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Preface

The Single Chip ISDN USB Controller - Basic (SIUC-BA) is an optimized low cost
solution for host based connectivity to ISDN through USB. This document provides
reference information on the features and possible applications.

Organization of this Document

This Data Sheet is divided into 11 chapters. It is organized as follows:

Chapter 1, Overview

Gives a general description of the product, lists the key features, describes functional
modules and presents some typical applications.

Chapter 2, Pin Description

Lists pins with associated signals, categorizes signals according to function, and
describes signals.

Chapter 3, C800 Microcontroller

Describes the embedded C800 8-bit microcontroller, memory organisation and
special function registers.

Chapter 4, USB Module

Covers the USB implementation on the SIUC-BA describing the transfer modes, the
memory buffer operation, the USB device framework and the USB registers.
Chapter 5, ISDN Module

Includes all the modules, modes and interfaces related to ISDN, especially the IOM-2
interface, the S-transceiver and the HDLC Controllers.

Chapter 6, Interrupt System

Describes the microcontroller interrupt sources along with all interrupt status and
interrupt enable registers, and describes interrupt priority handling.

Chapter 7, Firmware

Describes the way of running firmware, the memory map, and explains the different
USB models used with the SIUC-BA.

Chapter 8, General Features

Includes the clock and reset generation within the device, the auxiliary and SPI
interfaces, and the voltage regulator.

Chapter 9, Operational Description

Briefly elaborates the operational modes like active, idle, suspend etc. within the
device along with the programming sequence to be followed in different modes.
Chapter 10, Electrical Characteristics

Chapter 11, Package Outlines

Data Sheet 2001-10-01
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Overview

1 Overview

The Single Chip ISDN USB Controller - Basic (SIUC-BA) integrates all functions on a
single chip for a host based ISDN S-interface access solution through USB. It is a
derivate with reduced functionality of the full feature device SIUC-X PSB 2154, which
combines the basic features of the ISDN PC Adapter Circuit (IPAC PSB 2115) and the
C541U 8-bit Microcontroller with USB, but in 3.3 V technology. It is dedicated for pure
single chip designs without memory extension and peripheral devices.

On the ISDN side, it includes the S-transceiver (Layer 1), an HDLC controller for the D-
channel and two protocol controllers for both B-channels (Layer 2). They can be used for
HDLC protocol or transparent access. The FIFO size of the B-channel buffers is 128
bytes per channel and per direction.

On the USB side, it includes a full speed USB transceiver, supports bus powered
operation and is compliant with USB Specification V1.1 and the Communication Device
Class (CDC) Specification V1.1 for ISDN devices. The endpoints can be controlled by
the microcontroller by special function registers. A boot loader in the internal ROM allows
firmware download to the internal memory via USB according to the USB Device Class
Specification for Device Firmware Upgrade (DFU) V1.0.

The embedded new C800 Microcontroller core (8-bit) enables transparent or HDLC-
framed exchange of B-channel data between the S-interface and USB. In addition, it
provides lower level D-channel access control functions. The operational firmware which
is downloaded via USB is contained in internal 16K RAM.

Firmware can be developed with the full feature version SIUC-X PSB 2154 using internal
memory (single chip mode) or using additional external memory (shared or separate
memory mode), whereby emulation is supported through Enhanced Hooks
Technology™. Emulation is not supported by the SIUC-BA.

The programmable 1/O lines of the 8-bit auxiliary port may be used for external control
functions and to forward status information to the uC. The SPI interface for serial
EEPROM communication is multiplexed onto these lines. 3 programmable LED output
ports are available, one of them can indicate the activation status of the S-interface
automatically.

The onchip voltage regulator supports the design of bus powered applications, i.e. the
regulated 3.3V supply is generated out of the USB supply by the SIUC-BA itself without
requiring an external voltage regulator.

The SIUC-BA is produced in advanced CMOS technology.

Data Sheet 1 2001-10-01
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Single Chip ISDN USB Controller - Basic PSB 2155

SIUC-BA

Version 1.3

1.1 Features

General

Single chip host based ISDN solution for USB
Derivate of SIUC-X with reduced features
3.3V power supply

Programmable reset sources

Onchip PLL for 48 MHz clock generation P-MQFP-80-1
5V tolerant 1/Os

Onchip voltage regulator for bus-powered operation
(patent pending)

ISDN (S-Interface, 2B+D Channels)

S/T-transceiver (ITU-T 1.430) operating in TE mode

D-channel and B-channel protocol controllers (HDLC)

Different types of protocol support depending on operating mode (Non-auto mode,
Transparent mode 1-3, extended transparent mode)

IOM-2 interface, single/double clock with strobe signal

Monitor and C/I-channel protocol to control peripheral devices

128 byte FIFO buffers with programmable FIFO thresholds per B-channel per
direction

64 byte FIFO buffers per direction with programmable FIFO thresholds for D-channel
D-channel access mechanism

Transformer ratio 1:1

2 timers programmable between 1 ms to 14.336 s.

Firmware

e SIUC-BA comes along with firmware and drivers fully supporting ISDN data access

according to USB CDC V1.1

Type

Package

PSB 2155

P-MQFP-80-1

Data Sheet
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Overview

* Onchip bootloader supports DFU class so firmware can easily be downloaded via
USB to internal memory (flexibility for firmware upgrades)
e Customer can develop own firmware using internal memory

Microcontroller & Peripherals

e 8-bit C800 CPU, full software/toolset compatible to standard 80C51/80C52 micro-
controllers

e 48 MHz operating frequency, equivalent to 4 MIPS

e 4 Kbyte onchip standard ROM program memory (boot loader)

* 256 byte onchip data RAM

* 16 Kbyte onchip RAM (XRAM) flexibly programmable as program and/or data space

e Two lines can be used as external interrupt source, one of them can indicate the USB
device attached status in self powered mode

* 14 interrupt sources to CPU selectable at 4 priority levels

* 8 data pointer

* Two 16-bit timers: timer 0 and timer 1

USB

e Compliantto - USB Specification V1.1
- USB Communication Device Class (CDC) Specification V1.1
- USB Device Firmware Upgrade (DFU) Specification V1.0
e Onchip USB transceiver
e 12 Mbit/s full speed operation
» 7 software configurable endpoints, in addition to the bi-directional Control Endpoint O
* Firmware supports 2 configurations by default:
- USB Device Firmware Upgrade (DFU)
- USB Communication Device Class (CDC)
e DFU Configuration with 1 interface and 1 endpoint (EPO)
e CDC Configuration with 4 additional interfaces and 2 alternate settings each,
supporting 8 endpoints (EPO - EP7)
e All USB transfer modes supported (bulk, isochronous, interrupt and control)
* Bus-powered operation possible (no external power supply necessary)
e Low Power Device, <100mA (operational), <500 pA (suspend)
* Optional loading of customized configuration data (e.g. Vendor ID, Product ID, ... )
from external serial EEPROM

Miscellaneous

* 8 line programmable auxiliary 1/O interface with interrupt inputs

* SPI Interface for optional connection to an external EEPROM

e 3 LED output ports (one is capable to indicate S-bus activation status automatically)
e Strap pins for identification of different HW configurations

Data Sheet 3 2001-10-01
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1.2 Logic Symbol

The logic symbol shows all functions of the SIUC-BA. 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.

Voltage Regulator Power Supply Strap pins
I—A—\
+3.3V ov +3.3V ov
VREG1 VREG2 VDD VSS res_h res_|
VDDA VSSA TEST
VDDAP  VSSAP SR1
VDDU VSSU I
«—» D+ VSSAR SR2 : I
USB Interface sSX1 S Interface
° 1
SX2
Device XTAL 7.68 MH
Attached/Detached ——»| DADD 3 Y00 ppzm
Detection XTAL2 —>j
External Awake —» EAW
DU [«—»
——»| RESET DD ¢—>
FSC— | 1om2
DCL ¢—» Interface
BCL—»
SDS/RSTO—»
sDi*  sck* ELD* INTO AUXG6/T*
AUXO0-7* SDO* SCS* INT1/2*  ACL SVNO/1 *
Auxiliary " External LED \S/Z?:‘;E a185 11
Interface SPI Interface Interrupts Output Number * —
Figure 1 Logic Symbol
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1.3 Typical Application

The SIUC-BA is dedicated to USB host based, single chip applications. The S interface
is a 4-line 192 kbit/s interface while the 2-line USB interface works at 12 MHz.

An ISDN adapter for a PC is built around the SIUC-BA using the USB interface
(Figure 2). The onchip voltage regulator allows bus powered operation without the
necessity of an external regulator. 3 LED ports can be used to indicate different status
information to the user.

This single chip solution enables cost optimized design of an embedded device cable
linking USB to ISDN ("cable with a bump").

USB Host Siuc-BA | BN |
Interface PSB 2155 g |

S
Interface

Status LEDs
O o e

2154 _12ba.vsd

Figure 2 ISDN PC Adapter for S Interface
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1.4 Functional Description

The data transfer from USB to S-Interface and vice versa takes place through the pC
XRAM and a set of FIFOs for each channel. The IOM-2 interface allows connection of
other communication devices.

The auxiliary interface serves as a general purpose I/O port in addition to providing LED
drivers and lines for the SPI interface. Two auxiliary pins are used to latch a number for
vendor specific system identification during reset.

A bootloader firmware contained in 4K ROM provides the ability to download operational
firmware via USB to internal RAM. All registers corresponding to different peripherals are
available in the Special Function Register (SFR) map of the pC. The ISDN specific
registers are located in the external memory map of the pC.

Onchip PLL provide clock generation for the S-transceiver and the 48 MHz USB clock.
An onchip voltage regulator allows the flexibility for bus and self powered system
architectures.

1.4.1 Functional Block Diagram
Figure 3 gives an overview of the functional blocks.

I0M-2

[OM-2 Interface
IOM-2 Handler <:>
EEPROM < 1 SPI @ @ @ @ isoN | L
Basic ﬁ\terface
A
Auxiliary B-Channel B-Channel D-Channel (')\;ll-ocll\:gr?nz coess :I l:
Interface HDLC HDLC HDLC TIC-Bus
General
Purpose < X 1/0
110
FIFO FIFO FIFO
usB
Interface Voltage
(Power) Regulator DPLL
usB C800 CPU T
Interface<:> USB
(Data) 256 x 8 16384 x 8 4096 x 8 osc =
IRAM XRAM ROM —

2155_10

Figure 3 Block Diagram
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Pin Description

2 Pin Description

g% %gggowg_l'aom_l_l':l
SeR5ecERocloEads s
IRlNisiniNisinininininininininininl
BHEBB3IBRSBIITLRICLL S

40 res

39 res

38 res

37 res

36 res

35 res

34 res

33 res

32 n.c.

SIUC-BA 31— ne.

30 res

PSB 2155 20| res

28 res

27 VSS

26 res

25 n.c.

24 res

23 res

22 res

21 res
rNmoTworo0a2 T {2I22ER 2
T UO I TTT T

=

§0°§§§Egge:e§§eeeeee

2155_15.vsd

Figure 4 Pin Diagram
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Pin Description

Table 1 Pin Definition - IOM-2 Interface

Pin | Symbol |Input (I) Function

No. Output (O)

64 |FSC O Frame Sync
8-kHz frame synchronisation signal. The rising edge
indicates the beginning of the IOM frame (HIGH during
channel 0).

65 |DCL O Data Clock
IOM clock signal of twice the IOM data rate (1.536 MHz).
The first rising edge is used to transmit data, the second
falling edge is used to sample data.

62 |DU I Data Upstream
IOM data signal in upstream direction.

63 |DD O(0D) Data Downstream
IOM data signal in downstream direction.

61 |BCL O Bit Clock
Bit clock output, identical to IOM data rate , derived from
the DCL output clock (BCL = DCL/2 = 768 kHz).

68 |SDS/ O (OD) Serial Data Strobe / Reset Output

RSTO Programmable strobe signal (push pull characteristic) for

time slot and/or D-channel indication on IOM-2.
It can optionally be used as reset output (open drain
characteristic).

Data Sheet 8 2001-10-01
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Table 2 Pin Definition - Auxiliary Interface
Pin No. Symbol | Input (I) Function
Output (O)
71 AUX0 [I/O Auxiliary Port 0-2 - General input/output Ports
72 AUX1 These pins are individually programmable as
73 AUX2 general input/output. The state of the pin can be
read from (input) / written to (output) a register.

74 AUX3 [I/O Auxiliary Port 3

Non SPI Mode: AUX3 (input/output)

If not used for the SPI interface, this pin is
programmable as general input/output. The state of
the pin can be read from (input) / written to (output)
a register.

SPI Mode: ELD (input, during reset) - EEPROM
Load

This pin is strapped HIGH during reset to indicate
the pC that an EEPROM is connected (e.g. for
loading USB ID values).

SPI Mode: SCS (output, after reset)

Serial Chip Select to EEPROM.

This pin has an internal pulldown resistor, i.e. for
the ELD function an external pullup resistor must
be connected to indicate that an EEPROM is
connected.
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Table 2

Pin Description

Pin Definition - Auxiliary Interface (cont’d)

Pin No.

Symbol

Input (1)
Output (O)

Function

75

AUX4

1/O

Auxiliary Port 4

Non SPI Mode: AUX4 (input/output)

If not used for the SPI interface, this pin is
programmable as general input/output. The state of
the pin can be read from (input) / written to (output)
a reqister.

SPI Mode: SDI (input)

Serial Data Input on the SPI interface to be
connected to the SO pin of the EEPROM.

MBIT - Multiframe Synchronization (output)

If selected via ACFG2.A4SEL=1 the pin AUX4 is
used for multiframe synchronization, i.e. it is an M-
bit output.

All modes: SVNO - System Version Number 0
(input; during reset only)

During reset the state of this pin (pull up/down
resistor) is latched to the internal System Version
Number register. After reset this pin performs the
functions described above. An internal pull down
resistor is provided.

76

AUX5

1/O

Auxiliary Port 5

Non SPI Mode: AUXS5 (input/output)

If not used for the SPI interface, this pin is
programmable as general input/output. The state of
the pin can be read from (input) / written to (output)
a register.

SPI Mode: SDO (output)

Serial Data Output on the SPI interface to be
connected to the Sl pin of the EEPROM.

All modes: SVN1 - System Version Number 1
(input)

During reset the state of this pin (pull up/down
resistor) is latched to the internal System Version
Number register. After reset this pin performs the
functions described above. An internal pull down
resistor is provided.

Data Sheet
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Table 2 Pin Definition - Auxiliary Interface (cont’d)
Pin No. Symbol | Input (1) Function
Output (O)
77 AUX6 I/0O Auxiliary Port 6

Non SPI Mode: AUX6 (input/output), INT1

If not used for the SPI interface, this pin is
programmable as general input/output. The state of
the pin can be read from (input) / written to (output)
a register. In addition to that, as an input, it can
generate an interrupt (ISTAA:INT1) which is
maskable in MASKA: INT1. The interrupt input is
either edge or level triggered (ACFG2:EL1). As an
output it is able to sink higher current and so allows
for direct connection of an LED in stand-alone
applications. An internal pullup resistor is
connected to this pin.

SPI Mode: SCK (output)

Serial Clock output to EEPROM

5 AUX7 |[I/O Auxiliary Port 7

AUX?7 (input/output), INT2

This pin is programmable as general input/output.
The state of the pin can be read from (input) /
written to (output) a register. In addition to that, as
an input, it can generate an interrupt (ISTAA:INT2)
which is maskable in MASKA:INT2. The interrupt
inputis either edge or level triggered (ACFG2:EL2).
As an output it is able to sink higher current and so
allows for direct connection of an LED in stand-
alone applications. An internal pullup resistor is
connected to this pin.
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Table 3

Pin Description

Pin Definition - Miscellaneous

Pin No.

Symbol

Input (1)
Output (O)

Function

D+

1/O

USB D+ Data Line

The pin D+ can directly be connected to the USB
cable (Transceiver is integrated onchip).

A pull up resistor (1.5K + 5%) must be connected to
D+ to select full speed operation according to the
USB spec.

1/O

USB D- Data Line
The pin D- can directly be connected to the USB
cable. (Transceiver is integrated onchip).

48

Reset

A LOW on this input forces the SIUC-BA into a reset
state. The duration of this pulse must be at least 4
ms to stabilize the internal oscillator. Following the
reset, the microcontroller executes a complete
machine cycle to initialize indirectly resetable
registers.

67

EAW

External Awake

If a negative level on this input is detected, the
SIUC-BA generates an interrupt (AUXI.EAW), and
if enabled, a reset pulse.

47

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.

DADD

Device Attached input

For self powered applications this pin together with
some external logic can be used to detect whether
the device is connected to the USB or not.

INTO

External Interrupt 0 input
This interrupt input can be used to indicate external
events to the pC.

55
56

SX1
SX2

ONe®)

S-Bus Transmitter Output
Differential output for the S-transmitter.
positive

negative

Data Sheet
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Table 3 Pin Definition - Miscellaneous (cont’d)
Pin No. Symbol | Input (I) Function
Output (O)
59 SR1 I S-Bus Receiver Input
60 SR2 I Differential inputs for the S-receiver.
51 XTAL1 |I Oscillator Input
Input pin of oscillator or input from external clock
source. 7.68 MHz crystal or clock required.
52 XTAL2 |O Oscillator Output
Output pin of oscillator. Not connected if external
clock source is used.
46 TEST |I TEST
This pin is reserved for test purposes during
manufacturing and should be connected to GND.
10,12, 15, |res I reserved
16,17, 18, These pins are reserved and must be left not
19, 20, 21, connected.
22,23, 24,
26, 28, 29,
30, 33, 34,
35, 36, 37,
38, 39, 40,
42, 43,66 |res_| [ reserved, connect LOW
These pins are reserved and must be connected to
VSS.
8, 41 res_h I reserved, connect HIGH
These pins are reserved and must be connected to
VDD.
911,25, |[n.c. not connected
31, 32 These pins are not connected internally and can be
connected in any way.
Table 4 Pin Definition - Power Supply
Pin No. Symbol | Input (1) Function
Output (O)
13, 45, VDD I Digital Supply Voltage, +3.3V for core logic and
50, 69 oscillator
58 VDDA || Analog Supply Voltage, +3.3V for S-transceiver

Data Sheet
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Table 4 Pin Definition - Power Supply (cont'd)
Pin No. Symbol | Input (1) Function
Output (O)

53 VDDAP || Analog Supply Voltage, +3.3V for PLL

1 vDDU || Analog Supply Voltage, +3.3V for USB module

14, 27,44, |VSS I Digital GND, for core logic and oscillator

49, 70

57 VSSA || Analog GND, for S-transceiver

54 VSSAP || Analog GND, for PLL

4 VSSU || Analog GND, for USB module

79 VREGH1 Voltage Regulator

80 VREG2 These two pins from the internal voltage regulator
are used to connect some additional external
components for regulation. The regulator uses the
USB power supply (bus-powered mode) to
generate the +3.3V supply for the SIUC-BA which
must externally be connected to the VDDx pins (the
supply is not connected internally).
If the voltage regulator is not used (e.g. USB self-
powered mode) VREG1/2 are left not connected
and the external power supply is connected to the
VDDx pins.

78 VSSAR || Analog GND, for Voltage Regulator

Note: Some of the pins are used to latch certain values during reset. These are ALE/CS,
AUXB/ELD, AUX4/SVNO and AUX5/SVN1. The values on these pins must be held
stable for at least 600 ns after reset.

Data Sheet
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2.1 Pin States in Operating Modes

The following table provides an overview on the behaviour of the pins and ports in the
different operating modes. In normal operating mode most of the pins can be used in
different ways therefore the behaviour in operational mode is not listed.

The following abbreviations are used:

I input pin
this pin needs to be terminated externally if no internal pull up/down resistor is
available or if the internal resistor is switched off, to avoid malfunctions due to
floating input.

O output pin
this pin keeps the level (“0” or “1”) which was driven just before suspend mode was
entered.

Z  high impedant
this pin is an output pin but the output driver is switched off (floating), therefore this
pin does not need to be terminated but can be left open.

Note: "Pull up" at any place in the tables below refers to internal pull up resistors only
and not to any external resistors.
Internal resistors are switched off in suspend and idle mode to avoid an increased
leakage current.
Some pins can show different characteristic depending on the mode which was
used before suspend mode was entered.

Table 5 Pin Definition - IOM-2 Interface

Pin | Symbol During Reset | In Suspend | In Idle Mode Comment
No. Mode

64 |FSC O Oorl Oorl Note 1

65 |DCL 0] Oorl Oorl

62 |DU Z Oorl Oorl Note 2

63 |DD Z Oorl Oorl

61 |BCL O O O

68 |SDS/RSTO o) ZorO ZorO Note 3
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Table 6 Pin Definition - Auxiliary Interface
Pin | Symbol During Reset | In Suspend | InIdle Mode Comment
No. Mode
71 | AUXO I lorO lorO Note 4
72 | AUX1 I lorO lorO
73 |AUX2 I lorO lorO
74 | AUXS I lorO lorO
75 |AUX4 I lorO lorO
76 | AUX5 I lorO lorO
77 | AUX6 I lorO lorO
(with pull up) | (w/o pull up) (w/o pull up)
5 AUX7 I lorO lorO
(with pull up) | (w/o pull up) (w/o pull up)
Table 7 Pin Definition - Miscellaneous
Pin | Symbol During Reset | In Suspend | In Idle Mode Comment
No. Mode
41 | MMOD I I I
8 |EA I I I Note 5
6 DADD I Oorl Oorl
7 INTO I Oorl Oorl
2 |D+ I I I
3 |D- I I I
48 | RESET I I I
(with pull up) | (w/o pull up) | (with pull up)
43 |BMODO I I I
42 | BMOD1 I I I
67 |EAW I I I
47 | ACL O O O
55 | SX1 Z z Z
56 | SX2 Z z Z
59 | SR1 I I I
60 |SR2 I I I
51 | XTALT1 I I I
52 | XTAL2 O O O
Data Sheet 16 2001-10-01
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Table 7 Pin Definition - Miscellaneous (cont’d)
Pin | Symbol During Reset | In Suspend | In Idle Mode Comment
No. Mode
46 |TEST I I I
66 |res_| I I I

Note: 1) In normal mode (i.e. the transceiver is not switched off) FSC and DCL become

Data Sheet 17

output in suspend/idle mode. However, if the remote wakeup feature from the
S transceiver should be disabled, the transceiver must be switched off
(TR_CONFO0.DIS_TR = 1) which has the effect that FSC and DCL become
input and therefore must be terminated externally (pull up resistors).

2) If DU and DD are programmed to open drain characteristic (default mode) they
become input ports during suspend/idle mode. If they are programmed to push
pull drivers (IOM_CR.DIS_OD=1), they become output and so no terminating
resistor is required.

3) The behaviour of pin SDS/RSTO in suspend/idle mode depends on its
configuration in operational mode before suspend was entered. If the pin was
used as RSTO then it will be “Z” in suspend/idle mode, if it was used as SDS
then it keeps the output characteristic is suspend mode.

4) All pins from the auxiliary port keep their selected direction (input/output) and
their programmed level as outputs (“0” or “1”) when going to suspend/idle
mode.

5) This pin is directly connected to VDD on the system board.

Important Note: To avoid malfunctions on unused signals the following register
programming must be done right after reset:
write 03y to register address 80y
write 00y to register address A0y
write 00y to register address BOy

2001-10-01
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3 C800 Microcontroller
3.1 CPU

The CPU is designed to operate on bits and bytes. The instructions, which consist of up
to 3 bytes, are performed in one, two or four machine cycles. One machine cycle requires
twelve microcontroller clock cycles. The instruction set has extensive facilities for data
transfer, logic and arithmetic instructions. The boolean processor has its own full-
featured and bit-based instructions within the instruction set. Efficient use of program
memory results from an instruction set consisting of 44% one-byte, 41% two-byte, and
15% three-byte instructions.

A machine cycle (12 microcontroller clocks) consists of 6 states. Each state is divided
into a phase 1 half, during which the phase 1 clock is active, and a phase 2 half, during
which the phase 2 clock is active. Typically, arithmetic and logic operations take place
during phase 1 and internal register-to-register transfers take place during phase 2. The
diagrams in Figure 5 show the fetch/execute timing related to the internal states and
phases.

Execution of a one-cycle instruction begins at S1P2, when the op-code is latched into
the instruction register. If it is a 2-byte instruction, the second reading takes place during
S4 of the same machine cycle. If it is a one-byte instruction, there is still a fetch at S4,
but the byte read (which would be the next op-code) is ignored (discarded fetch), and the
program counter is not incremented. In any case, execution is completed at the end of
S6P2.

Most C800 instructions are executed in one cycle. MUL (multiply) and DIV (divide) are
the only instructions that take more than 2 cycles to complete: they take 4 cycles.
Normally, 2 code bytes are fetched from the program memory every machine cycle. The
only exception is when a MOVX instruction is executed. MOVX is a one-byte, 2-cycle
instruction that accesses external data memory. During a MOVX, the two fetches in the
second cycle are skipped while the external data memory is being addressed and
strobed.

Fetches from external program memory always use a 16-bit address. Accesses to
external data memory can use either a 16-bit address (MOVX @DPTR) or an 8-bit
address (MOVX @Ri). “External” in this context refers to the CPU-module (XRAM is
internal, additional onchip RAM is external) and not to the chip.

For 8-bit addressing the XRAM page register (XPAGE) is used as the high byte, which
allows effective addressing in critical loops:

Loop using 16-bit address: movx a, @dptr (2 cycles)
inc dptr (2 cycles)
loop_based_on_some_condition
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Loop using 8-bit address: movx a, @Ri (2 cycles)
inc Ri (1 cycle)
loop_based_on_some_condition
st |s2|s3|s4|s5|s6|st|s2|ss]|s4|ss]ss
P1 P2|P1 P2|P1 P2|P1 P2IP1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2
Goo [TLTLLTUTLILAUL AL LTI
Clock
ALE
Read Read next
Opcode Opcode (Discard) Read next Opcode
£ Again
ST | S2|S3|S4]S5]|S6
(a) 1-Byte, 1-Cycle Instruction, e.g. INC A
Read Read 2nd
Opcode Byte
Read next Opcode
ST | S2|S3|S4]S5]|S6
(b) 2-Byte, 1-Cycle Instruction, e.g. ADD A Data
Read next Opcode Again
Read
lﬁ Opcode Read next Opcode (Discard)
ST | S2|S3|S4|S5|S6]S1]S2]S3]S4]S5]5S6
(c) 1-Byte, 2—Cycle Instruction, e.g. INC DPTR
Read next Opcode Again —
Read Read next
Opcode Opcode -No Fetch No Fetch
f (MOVX) (Discard) fr No ALE f
A y_
ST | S2|S3|S4|S5|S6]S1]S2]S3]S4]S5]|5S6
d) MOVX (1-Byte, 2—Cycle ADDR ‘ DATA MCBO1816
( y y

Access External Memory

Note: The signal ALE is only available in SIUC-X but not in SIUC-BA. It is shown here to
allow complete understanding of CPU functionaliy.

Figure 5 Fetch Execute Sequence

Data Sheet
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3.2 Memory Organisation

The C800 CPU manipulates operands in the following address spaces:

— 4 Kbyte onchip ROM program memory (boot loader); see note

— 16 Kbyte onchip RAM (XRAM) memory for program and/or data (configurable)
— 256 bytes of internal data memory (IRAM)

— 128 byte special function register area

Figure 6 illustrates the memory address spaces of the C800.

FFFF, FFFF,
ISDN
Reg Map
(2 KByte)
On Chip XRAM
F800,,
F7FF, Indirect Direct
Address Address
Not used FF FF
H H
Internal FSu pnict::gln
RAM -
Register
Not used 80, 80,
7F
4000, .
3FFF
H Internal
On Chip RAM
0000, 0000, 00,

Program Code Space External Data Space Internal Data Space

Note: pin EA must be tied to "1". 2155_81.vsd

Figure 6 C800 Default Memory Map (Firmware Execution Mode)

Note: For simplification the 4K onchip ROM is not shown in Figure 6 but described in
detail in Figure 7.
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3.2.1 Program Memory

The C800 has 4 Kbyte of ROM program memory which stores the download routines
(boot loader). The firmware can be downloaded into onchip program RAM. If the EA pin
is held high, the C800 executes program code out of internal program memory .

Important Note: Strapping EA to low must not be done for SIUC-BA.
Note: For further details on memory configuration please refer to Chapter 7.3.

3.2.2 Data Memory

The data memory address space consists of core-internal memory and core-external
memory space (both are onchip). The internal data memory is divided into 3 physically
separate and distinct blocks: the lower 128 bytes of RAM, the upper 128 bytes of RAM
and the 128 byte special function register (SFR) area. The external data memory is
divided into onchip XRAM and another 2 Kbyte of address space reserved for ISDN
registers.

Note: The registers of the USB module are accessed through special function registers
in the SFR area.

Note: After reset the access to onchip XRAM is disabled, i.e. the pC must set bit
SYSCON1.XMAPO=1 in order to enable internal XRAM access, otherwise all
accesses to these locations are undefined. The bootloader running on SIUC-BA
is taking care of this.

3.2.3 General Purpose Registers - Overview

The lower 32 locations of the internal RAM (data memory addresses from 00 to 1F) are
assigned to 4 banks with 8 general purpose registers (GPRs) each. Only one of these
banks may be enabled at a time. 2 bits in the program status word, RS0 (PSW.3) and
RS1 (PSW.4), select the active register bank. This allows fast context switching, which
is useful when entering subroutines or interrupt service routines.

The 8 general purpose registers of the selected register bank may be accessed by
register addressing. With register addressing, the instruction opcode indicates which
register is to be used. For indirect addressing, RO and R1 are used as pointer or index
registers to address internal or external memory (e.g. MOV @RO0).

Reset initializes the stack pointer to location 07 and increments it once to start from
location 08, which is also the first register (RO) of register bank 1. Thus, if one is going
to use more than one register bank, the SP should be initialized to a different location of
the RAM which is not used for data storage.

16 bytes of data memory (addresses 20 to 2F) are bit-addressable. Direct addresses
from 30 to 7F can be used as scratch pad registers or for a stack.
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3.2.4 Partitioning of RAM, Switching from ROM to RAM

In download mode the bootloader contained in ROM performs the download of the
firmware to 16K internal RAM (Figure 7) which is used as data RAM where the pC writes
the downloaded data to.

After the download is finished the pC first partitions the internal RAM for program and
data memory by writing the PSIZ and DSIZ registers. Then it sets the bit
SYSCON2.STAT2=1 to switch from ROM to RAM and with a successive register access
setting SYSCON2.STAT1=1 a reset to the uC is performed which has the effect that the
program counter starts execution in RAM at address 00004.

Note: Figure 7 shows a memory partitioning of 6K Program and 10K Data RAM as an
example. Any other partitioning with a granularity of 1K is possible.
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uC Execution from ROM (STAT2=0)
Off Chip
Data
external 48 K
RAM
(optional)
On Chip
On Chip Data
Program — 16 K
- internal
ROM RAM
Download
FW
"Program Space" "Data Space"
Normal Mode - uC Execution from RAM (STAT2=1) I
ISDN 2K
On Chip |
Data 10K
not used 58 K
not used 52 K
[TTTTTTTTT o I
1 |
‘ On Chip
' | on Chip 1
|
i ROM 4K ! Program
! 1
! 1
i Not visible ! } "Program Space" "Data Space"
|
bommmmmmm o 2155_41
Figure 7 Switching from Download Mode to Operational Mode
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3.25 Special Function Registers - Overview

The registers, except the program counter, the four general purpose register banks and
the ISDN registers, reside in the special function register (SFR) area. All SFRs with
addresses where address bits 0-2 are 0 (e.g. 80y, 884, 90y, 98y,..., F8y) are bit-
addressable.

The SFRs include pointers and registers that provide an interface between the CPU and
other onchip peripherals. The SFRs are listed in Table 8 and Table 9.

In Table 8 they are organised in functional groups.

Table 9 illustrates the contents of the SFRs in numeric order of their addresses.

Table 8 Special Function Registers - Functional Blocks
Block |[Symbol |Name Addr |Contents |Page Bit
after Reset |No. |Addr
CPU SP Stack Pointer 81 07 38 |no
DPL Data Pointer, Low Byte 82 00 38 no
DPH Data Pointer, High Byte 83 00 38 |no
DPSEL |Data Pointer Selector 84 00 39 |no
PSW Program Status Word DO 00 42  |yes
ACC Accumulator EO 00 47  |yes
B B Register FO 00 47  |yes
PSIZ Program RAM Size AB 06 48 |no
DSIZ Data RAM Size BC 0A 49  |no
SYSCON1|System Control 1 AD 21 50 |no
SYSCONZ2|System Control 2 A4 00 51 no
XPAGE |XRAM Page AE 00 52  |no
Interrupt [IENO Interrupt Enable 0 A8 00 283 |yes
System |IEN1 Interrupt Enable 1 A9 00 284 |no
IEN2 Interrupt Enable 2 AA 00 284 |no
IPO Interrupt Priority O B8 00 290 |yes
IP1 Interrupt Priority 1 AC 00 290 |no
Power |PCON Power Control 87 00 41 no
WCON  (WakeUp Control 8E 00 43 |no
Timers [TCON Timer Control 88 00 36 |yes
TMOD Timer Mode 89 00 37 |no
TLO Timer 0, Low Byte 8A 00 35 |no
TLA1 Timer 1, Low Byte 8B 00 35 |no
THO Timer 0, High Byte 8C 00 35 |no
TH1 Timer 1, High Byte 8D 00 35 |no
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Table 8 Special Function Registers - Functional Blocks (cont’d)
Block [Symbol |Name Addr |Contents |Page |Bit
after Reset |No. |Addr
SPI EEPINT |EEPROM Interrupt Control 93 00 276 |no
EEPCMD [EEPROM Command 94 00 325 |no
EEPADR |[EEPROM Byte Address 95 00 326 |no
EEPDAT |[EEPROM Data 96 00 326 |no
EEPSL |EEPROM Start/Load 97 00 327 |no
PLL PLCONA |PLL Configuration A A1 C1 45 |no
PLCONB |PLL Configuration B A2 80 45 |no
HW HCON Boot mode A3 BMOD pins (44  |no
Config System Version Number SVN pins
uUSB EPSEL |Endpoint Select D2 80 86 |no
Module |USBVAL |USB Data D3 00 88 |no
ADROFF |Address Offset D4 00 89 |no
GESR Global Endpoint Stall DA 00 85 |no
GEPIR Global Endpoint Interrupt D6 00 280 |no
Request Flag
CIARI Config Request Interrupt D7 00 281 |no
CIARIE |Config Interrupt Enable D8 00 287 |no
CIAR Configuration Request Status |D9 00 90 |no
DCR Device Control C1 000x0000 |91 no
DPWDR |Device Power Down C2 00 93 no
DIER Device Interrupt Enable C3 00 285 |no
DIRR Device Interrupt Request C4 00 276 |no
DSIR Device Setup Interrupt C5 00 278 |no
DGSR Device Get_Status Register C9,CA (0000 95 |no
FNRL Frame Number, Low Byte C6 XX 94 |no
FNRH Frame Number, High Byte C7 00000xxx |94  [no
EPBCn  |[Endpoint n Buffer Control C1 00 97 |no
EPBSn  |[Endpoint n Buffer Status C2 20 98 |no
EPIEn Endpoint n Interrupt Enable C3 00 286 |no
EPIRN Endpoint n Interrupt Request |C4 01/00 278 |no
EPBAn  |[Endpoint n Base Address C5 00 100 |no
EPLENn |Endpoint n Buffer Length C6 Oxxxxxxx |101 [no
EGSR Endpoint Get_Status Register |C9,CA |0000 102 |no
IFCSEL |Interface Select DB 00 87 |no
IGSR Interface Get_Status Register |CB,CC |0000 96 |no
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Table 8 Special Function Registers - Functional Blocks (cont’d)
Block |Symbol |Name Addr |Contents |Page Bit
after Reset |[No. |Addr
ISDN Register Map (Non SFR Registers)
ISDN D and C/I Channel Registers  |FF00 - FF2F 205 |no
ISDN Transceiver Registers FF30 - FF3B 222 |no
ISDN Auxiliary Interface Registers FF3C - FF3F 232 |no
ISDN IOM-2 and Monitor Handler FF40 - FF5F 235 |no
ISDN Interrupt & General FF60 - FF6F 252 |no
Configuration Registers
ISDN B-channel A Registers FF70 - FF7F 258 |no
ISDN B-Channel B Registers FF80 - FF8F no
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Table 9 Special Function Registers - Numerically ordered addresses
Addr |Register Bit7 |Bit6 |Bit5 |Bit4 |Bit3 [Bit2 |Bit1 |Bit0
80 reserved (value 034 to be written after reset)
81 SP V4 .6 5 4 3 2 A .0
82 DPL V4 .6 5 4 3 2 A .0
83 DPH V4 .6 5 4 3 2 A .0
84 DPSEL 0 0 0 0 0 D2 D1 DO
87 PCON res. SMS |IDLS |[res. GF1 GFO |SME |IDLE
88 TCON TF1 TRA1 TFO TRO |0 res. IEO ITO
89 TMOD res. C/T1  |M1(1) |MO(1) |GATEO|C/TO |M1(0) [MO(0)
8A TLO V4 .6 5 4 3 2 A .0
8B TL1 V4 .6 5 4 3 2 1 0
8C THO V4 .6 5 4 3 2 A .0
8D THA V4 .6 5 4 3 2 1 .0
8E WCON EWPD |0 0 0 WPUS |WPIO |WPCI |WPTR
93 EEPINT |0 0 0 0 0 0 0 ECINT
94 EEPCMD |.7 .6 5 4 3 2 A .0
95 EEPADR |.7 .6 5 4 3 2 A 0
96 EEPDAT |.7 .6 5 4 3 2 A .0
97 EEPSL ELD |0 0 0 0 0 0 ESTA
A0 reserved (value 004 to be written after reset)
A1 PLCONA N4 N3 N2 N1 NO M3 M2 M1
A2 PLCONB [MO 0 0 PSCVAL|PSCEN|LOCK [SWCK |PCLK
A3 HCON 0 BMOD1/BMODOISVN4 |SVN3 |SVN2 |SVN1 [SVNO
A4 SYSCON2|0 0 0 0 0 0 STAT2 |STATT
A8 IENO EAL |0 EX5 ES ET1 res. ETO EXO
A9 IEN1 0 0 EX11 |EX10 |EX9 EX8 EX7 EX6
AA IEN2 0 0 res. res. res. EX14 |EX13 |EX12
AB PSIZ 0 0 0 4 3 2 A .0
AC IP1 0 0 5 4 3 2 1 .0
AD |SYSCONT1|0 0 1 0 0 0 0 XMAPO
AE XPAGE |7 .6 5 4 3 2 1 .0
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Table 9 Special Function Registers - Numerically ordered addresses (cont'd)
Addr |Register Bit7 |Bit6 |Bit5 |Bit4 |Bit3 [Bit2 |Bit1 |Bit0
BO reserved (value 00y to be written after reset)
B8 IPO 0 0 5 4 3 2 A .0
BC DSIZ 0 0 0 4 3 2 A .0
C1
C2
C3
C4
C5
Cé USB Device and Endpoint Registers. See Table 10.
C7
C8
C9
CA
CB
CC
DO PSW CY AC GF3 |RSt RSO |OV GF2 [P
D2 EPSEL EPS7 |0 0 0 0 EPS2 |EPS1 |EPSO
D3 USBVAL |.7 .6 5 4 3 2 A .0
D4 ADROFF |0 0 AO5 |AO4 |AO3 |AO2 |AO1 |AOO
D6 GEPIR EPI7 |EPI6 |EPI5 |EPI4 |EPI3 |EPI2 |EPI1 |EPIO
D7 CIARI 0 0 0 0 0 0 0 DRVI
D8 CIARIE 0 0 0 0 0 0 0 DRVIE
D9 CIAR 0 0 CFG |0 IFC1 |IFCO |0 AS
DA |GESR EPST7 |EPST6 [EPST5 [EPST4 |[EPST3 |[EPST2 |[EPST1 [EPSTO
DB |IFCSEL |0 0 0 0 0 0 IF1 IFO
EO ACC V4 .6 5 4 3 2 A .0
FO B V4 .6 5 4 3 2 A .0
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Table 10 USB Device and Endpoint Registers
Addr |Register |Bit 7 Bit6 |Bit5 |Bit4 |Bit3 Bit 2 Bit 1 Bit 0
Device Registers (selected via EPSEL.EPS7 =1, EPS2-0 = don’t care)
C1 |DCR 0 DA SWR |SUSP |DINIT |RSM UCLK |0
C2 |DPWDR |0 0 0 0 0 0 TPWD |RPWD
C3 |DIER SEOIE |DAIE |DDIE |SBIE |SEIE STIE SUIE |SOFIE
C4 |DIRR SEOI DAI DDI SBI SEI STI Sul SOFI
C5 |DSIR 0 0 0 0 0 0 GSIE |GSIR
C6 |FNRL FNR7 |FNR6 |[FNR5 |FNR4 |[FNR3 |FNR2 |FNR1 |FNRO
C7 |FNRH 0 0 0 0 0 FNR10 |[FNR11 |[FNR9
C8 |reserved
C9 |DGSR |[DST7 |DST6 |DST5 |DST4 |DST3 |DST2 |RWUP |[PSTAT
CA | DST15 |DST14|DST13|DST12 |DST11 |DST10 |DST9 |DSTS
CB |IGSR IST7 IST6 |[IST5 |[IST4 |IST3 IST2 IST1 ISTO
cc | IST15 |IST14 |IST13 |IST12 [IST11 [IST10 [|IST9 IST8
Endpoint Registers(8 sets of the registers below for endpoints 0...7,
selected via EPSEL.EPS7 = 0, EPS2-0 = 000g ... 111g)
C1 |EPBC STALL |0 0 GEPIE [SOFDE |INCE |0 DBM
C2 |EPBS UBF CBF |[DIR ESP |SETRD |SETWR [CLREP DONE
C3 |EPIE AlIE NAIE |RLEIE |0 DNRIE |NODIE |EODIE |SODIE
C4 |EPIR ACK NACK [RLE |0 DNR NOD EOD SOD
C5 |EPBA PAGE |0 0 0 An6 An5 An4 An3
Cé |EPLEN |0 Ln6 Ln5 Ln4 Ln3 Ln2 Ln1 LnO
C7 |reserved
C8 |reserved
C9 |EGSR |EST7 |EST6 |EST5 |EST4 |EST3 |EST2 |EST1 |STALL
CcA | EST15 |EST14|EST13|EST12 |EST11 |EST10 |EST9 |EST8
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3.3 Timer 0 and 1

The SIUC-BA contains four timers, two 16-bit timers embedded in the C800 which are
described below, and another two timers in the ISDN section described in Chapter 5.1.1.

The C800 contains two 16-bit timers, timer 0 and 1, which are useful in many
applications. The timer register is incremented every machine cycle. Thus one can think
of it as counting machine cycles. Since a machine cycle consists of 12 oscillator periods,
the counter rate is 1/12 of the oscillator frequency.

The timers 0 and 1 of the C800 are fully compatible with timers 0 and 1 of the 80C51 and
can be used in the same four operating modes:

Mode 0:  8-bit timer with a divide-by-32 prescaler (M1=0; M0=0)

Mode 1: 16-bit timer (M1=0; M0=1)

Mode 2:  8-bit timer with 8-bit auto-reload (M1=1; M0=0)

Mode 3:  Timer 0 is configured as two 8-bit timers;

Timer 1 in this mode holds its count. The effect is the same as setting
TR1 =0. (M1=1; M0=1)

The external input INTO can be programmed to function as a gate for timer O to facilitate
pulse width measurement.

Each timer consists of two 8-bit registers (THO and TLO for timer 0, TH1 and TL1 for timer
1) which may be combined to one timer configuration depending on the mode that is
selected. The functions of the timers are controlled by two special function registers
TCON and TMOD.

In the following descriptions the symbols THO and TLO are used to specify the high-byte
and the low-byte of timer 0 (TH1 and TL1 for timer 1, respectively). The operating modes
are similar for both timers, except timer 0 only provides the gate function (bit GATEO)
with the external signal INTO.

The timers are fully compliant to the C500 series of microcontrollers (e.g. C501).
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3.3.1 Mode 0

Putting timer 0 and 1 into mode 0 configures it as an 8-bit timer with a divide-by-32
prescaler (Figure 8).

In this mode, the timer register is configured as a 13-bit register. As the count rolls over
from all 1’s to all 0’s, it sets the timer overflow flag TFx (x = 0 or 1). The overflow flag TFx
then can be used to request an interrupt. The counted input is enabled to the timer when
TRx = 1 and either GATEO = 0 or INTO = 1 (setting GATEO = 1 allows the timer to be
controlled by external input INTO, to facilitate pulse width measurements; for timer 0
only). TRx is a control bit in the special function register TCON; bit GATEOQ is in TMOD.

The 13-bit register consists of all 8 bits of THx and the lower 5 bits of TLx. The upper 3
bits of the TLx register are indeterminate and should be ignored. Setting the run flag
(TRx) does not clear the registers.

Mode 0 operation is similar for timer 0 and timer 1, however only for timer O there is the
gate bit GATEO and the external signal INTO.

Timer 0

0sC

A

—12 Cm0=0

Interrupt
~ . — TLO | THO TR0 LR

(5 Bits) | (8 Bits)
No Clock / Timer Halted J cmo=1 A

A

Control

TRO —
GATEQ —— =1 p— &

P3.2/INTO

Timer 1

A

0sC

—12 —lo/ﬂ:o

Interrupt
~ . TL1 | TH1 TE1

(5 Bits) | (8 Bits)
No Clock / Timer Halted 4TC/T1 =1 4

TR1 —

A

Control

2154_44

Figure 8 Timer Mode 0: 13-Bit Timer
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3.3.2 Mode 1

Mode 1 is the same as mode 0, except that the timer register is running with all 16 bits
(Figure 9).

Timer 0

0sC

A

=12 —lcﬁo =0

Interrupt
~ . — TLO | THO TR0 LR

(8 Bits) | (8 Bits)
No Clock / Timer Halted JC/TO =1 A

A

Control

TRO —
GATEQ —— =1 p— &

P3.2/INTO

Timer 1

0sC

A

—12 —lcm =0

Interrupt
~ . — TL1 | TH1 TEq LRy

(8 Bits) | (8 Bits)
No Clock / Timer Halted 4TC/T1 =1 4

TR1 —

A

Control

2154 45

Figure 9 Timer Mode 1: 16-Bit Timer
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3.3.3 Mode 2

Mode 2 configures the timer register as an 8-bit counter (TLx) with automatic reload, as
shown in Figure 10. Overflow from TLx not only sets TFx, but also reloads TLx with the
contents of THx, which is preset by software. The reload leaves THx unchanged.

Timer 0
0sC = 12 —lC/T0=0
~__| TLO Interrupt
_.,/ :
° (8 Bits) TFO ——»
No Clock / Timer Halted 4TC/T0 =1 A TT
AR
Control | | Reload
TRO —]
GATEQ —— =1 p— y & -
P3.2/INTO———— (8 Bits)
Timer 1
0S¢ | 12 —lC/ﬂ:o
S~ TL1 Interrupt
No Clock / Timer Halted J cm=1 A 7T
Control A -
TR1 — | | Reload
TH1
(8 Bits)
2154_46

Figure 10 Timer Mode 2: 8-Bit Timer with Auto-Reload
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3.3.4 Mode 3

Mode 3 has different effects on timer 0 and timer 1. Timer 1 in mode 3 simply holds its
count. The effect is the same as setting TR1=0. Timer 0 in mode 3 establishes TLO and
THO as two seperate counters. The logic for mode 3 on timer 0 is shown in Figure 11.
TLO uses the timer 0 control bits: C/TO, GATEO, TR0, INTO and TF0. THO is locked into
a timer function (counting machine cycles) and takes over the use of TR1 and TF1 from
timer 1. Thus, THO now controls the “timer 1” interrupt.

Mode 3 is provided for applications requiring an extra 8-bit timer or counter. When timer
0 is in mode 3, timer 1 can be turned on and off by switching it out of and into its own
mode 3, or can still be used by the serial channel as a baud rate generator, or in fact, in
any application not requiring an interrupt from timer 1 itself.

Timer 0
0sC = 12 —lcﬁo=o
~ TLO Interrupt
_./ :
° (8 Bits) TFO [ —>
No Clock / Timer Halted 4TC/T0 =1 A
Control
TRO —
GATEO =1 b &
21
P3.2/INTO
Timer 1
THO Interrupt
ol — .
0OSC » =12 ° (8 Bits) TF1 —»
A
Control
TR1 2154_47

Figure 11 Timer Mode 3: Two 8-Bit Timers
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34 Timer 0 and 1 Registers

Totally six special function registers control the timer 0 and 1 operation :

e TLO/THO and TL1/TH1 - counter registers, low and high part
e TCON and TMOD - control and mode select registers

3.4.1 TLx / THx - Timer Low / High Registers

Reset value: 00y Address: 8A

7 6 5 4 3 2 1 0
TLO

rw rw rw rw rw rw rw rw
Reset value: 00y Address: 8By

7 6 5 4 3 2 1 0
TL1

rw rw rw rw rw rw rw rw
Reset value: 00y Address: 8CH

7 6 5 4 3 2 1 0
THO

rw rw rw rw rw rw rw rw
Reset value: 00y Address: 8Dy

7 6 5 4 3 2 1 0
THA1

rw rw rw rw rw rw rw rw
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Bit Function
TLx.7-0 Timer 0/1 low register
x=0-1 Operating Mode | Description
0 “TLx” holds the 5-bit prescaler value.
1 “TLx” holds the lower 8-bit part of the 16-bit timer value.
2 “TLx” holds the 8-bit timer value.
3 TLO holds the 8-bit timer value; TL1 is not used.
THx.7-0 Timer 0/1 high register
x=0-1 Operating Mode | Description
0 “THx” holds the 8-bit timer value.
1 “THx” holds the higher 8-bit part of the 16-bit timer value
2 “THx” holds the 8-bit reload value.
3 THO holds the 8-bit timer value; TH1 is not used.
3.4.2 TCON - Timer Control Register

Reset value: 00y

Address: 88

7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO res. IEO ITO
r rw r rw rw r rw

The Timer Control Register (TCON) is also described in the section on interrupts.

Bit Function
TRO Timer 0 run control bit
Set/cleared by software to turn timer 0 ON/OFF.
TFO Timer 0 overflow flag
Set by hardware on timer overflow.
Cleared by hardware when processor vectors to interrupt routine.
TR1 Timer 1 run control bit

Set/cleared by software to turn timer 1 ON/OFF.
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Bit Function
TFA1 Timer 1 overflow flag

Set by hardware on timer overflow.
Cleared by hardware when processor vectors to interrupt routine.

IEQ External Interrupt 0 Edge Flag
Set by hardware when an external interrupt condition at pin INTO is detected
(low level if ITO=0 or falling edge if ITO=1)

ITO Interrupt 0 Control Bit
If 1, a falling edge triggers an interrupt; if 0, a low level triggers an interrupt.

Note: res. = Bit is reserved and must not be changed.

3.4.3 TMOD - Timer Mode Register

Reset value: 00y Address: 89y
7 6 5 4 3 2 1 0
res. C/T1 M1(1) | MO(1) | GATEO | C/TO | M1(0) | MO(0)
rw rw rw rw rw rw rw rw

Timer 1 Control: C/T1, M1-0(1)
Timer 2 Control: GATEO, C/T0, M1-0(0)

Bit Function

C/Tx Timer x Selector

(x=0, 1) 0: Input is from internal system clock.
1: No input clock (timer is halted).

GATEO Timer 0 Gate Flag

0: Timer O is enabled whenever TCON.TRO is setto ’1’ (software control).
1: Timer O is enabled only if TCON.TRO is set to 1’ and if the INTO pin is
set to ’1’ (hardware control).
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M1-0 (x) Timer x Mode Control bit M1-0
(x=0,1)

M1 MO Function

0 0 8-bit timer:
“THx” operates as 8-bit timer
“TLx” serves as 5-bit prescaler

0 1 16-bit timer.
“THx” and “TLx” are cascaded; there is no prescaler

1 0 8-bit auto-reload timer.
“THx” holds a value which is to be reloaded into “TLx” each
time it overflows

1 1 Timer O :

TLO is an 8-bit timer controlled by the standard timer O
control bits. THO is an 8-bit timer only controlled by timer 1
control bits.

Timer 1:

Timer 1 stops

Note: res. = Bit is reserved and must not be changed.

3.5 Microcontroller Registers

Stack Pointer

The SP register (address 814) contains the Stack Pointer. The Stack Pointer is used to
load the program counter into memory during LCALL and ACALL instructions and is
used to retrieve the program counter from memory in RET and RETI instructions. The
stack may also be saved or loaded using PUSH and POP instructions, which also
increment and decrement the Stack Pointer. The Stack Pointer points to the top location
of the stack. On reset, the Stack Pointer is set to 07 .

General Purpose Flags

The SIUC-BA provides 4 general purpose flags GF3-0 which can be read/written by the
microcontroller without effect on any function of the SIUC-BA. Their value is only set to
their default value with a reset, otherwise it's only changed by a pC write access. GFO0
and GF1 are located in the PCON register, GF2 and GF3 are part of the PSW register.
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3.5.1 DPSEL - Data Pointer Select Register

The microcontroller architecture provides 8 16-bit pointers for indirect addressing of
external devices, for offset code byte fetches and for offset program jumps. The current
data pointer is given by the contents of the Data Pointer High (DPH) register and the
Data Pointer Low (DPL) register (see Chapter 3.5.2). The 3 least significant bits of the
DPSEL register are used to select among the 8 data pointers DPTRO - DPTR?.

Reset value: 00y Address: 84y
7 6 5 4 3 2 1 0
0 0 0 0 0 D2 D1 DO
r r r r r rw rw rw

Bit Function

D2 - DO Data Pointer Select Bits

000: DPTRO selected (default after reset)
001: DPTR1 selected
010: DPTR2 selected
011: DPTR3 selected
100: DPTR4 selected
101: DPTRS5 selected
110: DPTR®6 selected
111: DPTR7 selected

The addresses of the DPH and DPL registers remain 83H and 82H, respectively, under
all conditions. Figure 12 illustrates the access mechanism.
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3.5.2 Data Pointer Register Low / High - DPL / DPH

Reset value: 00y Address: 82
7 6 5 4 3 2 1 0
DPL
rw rw rw rw rw rw rw rw
Reset value: 00y Address: 83y
7 6 5 4 3 2 1 0
DPH
rw rw rw rw rw rw rw rw
| L felifo
DPSEL(84y)
SRR DPTR?7
/\/
DPSEL Selected
Data-
2 1 .0 |pointer
0 0 0 |DPTRO
DPTRO
0 0 1 |DPTR1
0 1 0 |DPTR2 DPH(83;)  DPL(82y)
0 1 1 |DPTR3 |
1 0 0 |DPTR4
10 DPTR5 External Data Memory
1 1 0 |DPTR6 MeDoorT9
1 1 1 | DPTR7

Figure 12 Data Memory Access via 8 data pointers
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3.5.3 PCON - Power Control Register

Reset value: 00y Address: 87
7 6 5 4 3 2 1 0
res. SMS IDLS res. GF1 GFO SME IDLE
rw rw rw rw rw rw rw rw
Bit Function
SMS Suspend Mode Start

When set to 1, power-down (suspend) mode is started, provided SME
(PCON.1) was set by the previous instruction. The bit is then
automatically cleared by hardware. It always returns O when read. The
power down state is described in Chapter 9.2.2.

IDLS Idle Start

When written to 1, idle mode is started, provided IDLE (PCON.0) was set
by the previous instruction. The bit is then automatically cleared by
hardware. It always returns a 0 when read. The idle state is described in
Chapter 9.2.1.

GF1 General Purpose Flag 1
GFO General Purpose Flag 0
SME Suspend Mode Enable

Writing a 1 starts a delay cycle whereby the following instruction can put
the core into power-down mode by writing a 1 to PCON.6 (SMS). The bit
is then automatically cleared by hardware. It always returns a 0 when
read.

IDLE Idle Mode Enable

Writing a 1 starts a delay cycle whereby the following instruction can put
the core into idle mode by writing a 1 to PCON.5 (IDLS). The bit is then
automatically cleared by hardware. It always returns a 0 when read.

Note: res. = Bit is reserved and must not be changed.
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3.5.4 PSW - Program Status Word Register

The program status word register contains status information resulting from CPU and
ALU operations.

Reset value: 00y Address: DOy
7 6 5 4 3 2 1 0
CY AC GF3 RS1 RSO ov GF2 P
rw rw rw rw rw rw rw rw

Bit Function

CY ALU Carry Flag

AC ALU Auxiliary Carry Flag

GF3 General Purpose Flag 3

RS1,RS0 Register Bank Select Bit 1,0

RS1=0, RS0=0: RBO. Registers from 00 - 07.
RS1=0, RS0=1: RB1. Registers from 08 - OF.
RS1=1, RS0=0: RB2. Registers from 10 - 17.
RS1=1, RS0=1: RB3. Registers from 18 - 1F.

ov ALU Overflow Flag
GF2 General Purpose Flag 2
P Parity Flag

Set each instruction cycle to indicate odd/even parity in the accumulator.
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3.5.5 WCON - WakeUp Control Register

Reset value: 00y Address: 8EH
7 6 5 4 3 2 1 0
EWPD 0 0 0 WPUS | WPIO WPCI | WPTR
rw r r r rw rw rw rw
Bit Function
EWPD External WakeUp from Power Down Enable

Setting EWPD before entering power down mode enables the external
wakeup capability from power down mode, via the pin INTO , the USB
module, the S-Transceiver, a C/I Code change or from one of the
interrupt signals INT1, INT2 or EAW. Each of the four groups of sources
can individually be enabled. However, enabling one of the four wakeup
sources (WPUS, WPIO, WPCI or WPTR) has no effect if EWPD is not set
to '1’ at the same time.

WPUS Wakeup via USB bus enabled

Any activity on the bus (USB resume) will wakeup the SIUC-X from
suspend mode. In normal operation mode this event is indicated in the
interrupt status bit DIRR.SEI.

WPIO WakeUp via INTO enabled

An active signal on pin INTO will wakeup the SIUC-X from suspend mode.
In normal operation mode this event is indicated in the interrupt status bit
TCON.IEO

WPCI WakeUp via C/I-Code Change, EAW or INT1/2 interrupt pins enabled
A C/I-code change or an active signal on one of the interrupt pins EAW,
INT1 or INT2 will wakeup the SIUC-X from suspend mode. In normal
operation mode these events are indicated in the corresponding interrupt
status bits ISTA.CIC, AUXI.EAW and AUXI.INT1/2, respectively.

WPTR WakeUp via S-Transceiver level detect enabled

Any activity on the S bus will wakeup the SIUC-X from suspend mode. In
normal operation mode this event is indicated in the interrupt status bit
ISTATR.LD.

Note: Setting to ’1’ means ’enabled’, setting to ’0’ means ’disabled’.

For further information see Chapter 6.3 and Chapter 9.3.6.

Data Sheet 43 2001-10-01



e

Infineon
ecnno Ogy

PSB 2155

C800 Microcontroller

3.5.6 HCON - Hardware Configuration Register

Reset value: 00y Address: A3y

7 6 5 4 3 2 1 0

0 BMOD1 | BMODO | SVN4 SVN3 SVN2 SVN1 SVNO

r r r rw rw rw rw rw
Bit Function
BMOD1- Boot Mode
BMODO The state of the boot mode pins is available at this address. BMOD1/0

together with pin EA determine in which operation mode the puC starts
after reset (see Chapter 7.1)

SVN4-0 System Version Number

These bits have no effect on the functions of the device but they can be
used to identify different hardware configurations as this number is
forwarded to the host for identification purposes.

e SVN1-0:

The state of the SVN1 and SVNO pins is latched during reset and can be
read from this bit position. If an EEPROM is connected, the uC
overwrittes these bits with a system version number loaded from the
EEPROM.

e SVN4-2:

If an EEPROM is connected, the uC overwrittes these bits with a system
version number loaded from the EEPROM. If no EEPROM is connected
these bits keep their reset values (000g).

The HCON register is transferred to the host after power on reset by means of a string
descriptor. The values can be used by the host to uniquely identify the system
configuration built around the SIUC-BA in order to select the appropriate firmware and
driver software.
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3.5.7 PLCONA/B - PLL Configuration Registers A, B

Reset value: C1y Address: A1y
7 6 5 4 3 2 1 0
PLCONA| N4 N3 N2 N1 NO M3 M2 M1
rw rw rw rw rw rw rw rw
Reset value: 80y Address: A2,
7 6 5 4 3 2 1 0
PLCONB| MO 0 0 PSCVAL| PSCEN | LOCK | SWCK | PCLK
rw r r rw rw r rw rw
Bit Function
N4 - NO Factor N

Determines the multiplication factor of the internal PLL. Values between
0 and 31 are possible (default = 245 => multiplication by 25)

M3 - MO Factor M

Determines the division factor of the internal PLL. Values between 0 and
15 are possible (default = 3 => division by 4)

PSCVAL Prescaler Value

The clock for the microcontroller is devided by a prescaler if PSCEN=1:
0: pC clock divided by 2

1: pC clock divided by 1.5

PSCVAL has no effect if PSCEN=0 (prescaler disabled).

PSCEN Prescaler Enable
Setting this bit to 1 enables the prescaler which is configured in PSCVAL.

LOCK PLL Locked

When 0, the PLL frequency is not stabilized and setting of bit SWCK is
not allowed. When 1, the PLL frequency has stabilized and the setting of
bit SWCK is allowed.
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SWCK Switch Clock
When 0, the PLL is bypassed and the output clock is equal to the input
clock. When 1, the output clock of the PLL is derived from the input clock
according to the following equation:
output = +1><in ut
P = M+1 7P
PCLK PLL Clock Enable
Bit PCLK controls the 48 MHz PLL.
If PCLK=0, the 48 MHz PLL is disabled (default after reset).
If PCLK=1, the 48 MHz PLL is enabled
As the PLL is disabled after reset, the microcontroller and USB blocks
are clocked at crystal speed (7.68 MHz). For normal operation the PLL
has to be programmed first.

Please also refer to Chapter 8.1.
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3.5.8 ACC /B - Accumulator / B Register

The Accumulator (ACC) provides one of the operands for most ALU operations. The
B Register (B) provides the second operand for multiply or divide instructions. At other
times, it may be used as a scratch pad register.

Reset value: 00y Address: EOy
7 6 5 4 3 2 1 0
ACC
rw rw rw rw rw rw rw rw
Reset value: 00y Address: FOy
7 6 5 4 3 2 1 0
B
rw rw rw rw rw rw rw rw
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3.5.9 PSIZ - Program RAM Size Register

The PSIZ and DSIZ registers partition the onchip 16 Kbyte RAM into Program space and
Data space. Their contents are valid only in certain firmware modes as described in
Chapter 7.

Reset value: 06 Address: ABy
7 6 5 4 3 2 1 0
0 0 0 4 3 2 1 0
r r r rw rw rw rw rw

Bit Function

PSIZ.4 - Program RAM Allocation

PSIZ.0 These bits define the size of the Program RAM within the 16 kByte

internal RAM. The selection of PRAM size has a granularity of 1 kByte.
00y: No Program RAM is preset.

01y: 1 kByte Program RAM is present.

02y: 2 kByte Program RAM is present.

10y - 1FH: 16 kByte Program RAM is present.
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Reset value: 0Ay4

C800 Microcontroller

Address: BCy

7 6 5 4 3 2 1 0

0 0 0 4 3 2 A .0

r r r rw rw rw rw rw
Bit Function
DSIZ.4 - Data RAM Allocation
DSIZ.0 These bits define the size of the Data RAM within the 16 kByte internal

00y: No Data RAM is preset.
014: 1 kByte Data RAM is present.
02y: 2 kByte Data RAM is present.

10y - 1Fy: 16 kByte Data RAM is present.

RAM. The selection of DRAM size has a granularity of 1 kByte.

Note: The sum of PSIZ and DSIZ must not exceed the internal RAM space of 16 kByte.
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3.5.11 SYSCONT1 - System Control Register 1

Reset value: 21y

Address: ADy

7 6 5 4 3 2 1 0
0 0 1 0 0 0 0 XMAPO
r r rw r r rw rw rw
Bit Function
XMAPO Global XRAM Access Enable/Disable Control
0: The access to onchip XRAM is enabled.
1: The access to onchip XRAM is disabled (default after reset). All MOVX
accesses are performed via the external bus.
After reset the pC starts program execution from internal ROM. The
XMAPO bit must be set to 0 before any access to XRAM address space
(download to 16K internal RAM, or access to ISDN registers) can be
performed.
Once cleared, this bit can only be set again by a reset operation on the
device.
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3.5.12 SYSCON?2 - System Control Register 2

Reset value: 00y Address: A4y
7 6 5 4 3 2 1 0
0 0 0 0 0 0 STAT2 | STATH
r r r r r rw rw rw
Bit Function
STAT2 Status Bit 2

This bit is used to switch executable firmware:

0: the boot loader in internal ROM is connected to the uC

1: the operational firmware in RAM is connected to the pC

This bit is only activated with the rising edge of SYSCON2.STAT1, i.e. for
switching of firmware from ROM to RAM, first the STAT2 bit must be set
to 0 or 1 and then with a consecutive register access the STAT1 bit must
be set to 1.

This bit is not reset to its default value if STAT1 is set (uC reset), but the
programmed value is retained and can be read back after the reset.

STATAH Status Bit 1

This bit is the software reset bit for the pC. Setting it to 1 initiates a reset
to the pC and all its special function registers (SFR).

This bit is automatically reset by the hardware.
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XPAGE - XRAM Page Register

Reset value: 00y

C800 Microcontroller

Address: AEy

7 6 5 4 3 2 1 0
7 6 5 4 3 2 1 .0
rw rw rw rw rw rw rw rw

Bit Function

XPAGE.7 - | XRAM High Address Byte

XPAGE.O The contents of this register are used as the high byte of the XRAM

address for paged accesses, for 8-bit MOVX instructions with Ri (i=0,1).

For further information refer to Chapter 3.1.
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4 USB Module

The USB module handles all transactions between the universal serial bus USB and the
internal (parallel) bus of the microcontroller. The USB module includes several units
which are required to support data handling with the USB bus:

* An onchip USB bus transceiver

* A USB memory with 2 pages of 128 bytes each

e The memory management unit (MMU) for USB and uyC memory access control

The USB device core (UDC) for USB protocol handling

A uC interface with the USB specific special function registers and interrupt control
logic

Figure 13 shows the block diagram of the functional units of the USB module with their
interfaces.

XTAL1 XTAL2 D+ D-
[Pin| [Pin| Pin| |[Pin
A A
Page 1 7Ry,
v v
) 7F,
Oscillator Transceiver Page 0
7.68 MHz (On-Chip) USB
Memory Internal
7y 00, Bus
(128 x8) uc
00, Interface
y
v
usB @
- SFR
PLL
a8MHz ,  Dence Addr.
(x 6.25) Memory
’ uDC Management
Unit
MMU
—
Interrupt Generation R
2154_25.vsd

Figure 13 USB Module Block Diagram
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4.1 Transfer Modes

USB data transfers take place between host and a particular endpoint on a USB device.
A given USB device may support multiple data transfer endpoints. The USB host treats
communications with any endpoint of a USB device independently from any other
endpoint. Such associations between the host software and a USB device endpoint are
called pipes. As an example, a given USB device could have an endpoint supporting a
pipe for transporting B1-channel data from the host to the USB device and another
endpoint supporting a pipe for transporting B1-channel data from the USB device to the
host. The USB architecture of the SIUC-BA comprehends all four basic types of data
transfers, i.e. Control, Isochronous, Interrupt and Bulk.

Table 11 USB Transfer Modes

Mode Function

Control Control data are used to configure devices, data transmission is
lossless. Control pipes are bidirectional, data transfer is possible
in both directions via one pipe. Endpoint 0 is always configured
as control endpoint with a maximum buffer length of 8 bytes. The
control endpoint can be configured to handle data packets of 64
bytes maximum length.

Isochronous Isochronous data are continuous and real-time in creation and
consumption, such as voice data. In this case, real-time is
defined from frame to frame. Isochronous data transfer has the
highest priority, but is not always lossless.

Isochronous pipes are always unidirectional, so one endpoint
can be associated to an IN pipe or an OUT pipe. The SIUC-X
supports up to 64 bytes.

Interrupt Interrupt data are a small amount of data, which are transferred
to the host every n frames, with n being programmable by the
host. Data delivery is lossless.

Interrupt pipes are always unidirectional IN pipes, the maximum
data packet length is limited to 64 bytes.

Bulk Bulk data can be a larger amount of data, which can be split by
the host in several data packets within one frame. Data delivery
is lossless.

Bulk pipes are always unidirectional, so one endpoint can be
associated to an IN pipe or an OUT pipe. The maximum data
packet length is limited to 64 bytes.
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4.2 Memory Buffer Modes
4.2.1 Overview

Every endpoint of the USB module can operate in 2 modes, dual buffer mode and single
buffer mode. Each mode provides random or sequential access to the USB memory.
Figure 14 shows the possible buffer modes.

Buffer Modes

Dual Buffer Mode Single Buffer Mode

Sequential Random Sequential Random
Access Access Access Access
2154_24.vsd

Figure 14 Memory Buffer Modes

Single Buffer Mode

In single buffer mode, the USB and the CPU use one common memory page. The active
buffer page is either page 0 or page 1. This mode is dedicated for data strings with a
maximum length of 128 bytes.

Dual Buffer Mode

In dual buffer mode the USB and the CPU write into different USB memory pages
allowing back-to-back data transfers. Switching between the pages is done
automatically, enabling a high data transfer rate between the CPU and the USB module.
This mode is dedicated for large data packets per frame (endless strings).

Random Access

Random access is available in both modes. Random access allows to change only a few
bytes in a data block of the USB memory buffer without requiring the pC to enter a
complete data block. When the CPU has modified the bytes in the data block, setting of
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bit DONE by software marks the buffer ready for transmission or reception of data over
the USB pipe. For modification of a specific byte in the buffer, the CPU must write the
address to SFR ADROFF and read/write the data byte from/to register USBVAL.

Sequential Access

In sequential access mode the CPU accesses the data register USBVAL continuously
without setting the address of the next USB memory buffer location. This is done
automatically if bit INCE (increment enable) in the related SFR EPBCRn is set. After a
specific number of CPU accesses (as done in SFR EPLENN), the buffer has been read/
written by the CPU and is empty/full. Setting of bit DONE in software, manually or
automatically, marks the USB buffer ready.
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4.2.2 Single Buffer Mode

In single buffer mode the USB and the CPU share one common USB memory page. The
active buffer page can be either page 0 or page 1. Back-to-back transfers are not
possible in this mode. Easy data storage and controlling can be achieved in this mode.
E.g. a once created data set for an interrupt endpoint can be stored permanently in USB
memory. As a result, an additional memory space for data storage is no longer needed.

4.2.21 USB Write Access

Figure 15 shows the basic flowchart of a USB write access to one USB memory buffer
in single buffer mode.

v

Buffer is empty:
USB write access enabled
CPU read access disabled

>

y

USB write No
request?

d

A

Buffer is written by USB

Yes

Yes

Buffer is full:
USB write access disabled
CPU read access enabled

v
SOD =1

A

Buffer can be read by CPU

Buffer empty?
MCD03400

Figure 15 USB Write Access in Single Buffer Mode - Buffer Handling
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Figure 16 shows more details of a USB write access to USB memory in single buffer
mode. After SOF(n) (start of frame) occured at (1), the USB starts writing at (2) a fixed
number of bytes into the USB memory. A byte counter is incremented after every USB
memory write operation. When the USB memory write operation (Len(n)) is finished
correctly, bit SOD (start of data) is set at (3, indicating a full USB memory buffer.
Furthermore, the byte counter value is stored in the corresponding length register,
indicating the number of bytes which have been transferred and can be now read by the
CPU. Subsequently, the CPU can read data bytes from USB memory, generating an
EOD (end of data) at (4) after the last byte has been read. Bit EOD set indicates an
empty USB buffer, which now can be written again by the USB.

Figure 16 also shows a second USB write access operation with a different number of
bytes (Len(n+1)), where the CPU read operation from the USB memory is interrupted
twice.

Number of
Data Bytes
in USB Buffer SOD
A set
Len(n) —
Len (n+1) —
Frame n+1
SOF (n) SOF (n+1) SOF (n+2)
set set set

/] USB write accesses % CPU read accesses MCT03401

Figure 16  Single Buffer Mode : Standard USB Write Access

Note: The CPU accesses shown in the following diagrams assume that bit INCE in the
corres-ponding endpoint control register is set.
A frame is the 1 ms time interval defined by the USB host.
Every frame begins with a SOF token (start-of-frame).
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4.2.2.2 USB Read Access

Figure 17 shows the basic flowchart of a USB read access from one USB memory buffer
in single buffer mode.

v

Buffer is empty:
USB read access disabled
CPU write access enabled

d

Buffer can be written by CPU

Buffer is full:
SOD =1 USB read access enabled
CPU write access disabled

v

EOD =1
y
USB readw
Yes ¢

Buffer is read by USB

Buffer empty?
MCD03402

Figure 17 USB Read Access in Single Buffer Mode - Buffer Handling

The standard USB read access as shown in Figure 18 supports random and sequential
CPU access mode of the USB memory. The memory buffer full condition is true when a
predefined number of bytes (MaxLen) has been written by the CPU or when bit DONE
has been set by software.
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After SOF(n) occured at (1) with a full USB memory buffer, the USB reads the buffer. Bit
SOD is set at the end of the USB buffer read operation at (2), indicating an empty USB
memory buffer. Now, the CPU can write again data into the USB memory buffer until a
determined number (MaxLen) of bytes are transfered or until bit DONE has been set by
software. The MaxLen value must be previously set by software. When the actual USB
memory buffer address offset is equal to MaxLen, bit EOD is set at (3) to indicate a full
buffer. The USB memory buffer address offset is automatically incremented with every
CPU write access to USB memory buffer if bit INCE is set.

During the next frame (after SOF(n+1)) is set at #)) the USB memory buffer can be read
by the USB. Bit SOD is set again when the USB memory buffer becomes empty again.
If bit DONE is set by the CPU (at (5)), the buffer is declared by the CPU to be full, even
if the address offset does not reach the value of MaxLen.

Number of
Data Bytes

in USB Buffer EOD

Maxten —/mmm——-—"—H—-H"—"H—>"——"—“» 7 7T7"— —( — ( — — — — — ]
|
|
|

Frame n+1 _I
SOF (n) SOF (n+1) SOF (n+2)
set set set
/X USB read accesses @CPU write accesses MCT03403

Figure 18  Single Buffer Mode : Standard USB Read Access

The start-of-frame-done enable feature (SOFDE=1) is useful for USB memory read
accesses when the number of data bytes to be transferred from CPU to USB is not
predictable (see Figure 19). The CPU can write data as desired to USB memory until a
SOF occures (every 1 ms). The automatic setting of bit SOF causes bit EOD to be set
(at (1). This indicates the CPU that no CPU action on this buffer is required until a USB
read operation has been finished (bit SOD set at (2)). Setting of SOD indicates an empty
USB memory to the CPU which can start again writing data into USB memory.
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Number of
Data Bytes
in USB Buffer
A
Maxten m — — — — — — — — — — | - _
1
|

®

SOD SOD

set set

Y . » Time
Frame n Frame n+1
SOF (n) SOF (n+1)
and EOD and EOD
set set

VA USB read accesses % CPU write accesses MCT03404

Figure 19  Single Buffer Mode : USB Read Access with
Start-of-Frame-Done Enabled
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4.2.3 Dual Buffer Mode

In dual buffer mode, both USB memory pages (page 0 and page 1) are used for data
transfers. The logical assignment of the memory pages to CPU or USB is automatically
switched. The following two figures show the buffer handling concept in dual buffer mode
for the USB read access and USB write access.

CPU Buffer Handling USB Buffer Handling
CPU page is empty : CBF =0 USB page is full : UBF =1
CPU write access enabled USB read access enabled

CPU writes 1 Byte USB read No
I, request?
Y
|_No CPU buffer o I'
full? USB reads buffer

Yes I' Iv
SOD = 1 CPU buffer is full : CBF =1 USB buffer is empty: UBF = 0
. CPU write access disabled USB read access disabled

Pages are swapped (CBF =1 and UBF = 0)

MCB03405

Figure 20 USB Read Access in Dual Buffer Mode - Buffer Handling
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CPU Buffer Handling USB Buffer Handling
Y v
CPU page is full : CBF =1 USB page is empty : UBF =0
CPU read access enabled USB write access enabled
CPU reads 1 Byte USB write No

request?

No CPU buffer
empty? USB writes buffer
Yes | L

CPU buffer is empty : CBF =0 USB buffer is full: UBF = 1

SOD‘: 1 CPU read access disabled USB write access disabled
Pages are swapped (CBF =0 and UBF =1)
MCB03406
Figure 21 USB Write Access in Dual Buffer Mode - Buffer Handling

Figure 22 describes an example of a USB read operation in sequential mode with both
buffers empty at the beginning of the USB read operation.

The CPU starts writing data with sequential access (INCE=1) to the buffer assigned to
the CPU at (1). By definition, the buffer is full when MaxLen is reached at 2). The second
buffer assigned to the USB is empty (UBF=0) and as a result both buffers are logically
swapped. Now the buffer assigned to USB is full (UBF=1) and an USB read access can
take place. After the USB read access, the buffer assigned to the USB is empty again
with UBF=0. During the USB read access the CPU is still allowed to write into its
assigned buffer. When reaching MaxLen at (3), the CPU buffer is full and both buffers
are again logically swapped. The USB further execute its read access.
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Figure 22 Dual Buffer Mode USB Read Access:
Buffer Switching when MaxLen is reached

In dual buffer mode, the physical assignment of the USB memory pages (page 0 or page
1) to either CPU buffer or USB buffer is controlled automatically in the USB module and
cannot be selected by software.

Another way to initiate buffer switching is setting bit DONE by software. This feature,
which is shown in Figure 23 for USB read access, can be used to transfer a variable
number of bytes. The maximum number of bytes to be transferred is still determined by
MaxLen, which is not changed when bit DONE is set. The actual packet length (Len1 or
Len2) is the number of bytes which have been written to the buffer before bit DONE is
set.
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Figure 23 Dual Buffer Mode USB Read Access:
Buffer Switching by Setting Bit DONE

If bit SOFDE is set, buffer switching is done automatically after SOF (start of frame) has
been detected by the USB. Figure 24 describes this functionality for USB read access
for this case. The buffer which contains the latest data from the CPU is tagged valid for
USB access (UBF=1) at (1) and the buffers are swapped if the USB buffer is empty. After
the USB read access has occured at (2), this buffer assigned to USB is empty again
(UBF=0) and can be swapped again as soon as the CPU has filled its buffer (at 3). The
number of bytes in the buffer is less or equal MaxLen. The MaxLen threshold is always
active, but an occurrence of SOF (if SOFDE=1) or setting bit DONE by software are used
to tag the CPU buffer full before reaching MaxLen.
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Figure 24 Dual Buffer Mode USB Read Access:
Buffer Switching on SOF with SOFDE=1

If the number of data bytes to be transferred is greater than the maximum packet size
(given by MaxLen), the data is split up automatically into packets, which are transferred
one after the other. Figure 25 gives an example of an USB read access, where data from
the CPU is split up into two packets. When MaxLen is reached during the CPU write
access, the currently active buffer is switched to USB side (UBF=1). The CPU continues
writing data to the buffer. When the complete data packet has been written to the buffer
by the CPU, bit DONE is set by software to indicate the end of the data packet (CBF=1).
In the example, the USB buffer has not been read out. It is still full for the USB and can
not be swapped (CBF=UBF=1). When the USB read access has occured (CBF=0), the
buffers are automatically swapped and bit SOD is set.
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Figure 25 Double Buffer Mode USB Read Access:
Data Length greater than Packet Length (MaxLen)
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In general, three criteria for buffer switching are implemented in the USB module:

a) For sequential access, the address offset register ADROFF is automatically
incremented after each read or write action of the CPU. The address offset value
(before incrementing) represents the number of bytes stored in USB memory for a
specific endpoint. If the address offset value (after incrementing) reaches the value
stored in endpoint length register EPLENN, the currently active buffer is tagged full
(USB read access - all bytes have been written by CPU, CBF=1) or empty (USB
write access - all bytes have been read by CPU, CBF=0).

b) When Bit DONE, which is located in the endpoint buffer status register EPBSn, is
set, software buffer switching is initiated. This action is independent from the
number of bytes which have been handled by the CPU (possible in sequential
access mode (INCE=1) and random access mode (INCE=0)).

On CPU read accesses, the buffer is declared empty and bit CBF is cleared. If the
buffer assigned to the USB is full (UBF=1), the buffers are immediately swapped.
In this case, register EPLENN contains the number of received bytes.

On CPU write accesses, two different cases must be distinguished. For random
accesses, the number of bytes of one packet is fixed by the value in register
EPLENN and does not change. For sequential accesses, the number of written
bytes represents the packet size. In this case, the actual value of register ADROFF
is transferred to register EPLENN when bit DONE is set.

c¢) The third criteria for buffer switching is the automatic buffer switching on detection
of SOF (see Figure 25). This feature can be individually enabled (SOFDE=1) or
disabled (SOFDE=0) by software selectively for each endpoint.

4.2.4 Buffer Underrun / Overflow

For the USB transfer modes control, interrupt and bulk, buffer underrun and buffer
overflow conditions in the USB module are automatically handled by the UDC using the
USB specific low level control mechanism (ACK, NAK).

For isochronous transfer no such control procedures are used. If a buffer underrun
condition occurs at isochronous IN transfers (UC has failed to write data fast enough to
the buffers), data packets with length "0" are transmitted to the host. In case of buffer
overflow at isochronous OUT transfers (uC has failed to read data fast enough from the
buffers), new data packets received from the host will be discarded.
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4.3 Memory Buffer Organisation

The address generation of the USB memory buffer is based on the address offset and
base address pointer. This scheme allows flexible and application specific buffer
allocation and management. The length of an endpoint buffer can be up to 8, 16, 32 or
64 bytes. The start address of each endpoint buffer can be located to memory locations
according to Table 12.

Table 12 Buffer Length and Base Address Values

Buffer Length Valid Buffer Base Addresses

8 bytes 08y, 10y, 184, 20y, 28y, 30, 38y, 40y, 484, 504, 58y, 60y, 684,
704, 784

16 bytes 10y, 20y, 30y, 40y, 504, 60y, 704

32 bytes 20y, 40y, 604

64 bytes 40y

In order to avoid unused memory space between 2 endpoint buffers, the largest buffer
should be located at the highest address. This structure should be used to allocate USB
memory for all endpoint buffers. The base address for the setup packet is always located
at address O0H. This leads to a typical USB buffer structure as shown in Figure 26. In
this example, a buffer length of 8 bytes has been allocated to endpoints 0, 1, 2 and 7
while a buffer length of 16 bytes has been reserved for endpoints 3, 4, 5 and 6.

The pC allocates the USB memory buffers for all endpoints by programming the endpoint
base address (EPBAN) and the block size (EPLEnN) within the total USB buffers.
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7F,
Endpoint 6 Buffer
70,
Endpoint 5 Buffer i Buffer Block | EPBAn EPLENN
H
Endpoint 6 | EPBA6=0E,, | EPLEN6=10,,
Endpoint 4 Buffer 5 Endpoint5 | EPBA5=0C,, | EPLEN5=10,,
H
Endpoint4 | EPBA4=0A,, | EPLEN4=10,,
Endpoint 3 Buffer 40 Endpoint3 | EPBA3=08, | EPLEN3=10,,
H
Endpoint 7 Buffer . Endpoint 7 | EPBA7=07,, | EPLEN7=08,,
Endpoint 2 Buffer 30, Endpoint2 | EPBA2=06, | EPLEN2=08,,
Endpoint 1 Buffer 28, Endpoint1 | EPBA1=05, | EPLEN1=08,,
Endpoint 0 Buffer 20, Endpoint0 | EPBA0=04, | EPLEN0=08,,
v Address 00
H
% Setup Token on page 0 8 bytes
Note: ADDROFF = 00,,
// 08,
Z
Setup Token 00, 2154_26.vsd
Figure 26 Endpoint Buffer Allocation (Example: 7+1 Endpoints)
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4.4 Memory Buffer Address Generation

The generation of a USB memory address for USB access (read or write) depends on
the EPNum (endpoint number) information, which has been transmitted to the USB
module during the software initialization procedure. The EPNum information is used for
the selection of an endpoint specific base address register. As the maximum data packet
length of each endpoint can individually be programmed, there are some fixed start
addresses for the endpoints. The user program defines the base address for the first
data byte of the corresponding endpoint by writing the endpoint specific base address
register EPBAN. The length depends on the amount of data to be read or written. The
user must take care to assign a buffer space at least as large as the maximum packet
size of the endpoint.

The address of the currently accessed byte in the USB memory area of the selected
endpoint is defined by an address offset which must be added to the endpoint base
address in order to get the correct address for the USB memory buffer. The structure is
shown in Figure 27.

EPBAO
‘PAGEO \ 0 \
EPBA1
(PAGE1 | 0 [ 0 |
EPBA2
‘PAGEZ \ 0 \ 0 \
EPBA3

o
o

\A06\ Aos\ A04\ A03 ﬁjjj:
\A16\ A15\ A14\ A13 ﬁjjj:
‘A26‘ AZS‘ A24‘ A23 ﬁ::j:

o

o

(PAGE3 | 0 | 0 | 0 [A36|A35[A34]A33[ - EPNum of the
EPBA4 MUX D actual endpoint
[PAGE4 | 0 [ 0 | 0 [Ad6|Ad45[A44|nd3[ -
EPBA5
[PAGE5 | 0 | 0 | 0 [A56|A55]A54]AS3 [
EPBAG
[PAGE6 | 0 | 0 | 0 [A66|A65]A64|A63[
EPBA7 I paceq1 |
[PacE7 | 0 [ 0 [ 0 [A76|A75[A74 [AT3 [ > Page
Page 0
An6 - An3 ’ >
EPBAn |Pasex] 0 | 0 [ 0 [An6 | An5 | And [ An3 | Uss
+ ADROFF [0 | o [A05[A04[A03[A02][AO1[ACO] Memory
= USB Mem Addr e \Aos\Aos\AD4\AD3\A02\AD1\ADoﬁ:::::::£>
Note: The EPBAn and ADROFF registers should be programmed
as required. The available memory is only 128 bytes, so some
combinations do not make sense ! 2154_27.vsd

Figure 27 USB Memory Address Generation
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4.5 USB Initialization

After a hardware reset operation, bit DCR.UCLK is set to 0. A well defined procedure
must be executed for switching on the clock for the USB module. This procedure is
described in the Operational Description section. This switch-on procedure after a
hardware reset assures proper operation of the USB clock system.

The USB module must be functionally initialized from the pC by writing five configuration
bytes for each endpoint to the USBVAL register. Table 13 shows the 5-byte
configuration block which must be transmitted by the pC to the USB module via the
USBVAL register for each endpoint. The gray shaded fields have a fixed 0 or 1 value for
each endpoint while the white bitfields have to be filled by parameters listed in Table 14.

Table 13 USB Configuration Block

bit39  bit38 bit37 bit36 bit35 bit34 Dbit33  bit 32
Byte O 0 EpNum 0 1 Eplnterface

bit 31 bit30 bit29 bit28 bit27 bit26  bit25  bit24
Byte 1 EpAltSetting EpType EpDir msb EPPackSize

bit23  bit22  bit 21 bit20  bit19  bit18 bit17  bit 16
Byte 2 EPPackSize Isb 0

bit15 bit14  bit13  bit12  bit 11 bit 10 bit 9 bit 8
Byte 3 0 0 0 0 0 EpNum

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O
Byte 4 0 0 0 0 0 0 0 0

= Constant data

The five byte USB configuration block must be transferred sequentially (byte 0 to byte 4)
from the pC to the USB module for each endpoint beginning with endpoint 0, followed by
the USB configuration block for endpoint 1 and so on up to the USB configuration block
for endpoint 7. EPNum is set to 000B, 001B,... up to 111B for endpoints O up to 7. After
this action, bit DINIT is reset by hardware and the software reset and initialization
sequence is finished.

This configuration can only be reset by a hardware or software reset (DCR.SWR). A USB
reset has no effect on the endpoint configuration, but will only reset the parameters
Address, Configuration, Interface and Alternate Setting to its default value 0.
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Table 14 Bitfield Definition of USB Configuration Block
Bitfield Description
EPNUm This 3-bit field specifies the number of the endpoint (0-7) for

which the actual configuration byte block is valid. This 3-bit
field must be entered in byte 0 and byte 3 of a configuration

byte block

Eplinterface This 2-bit field specifies the number of the interface (0-3) for
which the configuration byte block is valid

EpAltSetting This 2-bit field selects the alternate setting of the

corresponding interface (Eplnterface) for which the
configuration byte block is valid.

EPType This 2-bit field defines the transfer type of the endpoint
00: Control Endpoint

01: Isochronous Endpoint

10: Bulk Endpoint

11: Interrupt Endpoint

Endpoint 0 must be setup as a control endpoint

EPDir This byte defines the direction of the endpoint
0: Out (packets to be transferred from Host to CPU)
1: In (packets to be transferred from CPU to Host)

EPPackSize This 10-bit field defines the maximum packet size to be
transferred to this endpoint within the range from 0 up to 1023
bytes. The configuration of EPPackSize must be in harmony
with the USB specification.
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4.6 USB Device Framework
4.6.1 Enumeration Process

The bus enumeration process consists of an interrogation sequence through which the
USB host acquires information from the connected device, gives it a unique address, and
assigns it a configuration value. In the simplest form, the process takes four steps:

Step 1: The host issues a Get_Descriptor command to the device through the default
address using the control pipe. The device then provides information about itself, such
as device class, vendor id, maximum packet size for endpoint 0, etc.

Step 2: The host sends a unique address in a data packet to the device using the
Set_Address command. The device, under software control, gets the address through
endpoint 0 and stores it.

Step 3: The host requests and reads the device configuration descriptor using the
Get_Configuration command. The device responds with information about the number
of interfaces and endpoints, endpoint transfer type, packet size and direction, maximum
power requirements, power source, etc.

Step 4: The last step of the enumeration process is handled using the Set_Configuration
command through which the host assigns a configuration value to the device.

After the enumeration process is complete, the device is configured and ready for USB
data transmit and receive transactions.

4.6.2 Control Transfers

A control transfer consists of at least two and perhaps three stages. This chapter gives
a short description of these stages of a control transfer and the associated control and
status bits.

4.6.2.1 Setup Stage

A control transfer always begins with a setup stage that transfers information to a target
device, defining the type of request being made to the USB device. The standard
commands except the Set_Descriptor, Get_Descriptor and Synch_Frame commands
are handled by the USB module automatically without CPU interaction. If the command
is not handled by the USB module automatically, a setup interrupt (bit SUI) indicates the
end of a setup phase. Additionally, the status and control bits UBF (USB Buffer Full),
CBF (CPU Buffer Full) and SOD (Start of Data) are reset.

4.6.2.2 Data Stage

This stage occurs only for requests that require data transfers. The direction of this data
stage is always predicted to be from Host to Device (bit EPBSn.DIRn is automatically
cleared after the setup stage occurred). The first data packet may immediately be sent
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from the Host to the control endpoint according to this configuration of bit EPBSn.DIRn,
while NACK will automatically be returned from the Device to the Host in case of a USB
read access. It also causes the direction bit to be changed (EPBSn.DIRn=1, USB read
access).

The direction of the next transfer can also be predicted under software control (bit
EPBSn.SETRDn) to be a USB read access (EPBSn.DIRn=1). This feature is used, if the
direction of the data stage is known and the data packet to be transferred from the CPU
to the Host is setup before the next USB access occurs.

Therefore, the direction bit must be changed under software control, to be able to
transfer the data packet within the first USB read access. Status bit SOD is set under
hardware control to indicate valid data to be read by the CPU in case of a USB write
access, or data to be written by the CPU in case of a USB read access.

4.6.2.3 Status Stage

The status stage always occurs to report the result of the requested operation. A status
stage initiated by the Host, but not terminated according to the configuration of
EPBS0.ESPO (ESP0=0) is indicated by a status interrupt (DIRR.STI). Bit EPBS0.ESP0O
has to be set under software control to enable the acknowledge of the status stage.

4.6.3 Standard Device Requests

Table 15 lists the standard requests possible. Only the Set_Descriptor, Get_Descriptor
and Synch_Frame requests require intervention from the CPU (DIRR.SUI interrupt). All
other standard device requests are handled automatically by the UDC and the CPU only
gets a notification. Since the device supports multiple device configurations, interfaces
and alternate settings, a separate register CIAR informs the CPU which configuration,
interface and alternate setting is active. For further information please refer to the USB
Specification Version 1.1, Chapter 9.4 .

Table 15 Standard Device Requests

Request Description

Get_Status This request returns status for the specified recipient, which can be
a device, interface or endpoint.

Clear_Feature This request is used to clear or disable a specific feature. The UDC
supports this command to clear the Endpoint_Stall feature for all
supported logical endpoints and to clear the Device_Remote_
WakeUp feature.
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Table 15 Standard Device Requests (cont’d)
Request Description
Set_Feature This request is used to set or enable a specific feature. The UDC

supports the Set_Feature command to set the Endpoint_Stall
feature for all supported logical endpoints and the Device_Remote
_WakeUp feature.

Set_Address This request sets the device address for all future device
accesses. Stages after the initial Setup packet assume the same
device address as the Setup packet. The USB device does not
change its device address until after the Status stage of this
request is completed successfully. This is the difference between
this request and all other requests. For all other requests, the
operation indicated must be completed before the Status stage.

Get_Descriptor * This request returns the specified descriptor if the descriptor
exists. The standard request to a device supports three types of
descriptors: DEVICE, CONFIGURATION & STRING. A request for
a configuration descriptor returns the configuration descriptor, all
interface descriptors, and endpoint descriptors for all the interfaces
in a single request. Class-specific and/or vendor-specific
descriptors follow the standard descriptors they extend or modify.
This request must always be handled by the pC.

Set_Descriptor * This request may be used to update existing descriptors or add
new descriptors.
This request must always be handled by the pC.

Get_Configuration | This request returns the current device configuration value. If the
returned value is zero, the device is not configured.

Set_Configuration | This request sets the device configuration.

Get_Interface This request returns the selected alternate setting for the specified
interface. This is a valid request only when the device is in the
Configured state.
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Table 15 Standard Device Requests (cont’d)

Request Description

Set_Interface This request allow the host to select an alternate setting for the
specified interface.

Synch_Frame * This request is used to set and then report an endpoint’s
synchronization frame. When an endpoint supports isochronous
transfers, the endpoint may also require per-frame transfers to
vary in size according to a specific pattern. The host and the
endpoint must agree on which frame the repeating pattern begins.
The number of the frame in which the pattern began is returned to
the host. This frame number is the one conveyed to the endpoint
by the last SOF prior to the first frame of the pattern.

The request Sync_Frame is used for isochronous endpoints only.
This request must always be handled by the pC.

Note: All 11 standard device requests generate an interrupt via the DSIR register. The
requests that always require host intervention are indicated with a " * " in the table
above (Get_Descriptor, Set_Descriptor and Sync-Frame).

All other 8 requests are automatically handled by the UDC, but they are
transparent to the uC (the request Get_Status can be initialized by the pC if
required, the remaining 7 requests cannot be controlled by the pC).
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4.7 Onchip USB Transceiver

The SIUC-X provides onchip receiver and transmitter circuitries which allows to connect
the SIUC-X directly to the USB bus. The USB driver circuitry is shown in Figure 28. The
USB transceiver is capable of transmitting and receiving serial date at full speed (12
MBits/s) data rate. Transceiver and receiver can be separately disabled for power down
mode operation. A single ended zero error condition (D+ and D- both at low level) can
be detected.

1o - I
0o |
TPWD 300 |
DPWDR1 > 1D+
Transmit { | Pin
Data { |
30 Q
— D> 1 o
[ Pin
Receive 4 H— |
Data - |
fo— i |
0o |
RPWD |
DPWDR.0 MCS03413

Figure 28 USB Onchip Driver Circuitry

The USB driver circuitry is a differential output driver which drives the USB data signal
onto the cable of the USB bus. The static output swing of the transmitter is in low state
below 0.3 V with a 1.5 kQ load to 3.6 V and in high state above 2.8 V with a 15 kQ load
to Vss. The driver outputs support tri-state operation to achieve bi-directional half duplex
operation (control bits RPWD and TPWD). High impedance is also required to isolate the
port from devices that are connected but powered down. The driver tolerates exposure
to waveforms as specified in chapter 7.1 of the USB V1.1 Specification..

For a full speed USB connection the impedance of the USB driver must be between 29
Q and 44 Q. The data line rise and fall times are between 4 ns and 20 ns, smoothly rising
or falling (monotonic), and are well matched to minimize RFl emissions and signal skew.
Figure 29 shows how the full speed driver is realized using two identical CMOS buffers.
Figure 29 shows the full speed driver signal waveforms.
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Figure 29 Full Speed USB Driver Signal Waveforms

Generally, full speed and low speed USB devices are differentiated by the position of the
pullup resistor on the downstream end of the cable. Full speed devices are terminated
with the pullup on the D+ line and low speed devices are terminated with the pullup in
the D- line.

As the SIUC-BA is a full speed device an external pull-up resistor (Ry) must be
connected to the D+ line as shown in Figure 30. The pullup terminator is a 1.5 kQ
resistor tied to a voltage source between 3.0 and 3.6 V referenced to the local ground.
In some cases it might be necessary to hide the USB device from the host even when it
is plugged in. To accomplish this, the pull-up resistor R, can be made switchable with a
port a transistor.

Ro
D+ D+
FS/LS USB I_3® Twi i S ): SIUC-BA
sted Pair Shielded
Transceiver |D-o | [ | 1 D
5 meters max.
Full Speed Device
Host or R 9 R P
Hub Port
LS: Low Speed
FS: Full Speed

Figure 30 High Speed Device Cable and Resistor Connection
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4.8 Detach / Attach Detection and USB Power Modes

The USB device can be used in two different modes concerning its power supply, the
bus-powered mode and the self-powered mode.

4.8.1 Self-Powered Mode

In self-powered mode, the USB device has its own power supply. The USB device has
to detect whether it is connected to USB bus or not. This detection is done by hardware
by using the Device-Attached Device-Detached pin DADD as shown in Figure 31. Bit
DCR.DA reflects the state of pin DADD. When the device-attached condition is detected,
bit DA is set and a Device-Attached Interrupt (DIRR.DAI) can be generated if required.
The interrupt service routine of this device interrupt must completely initialize the USB
device/module. The device-detached detection resets bit DA, sets bit DIRR.DDI (Device-
Detached Interrupt) and can generate a device interrupt, too.

Vgys (+5V supply from USB)

47K

P3.1/ DADD

.

SIUC-BA

100K ——47nF

T GND
L

Vss 2155_70

Figure 31 Device Attached - Device Detached Detection in Self-Powered Mode

4.8.2 Bus-Powered Mode

In bus-powered mode, the USB device is driven by the power supply from the USB bus.
The maximum power consumption is given by the USB specification, i.e. the power
consumption of the total system must not exceed 500 pA in suspend mode and 100mA
(for low power devices) in operational mode.

An explicit device-attached detection in this mode is not necessary. If the CPU is
running, the device is attached, so the USB device/module has to be configured only
after power-on. The device-detach action has no significance concerning software,
because the device is no longer powered and the CPU stops. As a result, no attach-
detach detection is needed. In this mode, pin DADD can be used as standard IO pin with
bit DA monitoring its status and the interrupt generation on DA should not be used. If the
interrupt generation on bit DA remains activated, a request must not be interpreted as
attached-detached action, but as an external interrupt request on pin DADD, which is
generating a device interrupt.
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4.9 USB Registers

Two different kinds of registers are implemented in the USB module.

1.) The global registers describe the basic functionality of the complete USB module and
can be accessed via unique SFR addresses. These are the:

e GEPIR (Global Endpoint Interrupt Request Register)

e GESR (Global Endpoint Stall Register)

* EPSEL (Endpoint Select Register)

e ADROFF (Address Offset Register)

e USBVAL (USB Value Register)

e CIAR (Configuration Request Register)

e CIARI (Configuration Request Interrupt Register)

* CIARIE (Configuration Request Interrupt Enable Register)
e |FCSEL (Interface Select Register)

2.) To reduce the number of SFR addresses needed to control the USB module, device
registers and endpoint registers are mapped into an SFR address block of nine SFR
addresses (C1y to CCy) for device and seven SFR addresses (C1y to CAp) for
endpoint. The endpoint specific functionality of the USB module is controlled via the
device registers:

e DCR (Device Control Register)

e DPWDR (Device Power Down Register)

* DIER (Device Interrupt Enable Register)

* DIRR (Device Interrupt Request Register)

* FNRH, FNRL (Frame Number High/Low Registers)
e DSIR (Device Setup Interrupt Register)

* DGSR (Device Get Status Register)

e |GSR (Interface Get Status Register)

An endpoint register set is available for each endpoint (n=0...7) and describes the
functionality of the selected endpoint. Figure 32 explains the structure of the USB
module registers.

Note: In the description of the USB module registers, bits are marked as rw, r or w. Bits
marked as rw can be read and written. Bits marked as r can be read only. Writing
any value to r bits has no effect. Bits marked as w are used to execute internal
commands which are triggered by writing a 1. Writing a 0 to w bits has no effect.
Reading w bits returns a 0.
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Registers Registers
GEPIR (D6,,) USBVAL (D3,)
c1,| DCR 7]6]5/4]/3[2 10| 7]6]5]4]3]2]1]0] c1, | EPBCT
c2,, | DPPWDR GESR (DA,) IFCSEL (DB,)) c2, | EPBS7
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ca, | DIRR ADROFF (D4, EPSEL (D2,) ca, | EPIR?
. oum [ofo]s]4]s]2].1]o] [7]ofo]o]zs[2]1]0]
54 C5,
ce, | FNRL cé,, | EPLEN7
‘ Decoder ‘
c7, FNRH C7,
reserved
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c9, c9,
DGSR EGSR7
CA, < —>| CA,
Pl esR
cc,

' -

Endpoint 0 Endpoint 1 Endpoint 2 Endpoint 3 Endpoint 4 Endpoint 5 Endpoint 6

Registers Registers Registers Registers Registers Registers Registers
c1, | EPBCO c1, | EPBCI c1, | EPBC2 c1, | EPBC3 c1, | EPBC4 c1, | EPBCS c1, | EPBCE
c2, | EPBSO c2, | EPBSI c2, | EPBS2 c2, | EPBS3 c2, | EPBS4 c2, | EPBSS c2,, | EPBSG
cs, | EPIEO cs3, | EPIET c3, | EPIE2 c3, | EPIE3 c3, | EPIE4 c3, | EPIES c3, | EPIES
c4, | EPIRO c4, | EPIRT c4, | EPIR2 c4, | EPIR3 c4, | EPIR4 c4, | EPIRS c4, | EPIR6
cs, | EPBAO cs,, | EPBA1 cs,, | EPBA2 cs, | EPBA3 cs, | EPBA4 cs,, | EPBAS cs,, | EPBAG

ce, | EPLENO | [ | cg |EPLENT ||| cg |EPLEN2 ||| cq, | EPLEN3 ||| g6, | EPLEN4 ||| ce, | EPLENS ||| cg, | EPLENG

C7, C7, C7, C7, C7, C7, C7,

reserved reserved reserved reserved reserved reserved reserved
Cs8, Cs8, c8,, Cs8, c8,, Cs8, c8,,
C9, C9, C9, C9, C9, C9, C9,

EGSRO EGSR1 EGSR2 EGSR3 EGSR4 EGSR5 EGSR6
CA, CA, CA, CA, CA, CA, CA,

2154_28

Figure 32 USB Register Set
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For each of the 4 interfaces (besides the default interface with Endpoint 0) there is a 16-
bit register that contains a status value which is transmitted to the USB host upon a
Get_Status request (Figure 33).

For setting the Interface Get Status Register (IGSR) for a specific interface, the uC first
selects the interface number in the Interface Select Register (IFCSEL) and then writes
the status value for the corresponding interface to IGSR (Note: IGSR can only be
accessed with EPSEL=80). The status value itself (contained in IGSR) is fully specified
by the USB spec. There is no function defined for that yet in USB V1.1, however SIUC-
BA fully supports the Get_Status request for potential changes in future.

Global Registers Interface 0
Registers
EPSEL (D2,) IFCSEL (DBy,)
[7To]o]0]2]2[1]0] [o]o]ao o e].1] o]
> IGSR
| cc,
Decoder ‘
I Interface 1
| Registers
L vy cB
H H
Device Decoder ™ IGSR
Registers cc,
o
c1, | DCR - /
o Interface 2
c2, | DPWDR A Registers
c3,| DIER B
H
cs,| DRR L B IGSR
H
c5, DSIR
ce, | FNRL Interface 3
Registers
c7, FNRH
- CBH
cs, reserved Lt IGSR
cc,
C9,
DGSR
CA,
. CBH
JC write access —» IGSR
cc, 2154_29

Figure 33 USB Interface Get_Status Registers
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Global Registers

The global registers GEPIR, GESR, EPSEL, ADROFF, IFCSEL and USBVAL describe
the global functionality of the USB module and can be accessed via unique SFR
addresses. The Global Endpoint Interrupt Request Register (GEPIR) is described in
the section on interrupts (Chapter 6), the other global registers are described below.

Standard Command Registers

All 11 standard device requests generate an interrupt via the DSIR register. The
requests Get_Descriptor, Set_Descriptor and Sync-Frame always require host
intervention. All other 8 requests are automatically handled by the UDC, but they are
transparent to the pC (the request Get_Status can be initialized by the pC if required, the
remaining 7 requests cannot be controlled by the uC at all).

Since the device supports multiple device configurations, interfaces and alternate
settings, a separate register CIAR is needed to inform the device which configuration,
interface and alternate setting is active. Any changes in the CIAR register through
Set_Configuration or Set_Interface will generate an interrupt in the Configuration
Request Interrupt Register (CIARI). This interrupt can be enabled via a bit in the
CIARIE register. These registers are described in the section on interrupts (Chapter 6).

Device Registers

The device registers can only be accessed when the endpoint select register (adr. D2)
is set to EPSEL = 804. The Device Interrupt Enable Register (DIER), the Device
Interrupt Request Register (DIRR) and the Device Setup Interrupt Register (DSIR)
are described in the section on interrupts (Chapter 6), all other device registers are
described below.

Endpoint Registers

Each of the 8 endpoints has its own endpoint register set. The Endpoint Interrupt
Enable Register (EPIE) and the Endpoint Interrupt Request Register (EPIR) are
described in the section on interrupts (Chapter 6), all other endpoint registers are
described below.
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4.9.1 GESR- Global Endpoint Stall Register
Reset value: 00y Address: DAy
7 6 5 4 3 2 1 0

EPST7 | EPST6 | EPST5 | EPST4 | EPST3 | EPST2 | EPST1 | EPSTO

Bit Function

EPST7-0 Endpoint x Stalled
EPSTx indicates to the uC if the corresponding endpoint is stalled (’1°) or
not ('0’).

The GESR register contains the least significant bits of the EGSR registers of all 8
endpoints.

Data Sheet 85 2001-10-01



—

Infinleon PSB 2155
echno og/
USB Module
4.9.2 EPSEL - Endpoint Select Register
Reset value: 80y Address: D2y
7 6 5 4 3 2 1 0
EPS7 0 0 0 0 EPS2 EPS1 EPSO
rw r r r r rw rw rw
Bit Function
EPS7 Endpoint / Device Register Block Select Bits
EPS2 These five bits select the active register block of endpoint or device
EPS1 registers.
EPSO 1XXX: Device register set selected

0000: Endpoint 0 register set selected
0001: Endpoint 1 register set selected
0010: Endpoint 2 register set selected
0011: Endpoint 3 register set selected
0100: Endpoint 4 register set selected
0101: Endpoint 5 register set selected
0110: Endpoint 6 register set selected
0111: Endpoint 7 register set selected
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4.9.3 IFCSEL - Interface Select Register

Reset value: 00y

Address: DBy

7 6 5 4 3 2 1 0
0 0 0 0 0 0 IF1 IFO
r r r r r r rw rw
Bit Function
IF1,0 Interface Select Bits

These two bits are used to select the interface number for setting the

corresponding 16-bit status value in IGSR.
00: interface 0
01: interface 1
10: interface 2
11: interface 3

Also see Figure 33.
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4.9.4 USBVAL - USB Data Register

Reset value: 00y

USB Module

Address: D3y

7 6 5 4 3 2 1 0
7 6 5 4 3 2 A 0
rw rw rw rw rw rw rw rw
Bit Function

USBVAL.7 - | USB Data Value

USBVAL.0 [USBVAL stores the 8-bit data byte during transfers from pyC to USB

memory and from USB memory to the pC. Bit NOD in the EPIRn register
indicates when the pC processes a USBVAL read operation with an
empty USB buffer or a USBVAL write operation to a full USB buffer.

The data transfers between USB memory and the uC (C800 CPU) are handled via the
SFR USBVAL. With a uC write access to USBVAL, the value written into it is transferred
to the USB memory location defined by the content of the endpoint specific base address
register EPBAN and the address offset register ADROFF. During USB memory read
accesses by the pC, data is written in the reverse direction. Access to USBVAL is only
successful if either EPBSn.DIRn=0 and CBF=1 (USB write operation) or EPBSn.DIRn=1

and CBF=0 (USB read operation).
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4.9.5 ADROFF - Address Offset Register
Reset value: 00y Address: D4y
7 6 5 4 3 2 1 0
0 0 AO5 AO4 AO3 AO2 AO1 AOO
r r rw rw rw rw rw rw
Bit Function
AO5 - AOO |USB Address Offset

ADROFF stores the 6-bit offset address for USB memory buffer
addressing by the uC.

In most cases

the puC accesses only one endpoint buffer until it is full (CBF=1 during uC

write access) or empty (CBF=0 during pC read access). As the USB memory size is 128
bytes per page, the maximum packet length is limited to 64 bytes. Therefore, only the
lowest 6 bits of ADROFF (AO5...AQQ) are required for offset definition. A write operation
to ADROFF is only successful if either EPBSn.DIRn=0 and CBF=1 (USB write operation)
or EPBSn.DIRn=1 and CBF=0 (USB read operation).
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4.9.6 CIAR - Configuration Request Register
Reset value: 00y Address: D9y
7 6 5 4 3 2 1 0
0 0 CFG 0 IFC1 IFCO 0 AS
r r r r r r r r

Bit Function

CFG Configuration Value
0: Unconfigured
1: Indicates configuration setting 1.

IFC1-0 Interface Number

IFC indicates the interface number for this configuration setting.

A maximum of 4 interfaces (excluding interface 0) per configuration are
possible.

AS Alternate Setting

AS indicates the selected alternate setting for that interface (IFC1-0).
0: Alternate Setting 0

1: Alternate Setting 1

This register is used for the standard requests Set_Configuration and Set_Interface.
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4.9.7 DCR - Device Control Register

The device control register includes control and status bits which indicate the current
status of the USB module and the status of the USB bus. This register can only be
accessed when the endpoint select register (adr. D2y) is set to EPSEL = 80

Reset value: 000X0000g Address: C1y
7 6 5 4 3 2 1 0
0 DA SWR SUSP | DINIT RSM UCLK 0
r r rw r r rw rw r

Bit Function

DA Device Attached

Bit DA reflects the state of pin DADD, which can be used to indicate
whether the device is attached to the USB bus or not in self-powered
mode.

If pin DADD is 0, bit DA=0.

If pin DADD is 1, bit DA=1.

If the "Device-Attached/Device-Detached" feature is not required (e.g. in
bus-powere mode), pin DADD and bit DA can be used as general
purpose input (for further information see chapter 4.8).

SWR Software Reset

Setting bit SWR initiates a software reset operation of the USB device.
This bit is cleared by hardware after a successful reset operation. SWR
can not be reset by software.

SUSP Suspend Mode

This bit is set when the USB is idle for more than 3 ms. It will remain set
until there is a non idle state on the USB cable or when bit RSM is set.
In addition to SUSP an interrupt can be generated when the suspend
mode begins (DIRR.SBI) and when it ends (DIRR.SEI)

DINIT Device Initialization in Progress

Atthe end of a software reset, bit DINIT is set by hardware. After software
reset of the USB module, it must be initialized by the CPU. When DINIT
is set after a software reset, 5 bytes for each endpoint must be written to
SFR USBVAL. After the 40th byte, bit DONEO has to be set by software.
Bit DINIT is reset by software after a successful initialization sequence.
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RSM Resume Bus Activity

When the USB device is in suspend mode, setting bit RSM resumes bus
activity. In response to this action, the USB will deassert the suspend bit
and perform the remote wake-up operation. Writing 0 to RSM has no
effect, the bit is reset if bit SUSP is 0.

UCLK UDC Clock Selection
Bit UCLK controls the functionality of the USB core clock.

If UCLK=0, the 48 MHz USB core clock is disabled.
If UCLK=1, the 48 MHz USB core clock is enabled.
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4.9.8 DPWDR - Device Power Down Register

The device power down register (DPWDR) includes 2 bits which allow to switch off the
USB transmitter and receiver circuitry selectively for power down mode operation. This
register can only be accessed when the endpoint select register (adr. D2y) is set to
EPSEL = 80y

Reset value: 00y Address: C2y
7 6 5 4 3 2 1 0
0 0 0 0 0 0 TPWD | RPWD
r r r r r r rw rw
Bit Function
TPWD USB Transmitter Power Down

Setting bit TPWD puts the USB transmitter into power down mode. After
a wake-up from software power down mode, bit TPWD must be cleared
by software to enable data transmission again.

RPWD USB Receiver Power Down

Setting bit RPWD puts the USB receiver into power down mode. After a
wake-up from software power down mode, bit RPWD must be cleared by
software to enable data reception again. Note: If RPWD is set, the USB
bus can not wake-up the device from power down mode.
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4.9.9 FNRH / FNRL - Frame Number Register High / Low Byte

The frame number registers store an 11-bit value which defines the number of a USB
frame. The frame number rolls over upon reaching its maximum value of 7FFy. The
FNRH/FNRL registers are read only registers which are reset to 00 by a hardware
reset. These registers can only be accessed when the endpoint select register (adr. D2R)
is set to EPSEL = 80.

Reset value: 00000XXXg Address: C7y

7 6 5 4 3 2 1 0
FNRH 0 0 0 0 0 FNR10 FNR9 FNRS8
r r r r r r r r
Reset value: XXy Address: C6y
7 6 5 4 3 2 1 0
FNRL | FNR7 FNR6 FNR5 FNR4 FNR3 FNR2 FNRA1 FNRO
r r r r r r r r
Bit Function
FNR10 - Frame Number Value
FNRO FNR10-8 and FNR7-0 hold the current 11-bit frame number of the latest
SOF token.
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4.9.10 DGSR - Device Get_Status Register

These two registers hold a 16-bit value that is sent to the USB host upon a "Device Get
Status" command. These registers can only be accessed when the endpoint select
register (adr. D2y) is set to EPSEL = 80

Reset value: 00g

Address: CAy

7 6 5 4 3 2 1 0
DST15 | DST14 | DST13 | DST12 | DST11 | DST10 | DST9 DST8
rw rw rw rw rw rw rw rw
Reset value: 00y Address: C9y
7 6 5 4 3 2 1 0
DST7 DST6 DST5 DST4 DST3 DST2 | RWUP | PSTAT
rw rw rw rw rw rw r rw
Bit Function
RWUP Remote Wakeup (Set/Cleared by the USB host)
The remote wakeup status is configured by the host using the
Set_Feature_ Remote_Wakeup and the status is returned to the host with
every Get_Status request.
0: remote wakeup disabled
1: remote wakeup enabled
This bit cannot be written by the pC.
PSTAT USB Power Status
This bit indicates to the host whether the USB device is operating in bus-
powered mode ("0") or in self-powered mode ("1"). This bit has no effect
on the functions of the device.

The function of this register is completely determined by the USB specification. For
further functional additions the higher bits of this register (DST15-2) can be programmed
to "1" to fulfill future requirements.
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4.9.11 IGSR - Interface Get_Status Register

These two registers hold a 16-bit value that is sent to the USB host upon an "Interface
Get Status" command. These registers can only be accessed when the endpoint select
register (adr. D2) is set to EPSEL = 804. The interface number (0...3) is selected in
IFCSEL.

Reset value: 00g Address: CCh

7 6 5 4 3 2 1 0
IST15 | IST14 | IST13 | IST12 | IST11 IST10 IST9 IST8
rw rw rw rw rw rw rw rw
Reset value: 00y Address: CBy
7 6 5 4 3 2 1 0
IST7 IST6 IST5 IST4 IST3 IST2 ISTA ISTO
rw rw rw rw rw rw rw rw

The function of this register is completely determined by the USB specification. For
further functional additions the bits of this register (IST15-0) can be programmed to "1"
to fulfill future requirements. Also see Figure 33.
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4.9.12 EPBCn - Endpoint Buffer Control Register

The endpoint buffer control register controls the endpoint specific operations. The index
n corresponds to the selected endpoint.

Reset value: 00y Address: C1y

7 6 5 4 3 2 0
STALLN 0 0 GEPIEn | SOFDEN | INCEn DBMn
rw r r rw rw rw rw
Bit Function
STALLNn Endpoint Stall
Bit STALL can be set to indicate that the endpoint is stalled. If the stall bit
for endpoint 0 (STALLDO) is set, the next incoming setup token will
automatically clear it.
If STALL=0, the endpoint n is active
If STALL=1, the endpoint n is stalled
GEPIEnN Global Endpoint Interrupt Enable
Bit GEPIEn enables or disables the generation of the global endpoint
interrupt n based on the endpoint specific interrupt request bits in register
EPIRnN.
If GEPIE=0, the USB endpoint n interrupt is disabled
If GEPIE=1, the USB endpoint n interrupt is enabled
SOFDEnN Start of Frame Done Enable
If bit SOFDE is set, the current CPU buffer in USB memory is
automatically tagged full (data flow from the CPU to USB) or empty (data
flow from USB to the CPU) on each detection of a start of frame on the
USB (auto-done).
If SOFDE=0, no action takes place on SOF
If SOFDE=1, automatic generation of DONE on SOF is enabled

Data Sheet 97 2001-10-01



—

|nfin|90" PSB 2155
ecnno Ogy

USB Module

INCEn

Auto Increment Enable

If bit INCE is set, the address offset register ADROFF for CPU access to
USB memory is automatically incremented after each data write or data
read action of the USBVAL register. This allows the user to handle the
USB memory like a FIFO without modification of the address of the
desired memory location by software.

DBMn

Dual Buffer Mode

Bit DBM allows the selection between single buffer mode and dual buffer
mode.

If DBM=0, single buffer mode is selected

If DBM=1, dual buffer mode is selected

4.9.13

EPBSn - Endpoint Buffer Status Register

The bits of the endpoint buffer status registers indicate the status of the endpoint specific
USB memory buffers and allows setting of certain USB memory buffer conditions.

Reset value: 20y Address: C2y
7 6 5 4 3 2 1 0
UBFn CBFn DIRn ESPO | SETRDn | SETWRn | CLREPn | DONEnN
r r r w w w w w
Bit Function
UBFn USB Buffer Full
Bit UBFn indicates the status of the USB memory buffer for endpoint n.
USB read access: If UBFn=0, the USB buffer for endpoint n is empty.
If UBFn=1, the USB buffer for endpoint n is not
empty.
USB write access: If UBFn=0, the USB buffer for endpoint n is not full.
If UBFn=1, the USB buffer for endpoint n is full.
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CBFn CPU Buffer Full

Bit CBFn indicates the status of the CPU memory buffer for endpoint n.

CPU read access: If CBFn=0, the CPU buffer for endpoint n is empty.
If CBFn=1, the CPU buffer for endpoint n is not
empty.

CPU write access: If CBFn=0, the CPU buffer for endpoint n is not full.
If CBFn=1, the CPU buffer for endpoint n is full.

DIRn Direction of USB Memory Access

Bit DIRn indicates the direction of the last USB memory access for
endpoint n.

If DIRN=0, the last data flow for endpoint n was from host to CPU
If DIRn=1, the last data flow for endpoint n was from CPU to host

ESPO Enable Status Phase

If bit ESPO is set, the next status phase of endpoint n will automatically
be acknowledged by an ACK except if the endpoint n is stalled. If the
status phase is successfully completed, bit ESPO is automatically reset
by hardware and no status interrupt request (DIRR.STI) is generated.

If the CPU detects a corrupted control transfer (endpoint 0), bit STALLO
should be set by software instead of bit ESPO in order to indicate an error
condition from which the USB device can not recover by itself.

Note: This bit exists for endpoint 0 only.

SETRDn Set Direction of USB Memory Buffer to Read

Bit SETRDn is used to predict the direction of the next USB access for
endpoint n as a USB read access. A faulty prediction causes no errors
since the USB module determines the real direction. A change in the data
direction is only executed if both USB memory buffers are empty.
SETRDn can not be set together with CLREPN because a change of bit
DIRn during a transfer is not allowed.

Note: bits SETRDn and SETWRn must not be set at the same time.

SETWRn Set Direction of USB Memory Buffer to Write

Bit SETWRn is used to predict the direction of the next USB access for
endpoint n as a USB write access. A faulty prediction causes no errors
since the USB module determines the real direction. A change in the data
direction is only executed if both USB memory buffers are empty.
SETWR can not be set together with CLREPN because a change of
EPBSNn.DIRn during a transfer is not allowed.

Note: bits SETWRn and SETRDn must not be set at the same time.
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CLREPN Clear Endpoint

Setting bit CLREPN will set the address offset register for a CPU access
to USB memory to 0. The bits CBFn and UBFn will be reset when
CLREPnN is set. Bit CLREPn is reset by hardware. A read operation of this
bit will always deliver 0. Setting of bit CLREPn does not change the
direction of endpoint n. This means, bit DIRn is not changed.

Note: When bits CLREPn and ESPO are set simultaneously with one
instruction, bit ESPO remains set and the next status phase is enabled. If
only CLREPnN is set, bit ESPO is reset and the status phase is disabled.
Setting bits CLREPn and SETRDn or SETWRn simultaneously with one
instruction is not allowed. This means that the setting of SETRDn or
SETWRn is ignored.

DONEnNn Buffer Done by CPU

If bit DONE is set, the current USB memory buffer assigned to CPU is
automatically tagged full (data flow from the CPU to USB) or empty (data
flow from USB to the CPU). This bit is reset by hardware after it has been
set. A read operation of this bit always delivers a 0.

Note: If the direction of the endpoint is read (USB read access) and auto-
increment is enabled (INCEn=1) and DONEn is set, the content of
register ADROFF is copied automatically to register EPLENN of the
actual endpoint. Register EPLENN is not changed if the auto-increment
capability is disabled (INCEn=0).

4.9.14 EPBAnN - Endpoint Base Address Register

The endpoint base address and length registers define the location and size (start
address and length) of the endpoint specific buffers in the USB memory (also see
Chapter 4.9.15).

Reset value: 00y Address: C5y
7 6 5 4 3 2 1 0

PAGEnN 0 0 0 An6 Anb5 An4 An3
r r r r rw rw rw rw
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Bit Function
PAGEN Buffer Page for endpoint n (single buffer mode only)

In single buffer mode, the endpoint n can be either located on USB
memory buffer page 0 (PAGENn=0) or on USB memory buffer page 1
(PAGEN=1) by clearing or setting this bit. In dual buffer mode this bit has
no effect.

Note: The SETUP token is always stored on USB memory buffer page 0
at address 00y to 07R.

An6-An3 Endpoint n Buffer Start Address

The bits 0 to 3 of EPBAN are the address bits A6 to A3 of the USB
memory buffer start address for endpoint n. A7 and A2-A0 of the resulting
USB memory buffer start address are set to 0.

4.9.15 EPLENN - Endpoint Buffer Length Register

Reset value: OXXXXXXXg Address: C6y
7 6 5 4 3 2 1 0
0 Ln6 Ln5 Ln4 Ln3 Ln2 Ln1 LnO
r rw rw rw rw rw rw rw
Bit Function

Ln6 - LnO Endpoint n Buffer Length
The bits 0 to 6 of EPLENN define the length of the USB memory buffer for
endpoint n and can not be written if DINIT=1.
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49.16 EGSR - Endpoint Get_Status Register

These two registers hold a 16-bit value that is sent to the USB host upon an "Endpoint
Get Status" command.

Reset value: 00g Address: CAy

7 6 5 4 3 2 1 0
EST15 | EST14 | EST13 | EST12 | EST11 | EST10 | EST9 EST8
rw rw rw rw rw rw rw rw
Reset value: 00y Address: C9y
7 6 5 4 3 2 1 0
EST7 EST6 EST5 EST4 EST3 EST2 ESTH1 STALL
rw rw rw rw rw rw rw r
Bit Function
STALL Endpoint Stalled (Set/Cleared by the USB host)

The endpoint stall status can be read by the pC in the GESR register and
the status is returned with every Get_Status request for Endpoint.

0: endpoint is not stalled

1: endpoint is stalled

This bit cannot be written by the pC.

The function of this register is completely determined by the USB specification. For
further functional additions the higher bits of this register (EST15-1) can be programmed
to "1" to fulfill future requirements.
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5 ISDN Module
5.1 General Functions and Architecture

Figure 34 shows the architecture of the ISDN block containing the following functions:

S/T-interface transceiver operating in terminal mode (TE)

Serial or parallel microcontroller interface

Two B-channel HDLC-controller with 128 byte FIFOs per channel and per direction
with programmable FIFO block size (threshold)

One D-channel HDLC-controller with 64 byte FIFOs per direction with programmable
FIFO block size (threshold)

IOM-2 interface for terminal applications (TE mode)

D-channel access mechanism

C/I- and Monitor channel handler

Auxiliary interface with interrupt and general purpose 1/O lines and LED drivers
Clock and timing generation

Digital PLL to synchronize the transceiver to the S/T interface

Reset generation (watchdog timer)

SPI interface for connection of a serial EEPROM

The functional blocks are described in the following chapters.

Peripheral Devices

IOM-2 Interface <:L

IOM-2 Handler —
S Transceiver L S
B-channel B-channel D-channel MON Tic | en :“:
I/O-Lines HDLC HDLC HDLC Handler
and - Auxiliary
SPI Interface | Mterface @ @ @ !
RX/TX RX/TX RX/TX
FIFOs FIFOs FIFOs — DPLL “‘
OsC —
. Reset, Interrupt
ISDN Registers Gonaration T le
@ 2154_56.vsd

Microcontroller Access

Figure 34 Functional Block Diagram of the ISDN Module

Note: All addresses mentioned in the ISDN chapter must be prefixed by F84 to

correspond to the ISDN address space F8004 - F8FF (see Chapter 5.8).
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5.1.1 Timer 2 and 3

The SIUC-BA provides 4 timers (Timer 0, 1, 2 and 3). Timer 0 and timer 1 are located in
the microcontroller module (see Chapter 3.3), timer 2 and 3 are embedded in the ISDN
module and described below.

Each of both timers provide two modes (Table 16), a count down timer interrupt, i.e. an
interrupt is generated only once after expiration of the selected period, and a periodic
timer interrupt, which means an interrupt is generated continuously after every expiration
of that period.

Table 16 SIUC-BA Timers

Address Register Modes Period
Periodic 64 ... 2048 ms
24y TIMR2 Count Down 64ms..14.336s
Periodic 1...63ms
65H TIMR3 Count Down 1..63ms

When the programmed period has expired an interrupt is generated and indicated in the
auxiliary interrupt status ISTA.AUX (enabled/disabled via IEN2.AUX). The source of the
interrupt can be read from AUXI (TIN2, TIN3) and each of the interrupt sources can
individually be masked in AUXM.

ISTA
ICA
ICB AUXM AUXI
ST < EAW|q—| EAW
IEN2 CIC <4— WOV|q¢——] WOV
Interrupt AUX AUX |¢—<«— TIN3 |[«——TIN3
TRAN < TIN2 |«—— TIN2
MOS < INT1 |[«— INT1
ICD < INTO | «—— INTO

Figure 35 Timer 1 and 2 Interrupt Status Registers
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Timer 2

The host controls the timer 2 by setting bit CMDRD.STI to start the timer and by writing
register TIMR2 to stop the timer. After time period T1 an interrupt (AUXI.TIN2) is
generated continuously if CNT=7 or a single interrupt is generated after timer period T if
CNT<7 (Figure 36).

» Retry Counter
0 ...6: Count Down Timer T=CNT x2.048 sec + T1
7 : Periodic Timer T=T1

Expiration Period
T1 = (VALUE + 1) x 0.064 sec

/_/\ﬁ/—/\ﬁ
76543210
TIMR2 | CNT | VALUE | 24,

Figure 36 Timer 2 Register

Timer 3

The host starts and stops timer 3 in TIMR3.CNT (Figure 37). If TIMR3.TMD=0 the timer
is operating in count down mode, for TIMR3.TMD=1 a periodic interrupt AUXI.TIN3 is
generated. 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 (TIMR3.CNT).

» Timer Mode
0 : Count Down Timer
1: Periodic Timer

Timer Count
0: Timer off
1..63: 1..63ms

/—/\ﬁ

7 6 5 4 3 2 1 0

TIMR3 |TMD| 0 | CNT | 65H

Figure 37  Timer 3 Register

Further timers are available in the microcontroller module (see Chapter 3.3).
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5.1.2 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 state machine reaches the activated state (see
Figure 38).

sX1/2  info0 | |info3]
SR1/2  info0 |info2| | infod]

# Layer 1 activated
o \

2115_26

Figure 38  ACL Indication of Activated Layer 1

By default (ACFG2.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
controlled by the host (see Figure 39).

If ACFG2.ACL=1 the LED on pin ACL can be switched on (ACFG2.LED=1) and off
(ACFG2.LED=0) by the host.

+3.3V
ACFG2:LED
g ACL 1 1: on

vT\f 0 Layer 1 —— S Interface

ACFG2:ACL

2154_57.vsd

Figure 39  ACL Configuration
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5.2 S/T-Interface

The layer-1 functions for the S/T interface of the SIUC-BA are:

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

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

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

level detection

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

S/T timing generation using IOM-2 timing synchronous to system, or vice versa;
D-channel access control and priority handling;

D-channel echo bit generation by handling of the global echo bit;
activation/deactivation procedures, triggered by primitives received over the IOM-2
C/I channel or by INFO's received from the line;

execution of test loops.

The wiring configurations in user premises, in which the SIUC-BA can be used, are
illustrated in Figure 40.
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L <1000 m R o
— = B ivevoe] |
I'| SIUC-BA H TR TR HISAC-SX | |
: | : | Point-to-Point
e !_____LI__S_' Configurations
1) The maximum line attenuation tolerated by the SIUC-X is 7 dB at 96 kHz.
L <100 m L
- il [l ' Shor
(0]
TR |+ s | - )
R | ISAC-SX : Passive Bus
<10m | |
i NT/LT-S |
r——- - r———- - -——————
I | I |
: SIUC-BA | | : SIUC-BA | |
| |
| TE1 | | TES |
P <500 m _
P <25m o
hal Lt r—-—— - - |
l |
R TR [HIsAC-sx || Ctended
[ | Passive Bus
<10m | |
i NT/LT-S,
r——- -7 7 r— T T T -
| |
I | SIUC-BA : . 1| SIUC-BA : TR: Terminating Resistor
I [ I [
I | I |
[_T_EJ_____I LTF§____J 2155_58.vsd

Figure 40 Wiring Configurations in User Premises
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5.2.1 S/T-Interface Coding

Transmission over the S/T-interface is performed at a rate of 192 kbit/s. 144 kbit/s are
used for user data (B1+B2+D), 48 kbit/s are used for framing and maintenance
information.

Line Coding

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

For the required frame structure a code violation is indicated by two consecutive pulses
of the same polarity. These two pulses can be adjacent or separated by binary ONEs.
In bus configurations a binary ZERO always overwrites a binary ONE.

Binary Values o1 001t 100011011
Ve —
Line Signal OV————I_H_I_I—l_I_I_l
R U
Tcode violation

Figure 41 S/T -Interface Line Code

Frame Structure

Each S/T frame consists of 48 bits at a nominal bit rate of 192 kbit/s. For user data
(B1+B2+D) the frame structure applies to a data rate of 144 kbit/s (see Figure 42).

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.FL. B EDARN B2 EDM B EDS B2 EDLFL
0
O O O
NT*TEQ) | EEESE SN EEE NS SEEENEEEESENEEEREESEEEEEEREE |_
2 Bits Offset
DL.FL B L.DL RL. B2 L.DL B L.DL B2 L.OLFL.
0
T O A A MO O M O OO
TE—NT éH:h EEEEEEEgEgEEEEEEEEEgEgEEEEEEEEgEgEEEEEEEEg ) |
—pf
ITD03993

Figure 42 Frame Structure at Reference Points S and T (ITU 1.430)

- F Framing Bit F = (0Ob) — identifies new frame (always
positive pulse, always code violation)

- 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 — received E-bit is equal to transmitted
D-bit

— Fa Auxiliary Framing Bit See section 6.3 in ITU 1.430

- N N=F,

- B1 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, channel data (see note below)

- M Multiframing Bit M = (1b) — Start of new multiframe

Note: The ITU 1.430 standard specifies S1 - S5 for optional use.
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5.2.2 S/T-Interface Multiframing

According to ITU recommendation 1.430 a multiframe provides extra layer 1 capacity in
the TE-to-NT direction by using 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. One
S channel (S1) out of five possible S-channels can be accessed by the SIUC-BA.

The S and Q channels are accessed via the pC interface or the IOM-2 MONITOR
channel, respectively, by reading/writing the SQR or SQX bits in the S/Q channel
registers (SQRRx, SQXRXx).

Table 17 shows the S and Q bit positions within the multiframe.

Table 17 S/Q-Bit Position Identification and 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 S31 ZERO
4 ZERO ZERO S41 ZERO
5 ZERO ZERO S51 ZERO
6 ONE ZERO S12 Q2

7 ZERO ZERO S22 ZERO
8 ZERO ZERO S32 ZERO
9 ZERO ZERO S42 ZERO
10 ZERO ZERO S52 ZERO
11 ONE ZERO S13 Q3
12 ZERO ZERO S23 ZERO
13 ZERO ZERO S33 ZERO
14 ZERO ZERO S43 ZERO
15 ZERO ZERO S53 ZERO
16 ONE ZERO S14 Q4
17 ZERO ZERO S24 ZERO
18 ZERO ZERO S34 ZERO
19 ZERO ZERO S44 ZERO
20 ZERO ZERO S54 ZERO
1 ONE ONE S11 Q1

2 ZERO ZERO S21 ZERO

After multiframe synchronization has been established, the Q data will be inserted at the
upstream (TE — NT) F, bit position in each 5th S/T frame (see Table 17).
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When synchronization is not achieved or lost, each received F, bit is mirrored to the next
transmitted F, bit.

Multiframe synchronization is achieved after two complete multiframes have been
detected with reference to F,/N bit and M bit positions. Multiframe synchronization is lost
if bit errors in F,/N bit or M bit positions have been detected in two consecutive
multiframes. The synchronization state is indicated by the MSYN bit in the S/Q-channel
receive register (SQRR1).

The multiframe synchronization can be enabled or disabled by programming the MFEN
bit in the S/Q-channel transmit register (SQXR1).

If enabled (TR_CONF1.EN_SFSC=1) the first frame within a multiframe generates a
short FSC, i.e. every 40th IOM-frame a short FSC is generated.

Interrupt Handling for Multiframing

To trigger the microcontroller for a multiframe access an interrupt can be generated once
per multiframe (SQW) or if the received S-channels have changed (SQC).

In both cases the microcontroller has access to the multiframe within the duration of one
multiframe (5 ms).
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5.2.3 Multiframe Synchronization (M-Bit)

The SIUC-BA offers the capability to control the start of the multiframe from external
signals, so applications which require synchronization between different S-interfaces are
possible. Such an application is the connection of DECT base stations to PBX line cards.

For this purpose a multiplexed function of the AUX4 pin is used. If the ACFG2.A4SEL is
set to “1” the pin is not used as general pupose I/O pin but as M-Bit output.

S-Interface
S-transceiver ] l:l [ S-transceiver
(TE, LT-T) (LT-S, NT)
M-Bit Output <——— MBIT ] l:l [ MBIT l4——— M-Bit Input
Short FSC Output -«—— FSC FSC [s——— Short FSC Input

2154_64

Figure 43 Multiframe Synchronization using the M-Bit

In TE mode the SIUC-BA outputs the value of the M-bit on the MBIT pin. The value of M
should be sampled at the falling edge of FSC.

Frame Relationship

= p e8pME P E P E P E PEDED

S(NT->TE) |[F| B1 B2 B1 B2 F| B1 B2 B1 B2

FSC |

DD (o)

| / | |
B1B2 D E B1B2D E :B1BZD E B1B2D E

MBIT (o) }< M., >< M

21150_30

Figure 44 Frame Relationship in TE mode (M-Bit output)
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5.2.4 Data Transfer and Delay between IOM-2 and S/T

In the state F7 (Activated) or if the internal layer-1 statemachine is disabled and XINF of
register TR_CMD is programmed to ‘011’ the B1, B2, D and E bits are transferred
transparently from the S/T to the IOM-2 interface. In all other states '1’s are transmitted
to the IOM-2 interface.

To transfer data transparently to the S/T interface any activation request C/I command
(AR8, AR10 or ARL) is additionally necessary or if the internal layer-1 statemachine is
disabled, bit TDDIS of register TR_CMD has additionally to be programmed to ’0’.
Figure 45 shows the data delay between the IOM-2 and the S/T interface and vice
versa.

For the D channel the delay from the IOM-2 to the S/T interface is only valid if S/G
evaluation is disabled (MODED:DIMO0=0). If S/G evaluation is enabled
(MODED.DIM2-0=0x1g) the delay depends on the selected priority and the relation
between the echo bits on S and the D channel bits on the IOM-2, e.g. for priority 8 the
timing relation between the 8th D-bit on S bus and the D-channel on IOM-2.

NT->TE |F| B1 B2 B1 B2 Fl B1 B2 B1 B2
TE->NT F|  B1 &\ B1 B2 F|  B1 B2 B1 B2
FSC
DU
| / |
B1B2 D B1B2 D B1B2 B1B2
DD
| | |
B1B2 D E B1B2D E B1B2D E B1B2D

line_iom_s.vsd

Figure 45 Data Delay between IOM-2 and S/T Interface (TE mode)
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= P E PE PE D E D E PEDED
NT->TE |F| B1 B2 B1 B2 F| B1 B2 B1 B2
"D D D D D D D D

TE -> NT F| B1 B2 B1 ‘ B2 F| B1 B2 B1 B2
FSC
DU

7 7 7 T

B1B2 D B1B2 D B1B2D B1B2 D -

< <

DD

7 1 7 1 1 1

B1B2 D E B1B2D E B1B2D E B1B2D E

————— » Mapping of B-Channel Timeslots

Mapping of a 4-bit group of D-bits on S and IOM depends on prehistory (e.g. priority control):

—— > 1. Possibility

,,,,,,,,,,,,,,, » 2. Possibility line_iom_s_dch.vsd

Figure 46 Data Delay between IOM-2 and S/T Interface with S/G Bit Evaluation

(TE mode)
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5.2.5 Transmitter Characteristics

The full-bauded pseudo-ternary pulse shaping is achieved with the integrated transmitter
which is realized as a symmetrical current limited voltage source (Vgx1/sx2 = +/-1.05V;
lmax = 26 mA). The equivalent circuit of the transmitter is shown in Figure 47.

The nominal pulse amplitude on the S-interface 750 mV (zero-peak) is adjusted with
external resistors (see Chapter 5.2.7.1).

VCM+0.525V
VCM

VCM-0.525V

VCM-0.525V
VCM

VCM+0.525V — 3

VCM

™~

» SX1

!

TR_CONF2.DIS_TX

!

™~

l+0l l1l I_Ol

J—J

» SX2

21150_28

Figure 47 Equivalent Internal Circuit of the Transmitter Stage
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5.2.6 Receiver Characteristics

The receiver consists of a differential input stage, a peak detector and a set of
comparators. Additional noise immunity is achieved by digital oversampling after the
comparators. A simplified equivalent circuit of the receiver is shown in Figure 48.

100 kOhm
10 kKOhm gRq 40 kOhm
4| I o I I _ VrefLD
*V:F Level detected
>
+ . W - Positi |
10 kohm SR2 40 kohm Vrefmin Vrefs J [ rositive pulse

Peak
Detector Vref- 4>__|_- Negative pulse[

Figure 48 Equivalent Internal Circuit of the Receiver Stage

The input stage works together with external 10 kQ resistors to match the input voltage
to the internal thresholds. The data detection threshold Vref is continiously adapted
between a maximal (Vrefmax) and a minimal (Vrefmin) reference level related to the line
level. The peak detector requires maximum 2 us to reach the peak value while storing
the peak level for at least 250 us (RC > 1 ms).

The additional level detector for power up/down control works with a fixed threshold
VrefLD. The level detector monitors the line input signals to detect whether an INFO is
present. When closing an analog loop it is therefore possible to indicate an incoming
signal during activated loop.
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5.2.7 S/T Interface Circuitry

For both, receive and transmit direction a 1:1 transformer is used to connect the SIUC-
BA transceiver to the 4 wire S/T interface. Typical transformer characteristics can be
found in the chapter on electrical characteristics. The connections of the line
transformers is shown in Figure 49.

1:1
SX1
Protection Transmit
Circuit Pair
SX2

SIUC-BA

SR1

1:1
Protection Receive
Circuit Pair
SR2

2155_59.vsd

Figure 49 Connection of Line Transformers and Power Supply to the SIUC-BA

For the transmit direction an external transformer is required to provide isolation and
pulse shape according to the ITU-T recommendations.

5.2.7.1 External Protection Circuitry

The ITU-T 1.430 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 malfunction 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, ITU-T 1.430 sections 8.5.1.2a and 8.6.1.1) the protection circuit must be
dimensioned such that voltages below 1.2 V (ITU-T 1.430 amplitude) x transformer
ratio are not affected.

This requirement results from the fact that this test is also 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.

The following recommendations aim at achieving the highest possible device protection
against overvoltages while still fulfilling the 96 kHz impedance tests.
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Protection Circuit for Transmitter
R 1:1
SX1 ]
A \Va
I—o—%‘—» 1»—{ S Bus
AR
SX2 ]
3081_23

Figure 50 External Circuitry for Transmitter

Figure 50 illustrates the secondary protection circuit recommended for the transmitter.

The external resistors (R =5 ... 10 Q) are required in order to adjust the output voltage
to the pulse mask on the one hand and in order to meet the output impedance of
minimum 20 Q (transmission of a binary zero according to ITU-T 1.430) on the other
hand.

Two mutually reversed diode paths protect the device against positive or negative
overvoltages on both lines.

An ideal protection circuit should limit the voltage at the SX pins from — 0.4V to Vpp
+ 0.4 V. With the circuit in Figure 50 the pin voltage range is increased from — 1.4 V to
Vpp + 0.7 V. The resulting forward voltage of 1.4 V will prevent the protection circuit from
becoming active if the 96 kHz test signal is applied while no supply voltage is present.

Protection Circuit for Receiver

Figure 51 illustrates the external circuitry used in combination with a symmetrical
receiver. Protection of symmetrical receivers is rather simple.

SR2

S Bus

SR1 T:l—<
_ ITS05643

Note: up to 10 pF capacitors are optional for noise reduction

Figure 51 External Circuitry for Symmetrical Receivers
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Between each receive line and the transformer a 10 kQ resistor is used. This value is
splitinto two resistors: one between transformer and protection diodes for current limiting
during the 96 kHz test, and the second one between input pin and protection diodes to
limit the maximum input current of the chip.

With symmetrical receivers no difficulties regarding LCL measurements are observed;
compensation networks thus are obsolete.

In order to comply to the physical requirements of ITU-T recommendation 1.430 and
considering the national requirements concerning overvoltage protection and
electromagnetic compatibility (EMC), the SIUC-BA may need additional circuitry.

5.2.8 S/T Interface Delay Compensation

The S/T transmitter is shifted by two S/T bits minus 7 oscillator periods (plus analog
delay plus delay of the external circuitry) with respect to the received frame. To
compensate additional delay introduced into the receive and transmit path by the
external circuit the delay of the transmit data can be reduced by another two oscillator
periods (2 x 130 ns). Therefore PDS of the TR_CONF2 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 ITU-T recommendation 1.430 which specifies a
phase deviation in the range of — 7% to + 15% of a bit period.

5.2.9 Level Detection Power Down

If MODE1.CFS is set to '0’, the clocks are also provided in power down state, whereas
if CFS is set to ’1’ only the analog level detector is active in power down state. All clocks,
including the IOM-2 interface, are stopped (DD, DU are ’high’, DCL and BCL are ’low’).

An activation initiated from the exchange side will have the consequence that a clock
signal is provided automatically if TR_CONFO0.LDD is set to’0’. If TR_CONFO0.LDD is set
to ’1’ the microcontroller has to take care of an interrupt caused by the level detect circuit
(ISTATR.LD)

From the terminal side an activation must be started by setting and resetting the SPU-
bit in the IOM_CR register and writing TIM to the CIXO0 register or by resetting
MODE1.CFS=0.
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5.2.10 Transceiver Enable/Disable

The layer-1 part of the SIUC-BA can be enabled/disabled by configuration (see
Figure 52) with the two bits TR_CONFO0.DIS_TR and TR_CONF2.DIS_TX .

By default all layer-1 functions with the exception of the transmitter buffer is enabled
(DIS_TR ="0’, DIS_TX = "1’). With several terminals connected to the S/T interface,
another terminal may keep the interface activated although the SIUC-BA does not
establish a connection. The receiver will monitor for incoming calls in this configuration.
If the transceiver is disabled (DIS_TR =’1’) all layer-1 functions are disabled including
the level detection circuit of the receiver. In this case the power consumption of the
Layer-1 is reduced to a minimum. The HDLC controller and codec part can still operate
via IOM-2. The DCL and FSC pins become input.

TR_CONFO.DIS_TR

'

Layer 1
— < RX <] SR1/2
TR_CONF2.DIS_TX
¢717
> X o D sX1/2

2115 27

Figure 52 Disabling of S/T Transmitter

5.2.11 Test Functions

The SIUC-BA provides test and diagnostic functions for the S/T interface:

— The internal local loop (internal Loop A) is activated by a C/I| command ARL or by
setting the bit LP_A (Loop Analog) in the TR_CMD register if the layer-1 statemachine
is disabled.

The transmit data of the transmitter is looped back internally to the receiver. The data
of the IOM-2 input B- and D-channels are looped back to the output B- and D-
channels.

The S/T interface level detector is enabled, i.e. if a level is detected this will be
reported by the Resynchronization Indication (RSY) but the loop function is not
affected.

Depending on the DIS_TX bit in the TR_CONF2 register the internal local loop can be
transparent or non transparent to the S/T line.
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— The external local loop (external Loop A) is activated in the same way as the internal
local loop described above. Additionally the EXLP bit in the TR_CONFO register has
to be programmed and the loop has to be closed externally as described in Figure 53.
The S/T interface level detector is disabled.

This allows complete system diagnostics.

— In remote line loop (RLP) received data is looped back to the S/T interface. The D-
channel information received from the line card is transparently forwarded to the
output IOM-2 D-channel. The output B-channel information on IOM-2 is fixed to ‘FF'y
while this test loop is active. The remote loop is programmable in TR_CONF2.RLP.

SX1 @ O
SX2 @ )
O{ O{
SR1 ® )
SR2 ® O

Figure 53 External Loop at the S/T-Interface

— transmission of special test signals on the S/T interface according to the modified AMI
code are initiated via a C/| command written in CIXO0 register (see Chapter 5.3.2)

Two kinds of test signals may be transmitted by the SIUC-X:

— The single pulses are of alternating polarity. One pulse is transmitted in each frame
resulting in a frequency of the fundamental mode of 2 kHz. The corresponding C/I
command is SSP (Send Single Pulses).

— The continuous pulses are of alternating polarity. 48 pulses are transmitted in each
frame resulting in a frequency of the fundamental mode of 96 kHz. The corresponding
C/I command is SCP (Send Continuous Pulses).
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5.3 Control of Layer-1

The layer-1 activation/ deactivation can be controlled by an internal state machine via
the IOM-2 C/I0 channel or by software via the microcontroller interface directly. In the
default state the internal layer-1 state machine of the SIUC-BA is used. By setting the
L1SW bit in the TR_CONFO register the internal state machine can be disabled and the
layer-1 commands, which are normally generated by the internal state machine are
written directly in the TR_CMD register or indications read from the TR_STA register
respectively. The SIUC-BA layer-1 control flow is shown in Figure 54.

It should be noted that the TR_CMD and TR_STA registers can always be read even if
the layer-1 statemachine is enabled. This may be usefull for test purposes.

Disable State Machine
(TR_CONF L1SW)

i \

Command Reg.
(TR_CMD)

‘ Transmit
Command INFO . D I —p
CIX0 ™ Layer-1 Transmitter
SIT Interface
C/I 0 Data IOM-2 ‘ State Recel 4
Register C/10 Channel Machine | iro INFO Signals
Recol
CIRO W < eceiver Q I:
Status Reg.
(TR_STA)
‘ Layer-1 Control ‘
Microcontroller Interface LAY1CTRLDRW

Figure 54 Layer-1 Control

In the following sections the layer-1 control by the SIUC-BA state machine will be
described. For the description of the IOM-2 C/I0 channel see also Chapter 5.5.5.

The layer-1 functions are controlled by commands issued via the CIXO0 register. These
commands, sent over the IOM-2 C/I channel 0 to layer 1, trigger certain procedures,
such as activation/deactivation, switching of test loops and transmission of special pulse
patterns. These procedures are governed by layer-1 state diagrams. Responses from
layer 1 are obtained by reading the CIRO register after a CIC interrupt (ISTA).

The state diagrams of the SIUC-BA are shown in Figure 56 and Figure 57. The
activation/deactivation implemented by the SIUC-BA agrees with the requirements set
forth in ITU recommendations. State identifiers F1-F8 are in accordance with ITU 1.430.
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State machines are the key to understanding the transceiver part of the SIUC-BA. They
include all information relevant to the user and enable him to understand and predict the
behaviour of the SIUC-BA. The state diagram notation is given in Figure 55. The
informations contained in the state diagrams are:

state name (based on ITU 1.430)
S/T signal received (INFO)

S/T signal transmitted (INFO)
C/I code received

C/I code transmitted

transition criteria

The coding of the C/| commands and indications are described in detail in Chapter 5.3.2.

SIUC-BA
OiT IN
IOM-2 Interface i
Unconditional
C/l > Ind. | Cmd. Transition

State :>

Ir

S/T Interface —»
INFO

Figure 55 State Diagram Notation

The following example illustrates the use of a state diagram with an extract of the TE
state diagram. The state explained is “F3 deactivated”.

The state may be entered:

— from the unconditional states (ARL, RES, TM)
— from state “F3 pending deactivation”, “F3 power up”, “F4 pending activation” or “F5
unsynchronized” after the C/I command “DI” has been received.

The following informations are transmitted:

— INFO 0 (no signal) is sent on the S/T-interface.
— C/I message “DC” is issued on the IOM-2 interface.

The state may be left by either of the following methods:

— Leave for the state “F3 power up” in case C/I = “TIM” code is received.

— Leave for state “F4 pending activation” in case C/lI = AR8 or AR10 is received.

— Leave for the state “F6 synchronized” after INFO 2 has been recognized on the S/T-
interface.

— Leave for the state “F7 activated” after INFO 4 has been recognized on the S/T-
interface.
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— Leave for any unconditional state if any unconditional C/I| command is received.

As can be seen from the transition criteria, combinations of multiple conditions are
possible as well. A “<” stands for a logical AND combination. And a “+” indicates a logical
OR combination.

The sections following the state diagram contain detailed information on all states and
signals used.

Test Signals

e Send Single Pulses (SSP)

One pulse with a width of one bit period per frame with alternating polarity.
e Send Continuous Pulses (SCP)

Continuous pulses with a pulse width of one bit period.

External Layer-1 Statemachine

Instead of using the integrated layer-1 statemachine it is also possible to implement the
layer-1 statemachine completely in software.

The internal layer-1 statemachine can be disabled by setting the L1SW bit in the
TR_CONFO register to ’1°.

The transmitter is completely under control of the microcontroller via register TR_CMD.

The status of the receiver is stored in register TR_STA and has to be evaluated by the
microcontroller. This register is updated continuously. If not masked a RIC interrupt is
generated by any change of the register contents. The interrupt is cleared after a read
access to this register.

The RIC interrupt can also be used if the inchip layer-1 statemachine is enabled. This is
not required in most applications as the important status changes will result in C/I code
change interrupts. However, RIC provides the advantage that status changes on S can
be indicated much faster to the pC then a C/I code change interrupt.

Reset States

An active signal on the reset pin RESET brings the transceiver state machine to the reset
state. The function of this reset event is identical to the C/I code RES concerning the
state machine.

C/l Codes in Reset State

In the reset state the C/I code 0001 (RES) is valid. This state is entered either after a
hardware reset (RESET) or after the C/I code RES.
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5.3.1 State Machine TE Mode

5.3.1.1 State Transition Diagram (TE)

Figure 56 shows the state transition diagram of the SIUC-BA state machine. Figure 57
shows this for the unconditional transitions (Reset, Loop, Test Mode i).

f DC | DI }
i4 F3 TIM

4 Deactivated )
i0 i0
s
AR i2
Y
PU |ARY 2L A DI /PU_TIM
F4 e J AR | F3
Pending Act. Power Up
1 i0 T 0 0
I I Lo I I
/ _—1
3 2l 4+ |4

Uncond. State

e
A
/FS ): X
Synchronized /10" TO1
i3 iZ ix h
’i4 _ / RSY Y\ DI y
i2

AN

\
8 \TIM A
amin
— i0*TO1
i0

L 2 prTo2
——

Al®) |AR? " AR” Y\
! TIM*TO2
\ ( F7 ( F |
Activated i0*TO1 .\ Pending Deact. [

»

i3 | i4 \{ i0

N\

TO1: 16ms
TO2: 05ms

" DR for transition from F7 or F8
DR for transition from F6

2 AR stands for AR8 or AR10

3) Al stands for AI8 or AI10

4) X stands for commands initiating unconditional statem_te_s.ved
transitions (RES, ARL, SSP or SCP)

Figure 56 State Transition Diagram (TE)
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ARL

Any state except
TEST Mode i

statem_te_aloop_s.vsd

Figure 57 State Transition Diagram of Unconditional Transitions (TE)

5.3.1.2 States (TE)

F3 Pending Deactivation

State after deactivation from the S/T interface by info 0. Note that no activation from the
terminal side is possible starting from this state. A’DI’ command has to be issued to enter
the state 'Deactivated State’.

F3 Deactivated State

The S/T interface is deactivated and the clocks are deactivated 500 ps after entering this
state and receiving info 0 if the CFS bit of the SIUC-BA Configuration Register is set to
“0% Activation is possible from the S/T interface and from the IOM-2 interface. The bit
TR_CMD.PD is set and the analog part is powered down (TR_CMD.PD is only set if
ISTATR.LD is inactive).

F3 Power Up

The S/T interface is deactivated (info 0 on the line) and the clocks are running.
F4 Pending Activation

The SIUC-X transmits info 1 towards the network, waiting for info 2.
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F5 Unsynchronized
Any signal except info 2 or 4 detected on the S/T interface.
F6 Synchronized

The receiver has synchronized and detects info 2. Info 3 is transmitted to synchronize
the NT.

F7 Activated

The receiver has synchronized and detects info 4. All user channels are now conveyed
transparently to the IOM-2 interface.

To transfer user channels transparently to the S/T interface either the command ARS8 or
AR10 has to be issued and TR_STA.FSYN must be “1” (signal from remote side must
be synchronous).

F8 Lost Framing
The receiver has lost synchronization in the states F6 or F7 respectively.

Unconditional States
Loop A Closed (internal or external)

The SIUC-X loops back the transmitter to the receiver and activates by transmission of
info 3. The receiver has not yet synchronized.

For a non transparent internal loop the DIS_TX bit of register TR_CONF2 has to be set
to’1’.

Loop A Activated (internal or external)

The receiver has synchronized to info 3. Data may be sent. The indication “AlL” is output

to indicate the activated state. If the loop is closed internally and the S/T line awake
detector detects any signal on the S/T interface, this is indicated by “RSY”.

Test Mode - SSP

Single alternating pulses are transmitted to the S/T-interface resulting in a frequency of
the fundamental mode of 2 kHz.

Test Mode - SCP

Continuous alternating pulses are transmitted to the S/T-interface resulting in a
frequency of the fundamental mode of 96 kHz.

Data Sheet 128 2001-10-01



e

Infineon PSB 2155
technologies
/

ISDN Module
5.3.1.3 C/l Codes (TE)
Command Abbr. | Code | Remark
Activation Request with | AR8 | 1000 |Activation requested by the SIUC-X, D-
priority class 8 channel priority set to 8 (see note)
Activation Request with | AR10 [ 1001 | Activation requested by the SIUC-X, D-
priority class 10 channel priority set to 10 (see note)

Activation Request Loop | ARL | 1010 | Activation requested for the internal or
external Loop A (see note).

For a non transparent internal loop bit
DIS_TX of register TR_CONF2 has to be set
to '1’ additionally.

Deactivation Indication | DI 1111 | Deactivation Indication

Reset RES |0001 |Reset of the layer-1 statemachine

Timing TIM | 0000 |Layer-2 device requires clocks to be
activated

Test mode SSP SSP | 0010 |One AMI-coded pulse transmitted in each

frame, resulting in a frequency of the
fundamental mode of 2 kHz

Test mode SCP SCP |0011 | AMI-coded pulses transmitted continuously,
resulting in a frequency of the fundamental
mode of 96 kHz

Note: In the activated states (Al8, Al10 or AIL indication) the 2B+D channels are only
transferred transparently to the S/T interface if one of the three “Activation
Request” commands is permanently issued.

Indication Abbr. | Code | Remark

Deactivation Request |DR 0000 | Deactivation request via S/T-interface if left
from F7/F8

Reset RES |0001 |Reset acknowledge

Test Mode TMA | 0010 | Acknowledge for both SSP and SCP

Acknowledge

Resynchronization RSY |0100 | Signal received, receiver not synchronous

during level detect

Deactivation Request |DR6 |0101 |Deactivation Request from state F6

from F6
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Indication Abbr. | Code | Remark
Power up PU 0111 | IOM-2 interface clocking is provided
Activation request AR 1000 | Info 2 received
Activation request loop | ARL | 1010 |Internal or external loop A closed
lllegal Code Violation |CVR |1011 |lllegal code violation received. This function
has to be enabled by setting the EN_ICV bit of
register TR_CONFO.
Activation indication AlL 1110 |Internal or external loop A activated
loop
Activation indication Al8 1100 | Info 4 received,
with priority class 8 D-channel priority is 8 or 9.
Activation indication Al10 | 1101 |Info 4 received,
with priority class 10 D-channel priority is 10 or 11.
Deactivation DC 1111 | Clocks are disabled if CFS bit of register

confirmation

MODEH1 is set to ’1’, quiescent state
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5.3.1.4 Infos on S/T (TE)
Receive Infos on S/T (Downstream)
Name Abbr. | Description
info 0 i0 No signal on S/T
info 2 i2 4 kHz frame

A="0’
info 4 i4 4 kHz frame

A:!1!
info X iX Any signal except info 2 or info 4
Transmit Infos on S/T (Upstream)
Name Abbr. | Description
info 0 i0 No signal on S/T
info 1 i1 Continuous bit sequence of the form 00111111’
info 3 i3 4 kHz frame
Test info 1 ity SSP - Send Single Pulses
Test info 2 ity SCP - Send Continuous Pulses
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5.3.2 Command/ Indicate Channel Codes (C/10) - Overview

The table below presents all defined C/I0 codes. A command needs to be applied
continuously until the desired action has been initiated. Indications are strictly state
orientated. Refer to the state diagrams in the previous sections for commands and
indications applicable in various states.

TE

Cmd Ind
Code
0O 0 O O |TIM DR
0O 0 O 1 [RES RES
0O 0 1 0 |[SSP TMA
0O 0 1 1 |[SCP —
o 1 0 0 |- RSY
o 1 o0 1 |- DR6
o 1 1 0 |- —
o 1 1 1 |- PU
1 0 0 0 |ARS8 AR
1 o o0 1 AR10 -
1 0 1 0 |ARL ARL
1 o 1 1 |- CVR
1 1 O 0 |- Al8
1 1 o 1 |- Al10
1 1 1 0 |- AlL
1 1 1 1 DI DC
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5.4 Control Procedures
5.4.1 Example of Activation/Deactivation

An example of an activation/deactivation of the S/T interface initiated by the terminal with
the time relationships mentioned in the previous chapters is shown in Figure 58.

TE NT/Linecard
¢« INFOO
INFO 1
AR | >
RSY | < £ la INFO2
w !
AR | Sy INFO3
oo jeINFO4
£
19 ]
Al | < =¥
. le__INFOO
w
£ |
pRr | < 2V INFOO

A _DEACT.DRV

Figure 58 Example of Activation/Deactivation Initiated by the Terminal
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5.4.2 Activation initiated by the Terminal

INFO 1 has to be transmitted as long as INFO 0 is received.

INFO 0 has to be transmitted thereafter as long as no valid INFO (INFO 2 or INFO 4) is
received.

After reception of INFO 2 or INFO 4 transmission of INFO 3 has to be started.

Data can be transmitted if INFO 4 has been received.

uC Interface TE S/T Interface NT
INFO 0
TDDIS="1", XINF='010Q' INFO 1
| »
RINF='01" INFO 2
« D e ]
XINF="000' :iﬁ TE INFO 0
------ R o EE—
RINF="10' |
4 PR |
XINF='011" INFO 3
| »
INFO 4
P
1 |T2
RINF='11' :; T
4 _———
TDDIS='0' >
INFO 0
S —
1| T3
RINF=00' i ; "
4 _—
TDDIS="1', XINF='000' INFO O
| P »
INFO 0

T1;e: 2106 frames (0.5 ms to 1.5 ms)
T2, 2 frames (0.5 ms)
T3¢ 4 frames (1 ms)

act_deac_te-ext_s.vsd

Figure 59 Example of Activation/Deactivation initiated by the Terminal (TE).
Activation/Deactivation completely under Software Control

Note: RINF and XINF are Receive- and Transmit-INFOs of register TR_STA.
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5.4.3 Activation initiated by the Network Termination NT

INFO 0 has to be transmitted as long as no valid INFO (INFO 2 or INFO 4) is received.
After reception of INFO 2 or INFO 4 transmission of INFO 3 has to be started.
Data can be transmitted if INFO 4 has been received.

uC Interface TE S/T Interface NT
INFO 0
RINF='01" INFO 2
< S IO <
b T
1
1
RINF="10" |
< <
TDDIS="1', XINF='011' INFO 3
Pt »>
INFO 4
N
T2
RINF="11" :l TE
< <
TDDIS="0'
-
INFO 0
R
T3
RINF=00" ; TE
?DD|S='1', XINF='000' INFO 0
S »
INFO 0

T1;g: 2t06 S/T frames (0.5 ms to 1.5 ms)
T2 2 S/T frames (0.5 ms)
T3:e: 4 S/T frames (1 ms)

act_deac_lIt_ext_s.vsd

Figure 60 Example of Activati