ECE3829/574

Using MMCMs

This tutorial shows how to create a simple project with a MMCM (Mixed-Mode Clock Manager) using
Xilinx Vivado Design Suite. (Verilog Example)

In this example we instantiate an MMCM to generate a 10MHz clock from the 100MHz oscillator

connected to the FPGA.

Create a new project and verify the Tools => Project Settings => General => Target Language is set to

Verilog.

Create a simple module with the following ports and counter logic:

dcm_example. v

ﬂ C:/ECE35829/vivado/dcm_verilog/dem_verilog. srcsfsources_1/new /dom_example. v

LL
<) 2imndule dcm example {
¥ 24 input clk fpga,
5&_ 25 input reset,
T | 26 cutput lock led,
jj 27 output counter led
12|28 )5
(23
30 reg [3:0] count;
i 21 wire clk 10M;
always @ ({posedge clk_10M, posedge reset)
begin
if ([reset)
count <= 1'b0;
elae
if {count == 4'h3)
40 count <= 4'b0;
41 elae
42 count <= count + 1;
43 end
44
45 a33ign counter_led = (count == 9); / flash LED every 10 clocl
45
47 endmodule
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Select the IP Catalog in the Project Manager and select the clocking wizard:
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IP Catalog
# search: _.Qv

=
=23 | Name AXI4

% == Vivado Repository

= [ Aliance Partners

[ Automotive & Industrial
[ AXI Infrastructure

(& BaseIP

[ Basic Elements

(= Communication & Networking
[ Debug & Verification

[ Digital Signal Processing
Embedded Processing

= FPGA Features and Design
E)-[= Clocking

i

&BHeR
g

[ 10 Interfaces
[ Soft Error Mitigation
[= XADC

oas —orcducion —Jincuded

Status License VLNV

[ Math Functions
[#-[ Memories & Storage Elements
[#-[= Partial Reconfiguration
[#-[= Standard Bus Interfaces
[#-[= Video & Image Processing
Details
MName: Clocking Wizard =
Version: 5.1(Rev. 6)
Interfaces:  AXI4 3
Description:  The Clocking Wizard creates an HOL file (Verilog or YHDL) that contains a docking drcuit customized to the user's docking require
Status: Production
License: Included
5
Pl - 1T b
The Clocking Wizard - Customize IP window opens:
r N
iF Customize IP ==
Clocking Wizard (5.1) '
w Documentation E IP Location () Switch to Defaults
1P Symbol | Resource Component Name | ck_wiz_0 |
[ Show disabled ports Clocking Options | Cutput Clocks | MMCM Settings | Port Renaming | Summary
~ =
Primitive w
@MMCM () PLL
Clocking Features Jitter Optimization
Frequency Synthesis | Minimize Power
Phase Alignment [] Spread Spectrum (©) Minimize Output Jitter
| [] Dynamic Reconfig [] Dynamic Phase Shift (© Maximize Input Jitter filtering
[ 5afe Clock Startup =
Dynamic Recanfig Interface Options
@ Axaite o Phase Duty Cyde Config
Input Clock Information
Input Clock Input Frequency{MHz) Jitter Options Input Jitter Saurce
Primary I 100.000 ‘ 10,000 -800.000 LI ~ |Single ended dock capable pin ~
[[] secondary 100,000 \Single ended dock capable ... ~

1.
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In the Output Clocks tab select 10MHz for the clk_outl frequency:

[ LF Customize P =)

Clocking Wizard (5.1) '
i Documentation [P Location £ Switch to Defaults
1P Symbol | Resource | Component Name | ck_wiz_0
[] Show disabled ports " Clodking Options Output Clocks | MMCM Settings | Port Renaming | Summary
The phase is c3jgummPPETT g ive input dock.
— Output Freq (MHZ, Phase (degrees) Duty Cycle (%) _— Use
y Requested ual Requested Actual Requested Actual Fine PS
1jpoo 0.000 0.000 50.000 50.0 BUFG v
] R 0.000 50.000 BUFG -
dk_out3 0.000 50.000 BUFG  ~
dk_outd 100.000 0.000 50.000 BUFG  ~
dk_outs 100.000 0.000 50.000 BUFG  ~
dk_outs 100.000 0.000 50.000 BUFG  +
dk_out? 100.000 0.000 50.000 BUFG  +
USE CLOCK SEQUENCING o Eeedbad
Source Signaiing
OutputClock | Sequence Number _ _
@ Automatic Contral On-Chip @ Single-ended
3
= ©) Automatic Control Off-Chip Differential
5 ) User-Cantroled On-Chip
g ) User-Controlled Off-Chip
3
1
¥
Enable Optional Inputs / Cutputs Reset Type
reset  [|power_down []input_ck_stopped @ Active High
locked ] ckfbstopped Active Low
4 b v

In the Port Renaming tab, change the port name to clk_10M:

[ LF Customize P =)

Clocking Wizard (5.1)

i Documentation [P Location £ Switch to Defaults

1P Symbol | Resource | Component Name | ck_wiz_0

[] Show disabled ports " oding Options | Output Clodks | MMCM Settings  Port Renaming | Summary
i Input Clock
Tnput Clock Port Name Input Frequency (MHz) Input Jitter (UT)
Primary dk_inl 100,000 0.010
Output Clock

Port Name

<b>Cutput Fifa
dlk_10mM] 10,000

(MHz)... Phase (degrees) Duty Cyde (%) Tspread (ps) Pk-to-Pk Jitter (ps) Phase Error (ps)
0.000 50.0 467,358 318.001

Optional Port Name
OtherPins  Fort Name
reset reset
lacked lacked
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Click OK

4L Generate Output Products ﬂ

The following output products will be generated.

Preview
Q| B-LFE dk_wiz_0.xd (0OC per IF)
[l Instantiation Template
[l Synthesized Checkpoint (.dcp)
[l Behavioral Simulation
[l Change Log

B4

=

Synthesis Options

(™) Global

Qut of context per IP

Run Settings

Mumber of jobs: | 4

[ Apply ]| Generate |[ skip

Click on Generate.

The MMCM is now added to the available design sources:

J dem_verilog - [C/ECE3829/vivado/dem_verilog/dem_verilog.xpr] - Vivado 2015.1 ==
Fle Edt Flow Toos Wndow Llayout Vew Hep
oo REX D %S X LS [Hochutlapot B £ ) o
Flow Navigator «| | Project Manager -dam_veriog X
== — O 2 X || [ErrojectSunmary x | @ dem_example.v x |{F IP Catdog x| o x
_ IEE :/ECE3829/vivado/dcm_veriogdem _veriog.srcs/sources_ijnen fdem_example.v
(e ) 1 2
& Project Setings .. dem_example (écn_exrpe )
&Y Add sources £
 Language Tenpiates N L Smuaton Sources (2
4F P catalog & sm_1(2)
4 P Integrator X |22module dem example(
% Create Block Design |23 input  clk_fpga,
¥ Open Bock Desion inpat - reses,
o output lock_led, M
& Generate HockDesin i - R
4 Simulaton 12
43 Smulation Settings reg [3:0] count:
@ ron Simulation [ierarchy | 1 Sources | Lbrares | Compie order | vire c1e_1o;
"4 sources | Tempates |
4 RTL analysis S ————— / oto
8 Eaboratonsettngs Source Fie Properties T shimss @ (posese e ion, possage e
» 5 openebrneavessn | | = [SIE] e
| G0 count <= 1'00; 7
4 Synthesis : - else
13 Synthesss Settngs [xpeme: S ook Weard m if (count == 4'h3)
@ Run Synthesis verson:  5.1(Rev. 6) count <= 47b07
Interfaces: AXI4 else
b @ Open Synthesized Design L 1
Description: The Clocking Wizerd creates an HDL fie (Verlog o = count <= count + 17
VHDL) that contains 2 dlocking crcuit customized to ena
pl imyicnemony the user's cocking requirements.
45 Implementation Settngs Status:  production b assign counter led = (comnt == 9);
> Run Implementation Ucense:  Induded
& ¥ Open Implemented Design| ||| Change Log: View Change Log. 46 endmodule
ndor:  Xinx. Inc. = 7]
4 Program and Debug General | Properties [P « v
) Bistrean Setings
¥ Generate itstream Mezoges Al
> g Open Hardare Manager i @ 10imios FQ2statises
i £ Vivado Commands (5 nfos) 2
) 5 Other Messages (311fos)
a @ [P_Flow 15-234] Refreshing TP repositories
= @ [P_Flow 15-1704] No user IP repositries spedfied =
@ @ [IP_Flow 15-2513] Loaded Vivado IP repository 'C:/XiinxVivado/20 15. jdatafp.
T & generate_torget {nstantiaton_tempate} [get_fies c;/ECE3829/vivado)dcm_veriog,dam_verog scsfsources _fjek _wiz_0/ck_wiz_0.xcl] (11170) L
L 4 @ [IP_Flow 19-1686] Generating Instantiation Template' target for IP ‘ck_wiz_0'
{5 oenerate_trget o [oet_fles :/ECE3829vivadojdem._vriog dem_veriog.srcsfsources_tfck_iz_0jck _wiz_Doxc] (4infos)
[[P_Flow 19-1656] Generating Synthesis target for I ‘ck_wiz_0... (3 more ke ths) =
- Analysis Results (2infos) [=)|
B Td Consol -, Messages | & Log | (2 Reports | 5 DesignRuns |
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We now need to add the MMCM to our top level design.

In the Sources window, Select IP Sources and then expand the Instantiation Template to see the

clk_wix_veo file:

r - -
4. dem_verilog - [C:/ECE3829/vivado/dcm verilog/dcm verilog.xpr] - Vivado 2015.1 - [
Fle Edt Flow Tools Window Layout View Help [ Q- search commands ]
ARl X P D UG K LG Soehutayut TR R®
Flow Navigator <« | Project Manager dem_veriog
e Sources — O x
A =H2gh
|4 Project Manager
B g
4 Project Settings A d wiz_0 (13)
&% Add Sources £ Instantiation Template (1)
) Language Templates
1 17 catalog i Simulation
4 1P Integrator
% create Block Design
¥ Open Block Design
& Generate Block Design
4 Simulation
3 simulation Settings
([l Run Simulation
Hilarchy Libraries JCompile Order |
4 RTL Analysis
i‘i £ bttt fos Source File Properties I = T
& ¥ Open Elaborated Design
« +[E[E]
4 Synthesis 3 ck_wiz_0.veo
Synthesis Settings -
@& sy S Location:  ¢:/ECE3829/vivado/dcm_verilog/dam_verilog.srcsfsources_1i—
& Run Synthesis
g Type: Verilog Template (
b [ Open Synthesized Design :
Size: 36KB 74 3
4 Implementation Modified:  Today at 14:48:32PM ! -clk inl{clk inl),
= |74 / lock o
5 Implementation Settings Copied to:  c:/ECE3329/vivado/dcm_verilog/dem_veriog.sresfsources_1f i - =
[» Run Implementation Read-only: Yes |76
5 I Cpen Fipienented Deson [l 2 Rl |77
Enabled e
= 79 /
4 /
Program and Debug o = g =
5 Bitstream Settings e .
¥] Gererate Bitstream | | —0 e
& @ Open Hardware Manager Design Runs = BB
| name Constraints  Status Progress WNS TNS WHS THS TPWS FaledRoutss LUT% LUTs FF% FFs BRAM%
2|5 synth_1 (sctve) constrs_1  Not started %
= Pobech impl_1 (active) constrs_1  MNot started | e— "
- Out-of-Context Module Runs
> + ck_wiz_0_synth_1 dkwiz D synth_design Complete! ] 100% 0.000 o 0000 0 0.000
L < i »
5 Td Console LD Messages | [ Log | % Reports-, I» Design Runs
10 Read-onlly File | Veriog | _:5|
L
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Select the lines at the bottom of the file for the instantiation template (select the lines and use ctrl C to
copy):

i dem vertog - (CECE2Shvadoldem verlog/dem veiog r] - Viado 20151 (=)
Fe St Fon T Vindow Lyt Ven feb
Ready
™
o x
Read-only
{5 Open Elboreted Desion
+ syness
4 tmglenentaton
@ Inplementation etings | ||| Modfed:  Todayat 14:48326M
> Copied o _verogidon. _iole
B oper Readonly: fes
4 Program and D
@ biatean setings
{5 Open Hordvere Manager
—oex
WIS NS WS THS  TPWS  FaledRowies WT% WIs FE% Fs BRAMS B OP% D®s  Sert
0%
= 0%
» 100% 0.000 o oo o 00w o 000 [l o152
I
»
«
%
B,
579 Corsoe | essoges | Lo | (3 Reports . Design Runs

Back in your top level file, paste the instantiation template and modify the signal names to match your
connections:

dem_example.v — O e X

] C:/ECE3829vivado /dcm_verilogfdem_verilog. sresfsources_1/new /dem_example. v

26 cutput counter_led -
3, B

ra) :I.
W 2e

reg [3:0] count;
30 wire clk_ 10M;

L ra
= o

I
lLI’
L
¥

clk_wiz_0 mmcm inst
({
.clk_inl {clk_fpga) /4 input clk (100MHz)
.locked (lock_led)); /7 output
always @ (posedge clk_10M, posedge reset)
begin
if [reaet)
count <= 1'b0; Sl
q (I | 3

You can now synthesize and implement this design.
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