length Check Feature RLCR
Extended (modulo 128) Counting RAH2
D-Channel registers
Register Bit Effect Application
SPCR SPU Pull DU low (to request clocking from | TE
layer-1 device).
SDL Switch Data Line
IOM-2 data port DU/DD direction
control
SPM 0 Terminal timing mode TE
1 Non-terminal timing mode LT
TLP IOM-2 interface test loop
C2C1-0 B/IC channel connect
C1C1-0
MODED DIM2-0 IOM interface configuration for
D + C/I channel arbitration
Stop/Go bit monitoring for HDLC
transmission yes/no
MDS2-0 HDLC message transfer mode 2
octet/(1 octet) address
TMD Timer mode external/internal Auto mode only
ADF1 CSEL2-0 |IOM channel select (Time slot) non-TE
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Register Bit Effect Application
CIX0 RSS Hardware reset generated by either | TE specific functions
subscriber/exchange awake or (TSF=1)
watchdog timer
STCR TSF Terminal specific function enable
TBA2-0 TIC bus address Bus configuration for
D+C/I (TIC)
TIMR CNT N1 and T1 in internal timer mode
VALUE (TMD =1)
T2 in external timer mode
XAD1 SAPI, TEI Auto mode only
XAD2 Transmit frame address
SAPI1/2 Receive SAPI, TEl address values for
TEI1/2 internal address recognition
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Register Bit Effect Application
CONF OoDS DU/DD output driver selection (open
drain or push pull)
IOF IOM interface off or operational
IDH Enable/disable IOM-2 D-Channel LT-S mode
priority handler (intelligent NT)
CFS Clock relations and recovery on S/T
interface
AMP Transformer ratio
TEM Tests mode (disable layer-1 function)
PDS Select phase deviation of the S- TE and LT-T mode
interface.
SGO S/G bit output on pin AUX7 LT-S and LT-T mode
PCFG PLD PCM interface enable/disable LT modes
CSL2-0 IOM Channel Select for PCM LT modes
interface
FBS FSC or BCL output on pin AUX3 LT modes
ACL Pin ACL as indication for S-bus all modes
activation or as programmable output
LED Output value on ACL (if enabled) all modes
PITAL/2 ENA Enable PCMIN channel PCM interface
(LT modes)
DUDD Map data on DU/DD
TNRX Timeslot number select
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Register Bit Effect Application
POTA1/2 ENA Enable PCMOUT channel PCM interface
(LT modes)
DUDD Map data on DU/DD
TNTX Timeslot number select
SCFG PRI Priority selection for IOM-2 D-channel
priority handler
Data strobe signal
TLEN Timeslot length 8/16 bit
TSLT Timeslot position
TIMR2 TMD Timer mode (count down or periodic)| Timer 2
CNT Timer Count (timer off or 1...63 ms)
ACFG OD7-2 Output driver select for AUX7-2 (open | Aux-interface
drain or push pull)
EL1,0 Trigger mode (edge/level) for
interrupt input INTO,1
AOE OE7-2 Switch AUX7-2 as input/output Aux-interface
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Interrupt Structure and Logic

Special events in the IPAC are indicated by means of a single interrupt output, which
requests the host to read status information from the IPAC or transfer data from/to the

IPAC.

Since only one INT request output is provided, the cause of an interrupt must be
determined by the host reading the IPAC’s interrupt status registers.

The structure of the interrupt status registers is shown in figure 78.

\

4

\

2

28 ‘J

External Interrupts from pins AUX6 and AUX7

IRME|RPF |RSC|XPR| TIN | CIC[ SIN [TIN2| ISTAD (ISTA D-Channel)

XMR XDU PCE [RFO [SOV MOS|SAWMWOV, EXIRD (EXIR D-Channel)

RME|RPF] -- [XPR| -- | = | = | - | ISTAB (ISTA B-Channel A)
XMRXDU| -- |[RFO| - |RFS| - | - | EXIRB (EXIR B-Channel A)
RMERPF | -- XPR] - | - | - [ - | ISTAB (ISTA B-Channel B)
XMRXDU| -- |[RFO| - |[RFS| - | — | EXIRB (EXIR B-Channel B)

[INT1]INTO] ICD | EXD/ ICA| EXA| ICB[ EXB ISTA (IPAC Interrupt Status Register)

[INT1]INTO] ICD | EXD ICA | EXA/ ICB[EXB| MASK (IPAC Interrupt Mask Register)

2115_18
AUX-IF D-Channel B-Channels
Figure 78 IPAC Interrupt Status Registers
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Two interrupt indications can be read directly from the ISTA register and another six
interrupt indications from separate interrupt status registers and extended interrupt
registers for the B-channels (ISTAB, EXIRB, each for B-Channel A and B) and the D-
channel (ISTAD, EXIRD).

After the IPAC has requested an interrupt by setting its INT pin to low, the host must first
read the IPAC interrupt status register (ISTA) in the associated interrupt service routine.
The six lowest order bits (bit 5-0) of ISTA (IDC, EXD, ICA, EXA, ICB, EXB) point to those
registers in which the actual interrupt source is indicated. It is possible that several
interrupt sources are indicated referring to one interrupt request (e.g. if the ICA bit is set,
at least one interrupt is indicated in the ISTA register of channel A).

An interrupt source from the general I/0 pins AUX6 and AUX7 of the auxiliary interface
is directly indicated in bits 6 and 7 of the ISTA register, therefore these bits must always
be checked (see chapter 3.3.3).

Two bits indicate an interrupt source from the D-channel (see chapter 3.3.2) and for
each of the channels A and B another two bits indicate a source from ISTAB or EXIRB
(see chapter 3.3.1).

The INT pin of the IPAC remains active until all interrupt sources are cleared by reading
the corresponding interrupt register. Therefore it is possible that the INT pin is still active
when the interrupt service routine is finished.

For some interrupt controllers or hosts it might be necessary to generate a new edge on
the interrupt line to recognize pending interrupts. This can be done by masking all
interrupts at the end of the interrupt service routine (writing FFy into the MASK register)
and write back the old mask to the MASK register.

Each interrupt indication of the interrupt status registers can selectively be masked by
setting the respective bit in the MASK register.

The ISTA register represents the combined interrupt status from all the individual
interrupt status registers (ISTAD, EXIRD, ISTAB, EXIRB). If a specific interrupt source
(e.g. ISTAD:RME) is acknowledged by the host the interrupt indication in the ISTA
register (in this case ISTA:ICD) is reset, it does not need to be acknowledged by reading
ISTA.

In other words, the host does not need to read the ISTA register if it uses some other
mechanism to determine the interrupt source. This may be suitable for the adaptation of
driver software based on HSCX-TE PSB 21525 and ISAC-S TE PSB 2186 which already
implements the subsequent check of all B-channel and D-channel interrupt registers.
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3.3.1 B-Channel Interrupts

The B-Channel related interrupt sources can be logically grouped into

— receive interrupts,
— transmit interrupts and
— special condition interrupts.

Each interrupt indication of the ISTAB registers can be selectively masked by setting the
respective bit in the MASKB registers.

The following tables give a complete overview of the individual interrupt indications and
the cause of their activation as well as specific restrictions (marked with ‘*').

Table 22 Receive Interrupts

RPF Receive Pool Full Activated as soon as 64-bytes are stored in the
(ISTAB) RFIFOB but the message is not yet completed.

RME |Receive Message End Activated if either one message up to 64 bytes or
(ISTAB) the last part of a message with more than 64 bytes

is stored in the RFIFOB, i.e. after the reception of
the CRC and closing flag sequence.

RFO Receive Frame Overflow | Activated if a complete frame could not be stored

(EXIRB) due to occupied RFIFOB, i.e. the RFIFOB is full
and the IPAC has detected the start of a new
frame.

RFS Receive Frame Start *Only activated if enabled by setting the RIE bit in

(EXIRB) CCR2 regqister.

Activated after the start of a valid frame has been
detected, i.e. after a valid address check in
operation modes providing address recognition,
otherwise after the opening flag (transparent mode
0), delayed by two bytes.

After an RFS interrupt, the contents of

— RHCRB

- RAL1

— RSTAB - bit 3-0

are valid and can be read by the CPU.
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Table 23 Transmit Interrupts

Operational Description

XPR Transmit Pool Ready Activated whenever a 64-byte FIFO pool is empty
(ISTAB) and accessible to the CPU, i.e.
— following a XRES command via CMDRB.
Repeatedly during frame transmission started by
XTF command, and no end of message indication
(XME command) has been issued yet by the CPU,
— after the end-of-message indication
when frame transmission of a transparent frame is
completed (i.e. CRC and closing flag sequence
are shifted out).
XMR | Transmit Message Transmission of the last frame has to be repeated.
Repeat
(EXIRB)
XDU | Transmit Data Underrun | Activated if the XFIFOB holds no further data, i.e.

(EXIRB)

all data has been shifted out via the serial DU pin,
but no End Of Message (EOM) indication has
been detected by the IPAC.

The EOM indication is supplied by a XME
command from the CPU.
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3.3.2 D-Channel Interrupts

The cause of an interrupt related to the D-Channel is determined by the microprocessor
by reading the Interrupt Status Register ISTAD and the Extended Interrupt Status
Register EXIRD.

A read of the ISTAD register clears all bits except CIC. CIC is cleared by reading CIRO.
A read of EXIRD clears the EXD bit in ISTA as well as the EXIRD register itself.

Each interrupt source in ISTAD register can be selectively masked by setting to “1” the
corresponding bit in MASKD. Masked interrupt status bits are not indicated when ISTAD
is read. Instead, they remain internally stored and pending, until the mask bit is reset to
zero. Reading the ISTAD while a mask bit is active has no effect on the pending interrupt.

In the event of an extended interrupt EXIRD, EXD is not set when the corresponding
mask bit in MASK is active and no interrupt (INT) is generated. In the event of a C/I
channel interrupt CIC is set, even when the corresponding mask bit in MASKD is active,
but no interrupt (INT) is generated.

Except for CIC and MOS all interrupt sources are directly determined by a read of ISTAD
and EXIRD.

The FIFO logic, which consists of a 2 x 32 byte receive FIFO (RFIFOD) and a 2 x 32 byte
transmit FIFO (XFIFOD), as well as an intelligent FIFO controller, builds a flexible
interface to the upper protocol layers implemented in the microcontroller.

The interrupt sources from the D-Channel HDLC controller are listed in table 24.
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Table 24

Operational Description

Interrupts from D-Channel HDLC Controller

Mnemonic

Register

Meaning

Reaction

Layer-2 Receive

RPF ISTAD Receive Pool Full. Request to | Read 32 octets from RFIFOD
read received octets of an and acknowledge with RMC.
uncompleted HDLC frame from
RFIFOD.

RME ISTAD Receive Message End. Read RFIFOD (number of
Request to read received octets given by RBCL4-0) and
octets of a complete HDLC status information and
frame (or the last part of a acknowledge with RMC.
frame) from RFIFOD.

RFO EXIRD |Receive Frame Overflow. A Error report for statistical
complete frame has been lost | purposes. Possible cause:
because storage space in deficiency in software.
RFIFOD was not available.

PCE EXIRD | Protocol Error. S or | frame with | Link re-establishment.

incorrect N(R) or S frame with |
field received (in auto mode

only).

Indication to layer 3.

Layer-2 Transmit

XPR

ISTAD

Transmit Pool Ready. Further
octets of an HDLC frame can
be written to XFIFOD.

If XIF&XME was issued (auto
mode), indicates that the
message was successfully
acknowledged with S frame.

Write data bytes in the XFIFOD
if the frame currently being
transmitted is not finished or a
new frame is to be transmitted,
and issue an XIF, XIF&XME,
XTF or XTF&XME command.
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Table 24 Interrupts from D-Channel HDLC Controller (cont'd)

Mnemonic | Register | Meaning Reaction

XMR EXIRD | Transmit Message Repeat. Transmission of the frame
Frame must be repeated must be repeated. No
because of a transmission indication to layer 3.
error (all HDLC message
transfer modes) or a received
negative acknowledgment
(auto mode only) from peer
station.

XDU EXIRD | Transmit Data Underrun. Transmission of the frame
Frame has been aborted must be repeated. Possible
because the XFIFOD holds no | cause: excessively long
further data and XME (i.e. software reaction times.
XIF&XME or XTF&XME) was
not issued.

RSC ISTAD | Receive Status Change. A Stop sending new | frames.
status change from peer
station has been received (RR
or RNR frame), auto mode
only.

TIN ISTAD | Timer Interrupt. External timer | Link re-established. Indication
expired or, in auto mode, to layer 3. (Auto mode)
internal timer (T200) and
repeat counter (N200) both
expired.

TIN2 ISTAD | Timer Interrupt 2. No acknowledge necessary.

Timer 2 expired (single
interrupt or continuous
interrupts with timer period).

Restart timer if required.
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Figure 79 shows the CIC and MOS interrupt logic.

CIC Interrupt Logic

A CIC interrupt may originate

— from a change in received C/I channel (0) code (CICO)
or (in the case of IOM-2 terminal mode only)

— from a change in received C/I channel 1 code (CIC 1).

The two corresponding status bits CICO and CIC1 are read in CIRO register. CIC1 can
be individually disabled by clearing the enable bit CILE (ADFL1 register). In this case the
occurrence of a code change in CIR1 will not be displayed by CIC1 until the
corresponding enable bit has been set to one.

Bits CICO and CIC1 are cleared by a read of CIRO.

An interrupt status is indicated every time a valid new code is loaded in CIRO or CIR1.
But in the case of a code change, the new code is not loaded until the previous contents
have been read. When this is done and a second code change has already occurred, a
new interrupt is immediately generated and the new code replaces the previous one in
the register. The code registers are buffered with a FIFO size of two. Thus, if several
consecutive codes are detected, only the first and the last code is obtained at the first
and second register read, respectively.
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MOS Interrupt Logic

In the case of IOM-2 non-terminal timing modes only one MONITOR channel is handled
and MOR1 and MOX1 are unused.

The interrupt logic is different for MONITOR channel 0 and channel 1:

¢ MONITOR channel O

The MONITOR Data Receive MDRO and the MONITOR channel End of Reception
MERO interrupt status have two enable bits, MONITOR Receive interrupt Enable
(MREO) and MR bit Control (MRCO).

The MONITOR channel Data Acknowledged MDAO and MONITOR channel Data Abort
MABO interrupt status bits have a common enable bit MONITOR Interrupt Enable MIEO.

MREO prevents the occurrence of MDRO status, including when the first byte of a packet
is received. When MREQO is active (1) but MRCO is inactive, the MDRO interrupt status is
generated only for the first byte of a receive packet. When both MREO and MRCO are
active, MDR is always generated and all received MONITOR bytes - marked by a 1-to-0
transition in MX bit - are stored. (Additionally, an active MRCO enables the control of the
MR handshake bit according to the MONITOR channel protocol.)

e MONITOR channel 1

The MONITOR Data Receive interrupt status MDR1 has two enable bits, MONITOR
Receive interrupt Enable (MRE1) and MR bit Control (MRC1). The MONITOR channel
End of Reception MER1, MONITOR channel Data Acknowledged MDA1 and MONITOR
channel Data Abort MAB1 interrupt status bits have a common enable bit MONITOR
Interrupt Enable MIEL.

MREZ1 prevents the occurrence of MDR1 status, including when the first byte of a packet
is received. When MREL1 is active (1) but MRCL1 is inactive, the MDR1 interrupt status is
generated only for the first byte of a receive packet. When both MRE1 and MRC1 are
active, MDRL1 is always generated and all received MONITOR bytes - marked by a 1-
to-0 transition in MX bit - are stored. (Additionally, an active MRC1 enables the control
of the MR handshake bit according to the MONITOR channel protocol.)
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a)

b)

C/I0 Caode C/H Code
‘ CODR1 ‘ CIR1
CHE| ADF1
‘ ‘BAS‘ CODRO ‘CICO CIC1| CIRO
L]
v
CIC ISTAD
MASKD
v
ICD ISTA
MASK
[ [ \
v
INT
[MOR1 | [ Moxi | [ MORo | [ Moxo |
A
MRE1‘MRC1 MIE1 | MXCA1 MREO‘MRCOMIEO MXCO‘ MOCR
\‘
MDR1 MEFI1‘ MDA1‘ MAB1‘MDRO‘MERO‘MDAO‘MABO‘ MOSR
] ; ]
MOS EXIRD
[ [ \
\4
EXD ISTA
MASK
\ \ \ \ \ \
v
INT 2115_30

Figure 79 a) CIC Interrupt Structure
b) MOS Interrupt Structure
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3.3.3 Auxiliary Interface

Interrupts from external devices can be indicated in the Interrupt Status Register (ISTA)
of the IPAC.

The auxiliary pins AUX6 and 7 can be configured as general I/O pins and as inputs they
can generate a maskable interrupt to the host (INTO, 1). The host can configure whether
the interrupt on these pins is edge or level triggered.

In contrast to all other interrupt sources in the ISTA register, INTO and INT1 are masked
(MASK register) after reset.

Table 25 Auxiliary Interface Interrupts

Mnemonic | Register | Meaning Reaction

INTO/1 ISTA External Interrupt 0/1 Service interrupt from external
Activated if a negative edge or | device(s).

level (programmable in
ACFG:ELO/1) is detected on
auxiliary pins AUX6/7.
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34 B-Channel Data Transfer

Initially, the CPU should bring the transmitter and receiver to a defined state by issuing
a XRES (transmitter reset) and RHR (receiver reset) command via the CMDRB register.
If data reception should be performed, the receiver must be activated by setting the RAC
bit in MODEB to 1.

After having performed the initialization, the CPU switches each individual B-channel of
the IPAC into operational phase by setting the PU bit in the CCRL1 register (power-up).

Now the IPAC is ready to transmit and receive B-Channel data. The control of the data
transfer phase is mainly done by commands from CPU to IPAC via the CMDRB register,
and by interrupt indications from IPAC to CPU.

Additional status information, which does not trigger an interrupt, is available in the
STARB register.

34.1 Data Transmission

Interrupt Mode

In transmit direction 2 x 64 byte FIFO buffers (transmit pools) are provided for each
channel. After checking the XFIFOB status by polling the Transmit FIFO Write Enable bit
(XFW in STARB register) or after a Transmit Pool Ready (XPR) interrupt, up to 64 bytes
may be entered by the CPU to the XFIFOB.

The transmission of a frame can then be started issuing a XTF command via the CMDRB
register. If the transmit command does not include an end of message indication
(CMDRB : XME), the IPAC will repeatedly request for the next data block by means of a
XPR interrupt as soon as no more than 64 bytes are stored in the XFIFOB, i.e. a 64-byte
pool is accessible to the CPU.

This process will be repeated until the CPU indicates the end of message per command,
after which frame transmission is finished correctly by appending the CRC and closing
flag sequence.

In case no more data is available in the XFIFOB prior to the arrival of XME, the
transmission of the frame is terminated with an abort sequence and the CPU is notified
per interrupt (EXIRB: XDU). The frame may also be aborted per software
(CMDRB : XRES).
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The data transmission sequence, from the CPU'’s point of view, is outlined in figure 80.

XPR Interrupt or

N Transmit
XFW Bit in STARB Register=1

Pool Ready
?

Write Data
Coyﬁzand (up to 64 Bytes)
to XFIFOB

End of
Message
?

Command
XTF +XME

END
ITD09647

Figure 80 Interrupt Driven Data Transmission (Flow Diagram)
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The activities at both serial and CPU interface during frame transmission (supposed
frame length = 140 bytes) is shown in figure 81.

, Transmit Frame (140 Bytes)
Serial 64 64 12
Interface < >
A | |
|
IPAC | : :
T | |
. v 4
CPU
Interface " " "
S~ S~ ~——
WR XTF WR Command WR XTF+XME
64 Bytes 64 Bytes XTF 12 Bytes
XPR XPR XPR

ITD09648

Figure 81 Interrupt Driven Transmission Sequence Example
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Back to Back Frames

If two or more frames should be transmitted in a high speed sequence without interframe
time fill, the transmission sequence according figure 82 has to be used.

This means that the closing flag will be immediately followed by an opening flag. The
IPAC receiver, however, is capable of receiving frames separated by only one (shared)
flag.

Transmit XPR Interrupt or
Pool Ready XFW Bitin STARB Register = 1
?

Y

<
<«

A\ 4

XFIFOB : Data
(<= 64 Bytes)

v

CMDRB : XTF

Transmit
Pool Ready
?

CMDRB : XME —

CMDRB : XTF + XME

v

( END )
ITD09649

Figure 82 Continuous Frames Transmission (Flow Diagram)
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The activities during frame transmission (supposed two frames, 36 bytes and 104 bytes)
is shown in figure 83.

_ Frame 1 Frame 2
Serial ITF 36 Bytes 64 Bytes 40 Bytes ITF
Interface < > > < >
A

G B | |

| | A | |
IPAC

R - Eaa e >

| | | 4 [ 4 | y
CPU
Interface

WR XTF XME  WR XTF WR XTF | XTF+XME
36 Bytes 64 Bytes 40 Bytes
v
XPR XPR XPR XPR

ITD09650

Figure 83 Continuous Frames Transmission Sequence Example

DMA Mode

Prior to data transmission, the length of the next frame to be transmitted must be
programmed via the Transmit Byte Count Registers (XBCH, XBCL). The resulting byte
count equals the programmed value plus one byte, i.e. since 12 bits are provided via
XBCH, XBCL (XBC11. . .XBCO) a frame length of 1 up to 4096 bytes (4 Kbytes) can be
selected.

After this, data transmission can be initiated by command (XTF). The IPAC will then
autonomously request the correct amount of write bus cycles by activating the DRQTA/
B line. Depending on the programmed frame length, block data transfers of

n X 64-bytes + remainder (n =0, 1,...64)

are requested everytime a 64-byte FIFO half (transmit pool) is empty and accessible to
the DMA controller.

Semiconductor Group 178 11.97


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

SIEMENS PSB 2115

PSF 2115

Operational Description

The following figure gives an example of a DMA driven transmission sequence with a

supposed frame length of 140 bytes, i.e. pro