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1. Introducing the TTE32-HR2 microcontroller

The TTE32-HR2 is an evaluation microcontroller based on a TTE32 core.

1.1. Overview

Figure 1-1 provides an overview of the TTE32-HR2.

TTE32-HR2 Microcontroller
TT3 Core

5-Stage 32 Core
Pipeline registers

32-bit
Mul/Div

d ’ | 7-Seg 7-Seg
Ti T 1 HW SCH Watchd
ImeRs g atchegs Control 0 Control 1

JTAG

GPIO O GPIO 1 GPIO 2 GPIO 3 GPIO 4 UART O UART 1

Figure 1-1: The TTE32-HR2 microcontroller.

1.2. TTE32-HR2 features
Features of the TTE32-HR2 include:

¢ A fully-operational evaluation processor with a 32-bit architecture with 32 registers
and a five-stage pipeline.

e Provides highly-predictable timing behaviour, allowing cycle-accurate matches
between predicted and measured execution times (no need for pessimistic WCET
estimates).

e Designed to support systems with a time-triggered architecture, thereby reducing
development, testing and certification costs. 2

e Includes a hardware (task) scheduler: this reduces CPU overheads and - unlike a
conventional software scheduler - avoids compromising the predictability of task
timing, even in the event of task overruns.

e Fully supported by RapidiTTy Lite v3.0.

2 For further information about time-triggered architectures, please refer to the TTE Systems WWW site:

http: //www.tte-systems.com /technology

TTE32-HR2 Programming Guide
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2. Working with the Altera DE2-70 target board

TTE32 processor designs can be supplied in forms which match a range of FPGA and / or
ASIC targets.

To provide a flexible and costeffective evaluation platform, the TTE32-HR2
microcontroller is configured to match the popular Altera DE2-70 development board
(Figure 2-1).

Figure 2-1: Altera’s DE2-70 Development Board.

Features of the DE2-70 include:

e Altera Cyclone® I1 2C70 FPGA;

e “USB Blaster” on board, providing a JTAG interface with RapidiTTy tools;
e 2-Mbyte SSRAM; Two 32-Mbyte SDRAM; 8-Mbyte Flash;

e 4 pushbutton switches; 18 toggle switches;

e Various user LEDs;

e RS-232 transceiver and 9-pin connector;

e IrDA transceiver;

e 24-bit CD-quality audio CODEC; VGA DAC with VGA-out connector;

e 10/100 Ethernet Controller;

e USB Host/Slave Controller; with USB type A and type B connectors;

TTE32-HR2 Programming Guide
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3. TTE32-HR2 memory map

Figure 3-1 shows the memory map of the TTE32-HR2 microcontroller.

The memory map shows the addresses of the code, data and peripheral sections. Please
note that the TTE-HRZ2has been implemented in the little endian format.

The data memory is 32-bits wide, but needs to be byte addressable. This is necessary so
that instructions LW, LH and LB can load 32-bits, 16-bits and 8-bits respectively.

Execution starts at address 0x00 when the processor is reset.

OXFFFFFFFF
Unused
0x80028000
Reserved for Timing Buffer
0x80020000
Unused
0x80012000
Hardware Scheduler
0x80010000
Unused
0x80000C00
- ) WD 0
Peripherals < 0x80000B00
SSEG 1
0x80000A00
SSEG 0
0x80000900
UART 1
0x80000800
UART 0
0x80000700
GPIO 4
0x80000600
GPIO 3
0x80000500
GPIO 2
0x80000400
GPIO 1
0x80000300
GPIOO
0x80000200
Timer 1
0x80000100
Timer O
0x80000000
Unused
Data
0x40008000
Data Memory
— 0x40000000
Unused
Code
0x00010000
Code Memory
~— 0x00000000

Figure 3-1: Memory map for the TTE32-HR2 .

TTE32-HR2 Programming Guide



TTE Systems

4. TTE32 Instruction Set Architecture

The “instruction set architecture” (ISA) is a list of all the instructions, and all their
variations, that a processor can execute. Compilers are used to translate a high-level
language (such as C or Ada) into the instruction set for the target processor.

The TTE32 core implements instructions that are based on the MIPS-I ISA3.

The “TTE32 Instruction Set Architecture” datasheet describes all the instructions that
are supported in the TTE32 processor.

3 TTE32 processors are not MIPS processors.
TTE Systems Ltd is not associated with MIPS Technologies, Inc. in any way.
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5. TTE32-HR2 scheduler and task guardian

TTE32 processors can be provided with a hardware (task) scheduler.

Use of a TTE32 hardware scheduler reduces CPU overheads and - unlike a conventional
software scheduler - avoids compromising the predictability of task timing, even in the
event of task overruns.

This section summarises some of the key capabilities of the TTE32-HR2 hardware
scheduler.

5.1. The importance of “WCET” measurements in real-time systems

Key system design decisions (e.g. schedulability analysis, response-time predictions and
CPU loading predictions) all depend on precise knowledge of execution time: in particular,
we need to be able to determine the “worst case execution time” (WCET) of all system
tasks at design time.

Use of software tools such as RapidiTTy can greatly simply the process of making WCET
predictions and measurements, even where the system has a large number of tasks.
However, even with a high experienced development team, errors can still occur when
the system is in the field Such errors can arise due - for example - to design or
programming errors and / or hardware failure and / or single-event upsets.

In the event of “task overruns” (that is, tasks exceeding their predicted WCET), we need
to be respond extremely quickly if we are to avoid a “domino effect” on other tasks in the
system. Use of a TTE32 hardware scheduler makes it easy to plan and implement
recovery strategies which can be employed in such a situation.

For example, using a TTE32 hardware scheduler allows the developer to specify the
Guaranteed Processing Time (GPT) for all tasks in the system. In most cases the GPT
value will be set based on predictions about WCET. While the system is running, the
TTE32 hardware scheduler will monitor all task execution times and will shut down tasks
that overrun immediately (and - optionally - replace such tasks with a Backup Task).

Further information about this behaviour is provided in the sections which follow.

5.2. Overview of the scheduler operation in the TTE32-HR2

In the TTE32-HR2, an efficient implementation of a time-triggered co-operative (TTC)
scheduler is provided in hardware.*

In normal execution, the hardware scheduler starts task executions at the beginning of a
tick, after a fixed overhead of 3 CPU cycles. The tasks within the tick period continue to
execute back to back (with no overhead - 0 CPU cycles - between task calls) until there

4 Full information about TTC schedulers is provided in the book “Patterns for time-triggered embedded
systems”. A copy of this book can be downloaded (free of charge) from the TTE Systems WWW site:
http: //www.tte-systems.com/books/pttes

TTE32-HR2 Programming Guide
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are no more tasks pending and the processor is put into idle mode (Figure 5-1).

5 35
= -
Back to back
task execution
T1 T2 Idle Mode

3 CPU Cycles

>

)
<

Time
Tick Period

Figure 5-1: Back to back task execution

A task is shut down in the circumstances where it reaches its Guaranteed Processing
Time (GPT) limit and has not yet completed. For example, please refer to Figure 5-2. In
this example, Task 1 has not completed before the end of the GPT time, therefore the task
is shut down and the next task is executed.

Notice that there is a (fixed) 3 CPU cycle overhead when a task is shut down.

E
T2 Idle Mode [
— >

Time

GPT

T1

3 CPU Cycles

———————3p Tick
3 CPU Cycles

A

Tick Period

Figure 5-2: Task 1 exceeds guaranteed processing time

In the circumstances that Task 1 does not complete before the end of its GPT and a
backup task is provided, the hardware scheduler will execute the backup task
immediately before continuing to execute any further tasks. Again there is a 3 CPU cycle
overhead to shut down Task 1 and switch in the backup task (see Figure 5-3).

-
s}
2
Back to back
task execution
B1 T2 Idle Mode
»

Tick Period

GPT

T1

3 CPU Cycles

———————3p Tick
3 CPU Cycles

P

A

Time
Figure 5-3: Task 1 exceeds GPT and backup task executes

Normal back-to-back task execution then continues after the backup task completes.
It is possible for the backup task itself to have problems, therefore - in order to protect
the system from such an occurrence - the backup task is only allowed to execute up to

the provided allowed overrun time (AOT).

In the scenario that the backup task does not complete before the end of the AOT time,

TTE32-HR2 Programming Guide
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the backup task itself is shut down (Figure 5-4). There is a 3 CPU cycle overhead after
which normal task execution continues.

- -
© o
[= | | [=
GPT : AOT :
w | < >y, | oy
o 1@ 1@
s | 5 | 5
O | O | ©
z T1 | 2 Bl |2 T2 Idle Mode
(@] 'S |G
< » Time
Tick Period

Figure 5-4: Task 1 exceeds GPT and backup task exceeds AOT

If a backup task was not provided, the allowed overrun time (AOT) value has another
function. In this scenario a task may be allowed to exceed its GPT time and execute for
the further time defined by the AOT value, as long as there are no tasks pending
execution. This is illustrated in Figure 5-5.

-

=]

\ =

GPT ! AOT
« > |« >
T
[}
|
T1 : Idle Mode
|
I
> »

Time

3 Tick
3 CPU Cycles

A

Tick Period
Figure 5-5: Task 1 exceeds GPT but is allowed to overrun
If the task has still not completed before the end of the extended AOT time, then the task
is finally shut down (Figure 5-6). It is worth noting that should another task become

ready for execution, task 1 will be shut down before the AOT time in order not to impact
on the start time of the new task.

-
o (s}
= =
GPT AOT
-+ >
T1 Idle Mode
}.

Tick Period

Figure 5-6: Task 1 exceeds GPT and exceeds AOT

3 CPU Cycles

>

A

Time

In many systems it may be important to keep task “jitter” as low jitter as possible.

The hardware sandwich delay feature helps to reduce jitter by maintaining a fixed
duration between consecutive tasks. The total duration is provided by the GPT which is
set to the tasks WCET (Figure 5-7). A further benefit of this feature is that it is possible to
see how the system would react in the scenario that each task executes at its WCET. The
processor is put into idle mode should a task finish early.

TTE32-HR2 Programming Guide
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4 ivq
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= \ | -
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Figure 5-7: Normal execution with hardware sandwich delay

Using the hardware sandwich delay with the scenario that task 1 does not complete
before the end of its GPT time, then Task 1 is shut down and the next task begins
execution without any variation to Task 2 start time (see Figure 5-8).

- =
=} o
[~ | ‘ [=
GPT | GPT |
. o [
o | € "] >
Q@ o I
S e} B
z T1 z T2 = Idle Mode
] ] I
I o = }
— - >
» Time

A

Tick Period

Figure 5-8: Task 1 exceeds guaranteed execution time

If a backup task was provided then the backup task is executed immediately and if the
BKSD bit was set, then the backup task has a hardware sandwich delay defined by its AOT
value (Figure 5-9). After the backup task completes, normal execution continues. If the
backup task finishes and the BKSD bit is not set, then normal task execution continues

immediately without a sandwich delay.

- =
© ©
N I I | =
GPT I AOT i GPT |
| I |
< » B — >
3 |3 8 |
(&) (8] o
5 5 HE 14
2 T1 2 Bl =% T2 103
Q (] L] Q [} [}
o 0 5 : Rl k=l } =l
< » Time
Tick Period

Figure 5-9: Task 1 exceeds GPT and backup task is run

In the scenario that the backup task does not complete before the end its WCET define by
the AOT time, the backup task is shut down and normal execution continues, as shown in

Figure 5-10.

TTE32-HR2 Programming Guide 12
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Figure 5-10: Task 1 exceeds GPT and backup task exceeds AOT

5.3. Configuring the scheduler Tick period

The tick period for the hardware scheduler is set by configuring Timer 0. The two
peripherals are connected together as shown in Figure 5-11.

Further information about Timer 0 is available in Section 8 of this document.

Timer 0

——3 HW Scheduler

Figure 5-11: Tick period generation.

5.4. Hardware Scheduler Memory Map

Name Address
HWSCH 0 0x80010000

Table 5-1: Memory map for the hardware scheduler peripheral

The hardware scheduler can maintain up to 256. Information about the various tasks is
stored in a sequence of memory locations.

For instance, Task 0 is configured by registers starting with an offset of 0x00 and Task 1
is configured by a similar set of registers but starting from an offset of 0x20.

A list of the configuration registers for each task is given in Table 5-2. Further
information about these registers is provided in the following sections.

TTE32-HR2 Programming Guide
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Name Description Access Offset
HWSCHn_Tx_DELAY Task delay/offset Read/Write |0x00
HWSCHn_Tx_PERIOD Task period Read/Write |0x04
HWSCHn_Tx_VECTOR Task vector address Read/Write |0x08
HWSCHn_Tx_CONTROL | Task control Read/Write |0x0C
HWSCHn_Tx_GPT Task guaranteed processing time Read/Write |0x10
HWSCHn_Tx_AOT Task allowed overrun time Read/Write |0x14
HWSCHn_Tx_BACKUP Task backup vector address Read/Write |0x18
HWSCHn_Tx_OVERRUN | Task overrun count Read/Write |0x1C

Table 5-2: Associated registers for the hardware scheduler peripheral.

5.5. HWSCHn_Tx_DELAY — Task delay/offset

The HWSCHn_Tx_DELAY register contains the initial offset or delay (in ticks) before the
first task execution.

31-16 15-0

Reserved DELAY

Figure 5-12: The task delay register.

5.6. HWSCHnNn_Tx_PERIOD - Task period

The HWSCHn_Tx_PERIOD register contains the period (in ticks) between each task
execution.

31-16 15-0

Reserved PERIOD

Figure 5-13: The task period register.

5.7. HWSCHnNn_Tx_VECTOR - Task vector

The HWSCHn_Tx_VECTOR register contains the 32 bit vector address for the start of the
task. This is essentially a pointer to the beginning of the task.

31-0
VECTOR

Figure 5-14: The task vector address register.

TTE32-HR2 Programming Guide 14
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5.8. HWSCHnNn_Tx_CONTROL - Task control

The HWSCHn_Tx_CONTROL register contains an enable bit to signify that this task entry
is valid and should be scheduled by the hardware scheduler. Writing a ‘1’ to the EN bit
will enable the task.

31-16 15-1 0

Reserved Reserved EN

Figure 5-15: The task control register.

For Task 0 the upper 16 bits is used for the global peripheral configuration bits. These
include a master enable for the hardware peripheral and a hardware sandwich delay
enable for reducing task jitter.

31-18 18 17 16 15-1 0

Reserved BKSD SD PEN Reserved EN

Figure 5-16: The peripheral control register.

A description of the individual bits is described in Table 5-3.

Bit Function Description Reset value

0 EN This bit is used to indicate that the current task entry is valid by setting 0
the bit to ‘1. When this bit is set to ‘0’, the hardware scheduler will
ignore this entry.

15-1 Reserved Reserved for future use. N/A

16 PEN Setting the PEN bit to ‘1’ will enable the hardware scheduler peripheral. 0
Note: that this bit is only accessible in the control register for Task 0.

17 SD Setting the SD bit to ‘1’ will enable hardware sandwich delays which is 0
useful for decreasing task jitter. Note: that this bit is only accessible in
the control register for Task 0.

18 BKSD Setting the BKSD bit to ‘1’ will enable hardware sandwich delays for 0
backup tasks so that the error recovery time is fixed.

31-18 |Reserved Reserved for future use. N/A

Table 5-3: Description of the hardware scheduler control register

5.9. HWSCHnNn_Tx_GPT - Task guaranteed processing time

The HWSCHn_Tx_GPT register contains the guaranteed processing time (defined in CPU
cycles) and defines the maximum time that the task is allowed to execute before an error
is signalled and associated recovery actions are taken.

31-0
GPT

Figure 5-17: The peripheral control register.

As noted in Section 5.1, the GPT will usually be set to the predicted worst-case
execution time (WCET) for a particular task.

TTE32-HR2 Programming Guide



TTE Systems

5.10. HWSCHn_Tx_AOT - Task allowed overrun time

The HWSCHn_Tx_AOT register contains the allowed overrun time (defined in CPU cycles).
This register has two functions, depending on whether a backup task is provided or not.

In the scenario that a backup task is provided, the AOT becomes the WCET for the
backup task. Should the backup task not complete before the AOT, the backup task is shut
down.

If a backup task is not provided, then the AOT becomes the additional execution time that
a task may run up to, as long as there are no pending tasks in the system. This is to
prevent the extended execution time having an impact on subsequent tasks.

If the AOT conftains a value of zero, this will indicate that the original task is only allowed
to execute up to its GPT time and that a backup task will not be run even if one was
provided.

31-0
AOT

Figure 5-18: The peripheral control register.

5.11. HWSCHn_Tx_BACKUP — Task backup vector address

The HWSCHn_Tx_BACKUP register contains the vector address to the backup function
that will be executed in the event that the task does not finish before the end of its GPT. If
a backup task is provided, then the AOT time becomes the WCET for the backup task.

31-0
BACKUP

Figure 5-19: The peripheral control register.

5.12. HWSCHn_Tx_OVERRUN - Task overrun count

The HWSCHn_Tx_OVERRUN register contains a count value indicating the number of
times the task has overrun its GPT and been shut down.

31-8 7-0
Reserved OVERRUN

Figure 5-20: The peripheral control register.
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6. TTE32 coprocessor

The TTE-HR2 implements a single coprocessor>.

There are four important registers associated with the system coprocessor (also known
as coprocessor zero): please see Figure 6-1.

-R9- -R12- -R13- -R14-
CPU Cycle Status Cause EPC
Count
-R15- -R16- -R18- -R19-
PRId Config Time Time
Stamp O Stamp 1
-R20- -R21- -R22- -R23-
Time Time Time Time
Stamp 2 Stamp 3 Stamp 4 Stamp 5
-R25- -R30- -R31-
Base SP BPC BP
Control

Figure 6-1: Overview of coprocessor zero.

6.1. R9-CPU Cycle Count

The CPU cycle counter register starts at zero on reset and counts up on every CPU clock
cycle. If the maximum value is reached the count value will loop back to zero and
continue counting.

31 0

CPU Cycle Count

Figure 6-2: CPU cycle count register.

5 Versions of this processor can be supplied with support for additional coprocessors.
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6.2. R12 - Status (Interrupt Source Selection)

The status register contains the global interrupt enable signals and interrupt mask bits
for selecting which one of the 8 IRQ lines are enabled for generating CPU interrupts.
Please note that only a single interrupt source can be active at any point during the
system operation.

If an interrupt or exception occurs, the program counter will be set to execute
instructions from memory address 0x08.

31 10 8 6 5 4 3 2 1 0

Q In 0 KUo IEe | KUp IEp Klc IEc

Figure 6-3: Status register.

The IM (Interrupt Mask) register holds a binary number representing the single
interrupt source which is enabled for generating system interrupts. Since there are 8
possible interrupt sources the IM register is 3 bits wide in the current implementation.

Table 6-1 shows the interrupt source numbers that can be loaded into the IM register.

IRQ | Interrupt Source Number
TMR 0 7
TMR 1 6
UART 0 5
UART 1 4
-- 3
-- 2
- 1
- 0

Table 6-1: Interrupt source number to enable corresponding IRQ line

The “one enabled interrupt” arrangement is designed to support (and enforce) the
use of time-triggered software architectures with this processor, thereby reducing
development, testing and certification costs for high-integrity embedded systems.¢

Further information about the use of a timer as a “Tick” source in a time-triggered design
is provided in Section 8: please also refer to Section 5 for information about hardware
schedulers.

Further information about the use of a UART as a Tick source in a distributed (shared-
clock) time-triggered design is provided in Section 10.1.

6 For further information about time-triggered architectures, please refer to the TTE Systems WWW site:

http://www.tte-systems.com/technology
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The IE (Interrupt Enable) bits globally enable or disable interrupts but will not mask
normal CPU exceptions. When an interrupt or exception occurs the IEo bit is made equal
to the previous IEp, IEp is then made equal to the previous IEc and the [Ec bit is set to
Zero.

C:

KUo | IEo | KUp | IEp | KUc | IE
M
KUo | IEo | KUp | IEp KUc IE

G

Figure 6-4: Interrupt enable registers on interrupt or exception

At the end of an interrupt handler routine the interrupt enable bits are restored by
executing the restore from exception (RFE) instruction. This instruction reverses the
processed by restoring the interrupt enable conditions as shown in Figure 6-5.

KUo | IEo | KUp | IEp | KUc | IEc

KUo | IEo | KUp | IEp KUc IEc

Figure 6-5: Interrupt enable registers during a “restore from exception” instruction

The KU (Kernel User) bits select the privilege modes of the processor. These bits are
currently unused in the current TTE32 implementation.

6.3. R13-Cause
The cause register is used to identify the cause of the previous interrupt or exception.
The exception code (ExcCode) field contains the identifying code to signal the cause of the

recent interrupt or exception. Table 6-2 lists the supported codes and their mapping to
the exception type.

Exception ExcCode
Interrupt 0
Instruction Fetch Abort 4
Data Fetch Abort 5
System Call 8
Break 9
Undefined Instruction 10
Arithmetic Overflow 12
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Table 6-2: List of supported exception codes

The interrupt pending (IP) bits indicate if one of the IRQ pins has been triggered. Each
bit represents one IRQ signal and can be used for polling if the particular IRQ signal has
been disabled. Writing a zero to the pending bit will clear the current interrupt.

The break code field contains the break number associated with the previous break
instruction.

The branch delay slot (BDS) bit indicates if the interrupt or exception occurred on an
instruction that was in a branch delay slot.
31 30 21 15 8 b 2 0

BDS 0 BreakCode IP a ExcCade 0]

Figure 6-6: Cause register.

6.4. R14 -EPC (Exception Program Counter)

The exception program counter (EPC) contains the address to return back to after the

exception routine. The EPC will point to the address of the previous branch or jump

instruction if an interrupt or exception occurred on an instruction in a branch delay slot.
31 0

EPC

Figure 6-7: Exception program counter.

6.5. R15-PRId (Processor ID)

The processor ID (PRId) register contains the unique identifier for the processor
implementation.
31 0

Imp/Rev

Figure 6-8: Processor ID register.
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6.6. R16 — Config

The sleep bit in the config register is used to put the processor into a low power mode.
31 1 0

o Sleap

Figure 6-9: Config register.

6.7. R18-R23 -Time Stamp 0-5

The timestamp registers are used internally for timing analysis.
31 0

Time 5tamp 0

Figure 6-10: Time stamp register.

6.8. R25 - Base SP (Base Stack Pointer)

The base stack pointer register holds the stack pointer value that is loaded when the
hardware scheduler executes the first task in a tick or when a task is shut down due to
error conditions. Systems not using the hardware scheduler need not set this register.

31 0

Base SP

Figure 6-11: Base Stack Pointer register.

6.9. R30-BPC (Breakpoint Program Counter)

The breakpoint registers are used internally to support the debugging mechanism of the
processor.
31 0

BPC

Figure 6-12: Breakpoint program counter register.

6.10. R31 - BP Control (Breakpoint Control)

The breakpoint registers are used internally to support the debugging mechanism of the
processor.

31 3 2 1 0

0 IntEn | Jump | BDS

Figure 6-13: Breakpoint control register.
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7. TTE32-HR2 peripherals (Overview)

TTE32-HR2 Microcontroller
TT3 Core

5-Stage 32 Core
Pipeline registers

32-bit
Mul/Div

- ’ 7-Seg 7-Seg

GPIO O GPIO 1 GPIO 2 GPIO 3 GPIO 4 UART O UART 1

Figure 7-1: The TTE32-HR2 microcontroller.

In addition to the hardware scheduler, the TTE-HR2 has the following peripherals:

e 2 x16-bit Timers;

e 5 x GPIO ports (up to 32-bit);

e 2 x UART for RS-232 communication (with IrDA support);

e 2x7-segment LED controller;

e 1 x Advanced Watchdog timer;

e JTAG controller for high-speed software uploading and debugging.

The following sections provide programming information for these peripherals.
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8. TTE32-HR2 Timers

The TTE-HR2 has two 32-bit timer peripherals that can be used to produce accurate
timing delays and periodic interrupts.

As noted in Section 6.2, the interrupt controller can be set to enable one of the available
timers to generate interrupts: this is usually used as the system “Tick” source in time-
triggered (TT) designs’. Any remaining timers can be used for general purpose delays.

The timer utilises a prescaler to bring the high on-board core frequency to a reasonable
value for the timer count registers. In the diagram shown in Figure 7-1, the prescaler
counter is incremented with every pulse from the on-board clock source. A “Tick” is
generated when the prescaler count is equal to the prescaler match value. In this
circumstance, the prescaler count value is set zero and the process repeats.

The timer registers operate in the similar fashion, but are driven by a prescaler “Tick”
instead of the core clock. Upon a timer match, the timer match flag is set and the timer
count value is set to zero.

A 4
Core Clock
» Prescaler Count
A 4
Tick
= Prescaler - ]
Match Timer Count
Y
Interrupt
vl o =Timer Match
Yy

+1 0

Figure 8-1 : The internals of a generic timer operation.

8.1. Timer memory map

Name Address
Timer 0 0x80000000
Timer 1 0x80000100

Table 8-1: Memory map for the timer peripherals

7 For further information about time-triggered architectures, please refer to the TTE Systems WWW site:

http: //www.tte-systems.com /technology
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Name Description Access Offset
TMRn_STAT_CTRL Timer n status and control register. Read/Write |0x00
TMRn_PRE_COUNT | Timer n prescaler count register. Read/Write |0x04
TMRn_PRE_MATCH |Timer n prescaler match register. Read/Write |0x08
TMRn_TMR_COUNT |Timer n timer count register. Read/Write |0x0C
TMRn_TMR_MATCH |Timer n timer match register. Read/Write |0x10

Table 8-2: Associated registers for the timer peripheral.

8.2. TMRn_STAT_CTRL — Timer status and control register

The TMRn_STAT_CTRL register can be used to configure the timer and read the status of
the timer match flag (‘n’ indicates the number of the peripheral, starting from zero).
Figure 8-2 shows the bits available in the status control register.

31-2 1 0

Reserved MF EN

Figure 8-2: The timer status control register.

A description of the individual bits is described in Table 8-3.

Bit Function Description Reset value

0 EN This bit is used to start and enable the timer by setting the bit to ‘1. 0
When this bit is set to ‘0’, the timer will stop.

1 MF When read, the match flag is used to indicate that the timer count 0
register has met the timer match value. The match flag can be cleared
setting the flag to ‘0’.

31-2 Reserved Reserved for future use. N/A

Table 8-3: Description of the timer control register.

8.3. TMRn_PRE_COUNT - Timer prescaler count register

The TMRn_PRE_COUNT register stores the current 32-bit prescaler count value (see
Figure 8-3). This register will automatically be set to zero by the hardware when the
value becomes equal to the prescaler match value.

31-0

Prescaler Count

Figure 8-3: The timer prescaler count register

8.4. TMRn_PRE_MATCH - Timer prescaler match register

The TMRn_PRE_MATCH register (see Figure 8-4) is a 32-bit register which contains the
value to divide the core clock. The value in the register should be subtracted by one from
the actual value we want since the interrupt is generated after the prescaler count
register matches the prescaler match register.

TTE32-HR2 Programming Guide

24



TTE Systems

For example, assuming that the core clock is 40MHz and the desired timer count rate is
1MHz (i.e. every microsecond), then the value written to the prescaler should be 39, as
shown by equation below:

Timer Prescaler = 39 + 1 =40MHz /40 to give 1MHz.

The timer prescaler counter (TMRn_PRE_COUNT) register will be set zero when a match
is detected.

31-0

Prescaler Match

Figure 8-4: The timer prescaler match register.

8.5. TMRn_TMR_COUNT - Timer counter register

The TMRn_TMR_COUNT register stores the current 32-bit timer count value (Figure
8-5). This register will automatically be set to zero by the hardware when the value
becomes equal to the timer match value.

31-0

Timer Count

Figure 8-5: The timer count register.

8.6. TMRn_TMR_MATCH - Timer reload register

The TMRn_TMR_MATCH register (see Figure 8-6) is a 32-bit register which contains the
value to divide the prescaler tick. As with the prescaler match register, the value should
be subtracted by one since the interrupt is generated after the timer count register
matches the timer match register.

As an example, if we assume that the prescaler is generating a timer tick rate of 1IMHz, an
interrupt can be generated every 1ms by writing a reload value of 999, as shown below:

Timer reload value =999 + 1 = 1MHz / 1000 to give 1KHz, or 1ms period.

The timer counter (TMRn_TMR_COUNT) register will be set zero when a match is
detected.

‘ 310

‘ Timer Match

Figure 8-6: The timer match register.
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9. TTE32-HR2 general-purpose 10 ports

The TTE-HRZ2has five general purpose input output (GPIO) ports. Each GPIO port
consists of up to 32 pins.

Name Address

GPIO 0 0x80000200
GPIO 1 0x80000300
GPIO 2 0x80000400
GPIO 3 0x80000500
GPIO 4 0x80000600

Table 9-1: Memory map for the GPIO peripherals

The registers associated with the GP1O peripherals are shown in Table 9-2.

Name Description Access Offset
GPIONn_PINS Logical values of individual pins that can be accessed for Port n. Read/Write 0x00
GPIOn_DIR Defines the direction for the individual pins for Port n. Read/Write 0x04

Table 9-2: Associated registers for the GPIO peripherals

9.1. GPION_PINS - GPIO pins register

Through software, logical values can be written to and read from the GPIO port, using the
32-bit GPIOn_PINS register. The least significant bit corresponds to Pin 0 on the GPIO
port and the most significant bit corresponds to Pin 31. The GPIOn_PINS register is
shown in Table 9-3.

31-0
GPIO_PINS

Figure 9-1: The GPIO_PINS register

Bit Function Description Reset value

31-0 GPIONn_PINS | The GPIO register that holds the pin values. This register can be used 0
for reading and writing values to the GPIO port. Writing a logical ‘1’ to a
specific bit will cause the corresponding GPIO pin to go “high” on the
hardware.

Table 9-3: Description of the GPIOx_PINS register.
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9.2. GPIOn_DIR - GPIO direction register

The GPIOn_DIR register defines the directions for the individual pins. The least
significant bit corresponds to Pin 0 on the GPIO port and the most significant bit
corresponds to Pin 31. Writing logic ‘1’ to the corresponding bit configures that pin to be
an input. On reset, the [/0 pins default to input mode (unless set by hardware).

31-0
GPIO_DIR

Figure 9-2: The GPIO_DIR register

Bit Function Description Reset value

31-0 |GPIONn_DIR |This register is used to configure if a corresponding GPIO pin should be 0
set as an input or output. Setting the corresponding bit to ‘1’ signifies
that the pin will be used as an output.

Table 9-4: Description of the GPIOx_DIR register.
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10. TTE32-HR2 UART

The TTE-HR2 has two UART peripherals that can be used to transmit and receive (full
duplex) serial messages using the RS-232 protocol

Table 10-1 lists the associated registers for the UART peripherals.

Name Description Access Offset
UARTn_STAT_CTRL |UART n status and control register. Read/Write |0x00
UARTn_CLK_DIV UART n baud rate clock divider. Read/Write |0x04
UARTn_BUFF UART n transmit and receive data register Read/Write |0x08
UARTn_IR_CLK_ DIV |UART n IrDA clock divider Read/Write |0x0C

Table 10-1: Registers associated with the hardware UART peripheral.

10.1. RS-232 / RS-422 / RS-485 “shared-clock” scheduling

As noted in Section 6.2, the interrupt controller can be set to enable one of the available
UARTS to generate interrupts: this is usually used as the “Tick” source on Slave nodes in a
time-triggered (TT) design employing a shared-clock scheduler®.

10.2. IrDA communications

Each UART peripheral also has the option of enabling the Return to Zero (RZ) encoding
mechanism for IrDA communications. Please note, that in accordance to the IrDA
specifications, only half-duplex communication is allowed in this case.

Name Address
UART 0 0x80000700
UART 1 0x80000800

Table 10-2: Memory map for the UART peripherals

10.3. UARTNn_STAT_CTRL — UART status and control register

The UARTn_STAT_CTRL register is used to configure the key control options for the
UART peripheral. Figure 10-1 illustrates the functionalities to configure the UART.

‘ 314 3 2 1 0
‘ Reserved RFE | TF | IEN | EN

Figure 10-1: The UART status control register.

Bit Function Description Reset value

0 EN Setting this bit to ‘1’ enables the UART peripheral for .use 0

1 IrEN Setting this bit to ‘1’ enables the RZ encoding mechanism for the I[rDA 0
communications

8  Full information about shared-clock schedulers is provided in the book “Patterns for time-triggered
embedded systems”. A copy of this book can be downloaded (free of charge) from the TTE Systems

WWW site: http: //www.tte-systems.com /books /pttes
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2 TF The transmit flag bit is to indicate that a transmission in progress. This 0
bit is set to ‘1’ in hardware when data is written to the UARTn_BUFF
register. The bit is automatically cleared by hardware when a
transmission has completed.

3 RF The receive flag bit indicates that a new data is available in the buffer. 0
The flag is set by hardware. This flag must be cleared by software after
the data has been read.

31-4 Reserved Reserved for future use. N/A

Table 10-3: Description of the UART control register.

10.4. UARTNn_CLK_DIV — UART clock divider
The UART baudrate is configured through the 32-bit UART clock divider register.

‘ 310
‘ CLK_DIV

Figure 10-2: UART clock divider register.

The value placed in this register is expressed through the following formula:
UART clock divider = 2 x (Core Frequency / (Baudrate x 10))

For instance, to set up a baud rate of 19200 for a system that has a core frequency of
40MHz, the UART clock divider should be:

UART clock divider = 2 x (40000000 / (19200 x 10)) ~ 208

10.5. UARTn_BUFF — UART buffer

The UARTn_BUFF holds an 8-bit data value (see Figure 10-3). When reading from this
register the value returned will be the value taken from the receive buffer. Writing to this
register will place the written value into the transmit buffer.

‘ 318 70
‘ Reserved BUFF

Figure 10-3: The UART buffer register.

A byte is transmitted from the UART as soon as the desired data is written to the
UARTn_BUFF register. While this data is being transmitted, the Transmit Flag (see Figure
10-1) will be set.

The UARTn_BUFF register is also used to receive bytes over RS-232. When a new byte is
received, the Receive Flag (see Figure 10-1) will be set.

10.6. UARTNn_IR_CLK_DIV — UART IrDA clock divider
The UART IR Clock Divider register (Figure 10-4) is used to configure the baudrate for
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the IrDA communication taking into account the return to zero (RZ) encoding scheme?.

This register only needs to be configured if we are transmitting a message using Infrared.
For normal RS-232 communications, this register can be ignored. Please note, that this
register needs to be configured in addition to the UARTn_CLK_DIV register.

31-16

15-0

BAUD

BAUD3_16

Figure 10-4: The UART IrDA clock divider.

Table 10-4 describes the relevant bits in the IrDA clock divider register.

Bit Function Description Reset value
15-0 BAUD The baudrate used for the IrDA communications. 0
31-16 |BAUD3 16 Configuration of the baudrate to obtain the NRZ encoding scheme. 0

Table 10-4: Description of the UART IrDA clock divider.

For example, assuming that the core clock is running at 40MHz, and we want to transmit
data on the IrDA at 9600 kbit/s, the following calculations will need to be performed.
Note that the same baud rate of 9600 kbit/s must also be set in the UARTn_CLK_DIV
register in Section 10.4.

BAUD =40000000/9600 = 4167

BAUD3_16 = (4167/16) x 3 =781

IR_ CLK_DIV=781<<16|4167;

9 Inthe RZ encoding scheme, logic ‘1’ is represented by a pulse that is 3/16 the width of a bit subinterval.
Logic ‘0’ is presented by the absence of this pulse.
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11. TTE32-HR2 “seven-segment” controller

The TTE32-HR2 microcontroller has two 7-segment LED controllers which can be used
to display 7-segment digits through software both in the simulator and on the Altera
DE2-70 target.

Each of the 7-segment controllers can display up to 4 digits/characters including decimal
points.

Name Address
SEG 0 0x80000900
SEG 1 0x80000A00

Table 11-1: Memory map for the seven segment peripherals

Table 11-2 shows the associated register for the 7-segment peripheral

Name Description Access Offset
SEGn_EN The enable register for SEG n Read/Write |0x00
SEGn_VAL The value register for SEG n Read/Write |0x04
SEGn_DP The decimal point register for SEG n Read/Write |0x08

Table 11-2: Associated registers for the 7-segment peripheral.

11.1. SEGn_EN - 7-Segment enable register

The SEGn_EN register is used to enable or disable individual digits of the 7-segment
(Figure 11-1).

314 3 2 1 0
Reserved EN_DIS4 \ EN_DIS3 | EN_DIS2 \ EN_DIS1

Figure 11-1: The 7-segment enable register.

Bit Function Description Reset value

0 EN_DIS1 Enables/disables the display for digit 1. Setting this bit to ‘1’ enables the 0
display, clearing this bit disables the display.

1 EN_DIS2 Enables/disables the display for digit 2. Setting this bit to ‘1’ enables the 0
display, clearing this bit disables the display.

2 EN_DIS3 Enables/disables the display for digit 3. Setting this bit to ‘1’ enables the 0
display, clearing this bit disables the display.

3 EN_DIS4 Enables/disables the display for digit 4. Setting this bit to ‘1’ enables the 0
display, clearing this bit disables the display.

314 Reserved Reserved for future use. N/A

Table 11-3: Description of the 7SEG_EN register.
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11.2. SEGn_VAL - 7-Segment value register

This register is used to set the value to be displayed on the 7-segment (Figure 11-2). Each
value is 4- bits wide, enabling the characters ‘0’ to ‘9’ and ‘A’ to ‘F’ for hexadecimal values.

31-16 15-12 11-8 7-4 3-0
Reserved VAL_DIS4 VAL_DIS3 VAL_DIS2 VAL_DIS1

Figure 11-2: The 7-segment value register.

Bit Function Description Reset value
3-0 VAL_DIS1 The value that is to be displayed for digit 1. 0

7-4 VAL_DIS2 The value that is to be displayed for digit 2. 0

11-8 VAL_DIS3 The value that is to be displayed for digit 3. 0
15-12 |VAL_DIS4 The value that is to be displayed for digit 4. 0
31-16 |Reserved Reserved for future use. N/A

Table 11-4: Description of the 7-segment value register.

11.3. SEGn_DP - 7-Segment decimal point register

The SEGn_DP register (Figure 11-3) is used to indicate if a decimal point should be
displayed next to a specific digit.

314 3 2 1 0
Reserved | DP_DIsA \ DP_DIS3 | DP_DIs2 \ DP_DIS1

Figure 11-3: The 7-segment decimal point register.

Bit Function Description Reset value
0 DP_DIS1 Enables/disables the decimal point for digit 1. Setting this bit to ‘1’ 0
enables the decimal point, clearing this bit disables the decimal point.
1 DP_DIS2 Enables/disables the decimal point for digit 2. Setting this bit to ‘1’ 0
enables the decimal point, clearing this bit disables the decimal point.
2 DP_DIS3 Enables/disables the decimal point for digit 3. Setting this bit to ‘1’ 0
enables the decimal point, clearing this bit disables the decimal point.
3 DP_DIS4 Enables/disables the decimal point for digit 4. Setting this bit to ‘1’ 0
enables the decimal point, clearing this bit disables the decimal point.
31-4 Reserved Reserved for future use. N/A

Table 11-5: Description of the 7-segment decimal point register.
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12. TTE32-HR2 watchdog timer

The purpose of the TTE32-HR2 watchdog timer is to reset the microcontroller if the
software enters an erroneous state.

When enabled, the watchdog will generate a soft system reset if the user program fails to
“feed” (or reload) the watchdog timer within a predetermined time.

This peripheral is also capable of storing the number of watchdog resets that have
occurred.

Name Address
WD 0 0x80000B00

Table 12-1: Memory map for the watchdog peripherals

Name Description Access Offset
WDn_STAT_CTRL Watchdog status and control register. Read/Write |0x00
WDn_CLK_DIV_REL |Watchdog clock divide reload register. Read/Write |0x04
WDn_CLK_DIV Watchdog clock divide count register. Read/Write |0x08
WDn_REL Watchdog timer reload register. Read/Write |0x0C
WDn_CTR Watchdog timer counter register. Read 0x10

Table 12-2: Associated registers for the hardware watchdog peripheral.

12.1. WDn_STAT_CTRL — Watchdog status control

The status control register is used to configure the watchdog controller. It also has some
status flags that indicate the relevant states of the watchdog. Figure 12-1 illustrates the status
and control bits for the watchdog.

31-28 27-20 19-17 16 15-4 3 2 1 0
Reserved RC Reserved | TUF Reserved RCCLR |TUFCLR| FEED EN

Figure 12-1: The watchdog status control register.
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Bit Function Description Reset value
0 EN When ‘1’, the watchdog is enabled and begins counting, else the 0
watchdog is disabled
1 FEED Used to feed the watchdog. When ‘1’, the watchdog is fed. The feed bit 0
must be cleared by software after the watchdog has been fed.
2 TUFCLR The “clear timer underflow flag” bit is used to clear the TUF. When ‘1’, 0

the TUF is cleared. The TUFCLR bit must be reset/cleared by software
after the timer overflow flag has been cleared.

3 RCCLR The “clear reset counter” is used to clear the RCCLR. When ‘1’, the 0
RCCLR is cleared. The RCCLR bhit must be reset/cleared by software
after the reset counter has been cleared.

15-4 Reserved Reserved for future use. N/A

16 TUF Watchdog timeout flag to indicate that watchdog timer underflow has 0
occurred. This bit is set by hardware. This bit can only be cleared by
software through the TUFCLR bit.

Please note that the default reset value is only applicable when there is
a system reset. A watchdog reset will NOT initialise this value.

19-17 |Reserved Reserved for future use. N/A

27-20 |RC 8-bit watchdog reset counter that stores the number of times the system 0
has been reset by the watchdog. The reset counter value is
incremented automatically by the hardware when there is a watchdog
overflow. The counter can store up to 225 instances of watchdog
overflows, after which the counter will roll over to 0 again. This counter
value is cleared only when the RCCLR bit is set by software.

Please note that the default reset value is only applicable when there is
a system reset. A watchdog reset will NOT initialise this value.

31-28 |Reserved Reserved for future use. N/A

Table 12-3: Description of the watchdog control status register.

Please note, that bits 0, 2 and 3 is in “read only” mode when the watchdog is running. At
other times, the bits can be written to by software.

12.2. WDn_CLK_DIV_REL — Watchdog clock divide reload register

The WDn_CLK_DIV_REL register is a 32-bit register which contains the value to divide
the core clock. The value in the register should be subtracted by one from the actual
value required.

31-0

CLK_DIV_REL

Figure 12-2: The watchdog clock divide reload register

12.3. WDn_CLK_DIV — Watchdog clock divide count register

The watchdog clock divider register is a 32-bit register (Figure 12-3) that contains the
current clock divide count value. When the divide count value underflows a signal is then
fed into the WDn_CTR register. Please note that this register is in “read only” mode when
the watchdog is running.
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310 ‘
CLK_DIV ‘

Figure 12-3: The watchdog clock divider register.

Watchdog FEED

|

Watchdog Timer
Clock source Rel

Watchdog

Watchdog Clock
Divider 1 Divided

clock

Watchdog
underflow

Figure 12-4: The internal operations of the watchdog peripheral.

For instance, in order to bring down the core clock (assuming 40 MHz) to 1 Khz, the core
clock needs to be divided by 40000.

40000000/40000 =1000

The value written into the clock divider register (in Figure 12-3) must be the actual value
subtracted by one. Hence, in this example, writing 39999 will produce a 1 KHz clock to
the watchdog counter.

The Watchdog Counter will now update every 1 ms.

12.4. WDn_REL — Watchdog reload register

The watchdog reload register is a 32-bit register (see Figure 12-5) that is used to set the
timeout value for the watchdog. The timer reload value is transferred into the Watchdog
Counter (see Figure 12-6) every time the watchdog is fed.

Please note that this register is configured in hardware to be in “read only” mode when the
watchdog is running. At other times, the value in the register can be written to by software.

31-0 ‘
Reload ‘

Figure 12-5: Watchdog reload register.

If we assume that we want the watchdog to overflow every 100ms (with core clock
frequency of 40 MHz, and WDn_CLK_DIV_REL has been set to 40000). In this case, the
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watchdog counter will be updated every 1ms. In order to obtain a 100ms watchdog
overflow, the REL value must be set to 100.

12.5. WDn_CTR - Watchdog counter

The watchdog counter register is a 32-bit register that is decremented periodically. The
rate at which the counter is decremented depends on the core clock frequency and the
clock divider value.

When an underflow occurs, this indicates that the watchdog has timed-out and the
WD_UF (Table 12-3) will be set. When the watchdog is “fed”, the CTR value is replaced
with the WDx_REL value.

31-0

Count

Figure 12-6: The watchdog counter register.
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13. TTE32-HR2 pin connections for the Altera DE2-70

This section summarises the TTE32-HR2 pin connections on the DE2-70 development
board.

13.1. Green LEDs (TTE32-HR2 Port 0)

GPIO O Pin External Pin

P0.0 LEDGO
P0.1 LEDG1
P0.2 LEDG2
P0.3 LEDG3
P0.4 LEDG4
P0.5 LEDG5
P0.6 LEDG6
P0.7 LEDG7

13.2. Red LEDs (TTE32-HR2 Port 1)

GPIO 1 Pin External Pin

P1.0 LEDRO
P1.1 LEDR1
P1.2 LEDR2
P1.3 LEDR3
P1.4 LEDR4
P1.5 LEDR5
P1.6 LEDR6
P1.7 LEDR7
P1.8 LEDRS8
P1.9 LEDR9
P1.10 LEDR10
P1.11 LEDR11
P1.12 LEDR12
P1.13 LEDR13
P1.14 LEDR14
P1.15 LEDR15
P1.16 LEDR16
P1.17 LEDR17
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13.3. Toggle Switches and Push Buttons (TTE32-HR2 Port 2)

GPIO 2 Pin ' External Pin

P2.0 SWo
P2.1 SW1
P2.2 Sw2
P2.3 SW3
P2.4 Sw4
P2.5 SW5
P2.6 SWeé
P2.7 SW7
P2.8 SwW8
P2.9 SW9
P2.10 SW10
P2.11 SW11
P2.12 SW12
P2.13 SW13
P2.14 SW14
P2.15 SW15
P2.16 SW16
P2.17 SW17
P2.18 KEY1
P2.19 KEY2
P2.20 KEY3

13.4. LCD Interface (TTE32-HR2 Port 3)

GPIO3Pin  External Pin

P3.0 LCD_DATAJ[0]
P3.1 LCD_DATA[1]
P3.2 LCD_DATA[2]
P3.3 LCD_DATA(3]
P3.4 LCD_DATA[4]
P3.5 LCD_DATA[5]
P3.6 LCD_DATA[6]
P3.7 LCD_DATA[7]
P3.8 LCD_BLON
P3.9 LCD_ON
P3.10 LCD_RS
P3.11 LCD_EN
P3.12 LCD_RW
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13.5. External 10 Connector O (TTE32-HR2 Port 4)

GPIO 3 Pin ' External Pin

P4.0 10_A[O]
P4.1 10_A[1]
P4.2 10_A[2]
P4.3 10_A[3]
P4.4 10_A[4]
P4.5 10_A[5]
P4.6 10_A[6]
P4.7 10_A[7]
P4.8 10_A[8]
P4.9 10_A[9]
P4.10 10_A[10]
P4.11 10_A[11]
P4.12 10_A[12]
P4.13 10_A[13]
P4.14 10_A[14]
P4.15 10_A[15]
P4.16 10_A[16]
P4.17 10_A[17]
P4.18 10_A[18]
P4.19 10_A[19]
P4.20 10_A[20]
P4.21 10_A[21]
P4.22 10_A[22]
P4.23 10_A[23]
P4.24 10_A[24]
P4.25 10_A[25]
P4.26 10_A[26]
P4.27 10_A[27]
P4.28 10_A[28]
P4.29 10_A[29]
P4.30 10_A[30]
P4.31 10_A[31]

13.6. Wired RS-232 interface (TTE32-HR2 UART 0)

UART O Pin ' External Pin

RXD UART_RXD
TXD UART_TXD
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13.7. IRDA interface (TTE32-HR2 UART 1)

UART 1 Pin External Pin
RXD IRDA_RXD
TXD [RDA_TXD

13.8. 7-Segment LEDs, lower nibble (TTE32-HR2 SEGO)

DO HEX0_EN
D1 HEX1_EN
D2 HEX2_EN
D3 HEX3_EN

SEG 0 Value External Seg

DO -D3 HEXO0
D4 - D7 HEX1
D8 - D11 HEX2
D12 - D15 HEX3

SEG 0 DP External Seg
DO HEXO0_DP
D1 HEX1_DP
D2 HEX2_DP
D3 HEX3_DP

13.9. 7-Segment LEDs, upper nibble (TTE32-HR2 SEG1)

DO HEX4 EN
D1 HEX5_EN
D2 HEX6_EN
D3 HEX7_EN
DO -D3 HEX4
D4 - D7 HEX5
D8 -D11 HEX6
D12 - D15 HEX7
DO HEX4 DP
D1 HEX5_DP
D2 HEX6_DP
D3 HEX7_DP
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13.10.Push Button 0 (TTE32-HR2 Reset pin)

Reset Pin ' External Pin

TTE 575t3m5
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14. Reliable and cost-effective custom processor designs

14.1. Overview

The TTE32-HR2 is just one example of the type of custom processor design that we can
provide for you.

We can develop such designs to meet your precise specifications very quickly and
cost effectively.

Typical examples:

e A single core design with hardware support for Fast-Fourier Transforms (FFTs).
Provided for use on an off-the-shelf FPGA platform.

¢ A dual-core design with a dual-lane Controller Area Network (CAN) interface and high-
speed PWM outputs. Provided in ASIC form.

e A single-core design with support for triple-modular redundancy (TMR) in the
memory interface, allowing use in space and aviation designs in which single-event
effects (SEEs) - including single-event upsets (SEUs) - must be addressed. Provided in
ASIC form (with an FPGA implementation for use in development).

14.2. Low-cost evaluation process

We can provide full simulations of custom processor platforms prior to detailed
design work: these simulators can be produced quickly, at low cost, to allow you to
explore possible options for your next system design (and to compare our custom
designs with alternative solutions).

In most cases, the simulation of your custom processor will be provided in a package
similar to RapidiTTy Lite (that is, a simulated processor and a matched set of
development tools). This flexible solution makes it easy for you to assess processor
performance at your leisure (for example, you may choose to investigate the behaviour of
the TTE32 processor when executing examples of your own system code).

14.3. Contact us

E-mail: info@tte-systems.com
Phone: +44 (0)116 223 1684
Fax: +44 (0)116 223 1651
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