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1 Overview

The PEF 81912 / 81913 (Q-SMINT®IX) offers most features known from the PEB / PEF
8191 [12] and can hence replace the latter in its major applications. However, it does not
replace the PEB/PEF 8191 in applications that use the S-transceiver in TE mode.

The Q-SMINT®IX features U-transceiver, S-transceiver, HDLC controller and an IOM®-
2 interface on a single chip. A microcontroller interface provides access to both
transceivers, the HDLC controller as well as the IOM®-2 interface.

Main target applications of the Q-SMINT®IX are intelligent NT applications which require
one single HDLC controller.

Table 1 summarizes the 2nd generation NT products.

Table 1 NT Products of the 2nd Generation

PEF80912 |PEF80913 |[PEF81912 |PEF81913 |PEF82912 |PEF82913

Q-SMINT®O

Q-SMINT®IX

Q-SMINT®

Package

P-MQFP-44

P-MQFP-64
P-TQFP-64

P-MQFP-64
P-TQFP-64

Register
access

no

U+S+HDLC+ IOM®-2

U+S+ IOM®-2

Access via

n.a.

parallel (or SCI or
IOM®-2)

parallel (or SCI or
IOM®-2)

MCLK,
watchdog
timer, SDS,
BCL, D-
channel
arbitration,
IOM®-2access
and
manipulation
etc. provided

no

yes

yes

HDLC
controller

no

yes

no

NT1 mode
available

yes (only)

no

no

Extended U-
Performance
20kft

no yes

no yes

no yes
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1.2 Features PEF 81912

Features known from the PEB/PEF 8191

» U-transceiver, S-transceiver and HDLC controller on
one chip
» Perfectly suited for low-cost intelligent NTs that
require one single HDLC controller
» U-interface (2B1Q) conform to ETSI [1], ANSI [2] and
CNET [3]:
— Meets all transmission requirements on all ETSI,
ANSI and CNET loops with margin
— Conform to British Telecom’s RC7355E [4]
— Compliant with ETSI 10 ms micro interruptions
— MLT input and decode logic (ANSI [2])
» S/T-interface conform to ETSI [6], ANSI [7] and ITU
[8]
— Supports point-to-point and bus configurations
— Meets and exceeds all transmission requirements
» Activation status LED supported

Overview

PEF 81912/81913

P-MQFP-64

P-TQFP-64

» BCL, SDS1, SDS2, programmable MCLK, watchdog timer,

« Access to IOM®-2 C/I and Monitor channels

* Power-down mode and reset states (e.g. S-transceiver) for individual circuits
» Automatic D-channel arbitration between S-bus and local HDLC controller

» Parallel or serial pP-interface

Type Package
PEF 81912/81913 P-MQFP-64
PEF 81912/81913 P-TQFP-64
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New Features

» Reduced number of external components for external U-hybrid required
» Optional use of up to 2x20 Q resistors on the line side of the transformer (e.g. PTCs)
» Pin Uref and the according external capacitor removed
* Improved ESD (2 kV instead of <850 V)
e Inputs accept 3.3Vand5V
» |/O (open drain) accepts pull-up to 3.3 vD
» LED signal is programmable but can also automatically indicate the activation status
(mode select via 1 bit)
« Pin compatible with T-SMINT®IX (2nd Generation)
* Priority setting (8/10) for off-chip and on-chip HDLC controller
e Improved FIFO structure (SCOUT)
« Enhanced IOM®-2 timeslot access and manipulation (SCOUT)
* HDLC extended transparent mode (SCOUT)
* MCLK can be disabled (SCOUT)
« External Awake (EAW)
» Optional: All registers can be read and written to via new Monitor channel concept
* Optional: Implementation of S-transceiver statemachine in software
* Indirect Addressing (SCOUT)
» HDLC access to B-channels, D-channel and any combination of them
* Programmable strobes SDS1/2 are more flexible, e.g. active during several timeslots
» Power-on reset and Undervoltage Detection with no external components
* Lowest power consumption due to:
— Low power CMOS technology (0.35p)
— Newly optimized low-power libraries
— High output swing on U- and S-line interface leads to minimized power
consumption
— Single 3.3 Volt power supply
e 200 mW (INTC-Q: 295 mW) power consumption with random data over ETSI Loop 2
(external loads on the S and U interface only and no additional external loads).
e 15 mW typical power consumption in power down (INTC-Q: 28 mW)

1.3 Features PEF 81913

The Q-SMINT®IX PEF 81913 provides all features of the PEF 81912. Additionally, a
significantly enhanced performance of the U-interface as compared to ETSI [1], ANSI
[2] and CNET [3] requirements is guaranteed:

Transparent transmission on 20kft AWG26 with a BER < 107 (without noise).

1 Pull-ups to 5 V must be avoided. A so-called 'hot-electron-effect’ would lead to long term degradation.
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1.4 Not Supported are ...

* Integrated U-hybrid

» ’Self test request’ and 'Self test passed’ of U-transceiver

» TE-mode of the S-transceiver

* DECT-link capability

» SRA (capacitive receiver coupling is not suited for S-feeding).

* 'NT-Star’ with star point on the IOM®-2 bus (already not supported in INTC-Q).

* HDLC Automode

* No access to S2-5 channels. Access only to S1 and Q channel as in SCOUT. No
selection between transparent and non-auto mode provided.

» The oscillator architecture was changed with respect to the INTC-Q to reduce power
consumption. As a consequence, the Q-SMINT®IX always needs a crystal and pin
XIN can not be connected to an external clock as it was possible for IEC-Q and NTC-
Q. This does not limit the use of the Q-SMINT®IX in NTs since all NT designs use
crystals anyway.

1.5 Different are ...

» HDLC naming convention of transparent modes has changed (as in SCOUT). The
according bit combination in the MODEH register remains unchanged, hence
software compatibility is ensured.

Table 2 HDLC Naming Convention

old New Address comparison
(ICC/INTC-Q)

Transparent 1 Transparent 2 TEI

Transparent 2 Transparent O none

Transparent 3 Transparent 1 SAPI
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1.6 Pin Configuration
&,
I
N 8 (cl)cs N H AN —
55S255E032322 838
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
IVDDDET 49 32— EgC
TP2 50 315 peL
VDDa_SR 51 30— VSSD
VSSa_SR 52 29— VDDD
A5 53 Q-SMINT®IX 28— AD7 or SDX
A6 54 27— AD6 or SDR
PS1 55 PEF 81912/ 26— AD5 or SCLK
56 251 AD4
; PEF 81913 e os
58 23— AD2
XOouT 59 22— AD1
XIN 60 21— ADO
BOUT 61 20— [EAW
VDDa_UX 62 19—
VSSa_UX 63 Q 18— MCLK
AOUT 64 17— JACT
1 2 3 4 56 7 8 9 10 1112 13 14 15 16
xxrxzzr-Oo« a wl wNaoaQkEE pin_2.vsd
>~ 25gpR 325885825
N Qa & o 5 S > =
Z£8 < £
Figure 1 Pin Configuration
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1.7 Block Diagram
XIN ﬁD}—* XOUT VDDDET RST RSTO PS1 PS2 MTI
SR1—
Clock Generation POR/UVD —— AOUT
SR2—
—— BOUT
SX1 —
S-Transceiver U-Tansceiver
SX2 —
AIN
D-Channel
Arbitration BIN
to PP IF HDLC " clw to PP IF
Controll Ch
TP1 —» F_?‘(e:t;:;y ontrolier o D D
TP2 —b N |TIC| A | T .
FIFO LED —» ACT
WP Interface
IOM-2 Interface (e.g. Multiplexed Mode)
FSC DCL BCL DU DD SDS1 SDS2 ADO-AD7 ALE RD WR CS INT MCLK EAW
block diagram.vsd
Figure 2 Block Diagram
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1.8 Pin Definitions and Functions
Table 3  Pin Definitions and Functions
Pin Symbol [Type Function
2 VDDa_UR | — Supply voltage for U-Receiver
(3.3V £5 %)
1 VSSa_UR | — Analog ground (0 V) U-Receiver
62 VDDa_UX | — Supply voltage for U-Transmitter
(3.3V 5 %)
63 VSSa UX | — Analog ground (0 V) U-Transmitter
51 VDDa_SR | — Supply voltage for S-Receiver
(3.3V 5 %)
52 VSSa_SR | — Analog ground (0 V) S-Receiver
46 VDDa_SX | — Supply voltage for S-Transmitter
(3.3V £5 %)
45 VSSa_SX | — Analog ground (0 V) S-Transmitter
29 vVDDD — Supply voltage digital circuits
(3.3V 5 %)
30 VSSD — Ground (0 V) digital circuits
13 vDDD — Supply voltage digital circuits
(3.3V £5 %)
14 VSSD — Ground (0 V) digital circuits
32 FSC @) Frame Sync:
8-kHz frame synchronization signal
31 DCL O Data Clock:
IOM®-2 interface clock signal (double clock):
1.536 MHz
35 BCL @) Bit Clock:
The bit clock is identical to the IOM®-2 data rate
(768 kHz)
33 DD I/O0 Data Downstream:
oD Data on the IOM®-2 interface
34 DU I/O Data Upstream:
oD Data on the IOM®-2 interface
Data Sheet 8 2001-03-30
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Table 3  Pin Definitions and Functions  (cont’d)

Pin Symbol [Type  Function

8 SDS1 O Serial Data Strobel:
Programmable strobe signal for time slot and/
or D-channel indication on IOM®-2

7 SDS2 O Serial Data Strobe2:
Programmable strobe signal for time slot and/
or D-channel indication on IOM®-2

12 CS I Chip Select:
A low level indicates a microcontroller access to
the Q-SMINT®IX

26 SCLK I Serial Clock:

Clock signal of the SClI interface if a serial
interface is selected

26 AD5 I/O Multiplexed Bus Mode:

Address/data bus

Address/data line AD5 if the parallel interface is
selected

Non-Multiplexed Bus Mode:

Data bus

Data line D5 if the parallel interface is selected

27 SDR I Serial Data Receive:

Receive data line of the SCI interface if a serial
interface is selected

27 ADG6 I/O Multiplexed Bus Mode:

Address/data bus

Address/data line ADG if the parallel interface is
selected

Non-Multiplexed Bus Mode:

Data bus

Data line D6 if the parallel interface is selected
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Table 3  Pin Definitions and Functions  (cont’d)
Pin Symbol [Type  Function
28 SDX OD,O | Serial Data Transmit:
Transmit data line of the SCl interface if a serial
interface is selected
28 AD7 I/0 Multiplexed Bus Mode:
Address/data bus
Address/data line AD7 if the parallel interface is
selected
Non-Multiplexed Bus Mode:
Data bus
Data line D7 if the parallel interface is selected
21 ADO I/O Multiplexed Bus Mode:
22 AD1 I/O0 Address/data bus
23 AD2 I/0 Transfers addresses from the microcontroller to
24 AD3 110 the Q-SMINT®IX and data between the
25 AD4 I/0 microcontroller and the Q-SMINT®IX.
Non-Multiplexed Bus Mode:
Data bus.
Transfers data between the microcontroller and
the Q-SMINT®IX (data lines DO-D4).
36 A0 I Non-Multiplexed Bus Mode:
37 Al I Address bus transfers addresses from the
38 A2 I microcontroller to the Q-SMINT®IX. For indirect
39 A3 I address mode only AO is valid.
40 A4 I Multiplexed Bus Mode
53 A5 I Not used in multiplexed bus mode. In this case
54 A6 I AO0-A6 should directly be connected to VDD.
11 RD | Read
Indicates a read access to the registers (Intel
L bus mode).
DS I Data Strobe
The rising edge marks the end of a valid read or
write operation (Motorola bus mode).
Data Sheet 10 2001-03-30
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Table 3  Pin Definitions and Functions  (cont’d)

Pin Symbol [Type Function

10 WR | Write
Indicates a write access to the registers (Intel

. bus mode).
R/W 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).

9 ALE I Address Latch Enable
An address on the external address/data bus
(multiplexed bus type only) is latched with the
falling edge of ALE.
ALE also selects the microcontroller interface
type (multiplexed or non multiplexed).

) RST | Reset:
Low active reset input. Schmitt-Trigger input
with hysteresis of typical 360 mV. Tie to '1’ if not
used.

6 RSTO oD Reset Output:
Low active reset output.

15 INT oD Interrupt Request:
INT becomes active if the Q-SMINT®IX
requests an interrupt.

18 MCLK @) Microcontroller Clock:
Clock output for the microcontroller

19 Tie to ‘1

20 EAW I External Awake :
A low level on EAW during power down
activates the clock generation of the Q-
SMINT®IX, i.e. the IOM®-2 interface provides
FSC, DCL and BCL for read and write
access.b)

43 SX1 O S-Bus Transmitter Output ( positive)

44 SX2 O S-Bus Transmitter Output (  negative)

47 SR1 I S-Bus Receiver Input

Data Sheet
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Table 3  Pin Definitions and Functions  (cont’d)
Pin Symbol [Type Function
48 SR2 I S-Bus Receiver Input
60 XIN I Crystal 1:
Connected to a 15.36 MHz crystal
59 XOuUT O Crystal 2:
Connected to a 15.36 MHz crystal
64 AOUT O Differential U-interface Output
61 BOUT O Differential U-interface Output
3 AIN I Differential U-interface Input
BIN I Differential U-interface Input
49 VDDDET || VDD Detection:
This pin selects if the Vpp detection is active
('0’) and reset pulses are generated on pin
RSTO or whether it is deactivated ('1’) and an
external reset has to be applied on pin RST.
16 MTI I Metallic Termination Input.
Input to evaluate Metallic Termination pulses.
Tie to "1’ if not used.
55 PS1 I Power Status (primary).
The pin status is passed to the overhead bit
'PS1’in the U frame to indicate the status of the
primary power supply (1’ = ok).
41 PS2 I Power Status (secondary).
The pin status is passed to the overhead bit
'PS2’ in the U frame to indicate the status of the
secondary power supply ('1’ = ok).
17 ACT O Activation LED .
Indicates the activation status of U- and S-
transceiver. Can directly drive a LED (4 mA).
42 TP1 I Test Pin 1.
Used for factory device test.
Tie to VSS
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Table 3  Pin Definitions and Functions  (cont’d)
Pin Symbol [Type Function
50 TP2 I Test Pin 2.
Used for factory device test.
Tie to VSS
56, 57, |res Reserved
58

D' This function of pin EAW is different to that defined in Ref. [14]

I: Input
O: Output (Push-Pull)
OD: Output (Open Drain)

1.8.1 Specific Pins

LED Pin ACT

A LED can be connected to pin ACT to display four different states (off, slow flashing,
fast flashing, on). It displays the activation status of the U- and S-transceiver according
to Table 4. or it is programmable via two bits (LED1 and LED?2 in register MODE?2).

Table 4  ACT States

Pin ACT LED U_Deactivated U_Activated S Activated
Vpp off 1 X X

8Hz 8Hz 0 0 X

1Hz 1Hz 0 1 0

GND on 0 1 1

with:

U_Deactivated : 'Deactivated State’ as defined in Chapter 2.4.10.5. If the ‘Simplified
State Machine* is selected: 'Deactivated State’ and ‘IOM®-2 Awaked".

U_Activated : 'Synchronized 1’, 'Synchronized 2’, 'Wait for ACT’, 'Transparent’, 'Error S/
T’, ’'Pend. Deact. S/T’, 'Pend. Deact. U’ as defined in Chapter 2.4.10.5 .

S-Activated : 'Activated State’ as defined in Chapter 2.5.5.

Note: Optionally, pin ACT can drive a second LED with inverse polarity (connect this
additional LED to 3.3 V only).
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Test Modes

The test patterns on the S-interface (‘2 kHz Single Pulses’, ‘96 kHz Continuous Pulses’)
and on the U-interface (‘Data Through®, ‘Send Single Pulses®) are invoked via C/I codes
(TM1, TM2, DT, SSP). Setting SRES.RES U to ‘1’ forces the U-transceiver into test
mode ‘Quiet Mode* (QM), i.e. the U-transceiver is hardware reset.

1.9 System Integration
DC/DC-Converter
IDCC
) PEB2023
— MLT
SIT - Interface Q-SMINTIX U - Interface
PEF 81912
w— L — s pEmas U JL -
HDLC /
FIFO
POTS Interface
uP
E HV - SLIC —
SLICOFI-2 C513
IOM-2
E HV - SLIC (I
LCNTappl.vsd

Figure 3 Application Example Q-SMINT  ®IX: Low Cost Intelligent NT

The U-transceiver, S-transceiver, the IOM®-2 channels and the HDLC-controller can be
controlled and monitored via:

a) the parallel or serial microprocessor interface
- Access of on-chip registers via PP interface Address/Data format

- Activation/Deactivation control of U- and S-transceiver via PP interface and C/I
handler

- Q-SMINT®IX is Monitor channel master
- TIC bus is transparent on IOM®-2-interface and is used for D-channel arbitration
between S-transceiver, on-chip and off-chip HDLC controllers.
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cio
S ci1 U
v v
Mon Cll Register
MON
A 4
IOM -2 pc - Interface
IOM-2 Slave c
e.g. SLICOFI-2 H

iommaster.vsd

Figure 4 Control via pP Interface

Alternatively, the Q-SMINT®IX can be controlled via
b) the IOM®-2 Interface

- Access of on-chip registers via the Monitor channel with Header/Address/Data
format (Device is Monitor slave)

- Activation/Deactivation control of U- and S-transceiver via the C/I channels CIO
and ClI1

- TIC bus is transparent on IOM®-2-interface and is used for D-channel arbitration
between S-transceiver, on-chip and off-chip HDLC controllers.
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S c/1 U
— C/10
MON )
» Register
y vy
IOM -2
INT
IOM-2 Master
e.g. UTAH
iomslave.vsd
Figure 5 Control via IOM ®-2 Interface
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2 Functional Description
2.1 Microcontroller Interfaces

The Q-SMINT®IX supports either a serial or a parallel microcontroller interface. For
applications where no controller is connected to the Q-SMINT®IX microcontroller
interface, register programming is done via the IOM®-2 MONITOR channel from a
master device. In such applications the Q-SMINT®IX operates in the IOM®-2 slave mode
(refer to the corresponding chapter of the IOM®-2 MONITOR handler).

The interface selections are all done by pinstrapping. The possible interface selections
are listed in Table 5. The selection pins are evaluated when the reset input RST is
released. For the pin levels stated in the tables the following is defined:

'High’:dynamic pin value which must be 'High’ when the pin level is evaluated

Vpp, Vgg:static 'High’ or 'Low’ level (tied to Vpp, Vgs)

Table 5 Interface Selection for the Q-SMINT  ®IX
PINS Serial /Parallel PINS Interface

WR RD Interface cS ALE Type/Mode

(R/W) | (DS)
Vb Motorola

'High’ | 'High’ Parallel ‘High’| Vgg Siemens/Intel Non-Mux
edge Siemens/Intel Mux

Vss | Vss Serial 'High’ | Vgg Serial Control Interface(SCI)

Vsg Vsg IOM®-2 MONITOR Channel
(Slave Mode)

Note: For a selected interface mode which does not require all pins (e.g. address pins)
the unused pins must be tied to Vpp.

The microcontroller interface also consists of a microcontroller clock generation at pin
MCLK, an interrupt request at pin INT, a reset input pin RST and a reset output pin
RSTO.

The interrupt request pin INT (open drain output) becomes active if the Q-SMINT®IX
requests an interrupt.
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2.1.1 Serial Control Interface (SCI)

The serial control interface (SCI) is compatible to the SPI interface of Motorola and to the
Siemens C510 family of microcontrollers.

The SCI consists of 4 lines: SCLK, SDX, SDR and CS. Data is transferred via the lines
SDR and SDX at the rate given by SCLK. The falling edge of CS indicates the beginning
of a serial access to the registers. The Q-SMINT®IX latches incoming data at the rising
edge of SCLK and shifts out at the falling edge of SCLK. Each access must be
terminated by a rising edge of CS. Data is transferred in groups of 8 bits with the MSB
first.

Pad mode of SDX can be selected 'open drain’ or ’push-pull’ by programming
MODE2.PPSDX.

Figure 6 shows the timing of a one byte read/write access via the serial control interface.
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Write Access

« /

SCLK
Header Command/Address Data
|« bie e >
0
write
SDX

Read Access

« /

SCLK
Header Command/Address
e bie b
T Data
read I« >
SCI_TIM.VSD
Figure 6 Serial Control Interface Timing
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2.1.1.1 Programming Sequences

The basic structure of a read/write access to the Q-SMINT®IX registers via the serial
control interface is shown in Figure 7.

write sequence: write
v byte 2 byte3 ~ ____.
SDR header 0 : address (command) write data
7 07 6 0 7 o
read sequence: read
* byte 2
SDR header 1 address (command)
7 07 6 07 byte 3 o
SDX read data
Figure 7 Serial Command Structure

A new programming sequence starts with the transfer of a header byte. The header byte
specifies different programming sequences allowing a flexible and optimized access to
the individual functional blocks of the Q-SMINT®IX.

The possible sequences are listed in Table 6 and are described after that.

Table 6 Header Byte Code

Header Sequence Sequence Type Access to
Byte
40y |Adr-Data-Adr-Data | non-interleaved Address Range 004-7Fy
48 | interleaved
43y, |Adr-Data-Data-Data | Read-/Write-only Address Range 004-7Fy
41 | non-interleaved
49y | interleaved
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Header 40 4: Non-interleaved A-D-A-D Sequences

The non-interleaved A-D-A-D sequences give direct read/write access to the address
range 004-7F and can have any length. In this mode SDX and SDR can be connected
together allowing data transmission on one line.

Example for a read/write access with header 404:

SDR | header | wradr | wrdata | rdadr rdadr wradr | wrdata
SDX rddata rddata

Header 48 : Interleaved A-D-A-D Sequences

The interleaved A-D-A-D sequences give direct read/write access to the address range
00y-7FH and can have any length. This mode allows a time optimized access to the
registers by interleaving the data on SDX and SDR.

Example for a read/write access with header 48:

SDR | header | wradr | wrdata | rdadr rdadr wradr | wrdata
SDX rddata | rddata

Header 43: Read-/Write- only A-D-D-D Sequence

This mode (header 43y) can be used for a fast access to the HDLC FIFO data. Any
address (rdadr, wradr) in the range between 004-1F gives access to the current FIFO
location selected by an internal pointer which is automatically incremented with every
data byte following the first address byte. Generally, it can be used for any register
access to the address range 004-7Dy. The sequence can have any length and is
terminated by the rising edge of CS.

Example for a write access with header 43:

SDR | header | wradr | wrdata | wrdata | wrdata | wrdata | wrdata | wrdata | wrdata
(wradr) (wradr) (wradr) (wradr) (wradr) (wradr) (wradr)

SDX

Example for a read access with header 43:

SDR | header | rdadr

SDX rddata | rddata | rddata | rddata | rddata | rddata | rddata
(rdadr) (rdadr) (rdadr) (rdadr) (rdadr) (rdadr) (rdadr)
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Header 41 : Non-interleaved A-D-D-D Sequence

This sequence (header 41y) allows in front of the A-D-D-D write access a non-
interleaved A-D-A-D read access. This mode is useful for reading status information
before writing to the HDLC XFIFO. Generally, it can be used for any register access to
the address range 00y-7Dy. The termination condition of the read access is the
reception of the wradr. The sequence can have any length and is terminated by the rising
edge of CS.

Example for a read/write access with header 41:

SDR | header | rdadr rdadr wradr | wrdata | wrdata | wrdata
(wradr) (wradr) (wradr)

SDX rddata rddata

Header 49 : Interleaved A-D-D-D Sequence

This sequence (header 49, allows in front of the A-D-D-D write access an interleaved
A-D-A-D read access. This mode is useful for reading status information before writing
to the HDLC XFIFO. Generally, it can be used for any register access to the address
range 004-7Dy. The termination condition of the read access is the reception of the
wradr. The sequence can have any length and is terminated by the rising edge of CS.

Example for a read/write access with header 49:

SDR | header | rdadr rdadr | wradr | wrdata | wrdata | wrdata
(wradr) (wradr) (wradr)

SDX rddata | rddata

2.1.2 Parallel Microcontroller Interface

The 8-bit parallel microcontroller interface with address decoding on chip allows an easy
and fast microcontroller access.

The parallel interface of the Q-SMINT®IX provides three types of uP busses which are
selected via pin ALE. The bus operation modes with corresponding control pins are listed
in Table 7.

Table 7 Bus Operation Modes

Bus Mode Pin ALE Control Pins
(1) | Motorola VDD CS, R/W, DS
(2) | Siemens/Intel non-multiplexed Vss CS, WR, RD
(3) | Siemens/Intel multiplexed Edge CS, WR, RD, ALE
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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: For a selected interface mode which does not require all pins (e.g. address pins)
the unused pins must be tied to Vpp.

A read/write access to the Q-SMINT®IX registers can be done in multiplexed or non-
multiplexed mode.

In non-multiplexed mode the register address must be applied to the address bus (AO-
AB) for the data access via the data bus (D0-D7).

In multiplexed mode the address on the address bus (ADO-AD?7) is latched in by ALE
before a read/write access via the address/data bus is performed.

The Q-SMINT®IX provides two different ways to address the register contents which can
be selected with the AMOD bit in the MODEZ2 register. The address mode after reset is
the indirect address mode (AMOD = '0"). Reprogramming into the direct address mode
(AMOD = "1") has to take place in the indirect address mode. Figure 8 illustrates both
register addressing modes.

Direct address mode (AMOD ='1"): The register address to be read or written is directly
set in the way described above.

Indirect address mode (AMOD ="0):

* non-muxed: only the LSB of the address bus (A0)
* muxed: only the LSB of the address-data bus (ADO)

gets evaluated to address a virtual ADDRESS (0y) and a virtual DATA (1) register.
Every access to a target register consists of:

» a write access (muxed or non-muxed) to ADDRESS to store the target register’s
address, as well as

» aread access (muxed or non-muxed) from DATA to read from the target register or

* awrite access (muxed or non-muxed) to DATA to write to the target register
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Direct Address Mode Indirect Address Mode
AMOD =1 AMOD =0 (default)
D7 - DO D7 - DO
A6 - AO Data A0 Data
7Fh
7Eh
7Dh
7Ch
\ A\ \ A\ \ \
04h [
03h (
02h
01h 1h \ \paTA
0oh oh \ADDRESS

Figure 8 Direct/Indirect Register Address Mode

2.1.3 Microcontroller Clock Generation

The microcontroller clock is derived from the unregulated 15.36 MHz clock from the
oscillator and provided by the pin MCLK. Five clock rates are selectable by a
programmable prescaler which is controlled by the bits MODE1.MCLK and
MODEL1.CDS corresponding to the following table.

Table 8 MCLK Frequencies
MODEL1. MCLK frequency MCLK frequency
MCLK with with
Bits MODE1.CDS =0’ MODE1.CDS =1’

0 0 3.84 MHz 7.68 MHz

0 1 0.96 MHz 1.92 MHz

1 0 7.68 MHz 15.36 MHz

1 1 disabled disabled

The clock rate is changed after CS becomes inactive.
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2.2 Reset Generation

Figure 9 shows the organization of the reset generation of the Q-SMINT®IX.

RSS1
C/I0 Code Change 125ps <t < 250us. 0 > R5S
» 'lyx’ Ll
(Exchange Awake) a\o__o /'
1 0,00 O—p >1 T
T > RSS2,1
RSS2,1 ‘0,1"= open
t=125pus

Watchdog >

Deacti-

vation

v Delay
Reset MODE1
Software Reset R Register 1 0
Register (SRES) o <— VDDDET
RES_CI
POR/UVD
Reset RES_HDLC
Functional <
Block RES_S l
o %
RES_U
VDDDET
21
Internal Reset P < g
of all Registers < RST Pin
RESETGEN.VSD

Figure 9 Reset Generation of the Q-SMINT  ®Ix1)

Reset Source Selection

The internal reset sources C/I code change and Watchdog timer can be output at the low
active reset pin RSTO. These reset sources can be selected with the RSS2,1 bits in the
MODEL1 register according to Table 9.

D The 'OR’-gates shall illustrate in a symbolic way, that 'source A active’ or 'source B active’ is forwarded. The
real polarity of the different sources is not considered.
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The internal reset sources set the MODEL1 register to its reset value.

Table 9 Reset Source Selection
RSS2 RSS1 C/l Code Watchdog POR/%” and
Bit 1 Bit 0 Change Timer RST
0 0 -- -- X
0 1 /RSTO disabled (= high impedance)
1 0 X -- X
1 1 -- X X

1) POR/UVD can be enabled/disabled via pin VDDDET

« C/l Code Change (Exchange Awake)
A change in the downstream C/I channel (C/I0) generates a reset pulse of 125 ps <t
< 250 ps.

* Watchdog Timer

After the selection of the watchdog timer (RSS = '11’) an internal timer is reset and

started. During every time period of 128 ms the microcontroller has to program the
WTC1- and WTC2 bits in the following sequence to reset and restart the watchdog timer:

WTC1 WTC2
1. 1 0
2. 0 1

Otherwise the timer expires and a WOV-interrupt (ISTA Register) together with a reset
out pulse on pin RSTO of 125 us is generated.

Deactivation of the watchdog timer is only possible with a hardware reset (including
expiration of the watchdog timer).

As in the SCOUT-S, the watchdog timer is clocked with the IOM®-2 clocks and works
only if the internal IOM®-2 clocks are active. Hence, the power consumption is
minimized in state power down.

Software Reset Register (SRES)

Several main functional blocks of the Q-SMINT®IX can be reset separately by software
setting the corresponding bit in the SRES register. This is equivalent to a hardware reset
of the corresponding functional block. The reset state is activated as long as the bit is set
to 1.
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External Reset Input

At the RST input an external reset can be applied forcing the Q-SMINT®IX in the reset
state. This external reset signal is additionally fed to the RSTO output.

After release of an external reset, the pC has to wait for min. t,c before it starts read or
write access to the Q-SMINT®IX (see Table 45).

Reset Ouput

If VDDDET is active, then the deactivation of a reset output on RSTO is delayed by
tDEACT (See Table 46)

Reset Generation

The Q-SMINT®IX has an on-chip reset generator based on a Power-On Reset (POR)
and Under Voltage Detection (UVD) circuit (see Table 46). The POR/UVD requires no
external components.

The POR/UVD circuit can be disabled via pin VDDDET.

The requirements on Vpp ramp-up during power-on reset are described in
Chapter 5.6.5.

Clocks and Data Lines During Reset

During reset the data clock (DCL), the bit clock (BCL), the microcontroller clock?) (MCLK)
and the frame synchronization (FSC) keep running.

During reset DD and DU are high; with the exception of:

« The output C/I code from the U-Transceiver on DD IOM®-2 channel 0 is ‘DR’ = 0000
(Value after reset of register UCIR ='004’)
« The output C/I code from the S-Transceiver on DU IOM®-2 channel 1 is "TIM’ = 0000.

D during a Power-On/UVD Reset, the microcontroller clock MCLK is not running, but starts running as soon as
timer tpgac is started.
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2.3 IOMU-2 Interface

The Q-SMINT®IX supports the IOM®-2 interface in terminal mode (DCL=1.536 MHz)
according to the IOM®-2 Reference Guide [13].

2.3.1 IOM®-2 Functional Description

The IOM®-2 interface consists of four lines: FSC, DCL, DD, DU and optionally BCL. The
rising edge of FSC indicates the start of an IOM®-2 frame. The DCL and the BCL clock
signals synchronize the data transfer on both data lines DU and DD. The DCL is twice
the bit rate, the BCL rate is equal to the bit rate. The bits are shifted out with the rising
edge of the first DCL clock cycle and sampled at the falling edge of the second clock
cycle. With BCL the bits are shifted out with the rising edge and sampled with the falling
edge of the single clock cycle.

The I0M®-2 interface can be enabled/disabled with the DIS_IOM bit in the IOM_CR
register.

The FSC signal is an 8 kHz frame sync signal. The number of PCM timeslots on the
receive and transmit lines is determined by the frequency of the DCL clock (or BCL), with
the 1.536 MHz (BCL=768 kHz) clock 3 channels consisting of 4 timeslots each are
available.

IOM®-2 Frame Structure of the Q-SMINT ®IX

The frame structure on the IOM®-2 data ports (DU,DD) of the Q-SMINT®IX with a DCL
clock of 1.536 MHz (or BCL=768 kHz) and if TIC bus is not disabled (IOM_CR.TIC_DIS)
is shown in Figure 10 .

FSC |

le

Channel 0

le

-

Channel 1

Channel 2

e
b

) MR 'l\;X MR MX BAC TAD"
[N B \ \ N RS ERAE T ITTrrrTrryprrrrTrrTyT \ | \ \ \ 1T \ \ \ I FTrrrrryprrr Tt Tyt —\AT I
DU | | | MONO | ‘ Clo ‘ ‘ IC1 | IC2 | ‘ ‘ | IC4 | MON2 | |
(. N \ [N . [ RN AR . \ \ \ L1 \ \ \ | HEEEEEE AR AN 11 |
TIC Bus
MR MX MR MX S/IG AIB
[N B \ \ [N B \ | \ \ \ I T FTrrrTrryprrrrTrrTyT \ | \ \ 1T \ \ \ I FTrrrrryrrr Tttt T T Tyt [
b | [ | [ \ [ | [ \ \ \ | | ‘ \C\IO\ ‘ ‘ 11 I\(\T1\ Ll | 11 |\C\2\ Ll | Ll \ \ \ | | [ \ | ‘ ‘ LI L] | Ll I\C\A\I 11 | | MC\)'\\IZ\\ | | ‘ ‘ |11 |
macro_19
Figure 10  IOM -2 Frame Structure of the Q-SMINT ®IX
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The frame is composed of three channels

* Channel O contains 144-kbit/s of user and signaling data (2B + D), a MONITOR
programming channel (MONO) and a command/indication channel (CI0) for control
and programming of e.g. the U-transceiver.

e Channel 1 contains two 64-kbit/s intercommunication channels (IC), a MONITOR
programming channel (MON1) and a command/indication channel (CI1) for control
and programming of e.g. the S-transceiver.

* Channel 2 is used for D-channel access mechanism (TIC-bus, S/G bit). Additionally,
channel 2 supports further IC and MON channels.

2.3.2 IOM®-2 Handler

The IOM®-2 handler offers a great flexibility for handling the data transfer between the
different functional units of the Q-SMINT®IX and voice/data devices connected to the
IOM®-2 interface. Additionally it provides a microcontroller access to all time slots of the
IOM®-2 interface via the four controller data access registers (CDA).

The PCM data of the functional units

» S-transceiver (S) and the
» Controller data access (CDA)

can be configured by programming the time slot and data port selection registers
(TSDP). With the TSS bits (Time Slot Selection) the PCM data of the functional units can
be assigned to each of the 12 PCM time slots of the IOM®-2 frame. With the DPS bit
(Data Port Selection) the output of each functional unit is assigned to DU or DD
respectively. The input is assigned vice versa. With the control registers (CR) the access
to the data of the functional units can be controlled by setting the corresponding control
bits (EN, SWAP).

The IOM®-2 handler also provides access to the

U and S transceiver

MONITOR channel

C/I channels (CIO,CI1)

TIC bus (TIC) and

D- and/or B-channel for HDLC control

The access to these channels is controlled by the registers S _CR, HCI_CR and
MON_CR.

The 10M®-2 interface with the two Serial Data Strobes (SDS1,2) is controlled by the
control registers IOM_CR, SDS1 _CR and SDS2_CR.

The following Figure 11 shows the architecture of the IOM®-2 handler.
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2.3.2.1  Controller Data Access (CDA)

The four controller data access registers (CDA10, CDA11, CDA20, CDA21) provide
microcontroller access to the 12 IOM®-2 time slots and more:

* looping of up to four independent PCM channels from DU to DD or vice versa over the
four CDA registers

» shifting or switching of two independent PCM channels to another two independent
PCM channels on both data ports (DU, DD). Between reading and writing the data can
be manipulated (processed with an algorithm) by the microcontroller. If this is not the
case a switching function is performed.

« monitoring of up to four time slots on the IOM®-2 interface simultaneously

» microcontroller read and write access to each PCM channel

The access principle, which is identical for the two channel register pairs CDA10/11 and
CDAZ20/21, is illustrated in Figure 12. The index variables x,y used in the following
description can be 1 or 2 for x, and O or 1 for y. The prefix 'CDA_’ from the register names
has been omitted for simplification.

To each of the four CDAxy data registers a TSDPxy register is assigned by which the
time slot and the data port can be determined. With the TSS (Time Slot Selection) bits a
time slot from 0...11 can be selected. With the DPS (Data Port Selection) bit the output
of the CDAXxy register can be assigned to DU or DD respectively. The time slot and data
port for the output of CDAXxy is always defined by its own TSDPxy register. The input of
CDAXxy depends on the SWAP bit in the control registers CRx.

If the SWAP bit ="0’ (swap is disabled) the time slot and data port for the input and output
of the CDAXy register is defined by its own TSDPxy register.

If the SWAP bit = '1’ (swap is enabled) the input port and time slot of the CDAXO is
defined by the TSDP register of CDAx1 and the input port and time slot of CDAX1 is
defined by the TSDP register of CDAx0. The input definition for time slot and data port
CDAX0 are thus swapped to CDAx1 and for CDAx1 swapped to CDAx0. The output
timeslots are not affected by SWAP.

The input and output of every CDAXYy register can be enabled or disabled by setting the
corresponding EN (-able) bit in the control register CDAxX_CR. If the input of a register is
disabled the output value in the register is retained.

Usually one input and one output of a functional unit (transceiver, HDLC controller, CDA
register) is programmed to a timeslot on IOM®-2 (e.g. for B-channel transmission in
upstream direction the S-transceiver writes data onto IOM®-2 and the U-transceiver
reads data from IOM®-2). For monitoring data in such cases a CDA register is
programmed as described below under “Monitoring Data”. Besides that none of the
IOM®-2 timeslots must be assigned more than one input and output of any functional
unit.
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Figure 12 Data Access via CDAx0 and CDAX1 register pairs

Looping and Shifting Data

Figure 13 gives examples for typical configurations with the above explained control and
configuration possibilities with the bits TSS, DPS, EN and SWAP in the registers
TSDPxy or CDAX_CR:

a) looping IOM®-2 time slot data from DU to DD or vice versa (SWAP = '0")

b) shifting data from TSa to TSb and TSc to TSd in both transmission directions (SWAP
- 11!)

¢) switching data from TSa to TSb and looping from DU to DD or switching TSc to TSd
and looping from DD to DU .

TSa is programmed in TSDP10, TSb in TSDP11, TSc in TSDP20 and TSd in TSDP21.
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a) Looping Data
TSa TSb TSc TSd
» DU
Y Y T T
CDA1Q |CDA11 CDA2(0 |[CDA2j]
Y Y T T DD
.TSS: TSa TSb TSc TSd
.DPS O 0’ ik 1’
SWAP 0 0
b) Shifting Data
TSa TSb TSc TSd
—_ T — 1 g
cbAld |CDA1] cpA2d [cpA2]
« i k‘ l k‘ DD
.TSS: TSa TSb TSc TSd
.DPS ’O’ ala 101 111
SWAP 1’ 1
c) Switching Data
TSa TSb TSc TSd
CDA10| |cDA11 CDA20 |CDA21
.TSS: TSa TSb TSc TSd
.DPS 707 ao! 111 117
SWAP 1 1’

Figure 13

a) Looping Data
b) Shifting (Switching) Data
¢) Switching and Looping Data
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Figure 14 shows the timing of looping TSa from DU to DD via CDAXy register. TSa is
read in the CDAXYy register from DU and is written one frame later on DD.

Figure 15 shows the timing of shifting data from TSa to TSb on DU(DD). In Figure 15 a)
shifting is done in one frame because TSa and TSb didn’t succeed directly one another
(a=0...9 and b = a+2). In Figure 15 b) shifting is done from one frame to the following
frame. This is the case when the time slots succeed one other (b = a+1) or b is smaller
than a (b < a).

At looping and shifting the data can be accessed by the controller between the
synchronous transfer interrupt (STI) and the status overflow interrupt (STOV). STI and
STOV are explained in the section 'Synchronous Transfer'. If there is no controller
intervention the looping and shifting is done autonomously.

FSC
| |
DU TSa| | TSa o
| |
I ] WalkaVa .
CDAXy ><| M I A ><= l
= @] o >
ZIRVA: iﬁ o | |
| | . »
@ xT Bl
Q
5 < || |
oL e ]
|||
—_— — — A 4 —_——— -
DD TSa o TSa _

*) if access by the uC is required

Figure 14 Data Access when Looping TSa from DU to DD
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(a,b:0...11and b = a+2)

a) Shifting TSa - TSb within one frame

*) if access by the uC is required
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Figure 15
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Monitoring Data

Figure 16 gives an example for monitoring of two IOM®-2 time slots each on DU or DD
simultaneously. For monitoring on DU and/or DD the channel registers with even
numbers (CDA10, CDA20) are assigned to time slots with even numbers TS(2n) and the
channel registers with odd numbers (CDA11, CDA21) are assigned to time slots with odd
numbers TS(2n+1). The user has to take care of this restriction by programming the
appropriate time slots.

This mode is only valid if two blocks (e.g. both transceivers) are programmed to these
timeslots and communicating via IOM®-2.

However, if only one block is programmed to this timeslot the timeslots for CDAxX0 and
CDAX1 can be programmed completely independently.

a) Monitoring Data

EN_O: ¢ 0’
EN_I: "1 "1
CDA_CR1. DPS. 0’ 0’
TSS: TS(2n) TS(2n+1)
i i » DU
CDA10 CDA11
CDA20 CDA21
< T T DD
TSS: TS(2n) TS(2n+1)
DPS: I 1
CDA_CR2. EN I T 1
EN_O: 'O 0’

Figure 16 Example for Monitoring Data
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Monitoring TIC Bus

Monitoring the TIC bus (TS11) is handled as a special case. The TIC bus can be
monitored with the registers CDAXO by setting the EN_TBM (Enable TIC Bus Monitoring)
bit in the control registers CRx. The TSDPx0 must be set to 08}, for monitoring from DU
or 88, for monitoring from DD. By this it is possible to monitor the TIC bus (TS11) and
the odd numbered D-channel (TS3) simultaneously on DU and DD.

Synchronous Transfer

While looping, shifting and switching the data can be accessed by the controller between
the synchronous transfer interrupt (STI) and the synchronous transfer overflow interrupt
(STOV).

The microcontroller access to each of the CDAXxy registers can be synchronized by
means of four programmable synchronous transfer interrupts (STIxy)l) and synchronous
transfer overflow interrupts (STOny)Z) in the STI register.

Depending on the DPS bit in the corresponding TSDPxy register the STIxy is generated
two (for DPS='0") or one (for DPS='1") BCL clock after the selected time slot
(CDA_TSDPxy.TSS). One BCL clock is equivalent to two DCL clocks.

In the following description the index Xyy and xy; are used to refer to two different
interrupt pairs (STI/STOV) out of the four CDA interrupt pairs (STIL0/STOV10, STI11/
STOV11, STI20/STOV20, STI21/STOV?21).

A STOVXxy, is related to its STIxyg and is only generated if STIxy, is enabled and not
acknowledged. However, if STIXyq is masked, the STOVxyO is generated for any other
STIxyl which is enabled and not acknowledged.

Table 10 gives some examples for that. It is assumed that a STOV interrupt is only
generated because a STl interrupt was not acknowledged before.

In example 1 only the STIxyg is enabled and thus STIxyg is only generated. If no STl is
enabled, no interrupt will be generated even if STOV is enabled (example 2).

In example 3 STIxyy is enabled and generated and the corresponding STOVxyq is
disabled. STIxy, is disabled but its STOVxy, is enabled, and therefore STOVxy; is
generated due to STIxyy. In example 4 additionally the corresponding STOVxyj is
enabled, so STOVxygy and STOVxy, are both generated due to STIxyg.

In example 5 additionally the STIxy; is enabled with the result that STOVxy, is only
generated due to STIxyy and STOVXy; is only generated due to STIxyj;.

Compared to the previous example STOVXxy is disabled in example 6, so STOVxyj is
not generated and STOVXy, is only generated for STIxy; but not for STIxyj.

D In order to enable the STI interrupts the input of the corresponding CDA register has to be enabled. This is also

valid if only a synchronous write access is wanted. The enabling of the output alone does not effect an STI
interrupt.
In order to enable the STOV interrupts the output of the corresponding CDA register has to be enabled. This
is also valid if only a synchronous read access is wanted. The enabling of the input alone does not effect an
interrupt.

2)
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Table 10 Examples for Synchronous Transfer Interrupts
Enabled Interrupts Generated Interrupts
(Register MSTI) (Register STI)
STI STOV STI STOV
XYo - XYo - Example 1
- XYo - - Example 2
XYo XYyq XYo XYy1 Example 3
XYo XYo ; Xy1 XYo XYo ; Xy1 Example 4
XYo 3 XY1 XYo ; XY1 XY XYo Example 5
XY1 Xy1
XYo 5 XY1 Xy1 XYo - Example 6
Xy1 XYy1
XYo, Xy1 XYo s XY1, XY2 XYo XYo ; Xy2 Example 7
Xy1 XY1; XY2

Compared to example 5 in example 7 a third STOVXxy, is enabled and thus STOVxy2 is
generated additionally for both STIxygy and STIxy;.

A STOV interrupt is not generated if all stimulating STI interrupts are acknowledged.

A STIxy must be acknowledged by setting the ACKxy bit in the ASTI register two BCL
clock (for DPS='0") or one BCL clocks (for DPS="1") before the time slot which is selected
for the appropriate STIxy. The interrupt structure of the synchronous transfer is shown
in Figure 17 .
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INT
U l«— u <« sTOv21 le| sTov21
ST |[«—— ST [¢«———¢1 STOV20 [ STOV20
CIC |[«— cIC < STOV1l [ STOVil
TIN |¢— TIN < STOV10 (& STOV10
WOV [«— WoV < STI21 (& STI21 ACK21
S l«— s < STI20 (& STI20 ACK20
MOS |¢—{MOS < STI11 ([« STI11 ACK11
HDLC HDLC <« STII0 & STI1O ACK10
MASK ISTA MSTI STI ASTI

Figure 17 Interrupt Structure of the Synchronous Data Transfer

Figure 18 shows some examples based on the timeslot structure. Figure a) shows at
which point in time a STl and STOV interrupt is generated for a specific timeslot. Figure
b) is identical to example 3 above, figure c) corresponds to example 5 and figure d)
shows example 4.
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¢ : STl interrupt generated

j : STOV interrupt generated for a not acknowledged STI interrupt

a) Interrupts for data access to time slot 0 (B1 after reset), MSTI.STI10 and MSTI.STOV10 enabled

Xy: 10 11 21 20
CDA_TDSPxy.TSS: TSO TS1 TS5 TS11
MSTI.STIxy: ‘0’ 1' 1 1'
MSTI.STOVxy: ‘0 1' 1 1'

MS1i[Tso[TS1 [ T1S2[T7S31TS4 TS5 [ 156 [ TS7 [ T1S8] 1S9 [TS10[TS11][T1S0]

v v

b) Interrupts for data access to time slot 0 (B1 after reset), STOV interrupt used as flag for "last possible CDA
access"; MSTI.STI10 and MSTI.STOV20 enabled

Xy: 10 11 21 20
CDA_TDSPxy.TSS: TSO TS1 TS5 TS11
MSTI.STIxy: '0' 1' 1 1
MSTI.STOVxy: 1' 1' 1' ‘0’

O TS1]TS2[TS3[TS4[ TS5 156 [ TS7 [ TS8][TS9 [1S10[TS11[ 101

v

TS1a[Ts
>r

¢) Interrupts for data access to time slot 0 and 1 (B1 and B2 after reset), MSTI.STI10, MSTI.STOV10,
MSTI.STI11 and MSTI.STOV11 enabled

Xy: 10 11 21 20
CDA_TDSPxy.TSS: TSO TS1 TS5 TS11
MSTI.STIxy: (O} 1 1
MSTI.STOVxy: 00 1 1
MS11[TS0 [ TS1 [ TS2 [TS3[TS4 TS5 156 [ TS7 ] T1S8] 1S9 [TS10[TS11 T@l
v
v

d) Interrupts for data access to time slot O (B1 after reset), STOV20 interrupt used as flag for "last possible CDA
access", STOV10 interrupt used as flag for "CDA access failed"; MSTI.STI10, MSTI.STOV10 and
MSTIL.STOV20 enabled

Xy: 10 11 21 20
CDA_TDSPxy.TSS: TSO TS1 TS5 TS11
MSTIL.STIxy: 0’ 1 1 1
MSTIL.STOVxy: '0' 7' 1 '0'

TS1a[TsofTs1 TS2 T3 T4 TS5 [ TS6 [ TS7 [ TS8 TS0 [Tsio[Ts1a] 1501

v

sti_stov.vsd

Figure 18 Examples for the Synchronous Transfer Interrupt Control with one
STIxy enabled
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2.3.2.2  Serial Data Strobe Signal

For time slot oriented standard devices at the IOM®-2 interface, the Q-SMINT®IX
provides two independent data strobe signals SDS1 and SDS2.

The two strobe signals can be generated with every 8-kHz-frame and are controlled by
the registers SDS1/2_CR. By programming the TSS bits and three enable bits
(ENS_TSS, ENS_TSS+1, ENS_TSS+3) a data strobe can be generated for the IOM®-2
time slots TS, TS+1 and TS+3 (bit7,6) and the combinations of them.

The data strobes for TS and TS+1 are always 8 bits long (bit7 to bit0) whereas the data
strobe for TS+3 is always 2 bits long (bit7, bit6).

FSC

DD,DU B1 | B2 [MONO|ojcoli IC1 | IC2 [MONL|cu [U%

R X R

$TSO § TS1 : TS2 : TS3 TS4 ¢ TS5 TS6 ¢ TS7 TS8 TS9 TS10 TS11 TSO TSl

SDS1,2
(Examplel)

SDS1,2
(Example2)

SDS1,2 ‘ ‘ ‘
(Example3) | |-|

Example 1: TSS
ENS_TSS
ENS_TSS+1
ENS_TSS+3

Example 2: TSS
ENS_TSS
ENS_TSS+1
ENS_TSS+3

Example 3: TSS
ENS_TSS
ENS_TSS+1
ENS_TSS+3

I-

I-

HERES GRHEREU G QO

strobe.vsd

Figure 19 Data Strobe Signal Generation
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Figure 19 shows three examples for the generation of a strobe signal. In example 1 the
SDS is active during channel B2 on IOM®-2, whereas in the second example during IC2
and MONL1. The third example shows a strobe signal for 2B+D channels which is used
e.g. at an IDSL (144 kbit/s) transmission.

2.3.3 IOM®-2 Monitor Channel

The I0M®-2 MONITOR channel is utilized for information exchange between the Q-
SMINT®IX and other devices in the MONITOR channel.

The MONTIOR channel data can be controlled by the bits in the MONITOR control
register (MON_CR). For the transmission of the MONITOR data one of the 3 IOM®-2
channels can be selected by setting the MONITOR channel selection bits (MCS) in the
MONITOR control register (MON_CR).

The DPS bit in the same register selects between an output on DU or DD respectively
and with EN_MON the MONITOR data can be enabled/disabled. The default value is
MONITOR channel 0 (MONO) enabled and transmission on DD.

The MONITOR channel of the Q-SMINT®IX can be used in the following applications
(refer also to Figure 4 and Figure 5):

« As a master device the Q-SMINT®IX can program and control other devices (e.g.
PSB 2161) attached to the IOM®-2, which therefore, do not need a microcontroller
interface.

« As a slave device the Q-SMINT®IX is programmed and controlled from a master
device on IOM®-2 (e.g. UTAH). This is used in applications where no microcontroller
is connected directly to the Q-SMINT®IX.

The MONITOR channel operates according to the IOM®-2 Reference Guide [13].

Note: In contrast to the INTC-Q, the Q-SMINT®IX does neither issue nor react on
Monitor commands (MONGO,1,2,8). Instead, the Q-SMINT®IX operated in IOM®-2
slave mode must be programmed via new MONITOR channel concept (see
Chapter 2.3.3.4 ), which provides full register access. The Monitor time out
procedure is available. Reporting of the Q-SMINT®IX is performed via interrupts.

2.3.3.1 Handshake Procedure

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 (MR) and MONITOR Channel
Transmit (MX) bits. Data is placed onto the MONITOR channel and the MX bit is
activated. This data will be transmitted once per 8-kHz frame until the transfer is
acknowledged via the MR bit.
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The MONITOR channel protocol is described In the following section and Figure 22
shall illustrate this. The relevant control and status bits for transmission and reception

are listed in Table 11 and Table 12.

Table 11 Transmit Direction
Control/ Register Bit Function
Status Bit
Control MOCR MXC MX Bit Control

MIE Transmit Interrupt (MDA, MAB, MER) Enable
Status MOSR MDA Data Acknowledged

MAB Data Abort

MSTA MAC Transmission Active

Table 12 Receive Direction
Control/ Register Bit Function
Status Bit
Control MOCR MRC MR Bit Control

MRE Receive Interrupt (MDR) Enable
Status MOSR MDR Data Received

MER End of Reception
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HP Transmitter Receiver uP
MON MX MR
ME=1—> FF 1 I
MOX=ADR —» FF 1 1 125 us
MXC=1——»
-] —— ADR 1 | — MDRInt.
ac=1 L1 1 » RDMOR(=ADR)
<+«— MRC=1
MDA Int. «—— ADR 0
MOX = DATAL —» DATAL 1 0
DATAL 0 0
I — MDR Int.
————1 ] — RDMOR (=DATA1)
DATAL 0 1
DATAL 0 0
MDA Int. +—— ]
MOX = DATA2 ——» ——— ———
DATA2 1 0
DATA2 0 0
N — MDRInt.
—————1—— 1 —» RDMOR (=DATA?)
DATA2 0 1
MDA Int. <—— DATA2 0
MXC=0 —» e ————
FF 1 0
i ! 0 — MER Int.
FF 1 1
FF 1 1
MAC=0 «——
ITD10032

Figure 20 MONITOR Channel Protocol (IOM ®-2)

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 a 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.
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In addition, it enables other MONITOR channel interrupts by setting MONITOR Interrupt
Enable (MIE) 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 a 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.

The MONITOR transfer protocol rules are summarized in the following section

» A pair of MX and MR in the inactive state for two or more consecutive frames indicates
an idle state or an end of transmission

» A start of a transmission s initiated by the transmitter by setting the MXC bit to '1’
enabling the internal MX control. The receiver acknowledges the received first byte by
setting the MR control bit to ’1’ enabling the internal MR control.

* The internal MX, MR control indicates or acknowledges a new byte in the MON slot
by toggling MX, MR from the active to the inactive state for one frame.

» Two frames with the MR-bit set to inactive indicate a receiver request for abort .

» The transmitter can delay a transmission sequence by sending the same byte
continuously. In that case the MX-bit remains active in the IOM®-2 frame following the
first byte occurrence. Delaying a transmission sequence is only possible while the
receiver MR-bit and the transmitter MX-bit are active.
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» Since a double last-look criterion is implemented the receiver is able to receive the
MON slot data at least twice (in two consecutive frames), the receiver waits for the
acknowledge of the reception of two identical bytes in two successive frames.

» To control this handshake procedure a collision detection mechanism is implemented
in the transmitter. This is done by making a collision check per bit on the transmitted
MONITOR data and the MX bit.

* Monitor data will be transmitted repeatedly until its reception is acknowledged or the
transmission time-out timer expires.

* Two frames with the MX bit in the inactive state indicates the end of a message
(EOM).

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

2.3.3.2 Error Treatment

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

A transmission is aborted by the device if

* an error in the MR handshaking occurs
« acollision on the IOM®-2 bus of the MONITOR data or MX bit occurs
* the transmission time-out timer expires

A reception is aborted by the device if

* an error in the MX handshaking occurs or
» an abort request from the opposite device occurs

MX/MR Treatment in Error Case

In the master mode the MX/MR bits are under control of the microcontroller through MXC
or MRC, respectively. An abort is indicated by an MAB interrupt or MER interrupt,
respectively.

In the slave mode the MX/MR bits are under control of the device. An abort is always
indicated by setting the MX/MR bit inactive for two or more IOM®-2 frames. The
controller must react with EOM.

Figure 21 shows an example for an abort requested by the receiver, Figure 22 shows
an example for an abort requested by the transmitter and Figure 23 shows an example
for a successful transmission.
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IOM -2 Frame No. 1 2 3 4 5 6 7

1
MX (DU) A 4 | EOM

1
MR (DD) A

T

Abort Request from Receiver

mon_rec-abort.vsd

Figure 21 Monitor Channel, Transmission Abort requested by the Receiver

IOM -2 Frame No. 1 2 3 4 5 6 7

1
MR (DU) A Y 4 |EOM

1
MX (DD) A

T

Abort Request from Transmitter

mon_tx-abort.vsd

Figure 22 Monitor Channel, Transmission Abort requested by the Transmitter

IOM -2 Frame No. | 1 2 3 4 5 6 7 8

1
MR (DU) A Y 4 | EOM

1
MX (DD) A A

mon_norm.vsd

Figure 23 Monitor Channel, Normal End of Transmission
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2.3.3.3 MONITOR Channel Programming as a Master Device

The master mode is selected by default if one of the microcontroller interfaces is
selected. The monitor data is written by the microcontroller in the MOX register and
transmitted via IOM®-2 DD(DU) line to the programmed/controlled device e.g. ARCOFI-
BA PSB 2161. The transfer of the commands in the MON channel is regulated by the
handshake protocol mechanism with MX, MR.

2.3.3.4 MONITOR Channel Programming as a Slave Device

MONITOR slave mode can be selected by pinstrapping the microcontroller interface pins
according to Table 5. All programming data required by the device is received in the
MONITOR time slot on the IOM®-2 and is transferred to the MOR register. The transfer
of the commands in the MON channel is regulated by the handshake protocol
mechanism with MX, MR which is described in the previous Chapter 2.3.3.1..

The first byte of the MONITOR message must contain in the higher nibble the MONITOR
channel address code which is '1000' for the Q-SMINT®IX. The lower nibble
distinguishes between a programming command and an identification command.

Identification Command

In order to be able to identify unambiguously different hardware designs of the Q-
SMINT®IX by software, the following identification command is used:

DU 1st byte value 1 0 0 OO0 O O oO
DU 2nd byte value O 0o O oOojO0O O o0 O

The Q-SMINT®IX responds to this identification sequence by sending a identification
sequence:

DD 1st byte value 1 0 0o o|j0 O O O
DD 2nd byte value 0O O DESIGN <IDENT>

DESIGN: six bit code, specific for each device in order to identify differences in operation
(see “ID - Identification Register” on Page 198 ).

This identification sequence is usually done once, when the Q-SMINT®IX is connected
for the first time. This function is used so that the software can distinguish between
different possible hardware configurations. However this sequence is not compulsory.

Programming Sequence

The programming sequence is characterized by a ’1’ being sent in the lower nibble of the
received address code. The data structure after this first byte is equivalent to the
structure of the serial control interface described in chapter Chapter 2.1.1..
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DU 1st byte value 1 0 0 0 0 0 0 1
DU 2nd byte value Header Byte
DU 3rd byte value R/W Command/
Register Address

DU 4th byte value Data 1
DU (nth + 3) byte value Data n

All registers can be read back when setting the R/W bit to '1’. The Q-SMINT®IX responds
by sending his IOM®-2 specific address byte (81, followed by the requested data.

Note: Application Hint:
It is not allowed to disable the MX- and MR-control in the programming device at
the same time! First, the MX-control must be disabled, then the uC has to wait for
an End of Reception before the MR-control may be disabled. Otherwise, the Q-
SMINT®IX does not recognize an End of Reception.

2.3.3.5 Monitor Time-Out Procedure

To prevent lock-up situations in a MONITOR transmission a time-out procedure can be
enabled by setting the time-out bit (TOUT) in the MONITOR configuration register
(MCONF). An internal timer is always started when the transmitter must wait for the reply
of the addressed device or for transmit data from the microcontroller. After 40 IOM®-2
frames (5 ms) without reply the timer expires and the transmission will be aborted with
an EOM (End of Message) command by setting the MX bit to '1’ for two consecutive
IOM®-2 frames.

2.3.3.6 MONITOR Interrupt Logic

Figure 24 shows the interrupt structure of the MONITOR handler. The MONITOR Data
Receive interrupt status MDR has two enable bits, MONITOR Receive interrupt Enable
(MRE) and MR bit Control (MRC). The MONITOR channel End of Reception MER,
MONITOR channel Data Acknowledged MDA and MONITOR channel Data Abort MAB
interrupt status bits have a common enable bit MONITOR Interrupt Enable MIE.

MRE set to “0” prevents the occurrence of MDR status, including when the first byte of
a packet is received. When MRE is set to “1” but MRC is set to “0”, the MDR interrupt
status is generated only for the first byte of a receive packet. When both MRE and MRC
are set to “1”, MDR is always generated and all received MONITOR bytes - marked by
a 1-to-0 transition in MX bit - are stored. Additionally, a MRC set to “1” enables the control
of the MR handshake bit according to the MONITOR channel protocol.
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MASK ISTA

ST [¢—— ST
CIC <+— CIC
TIN «— TIN

WOoOVie—— WOV MRE ¢— MDR
S [¢«—LS MER

HDLC |¢—HDLC MOCR MAB
MOSR
v
INT

Figure 24 MONITOR Interrupt Structure

2.3.4 C/I Channel Handling

The Command/Indication channel carries real-time status information between the Q-
SMINT®IX and another device connected to the IOM®-2,

1) C/10 channel lies in IOM®-2 channel 0 and access may be arbitrated via the TIC bus
access protocol. In this case the arbitration is done in IOM®-2 channel 2.

The C/I0 channel is accessed via register CIRO (received C/I0 data from DD) and
register CIXO0 (transmitted C/I0 data to DU). The C/IO code is four bits long.

In the receive direction, the code from layer-1 is continuously monitored, with an interrupt
being generated any time a change occurs (ISTA.CIC).

C/10 only: a new code must be found in two consecutive IOM®-2 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/11) lies in IOM®-2 channel 1 and is used to convey real
time status information of the on-chip S-transceiver or an external device. The C/I1
channel consists of four or six bits in each direction. The width can be changed from 4
bit to 6 bit by setting bit CIX1.CICW.

In 4-bit mode 6-bits are written whereby the higher 2 bits must be set to “1” and 6-bits
are read whereby only the 4 LSBs are used for comparison and interrupt generation (i.e.
the higher two bits are ignored).
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The C/11 channel is accessed via registers CIR1 and CIX1. The connection of CIR1 and
CIX1 to DD and DU, respectively, can be selected by setting bit HCI_CR.DPS_CI1. A
change in the received C/I1 code is indicated by an interrupt status without double last
look criterion.

CIC Interrupt Logic
Figure 25 shows the CIC interrupt structure.

The two corresponding status bits CICO and CIC1 are read in CIRO register. CIC1 can
be individually disabled by clearing the enable bit CI1E in the CIX1 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.
The CIRO is buffered with a FIFO size of two. If a second code change occurs in the
received C/I channel O before the first one has been read, immediately after reading of
CIRO a new interrupt will be generated and the new code will be stored in CIRO. If several
consecutive codes are detected, only the first and the last code are obtained at the first
and second register read, respectively.

For CIR1 no FIFO is available. The actual code of the received C/I channel 1 is always
stored in CIR1.

MASK ISTA
U U
ST < ST P CICo
(T::ﬁ %ﬁ o CIIE |*] cIC1
CIX1 CIRO
wovle—] wov
S €¢— S
MOS l«——| MOS
HDLCle—|HDLC

l

INT

Figure 25 CIC Interrupt Structure

2.35 D-Channel Access Control

The upstream D-channel is arbitrated between the S-bus, the internal HDLC controller
and external HDLC controllers via the TIC bus (S/G, BAC, TBA bits) according to the
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IOM®-2 Reference Guidel). Further to the implementation in the INTC-Q it is possible,
to set the priority (8 or 10) of all HDLC-controllers connected to IOM®-2, which is
particularly useful for use of the Q-SMINT®IX together with the UTAH.

2.3.5.1 Application Example for D-Channel Access Control

Figure 26 shows a scenario for the local D-channel arbitration between the S-bus and
the microcontroller.

Q-SMINT®IX
E-Bit wd-Bﬁc'—TB—A—— — |
< I roitr.
D ; > D Pri ““-é;-G““““‘E' : U
rno

IOM-2iff | | uP - iff

ucC UC writes data into FIFO,
e.g. C513, transmission happens automatically
C161-R| Q-SMINTIX delivers an interrupt,
when transmission is complete

IOM-2

Figure 26 D-Channel Arbitration: pC has no HDLC and no Direct Access to TIC
Bus

2.3.5.2 TIC Bus Handling

The TIC bus is implemented to organize the access to the C/I0-channel and to the D-
channel from up to 7 D-channels HDLC controllers. The arbitration mechanism must be
activated by setting MODEH.DIM2-0=00x.

The arbitration mechanism is implemented in the last octet in IOM®-2 channel 2 of the
IOM®-2 interface (see Figure 27). An access request to the TIC bus may either be
generated by software (LC access to the C/I0-channel via CIXO0 register) or by an internal
or an external D-channel HDLC controller (transmission of an HDLC frame in the D-
channel). A software access request to the bus is effected by setting the BAC bit in
register CIX0 to "1’ (resulting in BAC = '0’ on IOM®-2).

D' The A/B-bit is not supported by the U-transceiver
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In the case of an access request by the Q-SMINT®IX, the Bus Accessed-bit BAC (bit 5
of last octet of CH2 on DU, see Figure 27 ) is checked for the status "bus free®, which is
indicated by a logical '1". If the bus is free, the Q-SMINT®IX transmits its individual TIC
bus address TAD programmed in the CIXO0 register (CIX0.TBA2-0). While being
transmitted the TIC bus address TAD is compared bit by bit with the value read back on
DU. If a sent bit set to "1’ is read back as '0’ because of the access of an external device
with a lower TAD, the Q-SMINT®IX withdraws immediately from the TIC bus, i.e. the
remaining TAD bits are not transmitted. The TIC bus is occupied by the device which
sends and reads back 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 in the same frame.

MR MR TAD
FMX FMX EsAc:T
TTTTrrrrprrTrrTrTr g r T red TTTTrTrrrprr T T T rpr T T rpr T HHH\\HHH\HHH\’_\T\
DU B1 B2 MONO |D| clo Ic1 Ic2 MON1 | ci1
L EEEEEEE IEEEEEEE FEEEEEEE NN HEEEEEE ENEEEEEE ENEEEEEE B LIl
| |
BAC TAD
| |
2 1 0 ITD02575.vsd
-
TIC-BUS Address (TAD 2 - 0)
Bus Accessed ("1" no TIC-BUS Access)

Figure 27 Structure of Last Octet of Ch2 on DU

When the TIC bus is seized by the Q-SMINT®IX, the bus is identified to other devices as
occupied via the DU Ch2 Bus Accessed-bit state '0’ until the access request is
withdrawn. After a successful bus access, the Q-SMINT®IX 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®-2 interface request access to the D and C/
0 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/I0 channels.

Note: Bit BAC (CIXO0 register) should be reset by the UC when access is no more
requested, to grant other devices access to the D and C/I0 channels.

2.3.5.3 Stop/Go Bit Handling

The availability of the DU D channel is indicated in bit 5 "Stop/Go" (S/G) of the last octet
in DD channel 2 (Figure 28). The arbitration mechanism must be activated by setting
MODEH.DIM2-0=0x1.

S/IG=1:stop
SIG=0:go
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The Stop/Go bit is available to other layer-2 devices connected to the IOM®-2 interface
to determine if they can access the D channel in upstream direction.

MR MR
MX MX SIG A/B
LN L TTprprnrd LN LD L INEEEEE LN Bl I
DD B1 B2 MgN D| CIO IC1 IC2 MON1 | Cl1
HEEEEEE NN A EEAENEE AR HEEEEEE NN AR AN [HEEEEEE AEEEEEEE AR EEEE N L1l

G

SIG |A/B
Stop/Go J L Available/Blocked ITD09693.vsd

Figure 28 Structure of Last Octet of Ch2 on DD

2.3.5.4 D-Channel Arbitration

In intelligent NT applications (selected via register S MODE.MODE2-0) the Q-
SMINT®IX has to share the upstream D-channel with one or more D-channel controllers
on the IOM®-2 interface and with all connected TEs on the S interface.

The S-transceiver incorporates an elaborate state machine for D-channel priority
handling on I0M®-2 (Chapter 2.3.5.5). 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 all D-channel sources on IOM®-2. 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.
The access to the upstream D-channel is handled via the S/G bit for the HDLC
controllers and via E-bit for all connected terminals on S (E-bits are inverted to block the
terminals on S). Furthermore, if more than one HDLC source is requesting D-channel
access on IOM®-2 the TIC bus mechanism is used (see Chapter 2.3.5.2).

The arbiter permanently counts the “1s” in the upstream D-channel on IOM®-2. If the
necessary number of “1s” is counted and an HDLC controller on IOM®-2 requests
upstream D-channel access (BAC bit is set to 0), the arbiter allows this D-channel
controller immediate access and blocks other TEs on S (E-bits are inverted). Similar as
on the S-interface the priority for D-channel access on IOM®-2 can be configured to 8 or
10 (S_CMD.DPRIO).

The configuration settings of the Q-SMINT®IX in intelligent NT applications are
summarized in Table 13.
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Table 13 Q-SMINT ®IX Configuration Settings in Intelligent NT Applications

Functional | Configuration Configuration Setting
Block Description
Layer 1 Select Intelligent S-Transceiver Mode Register:
NT mode S_MODE.MODEO = 0 (NT state machine)
or

S_MODE.MODEQ =1 (LT-S state machine)

S_MODE.MODE1 =1
S_MODE.MODE2 =1

Layer 2 Enable S/G bitand | D-channel Mode Register:
TIC bus evaluation | MODEH.DIM2-0 =001

Note: For mode selection in the S_MODE register the MODE1/2