ECE3829 Advanced Digital System Design with FPGAs

Using DCMs

This tutorial shows how to create a simple project using a DCM (Digital Clock Manager).
(Jim Duckworth/Myo Thaw — August 2012)

The DCM generates 50MHz and 25MHz signals from the 50MHz xtal clock connected to the FPGA.

Create a simple module with the following ports:

o I5E Project Navigator (P.15xf) - CAECE3829\DCM\DCM.xise - [dem_examplew] = I [m] I il
File Edit View Project Source Process Tools Window Layout Help —|5|ﬂ
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« 1 ‘“timescale 1ns / 1ps
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e a3 // Company:

4 // Engineer:
5] 5 TE

& [/ Create Date: 13:16:48 09/01/2012

7 // Design Name:

g8 // Module Name: dem example

g // Project Name:

10 // Target Devices:

11 // Tool wversions:

12 // Description:

A/ /

// Dependencies:

15 /f

16 // Revision:

17 // Revision 0.01 - File Created
18 // Additional Comments:
18 /f

|©OO| & ¥ & » |8

21 module dom example |

20 SILEFEEETEETEEEEEEETEETEEEEEErdriiiiri i irdirifiirsriddifrsridifidririridifiiriises

22 input fpga_clk,
23 input reset,
24 output clk_50M,
25 output clk_2Z3M,
26 cutput lock led
27 )z
28
29
30 endmodule
3
K — 1|
dcm_example.v @J

|Ln21 Coll Verilog

Add a new IP source: Call it dcm_25 (for 25MHz DCM)

o Mew Source Wizard il

Select Source Type
Select source type, file name and its location.

Q‘ IP (CORE Generator & Architecture Wizard)
Schematic
3% System Generator Project

User Document

Verilog Module ]

] Verilog Test Fixture File: name:
(g VHDL Module Idcm =
[y VHDL Library =
[¢] VHOL Package Location:

ltg] VHDL Test Bench [c-\EcEz829\DCMpeore_dir =

gy Embedded Processor

¥ Add to project

Mare Info | Cancel |
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Select the Single DCM_SP core:

oNewsoweemd x

Select IP
Create Coregen or Architecture Wizard IP Core.

View by Function View by Mame

Name £ |‘u’ersion |AXI4 |AXI4-Stream;
B Automotive & Industrial
7 AXIInfrastructure

7 Basic Elements

: 7 Communication & Networking

7 Debug & Verification

7 Digital Signal Processing

-/~ Embedded Processing

[= |7 FPGA Features and Design

=7 Clecking

4] Clocking Wizard 35
[ Spartan-3

[=+-|=7 Spartan-3E, Spartan-3A

i 1y Board Deskew with an Internal Deskew (DCM_SP)  13.1

- Cascading in Series with Two DCM_SP 131
- Clock Forwarding / Board Deskew (DCM_5P) 131
o Clock Switching with Two DCM_5Ps 131

gle DCM_SP
B[ Virtex-4

[ Virtex-5 =
4| | 3

Search IP Catalog: I Clear |

[~ &l 1P versions ™ Only IP compatible with chosen part

More Info | < Back | Next = I Cancel

Click Next and then Finish.

¢ Xilin Architecture Wizard - Setup x|
XAW File:
|C:"-.EC E382%DCMyipcore_dirs\dom_25xaw
Cutput File Type
= VHDL i+ Verlog
Synthesis Tool
[t <]
Part
3550040320 Select...
oK I Cancel

Click OK
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¢ Xilinx Clocking Wizard - General Setup X|

[+
— Input Clock Frequency Phase Shift
[50 & MHz " ns Type: | NONE |
Value: I{I' 3:
—CLKIN Source —Feedback Source
i+ BExtemal i Intemal i~ Bxemal f* Intemal " MNone
% Single {* Single
" Differertial {~ Differentizl
— Divide By Value —Feedback Value
|2 vI v 1% &

v Use Duty Cycle Comection

Mare Info Advanced < Back Mext > Cancel

Click the LOCKED, and CLKDV pin options and enter 50 for the Input Frequency and Select 2 for the
Divide by Value

Click Next, Next, and Finish
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o ISE Project Navigator (P.15x) - C:\ECE3820\DCM\DCM.xise - [Design Summary] - O] x|
I File Edit View Project Source Process Tools Window Layout Help —|5|1|
IDpEFElsabxoa|lrregRrR[Almama]lsr]ircL]9
Design +08 X S B- Desié Overview - ;. 1 s =]
' . - ) - i Summary =
[ | View: & {8 Implementation Simulation @ 13 108 Properties Project File: | DCM xise e— No
5| | Hierarchy | [ Module Level Utilization Ermors
3 a’ DCM 9 j Timing Constraints Module Name: | dcm_example Implementation Mew
e * %) [ Pinout Report State:
h : [ Clock Report Target xc3s500e-4fg320 « Errors:
— wd G Static Timing Device:
¥ 2 | = Errors and Warnings -
: @ -~ [2] Parser Messages ‘P’::r:_::t: LE 131 PV
> | T2 NoProcesses Running oy [ Synthesis Messages |
% P AT | xiion) « [] Translation Messages Design Goak: | Balanced o RDIIE:::
% - Desian S TR -« [] Map Messages Resul
Ert Des!gn UL:.El.'nary SRS ] Place and Route Messages LI Design Kilinx Default * Timing
= s L S Terieais Strategy: unlocked) Constraints:
E’{: User Constraints Design Properties - -
e Synthesize - X5T ‘- [] Enable Message Filtering R s [
LLI Implement Design otio Desig o Soare:
Generate Programming File --[J Show Clock Report
Configure Target Device [ Show Failing Constraints
Analyze Design Using ChipScope - [] Show Warnings Detailed Reports | 1
- [ Show Errors Report |Statu5 |Generate|l | Errors |Warnings |Infns LI
& Start E3 Design | |E Files | |D Librariesl pint Design Summary ﬂJ
Console 058 %X
JipINFO:HDLCompiler:1845 - Analyzing Verilog file "'C:J’ECE382BJ’DCHJ’dm_example.v"' into library work ;I
JBINFO:ProjectMgmt — Parsing design hierarchy completed successfully.
Launching Design Summary/Report Viewer...
K — ;I_I
Console m Errors | _ﬁ Warnings | |28 Find in Files Results

You can now see the dcm_25 in the Design pane,
Select it and you will see some options in the Processes pane.

Select the View HDL Instantiation Template
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" {p 547) - CAECE3829\DCM\D T —— —IDIiI
E File Edit View Project Source Process Tools Window Layout Help —|5‘|1|,
IDPEFIL]lspbxlvallrra@rRAImET|lsR]rEL]l?
Design ~+087 X @ =8 Demé Cs}ver\.rlew - e le Project Stat =~
- e - ) - - ummary
[ | View: o @ Implementation @ Simulation o 13 10B Properties Project File: | DCM.yise Ser—— No
dZ] | Hierarchy | - [] Module Level Utilization Errors
=] DCMm 9 - [ Timing Constraints Module Name: | dcm_example Implementation New
£ xc3s500e-4fg320 O -~ [] Pinout Report State:
i dem_25 (dem_25.xaw) ~[] Clock Report Target ¥c3s500e-4fg320 « Errors:
,;g; dem_example (dem_examplew) e G Static Timing Device:
¥ v | = Errors and Warnings =
> %8 Product ISE 14.1 * Warnings:
: Ll -~ [2] Parser Messages Ve
| T NoProcesses Running o [ Synthesis Messages -
= , patl [ Translation Messages Design Goal: | Balanced * Routing
Eﬂc P.rocesses. dcrm_25 | % e 9 Results:
S.reat;?}ihsematlc Symbal [ Place and Route Messages d Design Hilinx Default * Timing
L OUILE: Tl Strategy unlocked) Constraints:
=] View HDL Instantiation Template Design Properties - -
i T Environment: * Final Timing
----- [] Enable Message Filtering Score:
Optional Design Summary Contents
- [ Show Clock Report
- [] Show Failing Constraints
- [ Show Warnings Detailed Reports | 1 |
~[] Show Errors Report |Status | Generated | Errors |Warnings |1nfns LI
& Start B8 Design | I Fies | [ Libraries | i Design Summary m
Console +0&F X
JpINFO:HDLCompiler:1845 - Analyzing Verilog file "C:!ECE382‘3!DCH!dm_example.v"' into library work d
JipINFO:ProjectMgmt - Parsing design hierarchy completed successfully.
Launching Design Summary/Report Viewer...
K LI_I
Console m Errors |_ﬁ Warnings | ﬁ Find in Files Results

Double —click the View HDL Instantiation Template process:

& I5E Project Mavigator (P.15xf) - CA\ECE3829DCM\DCM.xise - [dem_25.ti] = I I:llll
File Edit View Project 5Source Process Tools Window Layout Help —|5|£|
ID2EF s BBEX[0 »|2x]%]L]pr=]9
= 1|

(= 2
—_— 3

f{ Instantiate the module
dcm 25 instance name |
.CLKIN_ IN(CLKIN IN),
.RST IN(RST IN),
.CLKEDV OUT (CLEDV OUT}),
.CLKIN IBUFG OUT (CLKIN IEUFG OUT),
.CLKO OUT (CLKO_OUT),
.LOCKED OUT (LOCKED OUT)
iz )i
i3
14
A5

d | i
dem_25, Hi 8 |
Lnl Coll Werilog
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Copy and Paste the DCM instantiation templates to your original Verilog:

| 5 Pt vt (15 - CARCEENDCANDCVie -t ampled WEIFT

@ File Edit View Project Source Process Tools Window Layout Help ;IEIEI
IDPEHF L] abeXxwal-lrrap AR IAImEO||LR|r -9

i; 1 ‘timescale 1lns / 1lps

FIELEEFTEFIFET I F I FEFT I FAT TS FEF i i FiT i i Fidiiiiiiiirifidiiiridiiiiiddiririiiiss
// Company:

// Engineer:

// Create Date: 13:16:48 0970172012
// Design Hame:
// Module Hame: dem_example
g // Project Hame:
1g // Target Devices:
11 // Tool wversions:
12 // Description:

14 // Dependencies:
16 // Revision:

17 // Revision 0.01 - File Created
1g // Additional Comments:

|@®|¥¥ ¥ ;|:5 I ||5|||||||||

20 FAIIEIEEEEEEEEEEEEEEEEEEEEEE TR iiiiiiss
21 module dem example |

332 input fpga clk,

23 input reset,

34 cutput clk 50M,

35 cutput clk 23M,

38 cutput lock led

27 )i

28

29 dcm 25 instance name |

30 .CLKIN_ IN(fpga_clk), f/50MHz xtal clock to FPGA

31 .R5T_IN(reset),

332 .CLEDV_OUT (clk_25M), f/f25MHz clock to VGA controller

33 .CLKIN_ IBUFG_OUT (), //Cpen

34 .CLKO_OUT (clk_50M), f//50MHz clcok to rest of design

35 .LOCEED OUT (lock led) J//LED turns on when DCHM is locked

36 )i

37

38 endmodule

3g |

K I 2

ﬂEj- dem_25.Hfi x| |EJ dom_example, v =I|

Ln39 Coll Verilog
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Create a UCF File (clk_50MHz is connected to debug port JA1, and Clk_25M to JA2):

o I5E Project Navigator (P.15xf) - CAECESE2MDCMADCM xise - [dem_25.ucf] -0 ﬁ
|—in| File Edit View Project Scurce Process Tools Window Layout Help - Eﬂ
D * ¥, » » | == ] - = ¢

1 # UCF File for DCM 25MHz clock example

2 HET LoC = ;

3 HET LoC = ;

4 4

5 HET LoC = ;

& HET FERICD = 20 ns HIGH 50%;

8 HET LocC = ;s ¥ led

g ¥
| 10 HET LCoC = ;
v |4 2
E‘l dem_25,ucf B

InlColl UCF

Synthesize, Implement, and Generate a Programming File,

Using an oscilloscope confirm that JA1 has a 50MHz clock and JA2 has a 25MHz clock and the LED 7 is on
indicating the DCM is locked.

& 60002 200y Stop Tv [ Fieldl

Freq(D, J: 25.000MHz | Freq(D, ): 50.000MHz ]
+2 Source Select: Measure Clear Thresholds
DO Freq Freq Meas

Press BTNO to try reset the DCM and confirming the DCM locks again and the clock signals are correct.
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Here is a schematic of what we have created:

- - CAECE =10] x|

@ File Edit View Project Source Process Tools Window Layout Help -Iﬁllil

ID2EF|i]lkobx|val|-lrlrl@® ~RBlalmema|lse]lr= L]

};(: dcm_example:1

; dcm_25:1

E gngd DCM_SP

2 HE B ™7 bufg

Fs WST_GND - - 1 D ° o ouT s g

= fzﬁ CLKDV_BUFG_INST

Og g bufg

g IEa Tmrm I D 5 fu T S E

- . CLKD_BUFG_INST
# ibufg |euess
B non e cunw L ® L | cuers
1

Di:i CLKIN_IBUFG_INST e :1:: B s

; DCM_SP_INST

@

5

@

_— s FaT LR RUF ST

40

Q instance_name

dcm_example

I Q dom_example (RTLZ) ﬂJ

View by Category +0 8 x

Design Objects of Top Level Block Properties: (Mo Selection)
2 A 2k | Mame 5 | value
decm_example dem_example dom_example
Set view such that the entire contents is visible [24,1568] Y
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