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2. FS2 System Navigator

The System Navigator supports JTAG-based debugging of the Altera® Nios® II processor core. 1

The product consists of a set of (GUI) windows to set up and display trace and trigger hardware,
Command-Line Interface (CLI), Application Binary Interface (ABI), optional source-level debugger,
and hardware.

CLI

ABI

Source-level
debugger

FS2 Probe Hardware

Nios II OCI

FS2 GUI
windows

for hardware
support

This manual covers the CLI, Probe Hardware, and building the Nios II OCI block with the desired
features.

3. Command-Line Interface (CLI)

The CLI can be used as both a user interface and as a means of automating sequences of tasks. It is
based on Tcl/Tk, a widely used command language and GUI builder. The CLI uses Tcl/Tk version
8.4. CLI users may wish to get more information about Tcl at http://www.tcl.tk. There are also a
number of excellent books about Tcl available; FS2 recommends Practical Programming in Tcl and
Tk, by Brent Welch.

A number of command primitives and Tcl procedures have been added to customize Tcl for this
application. Commands are included for system configuration, emulation control, memory access
including an assembler and disassembler, register access, trace and trigger access, file download,
and status indication. The commands are detailed in Appendix A.

1 FS2 and OCI are registered trademarks of First Silicon Solutions, Inc
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4. System Navigator Hardware

Refer to the Nios II Quick Start manual for information on connecting the FS2 probe to the host PC,
connecting the FS2 probe to the target JTAG or Mictor38 connectors, and a picture of the probe
connected to the Altera Stratix development kit board.

4.1. Target JTAG Connection

The probe uses a 10-position flat ribbon cable with standard 0.100” square post headers. A
connector with an orientation key such as 3M 2510-6002UB is recommended. The pinout of the
target connector is described in the following table.

TCK 1 2 GND
TDO 3 4 VCC
TMS 5 6 VIO

debugack 7 8 debugreq
TDI 9 10 GND

Pin Signal I/O Active Comments
2,10 GND -- -- Signal reference
4 VCC I -- Power source for debugger (Not used by System Navigator)
6 VIO I -- Used by debugger to determine target power-on state.
1 TCK O H JTAG test clock
3 TDO I H JTAG test data output
5 TMS O H JTAG test mode select
9 TDI O H JTAG test data input
7 debugack I H Optional signal indicating CPU is in debug mode
8 debugreq O H Debug interrupt request (optional)
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The JTAG connector is typically connected as follows:

1K typ

TDI

Nios II
VCC

TCK

1K typ

GND

VCC

debugreq

GND

debugack

TDO

GND

VIO
Reference
Voltage

TMS

GND

If the Nios II processor is part of a chain of JTAG devices, whether all on the same physical chip
or on separate chips, the devices should be connected in a daisy-chain with TCK and TMS
common to all devices and TDO from one device leading to TDI of the next.

4.2. Target JTAG / Off-Chip Trace Connection

For targets that include the off-chip Trace Port, FS2 provides the System Navigator Original
Edition (OE/T) probe with a high-speed ribbonized coax connection to the target. Trace data is
compressed then multiplexed onto this cable. The probe demultiplexes the trace data and stores
it in high-speed SRAM. Off-chip trace is typically much deeper than on-chip trace but requires use
of several chip I/O pads.
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The probe plugs into a standard 38-pin Mictor connector. The board-mount header is either
2-767004-2 (vertical) or 767044-1 (right-angle) and has the following pinout:

NC 1 2 NC
nDBINST 3 4 NC

NC 5 6 TR_CLK
debugreq 7 8 debugack

RST* 9 10 TR_TRIGOUT
TDO 11 12 VIO

NC 13 14 VCC / NC
TCK 15 16 TR_DATA[11]
TMS 17 18 TR_DATA[10]
TDI 19 20 TR_DATA[9]

nTRST 21 22 TR_DATA[8]
NC 23 24 TR_DATA[7]
NC 25 26 TR_DATA[6]

TR_DATA[17] 27 28 TR_DATA[5]
TR_DATA[16] 29 30 TR_DATA[4]
TR_DATA[15] 31 32 TR_DATA[3]
TR_DATA[14] 33 34 TR_DATA[2]
TR_DATA[13] 35 36 TR_DATA[1]
TR_DATA[12] 37 38 TR_DATA[0]

Pin Signal I/O Comments
3 nDBINST O The probe drives this to a low logic state to indicate it

is connected.
6 TR_CLK I Trace clock. Connects to User-I/O pin of FPGA.
7 debugreq O Break request (optional). Connects to User-I/O pin of

FPGA.
8 debugack I Indicates CPU is in debug mode (optional). Connects

to User-I/O pin of FPGA
9 RST* O Connect to a nominal 4.7K pullup resistor on the

target.
10 TR_TRIGOUT I Trigger out from the CPU to the Probe (optional).

Connects to FPGA.
11 TDO I JTAG data output from CPU
12 VIO I Used by probe to determine target power-on state and

interface voltage.
14 VCC / NC I Power supply to probe. Not used in SNav.
15 TCK O JTAG clock. Connects to TCK pin of FPGA.
16,18,… TR_DATA I Trace data. Connects to User-I/O pins of FPGA.
17 TMS O JTAG mode select. Connects to TMS pin of FPGA.
19 TDI O JTAG data input. Connects to TDI pin of FPGA.
21 TRST O JTAG TAP reset (optional). Connects to TRST pin of

FPGA.
1, 2, … NC -- No connection

The width of the TR_DATA bus for Nios II is 18 bits.
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14> pc 0x800000
0x00800000
15> set r1 0x0
0
16> word 0x800100 0
0x00000000

The program can now be single-stepped using the step command.

17> step
Single step.
00800004 0x10804014 ori r2, r2, 256
18> step
Single step.
00800008 0x10400017 ldw r1, 0(r2)
19> r2
0x00800100
20> step
Single step.
0080000C 0x08400044 addi r1, r1, 1
21> r1
0x00000000
22> step
Single step.
00800010 0x10400015 stw r1, 0(r2)
23> r1
0x00000001
24> step
Single step.
00800014 0x003ffc06 br 0x800008
25> word 0x800100
0x00000001

5.1. Using Tcl Control Structures

Tcl provides a rich set of commands to test and manipulate results and control command flow. Two of
the most useful commands are “if” and “while”. For example, we can set up a simple loop that single
steps the processor until r1 reaches 3:

26> while { $r1 != 3} {step}
Single step.
00800008 0x10400017 ldw r1, 0(r2)
Single step.
0080000C 0x08400044 addi r1, r1, 1
Single step.
00800010 0x10400015 stw r1, 0(r2)
Single step.
00800014 0x003ffc06 br 0x800008
Single step.
00800008 0x10400017 ldw r1, 0(r2)
Single step.
0080000C 0x08400044 addi r1, r1, 1
Single step.
00800010 0x10400015 stw r1, 0(r2)
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Note that the registers can be accessed either using the register name command (e.g. “r1”) or the
register name variable (e.g. “$r1”). Tcl allows you to build up expressions combining variables and
command results. The “byte”, “half”, and “word” commands return the contents of memory at the
specified address, so target variable values can also be included in expressions. The Tcl square
bracket operators are used around a command to use the command result in an expression. Here is
an example that steps the processor until the word at address 0x800100 reaches 5:

27> while {[word 0x800100] != 5} {step}
Single step.
00800014 0x003ffc06 br 0x800008
Single step.
00800008 0x10400017 ldw r1, 0(r2)
Single step.
0080000C 0x08400044 addi r1, r1, 1
Single step.
00800010 0x10400015 stw r1, 0(r2)
Single step.
00800014 0x003ffc06 br 0x800008
Single step.
00800008 0x10400017 ldw r1, 0(r2)
Single step.
0080000C 0x08400044 addi r1, r1, 1
Single step.
00800010 0x10400015 stw r1, 0(r2)
Single step.
00800014 0x003ffc06 br 0x800008

5.2. Downloading to Target Memory

The CLI accepts binary, Intel hex, and S-record format download files. (For more information, type
help load). The binary format requires a starting address and the hex formats can accept an optional
base address. The command return value is the number of bytes written to memory. Example:

30> load srec lcd_demo1.srec
4856

Note: if the build environment only creates a <program>.elf file, the nios2-elf-objcopy utility will
generate a .srec file for download. Open a Bash shell, cd to your working directory, then issue the
command:

nios2-elf-objcopy –O srec <program>.elf <program>.srec

Download speed depends on several factors including the parallel port type installed on your PC and
the TckRate used for JTAG communication. Some examples downloading a 1 megabyte file to a
33MHz Nios II on an EPP host through the FS2 probe:

31> config tckrate 25000000
25000000
32> time {load bin 0x800000 /temp/onemeg.bin}
15281000 microseconds per iteration
33> config tckrate 1000000
1000000
34> time {load bin 0x800000 /temp/onemeg.bin}
38563000 microseconds per iteration
35>
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5.4. Using Tcl Scripts

Rather than typing commands in at the command line it is possible to place commands into a
TCL script and then source the script from the command line. The FS2 console window is fully
TCL compliant. For example, the tracemode and trigger commands used previously can be
placed into a script and then sourced from the command prompt. If the script is named
“custom.tcl” and is placed in the bin directory (location of abinios.dll) then it will be sourced
automatically after the FS2 console has been initialized.

It is not generally recommended placing commands in the custom.tcl script which would ordinarily
be performed by a source level debugger. Commands which are handled exclusively by the FS2
windows or console are better candidates. Some of the more useful of these are:

reset

memcache

perfmon

tracemode

trigger


