
M1.5

Fitting Report Lab

Fitting Report Lab

Introduction


This lab uses an SDRAM controller to demonstrate the capabilities of the M1.5 software and the XC9500XL device family.

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 Implementation Tools.  It also allows the student to see different implementation results by using the pre-defined options templates.

About the SDRAM2 project


The SDRAM2 project is an example of a typical customer design.  The Sync DRAM interface is one that many customers will use.  Students will notice that the results vary significantly from the SDRAM1 project that is included on the lab disk.  The student may wish to implement this design also for comparison.  Both designs leave a portion of the device available for additional circuitry.


Students will use the implementation options to check the various trade-offs between speed and density in the CPLD devices.  

NOTE:  The timing specifications in the M1.5.19 software are preliminary and will not reflect final silicon.  The actual silicon will be faster.  The current revision of software has calculation errors.  The current calculations do not match the new architecture. The software will be updated after the final characterization and specifications are complete.

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

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 1), it can be seen that the SDRAM1 project used only one of the three available global clocks, used 29 percent of the macrocells, and 19 percent of the product terms.

XACT:  version M1.5.19                           Xilinx Inc.

                                  Fitter Report

   Design Name: sdram1

Fitting Status: Successful                          Date:  7-27-1998,  7:02AM

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

Design        Device            Macrocells     Product Terms   Pins            

Name          Used              Used           Used            Used            

sdram1f       XC95144XL-7-TQ144  43 /144 ( 29%) 141/720 ( 19%)  65 /117 ( 55%) 

PIN RESOURCES:

Signal Type    Required     Mapped  |  Pin Type            Used   Remaining 

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

Input         :   40          40    |  I/O              :    64       45

Output        :   24          24    |  GCK/IO           :     1        2

Bidirectional :    0           0    |  GTS/IO           :     0        4

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 43 macrocells in high performance mode (MCHP).

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

There are a total of 43 macrocells used (MC).

Figure 1.  The Resource Summary of the Fitting Report.

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

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

· The following information is included in both sections:

· 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

ads_block_q         5       10      FB6_18  STD            (b)       (b)

adspend_q           2       7       FB7_18  STD            (b)       (b)

aout<0>             3       5       FB4_12  STD  FAST 134  I/O       O

aout<10>            4       9       FB5_2   STD  FAST 52   I/O       O

_hold_q             4       10      FB1_17  STD       30   GCK/I/O   GCK

domrs_q             2       9       FB1_15  STD       28   I/O       (b)

donop_q             2       4       FB2_17  STD       15   I/O       I

inhostlast_q        2       4       FB1_13  STD            (b)       (b)

ras                 6       16      FB3_6   STD  FAST 34   I/O       O

ready_1             10      15      FB1_3   STD  FAST 17   I/O       O

stdVec21123<0>      6       14      FB1_18  STD            (b)       (b)

** INPUTS **

Signal                              Loc               Pin  Pin       Pin

Name                                                  #    Type      Use

ads_1                               FB4_6             129  I/O       I

cl1                                 FB4_14            136  I/O       I

clk                                 FB1_17            30   GCK/I/O   GCK

wr                                  FB6_17            125  I/O       I

End of Resources Used by Successfully Mapped Logic

Figure 2.  The Resources Used by Successfully Mapped Logic Report.

From the example (see Figure 2), we see that the signal RAS uses sixr product terms and sixteen.  RAS is generated in macrocell six contained in function block three.  The macrocell is in the fast power mode and pin thirty-four is associated with that macrocell.  The pin has an I/O type, but only uses the 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           9          17          17           36         2/0       15   

FB2           3          17          17           15         1/0       15   

FB3           5          18          18           25         5/0       15   

FB4           7          17          17           21         5/0       15   

FB5           7          17          17           16         5/0       14   

FB6           5          17          17           15         4/0       13   

FB7           4          17          17           10         2/0       15   

FB8           3           3           3            3         0/0       15   

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

             43                                  141        24/0      117   

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

Number of function block inputs used/remaining:               17/37

Number of signals used by logic mapping into function block:  17

Signal              Total   Imp   Exp Unused  Loc     Pwr   Pin   Pin     Pin

Name                Pt      Pt    Pt  Pt              Mode   #    Type    Use

(unused)              0       0     0   5     FB1_1         23    I/O     

(unused)              0       0   \/3   2     FB1_2         16    I/O     (b)

ready_1              10       5<-   0   0     FB1_3   STD   17    I/O     O

(unused)              0       0   /\2   3     FB1_4         25    I/O     (b)

(unused)              0       0     0   5     FB1_5         19    I/O     

(unused)              0       0     0   5     FB1_6         20    I/O     

(unused)              0       0     0   5     FB1_7               (b)     

(unused)              0       0     0   5     FB1_8         21    I/O     

dqm<3>                5       0     0   0     FB1_9   STD   22    I/O     O

(unused)              0       0     0   5     FB1_10        31    I/O     

(unused)              0       0     0   5     FB1_11        24    I/O     

resetlast_q           1       0     0   4     FB1_12  STD   26    I/O     (b)

inhostlast_q          2       0     0   3     FB1_13  STD         (b)     (b)

dopre_q               2       0     0   3     FB1_14  STD   27    I/O     (b)

domrs_q               2       0     0   3     FB1_15  STD   28    I/O     (b)

inhost_q              4       0     0   1     FB1_16  STD   35    I/O     (b)

cycrun_hold_q         4       0   \/1   0     FB1_17  STD   30    GCK/I/O GCK

stdVec21123<0>        6       1<-   0   0     FB1_18  STD         (b)     (b)

Figure 3.  The Function Block Resource Summary section (part 1).

From the example (see Figure 3), it can be seen that the READY1 output signal uses ten product terms.  READY1 borrows five product terms, three from the macrocell above and two from the adjacent macrocell below.  READY1 is generated in macrocell three of function block one and the macrocell is in standard power mode.  Pin number seventeen is associated with this macrocell, and the pin is an output.

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.

From the example (see Figure 4), the INHOSTLAST_Q signal is shown to require four signals for its generation. INHOSTLAST_Q requires the following signals:

· 9: blast_1
· 11: inhost_q 

· 14: ready_1
· 15: reset
It is also evident that although each function block can use up to fifty-four different signals, this function block only required seventeen.

Signals Used by Logic in Function Block

  1: ads_1              7: ain31             13: mrssel           

  2: ads_block_q        8: be<3>             14: ready_1          

  3: adspend_q          9: blast_1           15: reset            

  4: ain28             10: cl1               16: resetlast_q      

  5: ain29             11: inhost_q          17: wr               

  6: ain30             12: inhostlast_q     

Signal                        1         2         3         4 Signals FB

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

ready_1              XXXXXXX.XXXXXXX.X....................... 15      15

dqm<3>               XXXXXXXXX.X.XX..X....................... 13      13

resetlast_q          ..............X......................... 1       1

inhostlast_q         ........X.X..XX......................... 4       4

dopre_q              ........X.X..XXXX....................... 6       6

domrs_q              XXXXXXX.....X.X......................... 9       9

inhost_q             XXXXXXX.X.X.XXX......................... 12      12

cycrun_hold_q        X.XXXXX.X.X..XX......................... 10      10

stdVec21123<0>       XXXXXXX.X.X.XXXXX....................... 14      14

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

                              0         0         0         0

Figure 4.  The Function Block Resource Summary section (part 2). 


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

The Timing Report (Summary Option)

The Performance Summary Report

The Performance Summary Report reviews the worst case overall timing delays.  tPD, tCO,  tCYC, and tSU are shown for the worst case paths.  Overall Fmax is shown at the botttom of the section.  More detailed information in a semi-graphical depiction is provided later in the report.  Specific data per path can be obtained by utilizing the “detailed” option for the Timing Report.  

Performance Summary Report

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

Design:     sdram1

Device:     XC95144XL-7-TQ144 

Program:    Timing Report Generator:  version M1.5.19

Date:       Mon Jul 27 07:02:40 1998

Performance Summary: 

Pad to Pad (tPD)                          :          8.3ns (1 macrocell levels)

Pad 'ain28' to Pad 'cs'                                           

Clock net 'clk' path delays:

Clock Pad to Output Pad (tCO)             :         10.8ns (2 macrocell levels)

Clock Pad 'clk' to Output Pad 'cs'                                        (GCK)

Clock to Setup (tCYC)                     :          8.8ns (1 macrocell levels)

Clock to Q, net 'reset.Q' to DFF Setup(D) at 'stdVec21123<0>.D'           (GCK)

Target FF drives output net 'stdVec21123<0>'

Setup to Clock at the Pad (tSU)           :          6.3ns (0 macrocell levels)

Data signal 'ain28' to DFF D input Pin at 'stdVec21123<0>.D'

Clock pad 'clk'                                                           (GCK)

                          Minimum Clock Period: 8.8ns

                     Maximum Internal Clock Speed: 113.6Mhz

                            (Limited by Cycle Time)

Figure 5.  The Performance Summary Report section
  Note that the Fmax is 113.6 Mhz for this implementation.  The student is cautioned that the timing specifications for the XC9500XL family are not complete.  The actual speeds of the devices will be faster than the preliminary results above show.

Procedure

Opening an existing project M1.4 project within Foundation.  Convert project type to M1.5.

1) Open the Foundation Project Manager by clicking on the foundation icon or by: 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\fitrlab directory, click on the SDRAM1 project, and click on the Open button.  Note that the Project Manager looks much like the M1.4 version of the software.  The project type is 1.4.

4) In the Foundation Project Manager window, change the project type to M1.5 by ,clicking on File -> Project Type. 
5) Under “Available Types” hilight “Foundation Series v1.5” then  click on Change.  Note that the look of the Project Manager is the new integrated Design Manager.
 Implementing the SDRAM2 project

1) Time constrains lead us to opening a copy of the SDRAM2 project that does not require re-synthesis.  Synthesis of SDRAM2a with FPGA Express is left as a “homework” assignment.  In the Foundation Project Manager window, click on File -> Open Project.

2) Go to the c:\fitrlab directory, click on the SDRAM2 project, and click on the Open button.

3) While in the Foundation Project Manager, click on the “Implementation” button to Process the netlist and implement the design.  The current software revision processes the initial implementation as “Optimize for Speed” standard template. 
4) After the implementation the report browser may be used to review the fitting and timing reports for the lab questions on rev1

5) While in the Foundation Project Manager, click on Project  -> Create Revision then OK.

6) Next, Do Not click on the Implementaion Button click on the Impementation section of the toolbar ( ie the word “Implementation” on the top bar of the Project Manager) then Options.  
7) When the Options dialog appears, hilight “ Optimize Density” under Implementaion then click on OK
8) Now click on the Implementation Button

9) If a dialog box appears with “Overwrite existing revision?” click NO
10) Click on the “Play” button in the Flow Engine.

11) After the implementation the report browser may be used to review the fitting and timing reports for the lab questions on rev2.  Individual revisions may be accessed by clicking the “Versions” Tab in the project manager.

Questions 

Speed Optimized (rev. 1)

1) How  many function blocks were used in the rev 1 fit?

2) How many pterms were used in rev 1 fit?

3) What was the location of  ADDRESS_BUS_IN<3> in the rev 1 fit?

4) How many macrocells were used in the rev 1 fit? 

5) What was Fmax for rev 1 fit?

6) What was the maximum number of macrocell levels (feedback) in the rev 1 fit?

Density Optimized (rev. 2)

7) How  many function blocks were used in the rev 1 fit?

8) How many pterms were used in rev 1 fit?

9) What was the location of  ADDRESS_BUS_IN<3> in the rev 1 fit?

10) How many macrocells were used in the rev 1 fit? 

11) What was Fmax for rev 1 fit?

12) What was the maximum number of macrocell levels (feedback) in the rev 1 fit?

Conclusion


The Foundation Series M1.5 software incorporates the design manager into the Project Manager.  The  tool is used to easily implement (fit) a design to an XC9500/XL device.  The reports generated by the tool yield easy access to physical mapping of device usage and timing.
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