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Tutorial 1: 2-Input AND Gate Design

In this tutorial, you will be guided through a complete Verilog design flow using ProChip Designer and

Mentor Graphics Precision Synthesis.

Create a New Project in ProChip Designer
1. Double click on the ProChip Designer 5.0 icon to launch ProChip Designer.

Under the Project menu of ProChip Designer, select New Project Wizard...
In the New Project Wizard — Step 1 of 6 window, click on the Next > button.

In New Project Wizard — Step 2 of 6 window, click on the Browse button and create a new design
directory “C:\CPLD_training\Mentor_Verilog\LAB1” and specify “LAB1.apj” as the project name.

In the Part Number dialog box of the New Project Wizard — Step 3 of 6 window, select
ATF1504AS-10AU44 (or any ATF15xx 44-TQFP that is available to you) as the target device type.

2
3.
4

Then click on the Next > button.
5.

Then click on the Next > button.
6.

In the Tool flow dialog box of the New Project Wizard — Step 4 of 6 window, select Verilog —

Mentor Graphics. Then click on the Next > button.

7. Inthe New Project Wizard — Step 5 of 6 window, click on the Next > button.

8. In the New Project Wizard — Step 6 of 6 window, click on the Finish button to close the New

Project Wizard.

Upon clicking on the Finish button, the Project (left), Design Flow (right) and Log (bottom) windows will

appear as shown below.

A ProChip Designer (LAB1.apj)

e e e o ———— - - - ———

Project  Edit Options  Help
[ | Project: LAB1.apj Part - U1
SHE U1 - ATF1S04AS-10AU84

Source Manager : [cACPLD_training\Mentc

: ATF1504A5-10AU44

J Design Flow

=
(=]

Logic Synthesis : [cACPLD_training'Mento
Device Fitter . [cACPLD_training\Wentor_\
Testbench Manager : [cACPLD_training\he
Functional Simulatien : [cACPLD_trainingih

Design

Source

Device

Progranning

Atmel ISP

EIEEEE PR

Verilog - ModelSim

Timing Simulation : [cACPLD_training\Mentc B"‘Iﬂﬂager — S}-‘[lﬂlESiS —1 FITTE‘I
Add ! Edit erilog - Precision Atmel Fitter
Sinulation
Testbench
Manager
Functional A Eai Timing
Simulation Simulation | |

Verilog - ModelSim

| I;IJ‘I

Log

Log: Part U1 : ATF1504A 5-10AU44 added to project LAB1.apj

Log: Part U1 (ATF1504A5-10A044) toolflow set to Verilog - Mentor Graphics

cACPLD_training'Mentor_VerilogLAB1\LAB1.apj

ProChipDesigner Project
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The Design Flow view shows the steps that are required to implement a design in an ATF15xx CPLD
using ProChip Designer. The arrows on the diagram show dependencies for the different steps. For
example, in order to run Timing Simulation, you must first complete the Source Manager, Logic Synthesis,
and then Device Fitter steps to generate the necessary back-annotated simulation files and also setup the
testbench file in the Testbench Manager.

Create a New Verilog Design Using HDL Planner
1. Click on the Add / Edit button under Source Manager of the Design Flow tab window.

Al f Edlit

2. Click on the New button in the Source Manager window to open the New Design File dialog
window.

Source Manager — @

Project Directory:
cACPLD_training\Mentor_Werilog\LAB1

Mew Design File @
New Filename: | AN D_z-"'i
Accept | Cancel | Help |

Add

Remove J

[ Add a= Top-level Dezign

Close Help
|

Note:

When creating or adding design files in this window, the top-level design file must be placed at the top
of the file list. Therefore, it must be created/added in this window first before other sub-modules are
created/added, or the Add as Top-level Design box must be checked before creating/adding the
top-level design file.

3. Enter the Verilog design filename “AND_2.v“ into the New Design File dialog window and then click
on the Accept button. The New module wizard window will open.
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4. Inthe New module wizard window, enter “AND_2” into the Entity name box.

Note:

“AND2” cannot be used as the Entity name since “ANDZ2” is the name of a component in the ATF15xx
synthesis library.

5. Enter “A” into the Port name box, select Input under Mode and scalar under Type, and then click on
the Add Port button.

6. Enter “B” into the Port name box, select Input under Mode and scalar under Type, and then click on
the Add Port button.

7. Enter “Q” into the Port name box, select output under Mode and scalar under Type, and then click
on the Add Port button.

Now, the Ports dialog box will show the input and output ports as shown below.

Mew module wizard H

— WHOL ecde lor AMD-OR-INFERAT g

A

litarary IEEE;

use |[EEE.STD LOGIS 1184al; B

HDLPlanner™ F
Module: ity A0 i

e |
[(ano_2 sSR0SI D |

%
Port name: Mode: Type:
| output ﬂ | scalar ﬂ { ot
Ports: 0 jl 0 jl Remove Port
input A J
input B
output Q

Create Cancel |

8. Click on the Create button to create the Verilog design file with the Entity, Input Ports and Output
Ports specified in the New module wizard and the Verilog design file will open in HDL Planner.

Note:
If you do not wish to use the New module wizard, you can just click on the Cancel button in the New
module wizard and then create the design code in HDL Planner directly.
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9. Add the following logic equation to the Verilog design file before “endmodule”:

assign Q = A & B;

A HDLPlanner: AN, e o
File Edit “erilog
B OSES |4 i
Text:
| Medium |
module AND 2 (A.B.Q) - B
il input A;
il input B;
output Q;
r":"r.ﬁeg-'-". |
assign Q = A & EJ:|
endmodule i
Sl
File: cA\CPLD_trainin | Ln & | EDr

£ (e i

10. Go to the File menu in HDL Planer and then select Save to save your design to the current project
directory.

11. Go to the File menu in HDL Planner and then choose Exit to close HDL Planner.

Setup Testbench File for Simulation

Note:

To run VHDL/Verilog simulation, a separate license for ModelSim from Mentor Graphics is required.
Please contact Mentor Graphics for details. If a ModelSim license is not available, please skip the
simulation sections of the tutorial.

1. Pressthe Add / Edit button under Testbench Manager of the Design Flow tab window.

Testbench

Manager

Add [ Edit
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2. When the Testbench Manager window opens, click on the New button and then enter
“AND2_TB.v”. Then click on the Accept button and the New module wizard window will open.

Testbench Manager | = S " =

Project Directory:

cACPLD_training\Mentor_Werilog\LAB1

Mew Test File I @

MNew

Filename: |AND2_TE'-"1
Edit

Accept Cancel Help
Add
Remove J
Close Help

3. Inthe New module wizard window, click Cancel to close this window. A blank file will open in HDL
Planner.

4. Add the following lines of code into the Verilog testbench template file.

“timescale 1ns/100ps

module AND2Z TB;

// declare pin names

//begin

// add design description here

reg SIG A, SIG B;
wire SIG Q;
AND 2 Ul(.A (SIG A), .B(SIG B), .Q(SIG Q));
initial

begin

#0

SIG A <= 1'b0;
SIG B <= 1'b0;
#50

SIG A <= 1'b0;
SIG B <= 1'bl;
#50

SIG A <= 1'bl;
SIG B <= 1'b0;
#50

SIG A <= 1'bl;
SIG B <= 1'bl;

#50
end
endmodule
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5. Go to the File menu of the HDL Planer and then select Save to save your Testbench file to the
current project directory.

6. Go to the File menu of the HDL Planner and then choose Exit to close HDL Planner.

Functional Simulation using ModelSim

1. Click on the Verilog - ModelSim button under Functional Simulation of the Design Flow tab
window.

Functional

Simulation

Werilog - Model=im

2. If there is no syntax error in the AND2_TB.v file, the following window will appear.
Y

Project Directory:

I CUCPLD trainingbdentor_Verilogl AB1

File/Ertity

AHDZ2_TB.u»

Cloze | Simulatel Help |
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Note:

If the Log window at the bottom of the ProChip Designer window shows errors, please scroll up to see
the actual error message in the Log window. Then, double-click on the Verilog file in the project tree
to open the Verilog file in a text editor to correct the syntax error in the Verilog testbench file or top-
level Verilog design file before performing functional simulation again.

3. Highlight the testbench file AND2_TB.v in the Functional Simulation window and then press
Simulate to open ModelSim to perform functional simulation.

4. Wait for ModelSim to launch. Then enter the run —all command in the Transcript window of
ModelSim to run the entire simulation time specified in the testbench file.

l|:;?[|'I"‘Il:ll:IEISim ATMEL 6.1b - Custom Atmel Yersion 1ol =i
File Edit Yew Format Compile Simulate Add  Tools  Window Help
|Dswa 25 | | e 4 I wesfELEIE BT g o

Under 3 14 £

J Cantains: i J e J i )}é i

e e x| | et T ]
£ wave KE | Prafile Details HE Ha %

# vaim -do doFile.tst ANDZ_TE
# 4/ ModelSim ATMEL 6.1b Sep 8 2005

#4

#// Copynight Mentor Graphics Corporation 2005
#4 All Rights Reserved.

#4

# /4 THIS wWORK CONTAINS TRADE SECRET AMD

#// PROPRIETARY INFORMATION WHICH 15 THE PROPERTY
# 4/ OF MENTOR GRAPHICS CORPORATION OR ITS LICENSORS
# 4/ AMD IS SUBJECT TO LICEMSE TERMS.

B4

# Loading work AMD2_TE

# Loading work AMD_2

# = \Wwamming: [waim-3009) [TSCALE] - Module ‘AMND_2" does not have a timescale directive in effect, but previous modules do.
# Region: AAMD2_TEAT

kt do daFile. st

# main_pane.sighals.intenon cs

WEIM 2> run -all

|NOW: O ps Delta: 0 |sim:fAND2_TEI - Limited isibility Region

5. In the main ModelSim window, go to Simulate = Break to stop the simulation.
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6. Use the Unlock button 2 in the Wave —default window to maximize the Wave window.

7. Select View = Zoom = Zoom Full from the Wave window and then adjust the range for the

displayed signals to see the complete waveform diagram as shown below.

Flle Edic ‘View Insert Format Tools Window

=lalx|

NEEEFEEE TR
SEEA

40ng B0 ns 120 s
Curgar 1

160 hg

of 2R

[ 0ps o 172400 ps [ Mow: 200ns Delta: 1

BN

8. Select File = Quit from ModelSim window and then select Yes to end simulation and close

ModelSim window.

Logic Synthesis using Precision Synthesis

1. Press the Verilog - Precision button under Logic Synthesis of the Design Flow tab window.

Verilog - Precision
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2. Click on the Compile button in the Logic Synthesis window to run Precision Synthesis.

Logic Synthesis @

Tool
Info

| Verilog - Precigion (Mentor Graphics)

Project Directory
| cACPLD_trainingiMentor_Verilog\LAB1

Input
Top Level Design File | AND_2v

Output
Edif File | AND_2 edf

[ wview file when compiled
Log File | AND_2Iog

W wiew file when compiled

I Update Pin/Mode Signal Mames and Pin Assignments after each Compilation
¥ Run Precision in shell mode

r Exit too nen compied

Cloze Default Help

Now, since the Run Precision in Shell mode option in the Logic Synthesis window is checked by
default, ProChip Designer will display a DOS Prompt window when running the script file to compile
and synthesize the design with Precision Synthesis.

B c\ATMEL_PLS Tools T1DVPrecision\bin\precision.exe |5|E|ﬂ:—hj

[480P8]: Last compiled on Aug 7 26013 12:060:B84
[44512]1: Initializing...
[44522 Root Module AND_Z2: Pre—processing...
Root Module AND_2: Compiling...
Compilation successfully completed.
Total lines of RTL compiled: 7.
Total CPU time for compilation: 8.3 secs.
Ouerall running time for compilation: 2.8 secs.
[654]1: Current working directory: G: CPLD_training/Mentor_Verilog-/LAB1-A

[15329]1: Doing rtl optimizations.
[657]1: Finizhed compiling design.
[654]1: Current working directory: GC: CPLD_training-Mentor_Verilog-LAB1-A

: —— Optimizing netlist .work.AND_2.INTERFACE
Final Design Rule Check..
[15885]1: RBunning timing optimization for design .work.AND_2_ INTERFACE.
[8B321: Starting DRC check ...
[88331: End DRC check ...
[38271: Writing file: C:ACPLD_training/Mentor_lerilog~-LAB1-AND_2-AND_2 _e

[657]1: Finished synthesizing design.
[118191: Total CPU time for synthesis: B.
[118281: Overall running time for synthesis
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3. If there is no syntax error detected during compilation or synthesis of the design code, the AND_2.log
file will appear. Review the AND_2.log file and then select File = Exit to close it.

( ﬂ Atmel Text Viewer: AND_Z.log =REn X ]
File ‘“iew Edit Help
B EH & & B & ¥ ¥ — 34 | |Defaut(Fixed) -]
# Info: |

Trfo: %369 3 36 3 3 3 9 36 36 36 3 3 3 36 36 36 3 3 36 36 36 36 36 36 36 36 3636 3 3636 3 3 I I KWK KK

Info: Library: work Cell: AMD_Z2 Wiew: INTERFACE

Info T 336363 36 3 36 336 I I I I I NI NI I I E NI I KN E NI KRN NEE

Info: HMNumber of accumulated instances : 4

Warning: [9526]: Discarded unsaved work in implementation AWD_Z2.
Info: [9530]: Closed project:

:#CPLD_training-Mentor Verilog-LABLl-AND_Z.psp.

#

#

#

# Info: Cell Library References Total Area
# Info: ANDZ2 atfl5as 1= 1 1 ANDZ
# Info: BUF atfl5as 1= 1 1 BUF
# Info: IMBUF atflbas 2 x 1 2 INEBUF
# Info: HNumber of ports : 3

# Info: HMNumber of nets b

# Info Humber of instances 4

# Info: MNumber of references to this view : 0

# Info: Total accumulated area

# Info: HNumber of ANDZ 1

# Info: HMNumber of BUF : 1

# Info: HNumber of INBUF 2

#

#

#

C

[~
| File: c:ACPLD_training\Mentor_VerilogiLAB1WAND_2.log | Ln 123 Col 49

- —

———————

Note:
If syntax error is detected, you must go back to the text editor to correct the syntax error in the design
code, and then start the synthesis process again.

Now, AND_2.edf and AND_2.log are shown in the project tree as shown below.

—ﬁ Logic Synthesis : [cACPLD_training\Mentor_Verilog\LAB1]
- L AND 2 edf
[ AND_2log

Device Fitting Using Atmel Fitter

1. Press the Atmel Fitter button under Device Fitter of the Design Flow tab window.

Atmel Fitter
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2. The Fitter Options window opens as shown below.

Fitter options

Tool
’VI CAATMEL_PLS_Tools T1D\ProchipWPLDFit\fit1504.exe ‘ .....

Project Directory
’VI cACPLD_training\Mentor_VerioghLAB1

Input
[ Edif File | AND_2.edf ‘
~ Output

Jedec File I AND_2 jed

ReportFie | AND_2.ft

V' view fie after fitting

 UES

(2 ASCI Characters) I

Close | RunFitter | Default Help |

3. Select the Global Device tab.

Fitter options

r~ Global Configuration

i ~JTAG——— PowerReset———————— Pin Fit Control
F 1Tag Port " Large Hysteresis " Ignore
¥ DI Pullup @ SmalHysterssis | | © Keew || m
V' TMS Pulup

[ Power Save
I Pin Power Down 1

 Device Logic Options
¥ optimize
™ Latch Synthesis
¥ Not Gate Push Back

I Pin Power Down 2
™ GCLK Auto Wake

GCLK1 Auto Wake

GCLKZ Auto Wake

I' Logic Doubling

" GCLK3 Auto Wake always @i necessary

i i Security
[ ¥ Generate Sim Files | [ ™ secure Device

Close | RunFitter | Default | Help |

4. Enable/check the Keep option for Pin Fit Control to keep the pre-assigned and locked input and I/O
pin assignments. Pin assignments will be performed in the steps below.

Note:

Please make sure that the JTAG, TDI Pull-up, and TMS pull-up options are enabled (checked),

which are required to program the ATF15xx via JTAG ISP in later sections of this tutorial.
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Select the Pins tab to see the input and output signals.

Highlight Q <out> in the window on the left and then select 28 under the by Pin drop-down menu to
lock the output Q signal to LED1 on the ATF15xx-DK3 board.

7. Highlight B <inp> in the window on the left and then select 15 under the by Pin drop-down menu to
lock the input B signal to SW1 push-button switch on the ATF15xx-DK3 board.

8. Highlight A <inp> in the window on the left and then select 14 under the by Pin drop-down menu to
lock the input A signal to SW2 push-button switch on the ATF15xx-DK3 board.

[ L L . > - —
Fitter options

=

Pin Opti
Sort: % Name  Pin ¢ Macrocel =

Fast Reg Input On Off @ Defautt
Geout=*Lock® Pin:28 MC:51
0 Off ¢ Defautt
- Beinp>*Lock® Pin:15 MC:17 FOET S f etau Global Device
#-A<inp>*Lock® Pin:14 MC:19 Fast Slew Rate Off (% Defautt

KMC & 10

Open Collector Off ™+ Defautt

Global OE

7YY YN
g
i Je Tie Tis Tie

Dff % Default

Logic Options.

i Soft Buffer " on { Off * Default
Enable Foldback ¢ On { Off (¥ Default
Cascade (" on " Off & Default
XOR Syn.  on  Off % Defautt
Schmitt Trigger. ¢ On  Off ¥ Default
SSTL " on " Off f* Defautt
\ Pull-Up (" on {* Off C Default
Pin Keeper (" On { Off & Default

Pin/Node Lock: by Pin by Macrocell

setto... | | Syl

Close RunFitter Default Help

9. Press the RunFitter button to fit the design and to generate a JEDEC programming file (.JED) for the
selected device type. The Fitter Report file (.FIT) as well as the *.VO and *.SDO back-annotated
simulation files will also be generated at the same time.

10. If there is no fitting issue, the following window will appear. Click OK to close it.

=

Design successfully fit.

11. Click on the Close button to close the Fitter Options window. Now, you can review the Fitter Report
file (AND_2.fit) for details of the fitted design.
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-fe U1 ATF1504A45-10A044
-}* Source Manager : [cACPLD_training\Mentor_Verilog\LAB1]

----- AND_Z.v

—ﬁ Legic Synthesis : [cACPLD_training\Mentor_Verilog\LAB1]

----- AND_2.edf

----- AND_Z Iog

=1~/ Device Fitter : [eACPLD_training\Mentor_WerilogiLAB1]
-3 AND_2jed

----- AND_2.fit

=1~/ Testbench Manager : [cACPLD_training\Mentor_Werilog\LAB1]
-3 anDz_TB Y

- & Functional Simulation ; [cACPLD_training'\Mentor_VeriloghLaB1]
- Timing Simulation : [cMCPLD_training\Mentor_Verilog\LAB1]

L3 AND_Z.vo

Note:

AND_2.vo and AND_2.sdo back-annotated simulation files must be present in order to perform timing

simulation.

Timing Simulation using ModelSim

1. Since the Verilog testbench file was previously created for functional simulation and added to the
Testbench Manager, you can now press the Verilog - ModelSim button under Timing Simulation of

the Design Flow tab to run timing simulation on the AND_2 Verilog design.

Serilog - ModelSim

2. Highlight AND2_TB.v in the Timing Simulation window and then click on the Simulate button to

open ModelSim for timing simulation.

Project Directory:

iming Simulation %]

‘ cWCPLD_trainingWentar Y erilogiL AB1

FileErtityiComponent

[+-AND2_TB.v =]

=l

Helgp
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3. Wait for ModelSim to launch. Then enter the run —all command in the Transcript window of

»

o g

™~

ModelSim to run the entire simulation time specified in the testbench file.

lﬁ]‘MudelSim ATMEL 6.1b - Custom Atmel ¥ersion B [

File Edit View Format Comple Smulate Add Tools ‘Window Help

KT G EINTE]E!
Eontains:l— Ed J %

Th]&ND2_TEw [ It | 4| s =

# vaim -L cpld_ver -do doFile tst -sdityp /AND2_TB/UT=c:/CPLD_training/Mentor_Yerlog/LAB1/AND 2 sdo ANDZ_TB
# Loading work AMDZ_TE

# Loading work AND_2

# Loading c:\ATMEL_PLStools\ModelSimETbADE Mimadetechwin32acem/.. /atmelverlog/cpld_ver TRI

# Loading o %A TMEL_PLStools\ModelSimET ha0E Mimodeltechimind2aoem/. ./ atmel Averlogdcpld_wver BUF

# Loading o \ATMEL_PLStools\ModelSimE1bADEM\modetechiwind2acem/.. /atmelverlog/opld_ver X0R2

# Loading c:\ATMEL_PLStools\ModelSimEThADEM\modelechwin32acem/.. /atmel/verlog/cpld_ver OR1

# Loading c:%ATMEL_PLStools\ModelSimET ba0E Mimodeltechimin32aoem/. . /atmel Averlog/cpld_wver AND2

## Waming: [vsim-PLI-3003) c:/CPLD _braining/Mentor_Verlog/LABT/ANDZ_TE.w(25]: [TOFD] - System tazk or function Hinished iz not defined,
# FRegion: /AMDZ2_TE

#** Mote: [vaim-3687) SDF Backannotation Successfully Completed.

# Time: Ops Iteration: 0 Region: AAND2_TE File: ¢:/CPLD _braining/Mentor_Vernlog/LAB1/AND2_TB.v

# do doFile. bt

# .mair_pane.workspace .main_pane. mdiinterior. oz vm. paneset. oli_0.wf.clip.cs.editar .main_pane. activeproc. interior. o3 .main_panie. signals.interior, ¢z . main
_pane.variahles.interior.cs .dataflow .main_pane.mdiinterior.cs.vm.paneset.cli_1.wi.clip.cs .mab_pane. mdiinterior.cs.vm. paneset. cli_2 wf.clip.cs.pw.w mai
n_pane. profilemain .main_pane.workspace .main_pane. watch.interion cs .main_pane. analysis .main_pane. analysis .main_pane. analysiz .main_pane. branscrip
Linteriar. oz .main_pane profiledetails

WSIM 3 un -al ]

-

|Now: Ops Delta: 0 |sim:fAND2_TB - Limited Yisibility Regian ICovergroup Coverage: 0% |Recursive M,

In the main ModelSim window, go to Simulate = Break to stop the simulation.

Use the Unlock button BV in the Wave —default window to maximize the Wave window.

Select View = Zoom =» Zoom Full from the Wave window and then use the mouse to adjust the

range of the view area of the signal names to see them.

Select Edit = Select All in the Wave window. Next, press and hold the Ctrl key and then click on
the SIG_A, SIG_B, SIG_Q, A, B, and Q signals one at a time to de-select these signals. Select Edit
=>» Delete to remove all other signals except SIG_A, SIG_B, SIG_Q, A, B, and Q. The final

waveforms will be displayed as shown below.

wave - default

File Edit Wiew Insert Format Tools  Window

=10l x|

IEEEIEL T T

| & % e (| N mf

S1G 1

Jfg 100ps3f ELEEES | 3 O ) oy

| 0 ps to 199700 ps | Now: 200 ns Delta: 1
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8. Select File = Quit in the Wave window and then select Yes to end simulation and close ModelSim.

In-System Programming using ATF15xx-DK3-U and ATMISP
Hardware Setup:

1. Connect the USB cable contained in the ATDH1150USB kit to the USB port of the computer and the
USB connector of the ATDH1150USB cable.

2. Connect the 10-wire ribbon cable contained in the kit to the JTAG-A port of the ATDH1150USB and
to the JTAG header (JTAG-IN) of the ATF15xx-DK3 board.

Note:
The selection jumper at JP-TDO on the ATF15xx-DK3 board should be plugged into the “TO ISP
CABLE” side.

3. Insert the 44-TQFP socket adapter board (ATF15xxDK3-SAA44) onto main ATF15xx-DK3 board if it
is not already inserted.

4. Set both the VcclO and VccINT selection jumpers on the ATF15xx-DK3 board to 5V if an
ATF15xxAS/ASL device is being used. If an ATF15xxASV/ASVL device is being used, set the
VccelO and VecINT selection jumpers on the ATF15xx-DK3 board to 3.3V.

Note:
The Power Switch for the ATF15xx-DK3 board must be turned OFF before changing the positions of
the VcclO and VccINT selection jumpers.

5. Insert a blank ATF1504AS-10AU44 (or the device type selected in the ProChip Designer project) into
the 44-pin TQFP socket. Please note that pin 1 of the device should be at the upper left hand corner
of the socket facing the U1 label.

6. Set JPL1 jumper to use LED1, JPS1 jumper to use the first Push-button switch (SW1), and JPS2 to
use the second Push-button switch (SW2).

7. Connect the 9V DC power source to the power connector at JPower of the ATF15xx-DK3 board.

8. Turn the power on by bringing the Power Switch of the ATF15xx-DK3 board to the ON position.

7-segment Displays

ATF15xx
CPLD

LEDs

Push Button Switches
JTAG-A

ATDH1150USB
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Software Setup:

1. In ProChip Designer, press the Program Chip button under Atmel-ISP of the Design Flow tab
window.

Program Chig

2. Click OK on the two ATMISP warning message prompts about the port and cable types that pop up
when ATMISP is being launched. ATMISP v7.x only supports the USB port type and ATDH1150USB
cable type.

AlMCS ' - -

Port type specified in Chain file is not supported.
d l . Setting port type to USB.

[ aTmise =)

Cable type not specified in Chain file.
£ l . Setting Cable type to ATDH1150U5B.

3. ATMISP opens and automatically loads the Chain file (.CHN) created by ProChip Designer for the
current design.

furt  ATMISP =RNCIN X
a — - i - .
File Edit View Options Help
OD=EE ®
Device Chain Hierarchy Hardware Setling
cg'\EF’LD_training'\Mentol_\-"erilog\L.t’-‘«B'I WAND_ 2 chi #of Dev.  Port Setting Cable Type
+ Chip! 1 [use ATDH1IS0USE =
Il i Device type: ATF1G04A5 | | J | J
- Jtag instruction: Program//eify SUF Satt
I <Inst width: 10 SWF File Mame Eting
i~ |IDCODE: yes
i Jedec file: c:\CPLD_training Mentar_WeriloghLABTWAMND_2 jed | Q
| [ ‘wite SWF file
I I
SWF Wersion TCK period [us) |
Revizion D 1
I ... Calibration congtant zef to 1
... Setting up USE connection...OK
L]

Atmel an | e | '

Ready CAP |NUM

4. Press the Run button in the ATMISP window to start the JTAG In-system programming.
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5. When programming is successfully done, press OK and then select File = Exit to close ATMISP
software.

6. Select Project = Save, and then Project =» EXxit in Prochip Designer to save the design and then
exit the software.

Testing Design on ATF15xx-DK3 Board

1. Press and then hold the SW1 push-button switch (B) and SW1 push-button switch (A) at the same
time to see the LED1 result (assign Q = A & B;) on the ATF15xx-DK3 board.

n

END OF TUTORIAL 1
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Tutorial 2: 2-bit Full Adder Design

Create a New Project in ProChip Designer

1.

2
3.
4

Double click on the ProChip Designer 5.0 icon to launch ProChip Designer.
Under the Project menu of ProChip Designer, select New Project Wizard...
In the New Project Wizard — Step 1 of 6 window, click on the Next > button.

In New Project Wizard — Step 2 of 6 window, click on the Browse button and create a new design
directory “C:\CPLD_training\Mentor_Verilog\LAB2” and specify “LAB2.apj” as the project name.
Then click on the Next > button.

In the Part Number dialog box of the New Project Wizard — Step 3 of 6 window, select
ATF1504AS-10AU44 (or any ATF15xx 44-TQFP that is available to you) as the target device type.
Then click on the Next > button.

In the Tool flow dialog box of the New Project Wizard — Step 4 of 6 window, select Verilog -
Mentor Graphics. Then click on the Next > button.

In the New Project Wizard — Step 5 of 6 window, click on the Next > button.

In the New Project Wizard — Step 6 of 6 window, click on the Finish button to close the New
Project Wizard.

Create a New Verilog Design Using HDL Planner

1.

Click on the Add / Edit button under Source Manager of the Design Flow tab window.

Al £ Eclit

Click on the New button in the Source Manager window to open the New Design File dialog
window.

Enter the Verilog design filename “FULL_ADDER.v* into the New Design File dialog window and
then click on the Accept button. The New module wizard window will open.

In the New module wizard window, enter “FULL_ADDER?” into the Entity name box.

Enter “A” into the Port name box, select Input under Mode and scalar under Type, and then click on
the Add Port button.

Enter “B” into the Port name box, select Input under Mode and scalar under Type, and then click on
the Add Port button.

Enter “CARRY_IN” into the Port name box, select Input under Mode and scalar under Type, and
then click on the Add Port button.

Enter “SUM” into the Port name box, select Output under Mode and scalar under Type, and then
click on the Add Port button.

Enter “CARRY_OUT” into the Port name box, select Output under Mode and scalar under Type,
and then click on the Add Port button.

Now, the Ports dialog box will show the input and output ports as shown below.
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Mew module wizard

- =
= WHOL oc-3e lor AMD-OR-INVERT g A
library | EEE;
wse [EEE STO_LOGIC 1164 sl B
‘HDLPlanner™ . F
Nodule: ity ADI i
ot [
| FULL_ADDER sRGEmEmIGs  p
b
Port name: Mode: Type:
| output x| | scalar | LlAddPort
I Ports: |C j‘ |C jl Remove Port
Il [input A J I
input B
input CARRY_IN
| |output SUM
output CARRY_OUT
Create | Cancel |

9. Click on the Create button to create the Verilog design file with the Entity, Input Ports and Output
Ports specified in the New module wizard and the Verilog design file will open in HDL Planner.

10. Add the following logic equation to the Verilog design file before endmodule:

assign SUM =

assign CARRY OUT = (A & B) |

A ~ B ~ CARRY IN;

(A & CARRY IN)

(B & CARRY IN);

A HDLPlanner: FULL_ADDER.w

= B e |

File Edit “erilog

P OSEHS |4 BB o MB T

Text:

| Medium |

module FULL_ADDER (A,B,CARRY _IMN,SUM.CARRY_OUT) ; ]

input A

input B;

input CARRY_IN;

output  SUM;

output CARRY _OUT;

Abegin I
| assign SUM = A~ B * CARRY _IN; -

assign CARRY _OUT = (A & B) | (A & CARRY_IN) | (B & CARRY _IN);
endmodule
ﬂl
File: ¢ ACPLD _training\Mentor_Verilog\LAB2\FUL |Lr1 12 Co | EDITING
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11. Go to the File menu in HDL Planer and then select Save to save your design to the current project
directory.

12. Go to the File menu in HDL Planner and then choose Exit to close HDL Planner.

13. Click on the Add / Edit button under Source Manager of the Design Flow tab window again to start
creating the top-level design file.

14. Click on the New button in the Source Manager window to open the New Design File dialog window
to create another new design file.

15. Enter the Verilog design filename “FULL_ADDER_2BIT.v" into the New Design File dialog window
and then click on the Accept button. The New module wizard window will open.

16. Click on the Cancel button in the New module wizard window and then create the following top-level
Verilog design code in HDL Planner directly.

You can use the Select Tool feature in the PDF reader to select the following code in this tutorial file
and then copy-and-paste it to HDL Planner.

module FULL ADDER 2BIT (X, Y, CIN, COUT, SUM);
input [1:0] X;

input [1:0] Y;

input CIN;

output COUT;

output [1:0] SUM;

wire C1;

FULL ADDER UO( .A(X[0]), .B (Y[0]), .CARRY IN(CIN),
(C1),

.CARRY OUT (C .SUM (SUM[0])) ;
FULL ADDER Ul ( .A(X[1]), .B (Y[1]), .CARRY IN(C1),
.CARRY OUT (COUT), .SUM (SUM[1]));
endmodule
Note:
Verilog is case-sensitive language. So please make sure to use upper or low case characters
accordingly.

17. Go to the File menu of the HDL Planner and then select Save to save the top-level design file to the
current project directory.

18. Go to the File menu of the HDL Planner and then choose Exit to close HDL Planner.

19. If FULL_ADDER_2BIT.v is not already on top of FULL_ADDER.v in the ProChip Designer Project
window, select the FULL_ADDER_2BIT.v file in the Project window and click & hold the mouse to
move it above FULL_ADDER:.v file since the top-level design file must be placed on the top of other
design files.

Project: LAB2. apj

1 LAB2 apj

- U1 ATF1504A5-10AU44

—..?*’ Source Manager : [cACPLD_training\Mentor_VeriloghLABZ]

. -3 FULL_ADDER 2B v
+) FULL_ADDER v
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Setup Testbench File for Simulation

Note:

To run VHDL/Verilog simulation, a separate license for ModelSim from Mentor Graphics is required.
Please contact Mentor Graphics for details. If a ModelSim license is not available, please skip the
simulation sections of the tutorial.

1. Pressthe Add / Edit button under Testbench Manager of the Design Flow tab window.

Testbench

Manager

Add ! Edit

2. When the Testbench Manager window opens, click on the New button and then enter
‘“FULL_ADDER_2BIT_TB.v”. Then click on the Accept button and the New module wizard window
will open.

3. Inthe New module wizard window, click Cancel to close this window. A blank file will open in HDL
Planner.

4. Add the following lines of code into the Verilog testbench template file.

You can use the Select Tool feature in the PDF reader to select the following code in this tutorial file
and then copy-and-paste it to HDL Planner.

‘timescale 1ns/100ps
module FULL ADDER 2BIT TB;

reg [1:0] SIG X;
reg [1:0] SIG Y;
reg SIG CIN;

wire SIG_COUT;

wire [1:0] SIG_SUM;

// declare pin names
// begin
// add design description here

FULL _ADDER 2BIT Ull( .X (SIG X), .Y (SIG Y), .CIN(SIG_CIN),
.COUT (SIG_COUT), .SUM(SIG SUM) );

initial
begin

#0

SIG X <= XY /*Syntax error here, intentionally placed here. It should be
“ZIbOO;”*/

SIG Y <= 2'b00;

SIG CIN <= 1'b0;

#10

SIG X <= 2'b00;

SIG Y <= 2'b00;

SIG CIN <= 1'bl;

#10
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SIG X <= 2'b00;
SIG Y <= 2'b01;
SIG CIN <= 1'b0;

#10

SIG X <= 2'b00;
SIG_Y <= 2'b01;
SIG_CIN <= 1'bl;

#10

SIG X <= 2'b01;
SIG Y <= 2'b01;
SIG CIN <= 1'b0;

#10

SIG X <= 2'bll;
SIG_ Y <= 2'bll;
SIG_CIN <= 1'bl;

#10

SIG X <= 2'bl0;
SIG_ Y <= 2'bl0;
SIG_CIN <= 1'bl;

#10

SIG X <= 2'bll;
SIG Y <= 2'bl0;
SIG CIN <= 1'bl;

#10 ;
end
endmodule

5. Go to the File menu of the HDL Planer and then select Save to save your Testbench file to the
current project directory.

6. Go to the File menu of the HDL Planner and then choose Exit to close HDL Planner.

Functional Simulation using ModelSim

1. Click on the Verilog - ModelSim button under Functional Simulation of the Design Flow tab
window.

Functional

Simulation

Yerilog - Model=im

2. Use the mouse to expand the Log window and then scroll up to see the syntax error message.
Please note that the syntax error for the signal “XY” was intentionally entered to the testbench code.

Log

"cAMCPLD_training'Mentor_Verilog\LAB2\FULL_ADDER_2BIT_TB.»"" ﬂ
** Error: cACPLD_training\Mentor_Verilog\LAB2\FULL_ADDER_ZBIT_TB.v(25): (vlog-2730) Undefined variable: "XY".

—
** Error: c:\CPLD_training\Mentor_Verilog\LABZ\FULL_ADDER_2BIT_TB.w(25): near "SIG_Y": syntax error, unexpected IDENTIFIER, expecting "}’ ﬂ
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3. Click on the Open Log Viewer button in the vertical toolbar to open the log file and review the
error messages in the log file again.

( - = \
A Atmel Text Viewer: LA‘.BE_prochipm - -

File Wiew Edit Help

B EHE 4

Log: Starting

|| *= Error:

** Error:

B 8 F £ o #94 | Dpefaut Fixeq) |

-work work -f "c:i“ATMEL_PLS_Tools T1DWFrochipsbin~psfvlog.opt”
e ~CPLD_training~Mentor Verilog~LABZSFULL_ADDEER ZBIT_TE.w""

c~CPLD_training~Mentor VerilogsLABZ2~FULL_ADDER_ZBIT_TB.wi(25):
M| (vlog-2730) Undefined wvariahle: 'XY'.

c~CPLD_training~Mentor VerilogsLABSFULL_ADDERE_ZBIT_TE.wi(25): near
"3IG_Y¥": syntaxz error, unexpected IDENTIFIER, expecting ';'

crhaltera~ld. Dsplmodelsin ase~win3Zaloem~rlog!

=]
| File: ¢ ACPLD_trainingiMentor_VerilogiLAB2\LABZ _prochipdes_log | Ln43  Col 61

4. Inthe Log file window, select File = Exit to close the log file.

In the Project window, double click on the FULL_ADDER_2BIT_TB.v file located under Testbench
Manager to edit the file using HDL Planner.

-.ﬁ* Source Manager : [cA\CPLD_training\Mentor_Verilog\LABZ]
| ) FULL_ADDER_2BITv

6. Change “XY” in the Verilog code to “2"b00 ;” as shown below to correct the syntax error in the
specific line of the FULL_ADDER_2BIT_TB.v file in HDL Planner.

.
A HDLPlanner: FULL_ADDER_2BIT TB.v =AREN X

=

File Edit Verlog

B OEZES |4 BB o chB F Lo

(Rl

o

Al e

Text:

Medium ~
initial

begin

#0

SIG_Y == 2b00;
SIG_CIM == 1b0;

#10

SIG_X == 2b00;
SIG Y == 2'b00;
SIG_CIN <= 1b1;

il FULL_ADDER_2BIT U11( X (SIG_X), .Y (SIG_Y), .CIN(SIG_CIN), .COUT(SIG_COUT), .SUM(SIG_SUM)): I

|

E

File: e \CPLD _training\Mentor_Verilog\LAB2\FULL_ADDER_2BIT_TBx | Ln23 Col 1 EDITING
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Select File = Save and then File = Exit to close HDL Planner.

Click on the Verilog - ModelSim button under Functional Simulation of the Design Flow tab

window to perform functional simulation again.

Highlight the testbench file FULL_ADDER_2BIT_TB.v in the Functional Simulation window and

then press Simulate to open ModelSim to perform functional simulation.

Functional Simulation [

Project Directory:

I CWCPLD trainingWentor_Wetiloghl AB2

File/Eritity
[+-FULL_ADDER_2BIT_TB.v _I
Cloze M

Iﬁ]‘ModelSim ATMEL 6.1b - Custom Atmel ¥ersion -0l =l
File Edit Wiew Format Compile Simulate Add  Tools Window Help

EH@ @a\
/]

Walch —— HAK | g vt + 2 x|

M wave €M

# waim -do doFile.tt FULL_ADDER_ZBIT_TB
#// ModelSim ATMEL 610 Sep 82005

#//
# 7/ Copyright Mentor Graphics Corporation 2005
#// All Rights Reserved.

#A

#// THIS WORK CONTAINS TRADE SECRET AND

#// PROPRIETARY INFORMATION WHICH 1S THE PROPERTY
It /¢ OF MENTOR GRAPHICS CORPORATION OR TS LICENSORS
#// AND IS SUBJECT TO LICENSE TERMS.

#4

# Loading c:*\ATMEL_PLStools'ModelSimE1bA0E MYmodeltechwin32aoem/. . /std. stan
dard

# Loading c:*\ATMEL_PLStoolz'ModelSimE1BADE Mimadeltech wind2acem/.. fieee. std
_logic_1164[body)

# Loading work. full_adder_2bit_th{behawiour)

# Loading work. full_adder_2bitbehaviour)

# Loading work. full_adder(behaviour)

# do doFile.kxt

# .main_pane. signalz. interior. cx

# Break key hit

WSIM 2 run-all

[Mow: 0 ps Delta: 0 [sim:ull_adder_2bit_tb - Limit
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11. In the main ModelSim window, go to Simulate =» Break to stop the simulation.

12. Use the Unlock button 2 in the Wave —default window to maximize the Wave window.

13. Select View = Zoom = Zoom Full from the Wave window and then adjust the range for the
displayed signals to see the complete waveform diagram as shown below.

14. Select Edit = Select All in the Wave window.

15. Press and hold the Ctrl key and then click on the SIG_X, SIG_Y, SIG_CIN, SIG_COUT, and
SIG_SUM signals one at a time to de-select these signals. Select Edit = Delete to remove all other
signals. The final waveforms will be displayed as shown below.

16. Click in the middle of the wave window and then use the zoom out tool to obtain a better view of
the waveform diagram as shown below.

Towave - default =|0O] x
[i4]

File Edit Yiew Insert Format Tools ‘Window

s Ed& & B

4 [EF[ To0ped] ELEEEL] “'}{}JJ‘ [tqkﬂ_j‘

| [ [—"pe

| 0 ps to 78600 ps | Mow: 80 ns  Delta: 1

BN

17. Select File = Save in the Wave window to save the waveform into
“C:/CPLD_training/Mentor_Verilog/LAB2/wave.do”.

18. Select File = Quit in the Wave window and then select Yes to end simulation and close ModelSim.

Intentionally Create Syntax Error in Verilog Design File
1. Double click on the FULL_ADDER_2BIT.v file in the Project window to open it in HDL Planner.

2. Add“;” after the “module FULL_ADDER 2BIT (X, Y, CIN, COUT, SUM) ;" statementin the
top-level design file to intentionally create a syntax error.

A HDLPlanner: FULL_ADDER_2BIT.y I [E=NEER

File Edit “erilog
» |0 =

Text:

Medium 4

/™ Top-level Design code: 2-bit Full Adder %/ j

ok

module FULL_ADDER_2BIT (X, Y, CIN, COUT, SUM}::|

input [1:0] X;

input [1:0] Y;

input CIN;

output COUT;

output [1:0] SUM; |

| File: ¢-\CPLD_training\Mentor_Verilog\LAB:Z | ln3 C | EDITING
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3. Goto File = Save in HDL Planner to save the modified top-level design file.
4. Go to File = Exit in HDL Planner to to close HDL Planner.

Logic Synthesis using Precision Synthesis

1. Press the Verilog - Precision button under Logic Synthesis of the Design Flow tab window.

VYerilog - Precision

2. Click on the Compile button in the Logic Synthesis window to run Precision Synthesis.

3. Atthe end of the synthesis process, the Log file will be displayed showing a syntax error in line 3 of
FULL_ADDER_2BIT.v which is caused by the extra “;” added in the previous section. Select File =
Exit to close the log file.

A Atmel Text Viewer: FULL_ADD[R_ZBIT.Io’ I r Y I [E=REEn
- e ——— S—

File  Wiew Edit Help

B EHES | % BB M F E > 94| |Detoun e |
C:/ATMEL_"3-Precision-pkgs-psr-techlibs-atf15as.syn. ____tz

# Warning: [Y03]: Invalid process 'STD'. Specification ignored.

# Info: [631]: Loading library initialization file

¢ 7ATMEL_“3-Precisionspkygs-psrouserware -ATMEL_rename.tol

# Info: [40000]: hdl-analvyze, Release RTLC-Precision 2013a.14

# Info: [41002]: Analyzing input file

"g:/CPLD_training-Mentor Verilog-LABZ-FULL ADDER ZEIT.w" ...

# Error: [42253]:
"e:/CPLD_training-Mentor_Verilog-LAB2-FULL_ADDER_ZEIT.w", line 3: System
veriloy construct 'empty semicolon' illegally used in non-3V mode.
# Info: [41002]: Analyzing input file

"er/CPLD_training-Mentor Verilog-LABZ-FULL_ADDER.v" ...

# Error: [40008]: HDL analysis failed.

|| # Error: [S80]: near file

fl r:/CPLthrainlng/Mentor7Verilog/LAEZ/FULlthDER72BIT.tcl, line 7:

| File: ¢:\CPLD_training\Mentor_Verilog\LAB2\FULL_ADDER_2BIT log | Ln 67 Col 68

|

4. Double click on the FULL_ADDER_2BIT.v file in the Project window to open it in HDL Planner.
Remove the extra “;” added into FULL_ADDER_2BIT.v in the previous section.

=4 LAB2.apj P
SR U1 - ATFIS04AS 10AU44 A HDLPlanner: FULL_ADDER 2BIT.v = | B S

-)b Source Manager : [c\CPLD
PERFULL ADDER 2BIT

B L sooes B DEEHE | BB oo h

-"» Logic Synthesis : [c\CPLD_

File Edit ‘“erlog

----- FULL_ADDER_ZBIT log Text:

- F Device Fitter : [c\CPLD_traif ||| Medium hd

-2 Testbench Manager : [c\CP
+ FULL_ADDER_ZBIT_TB.w

- # Functional Simulation : [cAC
- Timing Simulation : [c\CPLD] module FULL_ADDER_2BIT (X, Y, CIN, COUT, SUM}:|

input [1:0] X;

input [1:0] Y;

input CIN;

output COUT;

output [1:0] SUM; ~|

/* Top-level Design code: 2-bit Full Adder %/ -

| File: c:\CPLD_training\Mentor_Verilc | Ln3 | EDITING

5. In HDL Planner, go to File = Save to save the file and then File = Exit to close the HDL planner.

6. Press the Verilog - Precision button under Logic Synthesis of the Design Flow tab window.

27  ProChip Designer v5.0 Mentor Graphics Verilog Design Flow Tutorial At L
CPLD_Mentor_Verilog_tutorial.pdf [01/28/2016] l I .e



28

7. Click on the Compile button in the Logic Synthesis window to compile and synthesis the design

again.

8. If there is no syntax error detected during compilation or synthesis of the design code, the

FULL_ADDER_2BIT.log file will appear. Review the FULL_ADDER_2BIT.log file and then select

File = Exit to close the Log file.

9. Press the Verilog - Precision button under Logic Synthesis of the Design Flow tab window.

10. Uncheck Run Precision in shell mode and Exit tool when compiled option boxes and then click on

the Compile button to launch the Precision Sythesis in GUI mode.

Logic Synthesis —

— =)
LX)

Tool

I Werilog - Precision (Mentor Graphics)

I c\CPLD_trainingtMentor_Verilog\LAB2

Input

Top Level Design File | FULL_ADDER_2BIT.v

" Project Directory

Output

Edif File | FULL_ADDER_2BIT edf
™ view file when compiled

Log File | FULL_ADDER_2BIT.Iog

¥ view file when compiled

r Update Pin/Node Signal Names and Pin Assi after each C

™ Run Precision in shell mode!
™ Exit tool when compiled

Close Compile

Default Help |

11. Wait for the Precision Synthesis window to launch. Go to Project =» Open Project, select

FULL_ADDER_2BIT.psp and then press the Open button to open this design project in Precision

Synthesis.

JE FULL_ADDER_2EIT - Mentar Graphics Precision RTL Synthesis(2013a.100EM_Atmelcpld) - [Design Center] [E=NEEn
O e 0ss, ..

Pa——

Project File Edit View Tools Window Help

D2 H & % o

New Open Save Print Options Run Script|| RTL Schem Tech Schem RTL Find Tech Find|| Constraints Precise-P Precise-Expiore | Search Flleﬁ

Tool Utilities

File/Project Design Analysi

r Project Files

=) (3 Project FULL_ADDER_2BIT

E.E (3 Impl FULL_ADDER_2BIT
Add Input Files &3 Input Files
" we FULL_ADDER_2BIT.v
| -} FULL_ADDERv
(3 Constraint Fies
(3 Script Files
£ (23 Macro Files
£ 3 Output Files
- Log File [ Warnings: 2, Infos: 12]
@ RTL Schematic
Technology Schematic
~Rel] Area Report
RTL Constraints Report
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12. Double-click on RTL Schematic under Output Files in the Design Center tab window to view the
Register-Transistor level diagram of the top-level design as shown below.

FULL_ADDER_2BIT - Mentor Graphics Precision RTL Synthesis(2013a. 100EM_Atmelcpld) - [RTL Schematic] l | S
Project File Edit View Tools Window Help
e & X ¥ |® 0 B &« &l B & @ =
New Open Save Print Options Run Script|| Zoom In Zoom Out Zoom Fit Previcus Mext|| Create Trace Backward Forward|| RTL Schem Tech Schem RTL
File/Project Schematic Page Schematic Views Design Analysis
=) .work.FULL_ADDER_2BIT.INTERFACE_XRTL Page 1 of 1 - X
= {} FULL_ADDER_ZBIT { -l
+@ Clocks
+D Ports u1
+ 3 Nets [ A CARRY_OUT———— »COUT
+|:| Instances uo B SUM SUM(1:0) I
X(1:0) A CARRY_OUT CARRY_IN J
Y(1:0) B SUI.I—1 FULL_ADDER
cin > CARRY_IN f
FULL_ADDER
||
i (|
o e S | 7 - [ 1)
Transcript I Messages I Design Center J @ ATL Schematic

13. Double-click on FULL_ADDER block in the top-level design RTL schematic to review the sub-level
design logic schematic, which is the full adder described in FULL_ADDER.v.

FULL_ADDER_2BIT - Mentor Graphics Precision RTL Synthesis(2013a.100EM_Atmelcpld) - [RTL Schematic] | S|
Project  File Edit View Tools Window Help
b @& ¥ e G O 3 :
MNew Open Save Print Options Run Script|| Zoom In Zoom Out Zoom Fit Previous Mext|| Create Trace Backward Forward | RTL Schem Tech Schem RTL F
File/Project Schematic Page Schematic Views Design Analysis
swork. FULL_ADDER_2BIT.INTERFACE_XRTL : U0 Page 1 of 1 -3 X
= {k FULL_ADDER_2BIT ( -
+@ Clocks -
+[:| Ports inr X i3
i - inf1]
* (23 Nets carRY_IN [ SUM
=11 Instances
=£F Bincks 1
- [u (FuLL
©- [0 U1 (FULL
=l
O B [ ;H |
Transcript ] Messages I Dresign Center I @ ATL Schematic
I

14. In Precision Synthesis, select File = Exit and then select Exit Without Saving button to close
Precision Synthesis.

15. In the Log file window, select File = Exit to close the log file.

Device Fitting Using Atmel Fitter

1. Press the Atmel Fitter button under Device Fitter of the Design Flow tab window to open the Fitter
Options window.

Atmel Fitter

ProChip Designer v5.0 Mentor Graphics Verilog Design Flow Tutorial
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2. Inthe Fitter Options window, go to Global Device tab and enable/check the Keep option for Pin Fit
Control to keep the pre-assigned and locked input and 1/O pin assignments. Pin assignments will be
performed in the steps below.

Go to the Pins tab to see the input and output signals.

Highlight Y_1 <inp> in the window on the left and then select 12 under the by Pin drop-down menu
to lock this signal to a push-button switch on the ATF15xx-DK3 board.

5. Highlight Y_O <inp> in the window on the left and then select 14 under the by Pin drop-down menu
to lock this signal to a push-button switch on the ATF15xx-DK3 board.

6. Highlight X_1 <inp> in the window on the left and then select 13 under the by Pin drop-down menu
to lock this signal to a push-button switch on the ATF15xx-DK3 board.

7. Highlight X_0 <inp> in the window on the left and then select 15 under the by Pin drop-down menu
to lock this signal to a push-button switch on the ATF15xx-DK3 board.

8. Highlight SUM_1 <out> in the window on the left and then select 25 under the by Pin drop-down
menu to lock this signal to a LED on the ATF15xx-DK3 board.

9. Highlight SUM_O <out> in the window on the left and then select 28 under the by Pin drop-down
menu to lock this signal to a LED on the ATF15xx-DK3 board.

10. Highlight COUT <out> in the window on the left and then select 22 under the by Pin drop-down
menu to lock this signal to a LED on the ATF15xx-DK3 board.

11. Highlight CIN <inp> in the window on the left and then select 8 under the by Pin drop-down menu to
lock this signal to a push-button switch on the ATF15xx-DK3 board.

=
Fitter options

Pin Opti
Sot: ™ Name © Pin © Macrocel &L

FastRegiput ¢ On § Off * Default
[#-¥_1<inp=*Lock* Pin:12 MC:21 a] & " o«
[-¥_0<inp>*Lock® Pin:14 MC:19 Power Save e Global Device
H-¥_1<inp>*Lock*® Pin:13 MC:20 FastSlewRate € On ¢ Off & Default
-¥_O<inp**Lock* Pin:15 MC:47 £ on © off & Defaut MC & V0
#-SUM_1<out>*Lock® Pin:25 MC:46 Open Collector ! o Pi
-SUM_O<out>*Lock® Pin:28 MC:51 Global OF " on " Off (¥ Defautt L=
[+-COUT<out>*Lock* Pin:22 MC:40 Logic Onti
ClN<inp>*Lock* Pin:5 MC:30 ogic Uptions

Soft Buffer " on ¢ Off & Default

Enable Foldback ¢ On { Off % Defautt

Cascade " on ¢ Off & Defautt

XOR Syn. " on  Off % Default

Schmitt Trigger. ¢ On { Off + Default

55TL " on ¢ Off ¥ Default

Pull-Up " on  Off & Default

Pin Keeper " on  Off % Default

PiniMode Lock: by Pin by Macrocell

Setto .. | 8 j | 30 j

Close Default Help ‘
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12. Press the RunFitter button to fit the design and to generate a JEDEC programming file (.(JED) for the
selected device type. The Fitter Report file (.FIT) as well as the *.VO and *.SDO back-annotated
simulation files will also be generated at the same time.

13. If there is no fitting issue, the following window will appear. Click OK to close it.

=)

Design successfully fit.

14. Click on the Close button to close the Fitter Options window. Now, you can review the Fitter Report
file (FULL_ADDER_2BIT.fit) for details of the fitted design. Go to File = Exit to close Fitter Report
window when done.

Timing Simulation using ModelSim
1. Since the Verilog testbench file was previously created for functional simulation and added to the

Testbench Manager, you can now press the Verilog - ModelSim button under Timing Simulation of
the Design Flow tab to run timing simulation on the FULL_ADDER_2BIT Verilog design.

YWHOL - MadelSim

2. Highlight FULL_ADDER_2BIT_TB.v in the Timing Simulation window and then click on the
Simulate button to open ModelSim for timing simulation.

3. Wait for ModelSim to launch. Then enter the run —all command in the Transcript window of
ModelSim to run the entire simulation time specified in the testbench file.

[=iModelsim ATMEL 6.1b - Custom Atmel ¥ersio =10 x|
File Edit View Format Comple Simulate Add  Tools  Window Help

NEEH& iRBDIAESY|| e RE
4 R[] oops ELEIER D ® T 2 gy
F Underz [ 14 & 43 @I EI
Containg: L J He v i J »3 ?g‘ s ‘

(% ) 241 & S B3 4
wHAN S al | I

Transcript ——————————————

# ** Mote: [waim-3537] SOF Backannotation Successfully Completed, -
#  Time: 0 ps lteration: 0 Region: /FULL_ADDER_ZBIT_TE File: c:/CPLD_training,t
entor_erlog/LAB2/FULL_ADDER_ZBIT_TB.«

# do doFile. tat

# .main_pane.workspace .main_pane. mdiintenor. oz v, paneszet. cli_ 0wk chp. czoedibor .m
ait_pane. activeproc.interior. ¢ .main_pane. signals.intenion oz .main_pane. variables.interio
r.cz dataflow _main_pane. mdi.interior. oz wm.paneset cli 1wl clip.cz .main_pane. mdiinter
or.cevm.paneset o 2wk clip.cz. pwowl . main_pane. profilemain . main_pane. work space |
ain_patie. watch.interior. oz .main_pane. analysis .main_pane. analyziz .main_pane. analys
iz .main_pane.ranzcnpt. interior. oz .main_pane. profiledetailz

WSIM 32 run -all

[Mow: 0 ps Delta: 0 |sim:/FULL_ADDER_2BIT_TB -
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4. In the main ModelSim window, go to Simulate =» Break to stop the simulation.

Use the Unlock button 2 in the Wave —default window to maximize the Wave window.

6. Select View = Zoom = Zoom Full in the Wave window, select Edit = Select All, and then select
Edit =» Delete to remove all signals from the waveform.

7. Inthe Wave window, select File =»Load... and then select the “wave.do” waveform file that was
saved during functional simulation and then press Open.

ﬁwave - default _o x|

File Edit Yiew Insert Format Tools ‘Window

Curzor 1

i
[ [ [y

| 0 ps to 78600 ps | Mow: 80 ns  Delta: 1

S

8. Select File = Quit in the Wave window and then select Yes to end simulation and close ModelSim.

In-System Programming using ATF15xx-DK3-U and ATMISP
Hardware Step up:

1. Connect the USB cable contained in the ATDH1150USB kit to the USB port of the computer and the
USB connector of the ATDH1150USB cable.

2. Connect the 10-wire ribbon cable contained in the kit to the JTAG-A port of the ATDH1150USB and
to the JTAG header (JTAG-IN) of the ATF15xx-DK3 board.

Note:
The selection jumper at JP-TDO on the ATF15xx-DK3 board should be plugged into the “TO ISP
CABLE” side.

3. Set both the VcclO and VccINT selection jumpers on the ATF15xx-DK3 board to 5V if an
ATF15xxAS/ASL device is being used. If an ATF15xxASV/ASVL device is being used, set the
VcclO and VecINT selection jumpers on the ATF15xx-DK3 board to 3.3V.

4. Set both the VcclO and VccINT selection jumpers on the ATF15xx-DK3 board to 5V.

Note:
The Power Switch for the ATF15xx-DK3 board must be turned OFF before changing the positions of
the VcclO and VccINT selection jumpers.

5. Insert a blank ATF1504AS-10AU44 (or the device type selected in the ProChip Designer project) into
the 44-pin TQFP socket. Please note that pin 1 of the device should be at the upper left hand corner
of the socket facing the U1 label.
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6. Setup the following jumpers on the ATF15xx-DK3 board:

JPL1 = Set = LED1 = SUM[0];

JPL2 = Set = LED2 = SUM[1];

JPL3 = Set = LED3 = COUT;

JPS1 = Set = Push-button Switch SW1 = X[0];
JPS2 = Set = Push-button Switch SW2 = Y[0];
JPS3 = Set = Push-button Switch SW3 = X[1];
JPS4 = Set = Push-button Switch SW4 = Y[1];
JPS5 = Set = Push-button Switch SW5 = CIN;

7. Connect the 9V DC power source to the power connector at JPower of the ATF15xx-DK3 board.

8. Turn the power on by bringing the Power Switch of the ATF15xx-DK3 board to the ON position.

7-segment Displays

ATF15xx
CPLD

LEDs

Push Button Switches
JTAG-A

ATDH1150USB

Software Setup:

1. Pressthe Program Chip button under Atmel-ISP of the Design Flow tab window.

Program Chig

2. Click OK on the two ATMISP warning message prompts about the port and cable types that pop up

when ATMISP is being launched. ATMISP v7.x only supports the USB port type and ATDH1150USB
cable type.

Cable type not specified in Chain file.

~  Port type specified in Chain file is not supported. |
i l}. ; l " Setting Cable type to ATDH1150USB.

Setting port type to USB.
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3. ATMISP opens and automatically loads the Chain file (.CHN) created by ProChip Designer for the
current design.

TS ——————— =
File Edit Yiew Options Help
=y =| ?
Device Chain Hierarchy Hardware Setting
c;\CF‘LD_training\M entor_WHOLALABZWFULL_ADDER_ZBIT.chn #of Dev.  Puort Setting Cable Type
+~ Chipl 1 Juse ATDHTISOUSE

i Device type: ATF150445 | | J | J
N i Jtag instruction: Program/erify -

- SVF Setting |
i :BSE‘S‘“[';'&“ n SYF File Name

Dyes |
I o dede fle: ehCPLD _traimingsMentor_YHDLMLAEZAFULL_ADDER | 4
| [ Wwrite SYF file
1 =
| SVF Version TCE period [ug]
| = = — o |F|evisi0n B J 1
: ... Calibration congtant set to 1 i

... Setting up USE connection...OF, i
Ll
I L
i
| |

Atmel | e |
Ready MNUM

Press the Run button in the ATMISP window to start the JTAG In-system programming.

When programming is successfully done, press OK and then select File = Exit to close ATMISP
software.

6. Select Project = Save, and then Project = Exit in Prochip Designer to save the design and then
exit the software.

Note:
If ATMISP is not opened from ProChip Designer, but it is opened in stand-alone mode, the following
procedure must be setup manually by user in order to perform JTAG ISP.

Run ATMISP Independent of ProChip Designer:

1. InWindows, go to Start = All Programs =» ProChip Designer 5.0 & ATMISP and click on the
ATMISP icon to launch ATMISP.

2. Select File & New in ATMISP and then press OK to confirm that 1 device is used.

3. Select ATF1504AS (or the appropriate target device type) as the Device Name, Program/Verify as
JTAG Instruction in Device Property window, and then press the Browse button.

4. Select “FULL_ADDER_2BIT.jed” file from the current design directory, press Open in the Browse
JEDEC File window, and then press OK in the Device Property window.

5. Press the Run button in the ATMISP window to start the JTAG In-system programming.

When programming is successfully done, press OK and then select File =» Exit to close ATMISP
software.

ProChip Designer v5.0 Mentor Graphics Verilog Design Flow Tutorial At L
CPLD_Mentor_Verilog_tutorial.pdf [01/28/2016] l I Ie



Testing Design on ATF15xx-DK3 Board

1. Press and hold the push-button switches for X_0, X_1, Y_0, Y_1 and CIN and check the states of the
LEDs on the ATF15xx-DK3 board for SUM_0, SUM_1 and COUT to see if it is behaving as a 2-bit full
adder or not.

LED1 = SUM_0;
LED2 = SUM_1;
LED3 = COUT;
SW1 =X_0;
SW2=Y_0;
SW3 =X_1;
SWa=Y_1;
SW5 = CIN;

Example:
1 Press and hold SW5 (CIN)

+ 1 1 Press and hold SW2 (Y_0) and SW4 (Y_1)

1 0 0 LED3 (COUT) = on, LED2 (SUM_1) = off, LED1 (SUM_0) = off

END OF TUTORIAL 2

35 ProChip Designer v5.0 Mentor Graphics Verilog Design Flow Tutorial At L
CPLD_Mentor_Verilog_tutorial.pdf [01/28/2016] l I .e



36

Exercise 1: Implemenation of a 1-bit Comparator Design

Use Tutorial 1 as a reference to implement a 1-bit Comparator using Mentor Graphics’ Verilog flow, and
then show the result using the push-button switches and LED on ATF15xx-DK3 board.

Hint:
Logic equation for a simple 1-bit Comparator is:

assign Q = ~(A ~ B);

Exercise 2: Implemenation of a Scrolling Display Design

Use Tutorial 2 as a reference to implement the following multi-level Scrolling Display design using
Mentor Graphics’ Verilog flow, and then show the result on the ATF15xx-DK3 board.

Note:
The “Update pin Assignment after each compilation” option must be enabled before running Logic
Synthesis if design code contains pin assignments.

/* Verilog Design Code for Scrolling Display design: £02 44TQFP.v*/

/* Top-level Design: f02 44TQFP.v
*  Company: Atmel Corporation
*  Contact: pld@Ratmel.com
*  Date: 1/1/2006
* Target Device: ATF15xx (44-TQFP)
* Description: Scrolling Display Design for ATF15xx-DK3 kit
* Design files: Top-level file: £f02 44TQFP.v;
Sub-level file: CLK DIVIDER.V
*/

module £02 44TQFP (GCLKl, GCLK2, GCLR, SW 4, SW 3, SW 2, SwW 1,
DSpl1 5, DSPl 4, DSPl 3, DsSpPl 2, DSpPl 1, DSP1 O,
DSp4 5, DSP4 4, DSP4 3, DSpP4 2, DSpP4 1, DSP4 O,
LED 4, LED 3, LED 2, LED 1, DOT1l, DOT4);

input GCLK1;

input GCLK2;

input GCLR;

input SW 4, SW 3, SW 2, SW 1;

inout DSP1 5, DSP1 4, DSPl 3, DSP1 2, DSP1l 1, DSPl 0;

inout DSP4 5, DSP4 4, DSpP4 3, DSP4 2, DSP4 1, DSP4 0;

output LED 4, LED 3, LED 2, LED 1;

output DOTL1;

output DOT4;

reg [5:0] DSP1 = 6'b000000;

reg [5:0] DSP4 = 6'b000000;

wire [4:1] LED;

wire [4:1] SW;

wire CLOCK OUT;

// Vector pin-lock is not supported in Verilog for Precision
// synthesizer.

// However, individual pin lock is possible.

// The following shows the pin-lock statements in Verilog

// for Precision only.

//pragma attribute GCLKl pin number 37
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//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma
//pragma

assign {
assign S

CLK DIVI

always@
begin

attribute
attribute
attribute
attribute
attribute
attribute

GCLK2 pin number 40

GCLR
sw_1
SW_2
SW_3
sW_4

pin number
pin number
pin number
pin number
pin number

39
15
14
13
12

attribute DSP1 0 pin number 27
attribute DSP1 1 pin number 33
attribute DSP1 2 pin number 30
attribute DSP1 3 pin number 21
attribute DSP1 4 pin number 18
attribute DSP1 5 pin number 23
attribute DSP4 0 pin number 3
attribute DSP4 1 pin number 10
attribute DSP4 2 pin number 6
attribute DSP4 3 pin number 43
attribute DSP4 4 pin number 35
attribute DSP4 5 pin number 42
attribute LED 1 pin number 28

attribute LED 2 pin number 25
attribute LED 3 pin number 22

attribute LED 4 pin number 19
attribute DOT1 pin number 31

attribute DOT4 pin number 11

LED 4, LED 3, LED 2, LED 1} = LED;
W = {SW 4, SW 3, SW 2, SW 1} ;

DER Ul ( .GCLK1 (GCLK1), .GCLK2 (GCLK2),
.CLK_OUT (CLOCK_OUT) ) ;

assign DOT1 = CLOCK OUT;
assign DOT4 = ~ CLOCK OUT;
assign LED[1] = SWI[1l];
assign LED[2] = SW[2];
assign LED[3] = SW[3];
assign LED[4] = SW[4];

(posedge CLOCK OUT or posedge GCLR)

if (GCLR)

begin
DSP1 <= 6'b000000;
DSP4 <= 6'b000000;

end

else

begin
DSP1[0] <= ~ DSP1[5];
DSP1[1] <= DSP1[0];
DSP1[2] <= DSP1[1]:
DSP1[3] <= DSP1([2]:
DSP1[4] <= DSP1[3]:;
DSP1[5] <= DSP1[4];
DSP4[0] <= ~ DSP4[5];

DSP4[1] <= DSP4[0];
DSP4[2] <= DSP4[1];

.GCLR (GCLR) ,
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DSP4[3] <= DSP4[2];
DSP4[4] <= DSP4[3];
DSP4[5] <= DSP4[4];

end
end
assign {DSP1 5, DSPl 4, DSPl 3, DSP1 2, DSP1 1, DSP1 0} = DSPI1;
assign {DSP4 5, DSP4 4, DSP4 3, DSP4 2, DSP4 1, DSP4 0} = DSP4;

endmodule

/* Sub-level design for scrolling design: CLK DIVIDER.vV */

/**************************/

/* Sublevel Design code */
R e I I 2 b b b b Ib Sb db a2 b b b (Ib b db i i g b 4
/ /

/* Sub-level Design : CLK DIVIDER.v
* Company: Atmel Corporation
* Contact: pld@atmel.com
* Date: 1/1/2006
* Target Device: ATF15xx (44-TQFP)
* Description: Scrolling Display Design for ATF15xx-DK3 kit.
* Design files: Top-level file: £f02 44TQFP.v;
Sub-level file: CLK DIVIDER.vV
*/
module CLK DIVIDER (GCLK1l, GCLK2, GCLR, CLK OUT);
input GCLKL1; // 2MHz clock (positive edge)
input GCLK2; // Active high Register reset
input GCLR; // clock output to drive 7 segment display.

output CLK OUT;

reg [3:0] CNT1l, CNT2, CNT3, CNT4 = 4'b0000;
wire iCLK;

assign iCLK = GCLK1l | GCLKZ2;

always@ (posedge iCLK or posedge GCLR)
if (GCLR)
CNT1 <= 4'b0000;
else
CNT1 <= CNT1 + 1;

always@ (posedge CNT1[3] or posedge GCLR)
if (GCLR)
CNT2 <= 4'b0000;
else
CNT2 <= CNT2 + 1;

always@ (posedge CNT2[3] or posedge GCLR)
if (GCLR)
CNT3 <= 4'b0000;
else
CNT3 <= CNT3 + 1;
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(posedge CNT3[2]

if (GCLR)
CNT4

else
CNT4 <= CNT4 + 1;

alwaysQ@ or posedge GCLR)

<= 4'b0000;
CNT4[2];

assign CLK OUT =

endmodule

/* Testbench file for top-level Scrolling Display design: */

/* Top-level Design f02 44TQFP TB.vV

* Company: Atmel Corporation

* Contact: pld@Ratmel.com

* Date: 1/1/2006

* Target Device: ATF15xx (44-TQFP)

* Description: Scrolling Display Design testbench file for
* ATF15xx-DK3 kit.

* Design files: Top-level file: £f02 44TQFP.v;

Sub-level file: CLK DIVIDER.vV
*/

‘“timescale 1ns/100ps

module £02 44FQFP TB;

reg SIG_GCLKI1;

reg SIG _GCLKZ;

reg SIG GCLR;

reg SIG Sw 4, SIG SW 3, SIG SW 2, SIG SW 1;

wire SIG DSPl 5, SIG DSP1 4, SIG DSPl 3, SIG DSPl 2, SIG DSP1 1,
SIG DSpl _O;

wire SIG DSP4 5, SIG DSP4 4, SIG DSP4 3, SIG DSP4 2,
SIG DsSp4 1, SIG DsSp4 0;

wire SIG LED 4, SIG LED 3, SIG LED 2, SIG LED 1;

wire SIG DOTI1;

wire SIG DOT4;

£02 44TQFP U1 (.GCLK1 (SIG GCLK1), .GCLK2(SIG GCLK2), .GCLR(SIG GCLR),
.SW_4(SIG_SW_4), .SW _3(SIG_SW_3), .SW _2(SIG_SW_2),

.SW_1(SIG_SW_1),

.DSP1_5(SIG DSP1 _5),

.DSP1_4(SIG_DSP1 4),

.DSP1 3(SIG DSP1 3),
.DSP1_1(SIG DSP1 1),
.DSP4_5(SIG_DSP4_5),
.DSP4_3(SIG_DSP4 3),
.DSP4_1(SIG DSP4 1),
.LED 4 (SIG_LED 4),
.LED_2(SIG_LED 2),
.DOT1 (SIG_DOT1),

// 2MHz is 250 ns.

initial

begin
SIG _GCLK1l = 1'b0;
SIG _GCLK2 = 1'b0;
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.DSP1 2 (SIG DSP1 2),
.DSP1 0 (SIG DSP1 0),
.DSP4_4 (SIG_DSP4_4),
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.DSP4_0(SIG_DSP4 0),
.LED_3(SIG LED 3),

.LED 1 (SIG_LED 1),

.DOT4 (SIG_DOT4)) ;
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end

always

begin

#250 SIG GCLK1 = ~ SIG GCLK1l; SIG GCLK2 = ~ SIG GCLK2;
end

initial
begin

#0 SIG GCLR <= 1'bl; // Global reset
#1000 SIG GCLR <= 1'b0;

// After reset, start to show the value from the 1lst and 4th 7 segment //
displays
// Must holding the GCLR push button.

SIG SW 4 <= 1'bl;

SIG SW 3 <= 1'bl;

SIG SW 2 <= 1'bl;

SIG SW 1 <= 1'bl; // Turn on LED1, LED2, LED3, and LED4.
#100000 ;
end

endmodule

END OF EXERCISE 2
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