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First of all, you have to tell the SOPC Builder in the Quartus Il design software from Altera, that you want to
enable Off-Chip tracing for your core. This is done by selecting 'Level 4’ in the 'JTAG Debug Module’ tab of
the CPU settings window in the SOPC Builder.
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After the SOPC Builder regenerated your system, you will have some additional off chip trace related output
pins on your system, which are called:

jtag_debug_offchip_trace_clk Trace clock for the trace data.
jtag_debug_offchip_trace_data[17..0] 18 Bit trace data.
jtag_debug_trigout Trigger for off chip trace.

©1989-2024 Lauterbach NIOS Il Instantiating the Off-chip Trace Logic | 3



Disable Automatic PLL Instantiation

Without further modifications a compilation of the system will automatically implement an additional PLL,
which is used to clock the internal trace buffer logic of the system. This PLL is needed, because the internal
trace buffer logic needs a clock, which has to have twice the frequency of the cpu clock. Especially for
Cyclone devices this automatic PLL instantiation is not optimal, because Cyclone devices only have two
PLLs available.

Another issue is that you don’t get access to the trace buffer clock if the PLL is instantiated automatically.
Having access to this clock enables the implementation of further improvements.

To use the resources more efficiently and to get access to the clock for the internal trace buffer logic do the
following steps:

1. Close the SOPC Builder.
2. Open the “.ptf” file, in which the SOPC Builder stores all settings for your system

3. In this file, look for a line which looks like
oci_embedded_pll = “17";

and change this line to

oci_embedded_pll = “0”";
If you can’t find a line like the above (this happens with older Quartus Il versions), look for a line which
looks like

oci_offchip_trace = “1”

and insert a new line under the above line, with the content
oci_embedded_pll = “0%

4. Open the SOPC Builder and Re-Generate the system.

In recent Quartus Il versions (7.1 and later) you will have to modify the “.sopc” file instead of the “.ptf” file.In
this file you have to:

Look for a line which reads:
<parameter valueString="true” name ="debug_embeddedPLL” />

and change this line to:
<parameter valueString="false” name ="debug_embeddedPLL”/>

After this modification, you should let the SOPC builder regenerate your system. Then you should have an
additional input which is called
clkx2_to_the_..

This extra input is used to clock the system internal trace buffer logic. You have to connect a clock to it, which
has twice the frequency of the cpu clock. The simplest way to achieve that is to use the PLL which generates
the cpu clock and add an additional output to this PLL, which has twice the frequency of the CPU clock. In
this way you only need an additional PLL output to use the off chip trace and not a whole additional PLL.
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Using Extra Registers for Better Timing

Another modification is needed to guarantee a unified timing on the trace pins and to improve the timing
relations of the trace clock and the trace data. To achieve this we recommend to insert a buffer stage
between the trace outputs of your system and the output pins. LAUTERBACH provides such a buffer stage
on the DVD in the directory ~~/demo/nios/trace. When this buffer stage is used it is ensured that the trace
pins use IO registers, which guarantees a uniform timing; additionally the trace clock is center aligned to the
trace data eyes, which improves the reliability of the trace data a lot. Additionally the extra buffer stage
improves the maximum frequency of the design, because the extra layer of registers simplifies fitting.

Here is an example of an extremely compact design schematic which uses an Off-Chip trace port.
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Multiplexing Trace Outputs of Multiple CPUs

Recently multi-core designs become more and more popular. If you implement a Design which contains
multiple Nios Il CPUs and several of the Nios Il CPUs implement an off-chip Trace Port, then LAUTERBACH

offers a solution to multiplex these outputs to only one set of Trace Pins. With this approach it is possible to
decide which CPU will be selected to output its trace via the off chip trace pins.

To use this multiplexer approach, several constraints have to be met:

One CPU clock

All CPUs, which you want to connect to the off-chip trace pins have to run
with the same CPU clock.

No internal Trace
PLL

You have to follow the above recommendation about “Disabling automatic
PLL instantiation”. So you need access to the trace clock, which runs with
twice the frequency of the CPU clock.

Here is an excerpt of an extremely compact design schematic, which shows how to include the Trace

Multiplexer:

o MvCore
Dol EvErK L
clk
. . PP . fesel_n
D EvEIciK k2 X
— clkx2_to_the_cpu_0 jtag_debug_offchip_trace_clk_frorm_the_cpu_0
jtag_debug_offchip_trace_data_from_the_cpu 0[17..0]
R jtag_debug_trigout_from_the_cpu_0
Dl s ik ka2

L TRACELCPUG_ELK | D

TRACE CPUD_DATA[T7.0]

TRACE _CPUN_TRIGGER

Lo Trace Multiplexzer
SE_CLK %2
iCkxz N
: T Lol TicE GPUD K e
P . s ITrace: Ll
race TRACE_ _CPLD_DATA[TZ.0] X v
I Port 10 iTraceDataCput[17 0]
e % | TRACE, CPUO_TRIGGER . . . . . .
CA iTraceTrigCpul
LA TRACELCPULCLK Lol ;
TRACE .CPLH _DATA[E 0] MraceClcpu
- Trace .o CPULDATAIE DL - - - - iTraceDstaCpul[17..0]
S Port 2 ) PETIRACE CPUT_TRIGGER - - - - - - . . il
iTraceTrigCpul alraceCk OUTEUT ™ TRCCLK
FE e oTraceDatal17..0] AUTET™ = REDATA[TT 0
LIl ] iTraceChkepuz oTraceTrig |~~~ HTRT ™ = T RETRIG
e 1 TP ECE DAt GCRUZ[17 0] T
| iTraceTrigCpu2 ©Trace Port Pims o
| iTraceCkipu3
i i TraCeDataCpul(17..0]
L iTraceTrigChu3
inst4

clkx?_to_the_cpu_1

jtag_debug_noffchip_trace_data_from_the_cpu_1[17..0]

jtag_debugy_offchip_trace_clk_fram_the_cpu_1

DTRACELCPUN_CLK | D
- TRACECPUT DATARTE.OL - - - (..

. Trace

. TRACE. CPUNL_TRIGGER

| PoTt 2

jtag_debug_trigout_from_the_cpu_1

s, Trace -
A Port 1.

UTHUT

LEDHIGH_from_the_ingled_0[6..0]
LEDLOVY from_the_ingled_0[5..0]

= SEGHIGHS. 0]

I LTELT

[ SEGLOWIS. 0]

out_part_from_the_pio_0[7..0]

L inst

OUTRUT ™ LEDG[7.0]

Lauterbach

tracemuttiplexer

©1989-2024 Lauterbach

NIOS Il Instantiating the Off-chip Trace Logic

6



The Trace Multiplexer module can also be found in the demo/nios/trace on the CD.

If your design contains a Trace Multiplexer module, then in the PowerView Software you can switch the
TraceMultiplexer to the CPU you are currently debugging with the command
SYStem.Option.TracePortEna On.

This will automatically happen, when you only debug one CPU at the same time.

Since only one CPU can be switched onto the Trace Port, the command will be ignored, if you already
assigned the trace port to another CPU. In this case you first have to disable the use of the TracePort in all
CPUs, before you can enable the TracePort for a different CPU.
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