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Xilinx Answer 53786
7-Series Integrated Block for PCl Express in Vivado

Important Note: This downloadable PDF of an Answer Record is provided to enhance its usability and
readability. It is important to note that Answer Records are Web-based content that are frequently updated as new
information becomes available. You are reminded to visit the Xilinx Technical Support Website and review (Xilinx
Answer 53786) for the latest version of this Answer.

Introduction

This document illustrates the things a user needs to know to use 7 Series Xilinx Integrated PCI Express Block core
v1.8 in Vivado 2012.4. All the steps are illustrated with screenshots without minimal description. The provided
screenshots and the captions are self-descriptive. This should help users to get quickly familiar with the tool flow while
using 7 Series Xilinx Integrated PCI Express Block core v1.8 in their design.

Along with the core output products generation, simulation and debugging of the hardware using Chipscope have also

been described. Users who are familiar with generating the core in Coregen will find this document helpful in quick
migration from Coregen to Vivado platform.

PCle Core Output Products Generation (Generate Example Design)

After creating a Vivado project and generating the core as described in PG054, the example design files have to be
generated separately by clicking on ‘Generate Output Products’ as show in Figure 1.
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Figure 1 — Generate PCle Output Products
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Figure 2 — List of PCle Output Products

After the example design files have been generated, open the example design project as shown in Figure 3. This
opens a separate Vivado project. The example design project location is shown in Figure 5.

project_l - [fhome/deepeshm/h/LFAR_Projects/pcie_vivado/project_l/project_l.xpr] - Vivado 20
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Figure 3 — Open PCle IP Example Design

project_l - [[/home/deepeshm/h/LFAR_Projects/pcie_vivado/project_l/project_l.xpr] - Vivado 2012.4
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Figure 4 — PCle Core Vivado Project
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Figure 6 — PCle Example Design Vivado Project GUI
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Figure 7 — PCle IP Example Design Hierarchy (Part-1)
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Figure 8 - PCle IP Example Design Hierarchy (Part-2)
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PCle Example Design Project Directory Structure

Project directory structure in Vivado IP core generation can be confusing. Figure 20 shows the content of the top level
project directory after generating the example design files. example_project directory shown in Figure 20 is generated
only after generating the example design files. Another thing to note is that the content of project_1.srcs is different
between before and after the example design files generation. This is shown in Figure 22 and Figure 23

-I Location: |!home:‘deepeshmfh!LFARiProjects}pcieiwvado

Name

- ﬁ project_1
b i example_project
b ﬁ project 1.data

Figure 20 — PCle Vivado Project Directory Content after Example Design Generation

Location: |ome/deepesnmih/LFAR_Projectsipcie_vivado h i project 1. data
Hame — 9 constrs_1

- {8 project_1 | ] fileset.xmi
b ﬁexample_project = “ sim 1
b ﬁ project_1.data D fil_eset.xml
b i project_1.srcs — {8 sources_1

Q project_L.xpr | ] fileset.xmi
L‘, vivado.jou = 'i‘ wt
L‘, vivado.log D project.wpc

Figure 21 - project_1.data Content
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= @& project_1
I @ project_l.data
= @ project_1.srcs
~ @ sources 1
-~ @ ip
~ @ pcie_ Tx vl B 0
~ @ pcie_Tx vl B 0

— @ example_design

| PIC_RX_ENGIME.v
[=1] Location [momeydeepeshmmiLFAR Projects/peie_vivado =
- | PIO_TX_ENGINE.v
ame
vﬁproject 2 b @ source
= ~ @ source
3 example_project
ﬁ | pcie_Tx vl _8_top.w
b i project_l.data < @ synth
b ﬁ project_l.srcs | pcie_Tx_vl_8 0w
j project_1.xpr | pcie_Tx_vl_&_Oveo
= = | pcie_Tx_vl_B_0.xci
d vivado.jou ;
- | pcie_Tx_wl_8_0.xml
d vivado.log | project_l.xpr

Figure 22 — project_1.srcs Content before PCle Example Design Generation

T @ project_1
[ @ project_1.data
~ @@ project_l.srcs
= @ sources 1
- @ ip
= @@ pcie Tx vl B O
I #8 doc
~ @@ pcie_Tx vl B D
[ @ example_design
= @ simulation
[ @ dsport
I @ functional
I @8 tests
[ #8 source
- hierarchytxt
PE sim
~ @& source
| pcie_7Tx vl 8 topw
~ @& synth
| pcie_T7x vl 8 0w
| pcie_Tx vl & O.wveo
| pcie_Tx vl & 0.xci
| pcie_Tx vl & 0.xml
| pcie_Tx vl 8 0 exitcl

| project_1.xpr

Figure 23 - project_1.srcs Content after PCle Example Design Generation
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hierarchy.txt is generated with the generation of the example design files. It contains the entire hierarchy of the PCle
example design files. The content of this file is shown in Figure 24 and Figure 25.

[] hierarchytxt 3% |

xilinx_pcie 2 1 ep 7x

--pcie_7x vl 8 0 pipe_clock (When External Clocking enabled)
--pcie_7x vl 8 0 (Core Top level module Generated by Vivado in synth directory)
|-- pcie_7x vl 8 top (Static Top level file)
|-- pcie_7x_vl 8 core_top

cie 7x vl 8 0 pcie top

cie 7x vl 8 0 axi_basic_top
cie 7x vl 8 0 axi basic_rx

--pcie 7x vl 8 0 _axi_basic_rx_pipeline
--pcie_7x vl 8 0 axi_basic_rx_null_gen

-p
[
[--p
[
[
[
[
|--pcie_7x_vl 8 0 axi_basic_tx
[
|--pcie_7x vl 8 0 axi_basic_tx_pipeline
|--pcie 7x vl 8 0 axi basic tx thrtl ctl

cie 7x_ vl 8 0 pcie_7x
--pcie_7x vl 8 O pcie bram_top_7x

|--pcie_7x vl 8 0 pcie_brams_7x (an instance each for Rx & Tx)

-p
[
|
[
|
| |

| |--pcie_7x_ vl 8 0 pcie bram 7x

|

I
-p

[

[

[

--PCIE 2 1 (Integrated Block Instance)
cie 7x vl 8 0 pcie pipe_pipeline

-P
I
I_
I
I
[
I
[
I
[
I
[
[
I
I_
I
[
I
[
[
|
I
I_

--pcie 7x vl 8 0 pcie pipe misc

--pcie _7x vl 8 0 pcie pipe lane (per lane)

cie 7x vl 8 0 gt _top
--pcie 7x vl 8 O pipe wrapper

--pcie 7x vl 8 0 pipe clock
--pcie _7x vl 8 O pipe reset
--pcie 7x vl 8 O gpll _reset
--pcie 7x vl 8 O pipe_user
--pcie 7x vl 8 O pipe_rate
--pcie 7x vl 8 O pipe_sync
--pcie 7x vl 8 O pipe drp
--pcie 7x vl 8 0 pipe eq
I

|--pcie_7x_ vl 8 0 rxeq_scan
-pcie 7x vl 8 O gpll _drp
-pcie 7x vl 8 O gqpll wrapper
-pcie 7x vl 8 O gt wrapper

I

| -- GTXE2_CHANNEL

-pcie 7x vl 8 O gpll drp.v
-pcie 7x vl 8 O gqpll wrapper.v

e e e e e e e e e e e e e e e e e —  — — — e e e e e e e e . e e e e e e e e e e —

-p
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

Figure 24 — PCle Example Design Files Hierarchy (Part-1)
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I
|-- GTXE2_COMMON

--pcie_app_7x (PIO design, in example_design directory)

|--PIO
I
| --PI0_EP
[
| |--PIO_EP_MEM_ACCESS
1
| | |--EP_MEM
[ I
[ | - -RAMB36
[
| |--PI0O_RX_ENGINE
| |--PIO_TX _ENGINE
I
|--PIO_TO CTRL
Figure 25 - PCle Example Design File Hierarchy (Part-2)
=~ @ example_project
= @ pcie_Tx vl & 0 _example
= @ pcie_Tx vl B 0 _example.data
[ @8 constrs_1
&8 runs
[ @ sim_ 1
[* @ sources_1
@ owt
= @ pcie_Tx vl 8 0 example.runs
- i project 1 b @ impl 1
3 ﬁexample_pmject b @ synth_1
= @8 pcie_Tx vl 8 0 _example.srcs
3 ﬁ project_1.data
[* @8 constrs_1
3 ﬁ project_1.srcs b @ sim 1
Q project_1.xpr b 8 sources 1
7 | pcie_Tx wl & 0 _example.xpr
d vivado.jou
- | wivado.jou
d vivado.log | vivado.log

Figure 26 — ‘example_project’ content after PCle Example Design Implementation

PCle Example Design Vivado Simulation

Simulation of PCle Example Design in Vivado can be done with Vivado Simulator and Modelsim. In this section, steps
for simulating the PCle example design are shown for Vivado Simulator.
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Simulation with Vivado Simulator

4 Simulation

Eﬁ Simulation Settings

@ Fun Simulation

9 Open Static Simulation

Figure 27 — Vivado Simulation Panel

Project Settings . ™ E

@ | Simulation |

General Target simulator; |Vivado Simulator w7 |
@ Simulation set: |.§ sim_1 M |

sirnulation simulation top module name:  [pcie_7x_wl_8_0 | |j
% [#] Clean up simulation files

Synthesis Compilation = Simulation  MNetlist = Advanced

I} Yerilog options: | | |j

Imple;ematlon GenericsfFarameters options: | | |j
[
‘0?31001 —-debug |t\.-"DiCa| |E]
Eitstream SDF Delay [sdfrnax [=]
g:; --rangecheck Ld
More Compilation Options
IP

Select an option ahove to see a description of it

| 0],8 H Cancel l| Apphy |

Figure 28 — Vivado Simulation Settings

4 Simulation |

ﬁ Sirnulation ettings Hierarchy IP Sources Libraries Compile Order
@ Fun Simulatinn A Sanrcae U Tomplates
-um Openl Run Behawioral Simulation 3

Fun Post-5ynthesis Functional Simulation
4 ETL Analysis Run Post-Synthesis Timing Simulation

L Eﬁf‘ Open Fun Post-Implementation Functional simulation
Fun Post-Implementation Timing simulation

4 Synthesis
£ synthesis Settings =
m Mausen Tr medle o= =i =

Figure 29 — PCle Example Design Behavioral Simulation in Vivado
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In Figure 29, it shows all ‘simulation’ options are enabled.

If the design has not been synthesized yet, only * Run

Behavioral Simulation’ will be enabled.

SNIUELUIT JUUTLES L)

s

Simulation

& sim_1 (1)

Run Simulation

1 Running xelab...

=g poie_7x_v1_8_0 (pri

Digital Signal Processing
Embedded Processing
FPGA Features and Design
Math Functions

x|

—
| Lancel |

ETL Anaksis

| Background | Blo

Synthesis

Implementation

Compiling
Compiling
Compiling
Compiling
Compiling
Compiling
Compiling
Compiling
Compiling

module
module
module
module
module
module
module
module
module

secureip.
secureip.
secureip.
secureip.
secureip.
Secureip.
secureip.
secureip.
secureip.

gtxe?_cld40697
gtxe?_c096021
gtxe?_c677618
grtxel_c7B4824
grtxel_c228351
grtxe?_c291091
gtxe?_c009124 (CHECK_SKEW=10,INIT...
gtxe2_c050900
gtxe?_c990570

Figure 30 — PCle Example Design Simulation in Vivado Simulator

Behavioral Simulation - Functional - sim_1 - board
Scopes — O = Ohjects — O * %
Q I = [gleEca@-E e E PP ERE
Narre [ Design unit [Block Type Narria [value [DataT ]
) board iboard Verilog Mo... [~||@=43i[21:0] 00000000, Array
=g EP ®ilinx_pcie_2... Verilog Mo... — ¥ sys_rst_n 0 Logic
=@ RP ®ilinx_pcie_2... Verilog Mo... 1% ep_sys_clic z Lagic
=0} CLK_GEM_RP sys_clle_gen Werilog Mo... 1% rp_sys_clk 0 Lagic
=0} CLK_GEM_EP sys_clle_gen_... Verilog Mo... =g ep_pci_exp_... 1 Array
4 Initial193 _337... board Verilog Pro... =g ep_pci_exp_... 1 Array
4 Initial2 12 337, board Verilog Pro... =g rp_pci_exp_... 1 Array
7~ 0 albl glal Verilog Mo... =g rp_pii_exp_... 1 Array
4 Initial52 33755 glbl Verilog Pro... Hlseposys_cllken 1 Logic
4 Initial& 1 56 alhl Verilon Pro O] |- pep_sys_clkep © Logic
S Scope | b Sources =05 REF_CLK_FR... © Array
2=y REF_CLK_HA... 5000 Array
Simulation 5cope Properties P m
9 board
Mame: fhoard
Design unit:  hoard
Block type:  Werilog Module
4]

Tcl Console

=
I 0] :
frun: Time (s): cpu = 00:00:02 ; elapsed

| INFO:

“Taunch_xsim: Time (S): cpu = 00:24:48 ;

¢ i) @ ik B

Running default test {sample_smoke_testO}
System Reset Asserted...

= 00:00:06 .
fxsim: Time (s): cpu = 00:00:12 ; elapsed = 00:00:16 .

Memory (MB): peak = 2794.605 ; gain = 0.000
Memory (MB): peak = 2794.605 ; gain = 30.018
[Vivado 12-1395] XSim completed. Design snapshot 'board_behav' Toaded.

elapsed = 00:05:41 . Memory (MB): peak = 2794.605 ; gain = 30.203

Figure 31 - Vivado Example Design Project GUI after running Behavioral Simulation

After running the simulation, you could select the signals from the 'objects' window shown in Figure 32 and drag it to
the waveform viewer. Figure 32 shows user_Ink_up signal in the waveform viewer. This signal indicates that the PCle
link between the Endpoint and the Root Port has come up and the enumeration from root port to the endpoint can be

started.
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# % | L 5 [23 Deraun Layout - % KA R b [ 200]us -JRE Il @ ®

Behavioral Simulation - Functional - sim_1 - board

Scopes — O * ¥ || Ohjects — O = B Untitled 1* X & sample_testsl.vh X

e 1 (€] [E5] (51 ) 5] ) (2 N ) A R R Y )
MName |Design Unit MName |Value = By
A TSR _DIsF... [C_exXp_usr... —i trn_trem_n 0 s
e TSK_BUIL... pci_exp_usr... i trn_clk
—ra TSK_BAR. .. pci_exp_usr... —j'_]trn_reset n
ra TSK_BAR. .. pei_exp_usr... —j'_]trn_lnk U;J m
e TSK_BAR. .. pci_exp_usr... L trn_tdst_rdy_n
—ra FMC_CO... pci_exp_usr... |1 trn_tdst_dsc_n
70 FNC_CO... pei-exp.Usr.. || o trn_tbuf_avl... 011110
) Initial209. . poi_exp_usr... | 7% speed_chan... 1 M
Ay Initial2 36, pci_exp_usr... 5 trn_td[63:0] 00000001 D|

E=N=N

<] | 10} | &2 trn_trem_nil... 00000000
S Scope | £ Sources | trn_tsof_n 1 =
[ trn_teof_n 1 = |
Simulation Scope Properties — O 12 % i trn_terrfwd_n 1
&= : : i trn_tsre_rdyon 1 af
- . i trn_tsrc_dsc_n 1
& Initial301_17488 5% i[31:0] OOCK
o= j[31:0] HHHANKKK
Marme: Shoard/EP ftx_usrapp/l 5% K[31:0] KIIOOEKK

Design unit:  pci_exp_usrapp_tx
Block type:  Werilog Process
4

o= DATASTOR... 11100000
o= ADDRESS_3... 10111110

PN Y n Y e amaa

<] | [ (=153

Figure 32 — PCle ‘user_Ink_up’ Assertion

If you do not save the signals that you selected for monitoring in the waveform viewer, all this will be lost if you re-run
the simulation. In order that the same set of selected signals appear on the waveform viewer after re-running the
simulation, save your waveform file as shown in Figure 33 and also select this waveform in the ‘view wave’ option as

shown in Figure 34.

O
57.512001 us

] prie_7x_vl_&_0_example.data Recent Directories

Save In; |u,_.] pcie_7x_wl_8_0_sxample E“ T 0 =LA DD K

LL.Jpcie_?}{_vl_a_o_example_sim | JShomefdeepeshm/hfLFAR _Projectsfpcie_wivadofpraj

LL_J prie_Fx_wl E_O_example.srcs
File Prewiew

Select a file to preview.

File name: |bnard_behav.wcfg

Files of typoe: |Wavefnrm Configuration file {wcfg)

Figure 33 — Saving Vivado Simulation Waveform

Save
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=

Simulation |

=1

Design

board General Target simulator: |Vivado Simulator hs |

®ilinx_p —

®ilinx_p '@Q\ Simulation set: |E sim_1 b |
ext_cll.pip... pcie_7x .
Jort peie_2_ simulation Simulation tap madule name:  [board [ -]
K_usrapp pi_exp F
(_usrapp pi_exp @ Clean up simulation files

O TSK_SYS... pci_exp Synthesis

EE ff ?fi exn Compilation Simulation = Metlist ~ Advanced
D Simulation Eun Time* 10000ns

e | o Sources _ ——view [shome fdeepeshm fh/LFAR_Prajects/peie_vivada/. .. [+
Implementation -

3 Properties — O
D I

More Simulation Options

P
Jbnard /EP Loak jn: |LL,J prie_7x_wl_8_0_example |Z|| A
1 u,.J poie_7x_wl_8_0_example data Fecent Directories
Logic J peie_7x_v1_8_0_example.sim | 1 fhomefdeepeshm/h/LFAR.
lL,J poie_7x_wl_8_0_example.srcs
B board_behav.wcfg File Preview
= Name: board _behasw wofy
] TNirartnre:

Figure 34 - Open already Saved Vivado Simulation Waveform

Figure 35 shows the PCle example design simulation in progress. In the working simulation, the user_Ink_up should

be asserted and you should see the output on the console as shown in Figure 35.

Behavioral Simulation - Functional - sim_1 - board

Scopes — O @ ¥ | Objects —Ouwv = i sample_testslvh X B board_behav.wcig® X o

a 2 S@EE[CEE] - A elw] ;
M D L N “al E
e TSF_DTSF ..lpcef‘egnp =] _a_EEtm tremn |OauE pale
{—ru TSIK_BUIL... pci_exp = —jﬁtm:clk - 1
—Fx TSK_BAR. .. pc?_exp_ |2 trn_rasat_n 1
5 s TSK B,T\R pei exo =) | [ o imnkupn 0

. B trn_tdst_ray_n O
5 Scope | &b Sources |2 trn_tdst_dsc_n 1

o= trn_tbuf_av{... 011110

- - -
Simulation Scope Pr... — O & X | % speed_chan... 1
&= : o trn_td[63:0] 00000001,
@ Inalzol_17488 2= trn_trem_ni... 00000000
0 trn_tsof_n 1
Marne: JH0art SRR T _usrie] —jtrn_teof_n 1
E‘E Edtn terfwd n 1
| | O
Tel Cansole = [0 &
= L 41475000] : Check Dewvice/Vendor ID - PASSED
e | 0L 415230007 : TSK_PARSE_FRAME aon Transmit
=L 43507000] : TSK_PARSE_FRAME on Receive
&l L 48523000] : Check CMPS ID - PASSED
= i L 495230007 : SYSTEM CHECK PASSED
2 L 48523000] : Expected Device/Vendor ID = 701110ee
X L 495230007 : Reading from PCI/PCI-Express Configuration Register Ox00
L 495710007 : TSK_PARSE_FRAME on Transmit
‘L 515390007 : TSK_PARSE_FRAME on Receive

Figure 35 —-PCle Example Design Simulation in Progress
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You could also run the already ran simulation by opening *.wdb file as shown in Figure 36.

w [Eag e el it _— = Rl Rt _— e wE IMIPIT_LEILI LV
[ 3\’,-‘.| nplefpcie_7x_wl_8_0_examg
4 Project Manager Specify Simulation Results File [x]
@ Project Settings .
&b Add Sources Loak in: |lL.J behay |z“ T OTBEBALAIORS [:||_E|

LF 1P Catalog o xsim.dir Recent Directories

4 IF Integrator B hoard_behawwdb | fhomefdeepeshm/hfLFAR_Projects/pcie_wvivadofproject_1... = |

4”1 Create Block Design File Preview

A\ Name: board_behayv. wdb

Directory:

jhome fdeepeshm hLFAR _Projects|pcie_vivado/project |
Modified: Today at 18:48 PM

Size: 144 bytes

Type: Waveform Database file

Owmer: deepeshm

Permissions: rw-r--1r--

< | []

4 Simulation
@ Simulation Settings
() Rur Sirnulation

T Open Static Simulation

4 ETL Analysis
Eﬁ’ Open Elabarated Design

4 Synthesis
@ Synthesis Settings
& Run Synthesis

File narne: |bnard_beha\f.wdb |

Files of type: |Wa\.-ef0rm Database Files (wdh) |Z||

| Ok H Cancel |

4 |mplementation

BT AR L N e B

e e T T CT A T T e T T =TT

#5 Imnlementatinn Settinns e mm am e i [

Figure 36 — Open Already Completed Simulation

Vivado has a number of windows. The Vivado GUI allows customizing windows layout by providing a certain layouts
specific for Simulation, Floorplanning etc. Figure 37 shows the ‘Simulation Layout’

K ., b w=ilow
- board

Scopes " _ O @ ¥ | Ohjects _Owe % w8 sample_testsl.vh X EE board_behavlwcig X m}
L4 P E RN ERE NEFRREE
Marme [Design Unit [Block Type | Marre [valug [DataT.

=T TSR_OISF... PUI_gXp_UsF.. VEroy 45K i trnrem.n 0 Logic

—ra TSK_BUIL. .. pci_exp_usr... Yerilog Task i trn_clk 1 Logic

—ra TSK_BAR. .. pci_exp_usr... Verilog Task —-_ﬁlrn_reset n 1 Logic

e TSK_BAR... pei_exp_usr... Verilog Task [ —'_ﬁlrn_InK u;:u n o Logic

ra TSK_BAR. . pci_exp_usr.. Verilog Task —jﬁlm_tds; rd_v no Logic

ro FNC_CO... pci_exp_usr... Verilog Fun... —jjlm_ldsl_dsc_n 1 Logic A

e FNC_CO... pri_exp_usr.. Verilog Fun... b rn_touf_avl... 011110 Array ; JO000OOGC0O0000C0O00O0O0NOGO0NO0

=4 Initial2 09, pei_exp_usr... Verilog Pro... |if speed_chan .. 1 Logic

—4 Initial236... pei_exp_usr... Verilog Pro... E o3 1rn_td[62:0]  00000001... Array

4 lnitial2 0l i LSk farilon Pr

- ti o= 24 trn_trem_ni[... 00000000  Array
sis SCOpe & Sources

i trn_tsof_n 1 Logic

Simulation Scope Properties _ O @ x || [iltnteofn 1 Logic
o o trn_terrfwd_n 1 Logic

* R i@ trn_tsre_rchyon 1 Logic
@ Initial201_17488 [ trn_tsrc_dsc_n 1 Logic
o= %5 (3 1:0] HHOOOOOC . Array

Name: fboardfRPitx_usrapp/Initial201_17488 o= J[31:0] HOOOCKXKK ... Array
o k[21:0] XOOOCKKK... Array

Design unit: - pei_exp_usrapp_tx 5% DATASTOR... 11100000... Array

Block type:  Verilog Process 2-%5 ADDRESS 3... 10111110... Array

P [t ol ' 101111 "
4 | 4] | [+]O
Tcl Console — O
e 3 576830007 : Writing Cfg Addr [0x00000001]
o~ [ 577470007 : Reading Cfg Addr [Ox00000001]
= ffinish ralled at time - STR1I2001 ns - File "/homeddeernashn/hdl FAR Proderts/nrie wivadn/nrodert 1 /evannle nradiect /nrie Ty wl B 0 examnlsdnci

Figure 37 - Vivado Simulation Layout
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When generating the PCle Example Design as illustrated in the previous section, it comes with an entire simulation
setup along with a script to simulate the example design in Modelsim. The location of that script is shown in Figure 38.
=~ @ project_1
I & project_1.data
=~ @ project_1.srcs
=~ @8 sources 1
~ @ip
= & pcie_Tx vl & 0
[+ @ doc
= @8 pcie_Tx wl & 0
P @8 example_design
= §8 simulation
[+ @ d=sport
= & functional
board.f
board.v
board_common.vh
pipe_interconnect.v
# simulate_ncsim.sh
# simulate_vcssh
sys clk_gen.w
sys clk_gen_dsw
waves vostcl
wiliny_lib_wcsf

Figure 38 — PCle Example Design Modelsim Simulation Script

Synthesized Design - xc7k325tffg900-2 (active)

METER — 0@ x . Project Summary X 4 Device X
Z ~[E]
3 pcie_7x_v1_8_0
Mets (2040)
1 Primitives (10232
inst (pcie_7x_vl_G_top)

£ Sources [ Netlist

Properties —O¢ x

Figure 39 — PCle Example Design Vivado Project GUI after opening the Synthesized Design
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The details on how to debug a design using chipscope in Vivado is provided in UG936[1]. This section illustrates how
to grab signals for debugging in PCle example design. For more information, please refer to UG936.

Vivado allows selecting signals for debugging, same as in Chipscope inserter. There is an additional feature where
you could search for specific nets, using wild cards, in the whole design. This is shown in Figure 40. To start grabbing
signals for chipscope, you should first open the synthesized design as shown in Figure 39.

= Fina T8 X

Criteria

|Name - | |matches - | |“USEI’"UD" | |E|

nique nets anly
Mote: results applicable to logical nets ohhy

[ Match Case
Open in a new tap

|I 6]4 ,‘ | Cancel

Figure 40 — Search ‘nets’ for Probing in Chiscope

Synthesized Design * - xc7k325tffg200-2 (active)
Metlist — O =
= (&
i user_Ink_up
i user_reset_out
Primitives (1023
[W! inst (peie 7wl 8 top)

Mets (201)
Frimitives (2)
inst (pcie_7x_wl_8_core_top) [m]

£ Sources . [ Netlist

Met Properties — O ¢© =

« = [k ]
& user_Ink_up

=
Fort count: 1

Foute status: Has unplaced ports or pins

MNumber of hnces: 0 0
General Aftributes Instance Pins  Aliases Modes Fiphode: 4 ¢ B

Find Eesults - Mets - Blame matches "usermup™ (3]

& | | Id | Mame | Instance Pins | Flat Pins | Diriver | Foute Status

:I;' ! instfinstfn_4&7 _user_Ink_up_int_reg_i_1 = 5 W Has unplaced ports or pins
C i 2 instjinstjuser_lnk_up 2 5] W Has unplaced ports ar pins

@ i 3 dser_lnk_Lp 1 1 W Has unplaced ports ar pins

Figure 41 — PCle Example Design user_Ink_up Signal
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Synthesized Design * - xc7k325tffg200-2 [actjwe)

Metlist _

Z »[E]

— e T_SET_IMTE_THIE

b pl_transmit_hot_rst

— b pl_upstream_prefer_deemph
— b reg_clock_locked

b re_np_ok

— b ry_np_req

— b s_axis_tx_tlast

b s_axis_tx_treachy

— b s_axis_tx_tvalid

b syl
6 sys rston
bty _cfg_gnt
i tx_cfg_req
— bty _err_drop
— & user_Ink} g net Properties. . Ctr+E
— b user_resd
i V2 nroute
= = Primitives (1 Feport Met Route Status
& sources 0 Neuti{ ¥ Mark Debug
e P o nmark, Dekug
et Properties .
: e Assign to Debug Port.
A ol Select Driver Pin
" user_Ink_up ] Schematic F4
Q, CLAsS Show Cannectivity CUrl+T
e MAME & Show Hierarchy FE
o MARK_DEBUG -

vice

Xifi/o 895

® B xilinx_pcie_2_1_
onstrs_lfimportsfexarr

117 # User Clk Heart
118 #

119 set_property PAC
120 set_property PAC
121 set_property PAC
122 set_property PAC
123

124

125
126 # Physical Const

127 Fredsraierainadiss

&= 128+

129# 5v5 clock 100
130# =iagnals are th
131 # Transceiver ar
132 # resources (FPG
133# To use these p
134 # instantiated 1
135# Please refer t
136# (UG) Tor guide
137 #

138

139 set_property PAC
140 set_property PAC
141

142

143

144

145# End

Figure 42 — ‘Mark Debug’ for Probing user_Ink_up in Chipscope

Confirm Debug Net(s)

x|

@ Ok 1o debug user_Ink_up net?
=

This will create MARK_DEBUG constraints, which will be added to the target XDC constraint
file when wou sawve the design, causing synthesis to go out of date. To awoid having

10 rerun synthesis wou can click Force-up-to-date.

[]IDon't show this dialog again|

(0]} ] | Cancel
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dE TH_CTO_gnT
ik tw_cfg_req

bty _err_drop
& user_Ink_up
ik Lser_reset_out
e WCC_2

@ Primitives (15 129

& Sources 4 Netlist

Oj 4
[ 1| & <O @ |

et Properties — O ¢ =

& Pk

% user_lnk_up

CLASS net B
MAME pie_Fx_wl S_0_ i instys...
MARK_DEEUG [#

DOMT _TOUCH [+

ROUTE_STATUS UMPLACED

I5_ROUTE_FIXED O

PAREMT poie_Fx_wl 8 _0_1 Ansts. ..

DIkl ~ALIRIT = E

+wwitH AP

=1 L RPUFIEY TR R P L. N1l Ty Blm ol ikl oa

Figure 43 — user_Ink_up Net Properties after enabling ‘MARK_DEBUG’

Save Constraints ".® E

. Select atarget file to write new unsaved constraints to. Choosing an existing file will
=" update that file with the new constraints.

() Create a new file

File name: | |

File location: |cr_| <Local to Project = |

(@ Select an existing file

|E|}| ®iling_pcie_2_1_ ep_7x_l_lane_genl_xcik3251-ffgo00-2 _KC70S _... - |

(0], ]| Cancel l

Figure 44 — Saving ‘Mark Debug’ Constraints to the existing XDC file.
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Synthesized Design - xc7k325tffg200-2 (active)

Sources . R E

aQzE2et B
& D%ign Sources (1)
O @ Xilin pcie_2_1_ep_7x (xilinx_pcie_2_1_ep_7x.) (2)
(= Constraints (1)
@ constrs_1
|—E|3 b(ilinx_pcie_2_1_ep_?x_1_Iane_gen1_xc?K3251—fngOO—
= Simulation Sources (2)

<] i | O

Hierarchy |F Sources Libraries  Compile Order
& Sources | [ Netlist

Source File Properties — 0O X

+ SRk ]

B xilink_pcie_2 _1_ep_7x_1_lane_genl_xc7k3251-ffg900-2_KC705 _F

Lacation: ShomefdeepeshmfhfLFAR _Projects/pcie E
Type: *DC w7
Size: .2 KB
Modified: Todayat 20:55:52 PM

et te . . o s ramemzters [~]
<] LUl | [10]

I ]| 8 < |8 & i

¥ B xilinx_pcie_2_1_ep_7x_1_lane_genl_xc7k325t-ffg900-2_KC705_REVC.xdc > 4

:onstrs_1fimportsfexample_designfxiling_pcie_2 _1_ep_7x_1_lane_genl_xc7k2251-ffga00-2

117 # User Clk Heartheat = led_3

118 #

119 set_property PACKAGE_PIN ABE [get_ports Ted_0]
120 set_property PACKAGE_PIN AAE [get_ports Ted_1]
121 set_property PACKAGE_PIN ACS [get_ports Ted_2]
122 set_property PACKAGE_PIN ABS [get_ports led_3]
123

124

nstraint

clock 100 MHz {inp
nals are the PCI E

th each GT Tra
afclk_ibuf) is

138
139 set_property PACKAGE_PIN U8 [get_ports sys_cllk_p]
140 set_property PACKAGE_PIN U7 [get_ports sys_clk_n]
141
142
143

145 # End

147

148 set_property MARK_DEBUG true [get_nets pcie_7x_vl1_B_0_i/inst/user_Tnk_up]
149 set_property MARK_DEBUG true [get_nets pcie_7x_v1_B_0_i/inst/sys_rst_n]
150

Figure 45 - MARK_DEBUG Constraint in PCle Example Design XDC File

Generating Debug Cores (Set up Debug)

pcie_Tx vl 8 0_example - [fhome/deepeshm/h/LFAR_Proje

Eile Edit  Flow Innlz|ﬂindnw Layout  Wiew Help

A2 | Eloorplanning ' QB E

Flow Mawigator

12 Planning 2

#esign ¥ - HCTk3IZ2E

Timing 3
azs 5
E—— 2 Schematic F4 [
4 Project Manag Shiowe Connectivity Crrl+T —
ﬁ Fraoject & Show Hierarchy e b pl_transmit_hot_rs
¥ Add S0 Feport Utilization. .. L pl_upstream_pref
£l Report Power... vk reg_clock_lockec
LFPcatal g papon pre.  rx.np_ok
b rE_np_red

4 [P Integrator

i Report Moise. ..

bos_axis_tx_tlast

#; Create W, Report Clock Metworks. . L s_axis_tx_tready
' & IP Packager bos_axis_tx_tvalid
B openk s [ ovs_clk
Eun Tcl Script... - \
bosys_rst_n
4 Simulation | Set up DEDUQ...E | t_cfo_gnt
ﬁ Simulat Custom Commands b |t _cfg_req
(), Run Sir 3 Project Settings. .. P tx_err_drop
i # Ontions. . j user_Ink_up

Figure 46 — Generating Debug Cores
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& XILINX.

|3

Set up Debug

Set up Debug

This wizard will guide swou through the process of choosing nets
and connecting them to debug cores.

The wizard is automatically populated with any selected nets and
with nets from the Unassigned Debug Mets folder.

VlVADO To continue, click Mext

| < Back |I Mext = “ Einizh || Cancel ]

Figure 47 — Setup Debug GUI

X

Specifg Mets to Debug
Spetify Mets for debugaing '3,
MNarre | Clock Domain| Driver Ty, | TRIG | DAT A
deaw poie_Tx_vl_8_0_ifinst/reg_clock_locked PIPE_QOBCL... FDCE W W
E[% poie_7x_vl_8_0_i/inst/sys_rst_n FIPE_USERC... IBUF vy vy
B poie_7x_wl_8_0_ifinstfuser_Ink_up FIPE_USERC... FDRE W W

| AddjFemowve Mets. .. MHets to debug: 2

< Back ” Mext = “ Einish || Cancel

Figure 48 — Selected Nets for Probing in Chipscope
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" Add/Remove Nets . [x]
| Find Met Criteria

mt\'me - | |matches - | “* | |EJ

¥ Unique nets anlky

Mote: results applicable to logical nets only:
[ Filter out non-debuggahle nets
[]Match case

Find

Find Results {0) Mets to Debug (2)
pay = pay &=
5 phg e

= ded poie_7x_wl_8_0_ifinst/reg_clock_locked
_ E[% poie_7x_wvl1_8_0_ifinst/sys_rst_n

@ & pcie_7x_v1_&_0_ifinst/user_lnk_up

@

Figure 49 — Add/Remove nets in Setup Debug

Set up Debug

|E3

Set up Debug Summary

@ 0 debug cores will be remowed:
@ 2 debug cores will be created
@ Found 2 clocks

V|VADO To apply the abowe changes, click Finish

< Back “ Blext = H Einish ]l Cancel

Figure 50 - Set up Debug Summary
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Synthesized Design * - xc7k3251ffg200-2 iactjve)
—Oe =

etlist
3

= i [E]

3 xiling_pcie_2_1_ep_7x

@ = Mets (440)

@= = Primitives (50)

@~ [3@] app (pcie_app_7x)

E dbg_hub (dbg_hub_Cv)

[T] ext_clk pipe_clock_i (pcie_ 7y vl _8_0_pipe_clock)
[T] poie_7x_wl_8_0_iipcie_ 7y vl _8_0)

E u_ila_0 (u_ila_0_ v

E u_ila_l (u_ila_1_Cw)

o

o

&5 Sources Gl Netlist ¥ Debug

Figure 51 — Chipscope Debug Cores in Netlist Window

Synthesized Design * - xc7k3251ffgo00-2 ractive)

I

O
T
#

Debug
= 2 |E| ¥ 2 b B b

Mame
@l dbg_hub {labtools_xsdibmasterlib_v2)

B u_ila_0 (lakbtools_ilalib_v2)
s CLK (1)
= PROBEQ (1)
|—ﬂ Ch Q {pcie_7x_wl_8_0_ifinst/sys_rst_n
= PROBEL (1)
|—ﬂ Ch Q {pcie_7x_wl_B_0_ifinstfuser_Ink_up)
B u_ila_1 {laktools_ilalib_v2)
s CLK (1)
L@ Ch O (FIPE_OOBCLE_IM)

= PROBEQ (1)
|—i Ch Q ipcie_7x_wl_8_0_ifinstfreg_clock_locked)

— = Unassigned Debug Mets (00

L O]

& Sources 30 Metlist . ¥¥ Debug

Figure 52 — PCle Example Design Selected Debug Signals in ‘Debug’ Window
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N it
) xiline_pcie_2 _1_ep_Tx 4=
@~ Nets (4
- Frimitives i
o app (pcie_al (13
il [dba_hub {dbg_hub_CV o (Il
ext_clk.pipe_clock_i i b\
peie.7x_v1_8_0.i (| &
E u_ila_0 (u_ila_0_CV) -
B usila_l (u_ila_1_CV) 3
o -
.[:1’- I A )
|
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& Sources [l Netlist 4 Debug =
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L X.
B uila_l @
[1n [Hame [Dir  [BELFin [Mer P
21 CLKE Input FIPE,O J
B2 PROBEO[O] Input u_ila_ 11
D3 SL_IPOET _I[O] Input SL_IPOE
24 SL_IPOET_I[1] Input SL_IPOR
@5 SLIPORT_I[2] Input SLIPOR
Be SL_IPORT_I[3] Input SL_IPOR
o7 SLIPORT_I[4]  Input SL_IPOF,
[ [P | (]
‘ Load Met Delays
ore Options  Debua Ports | Statistics  Instance Pins 4 » B

Figure 53 - PCle Example Design Schematic with Debug Cores
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G g DBUF
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o= [ ext_clk.pipe_clock_i ( )
3 peie_7x_v1_8_0.i ) =
Bl uiila_0 iuila_0_Cv) [+]
Bl ju_ila_1 fu_ila_1_CV) [m] E poie_7x vl 8 0. u_ila_1 dhg_hub
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i3 FROBED  SL_OPORT_O[0:16] L_OPORTL_I[0:16] SL_IPORTL_O[0:36]
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§ u_ila_1_C dbg_hub_Cv
X
[ln [wame [ Dir BEL Pin het @
B1 CLE Input PIPE_O @:’
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Figure 55 —-ILA_1 Core
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Adding More Nets f

| SYNMLUIIEIILCH LFTIIYIT & AL RIS T L kd'_“".l't'_,l

or Chipscope Debugging

Metlist

< =[E]

M
#

3 xilink_pcie_2_1_ep_7x

&-[= Nets (440)

i cfg_bus_number (2
i ofg_device_number (5)
i cfg_function_number (23
i m_axis_ry_tdata (54
i m_axis_ri_tkeep (2)

i m_axis_rd_tuser (22)

o

iy Oy

&5 Sources- [ Metlist | ¥ Debug

Source File Properties

PR TN

— O

[Eal

Figure 56 — Add cfg_bus_number for probing in Chipscope
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—Owe = jatic ® Y xilinx_pcie_2_1_ep_7x_1_lane_genl_xc7k325t-ffg900-2_KC705_RE\
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sols_ilalib_w2)

1
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143

[

mhber (E)

147

_B_O_ifinst/n_1_instfuser_Ink_up_int_reg

148 set_property
1459 set_property
150

-
Of«

letlist ¥ Debug

B
. ]
[+ ]
*. 145 # En-_'ll
2
X
i

151 set_property
152 set_property
153 set_property
154 set_property
155 set_property
156 set_property

|

O
N
X
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@ 157 set_property
158 set_property
158

4]
]

MARK_DEBUG
MARK_DEBUG

MARK_DEBUG
MARK_DEBUG
MARK_DEBUG
MARK_DEBUG
MARK_DEBUG
MARK_DEBUG
MARK_DEBUG
MARK_DEBUG

true
true

true
true
true
true
true
true
true
true

[get_nets
[get_nets

[get_nets
[get_nets
[get_nets
[get_nets
[get_nets
[get_nets
[get_nets
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pcie_7x_wl 8 0_i/inst/re
pcie_Tx_wl 8 _0_i/inst/us

{cfg_bus_number [0]}]
{cfo_bus_number [1]11]
{cfo_bus_number[2]}1]
{cfg_bus_number[3]}]
{cfo_bus_number[4]}1]
{cfg_bus_number[5]}]
{cfo_bus_number[G]}]
{cfg_bus_number [7]1}]

Figure 57 — MARK_DEBUG constraints in the XDC file for cfg_bus_number
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Set up Debug

Existing Debug Mets
Choose how to handle existing nets connected to debug cores. 'ﬂi

@ Continue debugging 3 nets connected to existing debug core
() Onhy debug new nets

() Disconnect all nets and remove debug cores

< Back, ” Mext = “ Einish || Cancel

Figure 58 — Setup Debug Options for the added signals

Set up Debug

Mew Debug Mets

Choose new nets to debug. '3,

[¥] Debug 9 unassigned debug nets

| Debug & selected nets

< Back H bext = “ Einish || Cancel

Figure 59 - Setup Debug Options for New Nets
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Vivado Design Implementation Strategies

Vivado provides different implementation strategies as shown in Figure 60. A user could try by playing with these
implementation strategies if the timing is not met. If the timing is still not met after trying out all the implementation
strategies shown, the user might need to implement the design by altering different implementation options.

Project Settings

e Implementation
\y} Constraints
General
@\ Default constraint set; |E, constrs_1 {active)
simulation Options
Strategy |5‘E Yivado Implementation Defaults {vivada lmplemen... |
Synthesis R User Defined Strategies |
= M : Wivado Strategies
. A ¥ivado Implementation Defaults
Implementation i & Higherart
mp % i=_enableq A& HighEffortPhysynth
[y LowEffort
tcl.pre &
1010 H
| &JI tel.post A QuickEffort
Bitstrearn —
ﬂ:: -effort_le
-mode
IF More Opti
2 Power Op
iz enahlan
Select an option above to see a description of it

Figure 60 — Vivado Implementation Strategies

The ‘Design Runs’ window shows the result for different implementation strategies as shown in Figure 61.

Design Runs

Q. Mame |Par‘t Canstraints Strategy |
s |G- synth 1 ®CTk3251fg200-2 constrs_1 Vivado Synthesis Defaults (Vivado Synthesis 2012)

f I—?;? impl_1 ¥CT k3 251fg200-2 constrs_1 Vivado Implementation Defaults {Vivado Implementation 2012)
=] | Lo impl_2 (active) | xc7K325tffg900... constrs_1 HighEffortPhySynth (Vivado Implementation 2012)

»

Id

Figure 61 — PCle Example Design Implementation with different Strategies

PCle Example Design with Debug Cores - Timing Analysis

This section illustrates techniques and tools for timing analysis in Vivado for the PCle example design with the debug
cores. In this specific test example, there is a hold time violation in one of the paths. The screenshots provided show
how to dig in detail information on that particular path.
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Feports
@, | Mame | Modified Size
Z — & Utilization Report 12/31/12 4:20 PM 9.2 KB
ety — & Control 5ets Repornt 12/31/12 420 PM 72 .1 KB
=1 @ Route Design (route_design)
— & Vivado Implementation Log 12/31/12 422 PM 23.5 KB
— B WebTalk Report
— 2 DRC Report 12/31/12 421 PM 5.9 KB
— 2 Power Report 12/31/12 421 PM A7.0 KB
— & Route Status Report 12/31/12 421 FPM 0.6 KB
;i 5 Timing Summary Report (12431712 4:22 PM 1239 KB
G-Write Bitstream (write_bitstream)
— B Vivado Implementation Log
B WebTalk Report

2 Tel Consale & Messages [ Log . 2 Reports | [ Design Runs

Figure 62 - Reports Tab

[}-, Run Implementation Canstraints: |.E. constrs_1 (active) =
4 Implemented Design Fun directary.  fhome/deepeshm/fhfLEAR_Project:
£4 Edit Timing Constraints 1] ]
@ Report Timing Summary General Attributes Options Log Reports Mess

nn La 1
- Reper Report Timing Summary
E Feport C| Specify analysis options and create a timing summany Freport.

= SR I 2 [nfer-Clock
@ Report DRC [ [ == hnd

Figure 63 - Invoking Timing Summary Report after Implementation

_¢ X S VIVACO IMPIBMENTation Log - IMpi_g X 1= 1IMINg Summary Keport - impi_: =
B amplefpcie Yy w1l _8_0_example runsfimpl 2 fxiling_pcie_2 _1_ep Fx_timing_sumrmary_ route

(™ ]
L TS| -
= 7
| 78 WHS(ns) TH5(ns) THS Failing Endpoints THNS Total Endpoints
1 e e e
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[ e I F:L_- al=ia s e Dawa sl frme™ Crmmmpmes e U=
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Figure 64 — Timing Summary Report
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Timing

Inter-Clock Paths - userclk2 to clk_125mhz - Hold

[Slack ! [From

|T0

ATER€E+2

General Information A" o, [ [Name

Timer Settings \R % Path 113
Design Timing Summary ¥ Path 114
Clock Summary (<) X & Path 115
Check Timing (13) L] % Path 116
Intra-Clock Paths & Path 117
Inter-Clock Paths @1 parh 118

userclk? to clk_125mhz

%u_cmm J.CLK @ Path 119
|- Setup 4.278 ns (10

-0.023 u_ila_1/inst/ila_core_instfu_ila_cap_c.. .E_IDX[O].U_ALL_SRL_SLICEfu_srIC/52 /CLE
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0.049 u_ila_1/inst/ila_core_instfu_ila_cap_ctrl/U_NS1/I_YESLUTE U_SRL32 _D/CLE
0.050 u_ila_1/inst/ila_core_instfu_ila_cap_ctrl/U_NSO/I_YESLUTE U_SRL32 _D/CLE
0.057 u_ila_l/inst/ila_core_instfu_ila_cap_ctrl/U_CDONE/I_YESLUTE.U_SRL32 _B/CLK
0.065 u_ila_1/instfila_core_instfu_ila_cap_ctr...ddrgen/i_o_to_64k cfg_data_vec_reg[1]/C
0.070 u_ila_1/inst/ila_core_instfu_ila_cap_ctr...ddrgen/i_o_to_64k cfg_data_vec_reg[&]/C
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Figure 65 - Timing Error Example
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Figure 66 — Timing Error Quick Summary
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Figure 67 — Path Properties for the Failing Path
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Path Properties — O a1 %

L = =

@ Path 112

@ Summipry -
MName = Path 112
Slack (Hold) -0.023ns
Source @ u_ila_1/inst/ila_core_inst/u_ila_cap_ctrlju_cap_addrgen/u_cap_window_counter/u_wcnt_hcmp/allx_typeA_match_detection.cs_allx_typeA_inst/DUT
Destination @ u_ila_1/inst/ila_core_inst/u_ila_cap_ctrl/u_cap_addrgen/u_cap_window_counter/u_wcnt_hcmp/allx_typeA_match_detection.cs_allx_typeA_inst/DUT
Path Group clk_125mhz
Path Type Hold (Min at Fast Frocess Corner)
Requirement 0.000ns
Data Path Delay ©0.442ns (| 0.442ns {10¢ %) rou Ons (0.0

Logic Lewvels 2 (CARRY )
Clock Path Skew  0.266ns

Clock Uncertainty 0.199ns

$ Source Clock Path
Delay Tyie [Delay  [Curnulative | Location [ Logical Resource
(clock usercli? rise edge) (ry 0.000 0.000
GTHE2 _CHAMMEL (ry 0.000 0.000 Site; GTXE2 _CHAMMEL_XOY7 < pcie_7x_v1_8_0_i/inst/inst/gt_top.gt_top_i/pipe_wrag
net (fo=1, routed) 0.344 0.344 i ext_clk.pipe_clock_i/FIPE_TXOUTCLK_QUT
Site: BUFGCTRL_XO0Y 16 [ ext_cll pipe_clock_iftxoutclic_i txoutclic_ifl
EUFC (Prop _bufg | O (r 0.026 0.270 Site: BUFGCTRL_XOY1E < ext_clk.pipe_clock_i/txoutclk_i.txoutcll_ifO B
net (fo=1, routed) 0.606 0.976 i ext_clk.pipe_clock_ifrefclk
Site: MMCMEZ2 _ADY _X0v3 D ext_clk. pipe_clock_i/mmcm_i/CLEIN L
MMCMEZ _ADY (Prop_mmcme2 adwv CLEIMIL_CLEOUTSY i 0.050 1.026 Site: MMCMEZ _ADV _X0Y3 < ext_cllk.pipe_clock_i/mmecm_i/CLKOUT 2
net ifo=1, routed) 0.574 1.600 e ext_clk.pipe_clock_ifuserclk2
Site: BUFGCTRL_XOY0 [ ext_clk. pipe_clock_ifuserclk2 _il.usrclk2 _il/]
BUFG (Prop _bufg | O (r 0.026 1.626 Site: BUFGCTRL_X0Y0 < ext_cllepipe_clock_ijusercli2 _il.usrcllk2 _i1/0
net {fo=2255, routed) 0.580 2.206 de u_ila_1/instfila_core_inst/u_ila_cap_ctrlfu_cap_addrge
Site: SLICE_X130Y180 @ u_ila_1/inst/ila_core_inst/u_ila_cap_ctri/u_cap_addrge
@ Data Path
Delay Type | Delay | Cumulative | Location | Logical Resource
SEL1GE iProp_srll16e CLE_Q) (r) 0.392 2.598 Site: SLICE_X130Y180 Ju_ila_1finstfila_core_instfu_ila_cap_ctrfu_cap_addrge
net (fo=1, routed) 0.000 2.598 d u_ila_lfinstfila_core_inst/u_ila_cap_ctrlfu_cap_addrge
Site: SLICE_X130Y180 @ u_ila_1/instfila_core_instfu_ila_cap_ctrlfu_cap_addrge
CARRY4 (Prop_carryd DI[2]1 CO[3] () 0.062 2.660 Site; SLICE_X130Y180 du_ila_lfinstfila_core_instfu_ila_cap_ctrl/u_cap_addrge
net (fo=1, routed) 0.000 2. 660 dbs u_ila_1/instfila_core_inst/u_ila_cap_ctrlfu_cap_addrge
Site: SLICE_X130v181 O u_ila_1/inst/ila_core_inst/u_ila_cap_ctrlfu_cap_addrge
CAREY4 (Prop_carryd Cl_CO[3]) (r 0.027 2.687 Site: SLICE_X130Y181 Qu_ila_1finstfila_core_instfu_ila_cap_ctrfu_cap_addrge
net (fo=1, routed) 0.000 2.687 d u_ila_lfinstfila_core_inst/u_ila_cap_ctrlfu_cap_addrge
Site: SLICE_X130Y181 @ u_ila_1/instfila_core_instfu_ila_cap_ctrlfu_cap_addrge
EDRE {Hold_fdre C_D9 -0.039 2.648 Site: SLICE_X130Y181 [ifl u_ila_1/inst/ila_core_inst/u_ila_cap_ctrlfu_cap_addrge
Arrival Time 2. 648 B
$ Destination Clock Path
Delay Type | Delay | Cumulative |Lacation | Logical Resource
(clock clk_125mhz rise edge) (r) 0.000 0.000
(ry 0.000 0.000 Site; GTXE2 _CHANMEL_XO0Y?Y < pcie_7x_v1_E8_0_i/inst/inst/gt_top.gt_top_i/pipe_wra
net (fo=1, routed) 0.381 0.381 & ext_cli pipe_clock_ifFIPE_TXOUTCLE_OUT
Site: BUFGCTRL_X0Y16 O ext_clk pipe_clock_i/txoutcli_i. txoutcli_ifl
BUFG (Prop_bufg [0 () 0.030 0.411 5ite; BUFGCTRL_X0Y16E o ext_clk pipe_clock_ijtxoutclik_i.txoutcl_ij 0
net (fo=1, routed) 0.818 1.227 i ext_cll pipe_clock_ifrefcll
Siter MMCMEZ _ADV _X0Y3 [ ext_clk pipe_clock_i/mmecm_i/ CLKIN 1 =|
MMCMEZ _ADY (Prop_mmcme2 ady CLEINI_CLKOUTO)  (r) 0.053 1.280 Site: MMCMEZ _ADV _X0Y3 < ext_clk pipe_clock_i/mmcm_i/ CLKOUTO
net (fo=2, routed) 0.637 1.917 e ext_clic pipe_clock_ifclk_125mhz
Site: BUFGCTRL_X0OY1 O ext_clk. pipe_clock_i/pclk_il_bufgctrl. pcllk_il/10
BUFGCTEL (Prop_bufgctrl 10_03 () 0.030 1.947 5ite; BUFGCTRL_X0Y1 < ext_clk pipe_clock_i/pclk_il_bufgctripclk_il/0
net (fo 8, routed) 0.779 2.726 i u_ila_lfinst/ila_core_inst/u_ila_cap_ctrl/u_cap_addrg
Site: SLICE_X 1307181 D u_ila_1/inst/ila_core_inst/u_ila_cap_ctr/u_cap_addrg
clock pessimism -0.254 2.472
clock uncertainty 0.199 2.671
Required Time 2.671 [~
4 LU | 3 []
General Report Instances Options

Figure 68 — Detailed Timing Report for the Failing Path
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Path Properties

« >[5k

# Path 113
Mame: Path 112
S0Urce: | O u_ila_1finstfila_core_instfu_ila_cap_ctrlfu_cap_addrgenfu_cap_window _counter
Destination: | O u_ila_1jinstfila_core_instfu_ila_cap_ctrlfu_cap_addrgenfu_cap_window _counter |

Source Clock:  userclk? (rising at Q.000ns)

Dest Clock: clk_125mhz {rising at 0.000ns)
Slack: -0.023

Total Delay: 0442

Logic Delay: 0.442

et % 0.0

Figure 69 - Timing Summary for the Failing Path

o ) et [ SLAT. C_SLET_OMOfL L 5
= u_arc
b" LI

—Ow x o i_ ey
T __

& Path Properties. .. CtrHE
Elide Setting (*'From® & 'To' columns)
tfu_ila_cap_ctrlfu_cap_addrger & Assign. .
tfu_ila_cap_ctrlfu_cap_addrger
ti ila ran ftrelfn Fran addde Iﬁ Draw Phlock
r Mew Phlock. ..
fions Select Primitives Cr+s
1 Select Primitive Farents
- 2 Hide All Paths
Inter-Clock Paths - user # Highlight
=] 7'| Name  |Slack Unhighlight
Fath 1132 ¢ -0.0)
| Fo i i ark; Ctrl4he
\ﬁ = Path 114 -0 @ e
b4 = Path 115 0.0 nmark, tri+
b [# Path 116 0.0 # schematic F4
& @ Path 117 0.0 3 view Path Repdrt
W @ Path 118 0.0 Fepaort Timing an Source to Destination. ..
= FPath 112 0.0 o Emte Dt

Figure 70 - Schematic Generation for the Failing Path
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in this schematic u_ila_l
- ]

inst

ila_core_inst

u_ila_cap_etrl

u_cap_addrgen

W_tap_window_counter

u_went_hcmp

allx_typed_match_detection.cs_allx_typed_inst
DUt

I_WHOLE SLICE G SLICE IDX[0].U_ALL SRL_SLICE

BUA |_WHOLE SLICE.G SLICE_IDX[L1.U_ALL SRL SLICE

i |_I5_TERMINATION_SLICE W _CUTPUT_REG.DOUT _O_reg
u_carryd _inst
] o L
= VINIT  CO[3:0] DOoUT_0_ DOUT_0 I” Larmyd inst T
0 05 1[:0] O[2:0] fm ILre g ol
: g = DI[3:0]  O[E:0]f .
Lk TR i .
CAREYS

FORE

cs_all_typed_slice_HDI_24

CFGLUTE
cs_all_typeh_slice__parameterized0_HDI_23
cs_all_typed__parameterized0_HDI_25
ci_allx_typed__parameterizedl _HDI_2B
ci_match__parameterizedl _2_HDI_27
ila_cap_window_counter_HDI_33
ila_cap_addrgen_HDI_34
ila_cap_ctrl_legacy_HDI_35
ila_core_HDI_&2
labtoals_ila_lib_HDI_&3
u_ila_1_cCW

Figure 71 - Failing Path Schematic

This section provides features in Vivado that could be used for PCle example design clock network analysis. The

screenshots provided show the clock networks in the design, list of clock nets and the clocking resources usage such
as BUFG, BUFR etc.

Implementation W, Ut
fﬁ} Implementation Settings
[» Run Implementation tart pins: 1

4 Implemented Design
,@, Edit Timing Constraints

{E} Feport Timing Summary

1
A Report Clock Metworks Clock Metworks

B Report Clock Intéraction

BA | o oyl 7100 0 MY felrivas 2 Inacs
@ Report DRC Repurl__ Clock N_Etwu_rks
Specify anaklysis options and create a clock networks report.
@ Feport Moise el &% BYS_CIK 155 _CIRD
rd = S f ifinet fimet It fam qF tam
El Report Utilization B CTREFCLED (pcie_7x_wv1_8_0_i/instfinst/gt_top. gt _top,
%D’ Renort Power = L @ inst/gt_top.gt_top_i/pipe_wrapper_i/pipe_lane[Q].k
' s = @ GTREFCLKO (pcie_7x_wl_8_0_ifinst/inst/ot_top.gt_top.
Program and Debug L g inst/gt_top.at_top_i/pipe_wrapper_i/pipe_lane[Q].c
B | isysclle_buf_ifh
fﬁ. Bitztrearm Settings u L el R
el B E Gl syscllk_buf_i (syscll_buf_i

Figure 72 — Creating Clock Networks Report
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Clock Metworks - network_3

o | ©- " sys_clk (100,00 MHz) (drives 2 loads)
2| ¢-@o Kefilk_

¢—.§b.ssvs clk (s _clk)
B CTREFCLKD (peie_7x_wl_8_0_ifinstfinst/gt_top. gt_top_ifpipe_wrapper_i/pipe_lane[0]. pipe_quad. pipe_common. qpll_wrapper_i,
& |—I.-a inst/ogt_top.gt_top_i/pipe_wrapper_i/pipe_lane[0]. pipe_ quad pipe_commaoan.qpll_ wrapper |,fgtx common.gixe _common_i (¢
E’ B CTREFCLKD (peie_7x_wl_8_0_ifinstfinst/gt_top. gt_top_ifpipe_wrapper_i/pipe_lane[0]. gt_w . channel gtxe2 _channel_
|—I.-_a |nst,fgt_t0p.gt_t0p_|,fplpe_wrapper_l,fplpe_lane[O].gt_wrapper_l,fgtx_channel.gtxez_channel_l- v1_B_0_i/inst/inst/gt_
m B | (sysclk_buf_ifly
E 2- M, txoutcll (L0000 MHz) (c

¢— < PIPE_TXOUTCLE_OUT (pc O_i/PIPE_TXOUTCLK_OUT)
L & PIPE_TXOUTCLK_OUT (FIPE_TXOUTCLI_OUT)
p-M J_CLK (33.33 MHz) (drives 266 loads)

a_huby/inst/bscan_inst/SERIEST _BSCAN. bscan_inst/DRCK)
_hub/inst/bscan_inst/D
dba_hub/inst/u_bufr/SERIEST _BUFR.EUFE_inst/I)

é—L-d SERIES7_BUFR.BUFE_inst (dbg_hub/inst fu_bufr /SERIES7 _BUFR.EUFE._inst)

Figure 73 — Clock Networks in PCle Example Design

Fepaorts

@, | Mame | Modified | Size

- =5 UfMzation Report I2731717 390 FM B2 FE

(=] Flace Design iplace_design)

% — & Vivado Implementation Log 12/31/12 3.57 FM 255 KB
— 2 10 Report 12/31/12 3:.51 FM 183.9 KB
— 21 Clock Utilization Report i12/31/12 3:51 FPM 15 8 KB
— & Utilization Report 12/31/12 3:.51 FM 9.2 KB
— & Control Sets Repon 12/31/12 351 FM 72 .1 KB

@-Route Design (route_design)

— & Vivado Implementation Log 12/31/12 3.57 FM 255 KB
— B WebTalk Report
— 2 DRC Report 12/31/12 3:52 PM 5.9 KB
— [ Power Rennrt 12431417 352 PM 370 KR

Figure 74 —Generate Clock PCle Example Design Clock Utilization Report

147o0ck Primitive Utilization

2
3 Type Used Available Num Locked
4
5 BUFG 5 32 Q
& BUFH 0 168 0
7BUFIO 0 40 0
B MMCM 1 10 4]
9 BUFR 1 40 4]
10
11 Details of Global Clocks
12
13 Num Loads
14 Index BUFG cell Net Name BELs Sites Locked MWaxDelay (ns) Skew (ns)
15
161 ext_clk.pipe_clock_i/txoutclk_i.txoutclk_1 ext_clk.pipe_clock_i/refclk 1 1 no 1.35 0.0675
172 ext_clk.pipe_clock_i userclkl_il.usrclkl_il ext_clk.pipe_clock_i/PIPE_USERCLKI_IN 9 17 no 1.32 0.0947
18 3 ext_clk.pipe_clock_i/dclk_i_buftg.dclk_i ext_clk.pipe_clock_i/PIPE_DCLE_IN 155 61 no 1.46 0,207
194 ext_clk.pipe_clock_i/pclk_il_bufgctrl.pclk_il ext_clk.pipe_clock_i/PIPE_OOBCLK_IN 345 170 no 1.46 0.267
205 ext_clk.pipe_clock_i/userclk2_il.usrclk2_il ext_clk.pipe_clock_i/PIPE_USERCLKZ_IN 2250 897 no 1.76 0.566
21
22
23 Hum Loads
24 Index MMCM cell NeT Name BELs Sites Locked MaxDelay (ns) Skew (ns)
25
261 ext_clk.pipe_clock_i/mmcn_i ext_clk.pipe_clock_i/mmcm_fh 1 1 no 0.012 0.0006
272 ext_cllk.pipe_clock_i/mmcm_i ext_clk.pipe_clock_i/c1k_250mhz 1 1 no 1.47 0.0732
283 axt_clk.pipe_clock_i/mmcm_i ext_clk.pipe_clock_i userclkl 1 1 no 1.47 0.0732
294 ext_clk.pipe_clock_i/mmcm_i ext_clk.pipe_clock_i/userclkz 1 1 no 1.47 0.0732
305 ext_clk.pipe_clock_i/mmcm_i ext_clk.pipe_clock_i/c1k_125mhz 2 2 no 1.47 0.0732

Figure 75 - PCle Example Design Clock Resource Usage and Clock Nets
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