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Introduction

Optimized Network Controller with

RISC CPU, Cache AXI s
and Multiple 1/0 Ports A

COMMUNICATIONS

Overview

The AXIS ETRAX 100LX is a single-chip integrated circuit designed for embedded
network connectivity applications. The ETRAX 100LX improves upon the features
available for the AXIS ETRAX 100, including support for Universal Serial Bus 1.1. It
is compatible with the widespread ETRAX family, and offers further advances in
microprocessor design and performance. The ETRAX 100LX chip incorporates the
AXIS CRIS CPU which not only suits all the requirements of a network connectivity
product, but also acts as an integrated core especially suited for our system.

The ETRAX 100LX is ideal in executing multi protocol network stacks on one chip.
The ETRAX 100LX has a 100 MIPS RISC CPU, 8 kilobyte unified instruction/data
cache, high bandwidth DMA controlled 1/0O ports, and an on-chip Fast Ethernet
controller. Its integrated functions, minimal power consumption, and high code
density makes it highly suitable for a wide range of embedded applications that
require high performance and low system cost.

The ETRAX 100LX programmable bus interface supports both 16-bit and 32-bit
data bus widths, and interfaces directly to SDRAM, EDO DRAM, SRAM, EPROM,
parallel EEPROM, and FlashPROM.



1 Introduction

1.2

Features

High performance 100 MIPS (200 MIPS/W) 32-bit RISC CPU, 112k
Dhrystones.

Designed specifically for running Linux by including an MMU.

Ethernet controller supports 100Mbit/10Mbit MIl (Compatible with IEEE
802.3 and Fast Ethernet standards).

Four asynchronous serial ports with an internal baudrate programmable from
48 Hz to 6.25 MHz, and an external baudrate up to 3.125 MHz.

Two synchronous serial ports. Master or Slave synchronous serial mode with
a codec clock between 32 kHz and 4.096 MHz.

Universal Serial Bus 1.1 Host and Device mode operation. Hardware support
for dynamic connect/disconnect, suspend/resume and remote wakeup.

Configuration of up to four EIDE/ATA-2 ports for up to 8 IDE disk drives.

16-bit general 1/0 port. The direction of each bit can be individually
controlled.

Two configurable parallel 1/0 ports for Centronics, IEEE 1284 byte, ECP,
and EPP mode, and Shared RAM interface.

Optimized for compact code and high speed with configurable 16-bit or 32-bit
bus width.

Bus interface supporting SDRAM, EDO DRAM, SRAM, EPROM, parallel
EEPROM, and FlashPROM.

8 kilobyte on chip cache memory.
DMA controlled network and port 1/O for high performance
Excellent C/C++ language support and high code density.

Configurable bootstrap through network, serial, and parallel ports as well as
FlashPROM.

Low power consumption, 350 mW typically.
256-pin PBGA package, 27 x 27 x 2.15 mm.

AXIS ETRAX 100LX Designer's Reference (February 9, 2006)
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1.3 Functional Block Diagram
‘_,_,3 ] Clock
! UART x2 Generator CRIS CORE
— 100 MHz
3 Configurable Interrupt 8Kb Instruction/Data Cache
H Blocks Controller

GPIO (up to 62 Pins)

J00ge

USB 1.1x2

IDE x4

UART x2

1284 x2

Synchronous
Serial x2

10-Channel DMA, 64 Byte FIFO

MMU

50 MHz BUS

32-bit Data, 32-bit Address I/

General

1 Fixed Timer, Watchdog Timer

Purpose Timers,

Memory
Controller

External
Peripheral
Controller

The CPU in ETRAX 100LX is a RISC CPU with internal cache memory. Data
handling is provided by internal DMA within the chip as well as to and from external
units. The internal clocks are generated by a PLL clock multiplier that takes its input
from an external clock generator. ETRAX 100LX provides internal and external
vectorized interrupt.
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2 RISC CPU

2 RISC CPU

The CPU in ETRAX 100LX is a 32-bit RISC CPU with a 16-bit wide instruction.
The CPU complies with the Axis Code Reduced Instruction Set (CRIS) architecture.
It runs at a cycle frequency of 100 MHz, giving a peak performance of 100 MIPS. A
summary of the CRIS architecture is given below. The CRIS CPU architecture is
described in more detail in the “ETRAX 100LX Programmer’s Manual”.

2.1 Registers

The processor contains 14 32-bit General Registers (RO - R13), one 32-bit Stack
Pointer (R14 or SP), and one 32-bit Program Counter (R15 or PC).

The processor architecture also contains 16 Special Registers (PO - P15), ten of which
are implemented. The registers are presented in the figures below:

General Registers:

31 16 15 87 0

RO - R13: General Registers

" | SPorR14: Stack Pointer

PC or R15: Program Counter

Figure 2-1  General Registers

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006) 5



2 RISC CPU

Special Registers:

T ! (PO)  Constant Zero Register

‘:l VR (P1) Version Register
|

(P2) Reserved

15 8 :_ I (P3) Reserved
: _____ - _: (P4)  Constant Zero Register
| CCR (P5) Condition Code Register
31 16 ; : (P6) Reserved
| MOF (P7) Multiply Overflow Register
! ! (P8)  Constant Zero Register
IBR  (P9) Interrupt Base Register
B N IRP (P10) Interrupt Return Pointer
B N SRP (P11) Subroutine Return Pointer
B | BAr (P12) Breakpoint Address Register
B N DCCR (P13) Dword Condition Code Register
B N BRP (P14) Breakpoint Return Pointer
B N USP  (P15) User Mode Stack Pointer
Figure 2-2  Special Registers
2.2 Flags and Condition Codes

The Condition Code Register (CCR) and its 32-bit extension, the Dword Condition
Code Register (DCCR), for the ETRAX 100LX contain eleven different flags. The
remaining bits are always zero:

msb 10 0

0 FI{PIlUM|B|I |X|[N|Z|V]|C

Interrupt Acknowledge Flag J

Write Failed Flag

User Mode Flag

NMI Flag

Breakpoint Enable Flag

Interrupt Enable Flag

Extended Arithmetic Flag

Negative Flag

Zero Flag

Overflow Flag

Carry Flag

Figure 2-3  The Condition Code Register (CCR)/ Dword Condition Code Register (DCCR)
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2 RISC CPU

These flags can be tested using one of the 16 condition codes specified below:

Code Alt Condition Encoding Boolean Function
cc HS Carry Clear 0000 C

CS LO Carry Set 0001 C

NE Not Equal 0010 z

EQ Equal 0011 z

VvC Overflow Clear 0100 Y

VS Overflow Set 0101 \Y

PL Plus 0110 N

Mi Minus 0111 N

LS Low or Same 1000 C+z

HI High 1001 C+«Z

GE Greater or Equal 1010 N+V+N«V

LT Less Than 1011 N«V+NxV
GT Greater Than 1100 N+*V+Z+Nx«Vs+Z
LE Less or Equal 1101 Z+N+«V+N*V
A Always True 1110 1

WF Write Failed 1111 P

Table 2-1 Condition Codes

2.3 Data Organization in Memory

The data types supported by the CRIS are:

Name Description Size Modifier
Byte 8-bit integer .B

Word 16-bit integer W

Dword 32-hit integer or address .D

Table 2-2 Data Types supported by the CRIS

Each address location contains one byte of data. Data is stored in memory with the
least significant byte at the lowest address (“little endian”). The CRIS CPU in
ETRAX 100LX has a 32-bit wide data bus. A conversion from 32 bits to 16 bits is
performed by the bus interface in the case of an external 16-bit data bus mode.

Data can be aligned to any address. If the data crosses a 32-bit boundary, the CPU

will split the data access into two separate accesses. So, the use of unaligned word and
dword data will degrade performance.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006) 7
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2.4

The figures below show examples of data organization with a 16-bit bus and a 32-bit

bus:
Odd address Even address Address
115 0
I I I I I I I I | |
Byte b Byte a An
msb Wo}d c Isb| An+2
T
| Isb| An+4
———————————————— Dwordd ——=——=————=——=——+
msb ‘ An + 6
Word f Isb Byte e An +8
_________________ Isb | msb Word f An + 10
Dword g An + 12
msb An + 14
| [ |
| |
Figure 2-4 Example of Data Organization with a 16-bit Bus
| An+3 | An +2 | An+1 | An | Address
31 24 . 23 16 15 8,7 0
msb Ward ¢ Isb Byte b Byte a An
msb ! Dword d Isb| An+4
Dword g Isb | msb Ward f Ish Byte e An +8
'r msb ' Dword g . An + 12

Figure 2-5 Example of Data Organization with a 32-bit Bus

Instruction Format

The basic instruction word is 16 bits long. Instructions must be 16-bit aligned.

When the CPU fetches 32 bits, containing two 16-bit aligned instructions, it saves
the upper two bytes in an internal prefetch register. Thus, the CPU will only perform
one read for every second instruction when running consecutive code.

The most common instructions follow the same general instruction format:

15

0

I I I I
Operand2
| | |

Opcode Size
| | |

Operandl
| | |

Figure 2-6  General Instruction Format
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2 RISC CPU

The following definitions apply to the instruction descriptions:

Syntax Definition

m Size modifier, byte, word or dword

z Size modifier, byte or word

Rm General register

Rn General register

Rp General register

Rs Source operand, register addressing mode

[Rs] Source operand, indirect addressing mode

[Rs+] Source operand, auto increment addressing mode

s Source operand, any addressing mode except quick immediate
si Source operand, any mode except register or quick immediate
se Source operand, indexed, offset, double indirect or absolute addressing mode
Pn Special register

Ps Source operand, special register

i 6-bit signed immediate operand

j 6-bit unsigned immediate operand

c 5-bit immediate shift value

Rd Destination operand, register addressing mode

[Rd] Destination operand, indirect addressing mode

[Rd+] Destination operand, auto increment addressing mode

d Destination operand, any addressing mode except quick immediate
di Destination operand, any mode except register or quick immediate
Pd Destination operand, special register

0 8-bit branch offset, bit 0 is the sign bit

X 8-bit signed immediate value

XX 16-bit signed immediate value

XXXX 32-bit signed immediate value

u 8-bit unsigned immediate value

uu 16-bit unsigned immediate value

uuuu 32-bit unsigned immediate value

cc Condition code

n 4-bit breakpoint entry number

Table 2-3  Syntax Definitions

For a description of how the flags are affected, the following definitions apply:

Syntax Definition

- Flag not affected

0 Flag cleared
1 Flag set
* Flag affected according to the result of the operation

Table 2-4  Flags Behavior Definitions

Instructions that do not have size modifiers operate on 32-bit data. The exception to
this rule are those instructions that operate on 8-bit and 16-bit special registers.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



2 RISC CPU

2.4.1 Addressing Modes

The CRIS CPU has four basic addressing modes, which are encoded in the mode
field of the instruction word. The basic addressing modes are:

e Quick immediate mode

e Register mode

e Indirect mode

e Autoincrement mode (with Immediate mode as a special case)

More complex addressing modes can be achieved by combining the basic instruction
word with an addressing mode prefix word. The complex addressing modes are:

* Indexed

e Indexed with assign
*  Offset

e Offset with assign

* Double indirect

e Absolute

10 AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



2 RISC CPU

The addressing modes of the CRIS CPU are described in the table below:

Assembler Syntax
i

Rn

Pn

[Rn]

[Rn+]

X, U

XX, Uu

XXXX, uuuu
[Rn+Rm.m]
[Rp=Rn+Rm.m]
[Rn+[Rm].m]
[Rn+[Rm+].m]
[Rn+x]

[Rn+xx]
[Rn+xxxx]
[Rp=Rn+[Rm].m]
[Rp=Rn+[Rm+].m]
[Rp=Rn+x]
[Rp=Rn+xx]
[Rp=Rn+xxxx]
[[Rn]]

[[Rn+]]

[uuuu]

Addressing Mode

Quick immediate

Register

Special register

Indirect

Post increment

Byte immediate

Word immediate

Dword immediate

Indexed

Indexed with assign

Indirect offset

Autoincrement offset

Immediate byte offset

Immediate word offset

Immediate dword offset

Indirect offset with assign
Autoincrement offset with assign
Immediate byte offset with assign
Immediate word offset with assign
Immediate dword offset with assign
Double indirect

Double indirect with auto increment
Absolute

Table 2-5 The CRIS CPU Addressing Modes

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)
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2 RISC CPU

2.4.2 Data Transfers

The data transfer instructions for the CRIS CPU, the two predefined assembler
macros POP and PUSH, and the word/byte/bit SWAP instruction set are specified in
table 2-6 below.

. Flag Operation o
Instruction Description

FPUMBI XNZVC

CLEAR.m d - - - - - - 0 - - - - Cleardestination operand

MOVE.m s,Rd - - - - - - 0 * * 0 0 Movefromsource to general register

MOVE.m Rs,di - - - - - - 0 - - - - Movefrom general register to
memory

MOVE s,Pd * % x . x % (g * * * * |Movefrom source to special register

(Pd == CCR/

DCCR)

MOVE s,Pd - - - - - - 0 - - - - Movefrom source to special register

(Pd!= CCR/

DCCR)

MOVE Ps,d - - - - - - 0 - - - - Movefrom special register to
destination

MOVEM Rs,di - - - - - - 0 - - - - Movemultiple registers to memory

MOVEM si,Rd - - - - - - 0 - - - - Movefrommemory to multiple
registers

MOVEQ i,Rd - - - - - - 0 * * 0 0 Moveb6-bitsigned immediate

MOVS.z s,Rd - - - - - - 0 * * 0 0 Movewithsign extend

MOVU.z s,Rd - - - - - - 00 * 0 0 Movewith zeroextend

POP Rd - - - - - - 0 * * 0 0 Popregister from stack

POP Pd * % x . x % ( * % * % Popspecial register from stack

(Pd == CCR/

DCCR)

POP Pd - - - - - - 0 - - - - Popspecial register from stack

(Pd!= CCR/

DCCR)

PUSH Rs - - - - - - 0 - - - - Pushregister onto stack

PUSH Ps - - - - - - 0 - - - - Pushspecial register onto stack

SBFS di - - - - - - 0 - - - - Savebusfault status

SWAP <opt.> Rd - - - - - - 0 * * 0 0 Swapoperand bits

Table 2-6  Data Transfer Instructions

Option Description

N Invert each bit

W Swap the words of the operand

B Swap the two bytes within each word of the operand

R Reverse the bit order within each byte of the operand

Table 2-7  Options for the Word/Byte/Bit Swap Instruction

12 AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)
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2.4.3

Arithmetic Instructions

The arithmetic instructions for the CRIS CPU are described in the table below:

Instruction

ABS
ADD.m
ADDI
ADDQ
ADDS.z
ADDU.z
BOUND.m
CMPm
CMPQ
CMPS.z
CMPU.z
DSTEP
MSTEP
MULS.m
MULU.m
NEG.m
SUB.m
SUBQ
SUBS.z
SUBU.z
TEST.m

Table 2-8  Arithmetic Instructions

2.4.4

Rs,Rd
s,Rd
Rs.m,Rd
J,Rs
s,Rd
s,Rd
s,Rd
s,Rd
i,Rd
si,Rd
si,Rd
Rs,Rd
Rs,Rd
Rs,Rd
Rs,Rd
Rs,Rd
s,Rd
j,Rd
s,Rd
s,Rd

S

Flag Operation

F

p

u

Logical Instructions

M

O O O O O O O O O O O O O o o o o o o o o X

Description

Absolute value

Add source to destination register
Add scaled index to base

Add 6-bit unsigned immediate

Add sign extended source to register
Add zero extended source to register
Adjust table index (unsigned min)

Compare source to register

Compare with 6-bit signed immediate

Compare with sign extended source
Compare with zero extended source
Divide step

Multiply step

Signed multiply

Unsigned multiply

Negate (2's complement)

Subtract source from register
Subtract 6-bit unsigned immediate
Subtract with sign extended source
Subtract with zero extended source

Compare operand with 0

The logical instructions for the CRIS CPU are described in the table below:

Instruction

AND.m
ANDQ
NOT
OR.m
ORQ
XOR

s,Rd
i,Rd
Rd
s,Rd
i,Rd
Rs,Rd

Flag Operation

F

P

Table 2-9  Logical Instructions

u

M

o o o o o o X

© o o o o o <

O O o o o o 0O

Description

Bitwise logical AND

AND with 6-bit signed immediate
Logical NOT (1's complement)
Bitwise logical OR

OR with 6-bit signed immediate

Bitwise Exclusive OR

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)
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2.4.5 Shift Instructions

The shift instructions of the CRIS CPU are shown in the table below. When the shift
count is contained in a register, the 6 least significant bits of the register are used as an
unsigned shift count.

. Flag Operation o
Instruction Description

FPUMBI XNZVC
ASR.m Rs,Rd 0 0 0 Rightshift Rd with sign fill
ASRQ c,Rd 0 * * 0 0 Rightshift Rd with sign fill
LSL.m Rs,Rd 0 * * 0 0 Leftshift Rd with zero fill
LSLQ ¢,Rd 0 * * 0 0 Leftshift Rd with zero fill
LSR.m Rs,Rd 0 * * 0 0 Rightshift Rd with zero fill
LSRQ c¢,Rd 0 * * 0 0 Rightshift Rdwith zero fill

Table 2-10  Shift Instructions

2.4.6 Bit Test Instructions

The bit test instructions of the CRIS CPU are shown in the table below.

The BTST and BTSTQ instructions set the Z flag if the selected bit and all bits to
the right of it are zero, and the N flag according to the selected bit in the destination
register.

. Flag Operation L
Instruction Description

FPUMBI X N2ZVC
BTST Rs,Rd 0 * * 0 0 TestbitRsin register Rd
BTSTQ c,Rd 0 * * 0 0 Testhitcin register Rd
Lz Rs,Rd 0 0 * 0 0O Numberofleading zeroes
Table 2-11  Bit Test Instructions
2.4.7 Condition Code Manipulation Instructions

The condition code manipulation instructions of the CRIS CPU are shown in the
table below. The predefined assembler macros El, DI and AX are also shown.

. Flag Operation L
Instruction Description

FPUMBI XNZVC
AX 1 Arithmetic extend (SETF X)
CLEARF <list> 00 - - * * 0 * * * * Clearflagsin list
DI 00 - - - 00 Disable interrupts (CLEARF 1)
El - - - - - 10 Enable interrupts (SETF 1)
Scc Rd 0 Set register according to cc
SETF <list> - - - * ox ok k% ok % % Getflags in list

Table 2-12  Condition Code Manipulation Instructions
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2.4.8 Jump and Branch Instructions
The jump and branch instructions of the CRIS CPU and the predefined assembler
macros RET, RETB and RETI are shown in the table below:
Flag Operation
Instruction T T 1T X T T Description
Bce 0 - - - - - 0 - - - Conditional relative branch
Bec XX - - - - - 0 - - - Branch with 16-bit offset
BREAK n 1 - * - - 0 - - - Breakpoint
JBRC S - - - - - 0 - - - Jump to breakpoint routine (note)
JIR S - - - - - 0 - - - Jump to interrupt routine
JIRC S - - - - - 0 - - - Jump to interrupt routine (note)
JMPU si - - - - - 0 - - - Jump and set operation mode
JSR S - - - - - 0 - - - Jump to subroutine
JSRC S - - - - - 0 - - - Jump to subroutine (note)
JUMP S - - - - - 0 - - - Jump
RBF si - - x - - * - - - Return from bus fault
RET - - - - - 0 - - - Return from subroutine
RETB - - - - - 0 - - - Return from breakpoint routine
RETI - - - - - 0 - - - Return from interrupt routine
Table 2-13  Jump and Branch Instructions
Note: The JBRC, JIRC and JSRC instructions will add four bytes to the return address stored to either SRP,
IRP or BRP. This leaves four bytes unused between the JSRC/JIRC/JBRC instruction and the return
point. This can be used to enhance C++ exception support.
2.4.9 No Operation Instruction

Finally, the CRIS CPU also has a no operation instruction, NOP.

Flag Operation
F P UMB.I
NOP - - - - - -0 - - - -

Instruction Description

No operation

Table 2-14  No Operation Instruction

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)
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2.5

2.5.1

2.5.2

16

MMU Support

Overview

To support the Memory Management Unit (MMU) incorporated into the ETRAX
100LX, a number of features have been included in the CRIS architecture:

e The CPU can be in one of two different operation modes: User mode and
Supervisor mode. The MMU uses the operation mode to select the appropriate
mapping between logical and physical addresses.

e The Bus fault is a mechanism that can interrupt the CPU in any cycle, not only
at instruction boundaries. This mechanism is needed because the MMU can get
a page miss in any cycle.

e With the introduction of the bus fault mechanism, integral read-write operations
can not be achieved by just disabling the interrupt. Instead, another method is
used, see section 2.6 Integral Read-Write Operations.

The user and supervisor modes have different stack pointers. In both modes, the User
mode Stack Pointer can be referenced as USP, while the currently active Stack
Pointer is referenced as SP (or R14).

The following CRIS instructions are included specifically for MMU support:

e SBFS (Save Bus Fault Status)
e RBF (Return from Bus Fault)
e JMPU (Jump, set user mode if U flag is set)

The SBFS and RBF instructions are used at the entry and exit of the bus fault
interrupt routine. They save and restore a 16 byte CPU status record containing the
information necessary to resume the operation that was interrupted by the bus fault.

Protected Registers and Flags

A few registers and flags need to be protected from being modified while the CPU is
in user mode. The protected registers and flags are:

e IBR (Interrupt Base Register)

*  BAR (Breakpoint Address Register)
« M flag (NMI enable flag)

e B flag (HW breakpoint enable flag)

e | flag (Interrupt enable flag)

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



2 RISC CPU

An attempt to modify a protected register while in user mode will just be silently
denied. It will not cause any exception. The protected registers are readable in both
user and supervisor modes.

2.5.3 Transition Between Operation Modes

A transition between the user and supervisor modes can take place for the following
reasons:

Transition to user mode:

e JMPU with the U flag set

e RBF with the U flag set

e RETI with the U flag set

e RETB with the U flag set

Transition to supervisor mode:

e System Reset

* BREAK instruction

e Interrupt (including NMI and HW break)
* Bus fault

The stack pointers will be automatically exchanged at a transition between the user
and supervisor modes.

2.5.4 Bus Fault Sequence

When the MMU signals a Bus Fault, the CPU will interrupt immediately at the end
of the CPU clock cycle and enter a Bus Fault sequence. The Bus Fault sequence is
similar to the ordinary interrupt sequence, see section 2.7 Interrupts.

The steps in the sequence are:

1 Bus Fault INTA cycle. This cycle will be an idle bus cycle.

2 Interrupt vector read cycle. The vector number will be 0x2e in MMU bus faults,
and 0x20 in bus faults in the single step unit.

3 Start execution of the Bus Fault interrupt routine at the address given by the
interrupt vector.

When entering into the Bus Fault interrupt routine, the internal CPU status is

present in hidden CPU status registers. This status has to be saved to the memory
using the SBFS instruction as the first instruction in the interrupt routine.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006) 17
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255

18

Format of the CPU Status Record

The format of the CPU status record is as follows:

31 0
PC An
Instruction Execution State An+4
Interrupted Address An + 8
Data An + 12

Figure 2-7 CPU Status Record Format

The PC field contains the value of PC immediately after the interrupted cycle.
For example, if the bus fault occurs on an instruction fetch at address A in a
linear instruction stream, the PC field will contain the value A + 2.

The Execution state field contains a number of flags that enables the CPU to
restart in the correct execution state. For more detail regarding these flags see
Chapter 1 of the ETRAX 100LX Programmer’s Manual.

If the interrupted cycle was a data read or write (i.e. not an instruction fetch), the
Instruction field contains the opcode of the interrupted instruction. If the
interrupted cycle was an instruction fetch, the instruction field will contain the
invalid data that was fetched during the interrupted cycle.

The Interrupted Address field contains the address of the data entity in transfer
during the interrupted cycle.

Finally, the Data field contains data associated with the interrupted instruction.

For more information see Chapter 1 of the ETRAX 100LX Programmer’s
Manual.
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2.6 Integral Read-Write Operations

Since a bus fault can interrupt the CPU in any bus cycle (except INTA), it is not
possible to ensure the integrity of a piece of code just by disabling the interrupts or by
only using instructions that lock out interrupts between them. Instead, integral read-
write operations can be implemented by using the Load-Locked, Store-Conditional
principle discussed in the ETRAX 100LX Programmer’s Manual.

Support for integral read-write operations includes the F and P flags, and a
conditional write mechanism:

e The Fflag (Interrupt acknowledge flag) is set by interrupts, bus faults, and the
BREAK instruction.

e Allinstructions that write to memory, except for SBFS, can be made conditional.
If both the F and X flags are set, no write will be performed and the P flag will be
set instead.

2.7 Interrupts

The CRIS CPU uses vectorized interrupts that are generated either externally to, or
internally by, the ETRAX 100LX. The interrupt acknowledge sequence is as follows:

1 Perform an INTA cycle, where the 8-bit vector number is read from the bus.

2 Store the contents of PC to the Interrupt Return Pointer (IRP). Note that the
return address is not automatically pushed on the stack.

3 Read the interrupt vector from the address [IBR + <vector number> « 4].
4 Start the execution at the address pointed to by the interrupt vector.

The Interrupt Base Register (IBR) has bits 31-16 implemented. The remaining bits
are always zero.

Interrupt Base Register

31 16 0
IBR o[oJoJoJoJoJoJoJoJoJo]o]o]o]o]0]

7 0
| Vector Number |O| O|

®
Interrupt Vector Address

31 0
| IBR o[oJoJoJoJo][  VectorNumber [o]0]

Figure 2-8  Interrupt Vector Address Calculation
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NMI

The Non Maskable Interrupt (NMI) is handled in the same way as the normal
interrupt except for the following three differences:

e The return address is stored in the Breakpoint Return Pointer (BRP) instead of
the IRP.

* The NMI is enabled/disabled by the M flag instead of the I flag. The M flag can
be set with the SETF M instruction. Move to CCR/DCCR has no effect. Once
set, the M flag can only be cleared by an NMI acknowledge cycle or system reset.

e The INTA cycle will be an idle bus cycle, and the vector number 0x21 is
generated internally in the CPU.

Software Breakpoints

The CRIS CPU has a breakpoint instruction (BREAK n). This instruction saves the
current value of PC in the Breakpoint Return Pointer (BRP) register and performs a
jump to address (IBR + 8 « n).

Interrupt Base Register

H 16 0
| IBR o[oJoJoJoJoJofoJofo]oJo]o]o]o]0]
3 0
[ m [ofo]o]
O,
Breakpoint Routine Entry
31 0
| IBR o[oJoJoJoJoJoJoJo] n TJoJo]o]

Figure 2-9  Breakpoint Routine Entry Address Calculation

Hardware Breakpoint Mechanism

The CPU contains a hardware breakpoint mechanism. The hardware breakpoint
address is loaded in the BAR register (Breakpoint Address Register), and the
hardware breakpoint mechanism is enabled by setting the Breakpoint enable flag B
(see Figure 2-2 on page 6).

For each CPU read or write cycle, the address is compared with the contents of the
BAR register. In order to detect a read or write in the dword (and not just a single
byte) of the address location, bit 1 and O are ignored in the comparison. Bit 31 is also
ignored in the comparison since that bit handles the cache in the ETRAX 100LX
(address bit 31 set will bypass the cache and directly access the main memory).

An address hit is handled in the same way as an NMI with interrupt vector number
0x20, except that a breakpoint hit is not affected by the M flag.

The hardware breakpoint mechanism is disabled after reset.
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3 SINGLE STEP

3.1 General

There is a simple single step mechanism in the ETRAX 100LX. The single step is
controlled by 4 mode bits (19:16) in the R_TEST_MODE register.

Bit nr. Name Description

19 single_step Turns single step on and off.

18 break_write Enables the single step unit to break execution on memory write cycles.

17 break_read Enables the single step unit to break execution on memory data read cycles (as
opposed to instruction fetch).

16 break_fetch Enables the single step unit to break execution on instruction fetch cycles. This
will break both fetch from memory and fetch from the CPU internal prefetch
register.

Table 3-1  Single Step Control Bits in the R_TEST_MODE Register

The single step unit is started by first setting the appropriate bits in the
R_TEST_MODE register, and then using the RBF instruction to jump to the code
through which the single step should be performed.

The single step unit will issue a bus fault on the first CPU cycle that matches the
cycle types selected in the R_TEST_MODE register.

The single step bus fault uses the interrupt vector number 0x20, which is the same
interrupt vector that is used by the HW break mechanism. As a result, it is not
recommended that the single step and the HW break mechanisms be enabled at the
same time.

After the bus fault has occurred, the single step unit is disabled until after the next
RBF instruction has been executed and the restarted cycle has been completed.

If a single step bus fault occurs at the same time as an MMU bus fault, the single step
bus fault will have priority. This means that the single step routine must be able to
check for this case and invoke MMU handling as well, but the MMU handler doesn't
need to be aware of the single step mechanism. To check for concurrent MMU and
single step bus faults, there is a both_faults bit (R_BUS_STATUS bit 4) that is set
when this happens. The both_faults bit is cleared when the CPU runs an RBF
instruction.

3.2 Programming Considerations

A special case occurs with interrupts when the break_read bit is set. The single step
unit will then break also on interrupt vector read cycles. This case can be identified
by a bit in the CPU status record, but the interrupt sequence cannot be automatically
restarted by the RBF instruction. The single step handler routine must check for this
case and compensate for it.
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When single stepping through code that uses the integral read-write mechanism, the
‘old F flag" in the CPU status record must be checked, and the F flag in CCR must be
restored if there wasn't a concurrent MMU bus fault. Otherwise, the conditional
write will always fail in single step mode, and the program will hang.

Another problem that has to be taken care of occurs when single stepping through
code that pops data from the supervisor stack. After a bus fault in the data read cycle
of a pop, the stack pointer will already be incremented. If the single step handler uses
the stack this will clobber the stack data that was going to be read when the bus fault
occurred.

There are two possible solutions for this problem:
1 Reserve extra space on the stack.

Example:
SBFS [SP = SP - 80] ; Reserve 64 extra bytes
PUSH DCCR
DI
MOVE [SP = SP + 84], DCCR ; Dummy read to adjust SP, and
; lock out irqg.
MOVE [SP - 84], DCCR ; "POP" DCCR

RBF [SP - 80]

This will reserve stack space corresponding to the maximum SP increment that could
occur with Autoincrement addressing mode. The maximum of 64 bytes occurs with
the MOVEM [SP+], PC instruction.

This method will only work as long as the program you are single stepping through
doesn't itself use the same method as described above to access values on the stack
after the stack pointer has been incremented.

1 Store status at absolute address and have a separate stack for the single step
handler.

Example:
SBFS [STATUS RECORD] ; Save CPU status to
; absolute address.
MOVE DCCR, [SAVED DCCR] ; Save DCCR to absolute address.
DI
MOVEM SP, [SAVED REGS] ; Save all registers to
; absolute address.
MOVE.D SINGLE STEP SP, SP ; Load new sp value for

; single step handler.

MOVEM [SAVED REGS], SP
MOVE [SAVED DCCR], DCCR
RBF [STATUS RECORD]
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4 Memory Management Unit

The ETRAX 100LX includes a Memory Management Unit (MMU) that manages
the physical memory resources of the device. The MMU has a number of purposes:

«  Protecting the code and data of one user-level application from other user-level
applications.

e Permitting user-level applications to share portions of the address space.
e Protecting the kernel-level code and data from user-level applications.

* Running applications that are partially resident in main memory. Only the most
recent part of such an application is normally stored in main memory: the rest of
the program is stored on disk until needed. This is more commonly known as
swapping.

e Reference counting in support of a garbage collection mechanism.

The MMU implements a virtual memory system where it creates the illusion of a
very large amount of memory exclusively available for each application.

In ETRAX 100LX, 4 GBytes of virtual memory are made available to each
application. Each application is also given a separate address space identifier that is
used by the MMU to separate its memory from other applications.

The virtual memory is divided into 8 KByte pages which can be individually
protected and mapped to physical memory. The upper 19-bit part of the 32-bit CPU
address is known as the virtual page number (vpn), while the lower 13-bit part is used
as an offset within each page. The vpn is translated into a 19-bit physical page
number (pfn) while the page offset remains unchanged through the MMU. The
MMU uses the CPU’s User and Supervisor Modes to restrict access and select the
appropriate mapping from logical to physical addresses in the virtual memory space.

Mapping from virtual address to physical address is handled by a Translation
Lookaside Buffer (TLB). The TLB is an on-chip cache that provides translations in the
form of page table entries (pte). The ptes are stored in page tables in main memory. If
a virtual-to-physical address translation is not found in the TLB, the MMU will
interrupt the CPU and use a software table walker to look for the translation in the
main memory page table.

In some cases the MMU is not used, so it can be disabled in register
R_MMU_ENABLE. By default the MMU is disabled after reset. When the MMU is
disabled, the ETRAX 100LX is considered to be in non-protected mode and memory
is accessed in the conventional manner.

Please see chapter 18.17 MMU Registers for detailed information on the MMU
registers.
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MMU Memory Areas

The MMU operates with two types of memory area:

»  Kernel/user area - accessed in the CPU User and Supervisor Modes, and mainly
contains user code and data structures.

« Kernel area - accessed in the CPU Supervisor Mode only and may include kernel
code and data structures, 1/0O-buffers, DMA-buffers, mode registers, etc.

Kernel/User Address Space

The kernel/user address space is a uniform, virtual address area of 4 GBytes in size. It
is divided into 8 KByte pages that can be individually protected and mapped to
physical memory. Mapping is executed through the TLB, which translates a virtual
address into a corresponding physical address. Each user process has a unique
translation of virtual addresses placed in page tables in main memory. The page tables
are maintained by the kernel.

Virtual Addresses

Mapping

Physical Addresses

31 FFFFFFFF
Kernel/User Translation DRAM
Address Space Lookaside Un-cached
Buffer
Registers
FLASH/SRAM/
. 4Gbytes Peripheral
Virtual address f
from CPU D —— arranged in _ Page Tables >
8Kbyte pages
DRAM
Cached
lllegal
FLASH/SRAM/
0= Peripheral
00000000

Figure 4-1  Kernel/User Virtual Address Space
Kernel Address Space

The kernel address space is divided into sixteen 256 MByte segments designated
seg_0 to seg_f. Each segment can be individually configured to use page mapping or
linear segment mapping. The mapping method is determined in kernel segment
register R_MMU_KSEG. When a bit in this register is set to 0, the corresponding
segment is page-mapped via the TLB. When a segment bit is set to 1, the
corresponding segment is linear mapped by means of a 4-bit offset. Linear-mapped
segments do not use the TLB.

Page-Mapped Kernel Segments

Kernel address segments that use page mapping are divided into 8 KByte pages
controlled by the TLB. The four-bit base fields in registers R_MMU_KBASE _LO
and R_MMU_KBASE_HI are ignored for page mapping purposes.
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Virtual Addresses Mapping Physical Addresses
31 — FFFFFFFF
Kernel/User Translation DRAM
Address Space Lookaside Un-cached
Buffer
Registers
4Gbytes FLASH/SRAM/
. arranged in Peripheral
Virtual address
from CPU E— 16 x 256 Mbyte —_— Page Tables _—
segments DRAM
(seg_0 to seg_f) Cached
lllegal
FLASH/SRAM/
0 — Peripheral
00000000

Figure 4-2  Kernel Page-mapped Virtual Address Space

Linear Segment-Mapped Kernel Areas

The virtual addresses of kernel segments that use linear mapping are converted to
physical addresses by translating the four m.s.b. of the 32-bit virtual address from the
CPU. The linear translation is handled in two registers, R_MMU_KBASE_HI and
R_MMU_KBASE_LO. The 4-bit base field in these registers becomes address bits
31 to 28 when translating to physical addresses. Bits 27 to 0 of the virtual address are
unchanged when translated to a physical address.

31 28 0
1
From CPU virtual address
|
|
|
|
|
|
|
|
3 0 :
Translation by |
kernel base base :
registers |
|
|
|
|
|
|
|
Y |
31 28 0
1
To cache translated physical address

Figure 4-3  Linear Segment Address Translation
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Translation Lookaside Buffer

The Translation Lookaside Buffer is a 64-entry cache that maps a virtual address to a
physical address. If a translation cannot be found in the TLB (a TLB miss), the CPU
is interrupted (chapter 2, refers) and the software is required to load a new
translation into the TLB.

TLB Memory Sets

The TLB comprises four 16-entry memory sets designated O to 3. The TLB is thus

four-set associative. This means that a vpn from the CPU can be stored at only one

location in each of the four TLB memory sets, and in each set the chosen location is
the same (see Figure 4.4).

An example of possible locations for different addresses in the TLB is given in the
table below.

VPN Positions in TLB
0 0 16 32 48
1 1 17 33 49
2 2 18 34 50
14 14 30 46 62
15 15 31 47 63
16 0 16 32 48
17 1 17 33 49

Table 4-1 Example of Virtual Address Positions in the TLB

The selection of the TLB set in which a particular vpn will be stored must be
configured in software. The location at which the vpn will be placed within the TLB
set is determined by a 4-bit index comprising bits 13 to 16 of the incoming virtual
address from the CPU.

In the event of a TLB miss, a 2-bit set number is provided by a random number
generator. The random set number is combined with the 4-bit index from the CPU
address to form a 6-bit index. This index is stored in register R_TLB_SELECT, and
can be used to choose which of the 64 TLB entries to replace. It is also possible for
the software to use another algorithm to select the entry to replace. As shown below,
bits 4 and 5 of the index provide the TLB set number and bits 3 to 0 denote the
location within the set.

set location

5(4(3]2(1]0

Figure 4-4  Format of TLB Miss Exception Index
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To accommodate the 8 KByte page size, the lower 13 bits of the 32-bit virtual
address from the CPU are not changed by the translation. The 19-bit virtual page
number is translated into a 19-bit physical frame number.

The principle of the TLB memory sets is illustrated below.

TLB Set 1
——OR—®| 0
1
2
|
|
|
|
|
|
|
|
|
|
Virtual address 1
from CPU 14
15
1 31
TLB Set 2
——OR—®| 0
1
TLB . 5
vpn 1
|
|
| |
|
17 :
TLB set () 16 |
f |
index ©) 13 |
12 !
14
15
13-bit
page TLB Set 3
offset ——OR—»| 0
1
2
L 10 |
|
|
|
|
|
|
|
|
|
|
14
15
TLB Set 4
——OR—®| 0
1
2
|
|
|
|
|
|
|
|
|
|
|
14
15

Figure 4-5 TLB Memory Sets
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TLB Entries

Entries stored in the TLB are 44 bits in width. They consist of a virtual to physical
address translation, a page identification, and control bits. The format of a TLB entry
is shown below.

21 20

22 19

143 38,37 23,\ ,‘ N /|18 0,

page id vpn | | | | | pfn
L

Figure 4-6 Format of a TLB Entry
e pfn - the translated address expressed as a 19-bit physical frame number;

e vpn - the virtual address expressed as a 15-bit virtual page number: the remaining
4 bits are composed from the 4-bit TLB set index.

e page_id - the 6-bit page identification;

e we - write enable bit 19 is used to write-protect the page;

e Kkernel - bit 20 is used to prevent access to the page during CPU User Mode;
« valid - bit 21 indicates that the TLB entry contains a valid address translation;

» global - bit 22 indicates whether or not the TLB ignores the page identification
matching conditions for a TLB hit.

If the global bit is not asserted (0), the page_id in the TLB entry is compared to the
value of the 6-bit page_id in register R_ MMU_CONTEXT. To achieve a valid
translation, the values of the page_id fields in the TLB entry and the register must
match.

If the global bit is asserted (1), the page_id of the TLB entry is not compared to the
page_id field in register R_MMU_CONTEXT.

The condition for a hit in one of the TLB sets is:

hit = (valid | inv_excp) &
(cpu_vpn == tlb vpn) &
((context pid == tlb pid) | global))

where:
valid valid bit (21) in the TLB entry.
inv_excp invalid page exception enabling bit from

R_MMU_CTRL.

cpu_vpn virtual page number from the CPU.
tlb_vpn virtual page number in the TLB entry.
context_pid page_id fieldin R_MMU_CONTEXT.
tlb_pid page_id field in the TLB entry.
global global bit (22) in the TLB entry.
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Table 4-2  Definitions of TLB Hit
4.2.3 TLB Register Interface

The TLB is controlled by registers R_TLB_SELECT,R_TLB _LOand R_TLB_HlI,
all entries to which can be read and written by the CPU. Register R_TLB_SELECT
is used to choose which entry is to be read or written in the TLB.

TLB entries are 44 bits in width and therefore an entry cannot be written by the
CPU in one cycle. The CPU must first write the high order part of the TLB entry to
register R_TLB_HI. This contains the same fields as register R_MMU_CAUSE and,
when writing to R_TLB_HlI, the data are also stored at the corresponding fields of
R_MMU_CAUSE. The high order part is not stored in the TLB until the low order
part is written in register R_TLB_LO.

Registers R_ MMU_CAUSE and R_TLB_SELECT are normally updated
automatically by the MMU and do not require updating by the software. To write a
new translation in the TLB, for example a TLB miss, the software only has to write
into register R_TLB_LO.

4.2.4 Virtual Address from the CPU

An incoming address from the CPU is constructed as shown below.

31 12 0

19-bit vpn 13-bit page offset

Figure 4-7  Incoming Address from the CPU

The page offset is 13 bits wide to accommodate the offset within the 8 KByte pages.
The upper 15 bits of the vpn are stored in the TLB and the lower four bits are the
address index for the selected TLB set.

When the CPU generates a new address, the four TLB sets are searched for a
matching vpn. If an entry is found, the page_id is compared to the corresponding
field in register R_MMU_CONTEXT. The valid, kernel and we bits are controlled
and, if all conditions match, a valid physical address is output to the cache.

The TLB is not permitted to store more than one valid, virtual page translation with
the same page_id or with the global bit set. This would cause multiple hits in the
TLB and result in an MMU exception.

4.2.5 MMU Exceptions

An exception is generated if there is a mismatch in the output from one or more
fields of the TLB. In the event of an exception, the MMU interrupts the CPU by
means of bus fault logic (See chapter 2 RISC CPU). Information about the exception
is stored in register R_MMU_CAUSE, which holds information about:

e The vpn that generated the exception
e The page_id of the application that generated the exception

e Whether the exception was caused by a write or read access
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The type of exception that occurred

Five different types of MMU exception can occur (Refer to section 4.2.1 TLB
Memory Sets for those exceptions that generate a random or actual index):

Miss - The referenced address does not match any TLB entry, or the current
page_id does not match the TLB index. A valid entry must be loaded by
software.

Write error - During a write operation, reference is made to a page that does not
have the we bit asserted in the TLB entry. This exception can be used for write
protection and dirty checks.

Access violation - In User Mode, reference is made to a page with the kernel bit
asserted in the TLB entry. When asserted, the kernel bit prevents CPU User
Mode access to the page.

Invalid page - Reference is made to a page with matching vpn and page_id fields
in the TLB, but the valid bit is deasserted. This can be used for reference
counting.

Multiple hits - The occurrence of more than one hit in the TLB indicates a
serious error. This is indicated by a bus fault signal with all exception bits
deasserted.

The write error, access violation and invalid page exceptions can all be disabled in

control register R_MMU_CTRL. Normally the invalid page exception is disabled

unless a reference count is in progress. When disabled, an invalid entry in the TLB
will not match any address and will, thus, cause a miss.

The nature of a miss exception is such that it does not allow any other exceptions to
occur simultaneously. However, a single memory reference may cause any
combination of write error, access violation and invalid page exceptions at the same
time.
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The conditions for the MMU exceptions are:

e Miss = ~hit

e Write error = hit & cpu_wr & ~we & we_excp

e Access violation = hit & user_mode & kernel & acc_excp

e Invalid page = hit & ~valid & inv_excp

where:
hit Hit in one of the TLB sets.
cpu_wr CPU write access.
we Write enable bit in TLB entry.
we_excp Write error exception enabling bit from R_MMU_CTRL.
user_mode CPU User Mode access.
kernel Kernel bit in TLB entry.
acc_excp Access violation exception enabling bit from R_MMU_CTRL.
valid Valid bit in TLB entry.
inv_excp Invalid page exception enabling bit from R_MMU_CTRL.

Table 4-3  Definition of MMU Exceptions
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4.3 MMU Registers

The MMU is served by a set of dedicated registers. The table below summarizes the
purpose of each register.

Register Function
R_MMU_CONFIG comprising:

R_MMU_KSEG Sets individual page or segment mapping method for each kernel
segment O to f.

R_MMU_CTRL Enables or disables the invalid page (valid), access (kernel) and write-
enable (we) MMU exceptions.

R_MMU_ENABLE Enables or disables the MMU.
R_MMU_KBASE_LO Provides the 4-bit offset for linear translations in the eight lower kernel
segments O to 7.
R_MMU_KBASE_HI Provides the 4-bit offset for linear translations in the eight upper kernel
segments 8 to f.
R_MMU_CONTEXT Contains the 6-bit page_id of the current address map.
R_MMU_CAUSE Multi-purpose, containing:

the 19-bit vpn of the referenced address that generated an exception
when an MMU exception occurs;

the 6-bit page_id from R_MMU_CONTEXT when an MMU
exception occurs;

4 discrete bits signifying whether a miss, invalid, access or write-
enable exception has occurred;

1 bit signifying whether the exception was caused by a write or read
access.

R_TLB_SELECT Contains the 6-bit TLB index.

R_TLB LO Contains the lower 23 bits of the TLB entry, namely:
19-bit pfn;
global bit;
valid bit;

kernel bit;
we bit.

R_TLB_HI Contains the upper 25 bits of the TLB entry, namely:

19-bit vpn;
6-bit page_id.

Table 4-4 MMU Registers

For detailed information on the MMU registers, please refer to chapter 18.17 MMU
Registers.
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4.4 MMU Test Mode

The MMU can be set to a test mode that can be used to manually check the TLB and
the bus fault logic. The MMU test mode is set by bit mmu_test in register
R_TEST_MODE.

When the MMU test mode is active, the bus fault logic is operative but the bus fault
signal to the CPU is gated and cannot, therefore, generate an interrupt to the CPU.
Register R_MMU_CAUSE is updated as normal.

The address translation logic is not affected by the MMU test mode. If the MMU is
enabled, mapping through the TLB and offset registers operates in the normal way. If
the MMU is disabled, the output physical address is not translated.

mmu_en mmu_test Interrupt CPU Update R_MMU_CAUSE Translate Address

0 0 no no no
0 1 no yes no
1 0 yes yes yes
1 1 no yes yes

Table 4-5 MMU Test Mode Truth Table
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4.5 Example of Virtual Memory Configuration

Virtual memory configuration is essentially a matter of setting up the ratio of page-
mapped kernel space to linear-mapped kernel space. For example, to set up the
following virtual memory system, the MMU register configurations would resemble
those described in the tables below.

e 0.5 GBytes of linear-mapped kernel area;
e 3.5 GBytes of page-mapped kernel area;

e 4 GBytes of kernel/user area.

Register R_ MMU_KBASE_HI

Bit(s) Name Setting Value
31-28 base_f Don't care. 0x0
27 -24 base_e Don't care. 0x0
23-20 base_d Don't care. 0x0
19-16 base_c Kernel cached area. 0x7
15-12 base_b Kernel uncached mode registers. 0xb
11-8 base_a Don't care. 0x0
7-4 base 9 Don't care. 0x0
3-0 base_8 Don't care. 0x0

Table 4-6  Example of Kernel Base High Register Configuration

Register R_ MMU_KBASE _LO

Bit(s) Name Setting Value
31-28 base_7 Don't care. 0x0
27-24 base_6 Dontt care. 0x0
23-20 base 5 Don't care. 0x0
19-16 base_4 Don't care. 0x0
15-12 base_3 Don't care. 0x0
11-8 base_2 Don't care. 0x0
7-4 base_1 Don't care. 0x0
3-0 base_0 Don't care. 0x0

Table 4-7 Example of Kernel Base Low Register Configuration
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Register R_MMU_KSEG

Bit(s) Name Setting Value
15 seg_f Page mapping. 0
14 seg_e Page mapping. 0
13 seg_d Page mapping. 0
12 seg_c Kernel linear segment mapping. 1
11 seg_b Kernel linear segment mapping. 1
9 seg_a Page mapping. 0
8 seg_9 Page mapping. 0
7 seg_7 Page mapping. 0
6 seg_6 Page mapping. 0
5 seg_5 Page mapping. 0
4 seg_4 Page mapping. 0
3 seg_3 Page mapping. 0
2 seg_2 Page mapping. 0
1 seg_1 Page mapping. 0
0 seg_0 Page mapping. 0

Table 4-8  Example of Kernel Segment Register Configuration

Memory maps of the virtual address spaces realized by the example configuration are
illustrated below.

Virtual Addresses Mapping Physical Addresses
FEFFFFFEF
seg_d to seg_f page —
DO000000 DRAM
CFFFFFFF linear Un-cached
seg_c
c¢ooooo00 N ___
BFFFFFFF linear
seg_b Registers
Booooooo { 0001
AFFFFFFF FLASH/SRAM/
Peripheral
DRAM
Cached
seg_0Otoseg_a page —»
lllegal
FLASH/SRAM/
9990_0990_ Perlpheral

Figure 4-8 Example of Kernel Virtual Memory Map
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4 Memory Management Unit

Virtual Addresses Mapping Physical Addresses

FFFFFFFF
DRAM

Un-cached

Registers

FLASH/SRAM/
4Gbytes Peripheral

kernel/user page ————p
space

DRAM
Cached

lllegal

FLASH/SRAM/
Peripheral

00000000

Figure 4-9  Example of Kernel/User Virtual Memory Map
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5 Bus Interface

5 BUS INTERFACE

The ETRAX 100LX bus interface has a 32/16-bit data bus, a 25-bit address bus, and
six internally decoded chip select outputs. Six additional chip select outputs are
multiplexed with other I/O functions, and are available in some configurations. The
bus interface also supports either asynchronous or synchronous DRAM banks
without external logic.

51 Data Bus

The 32-bit data bus provides support for 16-bit wide memories. The data bus is
organized with the least significant byte at the lowest address (“little endian”).

The 32-bit data bus mode is shown in figure 5-1, and the 16-bit data bus mode is
shown in figure 5-2 below:

Data Bit 31 24 23 16 15 87 0
| msb | Isb
Address A+3 A+2 A+1 A

Figure 5-1 32-bit Mode Data Bus

Data bit 15 8 7 0
A+1 Isb| A
A+3 | msb A+2

Figure 5-2  32-bit Wide Data on a 16-bit Mode Data Bus

5.2 Bus Interface Registers
Register Function
R_WAITSTATES A 32-bit write only register containing waitstate settings for peripheral, SRAM,

and flash-PROM chip selects.

R_BUS_CONFIG A 32-bit write only register for selecting bus width, common write enable
(cwe) or bytewise write enable (bwe) selection, and DMA burst length,. It is
also used for setting write delay mode for chip selects.

R_BUS_STATUS A 32-bit read only register that shows the initial values of the bus status pins
bs0 - bs3 after reset.

R_DRAM_TIMING A 32-bit write only register for asynchronous DRAM waitstate configuration.
R_SDRAM_TIMING A 32-bit write only register for SDRAM enabling and configuration.

R_DRAM_CONFIG A 32-bit write only register for asynchronous DRAM bus width, and DRAM
type and bank selection.

R_SDRAM_CONFIG A 32-bit write only register for SDRAM bus width, and SDRAM type and
bank selection.

Table 5-1  Bus Interface Registers
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5.3

5.4
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Note 1:

Note 2:

Note 3:

For more detailed information see chapter 18.2 Bus Interface Configuration Registers.

Address and Chip Selects

The ETRAX 100LX chip operates with a 32-bit wide address space internally, but
only address bits 25-1 are available on the external pins. Address bits 30-26 are
decoded internally to generate the different memory chip select outputs, and the
select of DRAM banks and internal 1/0. Address bit 31 is used to select whether the
cache is used or bypassed by CPU accesses. Additional chip selects are configured in
the register R_PORT _PB_SET (See chapter 18.2 Bus Interface Configuration
Registers).

The addresses are decoded to generate chip selects as follow:

ARIETESS RETEE Size (Mbyte) Name Description

(hex)

00000000-03FFFFFF 64 cse0 EPROM/flash PROM bank 0 chip select (Note: 1)
04000000-07FFFFFF 64 csel EPROM/flash PROM bank 1 chip select (Note: 1)
08000000-0BFFFFFF 64 csr0 SRAM bank 0 chip select. (Note: 1)
0C000000-0FFFFFFF 64 csrl SRAM bank 1 chip select (Note: 1)
10000000-13FFFFFF 64 csp0 Peripheral chip select 0 (Note: 1)
14000000-17FFFFFF 64 cspl Peripheral chip select 1 (Note: 1) Note: 2)
18000000-1BFFFFFF 64 csp2 Peripheral chip select 2 (Note: 1) (Note: 2)
1C000000-1FFFFFFF 64 csp3 Peripheral chip select 3 (Note: 1) (Note: 2)
20000000-23FFFFFF 64 cspa Peripheral chip select 4 (Note: 2)
24000000-27FFFFFF 64 csp5 Peripheral chip select 5 (Note: 1) (Note: 2)
28000000-2BFFFFFF 64 cspé Peripheral chip select 6 (Note: 1) (Note: 2)
2C000000-2FFFFFFF 64 csp7 Peripheral chip select 7 (Note: 1) (Note: 2)
30000000-3FFFFFFF 256 - Do not use (Note: 3)

40000000-7FFFFFFF 1024 - DRAM interface (Note: 1)

80000000-AFFFFFFF 768 Same as 00000000-2FFFFFFF but uncached
B0000000-B7FFFFFF 128 - Internal registers

B8000000-BFFFFFFF 128 - Internal start up code

CO0000000-FFFFFFFF 1024 - Same as 40000000-7FFFFFFF but uncached

Table 5-2  Chip Selects
Add 80000000 (hex) to bypass the cache.

Peripheral select 1 - 3 and 5 - 7 are multiplexed with bits 2 - 7 in general port PB in the 1/O block,
and are not available if these pins are configured as general port pins.

This region is internal registers and start-up code, but it is cached. Never use this area for accessing
internal registers.

Internal Bus Arbitration

The bus interface performs the bus arbitration between the possible internal bus
masters. The bus priority order is:
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5.5

1 Shared RAM interface (highest priority)
2 External DMA channels

3 DRAM refresh

4 Internal DMA channels

5 CPU and cache (lowest priority)

Bus Width, Cycle Timing and Wait States

The bus interface supports 4 asynchronous DRAM banks, 8 synchronous DRAM
banks (i.e. 2 groups of SDRAM banks with 2 to 4 banks per group), and between 6
to 12 other memory banks depending on its configuration. Each memory bank is
connected to one of the chip select outputs. The banks are separated into five groups:

Group 1 cse0, csel
Group 2 csr0, csrl
Group 3 ¢sp0, ¢spl, csp2, csp3
Group 4 csp4, csp5, Csp6, csp?
Group 5 DRAM banks

Table 5-3

The ETRAX 100LX bus width and number of wait states can be configured
individually for each group. The bus width can be configured to either 16 or 32 bits
using the internal register R_BUS_CONFIG. All banks in the same group have the
same width. For group 1, the EPROM/flash PROM group, the initial bus width is
decided by bus status pin 0 (bsO) at system reset. If bsO is low, the bus width is
configured to 16 bits. If bs0 is high, then the bus width is configured to 32 bits.

All bus cycles are run in consecutive bursts, with a maximum length of 32 bytes, and
a minimum length of 1 byte. A burst will never cross a 32-byte boundary. A burst is
either read or write, and the data direction is never changed within a burst.

For each group of memory banks except Synchronous DRAM banks, the following
wait state parameters can be configured:

Parameter Name  Size (bits) Description
Early wait states ew 2 Number of wait states before the falling edge of rd,
wr0 - wr3, or cas.
Late wait states Iw 2 or 4 (Note: Number of wait states after the falling edge of rd,
44) wr0 - wr3, or cas.
Turn-off wait states w 2 Number of wait states after the end of a burst. The

turn-off wait states of the ending burst and the early
wait states of the next burst may overlap.

Table 5-4  Memory Bank Wait State Parameters That Can Be Configured

There are 2 bits for DRAM, and 4 bits for all other memory banks.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006) 39



5 Bus Interface

40

Group or Cycle

Group 1: cse0, csel
Group 2: ¢csr0, csrl
Group 3: ¢sp0, cspd, csp2, csp3
Group 4: csp4, csp5, csp6, csp7
Asynchronous DRAM cas cycle
Asynchronous DRAM ras cycle

Asynchronous DRAM ras precharge cycle

Table 5-5 Possible Wait State Settings

Wait State Ranges

Early
0-3

Late Turn Off
0-15 0-3
0-15 0-3
0-15 0-3
0-15 0-3
0-3 0-3
0-3 -
0-3 -

Wait states for groups 1 to 4 are configured in R_WAITSTATES, and asynchronous
DRAM wait states are configured in R_DRAM_TIMING. A zero wait state bus
cycle lasts 20 ns. Between bursts there are 10 ns. Each wait state adds 10 ns to the bus
cycle time. Default after reset is maximum number of wait states.

For Synchronous DRAM banks, the following wait state parameters can be

configured:

Parameter

Master clock select
cas latency cycles

ras to cas delay cycles

ras precharge delay cycles

Row cycle time

Power down exit delay

Name
clk100

cl

rcd

p

rc

pde

Size (bits)

1

Description

Synchronous DRAM master clock select.
Possible configuration is either 50 MHz or 100 MHz.

Number of delay cycles from read bank command to
valid read data.

Number of delay cycles after activate bank command.

Number of delay cycles after precharge bank
command.

Auto refresh cycle time.

Number of delay cycles from power down exit to new
command.

Table 5-6 SDRAM Bank Wait State Parameters That Can Be Configured

Table 5-7 below gives possible Synchronous DRAM wait state settings and
corresponding delay cycles for both a 50 and 100 MHz master clock:

Cycle

cas latency

Tas to cas delay

ras precharge delay
Row cycle time

Power down exit delay

Wait State Ranges

Delay Cycle Ranges

50 MHz 100 MHz 50 MHz 100 MHz
1-2 0-1 2-3 2-3
0-3 0-3 1-4 2-5
0-3 0-3 1-4 2-5
0-3 0-3 6-9 6-9
0-1 0-1 1-2 1-2

Table 5-7  Possible Wait State Settings and Delay Cycles for Synchronous DRAM

A delay cycle lasts 20 ns when a 50 MHz SDRAM system clock is selected, and 10 ns

when a 100 MHz system clock is selected.
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5.6

5.7

5.7.1

57.2

Note 5:

Memory Timing

The timing for the read cycles, both with and without early wait states, is shown in
the figure below. This timing diagram is valid for SRAM, flash and peripheral
devices.

address j X X NN X X X XURLRO

chip select ({0000 XU YO0

rd /S [ [

wan  —— (e B EE DM —
burst with ew > 0 i burst with ew = 00

Figure 5-3 Read Cycles for SRAM, Flash Memory and Peripheral Devices.

Write Modes

Normal and Extended Write Mode

During a normal ETRAX 100LX write cycle, the wr0 - wr3 strobes will go high 5 ns
before the end of the bus cycle. The write pulses can be extended to the end of the
bus cycle. Normal and extended write mode can be configured individually for each
of the groups, 1 to 4, of the memory banks in R_BUS_CONFIG. Asynchronous
DRAM is configured in R_DRAM_TIMING.

Bytewise and Common Write Enable Mode

The memory banks in group 2, the SRAM group, can be configured with
R_BUS_CONFIG to use either four bytewise write enable strobes or one common
write enable strobe. In bytewise write enable mode, bwe, four write strobes are
available, one for each byte in the data bus. In common write enable mode, cwe, one
common write enable strobe and four byte enable strobes are available. The byte
enable strobes are active during both read and write cycles. In 32-bit cwe mode, one
of the byte enable strobes is output on the unused address bit 1.

16/32-bit bwe 32-bit cwe 16-bit cwe
wr0 be0 be0

wrl bel bel

wr2 be2

wr3 we we

al be3 al

Table 5-8  Pin Assignment for Bytewise and Common Write Enable Modes

For information regarding actual pin assignments see chapter 19 Electrical Information.

The byte enable strobes, be0 - be3, have the same timing as the address bus. The
write enable strobe, we, has the same timing as the write strobes, wr0 - wr3.
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5.8

Note 6:

5.9

5.10
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External Interrupt Acknowledge

If the external interrupt is configured for an external vector number, an interrupt
acknowledge cycle will occur when the interrupt is granted. During the interrupt
acknowledge cycle, an 8-bit vector number is read on the low byte of the data bus.
The cycle is indicated by the inta signal going low, and rd and wr are high during the
cycle. The address and chip selects are undefined. Maximum timing is used for the
inta cycle, regardless of setting: ew = 3, Iw = 15, and zw = 3.

30 ns 170 ns
ad_d F unknown
chip select
inta

Figure 5-4 External inta Cycle

For more information see chapter 19 Electrical Information.

Access to Internal 1/O

Data read from or written to an internal I/O unit is present on the data bus for 2
clock cycles (i.e. 20 ns). The rd pulse is active for 20 ns and the wr pulses are active
for 10 ns. All chip selects are inactive.

Wait Input and Bus Cycle Rerun

An external wait pin (wait) is provided, and can be used by external devices to insert
extra wait states. The wait input is fully synchronized, and wait is sampled 3 clock
cycles (30 ns) before the end of the bus cycle. As a result, the use of the wait input
requires that the number of internal wait states (ew + Iw) for the memory area in
question to be set to 3 or more.

If the wait input is active for too long, it can cause overrun/underrun errors (e.g. in
the network interface). The maximum allowed active time is, therefore, limited
depending on the application.

For very slow external units it is possible to make a bus cycle rerun. However, this
only applies for non-cacheable CPU accesses and is not allowed to be used on other
types of cycles, like DMA cycles etc. The rerun input is sampled at the rising edge of
the wait signal. If the rerun input is sampled low, the CPU will rerun the bus cycle.
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511 DRAM Interfaces

The DRAM interface can be configured to use Asynchronous DRAMs (EDO or Fast
Page Mode), Synchronous DRAMs (SDRAM), or Double Data Rate Synchronous
DRAMs (DDR SDRAM).

Selection between asynchronous and synchronous modes is made by the sdram mode
bit in the R_DRAM_TIMING register. When this mode bit is not set (sdram = 0),
the asynchronous DRAM mode is enabled and the registers: R_DRAM_TIMING
and R_DRAM_CONFIG are used for configuration.

When the sdram mode bit is set (sdram = 1) in R_DRAM_TIMING, the SDRAM
mode is enabled and R_SDRAM_TIMING and R_SDRAM_CONFIG are used for
configuration.

ASYNC DRAM SDRAM DDR SDRAM
a25 sdram_ras sdram_ras

a24 sdram_cas sdram_cas

a23 sdram_we sdram_we

ras0 csd0 csd0

rasl csdl csdl

ras2 clk clk

ras3 cke cke

cas<7.0> dgm<7.0> dgm<7.0>
dramwe - das

Table 5-9  Pin Assignment for Asynchronous and Synchronous DRAM modes

Note 7: For information regarding actual pin assignments see 19 Electrical Information.

The DRAM interface supports up to four banks of asynchronous DRAM chips and
eight banks of Synchronous DRAM chips without external logic. 32-bit and 64-bit
wide DRAM modules are supported as well as separate DRAM chips. DRAM bus
width can be configured to 16 or 32 bits.

All DRAM accesses are performed in bursts. When the first access in a series of bursts
is performed, the internal address is shifted down so that the row address appears on
the lower pins of the address bus. The row address is stored in an internal register in
ETRAX 100LX for later reference. When the row address portion of the cycle is
finished, the column address is put on the address bus.

For every new burst, the row address is compared with the previously used row
address that is stored in an internal register. If the row addresses are identical, the row
address portion of the cycle can be left out which saves that time that would have
been needed for the row access.

5.12 Asynchronous DRAM Interface

The ETRAX 100LX supports both Fast Page Mode and Hyper Page Mode (EDO)
asynchronous DRAM chips. The timing diagram for a Fast Page Mode read cycle is
shown in figure 5-5 below:
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5.12.1
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address ( row adr. X column addr. X column addr. ) AMAMAMA column addr. X lllellXK row addr. X column addr. )
data data data data Mﬁ
data burst |, databurst |

Figure 5-5 Timing Diagram for Fast Page Mode Read Cycles

If EDO DRAM chips are used, ETRAX 100LX uses the ras signal or the dramwe
signal to tell the DRAM to release the data bus. The DRAM will release the data bus
either when the ras signal goes high, or when the dramwe signal goes low.

Cas __\_/_\_/
address ( row adfr. X column addr. X column addr. )HH: LA column addr. XHH (O X row addr. X column addr )
data JE— datm T @XXX datm ,—Ma
dramwe \- [

data burst data burst

Figure 5-6  Timing Diagram for EDO Mode Read Cycles

Connecting the Asynchronous DRAM Banks

Four asynchronous DRAM banks are combined into two groups with two banks in
each group. Both banks in one group must have the same number of column address
bits.

When accessing these DRAM banks, the cas signals can be used either as bank strobes
(bankwise cas mode), or as byte strobes (bytewise cas mode). One mode is used
throughout a single application.

Bytewise cas mode is illustrated in figure 5-7 below. Only one ras signal at a time will
be active in each group. The cas signals are used to select the different bytes within
the word or dword.
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Group O

rasO rasl 1

=l

Figure 5-7  Bytewise cas Mode.

Group 1

ras2

ras3 1

=l

In a design using bankwise cas mode, as in figure 5-8, all the ras signals can be active
simultaneously. casa decides which bank to access. If bytewise access is required, the
byte cas signals are generated by gating casb, used as byte enables, and casa as shown

in figure 5-9.

casa0

E——
——
f—
—

Group O

I rasO casal 1rasl

T

casa2

Group 1

1ra52 casa3

1]

Figure 5-8 Bankwise Accessing of Asynchronous DRAM Modules.

lras:%

Bankwise cas mode can be used without the cas gating if the software fulfills the
following requirements:

e CPU accesses to DRAM area are always cached.
e All DMA descriptors are 32-bit aligned.

* A DMA data buffer and program code/data, or two different DMA data buffers,
are not merged within the same 32-bit aligned dword.

casaX

I —q
cash0 ——1
I —d
cashl ——9
- —g
cash2 —¢
—q

cash3 —

Figure 5-9  Generating Byte cas.

byte cas
for bank X
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When using 64-bit wide asynchronous DRAM modules, one ras signal is assigned to
each bank and this signal controls all 64 bits. Only one ras is active at a time. The cas
signals are used to select the different bytes within the word, see figure 5-10.

Upper and lower 32 bits are also tied together. In other words, bit 0 and bit 32 (bit 1
and bit 33, bit 2 and bit 34, etc.) are tied together, and one at a time they drive the

databus.
Group 0 Group 1
ras0 rasl ras2 ras3

casa0 >

casal > > >

casa2 > >

casa3 > > I"

cash0

casbl

cash2 " >

casbh3 s i r
Figure 5-10  64-bit Wide Asynchronous DRAM Modules, All cas Signals Used For Selecting
Bytes.

In bankwise mode with 64-bit wide modules, the cas signals are used to activate 32
bits at a time as shown in figure 5-11. In this case, all ras signals can be active at the
same time, but it is not possible to select the separate bytes in the DRAM.

Group 0

Group 1

casa0

rasO

casal

rasl

casa2

ras2

casa3

ras3

casb0

!

casbl

!

cash2

!

cash3

vy

vy

vy

[

Figure 5-11 Bankwise Accessing, 64-bit Wide Asynchronous DRAM Modules.
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Asynchronous DRAM Bank Configuration

Four asynchronous DRAM banks are combined into two groups with banks 0 and 1
in group 0, and banks 2 and 3 in group 1. The two banks in each group always share

the same configuration from R_DRAM_CONFIG.

Common to all banks, the following configurations are available:
Width (1 bit)

Selects 16- or 32-bit DRAM bus width.

o

16-bit DRAM bus width.
1 32-bit DRAM bus width.

EDO or Fast page mode (1 bit)

0 Fast page mode.
1 EDO mode.

cas organization (1 bit)

0 The cas outputs are used for selecting bytes as in figure 5-7 or, if wide module
mode is selected, as in figure 5-10.

1 One cas output for each bank, see figure 5-8 and figure 5-9, or if wide module
mode is selected, two cas outputs per bank as in figure 5-11.

Group select mode (5 bits)

The group select mode determines how to select a group of DRAM banks:

Value Select

0 Always select group 0.

1 Always select group 1.

2-8 Reserved.

9-29 The internal address bit number corresponding to the select mode value is used
to select group.

30-31 Reserved.
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The following configurations are available for each group individually:

Row Address Shift (3 bits)

During the ras portion of the cycle, the row portion of the internal address is
shifted down to the lower address outputs to which the asynchronous DRAM
address pins are connected. The value given decides how many steps the address

bits are shifted:
Value Shift
0 Internal address bits 29 - 9 shifted down to pins A21 - Al.
7 Internal address bits 29 - 16 are shifted down to pins A14 -Al, and pins A21 -

A15 are set to O (zero).

(The internal address bits 25 - 22 are output on pins A25 - A22 during ras cycles.)

To accomplish the multiplexing of the row address and the column address on
the address bus pins, the row address is shifted down to the lower pins of the bus
during the ras portion of the bus cycle.

31 29 98 2 0
internal
address | | row address col. addr. | |
. 31 21 10
location jm———————
on address row address on address bus | |
bus row address shift = 0
1
! The size of the shift is dependent on
: the value of the row address shift
31 29 ! 16 15 2 0
internal T
address | | row address | ,  column address | |
location 31 21 15 14 10
on address 1 0 | row address on address bus | |
bus T - =S T

row address shift = 7

Figure 5-12  Row Address Shifting During the ras Portion of the Bus Cycle

Column Address Range (3 bits)

The column address range determines how many address bits that are used in the
column address.

The ranges selected for the column address and the row address may overlap by one
bit. When the row address has been shifted down, this bit corresponds to bit 1 on the
address bus, which is not used in the 32-bit address. Consequently, the overlapping
bit is part of the column address.

There may also be a gap between the row address and column address parts, which
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are not used by the asynchronous DRAM bank. The bits in the gap can be used to
select the bank and/or group. L

In wide module mode, the selection between casa and casb is done by the highest
address bit given by the column address range. The column address range should, in
this case, be set to one higher than the actual highest column address bit to the

DRAM.
Value Column Address Bits
0 Up to and including address bit 8.
7 Up to and including address bit 15.

Bank Decode Mode (5 bits)

The bank decode mode determines how to select between the two banks in a group:

Value Select

0 Always select bank 0 (group 0) or bank 2 (group 1).

1 Always select bank 1 (group 0) or bank 3 (group 1).

2-8 Reserved.

9-29 The internal address bit number corresponding to the decode mode value is
used to select bank.

30-31 Reserved.

Wide Module Mode (1 bit)

This mode supports 64-bit wide asynchronous DRAM modules where all 64 bits are
controlled by the same ras signal. Both casa and casb are used within both groups of
DRAM banks.

If bankwise cas mode is combined with the wide module mode in any of the two
groups, none of the groups can use cash as byte enables, see figure 5-11.

Value: Select Mode:
0 Normal mode.
1 Wide module mode.
5.13 Synchronous DRAM Interface

The SDRAM interface can be configured to use a master clock of either 50 or 100
MHz. In 100MHz mode, the interface can also work as a DDR SDRAM interface.
The maximum internal bus speed is always 50MHz regardless of the SDRAM master
clock selection.

There is support for two groups of SDRAM banks. A group is the set of SDRAM
banks that are collectively either 16, 32, or 64 data bits wide. The groups are
controlled by the chip selects, ¢sd0 and csd1. Each group can be configured to use
either two-bank or four-bank chips.
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The timing for a 50 MHz SDRAM read cycle is shown in figure 5-13:

s /S \_/ \_/ \_/
ress XX e = ==
Data dataa
Command act rd rd rd pre act

Figure 5-13 Timing Diagram for 50 MHz Read Cycles with cas Latency and ras Precharge Delay
of 2 Delay Cycles

In 100MHz mode commands are only issued once every two clock cycles in order to
maintain the internal bus speed of 50MHz.

Address TN ow ecuress X cotumn asara X cotumn acor o XJHIN ot e« XTI

Data { daaa ) ( daab ) { daac )
Command act rd rd rd pre act

Figure 5-14  Timing Diagram for 100 MHz Read Cycles with cas Latency and ras Precharge
Delay of 2 Delay Cycles
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5.13.1

In DDR mode, a bi-directional data strobe, dgs, is used to qualify the data bus. The
minimal burst length supported by DDR devices are two words and the second word
is, therefore, masked during writes by the data mask, dgm, signals. Write latency for
DDR devices is always set to one cycle.

csd \_/ \/ \/ \_/ \_/ \_/
address [N rowaceess X eoomn e Y <ot asr o XN comn e« XD
Command act wr wr wr pre act

Figure 5-15 Timing Diagram for 100 MHz DDR Write Cycles

Power up and initialization

SDRAMs have an internal configuration register that must be written during
initialization with the mode register set (mrs) command. The SDRAM must be in idle
mode and the mrs command should, therefore, be preceded by an auto refresh cycle
to make sure that the banks are pre charged. The mrs command is issued by writing
to the cmd field in R_SDRAM_TIMING. During the mrs cycle, the mrs data field
in R_SDRAM_TIMING is output on address bits 15 - 0. All bits in the mrs field
should normally be set to zero except for the cas latency select bits.

It is possible to issue commands manually to the SDRAM by writing to the
command field in R_SDRAM_TIMING. The possible commands are:

e precharge all banks
e auto refresh

e mode register set

e nop

All commands have to be followed by a nop command before a new command can be
issued. Note that at least five CPU nop instructions should be inserted between each
write to R_SDRAM_TIMING.
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5.13.3
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The manual commands should only be used during power up and initialization of
the SDRAM banks. A typical initialization sequence is shown below:

1 Configure the banks by writing to R_SDRAM_CONFIG.

2 Configure the waitstate parameters and enable the master clock by writing to
R_SDRAM_TIMING.

3 Wait for 200us.

4 Issue precharge all banks command by writing to the cmd field in
R_SDRAM_TIMING.

5 Wait five CPU nop cycles.
6 Issue nop command by writing to the cmd field in R_SDRAM_TIMING.
7 Wait five CPU nop cycles.

Next, perform the following sequence eight times:

1 Issue auto refresh command by writing to the cmd field in R_SDRAM_TIMING.
2 Wait five CPU nop cycles.

3 Issue nop command by writing to the cmd field in R_SDRAM_TIMING.

4 Wait five CPU nop cycles.

Finally,

1 Issue mode register set command by writing to the cmd and mrs_data fields in
R_SDRAM_TIMING.

2 Wait five CPU nop cycles.
3 Issue nop command by writing to the cmd field in R_SDRAM_TIMING.
4 Wait five CPU nop cycles.

Power save mode

It is possible to run the SDRAM interface in the Power save mode. In this mode, the
SDRAM banks will enter Power save mode immediately after each auto refresh cycle.
This is done by deasserting the cke signal. The SDRAM banks will remain in Power
save mode until the next SDRAM bus request, or until they have to be refreshed
again. There is a penalty of one or two delay cycles for each Power save mode exit.
The Power save mode exit delay can be configured in R_SDRAM_TIMING.

100 MHz mode

It is possible to select a100 MHz system clock together with both SDRAMS and
DDR SDRAMs, but this will not give double the performance compared to the 50
MHz clock. Commands will only be issued every two cycles due to the internal 50
MH?z bus speed. There will, however, be a speed-up since ras and cas latency will be
shorter.
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5.13.4

5.13.5

DDR mode

The DDR mode must be used with a 100 MHz system clock due to an internal DLL
in the DDR SDRAM chips. Since the DDR SDRAMSs only use the dgm signals as a
data mask during write operations, 64-bit modules with one common chip select for
all eight bytes can not be used.

Connecting the Synchronous DRAM banks

The Synchronous DRAM banks are combined into two groups where each group is
controlled by a separate chip select signal.

Group O Group 1
csdo csdl
dgm0 —— dgmQ =——>
dg<7:0> ——
DO D2
dgml ——> dgml ——
dg<15:8> ——>
dgm2 ——>| dgm2 =——>
dg<23:16> ——>
D1 D3
dgm3 ——> dgm3 =——>
dg<31:24> =——>—|

Figure 5-16  32-bit SDRAM Connection Comprising Four 16-bit SDRAM Devices.

When using 64-bit wide DRAM modules, one chip select is assigned to each group
and controls all 64-bits. The eight dgm signals are used to select the different bytes
within the word.

Upper and lower 32 bits are tied together. In other words, bit 0 and bit 32 (bit 1 and
bit 33, bit 2 and bit 34, etc.) are tied together, and one at a time they drive the
databus:

csdo csdl

dgm0 —— dgm4 ——>
dg<7:0> ——
DO D2 D4 D6
dgml —— dgm5 —>
dg<15:8> —>
dgm2 —> dgmé =——>
dg<23:16> =
D1 D3 D5 D7
dgm3 —— dgm7 ——
dg<31l:24> —>

Figure 5-17  64-bit Wide SDRAM Module Comprising Eight 16-hit SDRAM Devices.
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Synchronous DRAM Bank Configuration

SDRAM banks are combined into two groups where each group can use either two-
bank or four-bank chips. The following configurations are common for all banks:

Width (1 bit)
Width selects either a 16- or 32-bit DRAM bus width.

Value Select
0 16-bit DRAM bus width.
1 32-bit DRAM bus width.

Group Select Mode (5 bits)

The group select mode determines how to select a group of DRAM banks. When
using only one group, the group select mode value must be set to either 0 or 1.

Value Select

0 Always select group 0.

1 Always select group 1.

2-8 Reserved.

9-29 The internal address bit number corresponding to the select mode value is used to
select group.

30-31 Reserved.

Row Address Shift (3 bits)

During activate bank commands, the row portion and the bank select bits are shifted
down to the lower address outputs to which the DRAM address pins are connected.
During precharge bank, read bank, and write bank commands, only the bank select
bits are shifted down to the lower address outputs. When using two groups, both
groups must have the same row address shift value.

The value given decides how many steps the address bus is shifted

Value  Shift

0 Internal address bits 29 - 9 are shifted down to pins A21 - Al.

7 Internal address bits 29 - 16 are shifted down to pins A14 - A1, and pins A21 - A15 are set
to 0(zero).
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31-30 29-28 27 o 8 s 1.0
Internal
address Bank Row address Col address
31 21-20 19 1 0
Location on - - - - - - =-=-=
I Bankl Row address I |

address bus |

Row address shift = 0
Bank type mode = four-bank
Bank decode mode = 28

31-30 29-28 27 16 15 2 1-0

Internal |

address I Bank I Row address I Col address I |

31 14-13 12 1 0

Location on |

address bus | J Bank | Row address | |

Row address shift = 7
Bank type mode = four-bank
Bank decode mode = 28

Figure 5-18 SDRAM Address Bus Shift During Activate Bank Commands

Column Address Range (3 bits)

The column address range determines how many address bits that are used in the
column address.

The ranges selected for the column address and the row address may overlap by one
bit. When the row address has been shifted down, this bit corresponds to bit 1 on the
address bus, which is not used in the 32-bit address. Consequently, the overlapping
bit is part of the column address.

There may also be a gap between the row address and column address parts, which
are not used by the asynchronous DRAM chip. One bit in the gap can be used to
select the group.

In wide module mode, the selection between casa and casb is done by the highest
address bit given by the column address range. The column address range should, in
this case, be set to one higher than the actual highest column address bit to the
DRAM.

Address bit a10 on SDRAM chips is used to select auto precharging during read and
write commands and is not used as a column address. In 32-bit mode, a10 will
correspond to a12 on the ETRAX 100LX, and in 16-bit mode, a10 will correspond
to all. al0 is never used as an address bit during read and write commands. In
configurations with more than 10 column addresses, the address continues on the
next higher address bit after a10. When using two groups, both groups must have the
same column address range value.

Value Column Address Bits
0 Up to and including address bit 8.
7 Up to and including address bit 15.
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The following configurations are available for each group individually:

Bank Type Mode (1 bit)

Bank type mode selects either the two-bank or four-bank mode:

Value Select
0 Two-bank mode is selected.
1 Four-bank mode is selected.

Bank Decode Mode (5 bits)

The bank decode mode determines how to select between bank 0 and 1 in a group.
In the four-bank mode, bank 2 and 3 will selected by the next higher order address
bit. The bank select bit or bits are shifted down to the lower address outputs
according to the row address shift value.

Value Column Address Bits

0-8 Reserved.

9-29 Internal address bit number corresponding to the decode mode value is used to
select between bank 0 and 1.

30-31 Reserved.

Wide Module Mode (1 bit)

This mode supports 64-bit wide DRAM modules where all 64-bits are controlled by
the same chip select signal. dgmO to dgm?7 are used to control the individual bytes
within both groups of DRAM banks.

Value: Select Mode:
0 Normal mode
1 Wide module mode

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



6 Bootstrap Methods

6.1

6.1.1

6.1.2

6.1.3

BOOTSTRAP METHODS

Bootstrap Methods

There are four different methods to bootstrap the ETRAX 100LX. They are
presented in table 6-1 below.

The cache is always initialized, regardless of the bootstrap method. The bus status
pins bs3, bs2, bs1, and bs0 are sampled upon reset going high, and their values are
stored to the internal register R_BUS_STATUS. The values of the bus status pins
bs2 and bsl determine which bootstrap method to use.

Values on pins

bs2 and bs1 at Bootstrap method Description
reset
00 Normal bootstrap Execution starts at address 0x80000002.
01 Serial bootstrap Serial port O is used, configured at 9600bps, 8 bits without

parity, one start and one stop bit).

10 Network bootstrap The network bootstrap code is received in an Ethernet packet
through the SNI or MII interface.

11 Parallel bootstrap Parallel port 0 is used.
Table 6-1 Overview of the ETRAX 100LX Bootstrap Methods

Normal Bootstrap
Execution starts at address 0x80000002.
Serial Bootstrap

Serial port O is used, and is configured at 9600bps, 8 bits without parity, one start
and one stop bit. A total of 784 bytes will be received. This data is stored in the cache,
mapped to the address 0x380000F0, where execution then starts.

Network Bootstrap

The network bootstrap code is received in an Ethernet packet, as shown in table 6-2,
through the SNI or MII interface. When the network bootstrap is used, the packet
received must be an Ethernet packet (formatted to the IEEE 802.3 standard).

Packet byte

r Content (hex) Description

0-5 01 40 8c 00 01 00 Destination address. This is a multicast address within the Axis
Ethernet address block. This address is fixed.

6-11 XX XX XX XX XX XX Source address. The address of the host transmitting the

bootstrap packet. This address is not checked.

12-13 type-length (2bytes) This is currently not checked but it is recommended that the
contents follow the 802.3 standard.

Table 6-2  Network Bootstrap Packet Header
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Packet byte
nr.

14-21 AA AA0300408C 8856 A SNAP header featuring the Axis vendor code (same as the
Ethernet address block). This is the Axis ether-type specifically
assigned for this purpose. This is currently not checked but is
strongly recommended for network interoperability.

Content (hex) Description

22-25 FF FF FF FF A tag signalling this packet as a bootstrap datagram. This is
currently not checked, but is recommended for re-use of the
Axis SNAP header.

26 - 29 00 00 00 00 The bootstrap packet sequence number. The number must

consist of only zeros in the first packet in the bootstrap
sequence. This field is fixed.

Table 6-2  Network Bootstrap Packet Header

After this header, the network bootstrap code starts. The downloaded program can be
up to 1484 bytes in this package, and will be stored in the cache. The first byte of the
destination address is mapped to address 0x380000E6, and execution will start at
address 0x380000F4.

The SNI and MII interfaces are selected by the value of the MDIO pin at start-up:

MDIO pin value Interface
0 SNI
1 Ml

Table 6-3 Value of the MDIO Pin at Start-up

Parallel Bootstrap

Parallel port 0 is used. A total of 784 bytes will be received. The parallel port will
immediately start in ECP reverse mode for the transfer of this data to the cache where
it is stored. The data is mapped to address 0x380000F0, where execution then starts.
IEEE 1284 negotiation phase is not performed.
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7 DMA

DMA in the ETRAX 100LX provides a high data transfer rate to and from the
internal peripheral interfaces, or from one location to another location in the external
memory. It consists of ten DMA channels with five in each direction. The ten DMA
channels are served by a DMA controller, which takes care of the data flow between
the channels and the external memory. In addition, there are two external DMA
channels (See 7.8 External DMA Channels).

7.1 DMA Operation

7.1.1 Overview of the ETRAX 100LX DMA Architecture

A simplified architecture overview of DMA in the ETRAX 100LX, as well as a
schematic flow of data is shown in figure 7-1 below.

FIFO FIFO
Ee e[ FRAIO T Teno—r] |
1 1
| FIFO FIFO |
ek ona [ [— controller L T Tere—T]r] -
| - - - - -— |
| FIFO ! | FIFO |
| ons [[[T— — cna—{e] |
! FIFO e FIFO !
e T~ | (1] Ters—[7] |
1 1
| FIFO FIFO |
! cno [T[}— — chs !
Lo e o D e - I 1
Pl = Peripheral Interface

External memory

Figure 7-1 DMA Internal Overview

There are five input channels (1, 3, 5, 7 and 9), and five corresponding output
channels (0, 2, 4, 6 and 8). All input and output channels have a FIFO buffer.
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Data Transfer

There are three cases of data transference from:

1 A peripheral interface to external memory

2 External memory to a peripheral interface

3 One memory location to another memory location

Apart from these three cases of data transference, ETRAX 100LX DMA has two
external DMA channels. See 7.8 External DMA Channels.

Data Transfer from a Peripheral Interface to External Memory

When data is to be transferred from one peripheral interface, it is first stored in a 64
byte FIFO buffer. When this buffer fills up to half its size (i.e. 32 bytes), the DMA
controller is notified, and the data in the FIFO is transferred to external memory. If
one of these memory addresses is present in the internal cache memory, the data is
also stored in the internal cache memory. The transfer of data from a FIFO to the
memory is done in bursts, and the length of these bursts is either 16 or 32 bytes as
chosen by the software programmer in the register R_BUS_CONFIG.

Data Transfer from External Memory to a Peripheral Interface

When the DMA controller receives notice that a FIFO buffer is becoming half empty
(i.e. less than or equal to 32 bytes), it begins a transfer of data from the external
memory. When data is transferred from the external memory, it is read in bursts of
16 or 32 bytes as chosen by the software programmer in R_BUS_CONFIG. If the
data in one of these memory addresses is present in the internal cache memory, the
data is read from the internal cache memory.

Data Transfer from One Memory Location to Another Memory
Location

In order to increase the performance of DMA for this type of data transfer, there are
two channels specifically designed for this task: channels 6 and 7. The FIFO buffers
for channels 6 and 7 can be set to connect directly to each other in the register
R_GEN_CONFIG.

As with previous transfers, the data is read from and written to external memory
when the FIFOs are either half empty or half full. If one of the memory addresses,
where the data is located, is present in the internal cache memory, the data is read
from or written to the internal cache memory. The data transfer to and from the
FIFOs is done in bursts of 16 or 32 bytes as chosen by the software programmer in
R_BUS_CONFIG.
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7.2 The DMA Channels

There are only a limited number of combinations for the ten DMA channels which
can be used for interconnection between the internal peripheral interfaces. The
reason for this limitation is that some of the internal peripheral interfaces are
multiplexed on the same package pins. Figures 7-2 and 7-3 below show how each
peripheral interface is multiplexed on the DMA channels.

Peripheral interface

ETRAX 100LX

Parallel Port p0 —>
SCSI-8 Port p0 —>
Async Serial Port p2 — | ¢
ATA —

|

|

|

|

| ].
|

! Parallel port p1  =—> ) FIFO B Emm—
‘ u

|

|

|

|

|

M
SCSI-8 Port p1 = DMA
Async/Sync Serial Port p3 —> | ¢ Chm u controller

ext_dmaQ =——>

Async Serial Port po ——| FIFO
ext_dmal —|u Ch7
[Loopback] —— | X
—]
DMA Cache
FIFO arbiter

‘ Async/Sync Serial Port p1 ——>
USB Port p1/USB Port p2 ——

xXCZE
Q
=
%

L — - - - - Y - . ] I

Note: The loopback input on channel 7 refers to the
direct connection to channel 6 which is used for an External memory
immediate transfer of data from one memory
location to another.

Figure 7-2  DMA Input Channels

FIFO Peripheral interface

Network

ETRAX 100LX

| |
l FIFO {—> Parallel Port p0 l
e f———=> SCSI-8 Port p0
— Ch2 |5 ! \
u Async Serial Port p2
! \—> ATA !
‘ d FIFO /t— Paaliel Port p1 ‘
! > DMA e Chm ¢ ——— sCslk-8 Port pt !
‘ controller u u Async/Sync Serial Port p3 ‘
X > ext_dma0
| \ |
‘ FIFO (—» Async Serial Port p0 ‘
| > Che — 'E‘ —— ext_dmal |
‘ §—> [Loopback] ‘
| |
h FIFO { A /S Serial Port p1
‘ Cache DMA Cha e sync/Sync Serial Port p ‘
arbiter JJ_LU u f[—— USB Port p1/USB Port p2
I \x\ I
L. - - - - - _ - _ . __ . __ . _

Note: The loopback output on channel 6 refers to the
direct connection to channel 7, used for an immediate

External memory
transfer of data from one memory location to another.
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Figure 7-3 DMA Output Channels

The choice of which interface to be used is defined in the register
R_GEN_CONFIG. The channels can be configured as shown in table 7-1 below:

DMA FIFO
I/O system(s) available Direction  buffer  Priority
channel
(bytes)
0 Network out 64 Highest
1 Network in 64
2 Parallel Port p0  SCSI-8 Async serial  ATA out 64
Port p0 Port p2
3 Parallel Port p0  SCSI-8 Async serial  ATA in 64
Port p0 Port p2
4 Parallel Port p1 ~ SCSI-8 Async/Sync  ext_dma0 out 64
Port p1 serial Port p3  (note 1)
5 Parallel Port p1 ~ SCSI-8 Async/Sync  ext_dma0 in 64
Port p1 serial Port p3  (note 1)
6 Async Serial ext_dmal Memory transfer out 64
Port p0 (note 1) (note 2)
7 Async Serial ext_dmal Memory transfer in 64
Port p0 (note 1) (note 2)
8 Async/Sync USB Port p1 & p2 (note 3) out 64
Serial Port p1
9 Async/Sync USB Port p1 & p2 (note 3) in 64 Lowest
serial Port p1
Table 7-1 DMA Output channels
Note 1: ext_dma0 and ext_dmal are external DMA channels to be used between the external memory and an
external 1/0 device, see 7.8 External DMA Channels.
Note 2: Memory-to-memory transfer. Channels 6 to channel 7 can be set for immediate connection, which

provides an efficient way of transferring data from one memory location to another memory location.

Note 3: When Channels 8 and 9 are configured for USB, their priority becomes higher than the priority for
channel 2 but lower than channel 1 (e.g. Highest: channel 0, 1, 8, 9, 2, 3...Lowest). See 7.4.2 DMA
Linked Lists for USB

All 10 DMA channels (0 - 9) have a 64 byte FIFO buffer to allow efficient handling
of burst mode DRAM access, and software can read the number of bytes in each
FIFO buffer. For input channels, software can also flush the FIFO contents to the
memory data buffer by forcing an eop (see table 7-2) in the data stream flowing into
the FIFO by using the register R_SET_EOP.
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7.3

7.3.1

DMA Registers, Linked Lists, and Descriptor
Format

DMA Registers

There are a set of DMA registers, one set for each channel, which the DMA
controller uses to handle the buffers and to store information about the buffers in the
external memory. These registers and a little about of their functions are shown in
figure 7-4 below:

DMA registers External memory

R_DMA_CHx_NEXT

I

R_DMA_CHx_DESCR

Descriptor

R_DMA_CHx_FIRST Cmds | SW Descriptor

'

Next descr. Cmdsl SW Descriptor

Buffer pointer Next descr. Cmds | sw
Statusl HW Buffer pointer Next descr.
Data buffer Stalusl HW Buffer pointer

) Statusl HW
Data buffer |

R_DMA_CHx_CMD

R_DMA_CHx_CLR_INTR

Data buffer

ETRAX 100LX

Ll

R_DMA_CHx_STATUS

R_DMA_CHx_HWSW

R_DMA_CHx_BUF

R_DMA_CHx_HWSW

____________ a b e e e e e e e e e e e

Figure 7-4 DMA Registers and the Structure of the Linked List

The figure above shows the DMA registers and a simplified linked list in the external
memory. During normal operation, the only registers accessed by software are:

e R_DMA _CHx_FIRST

e R_DMA CHx_CLR_INTR

e R_DMA CHx CMD

The R_DMA_CHx_FIRST register is used to locate the DMA list.
R_DMA_CHx_FIRST points to the first descriptor in the linked list as shown in
figure 7-4 above. The R_DMA_CHx_DESCR register contains the current

descriptor’s address, and the R_DMA_CHx_NEXT contains the address to the next
descriptor.

R_DMA_CHx_CLR_INTR is used to clear interrupts. For more details see 7.6
DMA Transfer/Setup Examples.
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Note 4:

R_DMA_CHx_CMD is the command register to control DMA operation, and is
used to reset and start DMA transfers. When a command is completed, the DMA
channel sets R_DMA_CHx_CMD to hold (0) and stops.

The R_DMA_CHx_CMD register has five commands:

* Hold

e Start

* Restart

e Continue
e Reset

The hold command, which is completed immediately, holds the DMA channel in its
current state. The hold command will fail, however, if the DMA channel has
completed the previous command before the hold command is given. An
unsuccessful hold command is indicated by the fact that the DMA channel reaches
end-of-list so that R_DMA_CHXx_FIRST is zero. A failed hold command is also
indicated if the DMA channel receives stop-from-io, and the stop bit is set in the
descriptor at R_DMA_CHx_DESCR.

When the start command is given, the DMA channel starts processing the list at
R_DMA_CHx_FIRST. This command completes at end-of-list (1), stop-from-io
(2), or a reset command (3). If the DMA channel is already running this command is
ignored.

The restart command restarts the DMA channel after end-of-list has been reached.
The DMA channel re-reads the descriptor at R_DMA_CHx_DESCR, and if the eol-
bit is no longer set, it immediately follows the next link in the re- read descriptor
ignoring the wait, intr, and eop bits. This command is completed at end-of-list (1),
stop-from-io (2), or a reset command (3). If the DMA channel is already running
this command is ignored (See note 4).

A continue command tells the DMA channel to continue after a successful hold
command. If the hold command was unsuccessful, the continue command will be
interpreted as a restart command. The continue command completes when the
command held by the hold command has completed. (See note 4)

The reset command resets the DMA channel and its FIFOs. When the channel has
won arbitration, the reset command takes 100 ns to complete.

The restart and continue commands have the same value (3).

Three registers manage the actual storage of data in the buffers:

e TheR_DMA_CHx_BUF register: pointer to the next (byte) position in the data
buffer

e The R_LDMA_CHx_HWSW register (sw field): gives the total length (in bytes)
of the data buffer

e The R_DMA_CHx_HWSW register (hw field): gives the number of bytes left
in the data buffer.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



7 DMA

7.3.2

DMA Linked Lists

ETRAX 100LX DMA stores data in the external memory, in buffers linked together
with the use of a list descriptor. Each list descriptor contains a number of data fields,
which tell the DMA controller where to find the next descriptor in the list.

Receive list
— ol L

. stat stat
List

T T T

Data
buffers

Data packet Data packet
Transmit list
R_DMA_CHx_FIRST L — cop LI | ,égt
List Wait Wait

descriptors ' ' '

e -
buffers

Data packet Data packet

EOP = End of Packet
EOL = End of List

Figure 7-5 ETRAX 100LX Buffer Structure

The list descriptors also contain information about the location and size of the data
buffer as well as other status information. This organization of data storage in
memory has the advantage of having efficient memory management, and a very
flexible structure.

DMA descriptors and data buffers do not have any alignment restrictions, except
for the USB EP descriptor which must be 32-bit aligned (See section 7.4.3).
However, performance improves if data and DMA descriptors are 32-bit and
cacheline aligned.

For a more detailed overview of the list descriptor see 7.3.3 DMA Descriptor Format.
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7.3.3 DMA Descriptor Format

The construction of linked lists is done by defining DMA descriptors. The DMA
descriptor consists of four 32-bit fields. The contents of a DMA descriptor is shown

in figure 7-6 below:

*(addr + 0)

31 21 20 19 18 17 16 15 0
Plz |||
reserved 8l2|8(8]|e sw_len

*(addr + 4)

31 0
next

*(addr + 8)

31 0
buf

*(addr + 12) G

317 30 24 23 22 21,20:19, 18,17, 16, 15 0

~ o | = 3 =

@ Q=@ @ @

[ . ocl@|e |« 14 @ [

g fifo_len o @ g8 s |88 hw_len

[} S22 | [0} @

o - Q Q o

Figure 7-6  The DMA Descriptor Format

The first 32-bit field of the descriptor gives the length of the data buffer sw_len and a
number of commands. The second 32-bit field gives the address to the next
descriptor in the linked list, and the third 32-bit field gives the address to the data
buffer buf. The last 32-bit field contains status information written by the DMA
controller.
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Table 7-2 describes the contents of the DMA descriptor in more detail:

Bit Name

(addr + 0):

31-21 reserved

20 ecp_cmd
tx_err

19 intr

18 wait

17 eop

16 eol

15-0 sw_len

(addr + 4):

31-0 next

(addr + 8):

31-0 buf

(addr + 12): (note 5)

31 reserved

30-24 fifo_len

23 crc_err

22 align_err

21 reserved

20 stop

19-18 reserved

17 eop

16 reserved

15-0 hw_len

Explanation

(note 6).

ECP command used by channel 2 and 4 when connected to a parallel port in
ECP mode.

Force transmission error used by channel 0.
Generate a descriptor interrupt when advancing to next descriptor.

Wait until FIFO is empty before advancing to next descriptor, and also delay
descriptor and end-of-packet interrupts until FIFO is empty (output channels
only).

Last descriptor in a packet (output channels only).
Last descriptor in the list.
Length in bytes of data buffer. (If all bits are 0, the length is 216)

Pointer to next descriptor in list (no alignment restrictions). If eol == 1 next is
not used.

Pointer to first byte in data buffer (no alignment restrictions).

(note 6)

If stop == 1; Number of bytes in FIFO (output channels only).

If eop == 1; Received packet has CRC error, used by channel 1.

If eop == 1; Received packet has alignment error, used by channel 1.
(note 6).

Output channel was stopped by 1/O interface. Bit 20 and bit 17 are mutually
exclusive.

(note 6)
Last descriptor in a received packet. Bit 20 and bit 17 are mutually exclusive.
(note 6).

If eop == 1; Number of bytes written to the data buffer.
(If all bits are 0, the length is 26)

If stop == 1; Number of bytes read from the data buffer.
(If all bits are 0, the length is 26)

If eop == 0 && stop == 0; hw_len is not valid.
(i.e you have to use sw_len to get the number of transferred bytes)

Table 7-2 DMA Descriptor contents

Note 5: The 32-bit status field is only written if eop or stop is set to one. For software to be able to know that
the status field has been written or not, the status field of the descriptor must be cleared to all zeros
before the DMA channel is started. The eop bit is written in the last descriptor of a packet.

Note 6: For compatibility with future versions of ETRAX processors, reserved fields must be set to 0 before
starting DMA. When read, no assumption can be made about their value.
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7.4.1
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DMA Registers, Linked Lists, and Descriptor
Format for USB

DMA Registers for USB

Figure 7-7 below shows the DMA registers for USB support in the ETRAX 100LX:

External memory

DMA registers l EP descriptor

l R_DMA_CH8_SUBx_EP }—> Cmds [ HW

—1 Sub

EP descriptor

Nep 1 Cmds‘ HW
l R_DMA_CH8_NEP } Sub EP descriptor
1 Nep ——| Cmds | HW

l R_DMA_CH8_SUB |
Sub
SB descriptor Nep —
— Cmds‘ sw SB descriptor

Next descr. Cmds l S SB descriptor

Cmds l sSw

Buffer pointer Next descr.
] Buffer pointer Next descr.
Buffer pointer
Data buffer
__ Databuffer j| _4|

ETRAX 100LX

l R_DMA_CH8_SUBx_CMD ‘

l R_DMA_CH8_SUBx_CLR_INTR ‘

Data buffer

l R_DMA_CH8_STATUS ‘

l R_DMA_CH8_HWSW

|
J
l R_DMA_CH8_BUF }
]
J

l R_DMA_CH8_HWSW

Figure 7-7  DMA Registers for USB

During normal operation, the only registers accessed by software are:
* R_DMA_CH8_SUBx_EP

* R_DMA_CH8_SUBx_CMD

e R_DMA _CH8_SUBx_CLR_INTR

R_DMA_CH8_SUBx_EP is used to locate the circular list of EP descriptors,
R_DMA_CH8 SUBx_CMD is used to start the sub channel, and
R_DMA_CHS8_SUBx_CLR_INTR is used to clear interrupts. For more details see
chapter 8 Universal Serial Bus.

R_DMA_CH8_SUBx_EP points to the current Endpoint (EP) descriptor in the EP
list. R_DMA_CH8_NEP points to the next EP descriptor in the EP list.
R_DMA_CH8_SUB points to the current Sublist (SB) descriptor in the current
sublist. The subchannel is either enabled or disabled with
R_DMA_CH8_SUBx_CMD, and the operation of the sub channels are then
controlled by the USB hardware. Interrupts are cleared by writing to
R_DMA_CH8_SUBx_CLR_INTR.
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7.4.2 DMA Linked Lists for USB

To handle USB in a practical way, DMA channel 8 has extended functionality to
handle four sets of two dimensional lists. One set of lists is for each transfer type:
control-, interrupt-, isochronous-, and bulk-transfers. When the two dimensional
lists are used, the priorities of channels 8 and 9 are higher than channel 2, but lower
than channel 1.

The construction of a linked list is done by defining DMA descriptors. There are
three descriptor formats in the ETRAX 100LX. The first is the standard format and
is used for all non USB communication and incoming USB communication. The
other two formats are used only by out going USB communication. One forms a list
of endpoints, and the other forms lists of data to the individual endpoints. See 7.4.3
DMA Descriptor Format for USB.

You can view the DMA list structure as a two dimensional list where the endpoint
descriptors form one dimension, and by connecting a list of USB Sub-list descriptors
to each endpoint descriptor, the USB Sublist forms the second dimension.

The same DMA list structure is used both when the USB controller is in Host mode,
and when it is in Device mode. In Device mode, however, the endpoint list only
contains one endpoint descriptor.

> EP > EP - EP
(Nully eol
\
SB > Data SB > Data
(out) (out)
SB > Data SB (Nully

(out) (in)

Figure 7-8 DMA List Structure for USB

There is no information in the descriptors telling which descriptor format a specific
descriptor has. DMA interprets the descriptors based on how it is started, and on
what internal state it is currently in.
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Note 7:

Note 8:

Note 9:

DMA Descriptor Format for USB

The Standard Descriptor Format

The standard descriptor format in figure 7-9 below is similar to figure 7-6 with the
following extensions of the 32-bit status field for channel 9 when connected to the
USB interface.

*(addr + 12)
31 29 28 24 23 22 21 20 19 18 17 16 15 0

reserved ep_id

109

reserved hw_len

‘elep ou
013
o
paniasal

Figure 7-9  The DMA Descriptor Format for USB

This 32-bit field contains status information written by the DMA controller. Table
7-3 describes the contents of the standard DMA descriptor in more detail:

Bit Name Explanation

(addr + 12):

31-29 reserved (note 8)

28-24 ep_id If eop == 1; ID of end point that is generating this data.

23 nodata If eop == 1; There is no data in the buffer, and hw_len is not valid. Used

when End Of USB Transfer was indicated by an empty USB packet.

22 error If eop == 1; Received USB transaction has an error. Error status can be read
in USB controller using ep_id as index. The corresponding endpoint is
disabled to prevent status from being lost. (note 9)

21 eot If eop == 1; End Of USB Transfer.

20-18 reserved (note 8)

17 eop Last descriptor in a received packet.

16 reserved (note 8)

15-0 hw_len If (eop == 1 && !nodata); Number of received bytes in buffer.

(If all bits are 0, the length is 21)

Table 7-3 DMA Descriptor contents for USB
The 32-bit status field is only written if eop is set to one. For software to be able to know that the
status field has been written or not, the status field of the descriptor must be cleared to all zeros before
the DMA channel is started. The eop bit is written in the last descriptor of a packet.

For compatibility with future versions of ETRAX processors, reserved fields must be set to 0 before
starting DMA. When read, no assumption can be made about their value.

For ISO IN endpoints, error can be the result of all USB: packet errors, no replies, or wrong packet
sizes. No error is reported in the USB controller and the EP is not disabled.
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USB EndPoint List Descriptor Format, EP

The DMA controller will only assume this format for sub channels of channel 8.
Note that EndPoint descriptors must be 32-bit aligned.

*(addr + 0)
31 29 28 24 23 21 20 19 18 17 16 15 0
sl _ |8
reserved ep_id reseved [B| Z[2 8|8 hw_len
& 3
Q
*(addr + 4)
31 0
sub
*(addr + 8)
31
0
nep

Figure 7-10 USB EndPoint List Descriptor Format, EP

The first 32-bit field of the descriptor gives a number of commands and an area
hw_len for the DMA controller to save internal information. The second 32-bit field
gives the address to the associate sub list. The last 32-bit field gives the address to the
next EP descriptor in the EP list.
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Table 7-4 describes the contents of the USB EndPoint list descriptor format, EP in
more detail:

Bit Name Explanation

(addr + 0): (note 10)

31-29 reserved (note 11)

28 -24 ep_id Endpoint ID. Used by USB controller to associate a sublist with an endpoint.
(note 12)

23-21 reserved (note 11)

20 enable Enable.

0: There is no sublist, advance to next endpoint.

1: There is a sublist, start processing the sublist.

Note that software can only enable an endpoint, and that it has to be done
according to the procedure in section 8.8.5 Managing SB Descriptor Lists in Host
Mode in Chapter 8 Universal Serial Bus. To disable an endpoint, the EP
descriptor must be removed from the endpoint list according to section 8.8.4
Managing EP Descriptor Lists in Host Mode.

19 intr Generate a dma8_subx_descr interrupt when advancing to next descriptor.
(note 12)

18 reserved (note 11).

17 eof This is the last endpoint descriptor in a frame. Note that this bit will not

generate any DMA interrupt. This field is not used in Device mode. (note 12)

16 eol This is the last descriptor in the list. The list is assumed to be circular, and the
nep field is used even if eol is true. (note 12)

15-0 hw_len Counter used by the DMA controller to remember bytes left in current sublist
data buffer. It should be cleared by software before the endpoint is enabled, and
then ignored by software.

(addr + 4):

31-0 sub Pointer to first sublist descriptor in sublist. If enable == 0 sub is not used, there
are no alignment restrictions on sublist descriptors.

(addr + 8):

31-0 nep Pointer to next endpoint descriptor in endpoint list. The two least significant

bits in the nep field must be zero since it is a requirement that endpoint
descriptors are 32-bit aligned. (note 10)

Table 7-4  USB EndPoint list descriptor contents
Note 10: EndPoint descriptors must be 32-bit aligned, i.e. addr<1:0> == 00.

Note 11: For compatibility with future versions of ETRAX processors, reserved fields must be set to 0 before
starting DMA. When read, no assumption can be made about their value.

Note 12: The ep_id, intr, eof, and eol fields must not be changed when the enable field is equal to 1. Also, note
that there is a special procedure to clear the enable field according to Table 7-4, and chapter 8.8.4

Managing EP Descriptor Lists in Host Mode.
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USB Sublist Descriptor Format, SB
The DMA controller will only assume this format for sub channels of channel 8.

*(addr + 0)
31 30 29 24 23 22 21 20 19

[,
o]

17
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paniasal
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=
nul

paniasal
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sw_len

|08

*(addr + 4)
31

next

*(addr + 8)
31

buf

Figure 7-11  USB Sublist Descriptor Format, SB

The first 32-bit field of the descriptor gives a number of commands, and the length
of the data buffer for outgoing transfers is given in sw_len. For Host mode IN
transfers, sw_len gives the number of packets to be received by DMA channel 9. The
second 32-bit field gives the address to the next descriptor in the linked list. The
third 32-bit field gives the address to the data buffer buf for outgoing transfers. For
Host mode IN transfers there is no data buffer appended, so buf should be set to

NULL.
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Table 7-5 describes the contents of the USB Sublist descriptor format, SB in more

detail:

Bit Name Explanation

(addr + 0):

31-30 reserved (note 14)

29-24 rem Expected number of bytes in the last packet of a Host mode IN transfer. Used
to tell the USB controller the expected length of the last packet in a Host
mode IN transfer. The expected number of packets in a Host mode IN
transfer is the number of bytes in the data buffer at buf. This field is not used
in Device mode.

23 reserved (note 14).

22 full If eot==1, full==1 tells the USB that an out transfer is a full length transfer. In

the special case where the transfer-length is evenly divisible by the packetsize,
this field prevents the USB sending an empty packet. In all other cases this
field is don't care.

21-20 tt USB Transfer Type:
00: zout (Zero length output transfer)
01: in (Input transfer) (not used in Device mode)
10: out (Output transfer)
11: setup (Setup transfer) (not used in Device mode)

19 intr Generate a dma8_subx_descr interrupt when advancing to the next
descriptor.

18 reserved (note 14).

17 eot This is the last descriptor in a USB transfer.
Note that this bit will not generate any DMA interrupt.

16 eol This is the last descriptor in the sublist. When eol is true (1), the next field is
not used.

15-0 sw_len Length in bytes of data buffer for outgoing transfers, and number of packets

for Host mode IN transfers (If all bits are 0, the length is 216).

(addr + 4):

31-0 next Pointer to next descriptor in list (no alignment restrictions). If eol == 1 next is
not used.

(addr + 8):

31-0 buf Pointer to first byte in the data buffer (no alignment restrictions). (note 13)

Table 7-5 USB Sublist descriptor contents
Note 13: For a Host mode IN transfer, DMA will not use the data referenced by buf.

Note 14: For compatibility with future versions of ETRAX processors, reserved fields must be set to 0 before
starting DMA. When read, no assumption can be made about their value.
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7.5 DMA Interrupt

There are two interrupts per channel: a descriptor interrupt, and an end-of-packet
interrupt. Each channel has its own interrupt vector, and can be individually enabled
or disabled. For a list of all interrupt vector numbers see chapter 17 Interrupts.

For output channels, the interrupts are generated if the intr bit (descriptor interrupt)
or eop bit (end-of-packet interrupt) in the descriptor are set. The interrupts are
generated after DMA has read all data from the associated data buffer. If the wait bit is
set in the descriptor, the interrupt is delayed until the DMA FIFO is emptied by the
connected 1/O interface.

For input channels the descriptor interrupt is generated if the intr bit is set in the
descriptor, and the end-of-packet interrupt is generated when the peripheral interface
signals end-of-packet to the DMA controller. The interrupts are generated after
DMA has written all the data to the associated data buffer.

Interrupts are cleared with a write to the R_DMA_CHx_CLR_INTR internal
register. For a more detailed information regarding enable, disable, and read
interrupts, refer to chapter 17 Interrupts, or chapter 18.14 DMA Registers.

7.6 DMA Transfer/Setup Examples

In the following examples, a pseudo code notation is used to access bit fields in
internal registers: REG.field.

Here REG is the name of the register and field is the bit field in the register. Also,
symbolic constants for values are used. See chapter 18.14 DMA Registers for a list of
valid register, field, and constant names.

In addition, the following C structure is assumed for descriptors where a byte is an 8-
bit unsigned integer, a word a 16-bit unsigned integer, and a dword a 32-bit
unsigned integer:

struct descriptor

{
word sw_len;
word ctrl;
dword next;
dword buf;
word hw_len;
byte status;
byte fifo len;

}

For a information regarding USB to DMA transfer/setup examples, please refer to
chapter 8.8 Procedures.
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Initiate and Setup a DMA Transfer

To initiate and setup a DMA transfer you typically:

Connect the 1/0 interface to the desired DMA channel in R_GEN_CONFIG.
Initiate the 1/O interface.

Reset the DMA channel by writing the reset-cmd to R_DMA_CHx_CMD.
Initiate the linked list.

Set R_DMA_CHx_FIRST to the first descriptor.

Start DMA by writing start-cmd to R_ DMA_CHx_CMD.

Start the 1/0O interface.

Wait for the DMA transfer to end.

This is the typical sequence of steps to initiate and set up a DMA transfer. However,
for some 1/0O interfaces the sequence has to be altered. See each interface’s respective
chapter for a description of possible alterations to the procedure above.

0 N oo 0o~ W N P

Reset DMA Channel

To reset a DMA channel and its FIFO, the reset-cmd is written to
R_DMA_CHx_CMD. The reset takes a while (>100ns), and when it is done DMA
clears R_DMA_CHx_CMD.
Pseudo C-macros, and code for a DMA reset:
#define reset dma( n ) \

R DMA CHn CMD.cmd = reset

#define wait reset dma( n ) \
while( R_DMA CHn CMD.cmd != hold )

Example:

/* Reset channel 0, 3, and 7. */
reset dma( 0 );

reset dma( 3 );

reset dma( 7 );

/* Wait for reset do complete. */
wait reset dma( 0 );
wait_reset_dma( 3 );

wait reset dma( 7 );
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7.6.3

7.6.4

7.6.5

Initiating Linked List

The following is a C-macro to initiate a descriptor, and how to use it to form a linked
list. The next field is Don’t-Care at end of list.

#define descr( buf, len, next, flags ) \
{ len, flags, next, buf, 0, 0, 0 }

Example:

dma_descr olist[] = {
descr( pattern0, sizeof patternO, &olist([1l], d int | d eop ),
descr( patternl, sizeof patternl, &olist[2], 0 ),

descr( pattern2, sizeof pattern2, 0xDC, d_eol )

}i
Start a DMA Transfer

To start a DMA transfer R_DMA_CHx_FIRST and R_DMA_CHx_CMD have to
be programmed. A sample C-macro for this is:

#define start dma( n, desc ) \
R_DMA CHn_ FIRST.first = (unsigned) desc; \
R DMA CHn CMD.cmd = start

Example:
start dma( 0, olist ); /* Start channel 0 with olist. */

Restart a DMA Transfer

To append new data to a linked list the following steps should be taken. Note that
the sequence of these steps is important:

1 Initiate the new list that shall be appended to the old list.
2 Set End-Of-List in the last descriptor of the new list.

3 Update the next field in the last descriptor of the old list.
4 Clear End-Of-List in the last descriptor of the old list.

5 Write the restart command to R_DMA_CHx_CMD.

The following code will work regardless of whether you give the restart command
before or after DMA has finished the old list.

#define append descr( n, old last, new first ) \
old last->next = new first; \
old_last->cmds =& ~d_eol; \
R DMA CHn CMD.cmd = restart
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Example:

/* Initiate new list. */

dma_descr nlist[] = {
descr( pattern3, sizeof pattern3, &nlist([1l], d_int | d_eop ),
descr( pattern4, sizeof pattern4, &nlist[2], 0 ),
descr ( pattern5, sizeof pattern5, 0xDC, d _eol )

}i

append( 0, &olist[2], nlist );
Hold DMA Temporarily and Continue Later

To temporarily hold DMA the following two C macros could be used.
#define hold dma( n ) \
R _DMA CHn_CMD.cmd = hold

#define continue dma( n ) \

R _DMA_CHn CMD.cmd = continue

Memory to Memory DMA

DMA channels 6 and 7 can be set up for memory to memory DMA, where the FIFO
buffers of channels 6 and 7 connect directly to each other. This is configured in
R_GEN_CONFIG.

To make sure the last part of the memory to memory transfer is written out from the
destination FIFO to external memory in the destination list, either the eop bit has to
be set in the last descriptor of the source list, or the software has to manually flush the
destination FIFO by writing to the R_DMA_SET_EOP register when DMA
channel 7 has read all data from the source list and stopped.
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7.8 External DMA Channels

The external DMA channels ext_dma0 and ext_dmal offer a DMA-like interface
between external memory and external 1/O devices. The external DMA channels
operate in a “pseudo DMA” fashion, which differs from an ordinary DMA operation
in that the data from the memory or the 1/O device pass through the FIFO buffer of
an internal DMA channel (see figure 7-12). This construction has the advantage of
the bus width and timing for the I/O device, being different from the bus width and
timing for memory since the accesses are performed in separate bus cycles.

Data bus | ETRAX 100LX

Memory

Out FIFO

|
|
! |
! |—> In FIFO !
N |
|

/o0
device

Figure 7-12 ETRAX 100LX External DMA Channels Pseudo DMA Principle
Note 15: External DMA has the highest priority and might starve the other 1/O interfaces such as Ethernet.

ext_dma0 and ext_dmal, which are available for external I/O, are bidirectional:
e ext_dma0 uses the internal DMA channels 4 and 5.
e ext_dmal uses the internal DMA channels 6 and 7.

The data bus width of the DMA transfers can be configured to either 8, 16, or 32
bits. Each external DMA channel uses two control signals to enable a handshake
procedure:

e DMA request (dreqO, dreql)
e DMA acknowledge (dackO, dackl)
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External DMA Configuration

The operational mode for external DMA channels ext_dma0 and ext_dmal are
configured in registers R_EXT_DMA_0_CMD and R_EXT_DMA _1 CMD. The
following modes can be individually configured for each external channel:

e Width of the transfers (8, 16 or 32 bits)

e Direction of the transfers (in or out)

e Start and stop of the transfers

e Polarity of the request signal

e Polarity of the acknowledge signal

* Request/acknowledge mode (burst or handshake)
»  Use of the transfer counter (on or off)

Before an external DMA channel is started, it needs to be connected to the
corresponding internal DMA channels. This configuration is made in register
R_GEN_CONFIG.

External DMA Address

External DMA bus cycles are identical to standard bus cycles, and will be directed to
a constant, configurable address. This address may be used instead of, or in
combination with the DMA acknowledge signal to decode the DMA cycles. The
addresses for the two channels are configured in R_EXT _DMA_0_ADDR and
R_EXT_DMA _1 ADDR. The two most significant bits of the address are always set
to 10 (binary) so as to not access the internal cache memory or the DRAM (see figure
7-14).
30 29 2 110
| 1 | 0 | External interface address | 0 | 0 |

Figure 7-13  The Address Bus When Addressing an External Interface

Initialization

It is recommended that the external DMA channel is set up in the following
sequence:

1 Connect the external DMA to its associated internal DMA channels. This is
configured in R_GEN_CONFIG.

2 Configure the external DMA channel, but do not start it (configuration is made
in: R_EXT_DMA_x_CMD and R_EXT_DMA_x_ADDR).

3 Reset and start the associated internal DMA channels.
4 Start the external DMA channel (run bit in R_EXT_DMA_x_CMD).
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7.8.4

Request/Acknowledge Signaling

Each external DMA channel has a pair of handshaking signals, dreq and dack. Both
can be configured to be active high or active low. There are two modes for the
request/acknowledge signalling: handshake mode and burst mode.

Handshake Mode

In handshake mode, a 4-phase handshaking scheme is used:

1 The I/O device sets dreq active.

2 The ETRAX 100LX sets dack active and performs a read or write operation to the
1/0O device (i.e. an external DMA bus cycle).

3 The I/O device negates dreq. This can be done immediately after dack gets active,
and does not have to wait for the bus cycle to complete.

4 The ETRAX 100LX negates dack. The ETRAX 100LX will never negate dack
before the external DMA bus cycle is completed.

dreq ‘:’_
dack )
rd/wr \ ,' \ / ‘\ ,' ‘\ ,' \ ’

T~ \ \ Accesses to other units

addr :X other addressesx external interface X other addresses X external interface X

Figure 7-14  Timing Diagram for Handshaking Mode

Burst Mode

In burst mode, the ETRAX 100LX will always release the dack signal immediately
after the completion of the external DMA bus cycle, and will continue to issue new
external DMA bus cycles as long as the 1/0 device keeps the dreq active. Each cycle
will be accompanied by a dack pulse. If the I/O device wants to stop or pause the
transfers, it has to negate the dreq immediately after receiving the dack for the last
cycle.

|-
rdmwvr '\____,"i/(‘\____f \_/7

Accesses to other units

Figure 7-15 Timing Diagram for Burst Mode
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Start and Stop of the Transfers

After initializing the external DMA (see section 7.8.3 Initialization), the external
DMA interface is started by setting the run bit in the R_EXT_DMA_x_CMD
register. When the external DMA channel is running, the external 1/0 device can
start and stop the transfers by activating and deactivating the dreq signal.

Except for dreq going inactive, the transfers could stop for one of the following
reasons:

e The external DMA channel is stopped by the software, by setting the run bit in
R_EXT_DMA x_CMD to stop.

e The transfer counter (see below) is in use and has expired.

e The descriptor list of the associated internal DMA channel contained an eop flag
(only in the case of transfers from ETRAX 100LX to the 1/O device).

e The data buffers of the associated internal DMA channel are exhausted.

If one of the first two cases occurs during input from the external 1/0 to the ETRAX
100LX, an eop status bit will be set in the corresponding DMA descriptor in the
descriptor list for the associated internal DMA channel, and the internal DMA
channel will advance to the next descriptor.

Transfer Counter

The number of transfers performed by the external DMA channel can be controlled
by a transfer counter (tfr_count field in register R_EXT_DMA_x_CMD). The
transfer counter is configured with the desired number of transfers (where a transfer
is either 8, 16, or 32 bits), and will be decremented by one for each transfer. When
the counter reaches zero, it will stop the transfers and clear the run bit in
R_EXT_DMA_x_CMD. The current values of the run bit and the transfer counter
can be read from the register R_EXT_DMA_x_STAT.

External DMA Interrupts

Each external DMA channel will generate an interrupt, ext_dma0 and ext_dmal
respectively, whenever the run bit in R_EXT_DMA_x_CMD is cleared. When not
waiting for an external DMA transfer to complete, the interrupt should be masked
off in R_IRQ_MASKO_SET. For further information about interrupts refer to
chapter 17 Interrupts.
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8 UNIVERSAL SERIAL BUS

ETRAX 100LX includes an on-chip Universal Serial Bus (USB) interface that

complies with the Universal Serial Bus Revision 1.1 specification.

The interface is equipped with two USB ports designated p1 and p2 respectively, the
inputs and outputs of which are multiplexed on to the same pins as other interface

applications (see chapter 19 Electrical Information). The characteristics and

operational principles of both ports are similar. The electrical interface is compatible
with a Philips model PDIUSBP11A transceiver (or equivalent), as illustrated below.

ETRAX 100LX

Transceiver

Figure 8-1 USB Transceiver Interface
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Principle of Operation

Basic Architecture of the USB Interface

ROOT HUB
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usbl_oe —L
usbl_speed {—»
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DMA CHANNEL 8 PORT
Schedules and downstream pl
data buffers for
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> Data buffers for

|
upstream traffic.
upstream PORT | «—usb2_rcv L]
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ush2_oe —:—» TX/IRX
downstream ——usb2_speed +—~ — D-
usb2_vpo ——-|
ush2_vmo —|

DMA
CONTROLLER

T

commands

USB

command and CONTROLLER

status information

ETRAX 100LX

Figure 8-2 Basic USB Architecture

The USB is comprised of a root hub with ports p1 and p2 and the USB controller.
The ports are duplex, and each port is connected to a dedicated transceiver (via 1/0
multiplexing not shown on the diagram). The root hub in the data stream controls
the two USB ports and is itself managed by the USB controller, which handles frame
control and timing, transaction protocol, port management and error recovery. In
device mode, the root hub is only used as a port controller.

The USB interface operates in cooperation with the Direct Memory Access (DMA)
controller, which manages all traffic schedules and communicates with the USB via
two DMA channels. DMA channel 8 handles the traffic schedules and data buffers
for downstream (OUT) traffic: DMA channel 9 handles the data buffers for
upstream (IN) traffic. Please refer to chapter 7 DMA for detailed information on
DMA.

Modes of Operation of the USB Interface

The USB interface can be configured to operate in one of two modes:

Host mode - in which ETRAX 100LX acts as the host for devices connected
to the USB. In this mode, the USB interface can use either or both ports.

Device mode - in which ETRAX 100LX acts as a device communicating with
a host elsewhere. Either of the two USB ports can be used in this mode, but
not both simultaneously.
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8.2 Operational States of the USB Controller

The USB controller has six operational states which are illustrated below.

UNCONFIGURED

deconfig »| Ports disabled.
Frame timing not generated.
Traffic not processed.

17 host_config J I— dev_config —l

HOST_MODE DEVICE_MODE

Ports commandable. Selected port commandable.
Frame timing generated.
»{ Traffic not processed.

reset reset/enable ports active
HOST_STARTED DEVICE_ACTIVE
Ports enabled. Selected port enabled.
Frame timing generated and transmitted. Frame timing generated and received
Traffic not processed. Traffic processed.
host_stop host_run

HOST_RUNNING

Ports transmitting.
Frame timing generated and transmitted.
Traffic processed.

Figure 8-3  Operational States of the USB Controller

The UNCONFIGURED state prevails immediately after the execution of a deconfig
command or system reset. The USB controller is stopped, the ports are disabled,
frame timing is not generated and no traffic is processed.

HOST_MODE prevails in response to a host_config command while in the
UNCONFIGURED state, or a reset command while in the HOST_STARTED or
HOST_RUNNING state. In HOST_MODE the USB controller is prepared to act
as a host. Commands can be issued to the ports and frame timing is generated, but no
traffic is processed.

The HOST_STARTED state prevails when one or both ports have been enabled in
HOST_MODE, or in response to a host_stop command in the HOST_RUNNING
state. In the HOST_STARTED state, frame timing is generated and transmitted but
traffic is not processed.

The HOST_RUNNING state prevails in response to a host_run command in the
HOST_STARTED state. This is the fully operational state of the USB controller in
Host mode, with the configured port(s) handling processed traffic.

DEVICE_MODE prevails in response to a dev_config command while in the
UNCONFIGURED state. The USB controller is prepared to act as a device and
commands can be issued to the selected port.

The DEVICE_ACTIVE state prevails in response to an active command in the
DEVICE_MODE. This is the fully operational state of the USB controller in Device
mode, with frame timing generated and the configured port handling traffic.
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Please refer to section 8.4.1 USB Controller Commands in Host Mode for information
on the USB controller commands.

8.3 USB Registers

8.3.1 Register Access Timing

There is a short delay between writing to a mode register and its effect on the
hardware. Consequently, a NOP (no operation) instruction must be inserted between
a write operation and a succeeding read operation to the same or affected register in
order to read the updated value. This needs to be considered, for example, when
accessing the EP Table.

8.3.2 USB Mode Registers

The USB interface is served by a set of dedicated mode registers. Table 8-1 below
introduces these registers and summarizes their functions. For more detailed
information on the USB registers, please refer to chapter 18.16 Universal Serial Bus
Interface Control Registers.

Register Function

R_USB_COMMAND A byte-wide, read/write register that controls the USB commands in
Host mode. Its functions include port selection, host and device
configuration/deconfiguration, reset, run and stop commands.

R_USB_COMMAND_DEV A byte-wide, read/write register that controls the USB commands in
Device mode. The commands are similar to those used in Host mode.

R_USB_STATUS A byte-wide, read-only register containing controller status information.
The fields show whether the controller is busy, a Host or Device mode
indicator, and whether Host mode is started and running.

R_USB_IRQ_MASK_SET A 16-bit wide, write-only register in which ten control bits are used to
enable or mask separate USB interrupts in Host mode. They are:
isochronous end of frame (iso_eof );
interrupt end of frame (intr_eof);
isochronous end of transfer (iso_eot);
interrupt end of transfer (intr_eot);
control end of transfer (ctl_eot);
bulk end of transfer (bulk_eot);
endpoint attention (epid_attn);
start of frame (sof);
port status (port_status);
controller status (ctl_status).

R_USB_IRQ_MASK_SET_DEV A 16-bit wide, write-only register in which nine control bits are used to
enable or mask separate USB interrupts in Device mode. They are:
end of transfer/transaction for OUT (out_eot );
endpoint3 end of transfer (ep3_in_eot);
endpoint2 end of transfer (ep2_in_eot);
endpointl end of transfer (epl_in_eot);
endpoint0 end of transfer (ep0_in_eot);
endpoint attention (epid_attn);
start of frame (sof);
port status (port_status);
controller status (ctl_status).

Table 8-1 USB Mode registers
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R_USB_IRQ_MASK_READ

R_USB_IRQ_MASK_READ_DEV

R_USB_IRQ_MASK_CLR
R_USB_IRQ_MASK_CLR_DEV

R_USB_IRQ_READ

R_USB_IRQ_READ_DEV

R_USB_FM_NUMBER

R_USB_FM_NUMBER_DEV

R_USB_FM_INTERVAL

R_USB_FM_REMAINING

R_USB_FM_PSTART

R_USB_RH_STATUS

R_USB_RH_PORT _STATUS_1

R_USB_RH_PORT _STATUS 2

Table 8-1 USB Mode registers

A 16-bit wide, read-only register that shows the status of the USB
interrupts after individual bit masking in Host mode. Its contents are
controlled by R_USB_IRQ_MASK_SET and
R_USB_IRQ_MASK_CLR.

A 16-bit wide, read-only register that shows the status of the USB
interrupts after individual bit masking in Device mode. Its contents are
controlled by R_USB_IRQ_MASK_SET_DEV and
R_USB_IRQ_MASK_CLR_DEV.

A 16-bit wide, write-only register with ten control bits that are used to
clear the USB interrupt mask bits in Host mode.

A 16-bit wide, write-only register with nine control bits that are used to
clear the USB interrupt mask bits in Device mode.

A 16-bit wide, read-only register containing ten pending USB interrupt
bits. It shows the status of the USB interrupts prior to individual bit
masking in Host mode.

A 16-bit wide, read-only register containing nine pending USB interrupt
bits. It shows the status of the USB interrupts prior to individual bit
masking in Device mode.

A 32-bit wide, read/write register that reads the number of the current
USB frame in Host mode. The register is cleared when the USB
controller is reset. Reading this register clears the sof interrupt condition.

A 32-bit wide read/write register that contains the current frame number
and Host/Device frame synchronization information in USB Device
mode. The lower 11 bits represent the number of the current frame. The
8 msb bits read the time difference between the Host start-of-frame and
the Device frame timer. The register is cleared when the USB controller
is reset. Reading this register clears the sof interrupt condition.

A 16-bit wide, read/write register containing a 14 bit value that defines
the bit time interval in a frame (the distance between two start-of-
frames). The frame timer decrements from this value to zero. The value is
reloaded into register R_USB_FM_REMAINING at each start-of-frame
(SOF). The value in this register is the frame length minus 1.

A 16-bit wide, read-only register that holds the remaining number of bit
times in the current frame. The lower 14 bits represent this value: the
two msb are not used.

A 16-bit wide, read/write register that holds the periodic start point. The
lower 14 bits represent this value: the two msb are not used. The value of
the periodic start point is compared with a value counted downwards.

A byte-wide, read-only register that contains root hub status information
about the USB ports. Two 2-bit fields hold the bus states of ports p1 and
p2 as sampled at the EOF2 time in the frame. A third 2-bit field
represents the general condition of the USB interface.

A 16-bit wide, read-only register containing status information about
USB port pl. It is compatible with the wPortStatus field of the
get_status command to USB hubs. The parameters that are read are
speed, reset, suspended, enabled and connected.

Two fields are not implemented in hardware and must therefore be
handled in software. They are over_current (bit 3) and port_power
(bit 8). When this register and R_USB_RH_PORT_STATUS_2 are
read, the root hub status change interrupt condition is cleared. The
register must be read as an entire word (16-bits).

A 16-bit wide, read-only register containing the same information as
R_USB_RH_PORT_STATUS_1, but for USB port p2.
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R_USB_EPT_INDEX A byte wide, read/write register in which the five Isb contain the index of
the endpoint lookup table to be used when reading and writing via
register R_USB_EPT_DATA. The endpoint lookup table contains 32
endpoint entries, each pointing at an endpoint on a USB device. The
table is indexed by the endpoint ID (ep_id) number in the USB DMA
descriptors.

R_USB_EPT_DATA A 32-bit wide, read/write register. It is the general endpoint table data
register for normal (non-isochronous) transfers in Host mode. Bit 18 of
the register is unused (reserved). The other fields contain:
valid - validity of the table entry;
hold - software exclusion bit;
error_count_in - error counter for incoming transactions;
t_in - toggle bit for incoming transactions;
low_speed - endpoint low speed marker:
port - indicates the upstream device traffic port;
error_code - error type indicator;
t_out - toggle bit for outgoing transactions;
error_count_out - error counter for outgoing transactions;
max_len - maximum length of non-isochronous data packets;
ep - endpoint number;
dev - configured device address.

R_USB_EPT_DATA_ISO A 32-bit wide, read/write register. It is the general endpoint table data
register for isochronous transfers in Host mode. The register is similar to
R_USB_EPT_DATA.

R_USB_EPT_DATA_DEV A 32-bit wide, read/write register. It is the general endpoint table for
Device mode transfers. The register is similar to R_USB_EPT_DATA.
R_USB_EPID_ATTN A 32-bit wide, read-only register. It contains a value representing an EP

table entry that merits software attention. Reading this register clears the
epid_attn interrupt condition.

R_USB_PORT1 DISABLE A byte-wide register in which one bit is used to disable USB port p1.
R_USB_PORT2_DISABLE A byte-wide register in which one bit is used to disable USB port p2.

Table 8-1 USB Mode registers

USB Host mode

In Host mode the USB interface manages frame timing, transaction protocol, port
management and error recovery. The four transfer types stipulated in the USB
specification are supported, namely: control (CTRL), bulk (BULK), interrupt
(INTR) and isochronous (ISO).

Either or both of the USB ports can be used. Selection of the port(s) to be used is
made by asserting fields usb1 (bit 29) and usb2 (bit 30) in general configuration
register R_GEN_CONFIG. The act of port selection also enables the USB interface.
Prior to port selection, the interface and its registers are entirely inoperative.

The root hub controls the reset, disable, suspend, resume, receive and transmit
activities of the USB ports, even if only one port is configured for use. It is
commanded by the port_sel (bits 7 and 6) and port_cmd (bits 5 and 4) fields in
register R_USB_COMMAND. The state of the ports is read in registers
R_USB_RH_PORT_STATUS_1 and R_USB_RH_PORT_STATUS_2. The
status of the root hub is read in register R_USB_RH_STATUS.
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8.4.1

USB Controller Commands in Host Mode

Register R_USB_COMMAND is used to control the USB interface in Host mode.
This register contains fields for commanding the root hub and the USB controller.
All these fields must be written in one operation.

Each time a write operation to register R_USB_COMMAND is performed, a
command interpretation is triggered. This sets the busy field (bit 7) in register
R_USB_STATUS. When the USB controller has executed the command, the busy
field is cleared. The current state of the USB interface is read in register
R_USB_STATUS.

The commands to the USB controller in Host mode are:

nop - (No operation)

One or both ports can be commanded without issuing any commands to the
USB controller. The nop command is issued by setting field ctrl_cmd

(bits 2 to 0) in register R_USB_COMMAND to the value 0xO0.

reset

When the status of the USB controller is HOST_STARTED or
HOST_RUNNING, this command resets the USB controller. It overrides any
port commands by disabling either or both configured ports. The state of the
USB controller changes to HOST_MODE, which is functionally equivalent to
executing the deconfig and host_config commands in succession. The reset
command is issued by setting the ctrl_cmd field in R_USB_COMMAND to the
value Ox1.

deconfig

This is an emergency stop command that immediately deconfigures the entire
USB interface, returning it to the condition that immediately succeeds a reset.
The state of the USB controller changes to UNCONFIGURED. The deconfig
command is issued by setting the ctrl_cmd field in register

R_USB_ COMMAND to the value 0x2.

host_config

With the USB controller in the UNCONFIGURED state, this command
configures it as a host controller. Any command to a port is overridden by a
configuration request to the port to adopt Host mode. The state of the USB
controller changes to HOST_MODE and, as soon as a port is reset and enabled,
the status changes to HOST_STARTED. The host_config command is issued
by setting the ctrl_cmd field in register R_USB_COMMAND to the value 0x3.

dev_config

Please refer to section 8.5 USB Data Structures in Host Mode, Device mode. The
dev_config command is issued by setting the ctrl_cmd field in register
R_USB_COMMAND to the value 0x4.

host_nop
The host_nop (no operation) command is issued by setting the ctrl_cmd field in
R_USB_COMMAND to the value 0x5.
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Status

UNCONFIGURED
HOST_MODE
HOST_STARTED
HOST_RUNNING

Note 1:

8.4.2

90

host_run

When the host is started, this command starts the processing of USB traffic, and
the status of the controller changes to HOST_RUNNING. It is not necessary to
set up the various data structures for USB traffic before issuing the host_run
command, but no traffic processing will occur until this has been done. The
host_run command is issued by setting the ctrl_cmd field in register
R_USB_COMMAND to the value 0x6.

host_stop

If the controller status is HOST_RUNNING, this command stops all traffic
processing and changes the status of the controller to HOST_STARTED. The
host_stop command is issued by setting the ctrl_cmd field in register
R_USB_COMMAND to the value 0x7.

Most commands to the USB controller are effective in certain states only. The
table below summarizes the relationship between the commands and the state of
the USB controller.

ctrl_cmd

nop reset deconfig G (Ol dev_config e (1T :ost_ru host_stop
nop nop OVR OVR OVR nop nop nop

nop nop OVR nop nop nop nop nop

nop OVR OVR nop nop nop OK nop

nop OVR OVR nop nop nop nop OK

In the table above:

OVR indicates that the ctrl_cmd field in register R_USB_COMMAND
overrides the port_sel and port_cmd fields.

OK and nop indicate that the port_sel and port_cmd commands are executed.

If the USB controller is in the UNCONFIGURED state, then the port_cmd command cannot be
executed.

If a command is written to register R_USB_COMMAND while the busy bit (3) in register
R_USB_COMMAND is set, the result is unpredictable.

USB Port (Root Hub) Commands in Host Mode

The root hub operates in conjunction with the USB controller. Commands to the
root hub are given in the port_cmd field of register R_USB_COMMAND. Any
combination of the ctrl_cmd and port_cmd values can be used, but some are
inappropriate. For instance do not command the USB controller to assume the
HOST_RUNNING state whilst simultaneously disabling both of the USB ports.
Instead, set the ctrl_cmd field of register R_USB_COMMAND to 0 (nop), and then
use the port_sel and port_cmd fields to command the root hub.

The commands to the USB ports in Host mode are issued to the port(s) selected in
the port_sel field (bits 7 to 6) in register R_USB_COMMAND as follows:
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reset

The selected port is reset and enabled. A full port initialization of the port is
performed and a bus reset is signalled according to the USB protocol. This
occupies approximately 3 ms, depending upon the point in the frame cycle at
which the command is issued. The reset command is issued by setting the
port_cmd field in register R_USB_COMMAND to the value 0x0.

disable
The selected port is disabled. The disable command is issued by setting the
port_cmd field in register R_USB_COMMAND to the value Ox1.

suspend

The selected port is placed in a suspended state. The port will not forward
outbound traffic but will detect remote wakeup signalling or disconnects on the
bus. The suspend command is issued by setting the port_cmd field in register
R_USB_COMMAND to the value 0x2.

resume
The selected port is forced to resume operation. It starts a resume signalling
sequence on the USB, after which the forwarding of USB traffic commences.
The resume command is issued by setting the port_cmd field in register
R_USB_COMMAND to the value 0x3.

The root hub handles most of the signalling on the bus. Functions such as connect/
disconnect detection, reset signalling, suspend/resume and speed detection are
automatic and accord with the USB specification. Some device attachment and
configuration timeouts must be handled in software.

8.5 USB Data Structures in Host Mode

8.5.1 Transfer Frames

A USB transfer frame has the basic structure shown below:

SOF | CTRL traffic INTR & ISO traffic CTRL & BULK traffic SOF

PSTART EOF1
Figure 8-4  Basic Structure of USB Transfer Frame in Host Mode

The significant points in the transfer frame are the start-of-frame (SOF), periodic
start (PSTART) and end-of-frame (EOF) events.

Start of Frame

The SOF point signifies the start of a transfer frame. The period from the beginning
of one SOF to the next is the bit time interval of the frame. This is loaded into the
value field (bits 13:0) of register R_USB_FM_REMAINING at the start of each
frame. The frame timer decrements from the bit time interval to zero, at which point
the next SOF occurs.
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Note 2:

Note 3:

The bit time interval is a 14-bit value contained in the fixed and adj (adjustable)
fields of register R_USB_FM_INTERVAL. The default value is 0x2EDF. The fixed
field (bits 13:6) contains the upper 8-bits of the frame interval and, as the field name
suggests, they are read-only.

The adj field (bits 5:0) contains the lower 6-bits of the frame interval. These bits can
be used to adjust the bit time interval if necessary. Revision 1.1 of the USB
specification requires that the interval must not deviate from the nominal (12000 bit
times), by more than 15 bit times. Moreover the software must not adjust the frame
interval by more than one bit time over six frames, and only one bit time is permitted
in each adjustment.

The value in register R_USB_FM_INTERVAL is actually the frame length minus 1.

Periodic Start Point

PSTART is where the transfer of interrupt and isochronous traffic can commence.
Prior to the PSTART mark, only control transfers are performed. The position of
PSTART is set by the 14-bits of the value field (13:0) in register
R_USB_FM_PSTART.

To determine when to start sending periodic traffic, the USB controller compares
R_USB_FM_PSTART with R_USB_FM_REMAINING, which is counted
downwards. The USB driver should set R_USB_FM_PSTART to 0x2A30 (Periodic
traffic starts 10% after sof).

More control traffic is permitted when all interrupt and isochronous transactions in
the current frame are finished. When all remaining control traffic is finished, then
bulk traffic transactions are performed.

End of Frame

At the EOF point, all traffic for the current frame is stopped and the entire procedure
is repeated in the next frame. The register R_USB_FM_REMAINING shows the
number of bit times remaining in the current frame. Register
R_USB_FM_NUMBER gives the 32-bit frame number of the current frame.

A 32-bit frame number is used in Host mode only. The lower 11 bits of register
R_USB_FM_NUMBER are sent at the SOF.
Transfers and Toggle Bits

The USB interface does not set or clear the toggle bits at the end of a transfer. In fact
the toggle bits are initialized only during the setup transaction in a CTRL transfer.

This feature can be used to concatenate multiple short transfers (as presented to the
USB interface), into one long transfer (as seen by the device). It also means that the
software may have to preset the toggle bits between transfers. This affects the
insertion of transfers in the SB descriptor lists.

Maximum Transfer Length

Revision 1.1 of the USB specification does not specify a maximum transfer length.
The USB interface is designed to construct longer transfers by concatenation.

Please refer to Universal Serial Bus Revision 1.1 specification for more detailed
information about toggle bits, transfers and transfer length.
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8.5.2

DMA Descriptors

The DMA generates the traffic for the USB interface, using linked lists of descriptors
to track the USB traffic data and schedules. For further information regarding DMA
refer to chapter 7 DMA.

DMA channel 8 is used for the traffic schedule and outgoing traffic data. DMA
channel 9 is used for incoming traffic data. All incoming traffic terminates in the
same buffer list in DMA channel 9.

Each traffic type has its own data structure, and the DMA divides channel 8 into four
sub-channels (8.0 to 8.3), one for each traffic type, each of which is a linked list of
linked lists. Sub-channel 8.0 is used for bulk traffic, sub-channel 8.1 for control
traffic, sub-channel 8.2 for interrupts and sub-channel 8.3 for isochronous traffic.

> EP > EP > EP
(Null) eol
\
SB > Data SB > Data
(out) (out)
SB > Data SB (Nully

(out) (in)

Figure 8-5 DMA List Structure for USB

In the upper dimension, the endpoint (EP) descriptors are aligned. From each EP
descriptor, a number of sublist (SB) descriptors descend to form a transfer list for that
endpoint. The EP list has exactly one descriptor with the eol (end-of-list) flag set.

An EP descriptor can be enabled only by software, but the hardware and the software
can both disable an endpoint. When the hardware disables an EP descriptor, the
software is notified by means of the epid_attn interrupt (See section 8.5.4 Host Mode
Interrupts).

The SB descriptors describe the transfer to be performed. There are four types of
transfer:

ZOUT - a special transfer used by the control, interrupt and isochronous traffic
types, but not for bulk traffic.

SETUP - this transfer type is used for control transfers only.

IN and OUT - these transfer types are used in all four types of traffic. The SB
descriptor for the OUT transfer has an associated buffer for the outgoing data,
whereas the IN transfer data is received by DMA channel 9.
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DMA Descriptors for IN Transfers

The format of a DMA descriptor for an IN transfer, used by DMA channel 9, is
shown below. It is recommended that all DMA descriptors for USB are 32-bit
aligned due to performance.

31 29|28 24|23|22|21|20 19118 17| 16| 15 0

nul
Hem
doa

|08

reserved sw_len

next

buffer

reserved ep_id hw_len

Ssal

) ®
o | reserved |9

elepou
pleiic]

Figure 8-6  Format of DMA Descriptor

For a detailed description of the DMA descriptor refer to chapter 7.4.3 DMA
Descriptor Format for USB.

Endpoint Descriptors

The format of an EP descriptor, used by DMA channel 8, is shown below. The ep_id
field reports the EP identifier with which this buffer is associated, and is used to
demultiplex the input stream into the corresponding endpoint pipe streams. All EP
descriptors must be 32-bit aligned.

31 29 128 24123 21| 20| 19| 18| 17| 16] 15 0

reserved ep_id reserved hw_len

s|qeus
nu
sal
J08
|08

sub

nep

Figure 8-7 Format of an EP Descriptor

For a detailed description of the EP descriptor refer to chapter 7.4.3 DMA Descriptor
Format for USB.

Sublist Descriptors

The format of an SB descriptor, used by DMA channel 8, is shown below.

31 30|29 241 23| 22|21 20]19|18117|16]15 0

sal
1N}
=
nuy
sal
J09
|08

res rem sw_len

next

buffer

Figure 8-8 Format of SB Descriptor
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In the special case where the transfer length is evenly divisible by the packet length,
the full field is used to prevent the USB controller from sending an empty packet at
the end of the transfer.

The rem field is used by IN transfers to count the bytes in the last packet. If the last
packet is expected to be full, then the rem field is set to zero. For a detailed
description of the SB descriptor refer to chapter 7.4.3 DMA Descriptor Format for
USB.

SB Descriptors for Bulk Traffic

The transfers in the sublists can be IN or OUT. Each transfer can be constructed
from one or more SB descriptors, but the last descriptor in a transfer must have the
eot flag set. All descriptors in a single transfer must be of the same transfer type with
the last descriptor in a sublist having the eol flag set.

In the examples that follow, the maximum packet size is set in the EP table (See
section 8.5.3 Endpoint Table in Host Mode).

tt = out tt = out tt = out
sw_len = 256 »| sw_len = 256 > sw_len = 32 L
full =0 full =0 full =1
eot =0 eot =0 eot =1
\ Y Y
256 bytes 256 bytes 32 bytes
Transfer size 544
Max. packet size 32
Figure 8-9 Example 1 of an OUT Transfer
tt = out tt = out
sw_len = 128 »| Sw_len = 32 |
full =0 full =1
eot =0 eot =1
\ Y
128 bytes 32 bytes
Transfer size 160
Max. packet size 64
Figure 8-10 Example 2 of an OUT transfer
tt = in
»| Sw_len = 15 o
rem =7
eot =1

Transfer size 119
Max. packet size 8

Figure 8-11 Example of an IN transfer
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The calculations are:

sw_len = size ? (size - 1) / max packet size + 1 : O;
rem = size % max packet size;

Note 4: For IN transfers, the sw_len field counts in packets.

SB Descriptors for Control (CTRL) Traffic

The format of a control transfer is more complicated than that of other traffic types.
The USB specification requires that a control transfer must have either two or three
phases: setup, data (optional), and status - and each phase uses one SB descriptor. For
example, to build a control write it is necessary to have three SB descriptors: one

SETUP, one OUT and one IN.

tt = setup tt = in tt = zout
sw_len = 8 »| sw_len = 3 > sw_len = 1 | _
full =1 rem = 6 full =1
eot =1 eot =1 eot =1
8 bytes Null
Data stage 38 bytes
Max. packet size 16
Figure 8-12  Example of a Control Read Transfer
Note 5: According to the Universal Serial Bus Revision 1.1 specification, the setup transaction must be exactly
8 bytes long.
The ZOUT descriptor buffer pointer should be set to NULL.
tt = setup tt = out tt = in
sw_len = 8 »| Sw_len = 145 sw_len = 1 L
full =1 full =1 rem =0
eot =1 eot =1 eot =1
4 4
8 bytes 145 bytes
Data stage 145 bytes
Max. packet size 32
Figure 8-13  Example of a Control Write Transfer
Note 6: The sw_len field in the last descriptor has to be exactly 1. This is due to a requirement of the USB
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specification that a host must be prepared to receive data (from a bogus device) in the status phase.

tt = setup tt = in
sw_len = 8 »| SW_len = 1 |
full =1 rem =0
eot =1 eot =1
Y
8 bytes

No data stage

Figure 8-14 Example of a No-data Control Transfer

EP and SB Descriptors for Interrupt (INTR) Traffic

The EP descriptors for INTR traffic represent IN or OUT interrupt pipes. The
technique is to run one transfer per endpoint and then change. If the endpoint has its
eof flag set, then this signifies a dummy endpoint. Dummy endpoints are used to
control the frequency of interrupt transfers: they must have only one SB descriptor
attached, and that must be a ZOUT transfer.

ZOUT transfers are special. The ZOUT SB descriptor for periodic traffic (INTR and
ISO) is not consumed and the DMA is instructed to move to the next endpoint. If
the eof flag of the EP descriptor is not set, then an empty packet is sent. If the EP
descriptor has its eof flag set, then the ZOUT transfer does nothing except force the
hardware to stop processing interrupt traffic for that frame.

OUT transfers of INTR traffic resemble those of BULK traffic. One transfer, or an
attempt to transfer, is performed in every frame (or desired period). OUT transfers of
INTR traffic with different interrupt periods are complex to support.

In the first example below, the host will deliver 40 bytes in the first frame, after which
it will send an empty packet in each frame. Note that if a device replies with NAK, or
makes no reply, the host will attempt to re-send the packet in the next period (the
next frame in this example).

<
<

» EP 1 »-| eof
Y Y
out
40 zout

eot
A /
zout

Figure 8-15 Example of Endpoint 1 (OUT) in Each Frame of INTR Traffic

In the next example below, the host will deliver 30 bytes in the first frame, then wait
five frames and deliver 20 bytes. After this an empty packet will be transmitted every
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fifth frame. Note that if a device replies with NAK, or makes no reply, the host will
attempt to re-send the packet in the next period (after five frames in this example).

<
<

> EP1 p-| eof »-| eof »| eof eof eof
4 \/ Y Y \
%lét zout zout zout zout zout
eot
Y
out zout
20
eot

Figure 8-16  Example of Endpoint 1 (OUT) Every Fifth Frame of INTR Traffic

IN transfers of periodic traffic (INTR and ISO) are different from those of bulk and
CTRL traffic. When the IN transfer is finished the SB descriptor is not consumed,
which makes the IN transfer remain in the list. The first example below shows IN
endpoint EP1 in each frame and IN endpoint EP2 in every second frame.

A

eof »| EP 1 »| EP 2 eof

\

EP1

Y zout \ in zout

Y

in

Figure 8-17 Example of Endpoint 1 (IN) Every Frame and Endpoint 2 (IN) Every 2nd Frame of
INTR Traffic

The final example shows IN endpoint EP1 in every fifth frame.

<
<

eof eof »| eof eof eof

EP1

\
\
\

Y Y Y Y Y Y

in zout zout zout zout zout

Figure 8-18 Example of Endpoint 1 (IN) Every Fifth Frame of INTR Traffic
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8.5.3

EP and SB Descriptors for Isochronous (ISO) Traffic

Isochronous transfers are uni-directional, and the EP descriptors represent
isochronous pipes. An EP descriptor with the eof flag set is a dummy endpoint used
to mark the end of isochronous traffic. This eof endpoint must contain one SB
descriptor with a ZOUT transfer.

For OUT transfers, only one transaction per endpoint is transmitted in each frame. If
the SB list ends, then the endpoint is disabled. No re-transmissions are used. In the
event of an underrun error, the USB controller forces the DMA to skip the
transaction in which the underrun occurs. To make this behavior useful, it is
recommended that there should be only one transaction per transfer (e.g. the data
size should not be longer than the max packet size).

A

\

EP 1 EP 2 eof

\
\

out
zout

eot

Y

out
64
e

ot

Figure 8-19 Example of 1ISO OUT traffic

For IN transfers, one request per endpoint is transmitted in each frame. As with
interrupt traffic, the IN transfers never end. The iso_eot interrupt is given for all ISO
IN requests.

Endpoint Table in Host Mode

The USB interface can handle 31 active endpoints in devices on the bus. The
interface therefore includes a lookup (EP) table for translating endpoint identifiers
into device/endpoint pairs. The EP table also contains status information for each
valid ep_id. Most of this information is used by the hardware only, but some fields
are used to exchange information between the hardware and the software.

The EP table contains 32 endpoint entries, each pointing at an endpoint on a device
on the USB. The EP table for isochronous traffic differs slightly from that of all other
traffic types: it requires fewer fields.

The EP table is accessed via three mode registers:

R_USB_EPT_INDEX is used to point to the desired entry in the EP table.

R_USB_EPT_DATA is used to read and write to the indexed entry in the EP
table for all traffic types except isochronous.

R_USB_EPT_DATA_ISO is used to read and write to the indexed entry in the
EP table for isochronous traffic.
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After reset, all entries in the EP table are invalidated, which means that the valid field
(bit 31), of each entry in register R_USB_EPT DATA is cleared.

If no periodic transfer is ever scheduled, then all 32 entries in the EP table can be
used. However, if interrupt or isochronous traffic are to be used, then one entry must
be invalid, leaving 31 entries available.

In software, the best way to create an invalid entry is to allocate one entry in the table; do not adjust it
thereafter.

The software must never modify an entry in the EP table as long as the corresponding
EP descriptor is enabled. If an entry is modified while the EP descriptor is enabled,
the behavior is undefined and unpredictable. To avoid such errors a synchronization
method must be used. Please refer to section 8.7 Physical Interface for details.

For a full definition of the fields in the EP table for all traffic types except
isochronous, please refer to chapter 18.16.7 R_USB_IRQ_MASK_CLR.

For a full definition of the fields in the EP table for isochronous traffic, please refer to
chapter 18.16.18 R_USB_RH_STATUS.

Host Mode Interrupts

A number of interrupts are generated by the USB interface: most of them indicate
events in specific devices on the USB. All of the USB interrupts have the same
internally-generated vector number (0x3F).

As noted in table 8-1 above, the USB interrupts are handled in four registers:

R_USB_IRQ_MASK_SET;
R_USB_IRQ_MASK_READ;
R_USB_IRQ_MASK_CLR:
R_USB_IRQ_READ.

It is also necessary for the USB interface to identify any endpoint that triggers an
interrupt. Register R_EPID_ATTN is used for this purpose. Each bit in the register
corresponds to an entry in the endpoint lookup table.

In summary the USB interrupts are:

iso_eof

This interrupt is triggered in response to an isochronous traffic end-of-frame
flag. In Host mode the iso_eof interrupt occurs when the DMA reports a set eof
flag in an isochronous EP descriptor to the USB interface. The interrupt is
cleared when the value field in register R_USB_EPID_ATTN is read.

intr_eof

This interrupt is triggered in response to an interrupt traffic end-of-frame flag. In
Host mode the intr_eof interrupt occurs when the DMA reports a set eof flag in
an interrupt EP descriptor to the USB interface. The interrupt is cleared when
the value field in register R_USB_EPID_ATTN is read.

iso_eot

In Host mode, this interrupt is triggered when an isochronous transaction is
completed. The interrupt is cleared when the value field in register
R_USB_EPID_ATTN is read.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



8 Universal Serial Bus

intr_eot

In Host mode, this interrupt is triggered in response to an end-of-transfer flag
when an interrupt transfer is completed. The interrupt is cleared when the value
field in register R_USB_EPID_ATTN is read.

ctl_eot

In Host mode, this interrupt is triggered in response to an end-of-transfer flag
when a control transfer is completed. The interrupt is cleared when the value
field in register R_USB_EPID_ATTN is read.

bulk_eot

In Host mode, this interrupt is triggered in response to an end-of-transfer flag
when a bulk transfer is completed. The interrupt is cleared when the value field
in register R_USB_EPID_ATTN is read.

epid_attn

In Host mode, this interrupt is triggered whenever a significant event occurs at
an endpoint. The interrupt condition is cleared when the R_USB_EPID_ATTN
register is read. The events that trigger an epid_attn interrupt are:

invalid ep_id - occurs when the USB interface receives a transfer with an invalid
endpoint identifier in the EP descriptor. It is probably caused by a programming
error and is a good reason to stop the affected endpoint at least. The EP
descriptor will be disabled by the hardware.

stall - not strictly an error condition but the EP descriptor is disabled
nevertheless. For CTRL transfers there are special precautions to be taken by the
software. The hardware does not perform any special routine for CTRL stalls.
They are handled in the same way as BULK or INTR stalls.

3rd error - occurs in response to three successive transaction error in a transfer,
which disables the EP descriptor. Another severe error in a transaction may also
trigger this event. Inspect the EP table.

buffer ourun - a buffer overrun or underrun occurs if the memory or DMA
cannot handle the traffic load. The EP descriptor is disabled.

past eof1- this event is triggered if an INTR or 1SO transaction proceeds beyond
the EOF1 mark in the frame.

near eof - this relatively rare event is triggered if an attempt is made to start an
INTR or ISO transaction that would not fit inside the frame. It is handled in the
same way as the past eofl event.

zout transfer - this error event is triggered if a ZOUT transfer is ever presented
to any BULK endpoint. The EP descriptor is disabled.

setup transfer - this error event is triggered if a SETUP transfer is ever presented
to any INTR, ISO or BULK endpoint. The EP descriptor is disabled.

sof

In Host mode, this interrupt is triggered whenever a start-of-frame flag leaves the
USB interface. The interrupt is cleared when the value field in register
R_USB_FM_NUMBER is read.
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port_status

In Host mode, this interrupt signals any change in the status registers of the
configured USB ports. The interrupt is cleared when these registers
(R_USB_RH_PORT_STATUS_land R_USB_RH_PORT_STATUS_2) are
read.

ctl_status
In Host mode, this interrupt indicates a change in the status of the USB interface
controller. The interrupt is cleared when register R_USB_STATUS is read.

Device Mode

In Device mode, only one port can be configured for use, either port p1 or port p2.
Selection of the port to be used is made by asserting fields usb1 (bit 29) or usb2 (bit
30) in general configuration register R_GEN_CONFIG. The act of port selection
enables the USB interface, which is entirely inoperative prior to this.

All operations at the enabled port are handled by the root hub under the control of
the port_sel (bits 7 and 6) and port_cmd (bits 5 and 4) fields in register
R_USB_COMMAND_DEV. The status of the enabled port is read in register
R_USB_RH_PORT_STATUS_1 if port p1 is in use, or
R_USB_RH_PORT_STATUS_2 for port p2.

Root hub status register R_USB_RH_STATUS is not used in Device mode.
USB Controller Commands in Device Mode

Register R_USB_COMMAND_DEYV contains fields for commanding the root hub
and the USB controller. All these fields must be written in one operation.

Each time a write operation is performed to register R_USB_COMMAND_DEV, a
command interpretation is triggered. This sets the busy field (bit 7) in register
R_USB_STATUS. When the USB controller has executed the command, the busy
field is cleared. The current state of the USB interface is read in main status register
R_USB_STATUS.

The only commands that can be issued to the USB controller in Device mode are:

nop - (No operation)

The enabled port can be commanded without issuing any commands to the USB
controller. The nop command is issued by setting field ctrl_cmd (bits 2 to 0) in
register R_USB_COMMAND_DEV to the value 0x0.

deconfig

This is an emergency stop command that immediately deconfigures the entire
USB interface, returning it to the condition that immediately succeeds a reset.
The state of the USB controller changes to UNCONFIGURED. The deconfig
command is issued by setting the ctrl_cmd field inR_USB_COMMAND_DEV
to the value Ox2.
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8.6.2

8.6.3

host_config

If the USB controller is in the UNCONFIGURED state, this command
configures it as a host controller. The host_config command is issued by setting
the ctrl_cmd field in register R_USB_COMMAND_DEYV to the value 0x3.

dev_config

If the USB controller is in the UNCONFIGURED state, this command
configures it as a device controller. The dev_config command is issued by setting
the ctrl_cmd field in register R_USB_COMMAND_DEYV to the value 0x4.

USB Port (Root Hub) Commands in Device Mode

In Device mode, commands to the root hub are given in the port_cmd field of
register R_USB_COMMAND_DEV. They are issued to the port selected in the
port_sel field (bits 7 to 6) of the command register as follows:

active

Enable the selected port. This must be done after the dev_config command has
been issued to the USB controller. The active command is issued by setting the
port_cmd field in register R_USB_COMMAND_DEYV to the value 0x0.

passive

Disable the selected port. Traffic on the bus is ignored and none is sent from the
device. The passive command is issued by setting the port_cmd field in register
R_USB_COMMAND_DEV to the value 0x1.

wakeup

Drive a K-state of 3 ms in length on the bus to request remote wakeup. This
command is valid only if the device is in a suspended mode. The wakeup
command is issued by setting the port_cmd field in
R_USB_COMMAND_DEV to the value 0x3.

USB Data Structures in Device Mode

In Device mode, the USB controller can handle four IN endpoints and 12 OUT
endpoints. Note that the terms IN and OUT refer to the direction at the USB host;
in other words, an IN Transfer is outgoing from the device, and an OUT transfer is
incoming to the device. DMA channel 8 is used for outgoing traffic from the USB
device to the host and is divided into four sub-channels, one for each IN endpoint.

The data structures for the sub-channels of DMA channel 8 are organized as four
linked lists of linked lists, where the first list (the EP list), always points to itself.
DMA sub-channel 8.0 is used as a control endpoint, while sub-channels 8.1to 8.3
can be used for any traffic type.
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EP

eol

SB

Figure 8-20 DMA List Structure for USB Device (IN Endpoint)

ETRAX 100LX supports 12 endpoints for incoming traffic from the USB host
(OUT traffic). DMA channel 9 handles this traffic, all of which is placed in the FIFO
buffer of DMA channel 9. This channel behaves in the same way as any other DMA
channel in ETRAX 100LX, but with additional status flags.

DMA Descriptors for OUT Transfers in Device Mode

The format of a DMA descriptor for an OUT transfer (incoming traffic to the
device) is shown below. This format is used by DMA channel 9, and it is
recommended that all DMA descriptors for USB are 32-bit aligned.

31 29|28 24|23|22|21|20 19]18|17| 16| 15 0

sw_len

nui
nem
doa

108

reserved

next

buffer

reserved ep_id hw_len

erepou
1018
sal

@
o | reserved | S

Figure 8-21  Format of DMA Descriptor

For a detailed description of the DMA descriptor refer to chapter 7.4.3 DMA
Descriptor Format for USB.

EP Descriptors in Device Mode

Endpoint descriptors are mainly used to store the ep_id number but, in USB Device
mode, the ep_id number is fixed as follows:

Sub-Channel ep_id

8.0 0
8.1 1
8.2 2
8.3 3
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The format of an EP descriptor, used by DMA channel 8, is shown below. There is
only one EP descriptor per sub-channel. All EP descriptors must be 32-bit aligned.

31 29 128 2423 21] 2

o
=
©

18117 16| 15 0

reserved ep_id reserved hw_len

a|qeus
nul
sal
j09
|08

sub

nep

Figure 8-22  Format of an EP Descriptor

Note that the eof bit is not used in Device mode, and should be set to 0. For a
detailed description of the EP descriptor refer to chapter 7.4.3 DMA Descriptor
Format for USB.

SB Descriptors in Device Mode

In Device mode, the SB descriptors for the sub-channels in DMA channel 8 contain
status and pointer fields to the data that will be transmitted from the device to the
USB host. The format of an SP descriptor in a sub-channel is illustrated below.

31 30|29 241 23| 22|21 20| 19| 18]17| 16|15 0

rem
(not used)

@

12
sal
ny

3 sw_len

nul
sal
109

next

buffer

Figure 8-23  Format of SB Descriptor in Device Mode

Note that the rem field is not used in Device mode, and should be set to 0. In Device
mode, the only transfer types allowed in the tt field are ZOUT and OUT. For a
detailed description of the SB descriptor refer to chapter 7.4.3 DMA Descriptor
Format for USB.

8.6.4 EP Table in Device Mode

The EP table is used in Device mode as well as Host mode, and is accessed through
mode registers:

e R_USB_EPT_INDEX which is used to point to the desired entry in the EP
table.

e R_USB EPT_DATA_DEV which is used to read and write to the indexed entry
in the EP table.

The EP table also contains status information for each valid ep_id. 8-2 below shows
how the rows in the EP table are used:

Tofill rows 0 - 11 and 16 - 19, the register macros for R_USB_EPT_DATA_DEV
could be used.

The data toggle bit for an endpoint is only initialized during a setup transaction.
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ep_id Description

0-11 Configuration for USB out traffic - incoming traffic to the device.
All data received will end up in DMA channel 9, and there are 12 endpoints available.
ep_ids 20 - 31 are used to know the transfer size of USB out traffic:
ep_id 20 is used by ep_id 0
ep_id 21 is used by ep_id 1
ep_id 22 is used by ep_id 2
ep_id 23 is used by ep_id 3
ep_id 24 is used by ep_id 4
ep_id 25 is used by ep_id 5
ep_id 26 is used by ep_id 6
ep_id 27 is used by ep_id 7
ep_id 28 is used by ep_id 8
ep_id 29 is used by ep_id 9
ep_id 30is used by ep_id 10
ep_id 31is used by ep_id 11

12-15 Reserved
16-19 Configuration for USB in traffic - outgoing traffic from the device.

There are four endpoints are available, one for each DMA channel 8 subchannel.
20-31 Counters for ep_ids 0 - 11.

Bit [31:16] is the transfer size

Bit [15:0] is the number of bytes remaining in the ongoing transfer.

Note that for a control endpoint, the counter is loaded by hardware with the transfer size
received within the setup packet.

Table 8-2 EP table usage

For a full definition of the fields of the EP table in Device mode, please refer to
chapter 18.16.19 R_USB_RH_PORT_STATUS_1.

Device Mode Interrupts

The USB interrupts in Device mode are:
out_eot
This interrupt is triggered by an end-of-transfer flag on any of the twelve OUT
endpoints.

ep3_in_eot, ep2_in_eot, epl_in_eot
These interrupts are triggered by an end-of-transfer flag on IN endpoints
numbered 1 to 3 respectively.

ep0_in_eot
This interrupt is triggered by an end-of-transfer flag on IN endpoint number 0
(control).

epid_attn

In Device mode, this interrupt is triggered in response to an endpoint overrun or
underrun condition. The interrupting endpoint is identified in register
R_USB_EPID_ATTN and the error condition can be read in register
R_USB_STATUS.

sof

In Device mode, this interrupt is triggered each time the frame timer reaches 0.
The frame timer interval is set in R_USB_FM_INTERVAL, and can be
synchronized with the frame interval of the host by using the information in
R_USB_FM_NUMBER_DEV.
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port_status
In Device mode, this interrupt signals any change in the status of the USB port.

ctl_status
In Device mode, this interrupt indicates a change in configuration.

8.7 Physical Interface

The physical interface of the USB is divided into two main parts: data transmission
and power management. These differ slightly in Host mode and Device mode.

8.7.1 Data Transmission

The data transmission interface is compatible with Philips USB transceiver type
PDIUSBP11A. It is almost identical for Host and Device mode, with minor
differences in the protocol handling. There is also a difference on the outside of the
transceiver, concerning the pull-up and pull-down for device speed indication.

In host mode, D+ and D- are individually pulled down with 15K Ohm.

In Device mode, a 1.5K Ohm resistor is used for device speed selection. If a full-
speed device is built, the resistor should be a pull-up on the D+ line. For a low-speed
device, the resistor should be a pull-up on the D- line.

8.7.2 Power Management

USB power management is not implemented in the ETRAX 100LX USB interface.
Since power management is slow and rare, it can be implemented in software using
general port PA for overcurrent sensing, and any generic 1/O pin for power on/off
control. The fact that general port PA can be configured to generate interrupts is a
useful feature in this regard.

8.7.3 Hardware Reset

Whenever the USB interface is not configured in register R_GEN_CONFIG, then
the USB interface reset is active and the interface is entirely frozen. Writing to the
USB registers has no effect, and reading from the registers may produce
unpredictable results. Immediately after reset the USB interface is in a passive state.
The USB ports are off, in the sense that their output enable signals are inactive.

Note 8: One way to perform a hardware reset of the USB interface is to deconfigure the interface in register
R_GEN_CONFIG and then reconfigure the interface.

It is the responsibility of the software to manage USB power during startup of the
USB interface. This is done outside the USB interface as noted in 8.7.2. above.
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Procedures

Configuring the USB Interface for Host Mode

Setting the General Configuration

Set the usb1 (bit 29) and/or usb2 (bit 30) fields in register R_GEN_CONFIG to
configure either or both of the two available USB ports. This initializes the USB
interface and causes a hardware reset of the USB interface to be performed.

Configuring the Interface

Set the ctrl_cmd field (bits 2 to 0) in register R_USB_COMMAND to the value
host_config (0x3). This issues the host_config command to the USB interface.

Starting and Stopping the Host Mode

When configured, the USB interface eventually reaches the HOST_MODE state,
where it remains until at least one port is enabled. When a port is enabled, the
HOST_STARTED state is attained and traffic processing can be started by issuing
the host_run command to the USB controller. This sets the USB interface to the
HOST_RUNNING state.

Starting USB Traffic Processing

Set the ctrl_cmd field in register R_USB_COMMAND to the value host_run (0x6).
This issues the host_run command to the USB controller.

Stopping USB Traffic Processing

Set the ctrl_cmd field in register R_USB_COMMAND to the value host_stop (0x7).
This issues the host_stop command to the USB controller.

All traffic processing is suspended but frame generation continues. The traffic for the
current frame is finished before the state changes to HOST_STARTED. The traffic
can be started again without any special actions as long as the data structures are
intact. However it should be noted that the devices may have become unstable during
the stoppage time.

Starting and Stopping Traffic in Host Mode

This is related to the start/stop of traffic processing. In principle, traffic can be
forcibly stopped by commanding the USB controller from the HOST_RUNNING
state to the HOST_STARTED state. However a clean shutdown may leave devices
in a safer condition than a forced shutdown.

Stopping Each Traffic Type with a Clean Procedure

1 Withdraw any pending transfers. This may require the temporary disabling of the
endpoint in order to inspect and manipulate the SB descriptor lists.

2 Wait for the DMA sublist to stop. When the endpoints exhaust one by one, they
are automatically disabled by the USB interface. When all endpoints are disabled,
the DMA sub-channel will stop.
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3 When all sub lists have stopped, issue the host_stop command to the USB
controller by setting the ctrl_cmd field in register R_USB_COMMAND to the
value host_stop (0x7).

Restarting Traffic After a Stop

1 Set the ctrl_cmd field in register R_USB_COMMAND to the value host_run
(0x6). This issues the host_run command to the USB controller.

2 Set up the new transfers to be processed. All traffic was withdrawn before the
traffic was stopped and therefore all SB lists are empty.

8.8.4 Managing EP Descriptor Lists in Host Mode

All EP descriptor lists must have a disabled dummy EP descriptor with the eol flag
set. To create a new EP descriptor list it is necessary to create the first descriptor, link
the first descriptor to the dummy EP descriptor, and set the eol flag. This must be
done before the DMA sub-channel is started. The list will resemble the following

diagram:
new_ep ) dummy_ep
> EP > EP
enable =0

eol
Figure 8-24  New EP Descriptor List in Host Mode

Inserting an EP Descriptor into an Existing List

1 Create a new EP descriptor, here named new_ep. It is recommended that all values
in the new descriptor should be set to zero.Locate the point in the list where the
new_ep is to be inserted. The descriptor that precedes the insertion point is here
named before_ep and the descriptor that succeeds the insertion point is named
after_ep.

<

‘ before_ep after_ep dummy_ep
EP »| EP > EP

Figure 8-25  Existing Descriptor List

2 Point the new endpoint at the after_ep descriptor. This must be done before the

next step.
new_ep ‘
EP

after_ep dummy_ep

‘ before_ep
EP

Figure 8-26  Pointing the New Endpoint at the Succeeding Descriptor

EP > EP
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3 Point the before_ep at the new_ep descriptor. To ensure that the hardware does
not detect a partially-updated new endpoint, this must be done in one single 32-
bit write operation.

‘ before_ep after_ep dummy_ep
EP EP > EP

new_ep

»| EP

Figure 8-27  Pointing the Preceding Descriptor at the New Endpoint

Removing an EP Descriptor from the List

1 Bypass the descriptor by changing before_ep.next to old_ep.next. This must be
done in one single 32-bit write operation.

2 Check that the value in R_DMA_CH8_SUBx_EP is not equal to old_ep.
3 If the values are not the same it is safe to remove the old_ep.

4 If these two values are equal, set the interrupt bit intr in the dummy descriptor and
wait for the dma8_subx_descr interrupt.

5 At the dma8_subx_descr interrupt, remove old_ep, and clear the interrupt bit in
the dummy descriptor.

6 Acknowledge the interrupt by writing to R_DMA_CH8_SUBx_CLR_INTR.

<

before_ep after_ep dummy_ep

EP > EP »| EP

old_ep

oo EP

Figure 8-28  Removing the EP Descriptor
Managing SB Descriptor Lists in Host Mode

It is possible to insert descriptors in the middle of an SB descriptor list, but advanced
disable/enable EP descriptor manipulation with list traversal is necessary to find the
intersections between transfers. New traffic must not be inserted in the middle of a
transfer because it would confuse the USB hardware and produce unpredictable
results.

The preferred method of inserting descriptors is to append new traffic at the end of
the list, as described below. It is recommended an entire transfer should be inserted in
one operation because this simplifies other aspects of the operation.

1 Find the last SB descriptor in the list.
2 Append the new descriptor to the list.
3 Clear the eol flag in the last descriptor.
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4 Check whether the EP descriptor at the head of the list is enabled or disabled. If it
is enabled, then the procedure is concluded. Otherwise go to step 5.

5 Check whether an error disabled the EP descriptor, taking care not to lose any
information from the interrupt system. If there was an error condition, proceed
with step 6. Otherwise go to step 7.

6 Correct the error condition, which may necessitate a permanent stop of the
endpoint. This must be handled in software, which must correctly withdraw all
transfers in the SB descriptor list, including the newly-inserted transfer. When
this has been done, restart the endpoint if possible.

7 Check if the sub field in the EP descriptor is pointing to the new SB descriptor. If
s0, the procedure is completed; otherwise, go to step 8.

8 Update the EP descriptor. There was no error and the EP descriptor was disabled,
therefore the SB descriptor list was exhausted. The sub field in the EP descriptor
must be pointed at the new SB descriptor.

9 Enable the EP descriptor to conclude the procedure.

When removing descriptors from the SB descriptor list it is very important not to

confuse DMA, which could lead to unpredictable events in the USB interface. For
more information, please refer to the above section 8.8.4 Managing EP Descriptor

Lists in Host Mode.

Removing SB Descriptors from the List

1 Disable the endpoint, see 8.8.4 Managing EP Descriptor Lists in Host Mode.

2 Find the start and stop of the transfer to retire. If the endpoint was disabled due to
an error, the error must also be corrected.

3 Remove the transfer to retire.
4 If the list is not empty, re-enable the endpoint.

8.8.6 Managing the EP Table in Host Mode

Connecting an EP Descriptor to an EP Table Entry
1 Allocate an EP table entry. The entry number is the ep_id.

2 Write the ep_id into the value field of register R_USB_EPT_INDEX and set the
ep_id field in the EP descriptor.

Clear the EP table entry in register R_USB_EPT_DATA.

Set the device and endpoint parameters in register R_USB_EPT_DATA.
Set the valid field (bit 31) in the EP table entry.

Insert the EP descriptor into an EP list.

Enable the EP descriptor.

N o o1~ W

Disabling an Endpoint and Accessing the EP Table Entry

Follow the procedure set forth in section 8.8.4 Managing EP Descriptor Lists in Host
Mode. When the EP is safely disabled, the entry in the EP table could also be
modified.
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Re-enabling the Endpoint
1 Set the enable bit in the EP descriptor.

2 Check that the DMA is still running. If it has stopped for some reason (e.g. no
more data to process), then write a start command to the appropriate DMA
command register.

Managing the DMA Channel 9 Descriptor List

This is largely the same as managing any DMA list for incoming traffic. A typical
USB DMA descriptor list structure resembles Figure 8-29 below.

—»| BD »| BD » BD »| BD »| BD
eop. eop eop eop
ep_id epid=1 ep_id=2 ep_id=1
eot eot
Y \/ Y \
buffer buffer buffer buffer
I 64 64 8 120
e > e—
Part of transfer 1 Transfer 1 End of transfer 1

EP1 EP 2 EP1
Figure 8-29  Typical USB DMA Descriptor List

After reception of a transfer (one packet), the ep_id and the eop field are written to
the DMA descriptor in DMA channel 9. If the transfer is an empty packet, a dummy
byte is written and the nodata bit is set.

Observe that a packet ends in the buffer that is flagged eop, and the next packet
begins in the immediately succeeding buffer.

The software must manage the demultiplexing of packets to the correct pipe, and the
cleanup after an unrecoverable transaction error.

Managing the Root Hub

As previously noted, the root hub manages the low level details of the USB connect/
disconnect, speed detection, reset and suspend/resume signalling. The root hub also
detects faulty signalling and babbling devices.

Section 8.8.3 Starting and Stopping Traffic in Host Mode, describes the command
sequences to the USB controller. The command sequences to reset and enable a USB
port are discussed here.

The root hub has dedicated registers to disable the USB ports. These registers are
R_USB_PORT1_DISABLE and R_USB_PORT2_DISABLE. They must be
configured before a USB port can be used.

Writing to the Disable Registers

Set the disable field (bit 0) in register R_USB_PORT1_DISABLE to the value no
(0x1). This ensures that USB port p1 can be enabled. Set the disable field (bit 0) in
register R_USB_PORT?2_DISABLE to the value no (0x1). This ensures that USB
port p2 can be enabled.
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Detecting a Port Event

1 Wait for the USB interrupt. If register R_USB_IRQ_READ indicates a
port_status interrupt, go to step 2. Otherwise wait until an interrupt occurs.

2 Handle the event. Ensure that the software can remember the values in these
registers in order to detect the condition that has changed.

Some events also trigger a ctl_status interrupt. For instance a command changing a
port from reset to enabled condition may set the USB controller from the
HOST_MODE state to the HOST_STARTED state. Also note that the last port to
change from enabled to disconnected or reset condition will return the controller to
the HOST_MODE state.

If a port event indicates that a port became connected, it is appropriate to reset the
port as follows:

1 Issue a reset command to the port by writing to the R_USB_ COMMAND
register.

2 Wait for the reset to complete. Wait for the port enabled event.
3 Notify the upper software that an enabled event occurred at the port.

The sequence above shows a command to one port (i.e. the root hub). This is the best
way to command the root hub. It is possible to issue commands to the USB
controller and the root hub, but there is a potential for error.

Many operations on the root hub follow the same pattern:
1 Perform an event.

2 Wait for its completion.

3 Report the change in status.

Disabling a Port

1 Set the disable fields (bit 0) in register R_USB_PORT1_DISABLE or
R_USB_PORT2_DISABLE to the value yes (0x0). This forces the respective port
to recognize a disconnect event and change the port status accordingly.

2 Wait for the port status to change to disconnected.
8.8.9 Managing USB IN Traffic in Device Mode

As previously noted, in Device mode the USB controller has 4 IN endpoints. The
traffic for those endpoints are scheduled in the sub-channels of DMA channel 8.
Because of the endpoint numbers (0, 1, 2 and 3), it is necessary to use endpoint O as
the control channel. Any of the other endpoint (1, 2 and 3) can carry bulk, interrupt
or isochronous traffic.

Creating an IN Endpoint
1 Select an endpoint (0, 1, 2 or 3). In this example, endpoint 1 is used.

2 Create an EP list for the corresponding DMA sub-channel. The list comprises one
EP descriptor pointing at itself.
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3 Create SB descriptors describing the data that will be sent. In this example 321
bytes will be sent, with a buffer size of 256 bytes.

<
<%

EP Descriptor
»| ep_id =1
enable = 1 nep
eol =1
sub
> SB Descriptor - SB Descriptor
tt = out tt = out
eot =0 eot =1
eol =0 eol =1
sw_len = 256 sw_len = 65
Y Y
Data Data

Figure 8-30 Creating an IN Endpoint

4 Fill information into the EP table. Write to the corresponding row in the EP table
(row 17 since endpoint 1 has been chosen). This enables the endpoint and sets its
parameters.

5 Start the DMA sub-channel by setting the cmd field (bit O) in register
R_DMA _CHB8 SUB1 CMD to the value start (0x1).

If the USB host submits a request to this endpoint, the device will respond with data.
When all data are sent, the sub-channel becomes disabled.

If the USB device controller receives more requests to this endpoint, it responds with
NAK until the software places more data into the sub-channel and restarts it.
Appending Traffic to an IN Endpoint

1 Create an SB descriptor describing the data packet to be sent. In this example a
USB transfer of 100 bytes in length will be appended. Set the eot and eol flags in
this descriptor.

EP Descriptor

O

out
1

1
100

eot
eol
sw_len

> Data

Figure 8-31 Creating an SB Descriptor for Appending Traffic to an IN Endpoint
2 Move the next pointer in the last SB descriptor (B) to point at (C).
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3 Clear the eol flag in descriptor B. It is important that the next pointer is updated
before the eol flag is cleared.

¢

EP Descriptor
»| ep_id 1
enable 1
eol 1

>
@
©

sub SB Descriptor SB Descriptor SB Descriptor
A - > -B- > -C-
tt = out tt = out tt = out
eot =0 eot =1 eot =1
eol =0 eol =0 eol =1
sw_len = 256 sw_len = 65 sw_len = 100
Y Y Y
Data Data Data

Figure 8-32  Clearing the eol Flag in Descriptor B

4 Check whether the sub-channel is stopped. The hardware stops a sub-channel only
when the eol flag is reached. If the sub-channel is running, then the procedure is
concluded. Otherwise go to step 5.

5 Check the sub-pointer in the EP descriptor. If this pointer is not directed at the
new SB descriptor (C), then point it there and start the sub-channel. If the pointer
in the EP is already pointing at the new SB, then that traffic has been sent and the
sub-channel need not be started.

Stalling Traffic on an IN Endpoint

Set the stall bit in the corresponding row in the EP table. This forces the USB
hardware to respond with a stall on all requests from the host to that endpoint. The
software must disable stall mode to make this endpoint operate again. This should
occur after a configuration event on the control channel (channel 0). It is not
recommended that endpoint 0 should be stalled.

Removing Traffic from an Endpoint

1 Stop the DMA sub-channel by setting the cmd field (bit 0) in the appropriate
register R_DMA_CH8_SUBn_CMD to the value stop (0x0).

The hardware will transmit the ongoing transaction. If the transmission of a
packet has started, the hardware will attempt to finish the transmission. However
the relatively abrupt stop of the DMA may cause an underrun that forces the
hardware to abort the packet. This is signalled in the same way as an ordinary
underrun condition.

2 Wait for the transaction to end. This cannot be observed by software, but the
transaction cannot be longer than one USB frame. It is, therefore, possible to wait
for one frame to have passed. This could be done by using the sof interrupt which
is given once every frame.

3 Modify the list if necessary. Then start the sub-channel.
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Error Conditions When Managing USB IN Traffic

All USB errors are handled by hardware, and the only error that can be reported is
underrun. The underrun error is indicated in register R_USB_STATUS, and the
number of the endpoint that caused the error can be read in register
R_EPID_ATTN.

If an isochronous endpoint encountered the underrun error, the hardware will abort
the transaction and then disable the endpoint by clearing the valid bit at the
corresponding row in the EP table. If a control, bulk or interrupt endpoint
encountered the underrun error, the hardware only aborts the transaction, leading to
a new request from the USB host.

USB OUT Traffic in Device Mode

As previously mentioned, all incoming traffic from the 12 OUT endpoints is handled
in DMA channel 9. Endpoint 0 is always a control endpoint and the other endpoints
can be bulk, interrupt or isochronous. All OUT endpoints require two entries in the
EP table, one describing the endpoint and one containing the number of bytes in the
transfer.

When constructing software for the device it is advisable to ensure that there are
always free descriptors/buffers in DMA channel 9. This can be achieved by creating a
list with interrupts enabled at certain points in the list - helping the software to free
up descriptors. DMA channel 9 will stop if no descriptors remain, resulting in an
overrun in the USB hardware.

USB Bulk and Interrupt OUT Traffic in Device Mode

As for all USB OUT transfers, the USB hardware must be informed of the expected
transfer length. This is the maximum length for the transfer. The transfer could be
shorter, but this must be signalled from the host by sending a short packet (not
max_packet_size) or an empty packet.

If the transfer length is not known, the counter must be loaded with a large number
(i.e Oxffff) and then reloaded with this value before it reaches zero. For bulk and
interrupt traffic, the max_packet_size is 64 =>. The counter must be reloaded after
~1000 packets and, at the most, there can be 19 of these packets per frame

(per 1 ms).

Another approach to an unknown transfer length is to load the counter with a
multiple of the max_packet_size (i.e 0xffc0). The hardware will thus report end-of-
transfer after 1023 packets but, if the actual end-of-transfer has not occurred, the host
will continue to send data and the device hardware will receive the data.

After reception of a transaction (one packet), the ep_id and the eop field are written
to the DMA descriptor in DMA channel 9. If the transaction is an empty packet, a
dummy byte is written and the nodata bit is set.
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——»| BD » BD » BD » BD » BD
eop eop eop €op
ep_id ep_id=1 ep_id=2 ep_id=1
eot eot
Y \/ Y /
buffer buffer buffer buffer
I 64 64 8 120
e > e—i
Part of transfer 1 Transfer 1 End of transfer 1
EP1 EP2 EP1

Figure 8-33  Typical USB DMA descriptor List

As mentioned before, the end-of-transfer can be signified by the receipt of:
e Exactly the number of previously agreed bytes

e Ashort packet

e Anempty packet

At the end-of transfer, an interrupt is signalled (note that this interrupt is the same
for all 12 OUT endpoints), and the eot bit is written in the DMA descriptor that
contains the last data for that transfer.

USB Isochronous OUT Traffic in Device Mode

In Device mode, isochronous OUT traffic operates in almost the same way as bulk
and interrupt traffic. The difference is that each transaction on an isochronous
channel is a transfer. Consequently the transfer length required by hardware (from
the EP table), must be set to the same value as max_packet_size.

Error Conditions for USB OUT Traffic in Device Mode

The only error not handled by the USB hardware is overrun. The overrun error is
reported in register R_USB_STATUS, and the number of the endpoint that caused
the error can be read in register R_EPID_ATTN. If an endpoints overruns it does
not acknowledge that transaction.

8.8.11 USB Control Traffic in Device Mode
Control traffic uses one OUT endpoint and one IN endpoint. With three exceptions,

they act in the same way as other endpoints. These exceptions are:

e The transfer length of the OUT endpoint (traffic to device), is handled by
hardware

e IN transfers are aborted if the host issues a new setup packet

e IN transfers are considered done when the status packet arrives
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The transfer length of the OUT endpoint (traffic to device), is handled
by hardware

For a setup packet, the hardware always loads the EP table with the value 8 and, after
reception of the first DATAOQ packet, the EP table is loaded with the expected transfer
length. This is the two last bytes in that packet.

IN transfers are aborted if the host issues a new setup packet

If the host first issues a Control read command and then, before all data are read by
the host, it issues another Control read command, then the hardware will skip the
first transfer in the IN endpoint.

IN transfers are considered done when the status packet arrives

To support the requirements of section 8.5.2.3 of the revision 1.1 of the USB
specification, the IN transfer is skipped if the status packet arrives before the IN
transfer is complete. Consequently, there will be no eot interrupt on that endpoint.
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9 NETWORK INTERFACE

The ETRAX 100LX includes an on-chip Fast Ethernet controller.

The ETRAX 100LX network interface supports 10 and 100 Mbps Ethernet (IEEE
802.3 and Ethernet 1) protocols. With 10 Mbps, the physical interface can be
configured to be compatible with either 802.3 MII or SNI (National Semiconductor
DP8391 compatible interface). 100 Mbps is only supported over 802.3 M.

The network interface has the following features:
e 10 MBIit/100 MBit MII Interface

e 10 MBIt Serial Network Interface (SNI)
e Support for full duplex including pause frames

e 2 simultaneous station addresses

9.1 The Ethernet Il and IEEE 802.3 Standards

There are some minor differences between the IEEE 802.3 standard and Ethernet |1
regarding frames. Figure 9-1 below shows the frame format for the Ethernet 11
standard and the frame format for the IEEE 802.3 standard.

Ethernet Il
Length of field
in bytes 7 1 6 6 2 46 - 1500 4
P bl estination Source Type Data CRC
reamole 'C:) Address Address P
IEEE 802.3
Length of field
in bytes 1 6 6 2 46 - 1500 4
S
Preamble o Destination Source Length 802.2 Header CRC
F Address Address and Data

SOF = Start-of-Frame Delimiter
CRC = Cyclic Redunancy Check (same as FCS = Frame Check Sequence)

Figure 9-1 A description of the frames in Ethernet and the IEEE 802.3 standard
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Frame fields

Preamble

Start-of-Frame
Delimiter (SOF)

Destination Address

Source Address
Length or type
Data

Pad

CRC

Table 9-1 below gives short explanations of the frames’ contents:

o Length
Description (bytes)
Provides synchronization. 7
Consists of 7 bytes of the bit pattern “10101010".

Provides framing. Contains the bit pattern “10101011”. 1

The address of the destination station. The first bit indicates: 6

0 = individual; 1 = group address

The address of the sending station. 6
Specifies the length or type of the data field. 2

The data content. 46 - 1500
If the actual data is less than 46 bytes, pad bytes consisting of 0 - 46
zeros are added to it up to the required minimum of 46 bytes.

Used for error checking at the destination station. 4

(CRC = Cyclic Redundancy Check)

Table 9-1  Ethernet frame contents

9.2

Network interface registers

Table 9-2 below provides a brief description of the network interface registers. For
more detailed information, see 18.9 Network Interface Registers.

Register
R_NETWORK_SA_0

R_NETWORK_SA 1
R_NETWORK_SA 2
R_NETWORK_GA 0
R_NETWORK_GA 1
R_NETWORK_REC_CONFIG

R_NETWORK_GEN_CONFIG

R_NETWORK_TR_CTRL
R_NETWORK_MGM_CTRL
R_NETWORK_STAT

R_REC_COUNTERS
R_TR_COUNTERS
R_PHY_COUNTERS

Function

A 32-bit wide write only register which contains the bit address [31:0] of
station address MAO.

A 32-bit wide write only register which contains the bit address [15:0] of
station address MA1, and the bit address [47:32] of station address MAO.

A 32-bit wide write only register which contains the bit address [47:16] of
station address MA1.

A 32-bit wide write only register which contains the bit [31:0] of the group
address table.

A 32-bit wide write only register which contains the bit [63:32] of the group
address table.

A 32-bit wide write only register for configuration of the Ethernet receiver.

A 32-bit wide write only register for internal loop back, setting the frame
format, SNI and MII mode selection, and enabling/disabling of the network
controller.

A 32-bit wide write only register for controlling the Ethernet transmitter.
A 32-bit wide write only register for controlling the management interface.

A 32-bit wide read only register for receiver pin status, transmitter error
status, and management data.

A 32-bit wide read only register containing receiver error counters.
A 32-bit wide read only register containing transmitter error counters.

A 32-bit wide read only register containing sqe_test_error and carrier_loss
counters.

Table 9-2  Network interface registers
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Network Interface Configuration

The network interface for the ETRAX 100LX is configured in the registers
R_NETWORK_REC_CONFIG and R_NETWORK_GEN_CONFIG. In
R_NETWORK_GEN_CONFIG, the following configuration possibilities are
available:

e Enable/disable the network interface
e Physical interface mode, IEEE 802.3 MII or DP 8391 compatible SNI (see 9.4)
e Frame type and access protocol mode (see 9.6.2 and 9.6.3)

By setting the loopback field of R_NETWORK_GEN_CONFIG, the network
interface can also be set in an internal loopback mode where the transmit data is fed
directly to the receiver. The data speed in this mode is 100 Mbps.

The R_NETWORK_REC_CONFIG register contains receiver specific
configurations (see 9.5). This register also contains the duplex field, which selects
between half and full duplex operation.

In full duplex mode, the receiver is not turned off during transmission, and the
transmitter ignores the COL and CRS signals. Full duplex flow control is also turned
on. This enables the network transmitter of the ETRAX 100LX to automatically
react on 802.3x PAUSE frames by temporarily stopping the transmission.

The full duplex mode can also be used for external loopback tests.

Unless the transceiver has successfully negotiated full duplex, half duplex should be selected.
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9.4 Pin Usage in MIl and SNI Modes

Solder Ball Direction Name MIl Usage SNI Usage
Y11 in/out mdio Management data. General 1/0.
w11 out mdc Management clock. General output.
V11 out txdataO Data out, bit 0. Data out.
U1l out txdatal Data out, bit 1. General output.
Y12 out txdata2 Data out, bit 2. General output.
W12 out txdata3 Data out, bit 3. General output.
V12 out txen Transmit enable. Transmit enable.
u12 out txer Transmit error/

25 MHz clock/ General output.

Address recognized.
Y13 in crs Carrier sense. Carrier sense.
W13 in col Collision. Collision.
V13 in txclk Transmit clock. Transmit clock.
Y14 in rxer Receive error. General input.
W14 in rxclk Receive clock. Receive clock.
Y15 in rxdv Data in valid. Not used.
V14 in rxdata0 Data in, bit 0. Data in.
W15 in rxdatal Data in, bit 1. General input.
Y16 in rxdata2 Data in, bit 2. General input.
u14 in rxdata3 Data in, bit 3. General input.

9.5 Receiver Logic Functions

The receiver logic of the ETRAX 100LX network interface, configured in
R_NETWORK_REC_CONFIG, performs the following:

» Communicates incoming data to the receiving FIFO of DMA channel 1
» Communicates status to DMA channel 1

e Checks the destination address of the incoming frame

e Checks the CRC of the incoming frame

e Checks the length of the incoming frame

For more information regarding DMA, please refer to chapter 7 DMA.
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9.5.1 Data Transfer to the Receiving FIFO

Incoming data is transferred, one byte at a time, to the receiving FIFO of DMA
channel 1. If the destination address of the frame does not match the address in the
network interface, or if there is an error in the frame, the frame is aborted and the
remaining bytes in the frame are not sent to the FIFO. If an overrun occurs, the
packet that caused the overrun is aborted, and reception continues with the next
packet.

The frame sent to the FIFO contains the following information:

DA Destination address (6 bytes)

SA Source address (6 bytes)

L Length or type (2 bytes)

Data Frame data (+ pad if necessary) (46 to 1500 bytes)
CRC Cyclic Redundancy Check (4 bytes)

The preamble and SOF fields are generated by the PHY/controller.
9.5.2 Address Recognition

The destination address (DA) field of the incoming frame is compared with the
addresses set in the network interface. If the addresses do not match, the frame is
aborted. Within the frame formats of the IEEE 802.3 standard, there are three types
of destination addresses:

e Individual address (unicast)
e Group address (multicast)

e Broadcast (all nodes)

Individual address

The ETRAX 100LX can hold two individual addresses, MAO and MAL1, each 48 bits
long. All 48 bits are compared in each address. This means that one or both of the
individual addresses can be used to match a group address instead.

In R_NETWORK_REC_CONFIG, there is also one mode bit, ma0 and mal
respectively, for each individual address to enable/disable recognition.
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Group address

A 6-bit hash address is calculated from the 48 destination address (DA) bits:

Hash_address[5:0] =
DA[5:0] ~ DA[11:6] ~ DA[17:12] ~ DA[23:18] ~ DA[29:24] ~ DA[35:30] ~ DA[41:36] ~ DA[47:42]

~=XOR

The hash address is used as an index for a 64-bit table (R_NETWORK_GA 0 and
R_NETWORK_GA 1), which indicates whether or not to copy the frame. In
R_NETWORK_REC_CONFIG, there is also the individual mode bit, which is
used to select whether to only match group addresses (DA[47] == 1) or to also match
individual addresses.

The different addresses above can also be used to get promiscuous mode. Set all bits
in R_NETWORK_GA 0and R_NETWORK_GA 1to 1, and set the individual
field of R_ NETWORK_REC_CONFIG to receive (1).

Broadcast address

InR_NETWORK_REC_CONFIG, there is a mode bit broadcast to enable/disable
the recognition of the broadcast address OxFFFFFFFFFFFF.

Receiver CRC Check.

The incoming data is CRC checked according to the IEEE 802.3 standard. If an
incorrect CRC is detected, the frame is aborted, and the CRC error counter crc_error
or alignment error counter alignment_error is incremented in the register
R_REC_COUNTERS. For the difference between these two error counters, please
refer to the IEEE 802.3 standard.

With an MII interface, the CRC block also monitors the rxer input signal. If the rxer
signal occurs during a reception, this is handled as if an incorrect CRC occurred.

The mode bit bad_crc in R_NETWORK_REC_CONFIG, enables/disables the
abortion of frames due to incorrect CRC. If disabled, frames with CRC and
alignment errors will also be received. Two status bits, crc_err and align_err, are
transferred to DMA channel 1. DMA will put this status information in the status
field of the DMA descriptor for the received frame.

Received Frame Length Check

The lengths of the incoming frames are checked against the specified limits of the
IEEE 802.3 frame format:

e Minimum: 64 bytes
e Maximum: 1518 or 1522 bytes

The max length of a standard Ethernet packet is 1518 bytes. The length can be
extended to 1522 bytes when VLAN tagging, according to IEEE 802.1q, is used. The
max length is configured with the max_size field in
R_NETWORK_REC_CONFIG.

If the frame length is outside the specified bounds, the frame is aborted. There are
two mode bits oversize and undersize in R_NETWORK_REC_CONFIG to enable
the minimum length and maximum length check separately.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



9 Network Interface

9.6

9.6.1

Note 3:

125

Transmitter Logic Functions

The transmitter logic block, configured in R_NETWORK_TR_CTRL, performs
the following functions:

*  Adds preamble and start of frame delimiter to the beginning of the frame.

»  Pads frame data with zeros if the length of the frame data falls below the required
minimum of 46 bytes.

e Calculates and adds CRC to the end of the frame.

e Handles the access protocol including automatic retransmission (CSMA/CD or
demand priority).

Transmission of Frames

Transmit data is read from the FIFO of DMA channel 0, one byte at a time. The
frame from the FIFO should contain the following:

DA Destination address (6 bytes)

SA Source address (6 bytes)

L Length or type (2 bytes)

Data Frame data (0 to 1500 bytes) (Note 3)

Minimum length of data is 46 bytes if automatic pad is not selected.

The transmitter adds the preamble and start-of-frame delimiter to the beginning of
the frame, and the frame check sequence (CRC) to the end of the frame. There is an
option to automatically add a pad before the CRC, if the data field of the frame is
shorter than 46 bytes. The pad consists of all zeros. Automatic padding is selected by
the pad bitin R_NETWORK_TR_CTRL.

With the MII interface it is possible to deliberately corrupt a frame by setting the
tx_err bit (force network transmission error) in the DMA descriptor. The corruption
of frames by the tx_err bit is only possible if the txer pin is configured for transmit
error output and is connected to the txer pin of the transceiver. The automatic
addition of CRC to the frame can be disabled by setting the crc mode bit in
R_NETWORK_TR_CTRL. This allows corrupted frames to be sent, for example,
for test purposes.

If the transmitter gets a FIFO empty status during transmission without also getting
an eop, the transmission is stopped and the transmit underrun interrupt is activated.
The transmitter remains stopped until the interrupt is cleared.

If underrun occurs the transmitter stops. R_DMA_CHO_FIRST points to the first
descriptor in the packet that could not be sent.
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CSMA/CD Access Protocol

The CSMA/CD access protocol is used in the IEEE 802.3 mode. The protocol
listens continuously to carrier sense to see if the line is free. When a frame is queued
for transmission, it is sent as soon as the line is free.

If a collision is detected during the transmission, the protocol tries to resend the
frame 15 times (i.e. a total of 16 attempts are made). If the transmission is aborted
due to excessive collisions, the excessive retry interrupt is issued, and the transmitter
stops. The transmitter remains stopped until the interrupt is cleared.

If an excessive collision occurs, the transmitter stops. R_DMA_CHO_FIRST points
to the first descriptor in the packet that could not be sent. When the interrupt is
cleared, transmission is restarted.

Two mode bits in R_NETWORK_TR_CTRL, retry and cancel, modify the access
protocol handling. They can be used for other standard modes, as well as for test
purposes or to implement protocols that deviate from the standard.

Field Description
retry Retransmission can be disabled. The excessive_col interrupt will then be issued
after the first collision.

cancel A pending frame can be cancelled. This will inhibit any attempts to start sending a
frame. If there is data in the FIFO but the transmission has not started, the frame
will be aborted. If the transmission is already started it will be completed. No
transmit retries will be made if the cancel bit is set. After the current frame is
completed or aborted, the excessive_col interrupt will be issued.

Demand Priority Access Protocol

Demand priority access protocol is used in IEEE 802.12 mode. The ETRAX 100LX
is designed to support this mode together with Texas Instruments TNETE211 (100-
VG-AnyLANZ2 PMD interface) or equivalents.

The Ethernet controller also supports the token ring frame format through an 802.3
MII interface with extended protocol, using a handshake protocol. Configuration for
this feature is done in R_NETWORK_REC_CONFIG.

For more information about the operation in these modes please contact Axis
Communications.
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Management Interface

The MII management interface consists of two pins, mdio and mdc. These pins are
controlled by software, and are configured in R_ NETWORK_MGM_CTRL.

As an extension of the IEEE 802.3 management protocol, the mdio interrupt is also
implemented on the mdio pin. An mdio interrupt will be issued if the mdio field in
R_NETWORK_STAT is sampled low while the interrupt is enabled.

In SNI mode, the management interface for the ETRAX 100LX also includes the
possibility to use MII_TXD[3:1] and TX_ERR as general outputs, and to use
MII_RXD[3:1] and RX_ERR as general inputs.

Ethernet Error and Statistics Counters

The ETRAX 100LX contains the following Ethernet error and statistics counters
which are read in R_REC_COUNTERS, R_ TR_COUNTERS and
R_PHY_COUNTERS:

Counter Explanation

crc_error Number of frames with crc errors

alignment_error Number of frames with alignment errors

oversize Number of oversized frames

congestion Number of otherwise correct frames that were not received due to a FIFO full
condition

single_col Number of frames that were involved in exactly one collision

multiple_col Number of frames that were involved in more than one collision

late_col Number of frames that were involved in late collisions

deferred Number of deferred transmit frames

carrier_loss Number of transmit frames for which the carrier sense signal was not constantly

present during the transmission

sqe_test_error Number of transmitted frames for which the sqe test signal was not recognized

Each counter is 8 bits wide. The counters are cleared either when they are read or at
system reset. When a counter reaches 255 it stops counting. If the network interface
is disabled the counter values are preserved.

An interrupt (with the same name as the error counter) is generated for a counter
when it reaches 128. Reading the counter will clear the associated interrupt. The
interrupt status can be masked individually, but all counters share the same interrupt
vector number (0x27).
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9.9 Network interrupts

In addition to error and statistics counter interrupts, there are four network
interrupts. Two of these interrupts are for the network receiver, one is for the
network transmitter, and one is for the mdio pin. All have the internally generated
vector number 0x26.

overrun

This interrupt is set when the network receiver experiences a FIFO overrun
condition (congestion error). Two interrupts, congestion (See section 9.8) and
overrun, are available, but usually only one of them should be enabled. The
overrun interrupt should be used if software intervention is necessary when an
overrun error occurs. The congestion error counter should be used if the only
action needed is an error count.

This interrupt is cleared by reading the congestion field of
R_REC_COUNTERS, an action which also clears the congestion interrupt.

underrun

This interrupt is set when the network transmitter experiences a FIFO underrun
condition. This interrupt is cleared by setting the clr_error field in
R_NETWORK_TR_CTRL.

excessive_col

This interrupt is set when the network transmitter experiences collisions for 16
consecutive transmission attempts. It is set after the first collision if the retry field
in network interface register R_NETWORK_TR_CTRL is set to disable, and
when the transmitter stops after the cancel field of R_NETWORK_TR_CTRL
has been set. This interrupt is cleared by setting the clr_error field in
R_NETWORK_TR_CTRL.

mdio

This interrupt is from the MII mdio pin. It is generated when the mdio pin is
low. The interrupt should be masked off during normal data transfers over the
mdio interface. This interrupt should be cleared in the external unit that is
driving the MDIO pin.

For more information see chapter 17 Interrupts.
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10 EIDE/ATA-2/ATA-3 INTERFACE

10.1 ATA Interface Pin Connection

The EIDE/ATA-2/ATA-3, or ATA interface for short, supports four ATA busses
without external logic, see Figure 10-1 below.
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Figure 10-1 How to Connect the ATA Bus.

Each bus is capable of accessing two ATA devices, so up to a total of eight devices can
be accessed by the ATA interface.

The ATA interface is enabled in the R_GEN_CONFIG register (See 18.11 ATA
Interface Registers).

The reset signal of the ATA interface (RESET- (Device reset)) is not supported by the
hardware of the ETRAX 100LX, but must be chosen from an available general 1/0
pin (e.g. General Port pa0 - pa7, General Port pb0 - pb7, g27, etc.) and handled by
software. For more information regarding general 1/0 pins see chapter 19 Electrical
Information.
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10.3

10.3.1

10.3.2
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EIDE/ATA-2/ATA-3 Interface Registers

An ATA/ATAPI device (e.g. a hard disk or CD-ROM drive) is controlled via a set of
read/write registers in each device. By writing to these registers the ATA device can be
made to perform commands such as reading or writing data to or from a disk. For
more information about these registers please see the ATA-3 standard.

Communication between the ETRAX 100LX and ATA devices takes place via the
following set of ETRAX 100LX registers:

Register Function

R_ATA_CTRL_DATA A 32-bit write only register to enable reading data from and writing data to ATA
devices.

R_ATA_STATUS_DATA A 32-bit read only register that indicates if the ATA interface is busy. It also
indicates if the transmitter is ready, and holds data read from the ATA device.

R_ATA_CONFIG A 32-bit write only register for enabling the ATA controller, DMA handshaking,

and setup and hold time for register read/writes.

R_ATA_TRANSFER_CNT A 32-bit read/write register used to set the number of bytes or 16-bit words
transferred during DMA transfers.

For more detailed information about these registers, see chapter 18.11 ATA Interface
Registers

Data Transfer

The ATA interface of ETRAX 100LX can be driven either by internal DMA or by
using the register R_ATA CTRL_DATA (see sections 10.3.3 ETRAX 100LX
Register Access, and 10.3.4 ETRAX 100LX DMA Access below). Programmed
input/output (P1O) is used for transferring commands to the ATA device, and for
transferring data if the device does not support the DMA handshaking protocol.

Internal DMA of the ETRAX 100LX must not be confused with the DMA
handshaking on the ATA bus that many ATA devices use. ETRAX 100LX DMA can
be used both when directly accessing the ATA registers of the device Programmed
Input/Output (PIO) and when using the DMA handshaking protocol of the device.

Programmed Input/Output (P1O)

Commands are always transferred to ATA devices using PIO, and the commands are
written directly to the R_ATA_CTRL_DATA register in the ETRAX 100LX. Data
can also be transferred to ATA devices in the same way. Data fetched from ATA
devices is read in R_ATA STATUS_DATA.

ATA DMA Handshaking

Most new ATA devices use DMA handshaking to transfer data. DMA handshaking is
enabled in R_ATA CONFIG.

The device sets its DMARQ signal high when it is ready to receive or deliver data. If
the amount to be transferred to or from the device is large, it is possible that the
device can neither accept nor produce all data in one burst. It will then lower its
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DMARQ for periods of time during the transfer. It may take some time until the
device is able to accept or produce more data after it has lowered its DMARQ, so this
time can be used to talk to another ATA device. This is made possible through the
ata_dmaend interrupt generated when the DMARQ signal goes low.

10.3.3 ETRAX 100LX Register Access

The R_ATA_CTRL_DATA register of the ETRAX 100LX is used for writing to or
reading from the registers of ATA devices. Each time R_ATA CTRL_DATA is
written to, one transfer is made to or from the ATA device. The result (e.g. the data
transferred from the ATA device) is read in R_ATA STATUS_DATA.

10.3.4 ETRAX 100LX DMA Access

An alternative to register access is to let internal DMA of the ETRAX 100LX drive
the ATA interface, which is then used to transfer data to and from the ATA device.
Configuration to allow DMA to drive the ATA interface is done in
R_GEN_CONFIG. ATA uses DMA channels 2 and 3.

A transfer counter, R_ATA_TRANSFER_CNT, is used. For each ATA transfer (8 or
16 bits) the counter is decremented. When the R_ATA_TRANSFER_CNT register
reaches zero, the transfer is stopped. If data was transferred to the ETRAX 100LX, an
end-of-packet (EOP) is signalled to ETRAX 100LX DMA.

10.4 Timing

If P1O is used, the time for transferring individual data varies between 140 ns and
600ns depending on what mode the ATA device is in (For details please see the ATA-

3 standard).
Cs. A X X
Data out
Data in ,‘ ,‘
dior
setup strobe hold setup

fordy (X CAXARRCRORXCANANTRY CCEARCCRRXCRRRXRARCRAARCTERN
Figure 10-2 P10 Timing
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When DMA handshaking is used, the time varies from 120 ns to 480 ns depending
on the ATA mode.

DMARQ \
L >20ns
DMACK \
Data out
diow,
dior
setup strobe hold setup strobe hold

Figure 10-3 DMA Multiword (16-bit) Timing
Timing for both PIO and DMA handshaking is configured in R_ATA_CONFIG.

Interrupts

The ATA interface has nine interrupts:
ata_irq0, ata_irql, ata_irg2, and ata_irg3

When ATA is in use, ata_irg0, ata_irgl, ata_irg2, or ata_irg3 is set when a unit on
the ATA bus (0, 1, 2, 3 respectively) requests an interrupt. The interrupt is cleared
through registers in the external unit on the ATA bus (0, 1, 2, 3 respectively).

ata_drqg0, ata_drql, ata_drg2, and ata_drg3

Whe ATA is in use, ata_drq0, ata_drql, ata_drg2, or ata_drg3 is set when a unit on
the ATA bus (0, 1, 2, 3 respectively) requests a DMA transfer. The interrupt is
automatically cleared at the end of the DMA transfer on ATA bus (0, 1, 2, 3
respectively).

ata_dmaend

The ata_dmaend interrupt is set when the selected ATA unit releases its DMA
request (transfer completed). The interrupt should be masked in
R_IRQ_MASKO_SET except when an ATA DMA transfer has been started. It is
automatically cleared when the next ATA DMA transfer commences.
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11

11.1

11.2

ASYNCHRONOUS SERIAL PORTS

General

The ETRAX 100LX contains four complete asynchronous serial receivers/
transmitters with full buffering and parity control. Each asynchronous serial port has
one handshake signal in each direction.

The receivers/transmitters support baud rates from 48 up to 1,843,200 baud, plus a
non-standard baud rate of 6,250,000 baud.

Connection to Input/Output Pins

The pins of Asynchronous Serial Port p0 are available in all configurations. The other
asynchronous serial port pins are multiplexed as shown in table 11-1 below:

Asynchronous Serial Port Pins Multiplexed Pins

Synchronous Serial Port p1
Asynchronous Serial Port p1 USB Port p1
General 1/O Port

SCSI-8 Port p0
SCSI-W Port
ATA Port
General 1/0 Port

Asynchronous Serial Port p2

Synchronous Serial Port p3
SCSI-8 Port p1

ATA Port

General /O Port

Asynchronous Serial Port p3

Table 11-1  Asynchronous serial port pin multiplexing
Pin configuration is done in registers R_GEN_CONFIG and
R_GEN_CONFIG_II.

In order to set the correct default value of Asynchronous Serial ports p2 and p3, the
hcfg pin should be tied to O:

if (hcfg = 0), then {sOsel = 1, s1sel = 1}
For more information see section 19.11 1/O Pin Default Values.
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Asynchronous Serial Port Registers

Table 11-2 below provides a summary of the asynchronous serial port registers.

For more detailed information see chapter 18.8 Serial Port Registers.

Register

R_SERIALO_CTRL
R_SERIAL1 CTRL
R_SERIAL2_CTRL
R_SERIAL3_CTRL

R_SERIALO_BAUD
R_SERIALL_BAUD
R_SERIAL2_BAUD
R_SERIAL3_BAUD

R_SERIALO_REC_CTRL
R_SERIAL1 REC_CTRL
R_SERIAL2_REC_CTRL
R_SERIAL3 REC_CTRL

R_SERIALO_TR_CTRL
R_SERIALL TR_CTRL
R_SERIAL2_TR_CTRL
R_SERIAL3 TR_CTRL

R_SERIALO_TR_DATA
R_SERIALL TR_DATA
R_SERIAL2_TR_DATA
R_SERIAL3 TR _DATA

R_SERIALO_READ
R_SERIALL_READ
R_SERIAL2_READ
R_SERIAL3_READ

R_SERIALO_STATUS
R_SERIALL_STATUS
R_SERIAL2_STATUS
R_SERIAL3_STATUS

R_SERIALO_REC_DATA
R_SERIAL1_REC_DATA
R_SERIAL2_REC_DATA
R_SERIAL3 REC_DATA

R_SERIALO_XOFF
R_SERIAL1_XOFF
R_SERIAL2_XOFF
R_SERIAL3_XOFF

R_ALT_SER_BAUDRATE
R_SERIAL_PRESCALE
R_SER_PRESC_STATUS

Function

A 32-bit wide write only register for baud rate selection, serial transmitter/
receiver control, and serial data out.

A byte wide write only register for transmitter/receiver baud rate selection.

A byte wide write only register for serial receiver control.

A byte wide write only register for serial transmitter control.

A byte wide write only register for serial data out.

A byte wide read only register for serial transmitter/receiver status, and serial
data in.

A byte wide read only register for serial transmitter/receiver status.

A byte wide read only register for data in from the serial receiver.

A 32-bit wide write only register for serial transmitter control, and xoff
handling.

A 32-bit wide write only register for alternative baud rate selection.
A 16-bit write only register for the divide factor for serial clock prescaling.

A 16-bit read only register for the current count value of the serial divide
factor.

Table 11-2  Asynchronous serial port registers
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11.4 Operation Modes

The serial port operation modes are configured in R_SERIALXx_CTRL. The receiver
and transmitter can also be configured separately by using the registers
R_SERIALx_REC_CTRL and R_SERIALx_TR_CTRL respectively. The following
modes can be configured:

e Receiver and transmitter baud rate
e Odd, even, fixed or no parity
e 7 or 8 data hits

The transmitter can also be configured to send 1 or 2 stop bits, and to handle cts
automatically or to ignore cts. When automatic cts handling is selected, a high on the
cts input will halt the transmitter after the ongoing byte, and keep it halted until cts
becomes low again.

The rts output is also controlled by a bit in the R_SERIALx_CTRL register.

In the R_SERIALxX_XOFF register, the serial port can be configured to stop
transmission when the xoff character is received. The character code for xoff is also
configurable.

Receiver and transmitter baud rate configuration can be done in either
R_SERIALX_REC_CTRL or R_SERIALXx_BAUD.

Asynchronous Serial Port p0O can be used when bootstrapping the ETRAX 100LX.
See chapter 6 Bootstrap Methods.

Note 1: In order to avoid unnecessary repetition of port numbers, the X__in the interrupt and register names
stands for either 0_, 1_, 2_or 3_, representing Asynchronous Serial Ports p0, p1, p2 and p3.
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Baud Rate Selection

There are four different ways to set the baud rate, which is configured in
R_ALT_SER_BAUDRATE:

The default setting for R_ALT_SER_BAUDRATE is to choose one of the
available predefined baud rates shown below in table 11-3. The predefined baud
rate is set in R_SERIALX_CTRL or R_SERIALx_BAUD. The baud rate can be
set individually for each port, and separately for input and output:

Predefined Baud rates

300 9,600 230,400
600 19,200 460,800
1,200 38,400 921,600
2,400 57,600 1,843,200
4,800 115,200 6,250,000

Table 11-3  Predefined baud rates

Use a scalable baud rate. The scalable baud rate can be set between 1,562,500
baud and 48 baud through a 16 bit divide factor loaded in
R_SERIAL_PRESCALE. The resulting baud rate will be (3,125,000/ser_presc
baud), where ser_presc is the divide factor in R_SERIAL_PRESCALE.

Use an external baud rate clock which is enabled in R_GEN_CONFIG_II. The
clock must be less than 20 MHz. The baud rate achieved from the external clock
is the external clock divided by eight, so the maximum baud rate is 2,500,000
baud. The General 1/0 Port pb6 is assigned to receive the external baud rate
clock.

Use timerO0 as the baud rate generator. The frequency generated with timer0, is
configured in the R_TIMER_CTRL register. For transmission the timer output
clock is used directly resulting in a maximum baud rate of 12.5 MHz. For
receiving the output is divided by eight resulting in a maximum baud rate of
1,562,500 baud.

For more detailed information see chapter 15 Timers.
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11.6 CPU Controlled Operation

When the CPU controls serial port operation, the port can be polled or interrupt
driven.

When the transmitter is ready to accept new data, the tr_ready field in
R_SERIALX_READ and R_SERIALx_STATUS is set to ready, and the serx_ready
interrupt is generated. The tr_ready bit and the serx_ready interrupt are cleared
when data is written to the R_SERIALX_TR_DATA register or to the data_out field
of R_SERIALx_CTRL.

When data is available from the serial receiver, the data_avail field in
R_SERIALX_READ and R_SERIALX_STATUS is set to yes, and the serx_data
interrupt is generated. The data_avail bit and the serx_data interrupt are cleared
when data is read from the R_SERIALXx_REC_DATA register or from the data_in
field of R_SERIALX_READ.

If the serial receiver encounters a parity error, framing error or overrun error, the
errors are indicated in the R_SERIALXx_READ and R_SERIALx_STATUS registers.
The error status is valid whenever the data_avail bit is set, and is cleared when data is
read from the R_SERIALX_REC_DATA register or from the data_in field of
R_SERIALX_READ.

11.7 DMA Controlled Operation

In R_GEN_CONFIG, the asynchronous serial ports can be connected to the
internal DMA channels as shown in the table below:

i DMA Channel
Async Serial Port
In Out
Async Serial Port p0 Channel 7 Channel 6
Async Serial Port p1 Channel 9 Channel 8
Async Serial Port p2 Channel 3 Channel 2
Async Serial Port p3 Channel 5 Channel 4

In a DMA controlled operation, received data is entered into the FIFO of the
connected internal DMA channel. The data in the FIFO will only be written out
when it reaches the configured FIFO trip point (i.e. 16 or 32 bytes, which is
configured in R_BUS_CONFIG). Therefore, after the last received byte, there may
be up to 31 bytes left in the FIFO. The remaining FIFO contents can be written out
to the memory by issuing an eop (end of packet) command to DMA. This is done by
writing to the R_SET_EOP register.

In addition, the data_avail field in R_SERIALX_READ and R_SERIALx_STATUS
is set when a data byte is received, and is cleared by a CPU read from the
R_SERIALX_REC_DATA register or from the data_in field of R_SERIALXx_READ.
The same is also true for the serx_data interrupt. Therefore, the data_avail field and/
or the serx_data interrupt can be used to detect when new data has been entered into
the FIFO.
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To handle receive errors in a DMA controlled operation, there are two different
modes:

1 If the dma_err field in R_SERIALXx_CTRL is set to stop, a receive error generates
an eop to DMA and stops the receiver so the erroneous byte is not entered into
the FIFO. The error condition is cleared by a CPU read from the
R_SERIALX_REC_DATA register, or from the data_in field of
R_SERIALX_READ.

2 If the dma_err field is set to ignore, receive errors are ignored and the erroneous
byte is entered in the FIFO.

During a DMA controlled transmission, DMA transfers may be temporarily stopped
and CPU mode entered by disconnecting DMA in R_GEN_CONFIG. This can be
used, for example, for inserting a CPU controlled xoff transmission into a DMA
controlled data stream.

11.8 Asynchronous Serial Port Interrupts

Each asynchronous serial port has two interrupts, one for the receiver and one for the
transmitter:

serx_ready

This interrupt is set when the asynchronous serial port is ready to acquire new
data for transmission. This interrupt is cleared when new data is written to the
R_SERIALX_TR_DATA register, or to the data_out field of
R_SERIAL3_CTRL. The serx_ready interrupt should be masked when DMA is
used for data transfers.

serx_data

This interrupt is set when input data is available on the port. It is cleared when
data is read from the R_SERIALx_REC_DATA register, or from the data_in
field of R_SERIALX_READ. When DMA is used for the data transfer, this
interrupt indicates that at least one byte was received since the interrupt was last
cleared.

For more detailed information see chapter 17 Interrupts.
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12.1

12.2

SYNCHRONOUS SERIAL INTERFACE

Overview

The synchronous serial interface (sync serial) in the ETRAX 100LX sends the
transmission clock along with the data. Communication takes place between two
parties: a master which generates the clock, and a slave. The ETRAX 100LX can be
either the master or the slave.

Master Slave
Clock

YvY

Frame

Data

\

cock /SO
Frame —/~ \

Data JIX X X X X X XXX
Figure 12-1  Simple Synchronous Serial Port

The sync serial interface has two synchronous serial ports. The first sync serial port is
named Synchronous Serial Port p1 and the other is Synchronous Serial Port p3. These
two ports are multiplexed with Asynchronous Serial Ports p1 and p3 respectively, so
Sync Serial Ports p0 and p2 do not exist.

Mode Selection

There are six different operation modes into which the sync serial ports of the
ETRAX 100LX can be configured. Three different types of communication channels
can be used, two of which are unidirectional, and one of which is bidirectional.
Because there is one master and one slave in each type of channel, one synchronous
serial port may be configured into one of the following six modes:

Mode Description

Master Output The ETRAX 100LX generates clock signals, and data is transferred to the external unit.

Master Input The ETRAX 100LX generates clock signals, and data is transferred from the external
unit.

Master Bidirectional ~ The ETRAX 100LX generates clock signals, and data is transferred in both directions.

Slave Output The ETRAX 100LX sends data to the external unit depending on the incoming clock
signals it receives.

Slave Input The ETRAX 100LX receives data from the external unit depending on the incoming
clock signals it receives.

Slave Bidirectional The ETRAX 100LX sends and receives data from the external unit depending on the
incoming clock signals it receives.

To properly configure the ETRAX 100LX, select the mode that is supported by the
other circuit. If two ETRAX 100’s are connected to each other, any of the six modes
are available.
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12.3

12.3.1

12.3.2

Pin Usage

Pin Configuration

The sync serial ports are multiplexed onto the same pins as some other interface
applications, see chapter 19 Electrical Information.

To select sync serial port p1, the sermodel bit in the R_GEN_CONFIG_II register
must be set to sync (0x1). To select sync serial p3, the sermode3 bit in the
R_GEN_CONFIG_II register must be set to sync (0x1), and the ser3 bit in the
R_GEN_CONFIG register must be set to select (0x1).

For every configuration the sync serial interface has two output pins and two input
pins, and the pin function is different depending on the mode of operation. To make
all configurations complete, however, one extra bidirectional pin per port will be
required. In order to use some synchronous serial port modes, 5 pins are needed.

Extra pins must be configured from General 1/O Ports pb4 or pb7, which is done
with the register R_PORT_PB_SET. For a detailed description of the different
registers, please refer to chapter 18.18 Synchronous Serial Port Registers.

Pin Usage in the Different Modes

The signal names at the 1/O pins differ, depending upon the mode in use. The
following tables show the different 1/0 pin assignments of the two synchronous serial
ports in each mode of operation.

Synchronous Serial Ports - Master Output Mode

Synchronous Serial Port p1  Synchronous Serial Port p3

Solder
Ball

T17

V19

u19

W20

W17

140

Chip
Pin
Name
rxdl
cts1
txdl

rtsT

pb4

Mode Ch|p Mode Interface

Signal Solder  Pin Signal Signal

Name Ball Name Name Name Description

J18 slsel - ssl_inl Not used by the synchronous serial ports in

ss3_inl Master Output mode.

ss1status J19 slbsy ss3status ssl_in2 Serial busy input to respective port.
$s3_in2

sslclk H20 slsel ss3clk ss1_outl Serial clock output from respective port.
ss3_outl

ssldata B19 slen ss3data ss1_out2 Serial data output from respective port.
ss3_out2

sslframe ui6 pb7 ss3frame ss1_io3 Serial frame indicator output from respective
ss3_io3 port.
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Synchronous Serial Port p1

Solder
Ball

T17

V19

u19

W20

W17

Chip
Pin
Name
rxdl
ctsT
txd1l

rts1

pb4

Mode
Signal
Name

ssldata

sslstatus

sslclk

ss1frame

Synchronous Serial Port p1

Solder
Ball

T17

V19

uU19

W20

w17

Chip
Pin
Name
rxdl
cts1
txd1l

rtsT

pb4

Mode
Signal
Name

sslclk

ss1frame

ssldata

sslstatus

Synchronous Serial Ports - Master Input Mode

Synchronous Serial Port p3

Solder
Ball

J18

J19

H20

B19

uU16

Chip
Pin
Name
slsel
slbsy
slsel

slen

pb7

Mode
Signal
Name

ss3data

ss3status

ss3clk

ss3frame

Interface

Signal

Name Description

ssl_inl Serial data input to respective port.
ss3_inl

ss1_in2 Serial empty input to respective port.
$s3_in2

ss1_outl Serial clock output from respective port.
ss3_outl

ss1_out2 Serial frame indicator from respective port.
$s3_out2

- Not used by the synchronous serial ports in
Master Input mode.

Synchronous Serial Ports - Slave Output Mode

Synchronous Serial Port p3

Solder
Ball

J18

J19

H20

B19

U16

Chip
Pin
Name
slsel
slbsy
slsel

slen

pb7

Mode
Signal
Name

ss3clk

ss3frame

ss3data

ss3status

Interface

Signal

Name Description

ssl_inl Serial clock input to respective port.
ss3_inl

ssl_in2 Serial frame indicator to respective port.
$s3_in2

ss1_outl Serial data output from respective port.
ss3_outl

ss1_out2 Serial empty output from respective port.
ss3_out2

- Not used by the synchronous serial ports in
Slave Output mode.
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Synchronous Serial Ports - Slave Input Mode

Synchronous Serial Port p1  Synchronous Serial Port p3

Chlp Mode Chlp Mode Interface

Solder Pin Signal Solder Pin Signal Signal

Ball Name Name Ball Name Name Name Description

T17 rxdl sslclk J18 slsel ss3clk ssl_inl Serial clock input to respective port.
ss3_inl

V19 ctsT ss1frame J19 slbsy ss3frame ss1_in2 Serial frame indicator to respective port.
$s3_in2

uU19 txd1 - H20 slsel - ss1_outl Not used by the synchronous serial ports in
ss3_outl Slave Input mode.

W20 rts1 ss1status B19 slen ss3status ss1_out2 Serial busy output from respective port.
$s3_out2

w17 pb4 ssldata uU16 pb7 ss3data ssl_io3 Serial data input to respective port.
ss3_io3

Synchronous Serial Ports - Master Bidirectional Mode

Synchronous Serial Port p1  Synchronous Serial Port p3

Ch|p Mode Ch|p Mode Interface

Solder  Pin Signal Solder  Pin Signal Signal

Ball Name  Name Ball Name  Name Name Description

T17 rxdl ss1status J18 slsel ss3status ssl_inl Serial busy input to respective port.
ss3_inl

V19 cts1 sslidata J19 slbsy ss3idata ssl_in2 Serial data input to respective port.
$s3_in2

U19 txdl sslclk H20 slsel ss3clk ss1_outl Serial clock output from respective port.
ss3_outl

W20 rts1 ss1odata B19 slen ss3odata ss1_out2 Serial data output from respective port.
ss3_out2

W17 pb4 ss1frame U16 pb7 ss3frame ssl_io3 Serial frame indicator output from respective
ss3_io3 port.
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Synchronous Serial Ports - Slave Bidirectional Mode

Synchronous Serial Port p1  Synchronous Serial Port p3

Solder
Ball

T17

V19

u19

W20

W17

12.4

Chip
Pin
Name
rxdl
ctsT
txd1l

rts1

pb4

Mode Chip
Signal Solder Pin
Name Ball Name
sslclk J18 sTsel
ss1frame J19 slbsy

sslstatus H20 slsel

sslodata B19 slen

sslidata u16 pb7

Registers
R_SYNC_SERIAL_PRESCALE

R_SYNC_SERIALL_REC_DATA
R_SYNC_SERIAL3 REC_DATA

R_SYNC_SERIAL1 REC_WORD
R_SYNC_SERIAL3_REC_WORD

R_SYNC_SERIAL1_REC_BYTE
R_SYNC_SERIAL3 REC BYTE

R_SYNC_SERIAL1_STATUS
R_SYNC_SERIAL3_STATUS

R_SYNC_SERIALL_TR_DATA
R_SYNC_SERIAL3_TR_DATA

R_SYNC_SERIALL TR_WORD
R_SYNC_SERIAL3_ TR_WORD

R_SYNC_SERIALL_TR_BYTE
R_SYNC_SERIAL3_TR_BYTE

R_SYNC_SERIALL_CTRL
R_SYNC_SERIAL3 CTRL

Mode Interface

Signal Signal

Name Name Description

ss3clk ssl_inl Serial clock input to respective port.
ss3_inl

ss3frame ssl_in2 Serial frame indicator to respective port.
$s3_in2

ss3status ss1_outl Serial busy output from respective port.
ss3_outl

ss3odata ss1_out2 Serial data output from respective port.
$s3_out2

ss3idata ss1_io3 Serial data input to respective port.
ss3_io3

Synchronous Serial Port Registers

The sync serial ports are served by two sets of dedicated registers, one set for each
port. The table below summarizes the purpose of each register.

Function

A 32-bit write-only register that selects clock source and frame sync
rate for both ports.

32-hit read-only registers containing data in from the serial receivers.
16-bit read-only registers containing data in from the serial receivers.
8-bit read-only registers containing data in from the serial receivers.
32-hit read-only registers containing status information from the ports.
32-hit write-only registers containing data out to the serial receivers.
16-bit write-only registers containing data out to the serial receivers.

8-bit write-only registers containing data out to the serial receivers.

32-hit write-only registers for configuration and control of each port.

For more detailed information about sync serial registers, refer to chapter 18.18
Synchronous Serial Port Registers.
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12.5

12.6

Note 1:

144

Configuration

Besides the different modes described in section 12.2 Mode Selection, a number of
things can be configured in the R_SYNC_SERIALX_CTRL register:

*  Word length can be either 8, 12, 16, 24 or 32 bits.

* A number of different frame synchronization modes can be configured.
e The ports can be controlled by the CPU or by DMA.

e Data can be sent with either the Isb or msb first.

e The active clock edge may be either positive or negative.

e All control signals can be individually inverted.

e The receiver and transmitter can be enabled and disabled individually as well.

Word Length

The sync serial interface supports a transmitted/received word length of either 8, 12,
16, 24 or 32 bits. The word length is configured with the wordsize field in
R_SYNC_SERIALX_CTRL.

To avoid unnecessary repetition, the x_in R_SYNC_SERIALx_CTRL above and elsewhere in this
chapter, stands for 1_and 3_, representing Synchronous Serial Ports p1 and p3.

When the sync serial port is controlled by the CPU, transmit data is written to
R_SYNC_SERIALXx_TR_DATA, and receive data is read from
R_SYNC_SERIALXx_REC_DATA. Each read or write corresponds to one received
or transmitted word of the selected word length.

The wordsize Isb bits are used by the interface. For word lengths other than 32-bits,
the upper bits of R_SYNC_SERIALx_TR_DATA are ignored by the transmitter,
and the upper bits of R_SYNC_SERIALXx_REC_DATA contain invalid data.

The lower 8 bits or 16 bits of the transmit data can be written in the registers
R_SYNC_SERIALXx_TR_BYTE and R_SYNC_SERIALX_TR_WORD respectively.
Each write to one of these registers will result in the transmission of one word of the
selected word length. If the word length is wider than the written register, the
remaining bits will be the same as in the previously transmitted word.

There are 8-bit and 16-bit registers for the data read as well,
R_SYNC_SERIALx REC BYTE and R_SYNC_SERIALx REC_ WORD
respectively.

When the sync serial interface is DMA driven, each transmitted/received word is
represented by 1, 2 or 4 bytes in memory, depending on the selected word length:

Selected Word Length (bits) Size In Memory (bytes)

8 1
12 2
16 2
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12 Synchronous Serial Interface

Selected Word Length (bits) Size In Memory (bytes)

24 4

32 4
12.7 Frame Synchronization
12.7.1 Frame Synchronization Modes

The following figures show the different types of frame synchronization
configurations in R_SYNC_SERIALx_CTRL:

Bit

clock /S

Frame

Data  JIX X X X X X X X X

Early, Bit
cock /S

Frame

Data  JUOOX___ X X X X X X X XK

Early, Extended

cock /NSNS L

Frame

Data JONIOX___ X X X X X X X XK

Word

clock /" S\

Frame

Data  JIX X X X X X XXX

Early,Word
cock /S S\ L

Frame
Data TIIIIIX X X X X X X X XTI
Figure 12-2  Synchronous Serial Type Configurations

Note 1: When the f_syncsize field in R_SYNC_SERIALX_CTRL is set to extended, the field f_synctype must
be set to early.
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12.7.2

12.7.3
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Frame Strobe Generation

When the sync serial interface operates in Master mode, the frame strobe output
interval is controlled by the word_rate and frame_rate fields in
R_SYNC_SERIAL_PRESCALE. The selected values are common to both ports.

The word_rate field selects the interval, in number of bit clocks, between the start of
consecutive words transmitted or received. The word rate interval length is the value
in the word_rate field + 1.

Word Rate Interval

Figure 12-3 Word Rate Interval

The maximum value for the word rate interval is 1024 bits (i.e. word_rate field =
1023). The minimum value is restricted by the word length, see table 12-1 below:

Frame sync type: Early Bit,

RIS ST ITOC8 R Early Word or Early Extended

Minimum Minimum Minimum Minimum

Word Length word_rate Word Rate Word Length word_rate Word Rate
Value Interval Value Interval

8 7 8 8 8 9

12 11 12 12 12 13

16 15 16 16 16 17

24 23 24 24 24 25

32 31 32 32 32 33

Table 12-1  Word length

The frame_rate field selects the number of words received or transmitted between
each frame strobe output. The frame strobe interval is the value in the frame_rate
field + 1. If the frame_rate field is set to O, a frame strobe will be output for each

word received or transmitted. This is the appropriate setting for most applications.

Word 2 }

| |
| Word 1 } |
|

Clock _)(_\/\_/\_/\_/\_/\_/\_/\_)"_\/\_){_\JW/_\/_\/\J"\_

Fane __/"\ /\

Figure 12-4  Frame Strobe Output with frame rate Set to 0.
Stream Mode

It is possible to turn off frame synchronization, so that no frame strobe output is
generated and the incoming frame strobe is ignored. Words will be transmitted or
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received back-to-back regardless of the word rate setting. This mode is used if the
transferred data contains embedded synchronization.

12.8 Clocking

12.8.1 Clock Generator

There are three possible clock sources for the sync serial interface:
e Internally generated codec clock.

»  Externally generated codec clock.

e Baudrate clock from the async serial port.

Clock selection is made in register R_SYNC_SERIAL_PRESCALE. Fields
clk_sel_u3and clk_sel_ul are used to select either the codec clock or baudrate clock.
The source for the codec clock (internal or external) is defined when operation mode is
selected.

Internally Generated Codec Clock
The base clock is 4.096 MHz.

For selectable clock division, the base clock is then divided using a prescaler with a
division factor of 1 to 128 before it is used by the sync serial port. The division factor
is set in the prescaler field. The selected value is common to both ports.

Baudrate Clock from Async Serial Ports

When this mode is used, the clock is generated from the baud rate clock generator
which is used in the async serial ports. This clock generator may be configured in a
number of different ways, which is selected in the R_ALT_SER_BAUDRATE
register and in the tr_baud field of R_SYNC_SERIALx_CTRL. For a description of
the different possibilities, refer to chapter 11.5 Baud Rate Selection.

Before this clock is used, the frequency is divided by two. Thus, the selectable
frequency settings in the tr_baud field of the R_SYNC_SERIALx_CTRL register,
are half of the selected frequency for the asynchronous serial ports.

For the baudrate selection modes that do not use the tr_baud field, the following
formula applies:

async serial baud rate
2

sync serial bit clock =

12.8.2 Data Sampling

Sampling of incoming signals is controlled by the clk_polarity field in
R_SYNC_SERIALx_CTRL. The outgoing clock may be inverted with the
clk_driver field.
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When clocks are not inverted, output signals are changed on the rising edge, and
input signals are sampled on the falling edge of the clock, see figure 12-5 below.

sample point . at receiver end

ssXclk

ssXdata

!
!
ssXframe ><XXXXX>< i ><XXXZX><

tCycle

Figure 12-5 Master Output/Slave Input
12.8.3 Clock Gating

When clock gating is turned on (clk_mode is set to gated (1)), every negative clock
edge is a bit strobe. When nothing is sent, the clock is held low. However, if clock
gating is turned off (clk_mode is set to normal (0)), the clock will run continuously.
Figure 12-6 below shows an example of the input mode with clock gating on:

cok — /" N N N NS

Data X X X X X < TR
Figure 12-6  Input Mode with Clock Gating On

Note that clock gating does not work correctly with flow_ctrl set to enable (1)
because the transmitter will stop clocking and never sample the status signal after its
initial rise.

If more than one word is transferred between frames, as in figure 12-7 below, the

clock must be gated for the receiver to understand the incoming data because the
word strobe signal is not sent (only the frame strobe).

With clock gating turned on, the clock will only be active when the information is
sent. In this case, every active clock edge contains information, and as a result, many
words per frame can be understood by the receiver.

Figure 12-7  Output Mode with Clock Gating on, 2 Words Per Frame
The number of words per frame is selected in R_SYNC_SERIALXx_PRESCALE.
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12.9

Flow Control

In the R_SYNC_SERIALX_CTRL register, if the flow_ctrl field is set to off (0), the
amount of transferred data is defined by the selected word rate. Data must be
available when they are to be sent, and storage must be available before more data is
received. If this is not the case, the failing unit will go into an error state which may
be detected by reading the status register: R_SYNC_SERIALXx_STATUS.

When flow_ctrl is set to on (1), one or more status signals between units are used to
pause the transfer until the receiver is prepared. This will delay word and frame
synchronization. The master unit is paused by the slave if the slave can not deliver or
receive data. If the master runs out of buffers, the start frame/word is delayed
internally until the congestion is cleared. An overrun/underflow error will be
reported if the transmitter or receiver over/under run their FIFO's.

When the error field in R_SYNC_SERIALx_CTRL is set to ignore (1), the
transmission is continued after next frame sync even if an error is detected. When
error is set to normal (0), the transfer is halted when an error is detected. The status
signal should be seen as the way the slave halts the transfer if data/storage is not
available, and the frame signals the way the master controls the same variables.

The frame pulse, represented by a dotted line, is skipped.

IV A WA WA WA N VA WAV WA WA N IV WA WA WA WAL UL WAL WAL WAL

Frame —/ \.
pata - T XX XX

Status

12.10

Figure 12-8  Flow Control

Interrupts

There are two interrupts for each sync serial port. The same interrupt bits in the
R_IRQ_MASK1 RD register that are used for the asynchronous serial ports are also
used for the sync serial interface: fields serl_ready, serl data, ser3_ready, and
ser3_data. For detailed information see chapter 18 Interrupts.

The serl_ready or ser3_ready interrupt is generated when the sync serial port is
ready to accept a new data word to be transmitted, i.e. whenever the tr_ready field of
the R_SYNC_SERIALX_STATUS register is set. The interrupt is cleared when new
data is written to one of the port data transmit registers
R_SYNC_SERIALXx_TR_DATA, R_SYNC_SERIALx_TR_WORD or
R_SYNC_SERIALX_TR_BYTE.

The serl_data or ser3_data interrupt is generated when the sync serial port has
received a new data word, i.e. whenever the data_avail field of the
R_SYNC_SERIALx_STATUS register is set. The interrupt is cleared when the data
is read from one of the port data receive registers R_SYNC_SERIALXx_REC_DATA,
R_SYNC_SERIALx_REC_WORD or R_SYNC_SERIALx_REC_BYTE.
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12.11
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Using The Sync Serial Ports with DMA

The sync serial ports can be driven by the CPU or by DMA. Sync serial port 1 uses
internal DMA channel 8 for output, and DMA channel 9 for input. Port 3 uses
DMA channel 6 for output and DMA channel 7 for input.

When DMA is used, the dma_enable field in R_SYNC_SERIAL1_CTRL register
must be set, and the ports must be connected to their respective DMA channels,
which is done in the R_GEN_CONFIG register.

For input transfers with DMA, the incoming data will be stored in the fifo of the
DMA channel, and will not be written out to memory until the fifo is filled with 16
or 32 bytes (depending on the DMA burst length set in the R_BUS_CONFIG
register). The DMA can be forced to write out the fifo contents to memory, by
setting the appropriate bits in the R_SET_EOP register. The DMA will then set an
eop in the current DMA descriptor, and advance to the next descriptor.

For further information on DMA operation, see chapter 7 DMA.
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13

13.1

PARALLEL PORTS

ETRAX 100LX has two parallel ports for the connection of high-speed peripheral
devices. These ports are designated p0 and p1 respectively and the characteristics and
operating principles of both ports are similar.

The parallel ports can be used through register access or internal direct memory
access (DMA). The ports can be configured to communicate with compatible
peripherals by using various protocols, including:

e IBM XT/AT compatible Centronics;
e IBM PS/2 compatible Centronics;
e Hewlett Packard Fast Mode;

e Fastbyte protocol;

e |EEE 1284 Byte, Nibble, Extended Capability Port (ECP), and Enhanced
Parallel Port (EPP) modes;

e ECP wide (16-bit) mode.

A port designated parallel port-W is available when ETRAX 100LX operates in the
ECP wide (16-bit) mode. Parallel port-W uses the control and status signals of port
pO, together with the 8-bit data lines of p0 and p1 to form a word-wide data bus.

Inputs and outputs to and from the parallel ports are multiplexed on to the same pins
as some other interface applications (See chapter 19.10 Multiplexed Interfaces).

Parallel Port Registers

The parallel ports are served by two sets of dedicated registers, one for each port. The
required mode of operation and all operational parameters are established, written
and read in these registers. The table below summarises the purpose of each register.

Registers

R_PARO_CTRL_DATA
R_PARL_CTRL_DATA

R_PARO_CTRL
R_PARL_CTRL

R_PARO_STATUS_DATA
R_PAR1_STATUS_DATA

R_PARO_STATUS
R_PAR1_STATUS

R_PARO_CONFIG
R_PAR1_CONFIG

R_PARO_DELAY
R_PAR1_DELAY

R_PAR_ECP16_DATA

Function

32-bit write-only registers containing discrete control bits and data for the
respective port.

8-bit write-only registers for the selection of port control signals oe, seli,
autofd, strb and init.

32-bit read-only registers containing status bits and data for the respective port.
16-bit read-only registers containing status bits for the respective port.
32-bit write-only registers for configuration and control of each port.
32-bit write-only registers in which data transfer timing periods are set

individually for each port.

In ECP wide (16_bit) mode, this read/write register contains the last data
word sent or received at parallel port p0.

For more detailed information on the parallel port registers, please refer to
chapter 18.10 Parallel Port Registers.
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Note: 1

Modes of Operation

The modes of operation supported by ETRAX 100LX are:

IEEE 1284 Compatibility (Centronics) mode;

IBM Fastbyte;

IEEE-1284 Nibble mode;

IEEE-1284 Byte mode;

IEEE-1284 ECP mode;

ECP wide (16-bit) mode (parallel port-W);

IEEE 1284 EPP mode;

Manual mode - this is the default mode of ETRAX 100LX - see the note below.

To switch to any other mode within an IEEE 1284 transaction, a negotiation phase is necessary. The
negotiation phase, as well as termination and host recovery, are not supported in ETRAX 100LX and
therefore it must be set up by software in the Manual mode.
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13.2.1

IEEE-1284 Compatibility (Centronics) Mode

The IEEE-1284 Compatibility (Centronics) mode is a simplex mode for forward
data transfers (ETRAX 100LX to peripheral).

The significant signals used by the parallel ports in Compatibility (Centronics) mode,
and the corresponding signal names at the multiplexed 1/O interface, are listed in the
table below.

Interface Pin Name Origin of

Port_0
p0d7 - pOdo

Port_1 Signal Description of Signal Signal

pld7 - p1d0 D7:DO Data byte from port to peripheral. ETRAX 100LX

pOstrobe
pOack

pObusy

Note: 2

plstrobe nStrobe Strobe signal. Set low to initiate a data transmission. ETRAX 100LX
plack nAck Handshake line. Set low to indicate that the peripheral is ready to  Peripheral

receive data.

plbusy Busy Handshake line. Set high to indicate that the peripheral is busy Peripheral

and thus unable to receive data.

In the Compatibility (Centronics) mode only, ETRAX 100LX can be configured for
different methods of handshaking with acknowledgment signal nAck. Each port’s
response to nAck is established by oe_ack (bit 3) or ign_ack (bit 4) in the port’s
configuration register R_PARO_CONFIG or R_PAR1_CONFIG respectively.

The oe_ack bit and the ign_ack bit cannot both be asserted (set to 1), otherwise a conflict will occur.

Bit oe_ack asserted

When a data byte is ready, ETRAX 100LX checks that the Busy signal is not asserted,
confirming that the peripheral can receive data. When setup time Ty, elapses,
ETRAX 100LX asserts nStrobe and the transfer of the data byte commences. The
nStrobe signal remains low for the duration of T s, then the low/high transition of
nStrobe initiates T,,o.,. The data transfer continues until T, elapses or until the
peripheral asserts the nAck signal, whichever occurs last. Acknowledgment from the
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peripheral is thus necessary before ETRAX 100LX can place a new data byte on the

bus.
¢——Transfer——p» ~¢— Transfer
D7:D0O A
E data byte to peripheral f”)—
e nStrobe [
p nAck
P Busy / \
«—Tsy—«—TstrB —2|< THoLD | «—Tsy—«—TsTre

Tsu can be set between 10 ns and 5 ps in steps of 20 ns.

Tstre and THovp can be set between 20 ns and 5 ps in steps of 20 ns.

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

The curved arrow represents a sequential dependency.

E = ETRAX 100LX (host)

P = peripheral

Figure 13-1  Compatibility (Centronics) Mode Timing with nAck Succeeding Ty, p

Tpp-strb-off
- Transfer > ~ Transfer
E D7:D0 data byte to peripheral (>>’—
E nStrobe \
\
-/
L
p nAck \ —/
: /
p usy
TPP-Su Tpp-slrb Thotd Tpp-busy-doul TPP-SU TDP'SI’b

Tsu can be set between 10 ns and 5 ys in steps of 20 ns.

Tstrb and Thold can be set between 20 ns and 5 us jn steps of 20 ns.

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

E = ETRAX 100LX (host)

P = Peripheral

Figure 13-2  Compatibility (Centronics) Mode Timing with nAck Preceding TyoLp

Bit oe_ack deasserted

When a data byte is ready, ETRAX 100LX checks the Busy signal to confirm that the
peripheral can receive data. When Ty, elapses, signal nStrobe is asserted by ETRAX
100LX to start the transfer of the data byte. The nStrobe signal remains low for the
duration of T g, then the rising edge of nStrobe initiates T, .. The data transfer
continues until T, elapses, irrespective of the state of the nAck signal.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



13 Parallel Ports

In this configuration, ETRAX 100LX waits for an acknowledgment from the

peripheral before placing the next data byte on the bus. The low/high transition of
the nAck signal is necessary to trigger the next assertion of nStrobe.

Tpp-strb-oif

»

!

eral

~——Transfer

~«—— Transfer
E D7:D0 data byte to periph
nStrobe
E
p nAck i
p Busy /
Tsu Tslrb

Thold

Tsu can be set between 10 ns and 5 us in steps of 20 ns.

Tstrb @and Thold can be set between 20 ns and 5 us in steps of 20 ns.

Tslrb

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

E = ETRAX 100LX (host)

P = Peripheral

Figure 13-3  Compatibility (Centronics) Mode Timing with Byte Transfers Terminated by Ty, o

For this example to work, the ign_ack bit must be set to 0 (wait).

Bit ign_ack asserted

If the port is configured to ignore the nAck signal, only the Busy signal is monitored
by ETRAX 100LX. When a data byte is ready, ETRAX 100LX checks the Busy
signal to confirm that the peripheral can receive data. When setup time T, elapses,
ETRAX 100LX asserts nStrobe and the data transfer commences. The nStrobe signal
remains low for the duration of T ¢z, then its rising edge initiates T, The data
transfer stops when T,,o., elapses.
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< Tr

Tpp-strb»oﬂ
< Transfer——————— p

g D0 data byte to peripheral

nStrobe
E

-/

Ack
5 DAC

Bus! /
. Busy

Tsu Tsub Thotd

Tsu can be set between 10 ns and 5 us in

steps of 20 ns.

A
|

Tsu

Tstrb @and Thold can be set between 20 ns and 5 us in steps of 20 ns.

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

E = ETRAX 100LX (host) P = Peripheral
Figure 13-4  Compatibility (Centronics) Mode Timing - Ignore nAck

Compatibility (Centronics) mode time periods

The data setup time (T), the strobe time (Tsxs), and the data hold time (T,o.0) are
set individually for each port in register R_PARO_DELAY or R_PAR1 DELAY

respectively.
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13.2.2 Fastbyte Mode
Fastbyte is a simplex mode for forward data transfer (ETRAX 100LX to peripheral)
with four-phase handshaking. The significant signals used by the parallel ports in
Fastbyte mode, and the corresponding signal names at the multiplexed 1/0 interface,
are listed in the table below.

Interface Pin Name Origin of
Port_0 Port_1 Signal Description of Signal Signal
p0d7 - p0d0  pld7 - pld0 D7:DO Data byte from port to peripheral. ETRAX 100LX
pOstrobe plstrobe nStrobe Strobe signal. Set low to initiate a data transmission. ETRAX 100LX
pOack plack nAck Handshake line. Set low to indicate that the peripheral is ready to  Peripheral

receive data.
pObusy plbusy Busy Handshake line. Set high to indicate that the peripheral is busy Peripheral

and thus unable to receive data.

When data is ready ETRAX 100LX checks that the Busy signal is not asserted,
confirming that the peripheral can receive data. After setup time Ty, has elapsed,
ETRAX 100LX asserts the nStrobe signal. When the peripheral asserts nAck,
ETRAX 100LX de-asserts nStrobe and the data transfer ceases.

Tpp-ack-cﬁ
- Transfer > - Transfer
E D7:D0 data byte to peripheral
E nStrobe
S > \
P nAck J
Tpp—strb—ack (=0) - Tpp—ack—strb ’

Bus:

P Y
Top-su - Ta

Tpp-busy-doul

Tsu can be set between 10 ns and 5 ys in steps of 20 ns.
The curved lines represent sequential dependencies.
The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

E = ETRAX 100LX (host) P = Peripheral
Figure 13-5 Fastbyte Mode Timing
Fastbyte mode time periods

For both ports, setup time T, is configurable in the respective internal register
R_PARO_DELAY or R_PAR1 DELAY (See chapter 18.10 Parallel Port Registers).
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13.2.3 IEEE-1284 Nibble Mode
This is a simplex mode for reverse data transfers only (peripheral to ETRAX 100LX).
The significant signals used by the parallel ports in Nibble mode, and the
corresponding signal names at the multiplexed 1/O interface, are listed in the table
below.

Interface Pin Name Origin of
Port_0 Port_1 Signal Description of Signal Signal
pOautofd plautofd HostBusy Handshake line. Set low to indicate that the respective port is ETRAX 100LX

ready to receive data, and high to indicate that the port has
received a nibble.
pOack plack PtrClk Handshake line. Set low to indicate a valid nibble, and high to Peripheral
acknowledge that the respective port has received a nibble.
pOfault plfault nDataAvail Used for data bit 0, then 4. Peripheral
pOselect plselect XFlag Used for data bit 1, then 5. Peripheral
pOperror plperror AckDataReq Used for data bit 2, then 6. Peripheral
pObusy plbusy PtrBusy Used for data bit 3, then 7. Peripheral
A peripheral requests attention from ETRAX 100LX with the initial handshaking
between signals PtrCIk, HostBusy and AckDataReq, which generates an interrupt to
the respective parallel port (parQ_peri for port p0, parl_peri for port p1). ETRAX
100LX responds to the interrupt when it is ready to receive data (See section 13.3
Parallel Port Interrupts).
The transfer of data takes place on the status signal lines in two cycles, one nibble at a
time. Bits O to 3 are sent first and bits 4 to 7 follow after a handshake between PtrClk
and HostBusy. The data bus D7:D0 and the nStrobe signal are not used in
IEEE 1284 Nibble mode.
Tpprperrur—aulofd
- Interrupt > - Data transfer cycles >
Tpp—autofd—pe ror Tpp—autofd—dm
AckDataReq ~>]
P -
(PError) ») *\ bit 2 bit 6
T pp-ack-autofd1 ( T pp-ack-aftofd1
e HostBusy >4 | - >4
(nAutoFd)
T -autofd-acl
» PUCK i \ LA 1
(nAck) | S >4 - ¢
Tpprautof -ack
PtrBusy
P T e bit 3 MR bit 7 (o
(Busy)
nDataAvail
P (nFault) bit 0 OO bit 4
P XFlag bit 1 :xxxxxxxxxxxxxxxxx: bit 5
(Select) \ \ \
E = ETRAX 100LX (host) P = Peripheral
The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.
The curved lines represent sequential dependencies.
Figure 13-6  Nibble Mode Timing
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13.2.4 IEEE-1284 Byte Mode

This is a simplex mode for reverse data transfers (peripheral to ETRAX 100LX). The
procedure is similar to the IEEE-1284 Nibble mode, the difference being that an
entire byte is transferred simultaneously on the data bus.

The significant signals used by the parallel ports in this mode, and the corresponding
signal names at the multiplexed 1/O interface, are listed in the table below.

Interface Pin Name Origin of
Port_0 Port_1 Signal Description of Signal Signal
p0d7 - p0d0  pld7 - pld0 D7:DO Data bytes from peripheral to the respective port. Peripheral
pOperror plperror AckDataReq Set low to acknowledge that the respective port is ready. Peripheral
pOautofd plautofd HostBusy Handshake line. Set low to indicate that the respective port is ETRAX 100LX

ready to receive a byte, and high to indicate that the port has
received the byte.

pOstrobe plstrobe HostClk Set low at the end of each byte transfer to indicate that the ETRAX 100LX
respective port has received a byte.

pOack plack PtrClk Handshake line. Set low to indicate a valid byte on the data lines,  Peripheral
and high to acknowledge that the respective port has received a
byte.

pOfault plfault nDataAvail Set low by peripheral to indicate that data is available. Peripheral

Handshaking is realized by the PtrCIk signal controlled by the peripheral, and the
HostBusy signal controlled by ETRAX 100LX. Signal HostCIk is pulsed low by
ETRAX 100LX at the end of each byte transfer to indicate that the byte has been

received.
Tpprperrorraum'd
-4—— Interrupt ——» - Transfer T
D7:D0 / - >/ ; XM
P byte from peripheral
Data(8.1) Yy perip byte from peripheral
Tpp-ack-autofd Tpp-autofd-ack T pp-autofd-din
p AckDataReq

(PError) :\(
HostBusy Yo :

(nAutoFd)

PtrClk

P (nAck) 5

Tpp-autofd-ack

nDataAvail
(nFault)

Tpp-ack-autofd /

HostClk

E —
(nStrobe) \ / \

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

The curved lines represent sequential dependencies.
E = ETRAX 100LX (host) P = Peripheral

Figure 13-7 IEE-1284 Byte Mode Timing
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13.2.5 IEEE-1284 ECP Mode (Forward and Reverse)
The ECP mode supports half-duplex (forward and reverse), parallel data exchange
between ETRAX 100LX and a peripheral, at transfer rates of up to 6 Mbyte/s. The
protocol provides for separate data and command cycles, and two types of command
cycle:
data compression by Run Length Encoding (RLE) implemented in hardware;
channel addressing, which must be handled in software.
The significant signals used by the parallel ports in the 1284 ECP mode, and the
corresponding signal names at the multiplexed 1/O interface, are listed in the table
below.
Interface Pin Name Origin of
Port_0 Port_1 Signal Description of Signal Signal
p0d7 - p0d0  pld7-pld0 D7:DO Carries data bi-directionally (half-duplex). Both
pOstrobe plstrobe HostClk Handshakes with PeriphAck to transfer data or addresses in ETRAX 100LX
the forward direction. Set low to indicate valid data, and set
high to clock data/addresses to the peripheral.
pOack plack PeriphClk Handshakes with HostAck to transfer data or addresses in the  Peripheral
reverse direction.
pOautofd plautofd HostAck Provides command/data status in the forward direction. ETRAX 100LX
Handshakes with PeriphClk to transfer data in the reverse
direction. Set high to indicate a data cycle.
pObusy plbusy PeriphAck Handshakes with HostClk to transfer data or addresses in the  Peripheral
forward direction. Provides command/data status in the
reverse direction.
pOinit plinit nReverseRequest  Set low to switch channel to reverse direction. ETRAX 100LX
pOperror plperror nAckReverse Set low to acknowledge nReverseRequest. Peripheral
pOfault plfault nPeriphRequest Set low to indicate that reverse data is available. Peripheral
The HostAck signal is used to distinguish between data and command cycles. When
HostAck is asserted, a data cycle is taking place: when HostAck is low a command
cycle is taking place. During a command cycle, bit 7 of the data byte is used to
indicate RLE or channel addressing. When bit 7 is set to 0, a run length count is
being sent: when bit 7 is set to 1, a channel address is being sent.
The timing diagram below shows the transfer of data and commands in the forward
direction, followed by a transfer of data and commands in the reverse direction.
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Forward to Reverse to

Idle > Forward mode »| Reverse mode |[<¢ Reverse mode > Forward mode
D7:D0
E/P to peripheral from peripheral - ><>
Data(8..1) \
Tpprbusyrsvb “
£ HostClk \ \\
(nStrobe) ™ Yaut
Tm utofd1
p PeriphClk \ ( \L\ \
(nAck) i
: ?_p;aulofdrdm
HostAck
E ecp command to peripheral '~ \ﬂ /

(nAutoFd) k Tpp-ack-autofd1
PeriphAck > > ecp cmd from periph.

Bus!
( Y .| Tpp&oﬂr\ml
Top-sirb- T op-busy- |
E nReverseRequest pp-sirb-busy pobusy oy ||
(nInit) — 7 K
p nAckReverse - . |
(PError) g
Tt Topint
p nPeriphRequest Ppinit-perrqr pp-init-perror
(nFault) \;Q
TPP'SU

Tsu can be set between 10 ns and 5 ps in steps of 20 ns.

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.
The curved lines represent sequential dependencies.

E = ETRAX 100LX (host) P = Peripheral

Figure 13-8 ECP Mode Timing

ECP mode time periods

For both ports, setup time Ty, is configurable in the respective internal register
R_PARO_DELAY or R_PAR1_DELAY.

Stall detection

In ECP mode, a stall condition occurs if the peripheral is unable to accept a data byte
sent by ETRAX 100LX. In this event ETRAX 100LX can abort the data transfer by
asserting signal nReverseRequest. Regardless of whether the peripheral has already
accepted the byte, it discards the byte and acknowledges ETRAX 100LX by asserting
nAckReverse. ETRAX 100LX responds by de-asserting nReverseRequest.

Stall detection can be implemented in software by means of the tr_rdy bit (17), in
register R_PARO_STATUS_DATA or R_PAR1_STATUS_DATA. This bit is
controlled exclusively by the respective parallel port. It is set to 1 when the port reads
a new data byte, and to 0 when the software writes to R_PARO_CTRL_DATA (7:0)
or R_PAR1_CTRL_DATA (7:0). The stall condition can therefore be detected by
writing to the control and data register, wait for a period to elapse (e.g. one second),
and then read the status of tr_rdy. If this bit is set to O, then data has not been sent.
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An example of the code necessary to implement stall detection in ECP mode when
using DMA is:
while (dma transfer is not ready)

WRITE to R _PARn CTRL DATA.data

WAIT (e.g. 1s)

READ R _PARn STATUS DATA.tr rdy

if (tr_rdy==0) {

stall

}

A similar work-around can be devised to implement stall detection in ECP mode
when using registers.
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13.2.6

Interface Pin
Parallel Port-W

p0d15 - p0do
pOperror
pOautofd

pOstrobe

pOack
pObusy

pOfault
pOinit

ECP Wide (16-Bit) Mode

The ECP wide (16-bit) mode is not an IEEE 1284 mode. It is a feature of

ETRAX 100LX that is almost identical to the IEEE 1284 ECP mode, except that
data words are transferred instead of bytes. ECP wide (16-bit) mode is implemented
in parallel port pO only. Run Length Encoding (RLE) is not supported in this mode.
The significant signals used by parallel port-W, and the corresponding signal names
at the multiplexed 1/O interface, are listed below.

Origin of
Signal Description of Signal Signal
D15:D0 Carries 16-bit data bi-directionally (half-duplex). Both
nAckReverse Asserted (0) to acknowledge nReverseRequest (pOinit). Peripheral
HostAck Provides command/data status in the forward direction. Handshakes ~ETRAX 100LX
with PeriphClk to transfer data in the reverse direction. Set high to
indicate a data cycle.
HostClk Handshakes with PeriphAck to transfer data in the forward ETRAX 100LX
direction. Set low to indicate valid data, and set high to clock data to
the peripheral.
PeriphClk Handshakes with HostAck to transfer data in the reverse direction. Peripheral
PeriphAck Handshakes with HostClIk to transfer data in the forward direction.  Peripheral
Provides command/data status in the reverse direction.
nPeriphRequest Set low to indicate that reverse data is available. Peripheral
nReverseRequest Set low to switch channel to reverse direction. ETRAX 100LX

ECP wide (16-bit) register configuration

Only parallel port p0 controls the ECP wide (16-bit) mode. The mode is enabled by
bit 10 (wide) in port p0 configuration register R_PARO_CONFIG and bit 2 (par0),
bit 7 (parl) and bit 31 (par_w) in general configuration register R_GEN_CONFIG.
The following truth table shows the required bit settings.

R_GEN_CONFIG<2> R_GEN_CONFIG<7> R_GEN_CONFIG<31> R_PARO_CONFIG<10>

par0
0
1
1

parl par_w wide Mode
X 0 X
X 0 0 ECP
0 1 1 ECP wide

All bit combinations other than those shown above are forbidden.
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E/P

164

Ide —— p~<¢———— Forward mode ——— P> Reverse mode <¢————— Reverse mode ——— = Forward mode

D15:D0

Forward to Reverse to

to peripheral from peripheral MMWE

Data(16..1)

HostClk

\

(nStrobe)

PeriphClk

|

(nAck)

HostAck

ecp command to peripheral Xxm\ /'(AXAXAXAXAXAXAXAXAx:XVXVX XXXXXXAXAXCW:: X:)

(nAutoFd)

PeriphAck

(Busy)

nReverseRequest

“>f -y [_ecp emd from periph. FVCRRNCCRRARR~

(ninit)

nAckReverse
(PError)

nPeriphRequest

] &»ﬁ

(nFault)

e—Tsyu—

Tsu can be set between 10 ns and 5 ps in steps of 20 ns.

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

The curved lines represent sequential dependencies.

E = ETRAX 100LX (host) P = Peripheral

Figure 13-9 ECP Wide (16-bit) Mode Timing

The data lines of both parallel ports are used for data transfers in ECP wide (16-bit)
mode. A multiplexer, controlled by the wide signal, places the upper byte (D15:D8)
of the data word on to the data lines of port pl. A dedicated read/write register
R_PAR_ECP_16 DATA stores the last 16-bit data word sent or received.

ECP wide (16-bit) mode time periods
Setup time T, is configurable in register R_PARO_DELAY.
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13.2.7 EPP Mode
The IEEE Enhanced Parallel Port (EPP) protocol is for high-speed, half-duplex
(forward and reverse), parallel data exchange between ETRAX 100LX and a
peripheral. All activities are controlled by ETRAX 100LX, which first selects a
register within a peripheral, then performs a series of asynchronous read/write
operations with the selected register.
The significant signals used by the parallel ports in the EPP mode, and the
corresponding signal names at the multiplexed 1/O interface, are summarised in the
table below.
Interface Pin Name Origin of
Port_0 Port_1 Signal Description of Signal Signal
p0d7:p0d0 p1d7:p1d0 D7:D0 Carries 8-bit data/addresses bi-directionally. Both
pOselectin plselectin nAStrb Address strobe. Set low when address bytes are being written ETRAX 100LX
or read. Set high when data bytes are being written or read.
pOautofd plautofd nDStrb Data strobe. Set low when data bytes are being written or read. ETRAX 100LX
Set high when address bytes are being written or read.
pOstrobe plstrobe nWrite Selects write cycles. Set low when address/data bytes are being ETRAX 100LX
written. Set high when address/data bytes are being read.
pObusy plbusy nWait Handshake signal. Set low to indicate that a read or write cycle  Peripheral

can commence. Set high to indicate that a read or write cycle
can terminate.

EPP write modes

To meet the requirements of the IEEE 1284 EPP protocol, ETRAX 100LX offers
three different EPP write modes (1, 2 and 3). The required mode is established in
registers R_PARO_CONFIG and R_PAR1_CONFIG.

In the EPP write modes, ETRAX 100LX asserts the nWrite signal, places a data or
address byte on the data bus, and asserts the corresponding strobe signal (nDStrb for
data: nAStrb for an address). Within a response time, the peripheral signifies that it is
ready to receive the data/address byte by de-asserting the nWait signal. ETRAX
100LX responds by de-asserting nDStrb/nAStrb to latch the data/address into the
peripheral device. The peripheral acknowledges the end of the cycle and signifies that
it is ready for the next cycle by asserting the nWait signal.

Timing diagrams of EPP write modes 1 to 3 are given in Figures 14-10 to 14-12 that
follow.
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Tpp-busy-off
- Data/address write phase > - Data/addr
D7:D0
E/P data or address byte from ETRAX to peripheral
(Data8..1)
Tpp-adstrb-busy Tpp-adstrb-busy

E nAStrb/nDStrb

(nSelectin/nAutoFd) )‘\ /’f \(

/ Tpp—busy—strb

nWrite Tpp»b sy-adstrb
E

(nStrobe) \

\

p nWait Tpp-strb-ad51 b N

(Busy)

TPP-SU Tpp--su

T, can be set between 10 ns and 5 ys in steps of 20 ns.
The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.
The curved lines represent sequential dependencies.

E = ETRAX 100LX (host) P = Peripheral
Figure 13-10 EPP Address/Data Write Mode 1 Timing

—-¢+—— Data/address write phase ——» <« Data/addr
D7:DO .
E/P data or address byte from ETRAX to peripheral
(Data8..1)
Tpp—adstrb-busy Tpp*adslrb—busy
£ nAStrb/nDStrb
(nSelectin/nAutoFd) }‘\ />7 \(
/ Tpp-busy-strb
E nWrite Tpp- usy-adstrb
(nStrobe) f’f'
-~ \
p nWait Tpp-slrh»ads b k’#/ \\P\tj

(Busy)

Top-su Top-su

Ty can be set between 10 ns and 5 ys in steps of 20 ns.
The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.
The curved lines represent sequential dependencies.

E = ETRAX 100LX (host) P = Peripheral
Figure 13-11 EPP Address/Data Write Mode 2 Timing
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~¢—— Data/address write phase ——» ~«¢— Data/addr
D7:D0 )
E/P data or address byte from ETRAX to peripheral
(Data8..1)
Tpp-adslrb-busy Tpp-adstrb-busy
£ nAStrb/nDStrb
Selectin/nAutoFd .

(nSelectin/nAutoFd) K\ e

nWrite
E

(nStrobe)

. \

p NWait %/ \'\(

(Busy)

TDD-SU Tpp-su

T, can be set between 10 ns and 5 ys in steps of 20 ns.

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.

The curved lines represent sequential dependencies.

E = ETRAX 100LX (host)
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P = Peripheral
Figure 13-12  EPP Address/Data Write Mode 3 Timing

EPP address/data read cycles

In the EPP address or data write mode, ETRAX 100LX uses the data lines to read an
address or data byte from the peripheral. ETRAX 100LX signifies a read cycle by
asserting the appropriate strobe signal (nAStrb for an address: nDStrobe for data),

and de-asserting the nWrite signal. When the peripheral responds, the strobe

(nAStrobe or nDStrobe) is used to latch the address or data byte from the peripheral.
The peripheral uses nWait for handshaking at the beginning and end of the write

cycle.

167



13 Parallel Ports

~——— Data/address read phase ———» -¢— Data/address read
E/p D7:D0 data/address byte \ /
(Data8..1) from peripheral to ETRAX / \
£ nAStrb/nDStrb Top-din-busy T Top-adstrb-off
(nSelectin/nAutoFd) )h P-ousy-ademy

L

. (nStrobe) / \
wai — -3 /

(Busy)

Tpp-adstrb-busy Tpp—adstrb-busy

The prefix n in a signal name represents a negative (active-low) signal in the IEEE 1284 Standard.
The curved lines represent sequential dependencies.

E = ETRAX 100LX (host) P = Peripheral
Figure 13-13  EPP Address/Data Read Cycle Timing

EPP configuration in the mode registers

The read/write functionality of the EPP mode is implemented by a configuration of
the parallel port registers. Bits 11 and 2 to 0 in register R_PARO_CONFIG or
R_PAR1_CONFIG respectively are used to choose the read-write mode, where bits
2 to 0 are the mode field and bit 11 acts as the extended mode selector. The choice of
an address or data transfer cycle is realized by bit 3 in the respective configuration
register.
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13.2.8

Manual Mode

In the context of ETRAX 100LX, Manual mode is the configuration of the parallel
ports by means of customised software. This feature enhances the versatility of
ETRAX 100LX by permitting the implementation of parallel data transfer protocols
not otherwise supported within the IEEE 1284 standard.

To facilitate the Manual mode, all signals to and from the parallel ports are
programmable. When Manual mode is operational these discrete signals, and the
data buses, are read/written by software through the mode registers.

The software-programmable signals are:

Port p0
pOperror
pOack
pObusy
pOfault
pOselect
pOdata_oe
pOselectin
pOautofd
pOstrobe
pOinit
p0d7 - p0do

Table 13-1  Software-Controlled Signals in Manual Mode

Port p1

plperror
plack
plbusy
plfault
plselect
pOdata_oe
plselectin
plautofd
plstrobe
plinit
pld7 - p1do

Port-W
pOperror
pOack
pObusy
pOfault
pOselect
pOdata_oe
pOselectin
pOautofd
pOstrobe
pOinit
p0d7 - p0do
p0d15 - p0d8

Please refer to chapter 19.10 Multiplexed Interfaces for details of the multiplexed 1/0
interface that includes these signals.
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13.3

13.3.1

13.3.2

13.3.3

170

Parallel Port Interrupts

Both parallel ports can generate a number of different interrupts, if configured to do
s0 in the Interrupt Mask registers.

Peripheral Interrupt

The parallel ports can be configured so that in the Nibble, Byte, ECP and ECP wide
(16-bit) modes, a peripheral can attract the attention of ETRAX 100LX through
signal sequences. The peripheral requests attention by means of handshaking between
the PtrCIk, HostBusy and AckDataReq signals, which generates the interrupt.
ETRAX 100LX acknowledges the interrupt when it is ready to receive data.

The peripheral interrupt for parallel port pO0 is enabled in the parQ_peri field (bit 10)
of the R_IRQ_MASKO_SET register. It is cleared by reading the peri_int field
(bit 24) in register R_PARO_CTRL_DATA.

The peripheral interrupt for parallel port p1 is enabled in the parl_peri field (bit 18)
of the R_IRQ_MASKZ1_SET register. It is cleared by reading the peri_int field
(bit 24) in register R_PAR1_CTRL_DATA.

ECP Command Interrupt

The parallel ports can be configured to generate an interupt in ECP reverse mode in
response to the start of a command cycle from the peripheral.

The ECP command interrupt for parallel port pO0 is enabled in the parO_ecp_cmd
field (bit 11) of the R_IRQ_MASKO_SET register. It is cleared by reading the
ecp_cmd field (bit 8) in register R_PARO_STATUS_DATA.

The ECP command interrupt for parallel port pl is enabled in the parl_ecp_cmd
field (bit 19) of the R_IRQ_MASK1_SET register. It is cleared by reading the
ecp_cmd field (bit 8) in register R_PAR1 STATUS_DATA.

Data Available Interrupt

The parallel ports can be configured to generate an interrupt when a port has input
data available. When DMA is used for the data transfer, this interrupt indicates that
at least one byte has been received since the interrupt was last cleared.

The data available interrupt for parallel port p0 is enabled in the parQ_data field
(bit 9) of the R_IRQ_MASKO_SET register. It is cleared by reading the data field
(bits 7:0) in register R_PARO_CTRL_DATA.

The data available interrupt for parallel port p1 is enabled in the parl_data field
(bit 17) of the R_IRQ_MASK1_SET register. It is cleared by reading the data field
(bits 7:0) in register R_PAR1_CTRL_DATA.
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13.3.4 Ready Interrupt

The parallel ports can be configured to generate an interrupt when a port is ready to
get new data for transmission.

The ready interrupt for parallel port p0 is enabled in the parO_ready field
(bit 8) of the R_IRQ_MASKO_SET register. It is cleared by writing the data field
(bits 7:0) in register R_PARO_CTRL_DATA.

The ready interrupt for parallel port p1 is enabled in the parl_ready field
(bit 16) of the R_IRQ_MASK1_SET register. It is cleared by writing the data field
(bits 7:0) in register R_PAR1_CTRL_DATA.

Note: 3Note: The parO_ready/parl_ready bits should be masked off when the DMA is used for data transfers.
13.3.5 EPP Interrupts

A peripheral gains the attention of the parallel port by means of a single interrupt
request on the port’s peripheral acknowledgement line (pOack and plack). To
generate an interrupt, the acknowledgement signal is pulsed low for period T

(0.5 ms). Although an interrupt can be asserted at any time it is independent of, and
does not interfere with, the EPP cycles.

The status of the EPP interrupt for parallel port pO is indicated by the ack field
(bit 27) of register R_PARO_STATUS_DATA and the corresponding field
(bit 11) of register R_PARO_STATUS.

The status of the EPP interrupt for parallel port pl is indicated by the ack field
(bit 27) of register R_PAR1 _STATUS DATA and the corresponding field
(bit 11) of register R_PAR1 STATUS.
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14 Shared RAM Interface

14 SHARED RAM INTERFACE

The shared RAM interface handles 8-bit and 16-bit transfers between an external
device and the system SRAM. The interface operates with standard SRAM. Data
transfers are controlled by an asynchronous handshake protocol.

address [x:2]
| 1
[1:0] a[1:25]
— - | ()
ETRAX 100LX
r_re
—prrea o sel f SRAM
pr_ack d[31:0]
————
rd_wr Shared RAM rd -
pr_d[7:0] or pr_d[15:0] Port wr -
intio (intr in)
pr_int (intr out)

Figure 14-1 How to Connect for Shared RAM

The address from the external device is supplied to the SRAM through external
multiplexers, except for address bit 0 and 1 that are multiplexed internally.

Shared RAM interface cycles are like normal bus cycles, except that the a_sel signal
on the sOatn pin is high during the cycle. Shared RAM interface cycles are never
packed together in bursts. The cycles can be 8-bit or 16-bit wide. 16-bit cycles are
always 16-bit aligned.

Read cycle Write cycle
address P (T LOOOCORCANCK XN
rd_wr P UMW OO0 [T
pr_req P \ / \ /
prack H \—/ \—/_
pr_d[7:0] A -
Ao e A P Geai —
H = Host
P= Peripheral

Figure 14-2  Shared RAM Timing
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14.1

14.2

174

Shared RAM Interface Configuration

Register Function
R_SHARED RAM_CONFIG A 32-bit write only register to configure and enable the shared RAM interface.

R_SHARED_RAM_ADDR A 32-bit write only register that sets bits 29-8 of the base address for the shared
RAM area.

Table 14-1 Shared RAM Interface Registers
To initiate the Shared RAM interface, first write to the R_GEN_CONFIG register,

then to R_SHARED_RAM_ADDR, and finally to R_SHARED_RAM_CONFIG.
For more information see chapter 18.5 Shared RAM Interface Registers.

Shared RAM Interrupts

One interrupt signal in each direction is provided. The incoming interrupt set on the
Shared RAM interface intio pin is negative edge triggered. The interrupt is cleared by
setting the clri bit of the R_SHARED_RAM_CONFIG register.

The interrupt going out, set on the Shared RAM interface pin pr_int, is active low

and stays low for 600 ns. This interrupt is generated if the pint field in
R_SHARED_ RAM_ CONFIG is set to int.
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15 TIMERS

15.1 General

The timer block consists of;

A fixed clock divider
Clock prescaling (i.e. a programmable clock divider)
Two programmable 8-bit timers: timer0 and timerl

One watchdog timer

The fixed clock divider is also used as a baud rate generator for the asynchronous and
synchronous serial ports. The two programmable timers can be cascaded to form one
16-bit timer.

15.2 Timer Registers

Table 15-1 below provides a brief description of the timer registers. For more
detailed information, please see chapter 18.4 Timer Registers.

Register Function

R_TIMER_CTRL A 32-bit write only register to control the operation, clock selection, and
divide factor for timer0 and timer1.

R_TIMER_DATA A 32-bit read only register for the high and low byte of the fixed clock
divider, and the current value of timer0 and timerl.

R_TIMERO1_DATA A 16-bit read only register for the combined count value of timer0 and
timer1. Typically used when the timers are cascade coupled.

R_TIMERO_DATA A byte size read only register for the current count value of timer0.

R_TIMER1_DATA A byte size read only register for the current count value of timerl.

R_WATCHDOG A 32-bit write only register for enabling and restarting the watchdog
timer.

R_CLOCK_PRESCALE A 32-bit write only register for the divide factor for timer- and serial
clock prescaling.

R_TIMER_PRESCALE A 16-bit write only register for the divide factor for timer clock
prescaling.

R_PRESCALE_STATUS A 32-bit read only register for the current value of the serial- and timer
divide value.

R_TIM_PRESC_STATUS A 16-bit read only register for the current count value of the timer divide
factor.

Table 15-1  Timer registers
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15.3

15.4

15.4.1

176

Clock Prescaling: The Programmable Clock
Divider

The programmable clock divider divides a 25MHz clock with a 16-bit value. This
16-bit value ranges from 2 to 65535, and results in a new clock available for the
timers that ranges from 12.5MHz down to 381.5Hz. The value for the new available
clock is written and read in the internal register R_TIMER_PRESCALE.

Programmable Timers

Timer Operation

The ETRAX 100LX has two programmable timers, timer0 and timerl, which are
configured in the register R_TIMER_CTRL. Each one is an 8-bit binary down
counter.

Each timer can be loaded with a divide factor between 1 and 256, in
R_TIMER_CTRL. When started, the timer:

1 Countsdowntol
2 Generates an interrupt (timerQ or timerl respectively)
3 Restarts from the programmed divide factor

If the divide factor is changed while the timer is running, it will not take effect until
the ongoing count has expired.

Each timer has two mode fields that control its operation:
e timer0: tm0 and i0O
e timerl:tmlandil

The tmO or tm1 mode field controls the following:

Timer mode: Operation:

00 Stop the timer and load it with the divide factor
01 Stop the timer and preserve current count value
10 Run

11 Reserved, do not use

Each timer also has a i0 or i1 (clear interrupt) mode field. Setting it to 1 clears the
interrupt, and setting it to 0 has no effect.

The current count value of both timers can be read in R_TIMER_DATA.
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15.5 Timer Input Clock

The timer input clock can be individually selected for each timer. In addition to the
programmable clock, the following input frequencies can be selected from the fixed
clock divider:

Nominal
frequency:
Clock sel:  (Note 1)

0.3 kHz
0.6 kHz
1.2 kHz
2.4 kHz
4.8 kHz
9.6 kHz
19.2 kHz
38.4 kHz
57.6 kHz
115.2 kHz
230.4 kHz
460.8 kHz
921.6 kHz
1843.2 kHz
6250.0 kHz

© O N o o B~ W N P O

I i =
N W N P O

Note 1: The actual frequency is 64 ppm higher than the nominal value (given an exact clock reference input),
for all frequencies except 6250 kHz.

15.5.1 TimerO Input Clock

Timer0 can use the external clock by connecting to the general 10 pin pb6, or it can
use the prescaled clock.

In order to use the prescaled clock (from the programmable clock divider) or the
external clock, the clkselO field of R_TIMER_CTRL must be set to flexible (15), as
shown in table 15-2 below.

To use the prescaled clock, presc_ext must be cleared, and to use the external clock
presc_ext must be set.

clksel0 presc_ext clock rate
15 0 timer prescaled clock
15 1 external clock

Table 15-2  clkselO settings

When using the external clock, timerO will act as a pulse counter with a maximum of
256 pulses. The external clock must be enabled in R_GEN_CONFIG_II.

Timer0 can also be cascaded with timerl, resulting in a maximum of 65536 pulses.
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15.5.2

Note 2:

15.6

15.7

Note 3:
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Timerl Input Clock

In order to use the prescaled clock (from the programmable clock divider),
presc_timerl of R_TIMER_CTRL must be set:

presc_timerl clock rate
0 normal (default)

1 timer prescaled clock

Setting presc_timerl in R_TIMER_CTRL overrides all settings on clksell.

Cascade Mode

The two programmable counters can be cascaded to form one 16-bit timer. Cascade
mode is selected by setting the clksell field for timerl to cascade0. The timerO
interrupt is used to signal the end count of the cascaded counter. The timerl
interrupt is not used in cascade mode, and should be masked off in
R_IRQ_MASKO_SET.

When the counters operate in cascade mode, the timer modes, tmO and tm1, should
be set to the same value for both counters with one single write operation.

Watchdog Timer

When the watchdog timer is started, it generates an NMI if the watchdog is not
restarted or stopped within 0.1 s. If it still is not restarted or stopped after an
additional 3.3 ms, the watchdog timer resets the chip. The watchdog timer is stopped
after reset. The watchdog timer is controlled by the register R_WATCHDOG,
which contains an enable field and a 3-bit key value. The effect of writing to the
register is described in the table below:

Watchdog Value written:

state: To enable: To key: Operation:

stopped 0 X No effect

stopped 1 key_val Start watchdog with key = key_val
started 0 ~key (Note 3)  Stop watchdog

started 1 ~key (Note 3)  Restart watchdog with key = ~key
started X new_key val Change key to new_key val

'~ is the bitwise NOT operator.
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15.8 Timer Interrupts

There are two timer interrupts, one each for timer0 and timer1.
timerl

This interrupt is set whenever timerl reaches its terminal count. It is cleared by
setting the il field inR_TIMER_CTRL.

timer0

This interrupt is set whenever timer0 reaches its terminal count. It is cleared by
setting the i0 field in timer register R_TIMER_CTRL.

For more information about ETRAX 100LX interrupts, please refer to chapter 17
Interrupts.
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16 GENERAL 1I/O PORTS

ETRAX 100LX has two 8-bit ports for handling general input/output signals. They
are designated General port PA and General Port PB respectively.

General Port PA is available for general 1/O purposes and can also be used to handle
externally-generated interrupts. The signals at General Port PB are multiplexed on to
the same pins as some other interfaces and therefore these signals are only available
when the multiplexed pins are not in use by other interfaces.

In addition to General Ports PA and PB, the multiplexed interfaces make available a
number of other discrete pins for general I/0O purposes when the pins are not in use
by other interfaces. Each of these pins can be considered as a discrete general 1/0
port.

The general 1/0 ports are configured in software by means of dedicated registers (See
section 16.4 General 1/0 Registers).

Please see chapter 18.7 General Port Configuration Registers for detailed information
on the general port configuration registers, and chapter 19 Electrical Information for
information on the multiplexed interfaces.

16.1 General Port PA

Eight signals (pa7 to pa0) are available at General Port PA. The direction and level of
each bit is individually configurable in fields dir7 to dirO (bits 7 to O respectively) of
register R_PORT_PA SET. When a direction field is set to 0, the data signal is an
input: when a direction field is set to 1 the data signal is an output. The port can be
read in register R_PORT_PA READ.

The pins of General Port PA can supply a maximum current of 12 mA. The port can,
therefore, drive light emitting diodes (LED) and similar components.

Please refer to chapter 19.7 Asynchronous Serial Port O Signals, for more information
on the general port configuration registers.

Please refer to chapter 19.6 General Port PA Signals, for electrical information on
General Port PA.

16.1.1 Interrupts at General Port PA

Each bit in General Port PA can be configured as a masked interrupt as well as a
general 1/O signal. Eight external interrupts are thus available, all with the same
internally generated vector number. The interrupts are level-triggered by active-high
signals. Please refer to chapter 17.6 Masked Interrupts with Internally Generated Vector
Numbers for detailed information on the interrupts at General Port PA.

The interrupts at General Port PA are configured in a set of interrupt mask and status
registers. Please refer to chapter 18.13 Interrupt Mask and Status Registers for detailed
information on the interrupt mask and status registers.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006) 181



16 General I/O Ports

16.2 General Port PB

The configuration of General Port PB is more complex than that of General Port PA
because the bits at General Port PB are multi-functional and the pins allocated to the
port are multiplexed with signals from the following interfaces:

e 12C Port

e Peripheral chip-select (CSP) Port
» SCSI Ports

e Synchronous Serial Ports

* USB Ports

General Port pb6 can also be used as an external baud rate clock input. In this case,
the port should be configured as a general port input. For more information see
chapter 11 Asynchronous Serial Ports.

Only one function may be used on a pin at one time, and the configuration of these
pins for General Port PB is prioritized. The general port has the lowest priority, then
the CSP Port, then the other interfaces that use the pins as shown in the table below:

Lowest Priority Next Highest Priority  Next Highest Priority Highest Priority
General Port PB 12C Port
pb0 i2c_d
General Port PB 12C Port
pbl i2c_clk
General Port PB CSP USB Port pl
pb2 cspl ush1_vpo
General Port PB CSP USB Port p1
pb3 csp2 ushl_vmo
General Port PB CSP Synch. Serial Port p1 SCSI-8 port p0
SCSI-W Port
pb4 ss1_out3
csp3 ssl_in3 sOenph
General Port PB CSP USB Port p1
ph5 csp5 usbl_vm
General Port PB CSP
External baud rate clock
input
pb6 Csp6
General Port PB CSP Synch. Serial Port p3 SCSI-8 Port pl
SCSI-W Port
ss3_out3 sOenloid
pb7 csp7 ss3_in3 slenph

Please refer to chapter 19.10 Multiplexed Interfaces for details of the multiplexed
interfaces.
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16.2.1 Configuration of Signal Directions at General Port PB

When General Port PB is in use, each bit is individually configurable in register
R_PORT_PB_SET and can always be read in register R_PORT_PB_READ. Fields
dir7 to dir0O (bits 15 to 8 respectively) in R_PORT_PB_SET establish the direction
of the corresponding data signal at General Port PB. When a direction field is set to
0, the data signal is an input: when a direction field is set to 1 the data signal is an
output.

16.2.2 General Port PB and the 12C Interface

Bits pb0 and pb1 of General Port PB can be used by the 12C interface, making it
possible to run the 12C interface without conflict with other bits of the General Port
PB byte. The 12C interface can use pin V15 for data signal i2c_d and pin W16 for
clock signal i2c_clk. Consequently, if the 12C interface is configured and enabled,
bits pb0 and pb1 of General Port PB are unavailable for 1/0 purposes.

Selection of the 12C mode is made by the i2c_en (bit 27) and i2c_oe (bit 24) fields of
register R_PORT_PB_SET in accordance with the following table.

i2c_en m Pin V15 Direction Pin W16 Direction
0 X pb0 in/out pbl in/out
1 0 i2c_d out i2c_clk out
1 1 i2c_d in i2c_clk out

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006) 183



16 General I/O Ports

16.2.3 General Port PB and the Peripheral Chip-Select Signals

The peripheral chip-select (CSP) Port can use any or all of the upper six bits

(pb7 to pb2) of General Port PB. Each of these bits can be set separately by chip-
select enable fields (cs7 to ¢s2) in register R_PORT_PB_SET. If a chip-select enable
field is set to O, then the corresponding bit is configured as a general 1/O signal. If a
chip-select enable field is set to 1, then the corresponding bit is configured as a chip-
select signal and is unavailable for general 1/0O purposes.

When chip-select signals are in use, General I/O pins pb7 to pb5 become csp7 to
csp5 and pins pb4 to pb2 become csp3 to cspl. After system reset, these pins are
inputs so they require the connection of external pull-up resistors. Note that pins
cspO and csp4 are always available, and are always outputs.

The effects of certain chip-select enable fields are overridden if the following are
enabled:

e Synchronous Serial Ports (see 16.2.4);
e SCSI Ports (see 16.2.5);
e USB Ports (see 16.2.6).

16.2.4 General Port PB and the Synchronous Serial Ports

In some of their modes, Synchronous Serial Ports p1 and p3 use General Port PB bits
pb4 and pb7 respectively. The syncserl and syncser3 fields of the
R_PORT_PB_SET register configure the connection of pins pb4 and pb7 to the
synchronous serial ports.

The effect of chip-select enable field ¢s7 is overridden by the syncser3 field in
R_PORT_PB_SET. Similarly field cs4 is overridden by the syncserl field in
R_PORT_PB_SET.

A configuration of pb7 for use with SCSI-8 Port p1 or SCSI-W will override the
syncser3 field in R_PORT _PB_SET. Similarly, a configuration of pb4 for use with
SCSI-8 port p0 or SCSI-W will override the syncserl field in R_PORT_PB_SET.

16.2.5 General Port PB and the SCSI Ports

The SCSI-8 Ports p0 and p1 use General Port PB bits pb4 and pb7 respectively. The
SCSI-W Port uses both pb4 and pb7. The scsiO and scsil fields of the
R_PORT_PB_SET register configure the connection of pins pb4 and pb7 to the
SCSI ports.

The effect of chip-select enable field ¢s7 is overridden by the scsil field in
R_PORT_PB_SET. Similarly field cs4 is overridden by the scsiO field in
R_PORT_PB_SET.
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16.2.6 General Port PB and the USB Ports

USB Port p1 uses three of the pins allocated to General Port PB. Consequently,
when the USB port is enabled, bits pb2, pb3 and pb5 of General Port PB are
unavailable for general 1/0 purposes.

Similarly, when USB Port p1 is active, the effect of chip-select enable fields cs1, cs2
and cs5 are automatically overridden.

16.3 Discrete General Ports

Some of the pins that are not used in a chosen configuration of ETRAX 100LX are
available as discrete 1/0 ports. The signals available at these ports are designated gn,
where n is a signal number within the range 0 to 31.

When a discrete 1/0 port is available, its signal direction and/or data are individually
configurable. For some of the discrete 1/0O ports, separate pins are used for the input
and output signals. These ports are:

e gltog7
e 025tog3l

The signal directions at the other discrete 1/O ports can be set in register
R_GEN_CONFIG. Fields g24dir (bit 27), g16_23dir (bit 26), g8 _15dir (bit 25)
and gOdir (bit 24) establish the signal direction at the corresponding discrete 1/0
port. When a direction field is set to 0, the signal is an input: when a direction field is
set to 1 the signal is an output.

The discrete 1/0 ports are written and read in the data field (bits 31 to 0) of register
R_PORT_G_DATA.

For detailed information on these miscellaneous I/O ports, please refer to chapter
19.9 Multiplexed Signal Groups, which provides pin-by-pin listings for the
multiplexed interfaces.
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16.4

General I/0O Registers

As noted above, the general 1/O ports are served by a set of dedicated configuration
registers. The table below summarizes the purpose of each register.

Register

R_PORT_PA_SET comprising:

R_PORT_PA_DATA

R_PORT_PA_DIR

R_PORT_PA_READ

R_PORT_PB_SET comprising:

R_PORT_PB_DATA

R_PORT_PB_DIR

R_PORT_PB_CONFIG

R_PORT _PB_I2C

R_PORT_PB_READ

Function

A 32-bit, write-only register in which the upper 16 bits are reserved.

An 8-bit, write-only register formed from the lowest byte of the lower 16
bits of PA_PORT_PA_SET. The register contains the data_out byte to
General Port PA.

An 8-bit, write-only register formed from the high byte of the lower 16
bits of PA_PORT_PA_SET. Each bit sets the direction (in or out) of a
corresponding signal to or from General Port PA.

A 32-bit, read-only register in which the upper 24 bits are reserved. The
8 low bits contain the data_in byte from General Port PA.

A 32-bit, write-only register in which the upper two bits are reserved.

An 8-bit, write-only register formed from the lowest byte of
PA_PORT_PB_SET. The register contains the data_out byte to General
Port PB.

An 8-bit, write-only register formed from the second lowest byte of
PA_PORT_PB_SET. Each bit sets the direction (in or out) of a
corresponding signal to or from General Port PB.

An 8-bit, write-only register formed from the third lowest byte of
PA_PORT_PB_SET. Six bits are used to configure pb7 to pb2 as chip-
select or general 1/O signals, and the other two bits determine whether
bits pb7 and pb4 are used to carry SCSI signals.

An 8-bit, write-only register formed from the highest byte of
PA_PORT_PB_SET, but with the upper two bits reserved. Four bits are
used to configure the 12C interface, and the other two bits determine
whether bits pb7 and pb4 are used to carry synchronous serial port
signals.

A 32-bit, read-only register in which the upper 24 bits are reserved. The
8 lowest bits contain the data_in byte from General Port PB.

For detailed information on the general port configuration registers, please refer to
chapter 18.6 General Configuration Registers.
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17

17.1

INTERRUPTS

Most of the interfaces of the ETRAX 100LX generate interrupts. Three types of
interrupts are supported:

e Non-maskable interrupts (NMI);
e Maskable interrupts with internally generated vector numbers;
e Maskable interrupts with external vector numbers.

The NMI have the highest priority, and the maskable interrupts with external vector
numbers have the lowest priority. All maskable interrupts with internally generated
vector numbers have the same priority.

Interrupt Masks

There are two levels of interrupt masks:

Individual Masks Vector Mask (composite)
R_IRQ_MASKx_SET R_VECT_MASK_SET
R_IRQ_MASKx_CLR R_VECT_MASK_CLR

Interrupts from
interface #1

L

IRQ to CPU
1 =[]
Interrupts from

interface #2 : =|>1 ~N I & I ~

Vector number

to bus interface

N =D
Interrupts from B |—|
interface #n H =|>1 &
Y L
R_IRQ_READX R_IRQ_MASKx_RD R_VECT_READ R_VECT_MASK_RD

Figure 17-1  Interrupt Masks

At one level, the individual bits of all interrupts except the NMI are masked. At the
other level there is one composite mask bit for each vector number (i.e. one
composite bit for each different internal interface). There are separate addresses for
setting and clearing the mask bits and only asserted mask bits (those set to 1), are set
or cleared (see section 17.4 Interrupt Registers).

It is recommended that the software driver for each interface should control its own
mask bits at the individual interrupt masking level, while general system functions
control the composite vector number mask. Thus there is one mask bit on each level,
even for those vectors that have one interrupt only.

All interrupt masks are undefined after reset. They must be initialised before the
interrupt is enabled in the CPU.
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17.2

17.3

17.4

Interrupt Status

The status of the individual interrupts can be read before and after they are gated
with the interrupt mask. Registers R_IRQ_READO to R_IRQ_READ2 and
R_USB_IRQ_RD contain the interrupt bits prior to individual masking. Registers
R_IRQ_MASKO RD to R_IRQ_MASK2_RD and R_USB_IRQ_MASK_RD
contain the interrupt bits after the individual mask.

The status of the interrupt vector numbers can be read before and after they are gated
with the composite mask. Register R_VECT_READ shows the interrupt vector
number bits prior to composite masking. Register R_VECT_MASK_RD shows the
interrupt vector number bits after the composite mask.

USB Interrupts

The USB is capable of generating a relatively large number of maskable interrupts
with internally generated vector numbers. Consequently the USB interrupts are
handled within the set of registers dedicated to the USB, as distinct from the set of
registers entirely dedicated to interrupt handling.

Interrupt Registers

The interrupt capability of ETRAX 100LX is supported by a dedicated set of
interrupt mask and status registers. These registers are arranged in three sub-sets
(designated 0 to 2) that contain different interrupt bits at the individual masking
level, and a fourth sub-set for the vector number bits at the composite masking level.
As previously noted, a sub-set of the R_USB register set contains the USB interrupt
bits at the individual masking level. This architecture is summarized in the tables
below.

Register Sub-Set 0
Handles the NMI and

maskable interrupts for:

Ethernet error and
statistics counters
Network

ATA

Parallel port p0
Parallel port W
Shared RAM
SCSI-8 port p0
SCSI port W
External interrupt
External DMA
Timers

Table 17-1
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Register

R_IRQ_MASKO_SET

R_IRQ_READO

R_IRQ_MASK0_RD

R_IRQ_MASK0_CLR

Purpose

A 32-bit, write-only register for setting the 29 maskable interrupt fields with
internally generated vector numbers. Four fields handle multiple interrupt
mask bits by means of the multiplexed interfaces.

A 32-bit, read-only register that contains the NMI and maskable interrupts.
It shows the status of these interrupts prior to the individual mask.

A 32-bit, read-only register that contains the NMI and maskable interrupts.
It shows the status of these interrupts after the individual mask.

A 32-bit, write-only register for clearing the mask bits of the maskable
interrupts that have been set in register R_IRQ_MASKO_SET.

Interrupt registers: Register sub-set 0
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Register Sub-Set 1

Handles SW-generated
interrupts and the maskable
interrupts for:

Parallel port p1
SCSI-8 port p1
Async. serial ports
Sync. serial ports
General port PA

Table 17-2

Register Sub-Set 2

Handles all the interrupts for
the DMA channels.

Table 17-3

USB Register Sub-Set

Handles all the interrupts
for the USB.

Table 17-4

Vector Register Sub-Set

Handles the interrupt vector
number bits at the composite
masking level.

Table 17-5

Register
R_IRQ_MASK1_SET
R_IRQ_READ1
R_IRQ_MASK1 RD

R_IRQ_MASK1_CLR

Interrupt registers:

Register
R_IRQ_MASK2 SET

R_IRQ_READ2
R_IRQ_MASK2_RD

R_IRQ_MASK2_CLR

Interrupt registers:

Register
R_USB_IRQ_MASK_SET

R_USB_IRQ_RD
R_USB_IRQ_MASK_RD

R_USB_IRQ_MASK_CLR

Interrupt registers:

Register
R_VECT_MASK_SET
R_VECT_READ

R_VECT_MASK_RD

R_VECT_MASK_CLR

Interrupt registers:

Purpose

A 32-bit, write-only register for setting the maskable interrupts with
internally generated vector numbers. Of these, one field handles two
interrupt mask bits by means of the multiplexed interfaces.

A 32-bit, read-only register that contains the maskable interrupts. It shows
the status of these interrupts prior to the individual mask.

A 32-bit, read-only register that contains the maskable interrupts. It shows
the status of these interrupts after the individual mask.

A 32-bit, write-only register for clearing the mask bits of the maskable
interrupts that have been set in register R_IRQ_MASK1_SET.

Register sub-set 1

Purpose

A 32-bit, write-only register for setting the maskable DMA channel
interrupts with internally generated vector numbers.

A 32-bit, read-only register for reading the maskable DMA interrupts. It
shows the status of these interrupts prior to the individual mask.

A 32-bit, read-only register that contains the maskable interrupts. It shows
the status of these interrupts after the individual mask.

A 32-bit, write-only register for clearing the mask bits of the maskable
interrupts that have been set in register R_IRQ_MASK2_SET.

Register sub-set 2

Purpose

A 16-bit, write-only register for setting the maskable USB interrupts with
internally generated vector numbers.

A 16-bit, read-only register for reading the maskable interrupts. It shows
the status of these interrupts prior to the individual mask.

A 16-bit, read-only register that contains the maskable interrupts. It shows
the status of these interrupts after the individual mask.

A 32-bit, write-only register for clearing the mask bits of the maskable
interrupts that have been set in register R_USB_IRQ_MASK_SET.

USB Register sub-set

Purpose
A 32-bit, write-only register for setting the interrupt vector number bits.

A 32-bit, read-only register for reading the interrupt vector number bits. It
shows the status of these bits prior to the composite mask.

A 32-bit, read-only register for reading the interrupt vector number bits. It
shows the status of these bits after the composite mask.

A 32-bit, write-only register for clearing the interrupt vector number bits that
have been set in register R_VECT_MASK_SET.

Vector register sub-set

Please see chapter 18.13 Interrupt Mask and Status Registers for detailed information
on the interrupt mask and status registers, and 18.16 Universal Serial Bus Interface
Control Registers for USB registers.
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17.5

Name of
Interrupt

nmi_pin

watchdog_nmi

17.6

190

Non-Maskable Interrupts

There are two sources of non-maskable interrupt:
e The nmi pin:
e The watchdog timer.

The source of an NMI request can be identified by reading registers
R_IRQ_MASKO_RD or R_IRQ_READO.

Both NMI have the internally generated vector number 0x21.

Register

Bit Description of Interrupt Interrupt Clearance
31 This interrupt is from the external nmi pin. This interrupt is cleared in the external unit.
30 This interrupt is from watchdog timer. This interrupt is cleared by stopping or

restarting the watchdog timer.

Table 17-6  Non-maskable interrupts

Masked Interrupts with Internally Generated
Vector Numbers

The internal interfaces of ETRAX 100LX that are not mutually exclusive have
individual, internally generated vector numbers. Mutually exclusive interfaces

(e.g. SCSI-8 p0 and parallel port p0), may have the same vector number. Each
interface has one or more different interrupts, all of which share the same vector
number. If two or more interfaces issue an interrupt at the same time, vector number
Ox2F is generated and the different inputs are sorted by the software. See table 17-7
below:
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Vector
number

0x20

0x21
0x22
0x23
0x24

0x25

0x26
0x27

0x28

0x29
0x2A

0x2B
0x2C
0x2D
0x2E
0x2F

0x30
0x31
0x32
0x33
0x34
0x35
0x36
0x37
0x38

0x39
0x3F

Number of
interrupts

© B PN

D N N NN DN DN DN

10

Name

nmi
timer0
timerl

scsi0_par0

scsil_parl

network

snmp

serial

SW

irg_intnr

pa
ext_dma0

ext_dmal

dma0
dmal
dma2
dma3
dma4
dmab
dma6
dma7
dma8

dma9

usb

Explanation

Hardware breakpoint/single step bus fault. For more
information, refer to chapter 2.9 Hardware
Breakpoint Mechanism.

Non-maskable interrupts (see table 17-6).
Timer 0 interrupt (see table 17-13)
Timer 1 interrupt (see table 17-13)

Multiple/multiplexed interrupts for ATA, parallel port
p0, shared RAM and SCSI-8 pO0 (see table 17-10).

Multiple/multiplexed interrupts for parallel port p1
and SCSI-8 p1 (see table 17-15).

Network interrupts (see table 17-9).

Ethernet error and statistics counter interrupts (see
table 17-8).

Asynchronous and synchronous serial port interrupts
(see table 17-16).

Software generated interrupts (see table 17-14).

irg pin when used with internally generated vector
number (see table 17-11).

General port PA interrupts (see table 17-17).
External DMA channel 0 interrupt (see table 17-12).
External DMA channel 1 interrupt (see table 17-12).
MMU bus fault.

Simultaneous interrupts for more than one vector are
active.

DMA channel 0 interrupts (see table 17-19).
DMA channel 1 interrupts (see table 17-19).
DMA channel 2 interrupts (see table 17-19).
DMA channel 3 interrupts (see table 17-19).
DMA channel 4 interrupts (see table 17-19).
DMA channel 5 interrupts (see table 17-19).
DMA channel 6 interrupts (see table 17-19).
DMA channel 7 interrupts (see table 17-19).

Interrupts for DMA channel 8 (see table 17-19), and
for sub-channels 8.0 to 8.3 (see table 17-18).

DMA channel 9 interrupts (see table 17-19).
USB interface interrupts (see table 17-20).

Table 17-7 Masked Interrupts with Internally Generated Vector Numbers

If a source interrupt is cleared while the CPU is executing its interrupt
acknowledgement sequence, the vector number of the interrupting interface is
nevertheless generated. However the interrupts are not present in the interrupt status

registers.
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Interrupts in Register Sub-Set O

In register sub-set 0, the interrupt mask bits are set in register R_IRQ_MASKO_SET,
where only the asserted bits are set (bits written with 0 are not affected). The masked
interrupts are read in registers R_IRQ_MASKO_RD. Register R_IRQ_READO
contains the interrupt bits before they are individually masked. The asserted mask
bits are cleared in register R_IRQ_MASKO_CLR.

Each interrupt field occupies the same bit number in all the registers of sub-set 0.

Ethernet Error and Statistics Counter Interrupts

Register sub-set 0 handles ten interrupts associated with Ethernet error and statistics
counters. They all have the internally generated vector number 0x27.

Description of Interrupt

This interrupt is set when the sge_test_error
counter attains the value 128.

This interrupt is set when the carrier_loss
counter attains the value 128.

This interrupt is set when the deferred counter
attains the value 128.

This interrupt is set when the late_col counter
attains the value 128.

This interrupt is set when the multiple_col
counter attains the value 128.

This interrupt is set when the single_col counter
attains the value 128.

This interrupt is set when the congestion
counter attains the value 128.

This interrupt is set when the oversize counter
attains the value 128.

This interrupt is set when the alignment_error
counter attains the value 128.

This interrupt is set when the crc_error counter
attains the value 128.

Interrupt Clearance

This interrupt is cleared by reading the
sqe_test_error field of network interface register
R_PHY_COUNTERS.

This interrupt is cleared by reading the
carrier_loss field of network interface register
R_PHY_COUNTERS.

This interrupt is cleared by reading the deferred
field of network interface register
R_TR_COUNTERS.

This interrupt is cleared by reading the late_col
field of the R_TR_COUNTERS register.

This interrupt is cleared by reading the
multiple_col field of network interface register
R_TR_COUNTERS.

This interrupt is cleared by reading the
single_col field of network interface register
R_TR_COUNTERS.

This interrupt is cleared by reading the
congestion field of network interface register
R_REC_COUNTERS, an action which also
clears the overrun interrupt.

This interrupt is cleared by reading the oversize
field of network interface register
R_REC_COUNTERS.

This interrupt is cleared by reading the
alignment_error field of network interface
register R_REC_COUNTERS.

This interrupt is cleared by reading the crc_error
field of network interface register
R_REC_COUNTERS.

Table 17-8 Ethernet Error and Statistics Counter Interrupts

17.6.1
Name of Register
interrupt Bit
sge_test_error 29
carrier_loss 28
deferred 27
late_col 26
multiple_col 25
single_col 24
congestion 23
oversize 22
alignment_error 21
crc_error 20
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Name of
Interrupt

overrun

underrun

excessive_col

mdio
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Network Interrupts

Register sub-set 0 contains four network interrupts, all with the internally generated
vector number 0x26.

Register
Bit
19

18

17

16

Description of Interrupt

This interrupt is set when the network receiver
experiences a FIFO overrun condition
(congestion error). Two interrupts are available
(overrun and congestion), but usually only one
of them should be enabled. The overrun
interrupt should be used if software intervention
is necessary when an overrun error occurs. The
congestion interrupt should be used if the only
action needed is an error count.

This interrupt is set when the network
transmitter experiences a FIFO underrun
condition.

This interrupt is set when the network
transmitter experiences collisions for 16
consecutive transmission attempts. It is set after
the first collision if the retry field in network
interface register R_NETWORK_TR_CTRL is
set to disable, or when the transmitter stops after
the cancel field of R_NETWORK_TR_CTRL
has been set.

This interrupt is from the MIl mdio pin. It is
generated when the mdio pin is low. The
interrupt should be masked off during normal
data transfers over the mdio interface.

Table 17-9  Network Interrupts

Interrupt Clearance

This interrupt is cleared by reading the
congestion field of network interface register
R_REC_COUNTERS, an action which also
clears the congestion interrupt.

This interrupt is cleared by setting the clr_error
field in network interface register
R_NETWORK_TR_CTRL.

This interrupt is cleared by setting the clr_error
field in network interface register
R_NETWORK_TR_CTRL.

This interrupt should be cleared in the external
unit that is driving the mdio pin.
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Name of
Interrupt

ata_drg3

ata_drg2

ata_drgl

ata_drq0

par0_ecp_cmd

ata_irq3

par0_peri

ata_irq2

par0_data

ata_irql

par0_ready

ata_irq0

mio

scsi0

ata_dmaend
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Masked Interrupts for ATA, Parallel Port p0, Shared RAM and SCSI-8 Port

p0

In register sub-set O there are nine different interrupt fields that have the internally
generated vector number 0x24. Four of these fields are multi-functional (bits 11
to 8), containing different interface-dependent interrupts.

Register

Bit
15

14

13

12

10

Description of Interrupt

This interrupt is set when a unit on ATA bus 3
requests a DMA transfer.

This interrupt is set when a unit on ATA bus 2
requests a DMA transfer.

This interrupt is set when a unit on ATA bus 1
requests a DMA transfer.

This interrupt is set when a unit on ATA bus 0
requests a DMA transfer.

When parallel port p0 is in ECP mode, this
interrupt is set when an ECP command is
received at the port.

When ATA is in use, this interrupt is set when a
unit on ATA bus 3 requests an interrupt.

When parallel port p0 is in use, this interrupt is
set by the peripheral connected to the port.

When ATA is in use, this interrupt is set when a
unit on ATA bus 2 requests an interrupt.

When parallel port p0 is in use, this interrupt is
set when data is available on the port. When
DMA is used for the data transfer, this interrupt
indicates that at least one byte was received since
the interrupt was last cleared.

When ATA is in use, this interrupt is set when a
unit on ATA bus 1 requests an interrupt.

When parallel port par0 is in use, this interrupt
is set when the port is ready to get new data for
transmission.

When ATA is in use, this interrupt is set when a
unit on ATA bus O requests an interrupt.

This interrupt is set on the intio pin of the
shared RAM interface.

When SCSI-8 port p0 is in use, this interrupt is
set when the SCSI controller requests service
from the CPU.

This interrupt is set when the selected ATA unit
releases its DMA request (transfer completed).
This interrupt should be masked, except when
an ATA DMA transfer is started.

Interrupt Clearance

This interrupt is cleared at the end of the DMA
transfer on ATA bus 3.

This interrupt is cleared at the end of the DMA
transfer on ATA bus 2.

This interrupt is cleared at the end of the DMA
transfer on ATA bus 1.

This interrupt is cleared at the end of the DMA
transfer on ATA bus 0.

This interrupt is cleared by reading the
ecp_cmd_bit field in parallel port pO register
R_PARO_DATA.

This interrupt is cleared in the external unit on
ATA bus 3.

This interrupt is cleared by acknowledging the
peri_int field in parallel port pO register
R_PARO_CTRL_DATA.

This interrupt is cleared in the external unit on
ATA bus 2.

This interrupt is cleared by reading the data field
of parallel port pO register R_PARO_DATA.

This interrupt is cleared in the external unit on
ATA bus 1.

The interrupt is cleared by writing new data to
the data field of parallel port register
R_PARO_DATA. This field should be masked
when the DMA is used for data transfers.

The interrupt is cleared in the external unit on
ATA bus 0.

This interrupt is cleared by setting the i field of
register R_SHARED_RAM_CONFIG.

The interrupt is cleared by writing to the
clr_status field (bit 24) of register
R_SCSI0_CMD_DATA.

The interrupt is cleared when next ATA DMA
transfer commences.

Table 17-10 Masked Interrupts for ATA, Parallel Port pO, Shared RAM and SCSI-8 Port pO
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Name of
Interrupt

irq_ext_vector_nr

irg_int_vector_nr

Name of
Interrupt

ext_dmal

ext_dma0

Name of
Interrupt

timerl

timer0
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External Interrupt Configuration Fields

In register sub-set O there are two fields for configuring the external interrupt on the
irg pin, as shown in the table below.

Register
Bit
5

Table 17-11  External Interrupt Configuration Fields

Description of Interrupt

This field configures the external interrupt on
the irg pin to have an external vector number.
The mask bit is only effective if the
irg_int_vector_nr mask bit (4) is cleared.

This field configures the external interrupt on
the irq pin to have the internally generated
vector number 0x2A.

When the corresponding mask bit is set, the

internally generated interrupt vector number is
used and the irq_ext_vector_nr mask bit (5) has

no effect.

External DMA Interrupts

Interrupt Clearance

This interrupt is cleared in the external unit.
This can be done by software or the inta output.

This interrupt is cleared in the external unit.
This can be done by software only.

In register sub-set O there are two fields for handling external DMA interrupts.

Register
Bit
3

Description of Interrupt

This interrupt has the internally generated
vector number 0x2D. It is set when external
DMA channel 1 has stopped.

This interrupt has the internally generated
vector number 0x2C. It is set when external
DMA channel 0 has stopped.

Table 17-12  External DMA Interrupts

Timer Interrupts

Interrupt Clearance

This interrupt should be masked, except when
waiting for the completion of a transfer on
external DMA channel 1.

This interrupt should be masked, except when
waiting for the completion of a transfer on
external DMA channel 0.

In register sub-set O there are two fields for handling the timer interrupts.

Register
Bit
1

Description of Interrupt

This interrupt has the internally generated
vector number 0x23. It is set whenever timerl
reaches its terminal count.

This interrupt has the internally generated
vector number 0x22. It is set whenever timerQ
reaches its terminal count.

Table 17-13  Timer Interrupts

Interrupt Clearance

This interrupt is cleared by setting the i1 bit in
timer register R_TIMER_CTRL.

This interrupt is cleared by setting the i0 bit in
timer register R_TIMER_CTRL.
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17.6.2

Name of
Interrupt

sw_int7

sw_int6

sw_int5

sw_int4

sw_int3

Sw_int2

sw_intl

sw_int0
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Interrupts in Register Sub-Set 1

In this sub-set the masked interrupts are set in register R_IRQ_MASK1_SET and
read in register R_IRQ_MASK1 RD. Register R_IRQ_READ1 contains the
interrupt bits before they are individually masked. The asserted mask bits are cleared
in register R_IRQ_MASK1_CLR.

Each interrupt field occupies the same bit number in all the registers of sub-set 1.

Software Generated Interrupts

Register sub-set 1 has eight fields for handling software generated interrupts. They all
have the internally generated vector number 0x29.

Register
Bit
31

30

29

28

27

26

25

24

Description of Interrupt

This interrupt is generated in software when
mask bit sw_int7 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int6 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int5 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int4 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int3 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int2 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int1 in register
R_IRQ_MASK1_SET is asserted.

This interrupt is generated in software when
mask bit sw_int0 in register
R_IRQ_MASK1_SET is asserted.

Table 17-14  Software Generated Interrupts

Interrupt Clearance

This interrupt is cleared when the sw_int7 field
in register R_IRQ_MASK1_CLR is set.

This interrupt is cleared when the sw_int6 field
in register R_IRQ_MASK1_CLR is set.

This interrupt is cleared when the sw_int5 field
in register R_IRQ_MASK1_CLR is set.

This interrupt is cleared when the sw_int4 field
in register R_IRQ_MASK1 CLR is set.

This interrupt is cleared when the sw_int3 field
in register R_IRQ_MASK1_CLR is set.

This interrupt is cleared when the sw_int2 field
in register R_IRQ_MASK1_CLR is set.

This interrupt is cleared when the sw_int1 field
in register R_IRQ_MASK1 CLR is set.

This interrupt is cleared when the sw_intO field
in register R_IRQ_MASK1_CLR is set.

Please refer to section 17.8 Software Interrupts below for more information on the
software interrupts.

AXIS ETRAX 100LX Designer’s Reference (February 9, 2006)



17 Interrupts

Parallel Port p1 and SCSI-8 Port pl Interrupts

Register sub-set 1 has four fields for handling the interrupts at parallel port p1. One
field (bit 16), contains an interrupt bit for SCSI-8 port p1 also. All these interrupts
have the internally generated vector number 0x25.

Name of Register
Interrupt Bit
parl_ecp_cmd 19
parl_peri 18
parl_data 17
parl_ready 16
scsil

Description of Interrupt

When parallel port p1 is in ECP mode, this
interrupt is set when an ECP command is
received at the port.

When parallel port p1 is in use, this interrupt is
set by the peripheral connected to the port.

When parallel port pl is in use, this interrupt is
set when data is available on the port. When
DMA is used for the data transfer, this interrupt
indicates that at least one byte was received since
the interrupt was last cleared.

When parallel port pl is in use, this interrupt is
set when the port is ready to get new data for
transmission.

When SCSI-8 port p1 is in use, this interrupt is
set when the SCSI controller requests service
from the CPU.

Interrupt Clearance

This interrupt is cleared by reading the
ecp_cmd_bit field in parallel port p1 register
R_PAR1_CTRL_DATA.

This interrupt is cleared by acknowledging the
peri_int field in parallel port p1 register
R_PAR1_CTRL_DATA.

This interrupt is cleared by reading the data field
of parallel port p1 register
R_PAR1_CTRL_DATA.

The interrupt is cleared by writing new data to
the data field of parallel port p1 register
R_PAR1 _CTRL_DATA. This field should be
masked when the DMA is used for data
transfers.

The interrupt is cleared by writing to the
clr_status field (bit 24) of register
R_SCSI1_CMD_DATA.

Table 17-15 Parallel Port p1 and SCSI-8 Port p1 Interrupts
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Name of
Interrupt

ser3_ready

ser3_data

ser2_ready

ser2_data

serl_ready

serl_data

ser0_ready

ser0_data
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Asynchronous and Synchronous Serial Port Interrupts

Register sub-set 1 has eight fields for handling the interrupts of the four
asynchronous serial ports (p3 to p0). All of these interrupts have the internally
generated vector number 0x28.

Register
Bit
15

14

13

12

11

10

Description of Interrupt

This interrupt is set when Async/Sync serial port
p3 is ready to acquire new data for transmission.
It should be masked when the DMA is used for
data transfers.

When Async/Sync serial port p3 is in use, this
interrupt is set when data is available on the
port. When DMA is used for the data transfer,
this interrupt indicates that at least one byte was
received since the interrupt was last cleared.

This interrupt is set when asynchronous serial
port p2 is ready to acquire new data for
transmission. It should be masked when the
DMA is used for data transfers.

When asynchronous serial port p2 is in use, this
interrupt is set when data is available on the
port. When DMA is used for the data transfer,
this interrupt indicates that at least one byte was
received since the interrupt was last cleared.

This interrupt is set when Async/Sync serial port
pl is ready to acquire new data for transmission.
It should be masked when the DMA is used for
data transfers.

When Async/Sync serial port p1 is in use, this
interrupt is set when data is available on the
port. When DMA is used for the data transfer,
this interrupt indicates that at least one byte was
received since the interrupt was last cleared.

This interrupt is set when asynchronous serial
port p0 is ready to acquire new data for
transmission. It should be masked when the
DMA is used for data transfers.

When asynchronous serial port p0 is in use, this
interrupt is set when data is available on the
port. When DMA is used for the data transfer,
this interrupt indicates that at least one byte was
received since the interrupt was last cleared.

Interrupt Clearance

This interrupt is cleared by writing new data to
the R_SERIAL3_TR_DATA register, or to the
data_out field of R_SERIAL3_CTRL.

This interrupt is cleared when data is read from
the R_SERIAL3_REC_DATA register, or from
the data_in field of R_SERIAL3_READ.

This interrupt is cleared by writing new data to
the R_SERIAL2_TR_DATA register, or to the
data_out field of R_SERIAL2_CTRL.

This interrupt is cleared when data is read from
the R_SERIAL2_REC_DATA register, or from
the data_in field of R_SERIAL2_READ.

This interrupt is cleared by writing new data to
the R_SERIAL1_TR_DATA register, or to the
data_out field of R_SERIAL1 _CTRL.

This interrupt is cleared when data is read from
the R_SERIAL1_REC_DATA register, or from
the data_in field of R_SERIAL1_READ.

This interrupt is cleared by writing new data to
the R_SERIALO_TR_DATA register, or to the
data_out field of R_SERIALO_CTRL.

This interrupt is cleared when data is read from
the R_SERIALO_REC_DATA register, or from
the data_in field of R_SERIALO_READ.

Table 17-16  Asynchronous and Synchronous Serial Port Interrupts
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Name of
Interrupt
pa7
pa6
pa5
pad
pa3
pa2

pal

pa0

17.6.3

Name of
Interrupt

dma8_sub3_descr

dma8_sub2_descr
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General Port PA Interrupts

Register sub-set 1 has eight fields for handling the active-high, level-triggered
interrupts at general 1/0 port PA. They all have the internally generated vector
number 0x2B.

Register
Bit
7

Description of Interrupt
This interrupt is on bit 7 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 6 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 5 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 4 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 3 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 2 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 1 of general port PA
when the port is used for interrupt handling.

This interrupt is on bit 0 of general port PA
when the port is used for interrupt handling.

Table 17-17  General Port PA Interrupts

Interrupt Clearance
This interrupt is cleared in the external unit that
is driving bit 7 of general port PA.

This interrupt is cleared in the external unit that
is driving bit 6 of general port PA.

This interrupt is cleared in the external unit that
is driving bit 5 of general port PA.

This interrupt is cleared in the external unit that
is driving bit 4 of general port PA.

This interrupt is cleared in the external unit that
is driving bit 3 of general port PA.

This interrupt is cleared in the external unit that
is driving bit 2 of general port PA.

This interrupt is cleared in the external unit that
is driving bit 1 of general port PA.

This interrupt is cleared in the external unit that
is driving bit O of general port PA.

Interrupts in Register Sub-Set 2

Register sub-set 2 handles all the interrupts for the DMA channels. The masked
interrupts are set in register R_IRQ_MASK2_SET and read in register
R_IRQ_MASK2 RD. Register R_IRQ_READ?2 contains the interrupt bits before
they are individually masked. The asserted mask bits are cleared in register
R_IRQ_MASK2_CLR.

Each interrupt field occupies the same bit number in all the registers of sub-set 2.

Sub-Channel Interrupts for DMA Channel 8

Register sub-set 2 has four fields for handling the descriptor interrupts of the four
sub-channels in DMA channel 8.

Register
Bit
23

22

Description of Interrupt

This is the descriptor interrupt for DMA
channel 8 sub-channel 3. It has the internally
generated vector number 0x38.

This is the descriptor interrupt for DMA
channel 8 sub-channel 2. It has the internally
generated vector number 0x38.

Interrupt Clearance

This interrupt is cleared by asserting the
clr_descr bit in DMA register
R_DMA_CH8_SUB3_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in DMA register
R_DMA_CH8_SUB2_CLR_INTR.
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Name of
Interrupt

dma8_subl descr

dma8 sub0_descr

Name of
Interrupt

dma9_eop

dma9_descr

dma8_eop

dma8_descr

dma7_eop

dma7_descr

dma6_eop

dma6_descr

dma5_eop

dma5_descr

dma4_eop

dma4_descr

200

Register
Bit
21

20

Description of Interrupt

This is the descriptor interrupt for DMA
channel 8 sub-channel 1. It has the internally
generated vector number 0x38.

This is the descriptor interrupt for DMA
channel 8 sub-channel 0. It has the internally
generated vector number 0x38.

Interrupt Clearance

This interrupt is cleared by asserting the
clr_descr bit in DMA register
R_DMA_CHS8_SUB1_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in DMA register
R_DMA_CH8 SUBO_CLR_INTR.

Table 17-18  Sub-Channel Interrupts for DMA Channel 8

DMA End-of-Packet and Descriptor Interrupts

Register sub-set 2 handles all the end-of-packet and descriptor interrupts for the ten
DMA channels.

Register
Bit
19

18

17

16

15

14

13

12

11

10

Description of Interrupt

This is the end-of-packet interrupt for DMA
channel 9. It has the internally generated vector
number 0x39.

This is the descriptor interrupt for DMA
channel 9. It has the internally generated vector
number 0x39.

This is the end-of-packet interrupt for DMA
channel 8. It has the internally generated vector
number 0x38.

This is the descriptor interrupt for DMA
channel 8. It has the internally generated vector
number 0x38.

This is the end-of-packet interrupt for DMA
channel 7. It has the internally generated vector
number 0x37.

This is the descriptor interrupt for DMA
channel 7. It has the internally generated vector
number 0x37.

This is the end-of-packet interrupt for DMA
channel 6. It has the internally generated vector
number 0x36.

This is the descriptor interrupt for DMA
channel 6. It has the internally generated vector
number 0x36.

This is the end-of-packet interrupt for DMA
channel 5. It has the internally generated vector
number 0x35.

This is the descriptor interrupt for DMA
channel 5. It has the internally generated vector
number 0x35.

This is the end-of-packet interrupt for DMA
channel 4. It has the internally generated vector
number 0x34.

This is the descriptor interrupt for DMA
channel 4. It has the internally generated vector
number 0x34.

Interrupt Clearance

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH8_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CHS8_CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH8 CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CHS8_CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH7_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH7_CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH6_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH6_CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH5 CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH5 _CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH4_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH4_CLR_INTR.
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Name of
Interrupt

dma3_eop

dma3_descr

dma2_eop

dma2_descr

dmal_eop

dmal_descr

dma0_eop

dma0_descr

17.6.4

Name of
Interrupt

iso_eof

intr_eof

iso_eot

Register
Bit
7

Description of Interrupt

This is the end-of-packet interrupt for DMA
channel 3. It has the internally generated vector
number 0x33.

This is the descriptor interrupt for DMA
channel 3. It has the internally generated vector
number 0x33.

This is the end-of-packet interrupt for DMA
channel 2. It has the internally generated vector
number 0x32.

This is the descriptor interrupt for DMA
channel 2. It has the internally generated vector
number 0x32.

This is the end-of-packet interrupt for DMA
channel 1. It has the internally generated vector
number 0x31.

This is the descriptor interrupt for DMA
channel 1. It has the internally generated vector
number 0x31.

This is the end-of-packet interrupt for DMA
channel 0. It has the internally generated vector
number 0x30.

This is the descriptor interrupt for DMA
channel 0. It has the internally generated vector
number 0x30.

Interrupt Clearance

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH3 CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH3 CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH2_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH2_CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CH1_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CH1 CLR_INTR.

This interrupt is cleared by asserting the clr_eop
bit in register R_DMA_CHO_CLR_INTR.

This interrupt is cleared by asserting the
clr_descr bit in register
R_DMA_CHO_CLR_INTR.

Table 17-19 DMA End-of-Packet and Descriptor Interrupts

Interrupts in the USB Register Set

Register sub-set R_USB_IRQ handles all the interrupts for the USB interface. The
masked interrupts are set in register R_USB IRQ_MASK_SET and read in register
R_USB_IRQ_MASK_RD. Register R_USB IRQ_READ contains the interrupt bits
before they are individually masked. The asserted mask bits are cleared in register
R_USB IRQ_MASK_CLR.

All USB interrupts have the internally generated vector number 0x3F. Each interrupt
field occupies the same bit number in all the registers of this sub-set.

Register
Bit
13

12

11

Description of Interrupt

This interrupt occurs when the DMA detects a
set eof bit in an endpoint descriptor in the
isochronous endpoint DMA list.

This interrupt occurs when the DMA detects a
set eof bit in an endpoint descriptor in the
interrupt endpoint DMA list.

This interrupt occurs when the DMA detects a
set eof bit in an endpoint descriptor in the
isochronous endpoint DMA list, and the USB
interface has finished the last transaction of the
transfer.

Interrupt Clearance

This interrupt is cleared when the iso_eof bit in
register R_USB_EPID_ATTN is read.

This interrupt is cleared when the intr_eof bit in
register R_USB_EPID_ATTN is read.

This interrupt is cleared when the iso_eot bit in
register R_USB_EPID_ATTN is read.
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intr_eot

ctl_eot

bulk_eot

epid_attn
sof

port_status

ctl_status

17.6.5

Name of
Interrupt
usb

dma9
dma8
dma7
dma6
dma5

dma4d

dma3

202

Table 17-20

10

This interrupt occurs when the DMA detects a
set eof bit in an endpoint descriptor in the
interrupt endpoint DMA list, and the USB
interface has finished the last transaction of the
transfer.

This interrupt occurs when the DMA detects a
set eof bit in an endpoint descriptor in the
control endpoint DMA list, and the USB
interface has finished the last transaction of the
transfer.

This interrupt occurs when the DMA detects a
set eof bit in an endpoint descriptor in the bulk
endpoint DMA list, and the USB interface has
finished the last transaction of the transfer.

This interrupt is triggered whenever a significant

This interrupt is cleared when the intr_eot bit in
register R_USB_EPID_ATTN is read.

This interrupt is cleared when the ctrl_eot bit in
register R_USB_EPID_ATTN is read.

This interrupt is cleared when bulk_eot bit in
register R_USB_EPID_ATTN is read.

This interrupt is cleared when register

endpoint event occurs.

This interrupt is triggered each time the USB

outputs a start-of-frame.

This interrupt signals a change in any of the

configured port status registers.

This interrupt indicates a change of USB
interface controller status.

Interrupts in the USB Register Set

R_USB_EPID_ATTN is read.

This interrupt is cleared when register
R_USB_FM_NUMBER is read.

This interrupt is cleared after all changed port
status registers
(R_USB_RH_PORT_STATUS_{12}) have
been read.

This interrupt is cleared when register
R_USB_STATUS is read.

Vector Number Register Sub-Set

In this sub-set the composite masked interrupts are set in register

R_VECT_MASK_SET and read in register R_VECT_MASK_RD. Register
R_VECT_READ contains the composite interrupt bits before they are masked. The
asserted composite mask bits are cleared in register R_VECT_MASK_CLR.

Each composite field occupies the same bit number in all the registers of the vector
number sub-set.

Register

Bit
31

25

24

23

22

21

20

19

Description of Interrupt
This is the composed bit for interrupts from the
USB. Vector number 0x3F.

This is the composed bit for interrupts from
DMA channel 9. Vector number 0x39.

This is the composed bit for interrupts from
DMA channel 8. Vector number 0x38.

This is the composed bit for interrupts from
DMA channel 7. Vector number 0x37.

This is the composed bit for interrupts from
DMA channel 6. Vector number 0x36.

This is the composed bit for interrupts from
DMA channel 5. Vector number 0x35.

This is the composed bit for interrupts from
DMA channel 4. Vector number 0x34.

This is the composed bit for interrupts from
DMA channel 3. Vector number 0x33.

Interrupt Clearance
This field is cleared by asserting the usb bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma9 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma8 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma7 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma6 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dmab5 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma4 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma3 bit in
register R_VECT_MASK_CLR.
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Name of
Interrupt
usb

dma2
dmal
dma0
ext_dmal
ext_dma0
pa
irg_intnr
SW

serial

snmp

network

scsil
parl

scsi0
par0
ata
mio

timerl

timer0

nmi

some
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Register
Bit
31
18
17
16
13
12

11

10

Description of Interrupt
This is the composed bit for interrupts from the
USB. Vector number Ox3F.

This is the composed bit interrupts from DMA
channel 2. Vector number 0x32.

This is the composed bit interrupts from DMA
channel 1. Vector number 0x31.

This is the composed bit for interrupts from
DMA channel 0. Vector number 0x30.

This is the composed bit for interrupts from
external DMA channel 1. Vector number 0x2D.

This is the composed bit for interrupts from
external DMA channel 0. Vector number 0x2C.

This is the composed bit for interrupts from
general port PA. Vector number 0x2B.

This is the composed bit for interrupts from the
irg pin, vector number 0x2A.

This is the composed bit for software generated
interrupts. Vector number 0x29.

This is the composed bit for interrupts from the
asynchronous and synchronous serial ports.
Vector number 0x28.

This is the composed bit for Ethernet error and

statistics counter interrupts. Vector number 0x27.

This is the composed bit for interrupts from the
network interface. Vector number 0x26.

This is the composed bit for interrupts from
SCSI-8 Port p1 and parallel port p1. Vector
number 0x25.

This is the composed bit for interrupts from
SCSI-8 Port p0, parallel port p0, the ATA port
and the shared RAM port. Vector number 0x24.

This is the composed bit for interrupts from
timer 1. Vector number 0x23.

This is the composed bit for interrupts from
timer 0. Vector number 0x22.

This is the composed bit for interrupts from the
NMI. It cannot be masked and therefore the
mask bit is always set to 1. Vector number 0x21.

This is the composed bit for interrupts (except
NMI but including irq with an external vector
number), that are active after the individual
masks.

Table 17-21  Vector Number Register Sub-Set

Interrupt Clearance
This field is cleared by asserting the usb bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dmaz2 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dmal bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the dma0 bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the ext_dmal bit
in register R_VECT_MASK_CLR.

This field is cleared by asserting the ext_dma0 bit
in register R_VECT_MASK_CLR.

This field is cleared by asserting the pa bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the irg_intnr bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the sw bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the serial bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the snmp bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting the network bit in
register R_VECT_MASK_CLR.

This field is cleared by asserting bit 5 in register
R_VECT_MASK_CLR.

This field is cleared by asserting bit 4 in register
R_VECT_MASK_CLR.

This field is cleared by asserting bit 3 in register
R_VECT_MASK_CLR.

This field is cleared by asserting bit 2 in register
R_VECT_MASK_CLR.

This field cannot be cleared: it is always enabled.

This field cannot be cleared: it is always enabled.
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17.7

17.8

204

External Maskable Interrupt with an External
Vector Number

The external interrupt on the irg pin can be configured for an external vector number
or an internally generated vector number.

To configure the external interrupt for an external vector number, the
irg_ext_vector_nr field (bit 5) must be set in R_IRQ_MASKOQ_SET, and the
irg_int_vector_nr field (bit 4) must be cleared in interrupt mask register
R_IRQ_MASKO_CLR.

In the acknowledgement cycle for an interrupt with an external vector number, the
inta output is asserted. In response, the external device supplies its vector number in
the least significant byte on the data bus. Please refer to chapter 5.8 External Interrupt
Acknowledge for more information.

Software Interrupts

As previously noted, the eight software interrupts with internally generated vector
numbers are handled in register sub-set 1. They are set in register
R_IRQ_MASK1_SET and cleared with their respective mask bits in register
R_IRQ_MASK1_CLR, which actually constitutes the interrupts.

During normal program flow, the software may occasionally enter a critical region in
which it cannot share resources. Typically this could occur when incoming data from
an interface almost entirely fills a buffer, and usually requires that the interrupts are
disabled. However ETRAX 100LX has a solution wherein the original interrupt
routine can be enabled more often.
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The software interrupts offer a simple and rapid response to hardware interrupts
requiring actions that are extensive, but not so time-critical. When the original
interrupt has executed the time-critical operation, it can set a software interrupt and
return.

Normal Program Flow Interrupt Routines

HW interrupt

SW interrupt g Perform time-critical
disabled P ~<&———— > operation and set
SW interrupt

Critical
Region
SW interrupt o
Perform parts of the
SW interrupt interrupt handling
—————>
enabled that use shared
resources

Y
Figure 17-2  Software Generated Interrupt Routines

Figure 17-2 shows that, when the program enters a critical region, the software
interrupt is disabled. The hardware interrupt then takes care of the time-critical
operation and sets the software interrupt. As soon as the software interrupt is enabled,
the software interrupt routine performs the more extensive action.
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18 Internal Registers

18 Internal Registers

This chapter contains detailed information about the internal registers in the ETRAX
100LX. The register descriptions are presented as appropriate sets, within which the

content of each separate register is specified to bit level.

The description of each register is introduced by a table giving the identification
(ID), offset value, register address, size of the register, read/write capability and initial

value.

The bit allocation of each register is then presented in a table as follows:

Bit(s) Name Description

bit no(s) name of bit Summary of the function of the bit and associated signals.
18.1 Conventions
18.1.1 Notation

State/Range

Significance of each
bit state or range of
bit field.

All hexadecimal values, including addresses, are preceded by Ox. All other values are

given in decimal notation.

18.1.2 Base Address

The internal registers are positioned at base address 0xBO000000 and upwards. Thus
the offset value given for each register must be added to the base address to obtain the

true address of the respective register.

18.2 Bus Interface Configuration Registers

18.2.1 R_WAITSTATES

Wait States Register, General Characteristics

ID of register R_WAITSTATES Size
Offset 0x0 Read/Write
Address 0xB0000000 Initial value

Bit Assignments of R_WAITSTATES

Bit(s) Name Description

31- 30 pesd 7 _zw This 2-bit field sets the number of wait states during bus
turn-off for peripheral chip select signals csp4 - csp7.
(note 1)
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18 Internal Registers

29-28  pcsd_7_ew This 2-bit field sets the number of early wait states for 0-3
peripheral chip select signals csp4 - csp7.
(note 2)

27-24  pcsd 7 _lw This 4-bit field sets the number of late wait states for 0-15
peripheral chip select signals csp4 - csp7.
(note 3)

23-22  pcs0_3_zw This 2-bit field sets the number of wait states during bus ~ 0-3
turn-off for peripheral chip select signals csp0 - csp3.
(note 1)

21-20  pcsO_3_ew This 2-bit field sets the number of early wait states for 0-3
peripheral chip select signals csp0 - csp3.
(note 2)

19-16  pcsO_3 lw This 4-bit field sets the number of late wait states for 0-15
peripheral chip select signals csp0 - csp3.
(note 3)

15-14  sram_zw This 2-bit field sets the number of wait states during bus ~ 0-3
turn-off for SRAM chip select signals csr0 and csrd.
(note 1)

13-12  sram_ew This 2-bit field sets the number of early wait states for 0-3
SRAM chip select signals csr0 and csr1.
(note 2)

11-8 sram_Iw This 4-bit field sets the number of late wait states for 0-15
SRAM chip select signals csr0 and csr1.
(note 3)

7-6 flash_zw This 2-bit field sets the number of wait states during bus ~ 0-3
turn-off for flash-PROM chip select signals cse0 and csel.
(note 1)

5-4 flash_ew This 2-bit field sets the number of early wait states for 0-3
flash-PROM chip select signals cse0 and csel.
(note 2)

3-0 flash_Iw This 4-bit field sets the number of late wait states for 0-15

flash-PROM chip select signals cse0 and csed.
(note 3)

Note 1: The wait state is inserted after a burst to give the accessed unit sufficient time to turn off its drivers
(read cycles), and to ensure sufficient data hold time (write cycles). The number of turn-off clock
cycles is 1 + zw.

Note 2: The early wait state is inserted before rd or wr goes low in each bus cycle. The number of early clock
cycles is ew. When ew is 0, rd will be low throughout the entire burst.

Note 3: The late wait state is inserted during the rd or wr low period. The number of late clock cycles is
2+ lw.
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18.2.2 R_BUS_CONFIG
Bus Configuration Register, General Characteristics

ID of register R_BUS_CONFIG Size 32 bits

Offset 0x4 Read/Write Write only

Address 0xB0000004 Initial value 0x0000000E or

0x0000000F
(note 1)
Bit Assignments of R_BUS_ CONFIG

Bit(s) Name Description State/Range

31-10  Reserved - 0

9 sram_type This field selects the common write enable (cwe), or 0 = bwe
bytewise write enable (bwe) mode for SRAM chip select 1 =cwe
signals csr0 and csrl.

8 dma_burst This field selects 16 byte or 32 byte burst length for DMA 0 = burst32
transfers. 1 = burst16

7 pcsd_7_wr This field sets the write delay mode for peripheral chip 0 =norm
select signals csp4 - csp7. 1=ext
(note 2)

6 pcs0_3_wr This field sets the write delay mode for peripheral chip 0=norm
select signals csp0 - csp3. 1=ext
(note 2)

5 sram_wr This field sets the write delay mode for SRAM chip select 0 = norm
signals csr0 and csr1. 1=ext
(note 2)

4 flash_wr This field sets the write delay mode for EPROM/flash- 0=norm
PROM chip select signals cse0 and csel. 1=ext
(note 2)

3 pesd_7_bw This field selects the bus width for peripheral chip select 0 = bw16
signals csp4 - csp7. 1=bw32

2 pcs0_3_bw This field selects the bus width for peripheral chip select 0 = bw16
signals cspO - csp3. 1=bw32

1 sram_bw This field selects the bus width for SRAM chip select 0 =bwl6
signals csr0 and csrl. 1=bw32

0 flash_bw This field selects the bus width for EPROM/flash-PROM 0 = bw16
select signals cse0 and csel. 1=bw32

Note 1: Bit 0 is set to the value of the bsO pin at reset.
Note 2: If set to norm (0), the wr signals go high 0.5 clock cycles before the end of the bus cycle. If this bit is

set to ext (1), the wr signals go high at the end of the bus cycle.
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18.2.3 R_BUS_STATUS

Bus Status Register, General Characteristics

ID of register R_BUS_STATUS Size 32 bits
Offset 0x4 Read/Write Read only
Address 0xB0000004 Initial value See note 1.

Bit Assignments of R_ BUS_STATUS

Bit(s) Name Description State/Range

31-6 Reserved 0

5 pll_lock_tm This bit shows the status of the timer that waits for PLL 0 = expired
lock after reset. In normal operation, this bit should 1 = counting

always be expired. When PLL bypass mode is enabled, the
value changes from counting to expired after 32768 clock
cycles.

4 both_faults This bit is set if a single step bus fault and an MMU bus 0 =no
fault occur in the same CPU cycle. The bitissettoObya 1 =yes
CPU RBF instruction.

3 bsen_ This bit shows if the outputs on the bus status pins 0 = enabled
bs3 - bsO are enabled or disabled. 1 = disabled
2-1 boot This 2-bit field indicates the selected bootstrap method: 0 = uncached
- uncached starts at 0x80000002; 1 = serial
- serial loads the program via serial port to cache; 2 = network
- network loads the program via network to cache; 3 = parallel
- parallel loads the program via parallel port to cache.
0 flashw This bit shows the initial width of the EPROM/flash- 0 =bwl6

PROM banks 0 and 1, selected by cse0 and csel (address 1 = bw32
0x00000000-0x07FFFFFF).

Note: Bit 4 is set to O after reset. Bits 3 to O are initiated through bus status pins at reset.
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18.2.4 R _DRAM _TIMING

DRAM Timing Register, General Characteristics

ID of register R_DRAM_TIMING Size 32 bits
Offset 0x8 Read/Write Write only
Address 0xB0000008 Initial value 0x0000FFFF

Bit Assignments of R_DRAM_TIMING

Bit(s) Name Description State/Range
31 sdram This bit enables or disables the SDRAM interface. When 0 = disable
it is set, the SDRAM interface is enabled and the 1 =enable

R_SDRAM_TIMING and R_SDRAM_CONFIG
registers are used to configure the interface. (See the
description of R_SDRAM_TIMING and
R_SDRAM_CONFIG.)

30-16  Reserved - 0
15-14  ref This 2-bit field sets the DRAM refresh interval. For 0 = e52us
example e52us means that the DRAM will be refreshed at 1 = e13us
52 us intervals. 2 =¢e8700ns
3 = disable
13-12  rp ras precharge waitstates. \Wait states inserted after ras goes 0 - 3

high, but before the row address is output (RAS-CAS
cycle) or cas goes low (CBR refresh cycle). The number of
precharge cycles is 0.5 + rp.

11-10 rs Row address setup wait states. Wait states inserted 0-3
between valid row address (RAS-CAS cycle) or cas low
(CBR refresh cycle), and ras low. Number of setup cycles
is1+rs.

9-8 rh Row address hold time. The number of row address hold 0 -3
clock cycles is 1 + rh.

7 w Write delay mode. If set to norm, the wr signals go high 0 = norm
0.5 clock cycles before the end of the bus cycle. If set to 1=ext
ext, the wr signals go high at the end of the bus cycle.

6 c cas delay mode. If set to norm no extra delay is added, if 0 = norm
set to ext the negative edge of cas is delayed 0.5 clock 1=ext
cycles. This does not affect the total time for the bus cycle.

5-4 cz cas wait states during bus turn-off. Inserted after a burst 0-3
to DRAM. Number of turn off cycles will be 1 + cz. In
EDO maode, cz should only be set to 0 or 1, giving 1 + cz
turn off clock cycles for write, and 3 + cz turn off clock
cycles for read.

3-2 cp cas precharge wait states. Inserted before cas goes low in 0-3
gach CAS only or RAS-CAS cycle. Also inserted while cas
is low in CBR refresh cycles. Number of cas precharge
cyclesis 1 + cp.

1-0 cw cas wait states. Inserted during cas low. Number of cas 0-3
clock cyclesi 1 + cw.
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18.2.5 R_SDRAM_TIMING

SDRAM Timing Register, General Characteristics

ID of register R_SDRAM_TIMING Size 32 bits
Offset 0x8 Read/Write Write only
Address 0xB0000008 Initial value 0x0000FFFF

Bit Assignments of R_SDRAM_TIMING

Bit(s) Name Description State/Range

31 sdram SDRAM enable. This bit must not be set before 0 = disable
R_SDRAM_CONFIG is configured properly. 1 =enable

30-16  mrs_data Data output on a15 - al during SDRAM mrs cycle.

15-14  ref This 2-bit field sets the SDRAM refresh interval. For 0 =e52us
example e52us means that the SDRAM will be refreshed 1 =e13us
at 52 ps intervals. 2 =e6500ns

3 =disable

13 ddr Double Data Rate select. If this bit is set, the SDRAM 0 = off
interface functions asa DDR SDRAM interface. l=on

12 clk100 SDRAM master clock select. If this bit is set, a 100MHz 0 = off
master clock will be used, if not a 50MHz master clock l=on
will be used.

11 ps Power save select. If this bit is set, the SDRAM interface 0 = off
will enter power down mode after each refresh. 1=on

10-9 cmd Initiate an SDRAM command cycle. The types available 0 = nop

are “mode register set” (mrs), “refresh” (ref) or “precharge 1 =mrs
all” (pre) cycle. The ref and mrs command should always 2 = ref

be preceded by a pre command. All commands must 3=pre
always be followed by a nop command e.g. pre, nop, mrs,

nop. This field is used during initializing of the SDRAM

modules.

8 pde Power down exit delay. Number of delay cycles from 0-1
power down exit to new command will be pde + 1.

7-6 rc Row cycle time. This is the auto refresh cycle time and 0-3
will be rc + 6.

5-4 p ras precharge delay cycles. Number of delay cycles after 0-3

precharge bank command will be rp + 1 in 50MHz mode
and rp + 2 in 100MHz mode.

3-2 red ras to cas delay. Number of delay cycles after activate bank 0 - 3
command will be rcd + 1 in 50MHz mode and rcd + 2 in
100MHz mode.

1-0 cl cas latency cycles. In 50MHz mode, the number of delay 0 - 2
cycles from read bank command to valid read data will be
cl + 1, with cl = 1 and cl = 2 as allowed values. In 100
MHz modes the number of cyles will be cl + 2, with cl =0
and ¢l = 1 as allowed values. Thus cas latency can be
varied from 2 to 3 SDRAM clock cycles. Note that cl = 3
is not allowed in either mode.
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18.2.6 R_DRAM_CONFIG

DRAM Configuration Register, General Characteristics

ID of register R_DRAM_CONFIG Size 32 bits
Offset 0xC Read/Write Write only
Address 0xB000000C Initial value Unknown

Bit Assignments of R_DRAM_CONFIG

Bit(s) Name Description State/Range

31 wmm1 Wide module mode for group 1. In wide module mode, 0=norm
all 8 cas outputs are used in each bank. The use of casa3 - 1 =wmm
casa0 or cash3 - cashO is selected by the highest address
bit in the selected column address range (cal field). The
cal field should in this case be set to one bit higher than
the highest column address bit to the DRAM. This mode
is used with 64-bit wide DRAM modules that don't have
separate ras strobes for the upper and lower half of the

data bus.
30 wmmO Wide module mode for group 0. See wmmd1 for 0=norm
description. 1=wmm
29-27 shl This field gives the row address shift for group 1. The 0-7

value given decides how many steps the address bits are
shifted. Total shift is sh1 + 8. If, for example, sh1 equals O
the internal address 29 - 9 is shifted down to pins A21 -
Al and if sh1 equals 7 the internal address 29 - 16 is
shifted down to pins A14 - Al.

26-24  shO Row address shift for group 0. See sh1 for details. 0-7

23 w DRAM bus width. 0= bwl6
1=Dbw32

22 c cas organization, byte- or bank-wise. 0 = byte
1 = bank

21 e DRAM type select, fast page or EDO. 0 = fast
1=edo

20-16  group_sel Selects which address bit that will be used to select 0=grp0

between the two groups of DRAM banks. Always group0 1 =grpl

(grp0), always group 1 (grpl) or use address bit to select 9 = bit9

between groups. 10 = bit10
11 = bit1l
12 = bit12
13 = bit13
14 = bitl4
15 = bitl5
16 = bitl6
17 = bitl7
18 = bit18
19 = bit19
20 = bit20
21 = hit21
22 = hit22
23 = bit23
24 = hit24
25 = hit25
26 = bit26
27 = hit27
28 = hit28
29 = bit29
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Bit Assignments of R_DRAM_CONFIG (continued)

Bit(s) Name Description State/Range

15-13 cal Column address range for group 1. This selects how many 0-7
bits above bit 8 that are used for the column address. If
cal equals 0 up to and including address bit 8 are used, if
cal equals 7 up to and including bit 15 are used.

12-8 bank23sel Selects which address bit that will be used to select 0 = bank0
between the two banks in group 1. Always group 0 1 = bankl
(grp0), always group 1 (grpl) or use address bit to select 9 = bit9
between groups. 10 = bit10

11 = bit11
12 = bit12
13 = bit13
14 = bit14
15 = bit15
16 = bit16
17 = bitl7
18 = bit18
19 = bit19
20 = bit20
21 = bit21
22 = bit22
23 = bit23
24 = bit24
25 = bit25
26 = bit26
27 = bit27
28 = bit28
29 = bit29

7-5 ca0 Column address range for group 0. See cal for details. 0-7

4-0 bankO01sel Selects which address bit that will be used to select 0 = bank0
between the two banks in group 0. See bank23sel for 1 = bankl
details. 9 = hit9

10 = bit10
11 = bitll
12 = hit12
13 = bitl3
14 = bitl4
15 = bitl5
16 = bitl6
17 = bitl7
18 = hit18
19 = bit19
20 = bit20
21 = bit21
22 = hit22
23 = bit23
24 = hit24
25 = hit25
26 = bit26
27 = bit27
28 = hit28
29 = bit29
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18.2.7 R_SDRAM_CONFIG

SDRAM Configuration Register, General Characteristics

ID of register R_SDRAM_CONFIG Size 32 bits
Offset 0xC Read/Write Write only
Address 0xB000000C Initial value Unknown

Bit Assignments of R_SDRAM_CONFIG

Bit(s) Name Description State/Range
31 wmm1 Wide module mode for group 1. In wide module mode, 0=norm
all 8 dgm outputs are used in each group. The use of 1=wmm

dgm7 - dgm4 or dgm3 - dgmoO is selected by the highest
address bit in the selected column address range (cal
field). The cal field should in this case be set to one bit
higher than the highest column address bit to the
SDRAM. This mode is used with 64-bit wide SDRAM
modules that do not have separate chip selects for the
upper and lower half of the data bus.

30 wmmO Wide module mode for group 0. See wmmd1 for 0=norm
description. 1=wmm
29-27 shl This field gives the row address shift for group 1. The 0-7

value given decides how many steps the address bits are
shifted. Total shift is sh1 + 8. If, for example, sh1 equals O
the internal address 29 - 9 is shifted down to pins A21 -
Al and if sh1 equals 7 the internal address 29 - 16 is
shifted down to pins A14 - Al.

26-24  shO Row address shift for group 0. See sh1 for details. 0-7

23 w SDRAM bus width. 0= bwl6
1=Dbw32

22 typel This field selects 2 or 4 SDRAM banks for group 1. 0 = bank2
1 = bank4

21 type0 This field selects 2 or 4 SDRAM banks for group 0. 0 = bank2
1 = bank4

20-16  group_sel Selects which address bit that will be used to select 0=grp0

between the two groups of SDRAM banks. Always group 1 =grpl

0 (grp0), always group 1 (grp1) or use address bit to select 9 = bit9

between groups. 10 = bit10
11 = bit1l
12 = bit12
13 = bit13
14 = bitl4
15 = bitl5
16 = bitl6
17 = bitl7
18 = bit18
19 = bit19
20 = bit20
21 = hit21
22 = hit22
23 = bit23
24 = hit24
25 = hit25
26 = bit26
27 = hit27
28 = hit28
29 = bit29
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Bit Assignments of R_SDRAM_CONFIG (continued)

Bit(s) Name Description State/Range

15-13 cal Column address range for group 1. This selects how many 0-7
bits above bit 8 that are used for the column address. If
cal equals 0 up to and including address bit 8 are used, If
cal equals 7 up to and including bit 15 are used.

12-8 bank_sell Selects which address bit that will be used to select 9 = bit9
between bank 0/1 in group 1. In 4-bank mode bank 2/3 10 = bit10
will be controlled by the next higher order address bit. 11 = bitll

12 = bit12
13 = bit13
14 = bit14
15 = bit15
16 = bit16
17 = bitl7
18 = bit18
19 = bit19
20 = hit20
21 = hit21
22 = hit22
23 = hit23
24 = hit24
25 = hit25
26 = hit26
27 = hit27
28 = hit28
29 = hit29

7-5 ca0 Column address range for group 0. See cal for details. 0-7

4-0 bank_sel0 Selects which address bit that will be used to select 9 = hit9
between banks 0/1 in group 0. See bank_sel1 for details. 10 = bit10
11 = bit1l
12 = bit12
13 = bit13
14 = bit14
15 = bit15
16 = bit16
17 = bitl7
18 = bit18
19 = bit19
20 = hit20
21 = hit21
22 = hit22
23 = hit23
24 = hit24
25 = hit25
26 = hit26
27 = hit27
28 = hit28
29 = hit29

Note: When using one group only, set register field group_sel to either grp0 or grp1. When using two
groups, both groups must be configured equally as to row address shift and cas address range bits, i.e.
both groups must have the same size.
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18.3 External DMA Registers

18.3.1 R_EXT_DMA _O_CMD

External DMA Channel 0 Command Register, General Characteristics

ID of register R_EXT_DMA_0_CMD Size 32 bits
Offset 0x10 Read/Write Write only
Address 0xB0000010 Initial value 0

Bit Assignments of R_EXT_DMA_0_CMD

Bit(s) Name Description State/Range
31-24  Reserved - 0
23 cnt This field enables/disables the transfer counter. If itisset 0 = disable

(enable), the external DMA transfer will be stopped when 1 = enable
trf_count reaches 0.

22 rgpol Request polarity. Active high (ahigh) or active low (alow). 0 = ahigh
1 =alow
21 apol Acknowledge polarity. Active high (ahigh) or active low 0 = ahigh
(alow). 1 =alow
20 rg_ack Request/acknowledge mode. 0 = burst
1 = handsh
19-18  wid This field decides the width of the transfer, 8 bits (byte), 0 = byte
16 bits (word) or 32 bits (dword). 1 =word
2 = dword
17 dir Direction. 0 = input
1 = output
16 run Start/stop. 0 = stop
1 =start
15-0 trf_count Counter for number of transfers. If cnt is set, the external 0 - 65535

DMA transfer will stop when trf_count has counted
down to 0. trf_count = 0 gives 65536 transfers. trf_count
is always counting, irrespective of the state of cnt.

AXIS ETRAX 100LX Designer's Reference (February 9, 2006) 217



18 Internal Registers

18.3.2 R_EXT DMA O _STAT

External DMA Channel 0 Status Register, General Characteristics

ID of register R_EXT_DMA_0_STAT Size 32 bits
Offset 0x10 Read/Write Read only
Address 0xB0000010 Initial value 0

Bit Assignments of R_EXT_DMA_0_STAT

Bit(s) Name Description State/Range
31-17  Reserved -

16 run Start/stop. 0 = stop
1 =start
15-0 trf_count Counter for number of transfers. The counter is 0 - 65535

initialized by writing to the tfr_count field of the
R_EXT_DMA_0_CMD register, and is decremented by
1 for each DMA access. When the counter reaches 0, the
run bit is cleared if the cnt bit in the
R_EXT_DMA_0_CMD register is set.
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18.3.3 R_EXT_DMA O ADDR

External DMA Channel 0 Address Register, General Characteristics

ID of register R_EXT_DMA_0_ADDR Size
Offset 0x14 Read/Write
Address 0xB0000014 Initial value

Bit Assignments of R_EXT_DMA_0_ADDR

Bit(s) Name Description
31-30  Reserved Always 2.
29-2 ext0_addr Bit 29 - 2 of the address to where the external DMA

channel 0 accesses are mapped. Bit 30 and 1 - 0 of the
address are always 0.

1-0 Reserved Always 0.
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Unknown

State/Range
2
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18.3.4 R_EXT _DMA_|_CMD

External DMA Channel 1 Command Register, General Characteristics

ID of register R_EXT_DMA_1_ CMD Size 32 bits
Offset 0x18 Read/Write Write only
Address 0xB0000018 Initial value 0

Bit Assignments of R_EXT_DMA_1 CMD

Bit(s) Name Description State/Range
31-24 Reserved - 0
23 cnt This field enables/disables the transfer counter. If itisset 0 = disable

(enable), the external DMA transfer will be stopped when 1 = enable
trf_count reaches 0.

22 rgpol Request polarity, active high (ahigh) or active low (alow). 0 = ahigh
1 =alow
21 apol Acknowledge polarity, active high (ahigh) or active low 0 = ahigh
(alow). 1 =alow
20 rg_ack Request/acknowledge mode. 0 = burst
1 = handsh
19-18  wid This field decides the width of the transfer, 8 bits (byte), 0 = byte
16 bits (word) or 32 bits (dword). 1 =word
2 = dword
17 dir Direction. 0 = input
1 = output
16 run Start/stop. 0 =stop
1 = start
15-0 trf_count Counter for number of transfers. If cnt is set, the external 0 - 65535

DMA transfer will stop when trf_count has counted
down to 0. trf_count = 0 gives 65536 transfers. trf_count
is always counting.
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18.3.5 R_EXT _DMA | _STAT

External DMA Channel 1 Status Register, General Characteristics

ID of register R_EXT_DMA_1_STAT Size 32 bits
Offset 0x18 Read/Write Read only
Address 0xB0000018 Initial value 0

Bit Assignments of R_EXT_DMA_1 STAT

Bit(s) Name Description State/Range
31-17  Reserved -

16 run Start/stop. 0 = stop
1 =start
15-0 trf_count Counter for number of transfers. The counter is 0 - 65535

initialized by writing to the tfr_count field of the
R_EXT_DMA 1 CMD register, and is decremented by
1 for each DMA access. When the counter reaches 0, the
run bit is cleared if the cnt bit in the
R_EXT_DMA_1 CMD register is set.
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18.3.6 R_EXT _DMA | ADDR

External DMA Channel 1 Address Register, General Characteristics

ID of register R_EXT_DMA_1 ADDR Size 32 bits
Offset 0x1C Read/Write Write only
Address 0xB000001C Initial value Unknown

Bit Assignments of R_EXT_DMA_1 ADDR

Bit(s) Name Description State/Range
31-30  Reserved Always 2. 2
29-2 ext0_addr Bit 29 - 2 of the address to where the external DMA

channel 0 accesses are mapped. Bit 30 and 1 - 0 of the
address are always 0.

1-0 Reserved Always 0. 0
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18.4 Timer Registers

18.4.1 R TIMER_CTRL

Timer Control Register, General Characteristics

ID of register R_TIMER_CTRL Size 32 bits
Offset 0x20 Read/Write Write only
Address 0xB0000020 Initial value Unknown
Bit Assignments of R_TIMER_CTRL
Bit(s) Name Description State/Range
31-24  timerdivl This field contains the divide factor for timer 1. The 0- 255
usable range is 2 - 256. A divide factor of 256 is achieved
by setting the field to 0. If the timer is used as an interval
timer, i.e. generating a fixed interrupt frequency, the
frequency will be the clksell frequency divided by the
divide factor.
23-16  timerdiv0 This field contains the divide factor for timer 0. See 0 - 255
timerdivl.
15 presc_timerl If this bit is set, the programmable clock divider isused to 0 = normal
clock timer 1, thus overriding all settings to clksel1. 1 = prescale
14 i1 This bit is the interrupt acknowledge for timer 1. An 0=nop
interrupt is acknowledged by setting this bit to clr. The 1=clr
bit value is not saved, but reverts to nop once the
interrupt has been cleared.
13-12 tml This field defines the operation of timer 1: if the value is 0 =stop_Id
stop_Id, the timer stops and loads the divide factor, if the 1 = freeze
value is freeze, the timer stops and preserves current count 2 = run
value and if it is run, the timer starts. reserved should not 3 = reserved
be used.
11-8 clksell Clock select for timer 1. cascade0 cascades this timer with 0 = c300Hz
timer 0. 1 =c600Hz
2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 = ¢c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = c921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = cascadeO
7 presc_ext This bit is used to select the clock for flexible in the 0 = prescale
clkselO field. If it is set to prescale the programmable 1 = external
clock divider clock is selected. If it set to external the
external clock is selected.
6 i0 This bit is the interrupt acknowledge for timer 0. See il. 0 =nop
1=clr

Bit Assignments of R_TIMER_CTRL (continued)
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18 Internal Registers

Bit(s) Name Description State/Range

5-4 tmO This field defines the operation of timer 0. See tm1. 0 =stop_Id
1 = freeze
2=run
3 = reserved

3-0 clkselo Clock select for timer 0. 0 = c300Hz
1 =c600Hz
2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = ¢230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = c6250kHz
15 = flexible
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18.4.2 R TIMER_DATA

Timer Data Register, General Characteristics

ID of register R_TIMER_DATA Size 32 bits
Offset 0x20 Read/Write Read only
Address 0xB0000020 Initial value Bit 31 - 16

unknown, bit 15 - 0
set to O at reset.

Bit Assignments of R_TIMER_DATA

Bit(s) Name Description State/Range
31-24  timerl Current count value for timerl. Note that this isa down  0-255
counter that starts at the timerdiv1 value and then counts
down to 1.
23-16  timer0 Current count value for timer0. Note that this isa down  0-255
counter that starts at the timerdivO value and then counts
down to 1.
15-8 clkdiv_high High byte of clock divider. The bits in this field each

toggle at a specific frequency according to: bit 8 - 38.4
kHz, bit 9 - 19.2 kHz, bit 10 - 9.6 kHz, bit 11 - 4.8 kHz,
bit 12 - 2.4 kHz, bit 13 - 1.2 kHz, bit 14 - 600 Hz, bit 15
- 300 Hz.

7-0 clkdiv_low Low byte of clock divider. The bits in this field each
toggle at a specific frequency according to: bit 0 - 7.3728
MHz, bit 1 - 3.6864 MHz, bit 2 - 1.8432 MHz, bit 3 -
921.6 kHz, bit 4 - 460.8 kHz, bit 5 - 230.4 kHz, bit 6 -
115.2 kHz, bit 7 - 57.6 kHz.
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18.4.3 R_TIMERO1_DATA

Timer 01 Data Register

ID of register R_TIMERO1_DATA Size 16 bits
Offset 0x22 Read/Write Read only
Address 0xB0000022 Initial value Unknown

Bit Assignments of R_TIMERO1_DATA

Bit(s) Name Description State/Range

15-0 count The combination of the values in fields timerl and 0-65535
timer0 in R_TIMER_DATA (timer1[7:0], timer0[7:0]).
Typically used when the timers are cascaded.

Note: This is a 16 bit wide register that is part of register R_TIMER_DATA.
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18.4.4

Note:

R_TIMERO_DATA

Timer 0 Data Register, General Characteristics

ID of register R_TIMERO_DATA Size
Offset 0x22 Read/Write
Address 0xB0000022 Initial value

Bit Assignments of R_TIMERO_DATA

Bit(s) Name Description

7-0 count Current count value for timer0. Note that this is a down
counter that starts at the timerdivO value and then counts

down to 1.

This is a 8 bit wide register which is part of register R_TIMER_DATA.
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Read only

Unknown

State/Range
0-255
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18.4.5 R_TIMER1_DATA

Timer 1 Data Register, General Characteristics

ID of register R_TIMER1_DATA Size 8 bits
Offset 0x23 Read/Write Read only
Address 0xB0000023 Initial value Unknown

Bit Assignments of R_TIMER1 _DATA

Bit(s) Name Description State/Range
7-0 count Current count value for timerl. Note that this isa down  0-255
counter that starts at the timerdiv1 value and then counts
down to 1.

Note: This is a 8 bit wide register that is part of register R_TIMER_DATA.
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18.4.6 R_WATCHDOG

Watchdog Register, General Characteristics

ID of register R_WATCHDOG Size
Offset 0x24 Read/Write
Address 0xB0000024 Initial value

Bit Assignments of R_WATCHDOG

Bit(s) Name Description
31-4 Reserved -
3-1 key Key value for the watchdog.

0 enable Watchdog start/stop. If started, the watchdog timer
generates an NMI if it is not restarted or stopped within
0.1s. If it still is not restarted or stopped after an
additional 3.3 ms, it resets the chip. Restart and stop only
take effect if the new key value matches the inverse of the
previously set key value.
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32 bits
Write only
0

State/Range
0
0-7

0 = stop
1 = start
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18.4.7 R _CLOCK_PRESCALE

Clock Prescale Register, General Characteristics

ID of register R_CLOCK_PRESCALE Size 32 bits
Offset OxFO Read/Write Write only
Address 0xB0000OFO Initial value Unknown

Bit Assignments of R_CLOCK_PRESCALE

Bit(s) Name Description State/Range

31-16  ser_presc This fields gives the divide factor for serial clock 0, 2-65535
prescaling. It is used when another baud rate than those
predefined in the serial port control registers is needed for
the asynchronous serial ports. The usable range is 2 -
65536. A divide factor of 65536 is achieved by setting the
field to 0. The resulting baud rate equals 3.125MHz
divided by the divide factor. The prescaling starts when
the field is written.

15-0 tim_presc This field gives the divide factor for timer clock 0, 2-65535
prescaling. It is used when another frequency than those
predefined in R_TIMER_CTRL is needed for the
internal timers.The usable range is 2 - 65536. A divide
factor of 65536 is achieved by setting the field to 0. The
generated frequency equals 25MHz divided by the divide
factor. Thus the highest available frequency is 12.5 MHz
and lowest available frequency is 381.5Hz. The prescaling
starts when the field is written.
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18.4.8 R_TIMER_PRESCALE

Timer Prescale Register, General Characteristics

ID of register R_TIMER_PRESCALE Size
Offset 0xFO Read/Write
Address 0xBOO00OFO Initial value

Bit Assignments of R_TIMER_PRESCALE

Bit(s) Name Description

15-0 tim_presc This field gives the divide factor for timer clock
prescaling. It is used when another frequency than those
predefined in R_TIMER_CTRL is needed for the
internal timers.The usable range is 2 - 65536. A divide
factor of 65536 is achieved by setting the field to 0. The
generated frequency equals 25MHz divided by the divide
factor. Thus the highest available frequency is 12.5 MHz
and lowest available frequency is 381.5Hz. The prescaling
starts when the field is written.

Note: This is a 16 bit wide register that is part of register R_CLOCK_PRESCALE.
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State/Range
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18.4.9 R_PRESCALE_STATUS

Prescale Status Register, General Characteristics

ID of register R_PRESCALE_STATUS Size
Offset 0xFO Read/Write
Address 0xBOO00OFO Initial value

Bit Assignments of R_ PRESCALE_STATUS

Bit(s) Name Description

31-16  ser_status Contains the current count value of the serial divide
factor.

15-0 tim_status Contains the current count value of the timer divide
factor.
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18.4.10 R_TIM_PRESC_STATUS

Timer Prescale Status Register, General Characteristics

ID of register R_TIM_PRESC_STATUS Size 16 bits
Offset OxFO Read/Write Read only
Address 0xB0000OFO Initial value Unknown

Bit Assignments of R_TIM_PRESC_STATUS

Bit(s) Name Description State/Range
15-0 tim_status Contains the current count value of the timer divide 0-65535
factor.

Note: This is a 16 bit wide register that is part of register R_CLOCK_PRESCALE.
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18 Internal Registers

18.5 Shared RAM Interface Registers

To initiate the shared RAM interface, first write to R_GEN_CONFIG, then to
R_SHARED_RAM_ADDR, and finally write to R_SHARED_RAM_CONFIG
with ONLY the enable bit set.

18.5.1 R_SHARED RAM_CONFIG

Shared RAM Configuration Register, General Characteristics

ID of register R_SHARED_RAM_CONFIG Size 32 bits
Offset 0x40 Read/Write Write only
Address 0xB0000040 Initial value 0

Bit Assignments of R_ SHARED RAM_CONFIG

Bit(s) Name Description State/Range
31-4 Reserved - 0
3 width This field decides the shared RAM interface width, byte 0 = byte
(8 bits) or word (16 bits). 1 =word
2 enable If this field is set the shared RAM interface is enabled. 0=no
1=yes
1 pint If this field is set, a peripheral interrupt is generated. int 0=nop

generates a 600ns active low pulse on the pr_int output. 1=int
The bit value is not saved, but reverts to nop once the
pulse has been generated.

0 clri This field clears the interrupt from the intio input. The 0=nop
bit value is not saved, but reverts to nop once the l=clr
interrupt has been cleared.
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18.5.2 R_SHARED RAM_ADDR

Shared RAM Address Register, General Characteristics

ID of register R_SHARED_RAM_ADDR Size 32 bits
Offset 0x44 Read/Write Write only
Address 0xB0000044 Initial value Unknown

Bit Assignments of R_SHARED_ RAM_ADDR

Bit(s) Name Description State/Range
31-30  Reserved This part of the Shared RAM address is always 2 (10 2

binary), to address non cached, non DRAM area.
29-8 base_addr This field sets bit 29-8 of the base address for the shared

RAM area. Bit 30 and 7 - 0 of the base address are always
0. Shared RAM accesses are always non-cacheable.

7-0 Reserved - 0
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18.6 General Configuration Registers

18.6.1 R_GEN_CONFIG

General Configuration Register, General Characteristics

ID of register R_GEN_CONFIG Size 32 bits
Offset 0x2C Read/Write Write only
Address 0xB000002C Initial value 0

Bit Assignments of R_GEN_CONFIG

Bit(s) Name Description State/Range
31 par_w If this field is set, parallel port wide (ecp_16) is selected. 0 = disable
(note 1) 1 = select
30 ush2 This field selects USB port 2. 0 = disable
1 = select
29 usbl This field selects USB port 1. 0 = disable
1 = select
28 Reserved - 0
27 g24dir This field selects direction for pin g24 (if configured). 0=in
1=out
26 g16_23dir This field selects direction for pins g16 - 23 (if 0=in
configured). 1=out
25 g8_15dir This field selects direction for pins g8 -15 (if configured). 0 =in
1=out
24 gOdir This field selects direction for pin g0 (if configured). 0=in
1=out
23 dma9 This field decides the configuration for DMA channel 9. 0 = ush
It can be connected to either USB or serial port 1. 1 = seriall
(note 2)
22 dma8 This field decides the configuration for DMA channel 8. 0 = usb
It can be connected to either USB or serial port 1. 1 = seriall
(note 2)
21-20 dma7 This field decides the configuration for DMA channel 7. 0 = unused
It is either unused, connected to serial port 0, to external 1 = serial0
DMA 1 or to internal DMA 6 (memory to memory 2 = extdmal
DMA). 3 = intdma6
19-18 dma6 This field decides the configuration for DMA channel 6. 0 = unused
It is either unused, connected to serial port 0, to external 1 = serial0
DMA 1 or to internal DMA 7 (memory to memory 2 = extdmal
DMA). 3 = intdma7
17-16 dmab This field decides the configuration for DMA channel 5. 0 = parl
It can be connected to parallel port 1, SCSI 1, serial port 1 = scsil
3 or external DMA 0. 2 = serial3
(note 2) 3 = extdma0
15-14 dma4d This field decides the configuration for DMA channel 4. 0 = parl
It can be connected to parallel port 1, SCSI 1, serial port 1 = scsil
3 or external DMA 0. 2 = serial3
(note 2) 3 = extdma0

Bit Assignments of R_GEN_CONFIG (continued)
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Note 1:

Note 2:

Note 3:

Note 4:

Bit(s) Name

13-12  dma3
11-10 dma2
9 mio_w
8 ser3

7 parl
6 scsiow
5 scsil
4 mio

3 ser2

2 par0
1 ata

0 scsi0

Description

This field decides the configuration of DMA channel 3. It
can be connected to parallel port 0, SCSI 0, serial port 2
or ATA.

(note 2)

This field decides the configuration of DMA channel 2. It
can be connected to parallel port 0, SCSI 0, serial port 2
or ATA.

(note 2)

This field selects shared RAM wide (16 bits). The mio bit
has to be set (see below).
(note 3)

This field selects serial port 3.
(note 3)

This field selects parallel port 1.
(note 3)

This field selects wide (16 bits) scsi for scsi port 0. Bit
scsiO has to be set (see below).
(note 3)

This field selects scsi port 1 (8 bits).
(note 3)

This field selects shared RAM interface.
(note 3)

This field selects serial port 2.
(note 3)

This field selects parallel port 0.
(note 3)

This field selects ata.
(note 3)

This field select scsi 0. If scsiOw is also set, scsi wide is
selected.
(note 3)

State/Range
0 = par0

1 =scsi0

2 = serial2
3=ata

0 = par0

1 =scsi0

2 = serial2
3=ata

0 = disable
1 = select

0 = disable
1 = select

0 = disable
1 = select

1 = select
0 = disable

0 = disable
1 =select

0 = disable
1 =select
0 = disable
1 =select
0 = disable
1 =select
0 = disable
1 =select

0 = disable
1 =select

Both the wide field in R_PARO_CONFIG and the par0 field in R_GEN_CONFIG must also be set,
in order to activate the wide-mode in the parallel port.

When a DMA channel is not used, it should be connected to an unused device. For example if DMA
channel 5 and parallel port p1 are not in use, connect DMA channel 5 to parallel port p1.

Only some combinations of bits, that are set, are meaningful. For example parallel port p0 and SCSI-
8 port p0 can not be used simultaneously. See chapter 19.10 Multiplexed Interfaces for details.

There must be a delay of >120 ns between writes to bits 23 to 0. Writing to bits
23 to 8 without writing to bits 7 to 0 has an undefined result.
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18.6.2 R_GEN_CONFIG_II

General Configuration register Il, General Characteristics

ID of register R_GEN_CONFIG_II Size 32 bits
Offset 0x34 Read/Write Write only
Address 0xB0000034 Initial value 0

Bit Assignments of R_GEN_CONFIG_lII

Bit(s) Name Description State/Range
31-7 Reserved - 0
6 sermode3 This bit decides if serial port 3 is used in asynchronous or 0 = async

in synchronous mode. If this field is set to sync, serial port 1 = sync
3 is in the synchronous mode.

Reserved - 0

4 sermodel This bit decides if serial port 1 is used in asynchronous or 0 = async
in synchronous mode. If this field is set to sync, serial port 1 = sync
1 is in the synchronous mode.

3 Reserved - 0

2 ext_clk If this bit is set, the external clock is selected for the serial 0 = disable
ports and the timers. 1 = select

1-0 Reserved - 0
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18.6.3 R_PORT_G_DATA

General Port Data Register, General Characteristics

ID of register R_PORT_G_DATA Size
Offset 0x28 Read/Write
Address 0xB0000028 Initial value

Bit Assignments of R_PORT_G_DATA

Bit(s) Name Description

31-0 data Through this register data can be read from and written to
the 10 pins g0-31. The different 10-devices are
multiplexed on these pins. The availability of the pins
varies with the setting of R_GEN_CONFIG bits 0 - 9.
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18.7

18.7.1

240

General Port Configuration Registers

R _PORT_PA_SET

General Port PA Set Register, General Characteristics

ID of register R_PORT_PA_SET Size 32 bits
Offset 0x30 Read/Write Write only
Address 0xB0000030 Initial value 0

Bit Assignments of R_PORT_PA_SET

Bit(s) Name Description State/Range
31-16  Reserved - 0
15 dir7 This bit sets the direction (input or output) of bit 7 in 0 = input
general port PA. 1 = output
14 diré This bit sets the direction (input or output) of bit 6 in 0 = input
general port PA. 1 = output
13 dir5 This bit sets the direction (input or output) of bit 5 in 0 = input
general port PA. 1 = output
12 dird This bit sets the direction (input or output) of bit 4 in 0 = input
general port PA. 1 = output
11 dir3 This bit sets the direction (input or output) of bit 3 in 0 = input
general port PA. 1 = output
10 dir2 This bit sets the direction (input or output) of bit 2 in 0 = input
general port PA. 1 = output
9 dirl This bit sets the direction (input or output) of bit 1 in 0 = input
general port PA. 1 = output
8 dir0 This bit sets the direction (input or output) of bit 0 in 0 = input
general port PA. 1 = output
7-0 data_out Data byte to general port PA. 0-255
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18.7.2 R_PORT_PA_DATA

General Port PA Data Register General Characteristics

ID of register R_PORT_PA_DATA Size 8 bits
Offset 0x30 Read/Write Write only
Address 0xB0000030 Initial value 0

Bit Assignments of R_PORT_PA_DATA

Bit(s) Name Description State/Range
7-0 data_out Data byte to general port PA. 0-255

Note: This is an 8 bit wide register that is part of register R_PORT_PA_SET.
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18.7.3 R_PORT_PA _DIR

General Port PA Direction Register, General Characteristics

ID of register R_PORT_PA_DIR Size 8 bits
Offset 0x31 Read/Write Write only
Address 0xB0000031 Initial value 0

Bit Assignments of R_PORT_PA_DIR

Bit(s) Name Description State/Range
7 dir7 This bit sets the direction (input or output) of bit 7 in 0 = input
general port PA. 1 = output
6 diré This bit sets the direction (input or output) of bit 6 in 0 = input
general port PA. 1 = output
5 dir5 This bit sets the direction (input or output) of bit 5 in 0 = input
general port PA. 1 = output
4 dird This bit sets the direction (input or output) of bit 4 in 0 = input
general port PA. 1 = output
3 dir3 This bit sets the direction (input or output) of bit 3 in 0 = input
general port PA. 1 = output
2 dir2 This bit sets the direction (input or output) of bit 2 in 0 = input
general port PA. 1 = output
1 dirl This bit sets the direction (input or output) of bit 1 in 0 = input
general port PA. 1 = output
0 dir0 This bit sets the direction (input or output) of bit 0 in 0 = input
general port PA. 1 = output

Note: This is an 8 bit wide register that is part of register R_PORT_PA_SET.
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18.7.4 R_PORT_PA_READ

General Port PA Read Register, General Characteristics

ID of register R_PORT_PA_READ Size 32 bits
Offset 0x30 Read/Write Read only
Address 0xB0000030 Initial value Unknown

Bit Assignments of R_PORT_PA_READ

Bit(s) Name Description State/Range
31-8 Reserved -
7-0 data_in Data byte from general port PA. 0-255
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18.7.5 R _PORT PB_SET

General Port PB Set Register, General Characteristics

ID of register R_PORT_PB_SET Size 32 bits
Offset 0x38 Read/Write Write only
Address 0xB0000038 Initial value 0

Bit Assignments of R_ PORT_PB_SET

Bit(s) Name Description State/Range

31-30  Reserved - 0

29 syncser3 If this bit is set, pb7 is used for synchronous serial port 0 = port_cs
p3, which in some modes needs an extra signal. The 1 = ss3extra

setting of the syncser3 field overrides that of the cs7 and
dir7 fields. The setting of the syncser3 field is ignored if
the scsil field is set to enph.

28 syncserl If this bit is set, pb4 is used for synchronous serial port 0 = port_cs
p1, which in some modes needs an extra signal. The 1 = sslextra
setting of the syncser1 field overrides that of the cs4 and
dir4 fields. The setting of the syncser1 field is ignored if
the scsiO field is set to enph.

27 i2c_en This bit enables or disables the I2C mode at pb1 and pb0. 0 = off
1=on
26 i2c_d This bit is the 12C output data bit. When the 12C mode  0-1

is selected (field i2c_en = on) and the output is enabled
(field i2c_oe_ = enable), i2c_d is output on pb0. The
i2c_d field is ignored if the 12C mode is not enabled

(i2c_en = off).
(note)
25 i2c_clk This bit is the 12C clock signal. When the 12C mode is 0-1

selected (field i2c_en = on), i2c_clk is output on pb1.
The i2c_clk field is ignored if the 12C mode is not
enabled (i2c_en = off).

24 i2c_oe_ This bit is the output enable for the 12C mode. When the 0 = enable
12C mode is selected (field i2c_en = on), this field enables 1 = disable
or disables the output at pb0. The i2c_oe_ field is ignored
if the 12C mode is not enabled (i2c_en = off).

23 cs7 This bit determines whether pb7 is a general 1/0 or 0 = port
peripheral chip-select signal. The setting of the cs7 fieldis 1 =cs
ignored if the scsil field is set to enph or if the syncser3
field is set to ss3extra.

22 cs6 This bit determines whether pb6 is a general 1/O or 0 = port
peripheral chip-select signal. l=cs

21 cs5 This bit determines whether pb5 is a general 1/O or 0 = port
peripheral chip-select signal. l=cs

20 csd This bit determines whether pb4 is a general 1/O or 0 = port

peripheral chip-select signal. The setting of the cs4 fieldis 1 =cs
ignored if the scsiO field is set to enph or if the syncserl
field is set to sslextra.

19 cs3 This bit determines whether pb3 is a general 1/O or 0 = port
peripheral chip-select signal. l=cs

18 cs2 This bit determines whether pb2 is a general 1/O or 0 = port
peripheral chip-select signal. l=cs
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Bit Assignments of R_PORT_PB_SET (continued)

Bit(s) Name Description State/Range

17 scsil This bit determines whether signal sZenph at port SCSI-8 0 = port_cs
plis output on pb7. In SCSI-W mode, the scsil field 1=enph
determines whether signal sOenloid is output on pb7. The
setting of the scsil field overrides that of the cs7 and dir7
fields, as well as the syncser3 field.

16 scsi0 This bit determines whether signal sOenph at port SCSI-8 0 = port_cs
pO0 is output on pb4. The setting of the scsiO field 1=enph
overrides that of the cs4 and dir4 fields, as well as the
syncser1 field.

15 dir7 This bit sets the direction (input or output) of pb7. The 0 = input
dir7 field is ignored if the scsil field is set to enph, if the 1 = output
syncser3 field is set to ss3extra or if the cs7 field is set to

cSs.
14 diré This bit sets the direction (input or output) of pb6. The 0 = input
dir6 field is ignored if the cs6 field is set to cs. 1 = output
13 dir5 This bit sets the direction (input or output) of pb5. The 0 = input
dir5 field is ignored if the cs5 field is set to cs. 1 = output
12 dird This bit sets the direction (input or output) of pb4. The 0 = input

dir4 field is ignored if the scsiO field is set to enph, if the 1 = output
syncserl field is set to sslextra or if the cs4 field is set to

cs.
11 dir3 This bit sets the direction (input or output) of pb3. The 0 = input
dir3 field is ignored if the cs3 field is set to cs. 1 = output
10 dir2 This bit sets the direction (input or output) of pb2. The 0 = input
dir2 field is ignored if the cs2 field is set to cs. 1 = output
9 dirl This bit sets the direction (input or output) of pb1l. The 0 = input
dirl field is ignored if the i2c_en field is set to on. 1 = output
8 dir0 This bit sets the direction (input or output) of pb0. The 0 = input
dir0 field is ignored if the i2c_en field is set to on. 1 = output
7-0 data_out Output data byte to pins that are configured for general 0-255

1/O purposes at port PB.

Note: The 12C data bit should normally be an open collector output. Open collector behavior is achieved by
setting the i2c_d bit to 0 and using the i2c_oe_ field to control the data output.
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18.7.6 R_PORT_PB_DATA

General Port PB Data Register, General Characteristics

ID of register R_PORT_PB_DATA Size 8 bits
Offset 0x38 Read/Write Write only
Address 0xB0000038 Initial value 0

Bit Assignments of R_PORT_PB_DATA

Bit(s) Name Description State/Range

7-0 data_out Output data byte to pins that are configured for general 0-255
1/O purposes at port PB.

Note: This is an 8 bit wide register that is part of register R_PORT_PB_SET.
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18.7.7 R_PORT_PB_DIR

General Port PB Direction Register, General Characteristics

ID of register R_PORT_PB_DIR Size 8 bits
Offset 0x39 Read/Write Write only
Address 0xB0000039 Initial value 0

Bit Assignments of R_PORT_PB_DIR

Bit(s) Name Description State/Range
7 dir7 This bit sets the direction (input or output) of pb7. The 0 = input
dir7 field is ignored if the scsil field in 1 = output

R_PORT_PB_SET is set to enph, if the syncser3 field in
R_PORT_PB_SET is set to ss3extra or if the cs7 field in
R_PORT_PB_SET is set to cs.

6 diré This bit sets the direction (input or output) of pb6. The 0 = input
dir6 field is ignored if the cs6 field in R_PORT_PB_SET 1 = output
is set to cs.

5 dir5 This bit sets the direction (input or output) of pb5. The 0 = input
dir5 field is ignored if the cs5 field in R_PORT_PB_SET 1 = output
is set to cs.

4 dird This bit sets the direction (input or output) of pb4. The 0 = input
dir4 field is ignored if the scsiO field in 1 = output

R_PORT_PB_SET is set to enph, if the syncser1 field in
R_PORT_PB_SET is set to sslextra or if the cs4 field in
R_PORT_PB_SET is set to cs.

3 dir3 This bit sets the direction (input or output) of pb3. The 0 = input
dir3 field is ignored if the cs3 field in R_PORT_PB_SET 1 = output
is set to cs.

2 dir2 This bit sets the direction (input or output) of pb2. The 0 = input
dir2 field is ignored if the cs2 field in R_PORT_PB_SET 1 = output
is set to cs.

1 dirl This bit sets the direction (input or output) of pbl. The 0 =input
dirl field is ignored if the i2c_en field in 1 = output
R_PORT_PB_SET is set to on.

0 dir0 This bit sets the direction (input or output) of pb0. The 0 = input
dir0 field is ignored if the i2c_en field in 1 = output

R_PORT _PB_SET is set to on.

Note: This is an 8-bit wide register that is part of register R_PORT_PB_SET.
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18.7.8 R_PORT _PB_CONFIG

General Port PB Configuration Register, General Characteristics

ID of register R_PORT_PB_CONFIG Size 8 bits
Offset O0x3A Read/Write Write only
Address 0xBO00003A Initial value 0

Bit Assignments of R_PORT_PB_CONFIG

Bit(s) Name Description State/Range

7 cs7 This bit determines whether pb7 is a general 1/0 or 0 = port
peripheral chip-select signal. The setting of the cs7 fieldis 1 =cs
ignored if the scsil field in R_PORT_PB_SET is set to
enph or if the syncser3 field in R_PORT_PB_SET is set
to ss3extra.

6 cs6 This bit determines whether pb6 is a general 1/0 or 0 = port
peripheral chip-select signal. l=cs

5 cs5 This bit determines whether pb5 is a general 1/0 or 0 = port
peripheral chip-select signal. l=cs

4 csd This bit determines whether pb4 is a general 1/O or 0 = port

peripheral chip-select signal. The setting of the cs4 fieldis 1 =cs
ignored if the scsiO field in R_PORT_PB_SET is set to

enph or if the syncserl field in R_PORT_PB_SET is set

to sslextra.

3 cs3 This bit determines whether pb3 is a general 1/O or 0 = port
peripheral chip-select signal. 1=cs

2 cs2 This bit determines whether pb2 is a general 1/O or 0 = port
peripheral chip-select signal. l=cs

1 scsil This bit determines whether signal slenph at port SCSI-8 0 = port_cs

plis output on pb7. In SCSI-W mode, the scsil field 1=enph
determines whether signal sOenloid is output on pb7. The

setting of the scsil field overrides that of the cs7, dir7 and

syncser3 fields in R_PORT_PB_SET

0 scsio This bit determines whether signal sOenph at port SCSI-8 0 = port_cs
pO0 is output on pb4. The setting of the scsiO field 1=enph
overrides that of the cs4, dir4 and syncser1 fields in
R_PORT_PB_SET.

Note: This is an 8 bit wide register that is part of register R_PORT_PB_SET.
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18.7.9 R_PORT _PB_I2C

General Port PB 12C Register, General Characteristics

ID of register R_PORT_PB_I2C Size 8 bits
Offset Read/Write Write only
Address 0xB000003B Initial value 0]

Bit Assignments of R_PORT_PB_I2C

Bit(s) Name Description State/Range

7-6 Reserved -

5 syncser3 If this bit is set, pb7 is used for synchronous serial port 0 = port_cs
p3, which in some modes needs an extra signal. The 1 = ss3extra
setting of the syncser3 field overrides that of the cs7 and
dir7 fields in R_PORT_PB_SET. The setting of the
syncser3 field is ignored if the scsil field in
R_PORT_PB_SET is set to enph.

4 syncserl If this bit is set, pb4 is used for synchronous serial port 0 = port_cs
p1, which in some modes needs an extra signal. The 1 = sslextra
setting of the syncser1 field overrides that of the cs4 and
dir4 fields in R_PORT_PB_SET. The setting of the
syncserl field is ignored if the scsiO field in
R_PORT_PB_SET is set to enph.

3 i2c_en This bit enables or disables the I2C mode at pb1 and pb0. 0 = off

1=on

2 i2c_d This bit is the 12C output data bit. When the I2C mode 0-1
is selected (field i2c_en = on) and the output is enabled
(field i2c_oe_= enable), i2c_d is output on pb0. The
i2c_d field is ignored if the 12C mode is not enabled
(i2c_en = off).

(note 1)

1 i2c_clk This bit is the 12C clock signal. When the 12C mode is 0-1
selected (field i2c_en = on), i2c_clk is output on pb1.
The i2c_clk field is ignored if the 12C mode is not
enabled (i2c_en = off).

0 i2c_oe This bit is the output enable for the I2C mode. When the 0 = enable
12C mode is selected (field i2c_en = on), this field enables 1 = disable
or disables the output at pb0. The i2¢c_oe_ field is ignored
if the 12C mode is not enabled (i2c_en = off).

Note 1: The 12C data bit should normally be an open collector output. Open collector behavior is achieved by

setting the i2c_d bit to 0 and using the i2c_oe_field to control the data output.

Note 2: This is an 8 bit wide register that is part of 32-bit register R_PORT_PB_SET.
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18.7.10 R _PORT_PB_READ

General Port PB Read Register, General Characteristics

ID of register R_PORT_PB_READ Size 32 bits
Offset 0x38 Read/Write Read only
Address 0xB0000038 Initial value Unknown

Bit Assignments of R_PORT_PB_READ

Bit(s) Name Description State/Range
31-8 Reserved
7-0 data_in Data in from general port PB. 0 - 255
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18.8 Serial Port Registers

18.8.1 R_SERIALO CTRL

Serial Port 0 Control Register, General Characteristics

ID of register R_SERIALO_CTRL Size 32 bits

Offset 0x60 Read/Write Write only

Address 0xB0000060 Initial value Bit 14 and 22 set to
0. Other bits
unknown.

Bit Assignments of R_SERIALO_CTRL

Bit(s) Name Description State/Range

31-28  tr_baud This 4 bit field is used to select the baud rate for the 0 = c300Hz
transmitter. 1 =¢c600Hz

2 =c1200Hz
3 = c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = ¢230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

27-24  rec_baud This 4 bit field is used to select the baud rate for the 0 = c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = ¢115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

23 dma_err This bit controls the handling of receive errors when 0 =stop
DMA is used. If this bit is set to stop, a receive error 1 =ignore
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA s used.

22 rec_enable This bit enables/disables the serial receiver. 0 = disable
1 =enable

Bit Assignments of R_SERIALO_CTRL (continued)
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Bit(s) Name Description State/Range
21 rts_ This bit controls the rts pin for the serial port. 0 = active

1 = inactive
20 sampling This bit determines the sampling mode for the serial 0 = middle

receiver.If set to middle, one sample is taken in the middle 1 = majority
of each data bit. If set to majority, the majority of three
samples in the middle of each data bit is taken.

19 rec_stick_par This bit selects normal or stick parity for the serial 0 = normal
receiver. If set to normal, normal parity checking is used. 1 = stick
If set to stick, parity is checked as a logic 0 or 1, compared
to the value of rec_par. A parity error is generated if the

values differ.
18 rec_par This bit selects the parity for the serial receiver. 0=-even
1=o0dd
17 rec_par_en This bit enables/disables the parity for the serial receiver. 0 = disable
1 =enable
16 rec_bitnr This bit determines the number of data bits for the serial 0 = rec_8bit
receiver. 1 =rec_7bit
15 txd This bit determines the value of the txd pin when the
serial transmitter is disabled.
14 tr_enable This bit enables/disables the serial transmitter. 0 = disable
1 =enable
13 auto_cts This bit enables automatic cts handling. If set (active),a 0 = disabled
high signal on cts stops transmission after the ongoing 1 = active
byte.
12 stop_bits This bit determines the number of stop bits for the serial 0 = one_bit
transmitter. 1 =two_bits
11 tr_stick_par This bit selects normal or stick parity mode for the serial 0 = normal

transmitter. If set to normal, normal parity generation is 1 = stick
used. If set to stick, parity is set to a logic 0 or 1,
depending on the value of tr_par.

10 tr_par This bit selects the parity for the serial transmitter. 0=-even
1=o0dd
9 tr_par_en This bit enables the parity for the serial transmitter. 0 = disable
1 =enable
8 tr_bitnr This bit determines the number of data bits for the serial 0 = tr_8bit
transmitter. 1 =tr_7bit
7-0 data_out Data out to serial port 0.

Note: For the serial port to operate correctly, register R_SERIALO_XOFF must also be initialized.
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18.8.2 R_SERIALO BAUD

Serial Port 0 Baud Register, General Characteristics

ID of register R_SERIALO_BAUD Size 8 bits
Offset 0x63 Read/Write Write only
Address 0xB0000063 Initial value Unknown

Bit Assignments of R_SERIALO_BAUD

Bit(s) Name Description State/Range

7-4 tr_baud This 4-bit field is used to select the baud rate for the 0 = c300Hz
transmitter. 1 =¢c600Hz

2 =¢c1200Hz
3 = c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = ¢230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

3-0 rec_baud This 4-bit field is used to select the baud rate for the 0 = c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = ¢115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

Note: This 8 bit wide register is part of register R_SERIALO_CTRL.
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18.8.3

254

Note:

R_SERIALO REC_CTRL

Serial Port 0 Receive Control Register, General Characteristics

ID of register R_SERIALO_REC_CTRL Size
Offset 0x62 Read/Write
Address 0xB0000062 Initial value

Bit Assignments of R_SERIALO_REC_CTRL

Bit(s) Name

7 dma_err

6 rec_enable

5 rs_

4 sampling

3 rec_stick_par
2 rec_par

1 rec_par_en

0 rec_bitnr

Description

This bit controls the handling of receive errors when
DMA is used. If this bit is set to stop, a receive error
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA is used.

This bit enables/disables the serial receiver.
This bit controls the rts pin for the serial port.

This bit determines the sampling mode for the serial
receiver.|If set to middle, one sample is taken in the middle
of each data bit. If set to majority, the majority of three
samples in the middle of each data bit is taken.

This bit selects normal or stick parity for the serial
receiver. If set to normal, normal parity checking is used.
If set to stick, parity is checked as a logic 0 or 1, compared
to the value of rec_par. A parity error is generated if the
values differ.

This bit selects the parity for the serial receiver.

This bit enables/disables the parity for the serial receiver.

This bit determines the number of data bits for the serial
receiver.

This 8 bit wide register is part of register R_SERIALO_CTRL.

8 bits
Write only

Bit 6 set to 0. Other
bits unknown.

State/Range

0 = stop
1 =ignore

0 = disable
1 =enable

0 = active

1 = inactive
0 = middle
1 = majority

0 = normal
1 = stick

0=-even
1=o0dd

0 = disable
1 =enable
0 = rec_8bit
1 =rec_7bit
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18.8.4 R_SERIALO TR_CTRL
Serial Port 0 Transmit Control Register, General Characteristics
ID of register R_SERIALO_TR_CTRL Size 8 bits
Offset 0x61 Read/Write Write only
Address 0xB0000061 Initial value Bit 6 set to 0. Other
bits unknown.
Bit Assignments of R_SERIALO_TR_CTRL
Bit(s) Name Description State/Range
7 txd This bit determines the value of the txd pin when the
serial transmitter is disabled.
6 tr_enable This bit enables/disables the serial transmitter. 0 = disable
1 =enable
5 auto_cts This bit enables automatic cts handling. If set (active),a 0 = disabled
high signal on cts stops transmission after the ongoing 1 = active
byte.
4 stop_bits This bit determines the number of stop bits for the serial 0 = one_bit
transmitter. 1 = two_bits
3 tr_stick_par This bit selects normal or stick parity mode for the serial 0 = normal
transmitter. If set to normal, normal parity generation is 1 = stick
used. If set to stick, parity is set to a logic 0 or 1,
depending on the value of tr_par.
2 tr_par This bit selects the parity for the serial transmitter. 0=-even
1=odd
1 tr_par_en This bit enables/disables the parity for the serial 0 = disable
transmitter. 1 =enable
0 tr_bitnr This bit determines the number of data bits for the serial 0 = tr_8bit
transmitter. 1 =tr_7bit
Note: This 8 bit wide register is a part of register R_SERIALO_CTRL.
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18 Internal Registers

18.8.5 R_SERIALO TR _DATA

Serial Port 0 Transmit Data Register, General Characteristics

ID of register R_SERIALO_TR_DATA Size 8 bits
Offset 0x60 Read/Write Write only
Address 0xB0000060 Initial value Unknown

Bit Assignments of R_SERIALO_TR_DATA

Bit(s) Name Description State/Range
7-0 data_out Data out to serial port O

Note: This 8 bit wide register is a part of register R_SERIALO_CTRL.
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18 Internal Registers

18.8.6 R_SERIALO READ

Serial Port 0 Read Register, General Characteristics

ID of register R_SERIALO_READ Size 32 bits
Offset 0x60 Read/Write Read only
Address 0xB0000060 Initial value Unknown

Bit Assignments of R_SERIALO_READ

Bit(s) Name Description State/Range
31-16  Reserved -
15 xoff_detect This bit is set if the xoff character is detected in the 0 = no_xoff

received data. The bit is cleared by writing to bits 15:8 of 1 = xoff
R_SERIALO_XOFF. The data written doesn't matter for

the clear operation. xoff will only be detected if bit

auto_xoff in R_SERIALO_XOFF is set to enable.

14 cts_ This bit gives the value on the cts pin. 0 = active
1 = inactive
13 tr_ready If this bit is set (ready), the serial transmitter is ready and 0 = full
one byte can be written to it. 1 = ready
12 rxd This bit gives the value on the rxd pin.
11 overrun This bit is set when an overrun error is detected in the 0=no

serial receiver. The bit is cleared when the data_in field of 1 = yes
this register is read.

10 par_err This bit is set when a parity error is detected by the serial 0 =no
receiver. The bit is cleared when the data_in field of this 1 =yes
register is read.

9 framing_err This bit is set when a framing error is detected by the 0=no
serial receiver. The bit is cleared when the data_in field of 1 = yes
this register is read.

8 data_avail This bit is set when data is available from the serial 0=no
receiver. The bit is cleared when the data_in field of this 1 =yes
register is read.

7-0 data_in Data in from the serial receiver. Reading this register will
clear the data_avail, overrun, par_err and framing_error
bits in this register and in R_SERIALO_STATUS.
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18 Internal Registers

18.8.7 R_SERIALO_STATUS

Serial Port 0 Status Register, General Characteristics

ID of register R_SERIALO_STATUS Size 8 bits
Offset 0x61 Read/Write Read only
Address 0xB0000061 Initial value Unknown

Bit Assignments of R_SERIALO_STATUS

Bit(s) Name Description State/Range

7 xoff_detect This bit is set if the xoff character is detected in the 0 = no_xoff
received data. The bit is cleared by writing to bits 15:8 of 1 = xoff
R_SERIALO_XOFF. The data written doesn't matter for
the clear operation. xoff will only be detected if bit
auto_xoff in R_SERIALO_XOFF is set to enable.

6 cts_ This bit gives the value on the cts pin 0 = active
1 = inactive
5 tr_ready If this bit is set (ready), the serial transmitter is ready and 0 = full
one byte can be written to it. 1 = ready
4 rxd This bit gives the value on the rxd pin.
overrun This bit is set when an overrun error is detected in the 0=no

serial receiver. The bit is cleared when the data_in field in 1 = yes
R_SERIALO_REC_DATA or in R_SERIALO_READ is

read.

2 par_err This bit is set when a parity error is detected by the serial 0 =no
receiver. The bit is cleared when the data_in field in 1=vyes
R_SERIALO_REC_DATA or in R_SERIALO_READ is
read.

1 framing_err This bit is set when a framing error is detected by the 0=no

serial receiver. The bit is cleared when the data_in field in 1 = yes
R_SERIALO_REC_DATA or in R_SERIALO_READ is

read.

0 data_avail This bit is set when data is available from the serial 0=no
receiver. The bit is cleared when the data_in field in 1=vyes
R_SERIALO_REC_DATA or in R_SERIALO_READ is
read.

Note: This 8 bit wide register is a part of register R_SERIALO_READ.
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18 Internal Registers

18.8.8 R_SERIALO REC_DATA

Serial Port 0 Receive Data Register, General Characteristics

ID of register R_SERIALO_REC_DATA Size 8 bits
Offset 0x60 Read/Write Read only
Address 0xB0000060 Initial value Unknown

Bit Assignments of R_SERIALO_REC_DATA

Bit(s) Name Description State/Range

7-0 data_in Data in from the serial receiver. Reading this register will
clear the data_avail, overrun, par_err and framing_error
bits in R_SERIALO_STATUS and in
R_SERIALO_READ.

Note: This 8 bit wide register is a part of register R_SERIALO_READ.
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18.8.9 R_SERIALO_XOFF

Serial Port 0 XOFF Register, General Characteristics

ID of register R_SERIALO_XOFF Size 32 bits
Offset 0x64 Read/Write Write only
Address 0xB0000064 Initial value Unknown

Bit Assignments of R_SERIALO_XOFF

Bit(s) Name Description State/Range
31-10  Reserved - 0
9 tx_stop When this bit is set, the serial transmitter stops after the 0 = enable
ongoing byte. 1 = stop
8 auto_xoff This bit enables/disables automatic xoff handling. 0 = disable
1 =enable
7-0 xoff_char The code for the xoff character.

Note: Writing to bits 15:8 of this register will clear the xoff_detect bit in register R_SERIALO_READ.
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18 Internal Registers

18.8.10 R _SERIAL1_CTRL

Serial Port 1 Control Register, General Characteristics

ID of register R_SERIAL1_CTRL Size 32 bits

Offset 0x68 Read/Write Write only

Address 0xB0000068 Initial value Bit 14 and 22 set to
0. Other bits
unknown.

Bit Assignments of R_SERIAL1 CTRL

Bit(s) Name Description State/Range

31-28  tr_baud This 4 bit field is used to select the baud rate for the 0 =c300Hz
transmitter. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 =c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = ¢115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

27-24  rec_baud This 4 bit field is used to select the baud rate for the 0 =c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 =c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = c6250kHz
15 = reserved

23 dma_err This bit controls the handling of receive errors when 0 = stop
DMA is used. If this bit is set to stop, a receive error 1 =ignore
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA is used.

22 rec_enable This bit enables/disables the serial receiver. 0 = disable
1 =enable
21 rts_ This bit controls the rts pin for the serial port. 0 = active
1 = inactive
20 sampling This bit determines the sampling mode for the serial 0 = middle
receiver. If set to middle, one sample is taken in the 1 = majority

middle of each data bit. If set to majority, the majority of
three samples in the middle of each data bit is taken.
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18 Internal Registers

Bit Assignments of R_SERIAL1 CTRL (continued)

Bit(s) Name Description State/Range

19 rec_stick_par This bit selects normal or stick parity for the serial 0 = normal
receiver. If set to normal, normal parity checking is used. 1 = stick
If set to stick, parity is checked as a logic 0 or 1, compared
to the value of rec_par. A parity error is generated if the

values differ.
18 rec_par This bit selects the parity for the serial receiver. 0=-even
1=odd
17 rec_par_en This bit enables/disables the parity for the serial receiver. 0 = disable
1 =enable
16 rec_bitnr This bit determines the number of data bits for the serial 0 = rec_8bit
receiver. 1 =rec_7bit
15 txd This bit determines the value of the txd pin when the
serial transmitter is disabled.
14 tr_enable This bit enables/disables the serial transmitter. 0 = disable
1 =enable
13 auto_cts This bit enables automatic cts handling. If set (active), a 0 = disabled
high signal on cts stops transmission after the ongoing 1 = active
byte.
12 stop_bits This bit determines the number of stop bits for the serial 0 = one_bit
transmitter. 1 = two_bits
11 tr_stick_par This bit selects normal or stick parity mode for the serial 0 = normal

transmitter. If set to normal, normal parity generation is 1 = stick
used. If set to stick, parity is set to a logic 0 or 1,
depending on the value of tr_par.

10 tr_par This bits selects the parity for the serial transmitter. 0=even
1=odd
8 tr_bitnr This bit determines the number of data bits for the serial 0 = tr_8bit
transmitter. 1=tr_7bit
7-0 data_out Data out to serial port 1.

Note: For this serial port to operate correctly, register R_SERIAL1 XOFF must also be initialized.
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18 Internal Registers

18.8.11 R_SERIAL1_BAUD

Serial Port 1 Baud Register, General Characteristics

ID of register R_SERIAL1_BAUD Size 8 bits
Offset 0x6B Read/Write Write only
Address 0xB000006B Initial value Unknown

Bit Assignments of R_SERIAL1 BAUD

Bit(s) Name Description State/Range

7-4 tr_baud This 4 bit field is used to select the baud rate for the 0 = c300Hz
transmitter. 1 =¢c600Hz

2 =¢c1200Hz
3 = c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = ¢230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

3-0 rec_baud This 4 bit field is used to select the baud rate for the 0 = c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = ¢115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

Note: This 8 bit wide register is part of register R_SERIAL1_CTRL.
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18.8.12 R_SERIAL1 REC CTRL
Serial Port 1 Receive Control Register, General Characteristics
ID of register R_SERIAL1_REC_CTRL Size 8 bits
Offset Ox6A Read/Write Write only
Address 0xBO0000BA Initial value Bit 6 set to 0. Other
bits unknown.
Bit Assignments of R_SERIAL1_REC_CTRL
Bit(s) Name Description State/Range
7 dma_err This bit controls the handling of receive errors when 0 =stop
DMA is used. If this bit is set to stop, a receive error 1 =ignore
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA is used.
6 rec_enable This bit enables/disables the serial receiver. 0 = disable
1 =enable
5 rts_ This bit controls the rts pin for the serial port. 0 = active
1 = inactive
4 sampling This bit determines the sampling mode for the serial 0 = middle
receiver. If set to middle, one sample is taken in the 1 = majority
middle of each data bit. If set to majority, the majority of
three samples in the middle of each data bit is taken.
3 rec_stick_par This bit selects normal or stick parity for the serial 0 = normal
receiver. If set to normal, normal parity checking is used. 1 = stick
If set to stick, parity is checked as a logic 0 or 1, compared
to the value of rec_par. A parity error is generated if the
values differ.
2 rec_par This bit selects the parity for the serial receiver. 0=even
1 =odd
1 rec_par_en This bit enables/disables the parity for the serial receiver. 0 = disable
1 =enable
0 rec_bitnr This bit determines the number of data bits for the serial 0 = rec_8bit
receiver. 1 =rec_7bit
Note: This 8 bit wide register is part of register R_SERIAL1 CTRL.
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18 Internal Registers

18.8.13 R_SERIAL1_ TR CTRL
Serial Port 1 Transmit Control Register, General Characteristics
ID of register R_SERIAL1_TR_CTRL Size 8 bits
Offset 0x69 Read/Write Write only
Address 0xB0000069 Initial value Bit 6 set to 0. Other
bits unknown.
Bit Assignments of R_SERIAL1_TR_CTRL
Bit(s) Name Description State/Range
7 txd This bit determines the value of the txd pin when the
serial transmitter is disabled.
6 tr_enable This bit enables/disables the serial transmitter. 0 = disable
1 =enable
5 auto_cts This bit enables automatic cts handling. If set (active),a 0 = disabled
high signal on cts stops transmission after the ongoing 1 = active
byte.
4 stop_bits This bit determines the number of stop bits for the serial 0 = one_bit
transmitter. 1 = two_bits
3 tr_stick_par This bit selects normal or stick parity mode for the serial 0 = normal
transmitter. If set to normal, normal parity generation is 1 = stick
used. If set to stick, parity is set to a logic 0 or 1,
depending on the value of tr_par.
2 tr_par This bit selects the parity for the serial transmitter. 0=-even
1=odd
1 tr_par_en This bit enables/disables the parity for the serial 0 = disable
transmitter. 1 =enable
0 tr_bitnr This bit determines the number of data bits for the serial 0 = tr_8bit
transmitter. 1 =tr_7bit
Note: This 8 bit wide register is part of register R_SERIAL1_CTRL.
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18.8.14 R_SERIAL1_TR_DATA

Serial Port 1 Transmit Data Register, General Characteristics

ID of register R_SERIAL1_TR_DATA Size 8 bits
Offset 0x68 Read/Write Write only
Address 0xB0000068 Initial value Unknown

Bit Assignments of R_SERIAL1 TR_DATA

Bit(s) Name Description State/Range
7-0 data_out Data out to serial port 1.

Note: This 8 bit wide register is part of register R_SERIAL1_CTRL.
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18 Internal Registers

18.8.15 R_SERIAL1_READ

Serial Port 1 Read Register, General Characteristics

ID of register R_SERIAL1_READ Size 32 bits
Offset 0x68 Read/Write Read only
Address 0xB0000068 Initial value Unknown

Bit Assignments of R_SERIAL1 _READ

Bit(s) Name Description State/Range
31-16  Reserved -
15 xoff_detect This bit is set if the xoff character is detected in the 0 = no_xoff

received data. The bit is cleared by writing to bits 15:8 of 1 = xoff
R_SERIAL1 XOFF. The data written doesn't matter for

the clear operation. xoff will only be detected if bit

auto_xoff in R_SERIAL1_XOFF is set to enable.

14 cts_ This bit gives the value on the cts pin. 0 = active
1 = inactive
13 tr_ready If this bit is set (ready), the serial transmitter is ready and 0 = full
one byte can be written to it. 1 = ready
12 rxd This bit gives the value on the rxd pin.
11 overrun This bit is set when an overrun error is detected in the 0=no

serial receiver. The bit is cleared when the data_in field of 1 = yes
this register is read.

10 par_err This bit is set when a parity error is detected by the serial 0 =no
receiver. The bit is cleared when the data_in field of this 1 =yes
register is read.

9 framing_err This bit is set when a framing error is detected by the 0=no
serial receiver. The bit is cleared when the data_in field of 1 = yes
this register is read.

8 data_avail This bit is set when data is available from the serial 0=no
receiver. The bit is cleared when the data_in field of this 1 =yes
register is read.

7-0 data_in Data in from the serial receiver. Reading this register will
clear the data_avail, overrun, par_err and framing_error
bits in this register and in R_SERIAL1 STATUS.
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18.8.16 R_SERIAL1_STATUS

Serial Port 1 Status Register, General Characteristics

ID of register R_SERIAL1_STATUS Size 8 bits
Offset 0x69 Read/Write Read only
Address 0xB0000069 Initial value Unknown

Bit Assignments of R_SERIAL1 STATUS

Bit(s) Name Description State/Range

7 xoff_detect This bit is set if the xoff character is detected in the 0 = no_xoff
received data. The bit is cleared by writing to bits 15:8 of 1 = xoff
R_SERIAL1_XOFF. The data written doesn't matter for
the clear operation. xoff will only be detected if bit
auto_xoff in R_SERIAL1 XOFF is set to enable.

6 cts_ This bit gives the value on the cts pin. 0 = active
1 = inactive
5 tr_ready If this bit is set (ready), the serial transmitter is ready and 0 = full
one byte can be written to it. 1 = ready
4 rxd This bit gives the value on the rxd pin.
overrun This bit is set when an overrun error is detected in the 0=no

serial receiver. The bit is cleared when the data_in field in 1 = yes
R_SERIAL1_REC_DATA or in R_SERIAL1_READ is

read.

2 par_err This bit is set when a parity error is detected by the serial 0 =no
receiver. The bit is cleared when the data_in field in 1=yes
R_SERIAL1_REC_DATA or in R_SERIAL1_READ is
read.

1 framing_err This bit is set when a framing error is detected by the 0=no

serial receiver. The bit is cleared when the data_in field in 1 = yes
R_SERIAL1_REC_DATAor in R_SERIAL1 READ is

read.

0 data_avail This bit is set when data is available from the serial 0=no
receiver. The bit is cleared when the data_in field in 1=yes
R_SERIAL1_REC_DATA or in R_SERIAL1_READ is
read.

Note: This 8 bit wide register a part of register R_SERIAL1_READ.
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18.8.17 R_SERIAL1_REC_DATA

Serial Port | Receive Data Register, General Characteristics

ID of register R_SERIAL1_REC_DATA Size 8 bits
Offset 0x68 Read/Write Read only
Address 0xB0000068 Initial value Unknown

Bit Assignments of R_SERIAL1 REC_DATA

Bit(s) Name Description State/Range

7-0 data_in Data in from the serial receiver. Reading this register will
clear the data_avail, overrun, par_err and framing_error
bits in R_SERIAL1_STATUS and in
R_SERIAL1_READ.

Note: This 8 bit wide register is part of register R_SERIAL1_READ.
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18.8.18 R_SERIAL1_XOFF

Serial Port 1 XOFF Register, General Characteristics

ID of register R_SERIAL1_XOFF Size 32 bits
Offset 0x6C Read/Write Write only
Address 0xB000006C Initial value Unknown

Bit Assignments of R_SERIAL1 XOFF

Bit(s) Name Description State/Range
31-10  Reserved - 0
9 tx_stop When this bit is set, the serial transmitter stops after the 0 = enable
ongoing byte. 1 = stop
8 auto_xoff This bit enables/disables automatic xoff handling. 0 = disable
1 =enable
7-0 xoff_char The code for the xoff character.

Note: Writing to bits 15:8 of this register will clear the xoff_detect bit in register R_SERIAL1_READ.
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18.8.19 R _SERIAL2_CTRL

Serial Port 2 Control Register, General Characteristics

ID of register R_SERIAL2_CTRL Size 32 bits

Offset 0x70 Read/Write Write only

Address 0xB0000070 Initial value Bit 14 and 22 set to
0. Other bits
unknown.

Bit Assignments of R_SERIAL2 _CTRL

Bit(s) Name Description State/Range

31-28  tr_baud This 4-bit field is used to select the baud rate for the 0 = c300Hz
transmitter. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 =c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = ¢115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

27-24  rec_baud This 4-bit field is used to select the baud rate for the 0 =c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 =c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = c6250kHz
15 = reserved

23 dma_err This bit controls the handling of receive errors when 0 = stop
DMA is used. If this bit is set to stop, a receive error 1 =ignore
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA is used.

22 rec_enable This bit enables/disables the serial receiver. 0 = disable
1 =enable
21 rts_ This bit controls the rts pin for the serial port. 0 = active
1 = inactive
20 sampling This bit determines the sampling mode for the serial 0 = middle
receiver. If set to middle, one sample is taken in the 1 = majority

middle of each data bit. If set to majority, the majority of
three samples in the middle of each data bit is taken.
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Bit Assignments of R_SERIAL2_CTRL (continued)

Bit(s) Name Description State/Range

19 rec_stick_par This bit selects normal or stick parity for the serial 0 = normal
receiver. If set to normal, normal parity checking is used. 1 = stick
If set to stick, parity is checked as a logic 0 or 1, compared
to the value of rec_par. A parity error is generated if the

values differ.
18 rec_par This bit selects the parity for the serial receiver. 0=-even
1=odd
17 rec_par_en This bit enables/disables the parity for the serial receiver. 0 = disable
1 =enable
16 rec_bitnr This bit determines the number of data bits for the serial 0 = rec_8bit
receiver. 1 =rec_7bit
15 txd This bit determines the value of the txd pin when the
serial transmitter is disabled.
14 tr_enable This bit enables/disables the serial transmitter. 0 = disable
1 =enable
13 auto_cts This bit enables automatic cts handling. If set (active), a 0 = disabled
high signal on cts stops transmission after the ongoing 1 = active
byte.
12 stop_bits This bit determines the number of stop bits for the serial 0 = one_bit
transmitter. 1 = two_bits
11 tr_stick_par This bit selects normal or stick parity mode for the serial 0 = normal

transmitter. If set to normal, normal parity generation is 1 = stick
used. If set to stick, parity is set to a logic 0 or 1,
depending on the value of tr_par.

10 tr_par This bit selects the parity for the serial transmitter. 0=even
1=odd
9 tr_par_en This bit enables/disables the parity for the serial 0 = disable
transmitter. 1 =enable
8 tr_bitnr This bit determines the number of data bits for the serial 0 = tr_8bit
transmitter. 1=tr_7bit
7-0 data_out Data out to serial port 2.

Note: For this serial port to operate correctly, register R_SERIAL2_XOFF must also be initialized.
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18.8.20 R_SERIAL2_BAUD

Serial Port 2 Baud Register, General Characteristics

ID of register R_SERIAL2_BAUD Size 8 bits
Offset 0x73 Read/Write Write only
Address 0xB0000073 Initial value Unknown

Bit Assignments of R_SERIAL2_BAUD

Bit(s) Name Description State/Range

7-4 tr_baud This 4 bit field is used to select the baud rate for the 0 = c300Hz
transmitter. 1 = c600Hz

2 =¢1200Hz
3 = c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = ¢230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

3-0 rec_baud This 4 bit field is used to select the baud rate for the 0 = c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
8 = c115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

Note: This 8 bit wide register is part of register R_SERIAL2_CTRL.
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18.8.21 R_SERIAL2 REC CTRL
Serial Port 2 Receive Control Register, General Characteristics
ID of register R_SERIAL2_REC_CTRL Size 8 bits
Offset 0x72 Read/Write Write only
Address 0xB0000072 Initial value Bit 6 set to 0. Other
bits unknown.
Bit Assignments of R_SERIAL2_REC_CTRL
Bit(s) Name Description State/Range
7 dma_err This bit controls the handling of receive errors when 0 =stop
DMA is used. If this bit is set to stop, a receive error 1 =ignore
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA is used.
6 rec_enable This bit enables/disables the serial receiver. 0 = disable
1 =enable
5 rts_ This bit controls the rts pin for the serial port. 0 = active
1 = inactive
4 sampling This bit determines the sampling mode for the serial 0 = middle
receiver. If set to middle, one sample is taken in the 1 = majority
middle of each data bit. If set to majority, the majority of
three samples in the middle of each data bit is taken.
3 rec_stick_par This bit selects normal or stick parity for the serial 0 = normal
receiver. If set to normal, normal parity checking is used. 1 = stick
If set to stick, parity is checked as a logic 0 or 1, compared
to the value of rec_par. A parity error is generated if the
values differ.
2 rec_par This bit selects the parity for the serial receiver. 0=even
1=odd
1 rec_par_en This bit enables/disables the parity for the serial receiver. 0 = disable
1 =enable
0 rec_bitnr This bit determines the number of data bits for the serial 0 = rec_8bit
receiver. 1 =rec_7bit
Note: This 8 bit wide register is part of register R_SERIAL2_CTRL.
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18 Internal Registers

18.8.22 R_SERIAL2_TR CTRL
Serial Port 2 Transmit Control Register, General Characteristics
ID of register R_SERIAL2_TR_CTRL Size 8 bits
Offset 0x71 Read/Write Write only
Address 0xB0000071 Initial value Bit 6 set to 0. Other
bits unknown.
Bit Assignments of R_SERIAL2_TR_CTRL
Bit(s) Name Description State/Range
7 txd This bit determines the value of the txd pin when the
serial transmitter is disabled.
6 tr_enable This bit enables/disables the serial transmitter. 0 = disable
1 =enable
5 auto_cts This bit enables automatic cts handling. If set (active),a 0 = disabled
high signal on cts stops transmission after the ongoing 1 = active
byte.
4 stop_bits This bit determines the number of stop bits for the serial 0 = one_bit
transmitter. 1 = two_bits
3 tr_stick_par This bit selects normal or stick parity mode for the serial 0 = normal
transmitter. If set to normal, normal parity generation is 1 = stick
used. If set to stick, parity is set to a logic 0 or 1,
depending on the value of tr_par.
2 tr_par This bit selects the parity for the serial transmitter. 0=-even
1 =odd
1 tr_par_en This bit enables/disables parity for the serial transmitter. 0 = disable
1 =enable
0 tr_bitnr This bit determines the number of data bits for the serial 0 = tr_8hit
transmitter. 1 =tr_7bit
Note: This 8 bit wide register is part of register R_SERIAL2_CTRL.
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18 Internal Registers

18.8.23  R_SERIAL2_TR_DATA

Serial Port 2 Transmit Data Register, General Characteristics

ID of register R_SERIAL2_TR_DATA Size 8 bits
Offset 0x70 Read/Write Write only
Address 0xB0000070 Initial value Unknown

Bit Assignments of R_SERIAL2_TR_DATA

Bit(s) Name Description State/Range
7-0 data_out Data out to serial port 2.

Note: This 8 bit wide register is part of register R_SERIAL2_CTRL.
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18 Internal Registers

18.8.24 R_SERIAL2 _READ

Serial Port 2 Read Register, General Characteristics

ID of register R_SERIAL2_READ Size 32 bits
Offset 0x70 Read/Write Read only
Address 0xB0000070 Initial value Unknown

Bit Assignments of R_SERIAL2_READ

Bit(s) Name Description State/Range
31-16  Reserved -
15 xoff_detect This bit is set if the xoff character is detected in the 0 = no_xoff

received data. The bit is cleared by writing to bits 15:8 of 1 = xoff
R_SERIAL2_XOFF. The data written doesn't matter for

the clear operation. xoff will only be detected if bit

auto_xoff in R_SERIAL2_XOFF is set to enable.

14 cts_ This bit gives the value on the cts pin. 0 = active
1 = inactive
13 tr_ready If this bit is set (ready), the serial transmitter is ready and 0 = full
one byte can be written to it. 1 = ready
12 rxd This bit gives the value on the rxd pin.
11 overrun This bit is set when an overrun error is detected in the 0=no

serial receiver. The bit is cleared when the data_in field of 1 =yes
this register is read.

10 par_err This bit is set when a parity error is detected by the serial 0 =no
receiver. The bit is cleared when the data_in field of this 1 =yes
register is read.

9 framing_err This bit is set when a framing error is detected by the 0=no
serial receiver. The bit is cleared when the data_in field of 1 =yes
this register is read.

8 data_avail This bit is set when data is available from the serial 0=no
receiver. The bit is cleared when the data_in field of this 1 =yes
register is read.

7-0 data_in Data in from the serial receiver. Reading this register will
clear the data_avail, overrun, par_err and framing_error
bits in this register and in R_SERIAL2_STATUS.
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18 Internal Registers

18.8.25 R_SERIAL2_STATUS

Serial Port 2 Status Register, General Characteristics

ID of register R_SERIAL2_STATUS Size 8 bits
Offset 0x71 Read/Write Read only
Address 0xB0000071 Initial value Unknown

Bit Assignments of R_SERIAL2_STATUS

Bit(s) Name Description State/Range

7 xoff_detect This bit is set if the xoff character is detected in the 0 = no_xoff
received data. The bit is cleared by writing to bits 15:8 of 1 = xoff
R_SERIAL2_XOFF. The data written doesn't matter for
the clear operation. xoff will only be detected if bit
auto_xoff in R_SERIAL2_XOFF is set to enable.

6 cts_ This bit gives the value on the cts pin. 0 = active
1 = inactive
5 tr_ready If this bit is set (ready), the serial transmitter is ready and 0 = full
one byte can be written to it. 1 = ready
4 rxd This bit gives the value on the rxd pin.
overrun This bit is set when an overrun error is detected in the 0=no

serial receiver. The bit is cleared when the data_in field in 1 = yes
R_SERIAL2_REC_DATA or in R_SERIAL2_READ is

read.

2 par_err This bit is set when a parity error is detected by the serial 0 =no
receiver. The bit is cleared when the data_in field in 1=yes
R_SERIAL2_REC_DATA or in R_SERIAL2_READ is
read.

1 framing_err This bit is set when a framing error is detected by the 0=no

serial receiver. The bit is cleared when the data_in field in 1 = yes
R_SERIAL2_REC_DATAor in R_SERIAL2 READ is

read.

0 data_avail This bit is set when data is available from the serial 0=no
receiver. The bit is cleared when the data_in field in 1=yes
R_SERIAL2_REC_DATA or in R_SERIAL2_READ is
read.

Note: This 8 bit wide register is part of register R_SERIAL2_READ.
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18 Internal Registers

18.8.26 R _SERIAL2 _REC_DATA

Serial Port 2 Receive Data Register, General Characteristics

ID of register R_SERIAL2_REC_DATA Size 8 bits
Offset 0x70 Read/Write Read only
Address 0xB0000070 Initial value Unknown

Bit Assignments of R_SERIAL2_REC_DATA

Bit(s) Name Description State/Range

7-0 data_in Data in from the serial receiver. Reading this register will
clear the data_avail, overrun, par_err and framing_error
bits in R_SERIAL2_STATUS and in
R_SERIAL2_READ.

Note: This 8 bit wide register is part of register R_SERIAL2_READ.
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18 Internal Registers

18.8.27 R_SERIAL2_XOFF

Serial Port 2 XOFF Register, General Characteristics

ID of register R_SERIAL2_XOFF Size 32 bits
Offset 0x116 Read/Write Write only
Address 0xB0000116 Initial value Unknown

Bit Assignments of R_SERIAL2_ XOFF

Bit(s) Name Description State/Range
31-10  Reserved - 0
9 tx_stop When this bit is set, the serial transmitter stops after the 0 = enable
ongoing byte. 1 = stop
8 auto_xoff This bit enables/disables automatic xoff handling. 0 = disable
1 =enable
7-0 xoff_char The code for the xoff character.

Note: Witing to bits 15:8 of this register will clear the xoff_detect bit in register R_SERIAL2_READ.
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18 Internal Registers

18.8.28 R_SERIAL3_CTRL

Serial Port 3 Control Register, General Characteristics

ID of register R_SERIAL3_CTRL Size 32 bits

Offset 0x78 Read/Write Write only

Address 0xB0000078 Initial value Bit 14 and 22 set to
0. Other bits
unknown.

Bit Assignments of R_SERIAL3 CTRL

Bit(s) Name Description State/Range

31-28  tr_baud This 4 bit field is used to select the baud rate for the 0 =c300Hz
transmitter. 1 =c600Hz

2 =c1200Hz
3 =c2400Hz
4 = c4800Hz
5 = c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = ¢115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = ¢6250kHz
15 = reserved

27-24  rec_baud This 4 bit field is used to select the baud rate for the 0 =c300Hz
receiver. 1 =c600Hz

2 =¢1200Hz
3 =c2400Hz
4 = c4800Hz
5 =c9600Hz
6 = c19k2Hz
7 = c38k4Hz
8 = c57k6Hz
9 = c115k2Hz
10 = c230k4Hz
11 = c460k8Hz
12 = ¢921k6Hz
13 = ¢1843k2Hz
14 = c6250kHz
15 = reserved

23 dma_err This bit controls the handling of receive errors when 0 = stop
DMA is used. If this bit is set to stop, a receive error 1 =ignore
generates an end_of_packet to the DMA. The erroneous
byte is not entered into the fifo. If the bit is set to ignore,
receive errors are ignored when DMA is used.