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Hardware verification can be a lengthy and expensive process. The
SignalProbe™ incremental routing feature can help reduce the hardware
verification process and time-to-market for System-On-a-Programmable-
Chip (SOPC) designs.

Easy access to internal device signals is important in the debugging of a
design. The SignalProbe feature enables efficient design verification by
allowing you to quickly route internal signals to I/O pins without
affecting the design. Starting with a fully routed design, you can select
and route signals for debugging to either previously reserved or currently
unused I/O pins.

The SignalProbe™ feature supports the Stratix™, Stratix GX, Cyclone™,

APEX™ II, APEX 20KE, APEX 20KC, APEX 20K, and Excalibur™
devices.

You can use the SignalProbe compilation to incrementally route internal
signals to reserved output pins. This process completes in a fraction of the
time required by a full design recompilation. The incremental routing
does not affect source behavior or design operation.

Follow the steps below to use the SignalProbe incremental routing
feature:

1. Reserve SignalProbe pins prior to initial compilation.

2. After initial compilation, determine which nodes you want to route
to the reserved SignalProbe pins.

3. Assign an /O standard to the SignalProbe pins.
4. Add registers for pipelining of signals, if necessary.
5. Perform a SignalProbe compilation.

6. Understand the results of the SignalProbe compilation.
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Reserving SignalProbe pins

You can reserve an unused pin as a SignalProbe pin before you route an
internal signal out of your device. You can reserve your SignalProbe pins
before or after a compilation. To ensure that a pin is available for your
SignalProbe pin and not to another unassigned user I/O pin, reserve the
SignalProbe pin before a compilation.

You may only need a few SignalProbe pins, since you can easily reassign
different sources to your SignalProbe pins.

To reserve an unused I/O pin as a SignalProbe pin, perform the following

steps:

1. Choose Assign Pins (Assignment menu,).

2. Turn on Show current and potential SignalProbe pins in the
Assign Pins dialog box.

3. Select a pin Number from the Available Pins & Existing
Assignments list.

4. Type your SignalProbe pin name into the Pin name box.

5. Select As SignalProbe Output from the Reserve pin list.

6. Turn on Reserve pin.

7. Click Add or Change (for a new and an existing SignalProbe pin,
respectively).

8. Click OK.
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Figure 8-1. Reserving a Pin for SignalProbe in the Assign Pin Dialog Box

Assign Pins

Select a device pin and the type of agsignment you wizh to make. Y'ou can aleo make pin azzsighments in the Agzignment Editor and the
Floorplan Editor. You can reserve unuged ping on a device-wide bagiz with the Unuged Fins tab in the Device & Pin Options dialog box.
“riou muszt perform a emart compilation on the design before routing SignalProbe signals.

Available Ping & Existing Azsignments:

MNurnber: Marne: 140 Bank: | 140 Standard: : =
25 3 i 2 O, DIFFIO. Te47n

029 2 LYTTL . DIFFIO_R40p

E29 2 LYTTL Row [0, DIFFIO_Rx40n

K26 2 LYTTL Row [0, DIFFIO_Tx40p

L2E 2 LYTTL Raw 140, DIFFIO_Tx40n

FI29 2 LVTITL Row 1/0, DIFFIO_Rx39p |
4 »
¥ Show 'ho connect’ ping W Shaw curent and potentisl SignalProbe ping
— Azzighment

Fir name: ISignaF‘robe_pin_‘l J SignalProbe zource: I J

™ SignalProbe enable

LClock: I J
¥ Reserve pin [even if it does ot exist in the design file):
IAS SighalProbe output j Begisters: I

1/0 standard:  [LYTTL

LChange Delete Enable All SignalProbe R outing I Digable All SighalProbe Routing I

Ok I Cancel I

|

Adding SignalProbe Sources

A SignalProbe source is a signal in the post-compilation design database
with a possible route to an output pin. You can assign a SignalProbe
source to a SignalProbe pin, an unused output pin, or a reserved output
pin by performing the following steps:

1. Choose Assign Pins (Assignments menu).

2. Inthe Available Pins & Existing Assignments list, select the pin
number for the pin to which you want to add a SignalProbe source.
The pin must be a reserved SignalProbe pin, an unused output pin,
or a reserved output pin.

3. Browse to a SignalProbe source.
The Node Finder dialog box appears when you click Browse and

automatically selects SignalProbe in the Filter list (see Figure 8-2). Click
List to view all the available SignalProbe sources. If you cannot find a
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specific node with the SignalProbe filter, then the node has been either
removed by the Quartus® II software during optimization or placed
somewhere in the device where there are no possible routes to a pin.

Figure 8-2. Available SignalProbe Sources in the Node Finder

Mode Finder
tamed: IE j Filter: ISignaIF’mbe j Customize... | List | . Ok I
Lok ir: ||B|DCk1| J ¥ Include subentities Stop | Cancel |
MNodes Found: Selected Modes:

Mame | Assignments | Type |_‘| > | Mame | Assigni
£ busout[ 5] Unassigned  ©utput - < |Blaockl |inst4 Inassi
ek Unassigned  Input — —I

G insts Unassigned  Combinato. .. £ |

A instd Unassigned Registered -

1] | v <L | 1 | |

4. Click Add or Change (for a new and an existing SignalProbe pin
respectively).

5. Click OK.

Assi gn in g | / 0 The /O standard of each SignalProbe pin must be compatible with the
I/0O bank the pin is in.
Standards

You can use the following two methods to assign I/O standards for your
SignalProbe pins.

1. Choose Assign Pins (Assignments menu), select your SignalProbe
output and select an I/O standard from the I/O standard list in the
Assignment box in the Assign Pins dialog box.

2. Choose Assignment Editor (Assignments menu), select I/O
Standard in the Category list, type the SignalProbe pin name in the
To column and select the I/O standard in the I/O Standard column
of the spreadsheet.

Addi ng You can specify the number of registers to be placed between a
. SignalProbe source and a SignalProbe pin to synchronize the data with
Reg isters for respect to a clock and control the latency. The SignalProbe incremental
Pi pe linin g routing feature automatically inserts the number of registers specified in
the SignalProbe path.
8—4 Altera Corporation
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For example, you can add a single register between the SignalProbe

source and the SignalProbe output pin to reduce the propagation time

(tco)- You can add multiple registers to your SignalProbe output pins to

synchronize the data with other output pins in your design.

=" Whenyouadd one register to a SignalProbe pin, the SignalProbe
compilation always attempts to place the register into the I/O
element. If it is unable to place the register into the I/O element,
it places the register as close to the SignalProbe pin as possible
to reduce clock to output delays (tco).

You can add registers to your SignalProbe pin by performing the
following steps:

1. Choose Assign Pins (Assignments menu).

2. Inthe Available Pins & Existing Assignments list, select the pin
number for the SignalProbe output pin you want to register.

3.  Under Assignment, type a new Clock name in the Clock box.

4.  Under Assignment, type the number of registers necessary to
pipeline your SignalProbe source in the Register box.

I~  Altera strongly recommends using global clock signals to clock
the added registers.

The Stratix, Stratix II, Stratix GX, and Cyclone devices support adding
registers to a SignalProbe pin.

You can start a SignalProbe compilation manually or automatically after
a full compilation. A SignalProbe compilation performs the following
steps:

1. Validate SignalProbe pins.

2. Validate your specified SignalProbe sources.

3. If applicable, add registers into SignalProbe paths.

4. Attempt to route from SignalProbe sources, through registers, to
SignalProbe pins.
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To make the SignalProbe compilation run automatically after a full
compile, turn on Automatically route SignalProbe sources during
compilation in the SignalProbe Settings page in the Settings dialog box
(Assignments menuy), as shown in Figure 8-3.

Figure 8-3. SignalProbe Settings Page in the Settings Dialog Box

Settings - block1
Categary:
- General SignalProbe Settings
- Files
- User Libraries Specify options for SignalProbe. Mote: The availability of some of these options depends on the
- Device current device family.
- Timing Requirements & Options
(= ED Tool Settings W automaticaly route SignalProbe signals during compilation
D.BSIgn.E ity & Synthesis ™ Modify latest fiting results during SighalProbe compilation
imulation
iming Analysis
oard-Level
- Formal Verification
‘- Resynthesis
- Compilation Process
[+ Analysiz & Spnthesis 5 ettings
= Fitter Settings
“ Physical Synthesis Optimizations
- Timing Analyzer
- Design Assistant
- SignalT ap Il Logic Analyzer
- SignalProbe Sethings
- Simulator
[+ Software Build Settings
- Stratix G Fegistration
- HardCopy Settings
’TI Cancel
=
To run a SignalProbe compilation manually after a full compilation,
choose Start SignalProbe Compilation (Processing menu).
s You must run the Fitter before a SignalProbe compilation. The
Fitter generates a list of all internal nodes that can be used as
SignalProbe sources.
You can enable and disable each SignalProbe pin by turning on and off
the SignalProbe enable option in the Assignment box in the Assign Pins
dialog box (Assignments menu). You can also enable or disable all
8-6 Altera Corporation
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Running SignalProbe with Smart Compilation

SignalProbe pins by clicking Enable All SignalProbe Routing and
Disable All SignalProbe Routing respectively in the Assignment box in
the Assign Pins dialog box (see Figure 8—4).

The Enable All SignalProbe Routing and Disable All SignalProbe
Routing options appear grayed out until you turn on Show current and
potential SignalProbe pins in the Assign Pins dialog box (Assignments
menu).

Figure 8-4. Enabling and Disabling SignalProbe Pins in the Assign Pins Dialog Box

Assign Pins E

Select a device pin and the type of assignment you wish to make. ¥ou can also make pin assignments in the Assignment Editor and the
Floorplan Editor. *'ou can reserve unuged ping on a device-wide basiz with the Unuzed Ping tab in the Device & Fin Optionz dialog box.
‘t'ou must perform a smart compilation on the design before routing SignalProbe signals.

Available Pins & Existing Assignments:

2|

MNumber: | Mame: | 1/0 Bank: | 1/0 Standard: | Type: I;l
AH12 7 L¥TTL Calurnn 10, DO4B0

A1 7 L¥TTL Calurnn 10, DO 3B6 =
AL10 7 LYTTL Calurmn 1/0, DO3EY

AG14 7 L¥TTL Calurn |0, RDMT

AF13 7 L¥TTL Calurnn |0, RUPY

AC13 7 LW¥TTL Colurmnn [0

| o

™ Show 'ho connect ping

V¥ Show current and potential SignalProbe pins

— Agsignment

Pin name: ISignaIF‘robe_‘I

J SighalProbe source: Iimt“

140 standard:  [LVTTL

V¥ Reserve pin [even if it does not exist in the design file)

¥ SignalProbe enable
Clock: I

IAS SignalProbe output

j Redqisters: I

Add [efete | Enable All SighalFrobe Routing Dizable All SignalPrabe Rauting |

oK Cancel |

|
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Smart compilation reduces compilation times by running only necessary
modules in a compilation. However, a full compilation is required if any
design files, Analysis & Synthesis settings, or Fitter settings have
changed.

To turn on Smart compilation, turn on Use Smart compilation in the

Compilation Process page in the Settings dialog box (Assignments
menu).

8-7
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Understanding
SignalProbe
Routing Failures

8-8

You get the following message after running a SignalProbe compilation if
you turned on smart compilation, made any change in a design file, or
changed settings related to the Analysis & Synthesis or Fitter modules.

Error: Can't perform SignalProbe compilation because
design requires a full compilation.

Il=~  Altera recommends turning on smart compilation so that you
are always working with the latest settings and design files.

If the SignalProbe compilation starts and fails, it could be because of one
of the following reasons:

1. The SignalProbe compilation failed to find a route from the
SignalProbe source to the SignalProbe pin because of routing
congestion.

2. You entered a SignalProbe source that does not exist or is an invalid
SignalProbe source.

3. The output pin selected is found to be unusable.

This can occur if the SignalProbe pin's I/O standard conflicts with other
1/0 standards in the same 1/0O Bank.

If routing congestion is preventing a successful SignalProbe compilation,
you can turn on Modify latest fitting results during SignalProbe
compilation in the SignalProbe Settings page in the Settings dialog box
(Assignments menu) to allow the compiler to modify the routing to the
specified SignalProbe source (see Figure 8-5). This setting allows the
Fitter to modify the existing routing channels used by your design.

=" Turning on Modify latest fitting results during SignalProbe
compilation may change the performance of your design.
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Understanding the Results of a SignalProbe Compilation

Figure 8-5. SignalProbe Settings Page in the Settings Dialog Box
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Understandi ng Use the Messages window to view the results of the SignalProbe
compilation. This window lists successfully routed SignalProbe pins. In
the Results of a addition, it displays slack information for each successfully routed

SignalProbe SignalProbe pin.
Compilation
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You can view the status and delays of each SignalProbe pin by viewing
the Status column in the Assign Pins dialog box (Assignments menu).
Table 8-1 describes the possible values for the Status column.

Table 8-1. Status Values

Status

Description

Routed

Connected and routed successfully

Not Routed

Not enabled

Failed to Route

Failed routing during last SignalProbe compilation

Need to Compile

Assignment changed since last SignalProbe compilation

You can find source to output delays for each routed SignalProbe pin in
the SignalProbe Source to Output Delays page under Timing Analyzer
in the Compilation Report window (see Figure 8-6).

Figure 8-6. SignalProbe Source to Output Delays Page in the Compilation Report Window
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Conclusion Using the SignalProbe incremental routing feature, the SignalProbe
source routing process can complete in a fraction of the time required for
a full recompilation. You can use the SignalProbe incremental routing
feature to get quick access to internal design signals to perform system-

level debugging
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