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Debugging Features and Usage Gl

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
68134) for the latest version of this Answer.

Prior to Vivado 2016.3 release, a manual insertion of ILA core was required to probe signals and find out the LTSSM
transitions during the link training process. To do an eye scan of a PCI Express link, users had to opt for a manual
approach such as the reference design provided in XAPP1198. Another major issue in debugging PCI express issues in
UltraScale devices was interpreting the scrambled data on a PIPE interface. All of these difficulties have been addressed
in the Vivado 2016.3 release of UltraScale and UltraScale+ PCIl Express cores. The core configuration how comes with
the following three integrated debug options.

1 Enable JTAG Debugger
I Enable In system IBERT
1 Enable Descrambler of Gen3 Mode

This document describes all of these debug features in detail with screenshots to make it easier for users to understand
its implementation and usage.

The JTAG Debugger provides users with a visual representation of the Itssm state transitions during the link training, PHY
reset FSM transitions and the receiver detect status on each lane of a PCI Express link. PHY reset FSM is an internal
state machine that is used by the PCle core.

Figure 1 shows the architecture of the JTAG debugger implemented in the PCle core when this option is enabled in the
core configuration GUI. The Itssm transitions, receiver detect status and PHY reset FSM status are stored in the block
rams. The stored data is read through AXI JTAG Debugger via Tcl interface. A tcl script, test_rd.tcl, is provided with the
core generation which is executed in the Vivado Tcl console. The script reads the data stored in the memory and outputs
the following set of files:

pcie_debug_info_trc.dat
pcie_debug_Iltssm_trc.dat
pcie_debug_rst_trc.dat
pcie_debug_static_info.dat
rxdet.dat

= = =8 -8 A

The following Tcl scripts are generated along with the generation of the PCI Express core.

1 draw_ltssm.tcl
1 draw_reset.tcl
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1 draw_rxdet.tcl
1 test rd.tcl

These scripts take in the *.dat files and plot graphs for LTSSM transitions, PHY reset FSM transitions and receiver detect
status.
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Figure 1 - JTAG Debugger Architecture

The screenshots below show the step-by-step instruction for using JTAG Debugger in the PCI Express example design
on a KCU105 development board.

- .

#  Mew Project @
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. '

Select: @ Parts | [@ Boards
4 Filter/ Preview

Vendor: All -
Display Name: | Al -
Board Rev: Latest -
Reset All Filters
Search: |Cl- -

A ) - ) Blod
Display Mame Vendor Board Rev Part I/O Pin Count  File Version RAM
B ZedBoard Zyng Evaluation and Development Kit em.avnet.com d & xc7z020d0484-1 434 1.3 140 -
B Artix-7 AC701 Evaluation Platform silin. com 1.1 @ xc7a200tthgs 75-2 676 1.3 365 [ |
B Kintex-7 KC705 Evaluation Platform scilirse. com 1.1 & xc7k325tfg900-2 900 1.4 445
© Kintex-UltraScale KCU 105 Evaluation Platform $ xdw040-fivalise-2efl,156 [l [e00]
B virtex-7 VC707 Evaluation Platform scilirse. com 1.1 & xcPvx485tg 17812 1,761 1.3 1030/
@ virtex-7 YC709 Evaluation Platform silinz, com 1.0 @ xcPvx690tffig1761-2 1,761 1.8 1470
B virtex-UltraScale VCU 108 Evaluation Platform  xdlinee.com 1.0 & xovu095-ffva2104-2-2 2,104 1.2 1728
@ virtex-UltraScale VCU110 Evaluation Platform  xilinx.com 1.0 % xovu190-ge2104-2-e 2,104 11 3780
B 7YNQ-7 ZC702 Evaluation Board scilirse. com 1.0 @ xc7z020dg484-1 434 1.2 140
ﬂlmun T FOMNE Coimbimbine Damed | [ - 44 s, o TV ACEEAOAN T Ann 19 cac
1 n 3

[ <Back | mext> | Fnsh Canicel

Figure 27 Create a Vivado project targeting KCU105 Development Board
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1 F Customize IP

UltraScale FPGA Gen3 Integrated Block for PCI Express (4.2)

ﬁ Documentation [ IP Location (3 Switch to Defaults

[] Show disabled ports

= dks_axis_cc

= dks_axis_rg

” kprie_cfg_mamt

” kpcie3_cfg_msi

|| kpried_cfg_interrupt
|| Jkpcied_cfg_control

m_axis_cq4e =
Mm_axis_rc =k &=

poie_7x_rmgt <=
prie_cfg_fc 4=
prie3_cfg_ext <=
pcie2_cfg_mesg_txde
prie3_cfg_mesg_rcvd <=
poie3_per_func_status <
prie3_cfg_status 4=
poie3_transmit_fc <=
prie3_us_int_shared_logic 4=
user_chk

Lser_reset

user_|nk_up
pcie_perstn0_out
peie_perstnl_out

Component Name | pce3_ultrascale_0

Basic | Capabiliies | PFO IDs | PFOBAR | Legacy/MSI Cap | MSI-X Cap | Power Management | Extd. Capabilities-1 | Extd. Capabiliies-2 | Shared Logic | GT Settng 4 » B
Mode | Advanced ~
Device {Port Type | PCI Express Endpeint device b [] Enable GT Quad Selection

PCle Block Location | X010

Number of Lanes

Lane Width | X8 -

AXI-ST Interface Width
AXI-ST Interface Width | 256 bit +
AXI-ST Alignment Mode

(@ DWORD Aligned () Address Aligned

Reference Clock Frequency (MHz) 100 MHz -

Xilinx Development Board

[ Enable Parity
[] PCIe DRP Ports
[] GT Channel DRP

[] Enable R Message INTFC

Use the dedicated PERST routing resources

System reset polarity ACTIVE LOW

Tandem Configuration or Partial Reconfiguration | None

Use an external STARTUP primitive

GT Quad

GTH Quad 225

Maximum Link Speed

) 2.5GTfs ‘j-s‘nr;r;s@

AXI-ST Interface Frequency (MHz)

AXI-ST Interface Frequency (MHz) | 250 =

Enable AXI-ST Frame Straddle
Enable Client Tag
[ Enable External PIPE Interface

[ Additional Transceiver Control and Status Ports

Figure 31 Select Gen3 link speed, x8 lane width and KCU105 board. Only Gen3 is currently supported; there is
no restriction in lane width

Note: Genl and Gen2 link speed support will be enabled in a future release.

L LuSTOmIZE I

UltraScale FPGA Gen3 Integrated Block for PCI Express (4.2)

ﬁ Documentation || IP Location [ Switch to Defaults

[] Show disabled ports

m_axis_cqde =
M_Axis_te 3k =
oo 7y matk Il

Component Name | pcie3_ultrascale_0

PFO IDs | PFOBAR | Legacy/MSI Cap

MSI-X Cap | Power Management | Extd. Capabilites-1 | Extd. Capabilities-2 | Shared Logic GFSetﬁgs Add. Debug Options ,

[] Enable In System IBERT

[ Enable Descrambler for Gen3 mode

Enable JTAG Debugger

Figure 41 Enable JTAG Debugger

Note: All three options can be selected in the same design. The options are selected one at a time in this document for
illustration purpose only.
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| Project Manager - pae3_ultrascale_0_ex

Sources EE = B
A= waE 3
E-{& Design Sources (5)
I_::_r---.'@.'. xilimx_pcie3_uscale_ep [xilinx_pce_uscale_ep.v) (3]
--£I= pcie3_ultrascale_0_j - pde3_ultrascale_0 (poe3_ultrascale_0,xd)
'@1 pde_app_uscale_i - pde_app_uscale (poe_app_uscale.w) (1)
EI'-;‘@1 debug_wrapper_Ul - debug_wrapper (debug_wrapper.v) (3]
- 8 debug_probes_inst - debug_probes (debug_probes.y)
tW® debug_axidl_s_inst - debug_axi4l_s (debug_axidl_s.v)
E}ﬁ jtag_axi9l_m_inst - pae4_usp_jtaqg (poied_usp_itag.xd) (1)

EI@ pded_usp_jtag {(pde4_usp_jtag.v) (1)

L@ inst - jtag_axi_v1_2_0_jtag_axi

EHE TCL (4
-T2, draw_ltssm. tdl
- draw_reset.td
- draw_rxdet, td
LBl test rd.td
B-{& Constraints (1)
B constrs_1 (1)
Y wiling_pdie3_uscale_ep_x8g3.xdc
- Simulation Sources (5)

Hierarchy | IF Sources | Libraries | Compile Order

Figure 51 Generate the core and open the example design. The source hierarchy should show debug_wrapper
and axi_jtag instantiation and list of all generated Tcl files.

Debug

Q, Marne |  Driver Cell | Driver Pin | Probe Type |

- ¥ dbg_hub (labtools_xsdbm_w2)

e I L& jrag_axi4l_m_inst (xiling_jtag-axi_wl)

% [= Unassigned Debug Mets (247

E =14 debug_wrapper_ U AX_araddr (329 FDRE o]

o @= % debug_wrapper_ U/ AXI_arprot (30 GHD o

b =% debug_wrapper_ U AXI_awaddr (22 FDOREE 0

_3 @= I cebug_wrapper_ U AX_awprot (20 GHD G

@ @= i debug_wrapper U A% _bresp (2] GHD G
= debug_wrapper_ U AX]_rdata (329 mMultiple rMultiple

ﬁ =% debug_wrapper_ U AXI_rresp (20 GHD o
@= i debug_wrapper_ U/ AX]_wdata (220 FOREE o
@= 4% debug_wrapper_ U AXI_wstrb (<) WiZiC F
@= i debug_wrapper_Ufdebud_probes_instfitssm_rmem_raddr (<) FORE 0]
=% debug_wrapper U/ debug_probes_instfitssm_mermn_rdata (16) FEAMB1EEZ tultiple
@= M debug_wrapper_U/debug_probes_inst/tssm_mem_waddr (%) FDCE ]

Figure 6 - The debug window view after synthesis
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n (Wxirnxdsl) (Z:) » h » gen3debugcheck? » pcied_ultrascale 0_ex »

notepad (23) | TCL File {(4)
|¥| board || draw_ltssm.tcl
|<'| debug_axid]_s || draw_reset.tcl
|&| debug_probes || draw_rxdet.tel
2| debug_wrapper | |test_rd.tel

|='| ep_rmermn

|¥| pei_exp_usrapp_cfg
|&| pei_exp_usrapp_com
|&| pei_exp_usrapp_rx
|¥| pei_exp_usrapp_tx
|<'| pcie_app_uscale

|¥| peie3_uscale_rp_core_top
|=| peie3_uscale_rp_top
& pio

|¥] pio_ep

|&| pio_ep_mem_access
|2 pio_intr_ctrl

|¥| pio_r¢_engine

|&| pio_to_ctrl

|¥| pio_t«_engine

|=] sys_clk_gen

| sys_clk_gen_ds

| —

|&] xilinx_pcie_uscale_ep

|& xilinx_pcie_uscale_rp

VH File (4)

| |board_common.vh

XDC File (1)

| |xilinx_pcie3_uscale_ep_xBg3.xdc

| | poi_exp_expect_tasks.vh

|_|sample_tests.vh

|| testswvh

Figure 77 The Tcl files are located inthe 6 i mpor t s 6
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I Hardware Manager - localhost/xiliny_tcf/Digilent/2 10308956731
| @ There are no debug cores. Program device Refresh device

Hardware T 0O =
Ol s | [
ATHE % P»E
Mame Status
E- B localhost (1) Connected
= @« wilinx_tcf/Diglent/210308956731 (1) Open
S xckud40 0 (1) Mot programmed

----- §& SysMon (System Monitor)

Figure 8 - Open Hardware Manager and connect to KCU105 board

¢ Program Device E

Select a bitstream programming file and download it to your hardware device. You can optionally select a debug probes file that corresponds to the debug cores

contained in the bitstream programming file. '
Bitstream file: |Z:fhfgen3debugchecszpcie.?»_uItraSGIE_U_Exfpde&_ult'asmle_ﬂ_ex.runsﬂmpl_lfxiIinxgcieS_usale_ep.bit] HE
Debug probes file: |Z:fhfgen3debugd'1edd_'fpde3_uItrasmle_U_E:(fpde,?r_ult'asmle_ﬂ_ex.runsﬂm;ﬂ_l}debug_ﬂetﬂ.ltx |E

Enable end of startup check

B T ——

Figure 9 - Program the device with the generated bit and Itx files

Hardware Manager - localhostfxilinx_tcf/Digilent/210308956731

Hardware T _ 0O X
QATHE % M»E

Mame Status

E-E localhost (1) Connected

=@ silinx_tcf/Diglent/210308956781 (1) Open
= ocku040_0 (2) _
-3E SysMon (System Monitor)
w5 hw_axi_1 (AXI)

1 1] | k|

Figure 101 After the bit file has been programmed, the Hardware window should list hw_axi_1
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pioc_ep.v
pcie_app uscale.w
Ep_Mem.V

debug _probes.w
debug axidl s.v
debug wWrapper.v
draw_ltssm.tcl
draw_reset.tcl
draw_rxdet.tcl
teat_rd.tcl

xilinx pcie3 uscale _ep x8g3.xdc

pci_exp usrapp cig.w

Td Console

E 2571072016 10:57 15,754

ptiy 25/10/2016 10:57 25,553

- 25/10/2016 10:57 68,212

il 2571072016 10:57 20,784

.jE__J 2571072016 10:357 g,026

—_éhl 2571072016 10:57 14,100
2571072016 10:57 11,804

@ 2571072016 10:57 5,251
2571072016 10:57 4,581
25/10/2016 10:57 4,594
25/10/2016 10:57 5,910
2571072016 10:57 1a,424
]

gource ./test_rd. tu:'.1|

Tcl Console LL Messages ]

Figure 11 - Source test_rd.tcl in Vivado Tcl Console, located in ‘imports' folder

m (xirnxdsl) () » b » gen3debugcheck2 » pcied_ultrascale 0_ex » imports

DAT File (5)
& peie_debug_info_trc
|0 peie_debug_ltssm_trc
|0 peie_debug_rst_trc
@] peie_debug_static_info

8] redet

|
| potepad (23)

|&| board

| TCL File (4)

draw_ltssm.tcl
draw_reset.tcl
draw_redet.tel
test_rd.tcl

|&| debug_anidl_s

Y| debug_probes

[v

Y| debug_wrapper

]
1]
]
]

[v

o
=l
=

& pci_exp_usrapp_cfg

ep_mem

|&] pci_exp_usrapp_com
|| pei_exp_usrapp_rx
|| pei_exp_usrapp_tx
& peie_app_uscale

|&| peie3_uscale_rp_core_top
¥ peie3_uscale_rp_top
=] pio

¥ pio_ep

|| pio_ep_rmerm_access
|| pio_intr_ctrl

¥ pio_re_engine

|| pio_to_ctrl

|&| pio_tx_engine

& sys_clk_gen

& sys_clk_gen_ds

| xiliny_peie_uscale_ep

|| xiline_pcie_uscale_rp

WVH File (4)
|| board_common.vh
|| pci_exp_expect_tasks.vh
|| sample_tests.vh

|| testswh

XDC File (1)
| |xilinx_pcied_uscale_ep_xfg3xdc

Figure 12 - *dat files are generated after running test_rd.tcl
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Td Console

EE # run_hw_axi -quiet [get _hw_axi txns rd_txn lite]

[y & set tdata [get_property DATA [get_hw axi txns rd _txn_lite]]
= # puts $fh "0xstdata”™

m s

¢§'J # incr j

2 #1]

— # close $fh

@ 0 [ apurce fdraw_ltasm.tcl
# package require Tecl 8.5
# package require Tk
can't find package Tk
while executing
"package require Tk"
(£ile "./draw_ltssm.tcl" line 9)

Figure 137 Error if draw_Itssm.tcl, draw_reset.tcl and draw_rxdet.tcl are sourced in the Vivado Tcl Console

Note: draw_ltssm.tcl, draw_reset.tcl and draw_rxdet.tcl are separate from Vivado.

After the *data files have been generated, double click on the Tclfilesi n t he 6 i mp o ganerabe the respectve o r y
graphs. To generate the graph, users should make sure Tcl/Tk 8.5 package have been installed. Go to the links below to
download the Tcl/Tk packages for the platform that is being used.

1 http://lwww.activestate.com/activetcl/downloads
1 https://www.tcl.tk/software/tcltk/download.html

DOWNLOAD TCL: OTHER PLATFORMS AND VERSIONS

Version Windows Windows Mac OS X Lirux Linux
(x86) (64-bit, x64) (10.5+, x86_64/x86) (x86) (x86_64)

8.6.4.1 wWindows Installer (EXE) windows Installer (EXE) Mac Disk Image (DMG) AS Package AS Package

8.5.18.0 wWindows Installer (EXE) windows Installer (EXE) Mac Disk Image (DMG) AS Package  AS Package
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T File (5)

notepad (23)

WH File (4) XDC File (1)

I| pcie_debug_info_trc |¥| board | |board_common.vh | |xilinx_pcie3_uscale_eg
I| pcie_debug_ltssm_trc |=| debug_axi4l_s | | draw_reset.tcl || pei_exp_expect_tasks.vh
I| pcie_debug_rst_trc |='| debug_probes || draw_ncdet.tcl |_|sample_tests.vh
I| pcie_debug_static_info |=| debug_wrapper || test_rdtcl | |tests.wh
I medet |=] ep_mem
|=] pei_exp_usrapp_cfg
|&| pei_exp_usrapp_com
Figure 141 Double click on draw_Itssm.tcl to generate LTSSM graph
Note: Use the following commands in Linux
1 wish draw_ltssm.tcl &
1 wish draw_reset.tcl &
1 wish draw_rxdet.tcl &
€ Xilinx PCIE Eol Debugger [=[@ ][]
0
0
0
0
Dizabled
H“_ Hot reset i
'\
]
1
]
Lo ]
0
e > “

0

R.Cfg
g

R.Eq

Link Training Status and State Machine (LTS5M)
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Figure 157 Generated LTSSM graph

Note on generated LTSSM graph:

1 The orange color indicates the last Itssm state of the capture window of the Itssm signal.
1 The red arrow indicates the last transition of ltssm state in the capture window.
1 The green color indicates the states that ltssm transitioned to during the capture window.
1 The number on the arrow between the Itssm states shows the number of times the transition took place between
the two Itssm states in the direction pointed to by the arrow.
1 The blue color in the arrows in Figure 15 can be ignored. It should be black; it will be corrected in a future release
of the IP.
DAT File (5) notepad (23) TCL File {4) VH File (4} XDCFile (1)
|&| peie_debug_info_tre |&| board || draw_ltssm.tcl || board_common.vh | |xilinx_pcie3_u
|| peie_debug_ltssm_trc |=| debug_axidl_s | || draw_reset.tcl | || pei_exp_expect_tasks.vh
|| peie_debug_rst_trc |='| debug_probes || draw_rcdet.tcl || sample_tests.vh
|| pcie_debug_static_info |='| debug_wrapper || test_rd.tcl | |tests.wh
D] medet |=] ep_mem

|=| pei_exp_usrapp_cfg
|&| pei_exp_usrapp_com

Figure 16 1 Double click on draw_reset.tcl to generate PHY reset FSM graph
9 Xilinx PCIE In-system Debugger for Reset Sequence E@

Reset State Machine: i

m

Nl

[ . »

PHY Reset sequence
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Figure 17 - PHY Reset FSM Graph

DAT File (5} notepad (23) TCL File (4} WVH File (4) XDC File (1)
|| pcie_debug_info_trc |='| board || draw_ltssm.tcl || board_cemman.vh | |xilime_pcie3_uscale_ep_xg
|| peie_debug_ltssm_trc |=] debug_axidl_s || draw_reset.tcl || pei_exp_expect_tasks.vh
|| pcie_debug_rst_trc |&'] debug_probes (&1 || draw_medet.kcl | || sample_tests.vh
|| pcie_debug_static_info |='| debug_wrapper | |test_rd.tcl |_|testswh
| @] reclet |=] ep_mem

|&] pei_exp_usrapp_cfg

2l ari exn usrann com

Figure 18 - Double Click on draw_rxdet.tcl to check the status of receiver detect on each lane

@ Kilinx PCIE In-systemn Debugger for Rec... EI@
Max link width ~ : 8 i
Megotiated Link width : &

Lane &
Lanel @&
Lane2 @&
Lane3d @&
Laned @
Lane5 @
Laned @
Lane7 @&
] 1 3
TX Receiver Detect

Figure 1971 Receiver successfully detected on all 8 lanes
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| fystem | BERT

In-System IBERT is a powerful feature, integrated into the Vivado 2016.3 core. This allows users to capture an eye
diagram in real-time without any additional effort. An in-system eye scan is valuable in PCI express applications because
placing a PCI Express link in loopback is not practical and generally not possible.

The screenshots below show the step-by-step instruction for using In-System IBERT in PCI Express Example design on a
KCU105 development board.

" 'Customize IP ™

UltraScale FPGA Gen3 Integrated Block for PCI Express (4.2)

ﬁ Documentation | IP Location £l Switch to Defaults

[ Show disabled ports Component Name |pcie3 _ulirascale 0 e —
gacy/Msl Cap  MSI-X Cap  Power Management Extd. Capabilities-1  Extd. Capabilities-2 = Shared Logic  GT Semnﬂjd. Debug Optinh‘
[ Enable In Systern IBERT \‘——/
[ Enable Descrambler for Gen2 mode
[ Enable JTAG Debuager
Figure 20 - Enable In-System IBERT
&= Desigh Sources (1)
¢—3}-.". wilinx_pcie3d_uscale_ep ixiliny_pcie_uscale_epsd (2]
[ in_system_ibert_pcie_i - pcie2 _us_iben {pcie3 _us_ibert. xciy (1)
¢—-ﬁ‘- pcie2_us_ibert (poies _us_ibertd (1)
|—L'|f inst - in_system_ihert_w1_0_0_in_system_ibern
prie? _ultrascale_0_i - pcie2 _ultrascale_0 (pcoiez _ultrascale_ 0o xch
w8 prie_app_uscale_i - prie_app_uscale (poie_app_uscale s (1)
&= Cohstraints (1)
@ constrs_1 (1)
L&y wiling_prie2 _uscale_ep_x8g2.xde
@@= Simulation Saurces (50
Hierarchy [P Sources Libraries Compile Qrder
Sanrra Fila Promartiac 2 | I . -

Figure 217 IBERT instantiation in the generated example design
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| Synthesized Design - synth_1 | xcku040-fhvalls6-2-e factjve)

Metlist T 0O = 2 S chemati

= *[E] 3| 15 Cells
3 xiling _pcie2 _uscale_ep

= Mets (2244

Leaf Cells (157

dbg_hub i(dbg_hub_Cv)

in_swstem_ibert_pcie_i (pcoies _us_ibert)

= Mets (1108)

= Leaf Cells (1)

[@] inst {pcieZ_us_ibert_in_system_ibert_w1_0_0_in_system_iber)
pcies _ultrascale_o_i (poies _ultrascale o

pcie_app_uscale_i (poie_app_uscale)

GomERLR ¥

Figure 22 - IBERT instantiation in the synthesized design

1 Console
start_gui
cpen_hw
INFO: [IP_Flow 19-234] Refreshing IP repositories
INFO: [IP_Flow 19-1704] No user IP repositories specified
INFD: [IP_Flow 19-2313] Loaded Viwvado IP repository '"C:/Eilinx/Viwvado/2016.3/datalip’.
3et_param Xicom.enable izi pcie fix 1
1

L]

4[4

™= ==

4

I Type a Tel command here

. [ Tl Console | ) Messages |
Figure 23 - Before programming the device execute set_param xicom.enable_isi_pcie fix 1
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Hardware Manager - localhost/xilinx_tcf Digilent/2 10303956781
@ There are no serial If0 links, Auto-detect links  Create links

Hardware T 0O =
AT =ES %M »E

Mame Status

= g localhost (1) Connected

= @@ wilinx_tcf/Digilent/210308956781 (1) Open

kw040 _0(2)

-5 In-System IEERT (IBERT)
- Quad_224 (4)

- B MGT_X0Y0
- By MGT_X0Y1
- B MGT_X0Y2
By MGT_X0Y3
=1 Quad_225 (4)
- By MGT_X0Y4
-2 MGT_X0YS
- B MGT_X0Ys
- B MGT_X0Y7
[l i | ] :
Hardware Device Properties T_ 0O =
=
& wcku040_0

Figure 241 In-System IBERT instantiation in Hardware Manager after programming the device

5
2

Auto-detect links or create links to add serial 10 links to this windaw.

'@(ﬁlil““/.g

. [ETd Console () Messages - “%, Serial I/0 Links ]

Figure 251 6 A u-tletectlinksband 6éCreate | inksé in 6Serial I / O Links:i
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¢ Create Links

To create a new link select a TX GT andjfor an RX GT, then dick the Add button on the Mew Links toolbar.

TX GTs RX GTs
Search: | O~

[£> MGT_XOYO/TX (xcku040_0/Quad_224)
[£> MGT_XOY 1/TX (secku040_0/Quad_224)

MGT_XOY2/TX (xcku040_0/Quad_224)
[£> MGT_XOY3/TX (xcku040_0/Quad_224)
[£> MGT_XOY4/TX (xcku040_0/Quad_225)
[£> MGT_XOY5/TX (xcku040_0/Quad_225)
[£> MGT_XOY6/TX (scku040_0/Quad_225)
[£> MGT_XOY7/TX (xcku040_0/Quad_225)

Search: | O~

<& MGT_XOYO/RX (xckud40_0/Quad_224)
<& MGT_XOY 1/RX (xeckudd0_0/Quad_224)

<8 MGT_XOY3/RX (xckud40_0/Quad_224)
<& MGT_XOY4/RX (xckudd0_0/Quad_225)
<8 MGT_XOYS/RX (xckud40_0/Quad_225)
< MGT_XOYS/RX (xcku0d0_0/Quad_225)
<@ MGT_XOY7/RX (xcku040_0/Quad_225)

New Links

+

Press the =jm button to Add Link

Create link group
Link group description: |Link Group 0

Open Serial /O Analyzer layout

MGT_XOY2/RX (cku040_0/Quad_224)

OK

Figure 26 - Create link by clickihngon 6 Cr eat e |

nksbo

¢ Create Links

To create a new link select a TX GT and/for an RX GT, then dick the Add button on the Mew Links toolbar.

TXGTs RX GTs
Search: | O~ Search: | O~
Mew Links
+ Description  TX RX
% Link 0 MGT_X0YO/TX (xcku040_0/Quad_224) MET_XOYZ/RX (xckul40_0/Quad_224)

S Link 1 MGT_X0Y1/TX (xckun4o
S Link 2 MGT_XOY2/TX (xcku040
S Link 3 MGT_X0Y3/TX (xcku040

[Quad_224) MGT_XOYORX (xcku040_0/Quad_224)
0/Quad_224) MGT_XOY1/RX (xckud40_0/Quad_224)
[Quad_224) MGT_XOY3/RX (xcku040_0/Quad_224)

S link4  MGT_XOY4/TX (xcku040_0/Quad_225) MGT_XOY4RX (xcku040_0/Quad_225)
S Llink5  MGT_XOY5/TX (xcku040_0/Quad_225) MGT_XOY5/RX (xcku040_0/Quad_225)
S lnk6  MGT_XOYS/TX (xcku040_0/Quad_225) MGT_XOYE/RX (xcku040_0/Quad_225)
S Link7  MGT_XOYZ/TX (xcku040_0/Quad_225) MGT_XOYZ/RX (xcku040_0/Quad_225)

Create link group
Link group description: | Link Group 0

Open Serial If0 Analyzer layout

Figure 271 In System IBERT x8 link
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Serial IfQ Links

Q, | Name | T RX TXPre-Cursor  TX Post-Cursor  TX Diff Swing  DFE Enabled

Z [ Ungrouped Links (0}

g B Link Group 0 (8) User Value = User Value = User Value « UserValue =

v - i MGT_X0Y0,/TX MGT_X0Y2/RX User Value = User Value = UserValue + UserValue =
MGT_X0Y 1/TX MGT_XOYO/RX User Value = User Value - User Value ~ User Value =
MGT_X0Y 2/T¥ MGT_XOY1/R¥ User Value = User Value + User Value ~ User Value
MGT _X0Y3/TX MGT_XOY3/R¥ User Value - User Value -~ User Value ~ UserValue
MGT_X0Y4/TH MGT_XOY4/R¥ User Value - User Value = UserValue ~ UserValue =
MGT _X0Y 5/TX MGT_XOYS/R¥ User Value - User Value -~ User Value ~ UserValue

4

MGT_XOYSTX MGT_X0Y6/RX User Value = User Value ~ User Value - User Value
MGT_X0Y7/TX MGT_XOY7/RX User Value = User Value = User Value « UserValue =

= Tdl Console LD Messageé\h% Serial IO Links @ Serial I/0 Scans ]

Figure 281 Serial I/0 Links

L —. | —
Serial 1/0 Links

Q. Mame T RX TX Pre-Cursor  TX Post-Cursor  TX Diff Swing  DFE Enabled
o I Ungrouped Und [ |ink Properties. .. Ctrl+E

ey =4 Link Group 0 (4 + User value = User Value = UserValue -~
- X Delete Delete | R TV 7

ok nks... ~ User valus ~ Uservalue = User value
& nk Group. .. ~ User Valug = UserValue ~ UserValue -~
= User Value ~ UserValue = UserValue «
|@ Create Scan... | ~ |User Value ~ User Valug = UserValue -~
¥ Create Sweep... - User Value = User Value = UserValue =
) . ~ User Value ~ User Valug = UserValue -~

Commit Properties

~ User Value ~ User Value = UserValue «

@ Refresh Serial IO Objects

- Select 3
= Td Consale | N Scans

Export to Spreadsheet. ..

Create serial 10 scan

Figure 291 Scan link

¢ Create Scan

Set the description and other properties to create and optionally run a scan on the
selected link.

Link: Link 0 (MGT_X0YO,/TX, MGT_XO0Y2/RX)
Description: |Scan 0

Scan Properties

Scan type: 2D Full Eyescan -
Horizontal increment: | 8 -
Horizontal range: -0,500 UI to 0,500 UL -
Vertical increment: 8 -
Vertical range: 100%: -
Dwell
@ BER: | 1e-5 -
Time: 0
Run scan

Figure 307 Default scan options
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¢ Create Scan

Set the description and other properties to create and optionally run a scan on the
selected link. ‘
Link: Link O (MGT_X0Y0,TX, MGT _X0Y 2/RX)
Description: | Scan 0
Scan Properties
Scan type: 2D Full Eyescan -
Horizontal increment: | 2 -
Horizontal range: -0.500 UI to 0.500 UL -
Vertical increment: z -
Vertical range: 100%: -
Dweell
@) BER: | 1e-5 -
Time: 0
Run scan Dwell time value in seconds (0 to 1000000) |
[ ok |[ cancel |

Figure 31 - For better results, try Horizontal and Vertical increment by 2 instead of the default value

Link LinkSettngs ResetRX ScanType  Status Progress Open Area HorzIna  Horz Range VertIncr  VertRange  Dwell DwellBER Dwell Time StartTime  End Time

e el cve [ rogess [mm=—— 5o Jios P Josouiwosour P oo P Jes ] olaisoc nrroges|

5 Td Console LD Messages L% Serial [JO LIH%\E Serial I/0 Scans I

Figure 32 - Scan in progress

(2] Scan Plots - Scan 0 x oe x

Unit Interval

ElremELet

5.0003

1.0e03

5.0004

Voltage (Codes)

1.0e05

Summary Metrics Settings
Name:  SCAND Openarea: 1216 Uik settings: A
Descripton: Scan 0 Horizontal increment: 2
Started:  2016-0ct:25 12:41:46 Horizontal range: ~0.500 UI t0.0.500 UL
Ended:  20160ct:25 124356 Vertical nrements 2
Vertieal range: 100%
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Figure 33 - Generated Eye Diagram

Note: &nableIn-Sy st em | BERTO6 should not be used with t heSetifgatibl i ng

Descrambl er Modul e

The data on the PIPE interface is scrambled and hence the incoming and outgoing data cannot be read on this interface.
The ability to interpret the data on this interface is especially useful where packets presented by the endpoint user
application do not show up at the host or vice versa. Being able to identify the corresponding packets on the PIPE
interface confirms whether the ingress packets definitely made it into the FPGA and whether the egress packets were
definitely presented to the transceiver (PHY) by the PCle MAC Hard IP.

In Vivado 2016.3, a new feature has been added where the user has an option to enable descrambler module to
descramble the PIPE data. Figure 34 shows where the descrambler module sits. The descrambled data is read through
an ILA. The instantiated descrambler module is encrypted and only provides a way for hardware-only support to debug
Gen3 designs on the board; simulation with the descrambler module is not supported.

PCI Express Solution

PIPE Scrambled pipe_rx*
MAC Interface

(PCEHard P ()| PHY
and Wrappers)

Scrambled pipe_tx*

\

RX T
ILA Descrambler module
(per lane) || (per lane) ‘ (@PCIE_CORE_TOP)
Descrambled pipe
signals on ILA

Gen3 Desrambler

Figure 341 Descrambler Module

The screenshots below show the step-by-step instruction for enabling the Descrambler Module and viewing the
descrambled data on the ILA waveform in the PCI Express Example design on a KCU105 development board.

" 'Customize IP "8

UltraScale FPGA Gen3 Integrated Block for PCl Express (4.2) "

@ Documentation Tj IP Location L Switch to Defaults

[ Show disabled ports Component Name |pc\23,ullrasca\e,0

gacy/Msl Cap  MSI-X Cap  Power Managemem | Extd. Capabilities-1  Extd. Capabilities-2 | Shared Logic  CT Semings Add. Debug Options 4 »

[ Enahle In System IBERT
[¥] Enable Descrambler for Gen3 mode

[ Enahle JTAG Debugger

Figure 35 - Enable Descrambler for Gen3 Mode
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Project Manager - pcie3 _ultrascale_0_ex

S0urces
QT wet 32
@—= Design Sources (1)
¢—.@.‘. xilinx_pcied_uscale_ep (xilinx_pcie_uscale_epsd (20
f-p—d_.} poie _ultrascale_Q_i - pcie3 _ultrascale_o (pcies _ultrascale_ooxci) (1)
¢>—@ peies _ultrascale_Q {ociez _ultrascale_o (1)
¢—.'@1 inst - prieZ_ultrascale_0O_pcieZ _uscale_core_top (pcies _ultrascale_ 0 _poie _uscale_core_topovd (100

¥ Clk_gen_500 - pcie3 _ultrascale_0_sys_clk_den_ps (poies _ultrascale_0_sys_clk_gens
¥8 clk_gen_250 - pries _ultrascale_O_sys_clk_gen_ps (poies _ulirascale_0_sys_clk_gen
w8 Cclk_gen_125 - pcie3 _ultrascale_0_sys_clk_gen_ps (poies _ultrascale_0_sye_clk_gen.w
we Clk_gen_&2_5 - prie3 _ultrascale_0_swe_clk_gen_ps (poie2 _ultrascale_0_syws_clk_gen.w
w8 pries_uscale_top_inst - poie? _ultrascale_0_pcie3 _uscale_top (ooie® _ultrascale_0_poies _uscale_topo (4)
w8 rxcdrhold_i - poie? _ultrascale_0_rxcdrhold (poie? _ultrascale_O_rscdrhold (1)
w8 gt_top_i - poie3 _ultrascale_0_phy_wrapper (poies _ultrascale_0_phy_owrappersd (7
w8 pries_uscale_top_inst - poie3 _ultrascale_Q pcies _uscale_top (ooie? _ultrascale_0_poies _uscale_topod (4)
T descrambler_rx_i - descrambler_rx
T descramhbler_tx_i - descrambler_tx
D=8 pCiE_app_Ustale I - prie_app_0scale (Ore_app_terale ) (1)
g:—. Constraints (1)

=1 Simulation Sources (5)

(i

Hierarchy |F Sources Libraries Compile Order

Figure 36 - TX Descrambler and RX Descrambler instantiation
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File  Edit  Flow

Iunls|ﬂindnw Layout  Wiew Help

pcie3_ultrascale_0_ex - [fhome/deepeshm/h/gen2debugcheck/pcie3_ultrs

=N AN
Flow Nawigator

QT &
(=]

=2

4 Project Manag

#%5 Project

Bh add sq
% Langus

{F Ip caig

4 |P Integrator

Eloorplanning »

1f0 Planning 3

Timing »
£, Edit Timing Constraints

FPower Constraints Adwisor...

##l Schematic F4
Show Connectivity CHrl+T

T Show Hierarchy FE
Report »

Edit Dewice Properties. ..

& Create and Package Mew [P, ..

2 (5|22 Debug
U040-fivall>&-2-8 f(activi

T 0O X

cale_ep (xilinx_pcie_uscale

le_0_i - pcie3 _ultrascale_o
scale_0 (poies _ultrascale_

cie3 _ultrascale_0Q_pciez _us
gen_S00 - pie2 _ultrascale
gen_250 - pie3 _ultrascale
gen_125 - pcie3 _ultrascale

i Create Interface Definitian... gen 52 5 - pcieg ulirascal
335 Create -Rel -
3 Enahle Partial Reconfiguration. .. Z_uscale_top_inst - prie3 _
— L Eun Tel script... rhold_i - prie3 _ultrascale_
& Cener 3 Property Editar cirl4 PR-T- pueE_u!trascale__O_p
Associate ELF Fil Z_uscale_top_inst - pcies U
4 Simulation sociate ELE Files... trambler_rx_i - descramble
& simul Generate Memory Configuration File. . Frambler_tx_i - descramble
MLt Compile Simulation Libraries... le_i - pcie_app_uscale (pcl
@ Run S‘ i# et Up Debug...
T Al Hilinx Tcl Store. . raries  Compile Order
Customize Commands »
ﬁ Elabar
> B® Open EB Project Settings... 5 _ 0O %
% Language Templates
4 Synthesis # Options.
Y 15 = e i =] JQB.KdE

#HE cctlmcic Tattinnr

Figure371 Aft er synthesizing the design,
Find objects in the current design or device by filtering Tcl properties and abjects. ‘
Froperties
NAME - ||cuntains - ||"Itssm" | +

[ Regular expression [ Search hierarchically [ Display unigue nets

Of objects: | | [-]
Command: |shuw_ubjects -name MET_OMLY [get_nets -hierarchical -top_net_of _hierarchical_group ™" ] |
|Z] [ OK ] | Cancel ]

Figure 381 Search cfg_ltssm_state signal
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Figure 39 - Add cfg_Itssm_state to Debug

Figure 40 - Select the same clock domain for all signals
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