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Fitting Report Lab

Introduction


This lab uses two 16 bit loadable counters to demonstrate the XC9500XL CPLD’s pin-locking capability.  Since all devices in the XC9500XL family are in-system programmable, these devices contain an enhanced pin-locking capability that minimizes costly board rework.  As described in the course material, the product term allocator controls how the product terms are assigned to each macrocell, while providing outstanding performance. 

Objective

The purpose of this lab is to provide students the opportunity to implement a design for an XC9500XL CPLD and explain the contents of the Fitting Report created by the Design Manager.  

About the CNTSWAP project


The CNTSWAP projects shows the effect of routing resources and function block fan-in on the XC9500XLs pin-locking capability.  The projects contains two 16 bit loadable address counters loaded from separate buses but with common clock and hold signals (see CNTSWAP Project version 1 in Appendix).  Note that all pin assignments have already been made in the design.  The M1 software recommended these pin assignments. 


Once version 1 has been implemented and saved as version 2, the address data buses were switched and the project saved in the c:\95XL_lab\9500aft directory (see CNTSWAP Project version 2 in Appendix).  After implementing version 2 of the CNTSWAP project and observing the design performance in the Post Layout Timing Report, it is apparent that switching fifty percent of the logic has had no effect on the software’s capability to find a fit and obtain the same design performance.  

Pin Locking Issues with CPLDs


Typically, changes are made late in the design cycle, which can cause costly board rework.  Historically, CPLDs could not re-route with all the pin assignments and still get the same performance.  Some customers had to tolerate poorer performance to get their design to route.  Routing congestion, poor fitter performance, or routing feed throughs often caused the performance degradation.  Routing feed throughs occur when a signal cannot arrive at its destination without wasting another macrocell, and always requires extra delay.
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Figure 1.  The Product Term Allocation of 15 Product Terms.

The product term allocator in the XC9500XL architecture can re-assign other product terms within the function block to increase the logic capacity of a macrocell beyond five direct terms (see Figure 1).  The allocator is capable of borrowing product terms from any macrocell within the function block, regardless of direction, and can also skip macrocells if necessary.  Although borrowing product terms adds an additional delay of nearly 0.5 ns., having this flexibility greatly improves pin locking and performance. 

About the Fitting Report

The Fitting Report contains a great deal of information.  This section will describe some of the major sections of the Fitter Report, including:

· The Resource Summary section

· The Resources Used by Successfully Mapped Logic section

· The Function Block Resource Summary

XACT:  version M1.5.19                           Xilinx Inc.

                                  Fitter Report

   Design Name: sdram1

Fitting Status: Successful                          Date: 10- 7-1998,  4:25PM

****************************  Resource Summary  ****************************

Design        Device            Macrocells     Product Terms   Pins            

Name          Used              Used           Used            Used            

sdram1        XC9572XL-7-TQ100  52 /72  ( 72%) 103/360 ( 28%)  65 /72  ( 90%) 

PIN RESOURCES:

Signal Type    Required     Mapped  |  Pin Type            Used   Remaining 

------------------------------------|---------------------------------------

Input         :   40          40    |  I/O              :    64        2

Output        :   24          24    |  GCK/IO           :     1        2

Bidirectional :    0           0    |  GTS/IO           :     0        2

GCK           :    1           1    |  GSR/IO           :     0        1

GTS           :    0           0    |

GSR           :    0           0    |

                 ----        ----

        Total     65          65

GLOBAL RESOURCES:

Signal 'clk' mapped onto global clock net GCK1.

Global output enable net(s) unused.

Global set/reset net(s) unused.

POWER DATA:

There are 52 macrocells in high performance mode (MCHP).

There are 0 macrocells in low power mode (MCLP).

There are a total of 52 macrocells used (MC).

Figure 2.  The Resource Summary of the Fitting Report.

The Resource Summary section

The frequently used information is placed at the beginning in the Resource Summary section.  The Resource Summary contains the following information:

· The device chosen for implementation.

· The number of macrocells used and available.

· The number of product terms used and available.

· The number of pins used and available.

· A description of the pin types used in the project (i.e. global, input, or output).

· The number of macrocells in high and low power modes.

From the example (see Figure 2), it can be seen that the Sdram1 project used only one of the three available global clocks, used 72 percent of the macrocells, and 28 percent of the product terms.

The Resources Used section

The Resources Used section of the Fitting Report contains information that specifically describes the resources necessary to generate each output signal.  This chart has two sections, which contains the following information:
· The Logic section describes the logic necessary to generate an output signal from the CPLD.

· The Inputs section describes the location of each input signal. 

· The following information is included in both sections:

· The total number of product terms and signals necessary for the signals generation. 

· The specific function block and macrocell location where the signal was generated.

· The power mode and slew rate of the each macrocell.

· The pin number and type associated with each macrocell.  There are five pin types available: I/O, (b) buried, GTS, GSR, and GCK.  A buried pin is a macrocell that does not have a pin associated with it, or does not use its associated pin.

_***************Resources Used by Successfully Mapped Logic******************

** LOGIC **

Signal              Total   Signals Loc     Pwr  Slew Pin  Pin       Pin

Name                Pt      Used            Mode Rate #    Type      Use

$OpTx$FX_DC$1       1       2       FB2_18  STD       92   I/O       I

$OpTx$FX_DC$2       2       6       FB4_18  STD       79   I/O       (b)

$OpTx$FX_DC$3       1       2       FB4_17  STD       90   I/O       I

$OpTx$FX_DC$4       1       2       FB4_16  STD       86   I/O       I

BUF_domrs_q         1       4       FB1_9   STD       22   GCK/I/O   GCK

BUF_dopre_q         2       5       FB3_17  STD       58   I/O       I

BUF_inhost_q        2       5       FB1_14  STD       27   GCK/I/O   (b)

ads_block_q         5       9       FB1_18  STD       40   I/O       I

adspend_q           1       2       FB1_8   STD       17   I/O       I

aout<0>             3       5       FB2_4   STD  FAST 93   I/O       O

aout<10>            4       8       FB1_4   STD  FAST 20   I/O       O

aout<11>            2       3       FB2_8   STD  FAST 97   I/O       O

resetlast_q         1       1       FB3_8   STD       37   I/O       I

resets2_d           1       1       FB4_13  STD       85   I/O       I

stdVec21123<0>      1       2       FB1_2   STD       13   I/O       I

syn5854/syn5854_D2  3       4       FB1_15  STD       29   I/O       I

syn5879/syn5879_D2  1       3       FB4_12  STD       82   I/O       I

we                  2       5       FB1_13  STD  FAST 36   I/O       O

** INPUTS **

Signal                              Loc               Pin  Pin       Pin

Name                                                  #    Type      Use

ads_1                               FB4_9             66   I/O       I

ain28                               FB4_7             77   I/O       I

ain29                               FB4_1             65   I/O       I

ain30                               FB1_18            40   I/O       I

ain31                               FB4_16            86   I/O       I

ain<10>                             FB2_15            11   I/O       I

ain<11>                             FB3_15            56   I/O       I

ain<12>                             FB3_5             35   I/O       I

ain<13>                             FB1_6             15   I/O       I

ain<14>                             FB4_8             70   I/O       I

ain<9>                              FB4_12            82   I/O       I

be<0>                               FB3_12            61   I/O       I

be<1>                               FB1_12            33   I/O       I

be<2>                               FB4_10            81   I/O       I

be<3>                               FB3_2             32   I/O       I

blast_1                             FB4_13            85   I/O       I

cl1                                 FB4_17            90   I/O       I

clk                                 FB1_9             22   GCK/I/O   GCK

dramsize                            FB4_6             76   I/O       I

mrssel                              FB2_18            92   I/O       I

refrqus                             FB1_3             18   I/O       I

resetus                             FB2_16            10   I/O       I

wr                                  FB1_17            30   I/O       I

End of Resources Used by Successfully Mapped Logic

Figure 3.  The Resources Used by Successfully Mapped Logic Report.

From the example (see Figure 3), we see that the signal WE  uses two product terms and five signals.  WE is generated in macrocell thirteen contained in function block one.  The macrocell is in the standard power mode and pin thirty-six is associated with that macrocell.  The pin has an I/O type, but since the signal did  have to leave the device, the macrocell used that pin for an output.  

The Function Block Resource Summary section

The Function Block Resource Summary reviews the specific utilization of each function block.  Some of the information contained in this chart is:

· The number of function block inputs used and remaining.

· The macrocells that are used and what signal they generate.

· The number of product terms used in each macrocell, and how many were borrowed using the Product Term Allocator.

_*********************Function Block Resource Summary***********************

Function    # of        FB Inputs   Signals     Total       O/IO      IO    

Block       Macrocells  Used        Used        Pt Used     Req       Avail 

FB1           1          27          27           88         1/0       18   

FB2           1           2           2            1         0/0       18   

            ----                                -----       -----     ----- 

              2                                   89         1/0       36   

_*********************************** FB1 ***********************************

Number of function block inputs used/remaining:               27/27

Number of signals used by logic mapping into function block:  27

Signal              Total   Imp   Exp Unused  Loc     Pwr   Pin   Pin     Pin

Name                Pt      Pt    Pt  Pt              Mode   #    Type    Use

(unused)              0       0   \/3   2     FB1_1         9     I/O     I

(unused)              0       0   \/5   0     FB1_2         10    I/O     I

(unused)              0       0   \/5   0     FB1_3         15    GCK/I/O (b)

(unused)              0       0   \/5   0     FB1_4         11    I/O     I

(unused)              0       0   \/5   0     FB1_5         16    GCK/I/O (b)

(unused)              0       0   \/5   0     FB1_6         19    I/O     I

(unused)              0       0   \/5   0     FB1_7         17    GCK/I/O (b)

(unused)              0       0   \/5   0     FB1_8         20    I/O     I

(unused)              0       0   \/5   0     FB1_9         22    I/O     I

out1                 88      83<-   0   0     FB1_10  STD   24    I/O     O

(unused)              0       0   /\5   0     FB1_11        25    I/O     I

(unused)              0       0   /\5   0     FB1_12        27    I/O     I

(unused)              0       0   /\5   0     FB1_13        33    I/O     I

(unused)              0       0   /\5   0     FB1_14        35    I/O     I

(unused)              0       0   /\5   0     FB1_15        36    I/O     I

(unused)              0       0   /\5   0     FB1_16        38    I/O     I

(unused)              0       0   /\5   0     FB1_17        42    I/O     (b)

(unused)              0       0   /\5   0     FB1_18        39    I/O     (b)

Figure 4.  The Function Block Resource Summary section (part 1).

From the example (see Figure 4), from YD_PTRM it can be seen that the OUT1 output signal  uses eighty-eight product terms.  OUT1 borrows eighty-three terms.  All other pins within the block are buried (the inputs are all in FB2).

The Function Block Resource Summary section also includes a graphical representation of the signals used by each macrocell in a particular function block.  This chart contains the following information:

· The signals used by the entire function block and their corresponding number.

· A chart describing the fan-in for each macrocell.

Signals Used by Logic in Function Block

  1: $OpTx$$OpTx$FX_DC$2_INV$370 10: i                 19: r                

  2: a                 11: j                 20: s                

  3: b                 12: k                 21: t                

  4: c                 13: l                 22: u                

  5: d                 14: m                 23: v                

  6: e                 15: n                 24: w                

  7: f                 16: o                 25: x                

  8: g                 17: p                 26: y                

  9: h                 18: q                 27: z                

Signal                        1         2         3         4 Signals FB

Name                0----+----0----+----0----+----0----+----0 Used    Inputs

out1                 XXXXXXXXXXXXXXXXXXXXXXXXXXX............. 27      27

                    0----+----1----+----2----+----3----+----4

                              0         0         0         0

Legend:

Total Pt     - Total product terms used by the macrocell signal

Imp Pt       - Product terms imported from other macrocells

Exp Pt       - Product terms exported to other macrocells

               in direction shown

Unused Pt    - Unused local product terms remaining in macrocell

Loc          - Location where logic was mapped in device

Pwr Mode     - Macrocell power mode

Pin Type/Use - I  - Input            GCK/FCLK - Global clock

               O  - Output           GTS/FOE  - Global 3state/output-enable

              (b) - Buried macrocell

Figure 5.  The Function Block Resource Summary section (part 2).

From the example (see Figure 5), the OUT1 output requires twenty-seven signals for its generation.  OUT1 requires the  signals “a” through “z” as inputs.  The signal $OpTx$… is indicative of an internal node.  This is a point where other signals are fed-back into the FastConnect structure.

It is also evident that although each function block can use up to fifty-four different signals, this function block only required twenty-six.


Finally, at the end of the report there are Implemented Equations, Device Pin Out, and Compiler Options sections.

Procedure

Opening an existing project within Foundation

1) Open the Foundation Project Manager by clicking on Start -> Programs -> Foundation Series -> Foundation Project Manager.  

2) In the Foundation Project Manager window, click on File -> Open Project.

3) Go to the c:\95XL_lab\9500b4 directory, click on the CNTSWAP project, and click on the Open button.
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In the Foundation Project Manager window, open the Schematic Editor by clicking on its’ icon.

 Implementing the CNTSWAP project in the c:\95XL_labs\9500b4 directory

1) [image: image4.png]


While in the Foundation Project Manager, click on the “Implementation” button to generate an EDIF netlist. 
2) Click on the Run button within the Implementation window.  This will start the implementation process and bring up the Flow Engine window.  

3) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window at the bottom of the Flow Engine.  After the Flow Engine has stopped running, click on the OK button.

4) After the translation is complete, M1 will show the design as the current project in the Versions Tab.

5) [image: image5.png]


To review the Fitting Report, click on the “Report Browser Button.” The information in the Fitting Report will be necessary to answer all of the questions in the next section of the lab.  

Implementing the CNTSWAP project in the c:\95XL_lab\9500aft directory

1) In the Foundation Project Manager window, click on File -> Open Project.

2) Go to the c:\95xl_labs\9500aft directory, click on the CNTSWAP project, and click on the Open button.

3) While in the Foundation Project Manager, click on the “Implementation” button to generate an EDIF netlist. 
6) Click on the Run button within the Implementation window.  This will start the implementation process and bring up the Flow Engine window.  

7) While the design is being processed, monitor the implementation progress through the Flow Engine’s Message window at the bottom of the Flow Engine.  After the Flow Engine has stopped running, click on the OK button.

8) After the translation is complete, M1 will show the design as the current project in the Versions Tab.

9) To review the Fitting Report, click on the “Report Browser Button.” The information in the Fitting Report will be necessary to answer all of the questions in the next section of the lab.  

Questions (Answers are in the Solutions section at the end of the lab manual)

1) How many product terms were used in Function Block #1 of the CNTSWAP project in the c:\95XL_lab\9500b4 directory?

2) How many product terms are available in a single function block in an XC95144XL?

3) What percentage of  macrocells were used by CNTSWAP?

4) How many available I/O pins were used by CNTSWAP?

5) How many product terms were imported and exported in function block #1 for the CNTSWAP project?

6) Were the ALOAD, BLOAD, or HOLD signals routed on any global routing resources and how can this be determined?

7) Should using FAST slew rate on ALL the outputs for this design give cause for concern?

8) Which pin is associated with macrocell #5 in function block #1?

9) How can it be determined which input signal uses macrocell #5 in function block #1?

Conclusion


In this lab, the XC9500XL architecture was shown to have significant features to aid pin-locking.  In this design, the XC9500XL CPLD has the ability to maintain its pin assignments, even when 50 percent of the logic is switched.  The Fitting Report was reviewed, and it was shown how to analyze the projects.
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