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NVMe-IP for PLDA PCle (PCle Switch) Demo Instruction

Revi1.0 30-Jan-19

This document describes the instruction to run NVMe-IP for PLDA demo on FPGA development
board by connecting SSD through PCle switch instead of directly connection with SSD.
FMC-PCle adapter card and PCle switch card with M.2 connector are applied in the demo. The
demo is designed to write/verify data one SSD through PCle switch. Though 4 M.2 NVMe SSD
are connected to PCle switch card, user could select to operate with one SSD. User controls test
operation and selects active SSD through Serial console.

1 Environment Requirement

To run the demo on FPGA development board, please prepare following environment.

1) FPGA Development board: ZCU102

2) PC installing Xilinx programmer software (Vivado) and Serial console software such as
HyperTerminal

3) Xilinx Power adapter for FPGA board

4) FMC to PCle card

5) ATX power supply for FMC-to-PCle card

6) a) PCle switch card with M.2 connector + M.2 NVMe SSD connecting to PCle switch
b) PCle NVMe SSD or PCle-M.2 adapter card with M.2 SSD

7) Two micro USB cables for programming FPGA and Serial console, connecting between
FPGA board and PC

Note:

[1] FMC to PCle adapter card: HTG-FMC-PCIE board
http://www.hitechglobal.com/fmcmodules/fmc _pciexpress.htm

[2] PCle switch card with M.2 connector: Quattro 400 M.2 NVMe SSD Adapter
http://www.aplicata.com/quattro-400/
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a) PCle switch with
M.2 NVMe SSD
b) PCle NVMe SSD

micro USB cable
4 for Serial console

Power adapter cable

micro USB cable
for JTAG
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erial Console

Figure 1-1 NVMe-IP for PLDA PCle (PCle Switch) demo on ZCU102
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2 Demo setup

1) Power off system.
2) Connect FMC-to-PCle card to HPC1 connector (J4) on ZCU102, as shown in Figure 2-1.

HPC1 connector on
ZCU102 (J4)

{4l ©

Figure 2-1 Connect FMC to PCle board to FPG

board

3) Connect ATX power cable to J4 on FMC-to-PCle card and select power source of FMC
(S2) to Ext (external power), as shown in Figure 2-2
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Figure 2-2 Set up power on FMC-to-PCle card
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4) Connect at least 1 NVMe SSD to PCle switch card. In the example, four SSDs are
connected to show different device number usage from different connector. As shown in
Figure 2-3, each connector is defined as different device number depending on PCle
switch schematic. The details of device number for each M.2 connector on reference
board are shown in Figure 2-3. After that, install heat sink to cool down NVMe SSD on
PCle switch card.

WTILS OFTANE = wiwony semes cod) 383
Model: VEMPEXIVOEGA 1400 — BH

1 R B
NVMe@CON1 (dev no.1)

DH(‘ISHUS

VAN = I | AN AN

Figure 2-3 Connect NVMe SSD to PCle switch
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5) Connect PCle switch card to PCle female connector on FMC-to-PCle card.

SRR oClc RESET

L Q8OO
I :_:a M 1S "X
PCle switch with ' -
M.2 NVMe SSD ’
(under heatsink)

Figure 2-4 Connect PCle switch card to FMC-to-PCle card

6) Connect two micro USB cables between FPGA board and PC for FPGA programming and
Serial console, as shown in Figure 2-5.

microUSB for
Serial console

microUSB for JTAG
Figure 2-5 USB cable connection
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7) Turn on ATX power supply for FMC-to-PCle card power and FPGA development board, as
shown in Figure 2-6.
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A E% ™ Turn on power switch
on FPGA board

Figure 2-6 Turn on power switch

8) Open Serial console. When connecting ZCU102 board to PC, there are four COM ports
displayed on Device Manager. Use COM port number of Interface0 (COM15 in Figure 2-7)
for Serial console.

A’ Computer Management (Local|| 4”7 Ports (COM & LPT)
4 |[} System Tools ¥ Communications Port (COML1)

- @ Task Scheduler [_‘TF Silicon Labs Quad CP210x USB to UART Bridge: Interface 0 (COM15) |

- E] Event Viewer ! '? Silicon Labs Quad CP210x USB to UART Bridge: Interface 1 (COM14)

» 23| Shared Folders .75 Silicon Labs Quad CP210x USB to UART Bridge: Interface 2 (COM17)

. &% Local Users and Groups ¥ Silicon Labs Quad CP210x USB to UART Bridge: Interface 3 (COM16)
®) Performance Cg IDE ATA/ATAPI controllers
|i24 Device Manager | b -&¥ Jungo

Figure 2-7 Two COM ports from FPGA connection

9) Download and program configuration file and firmware to FPGA board. Open Vivado TCL
shell and change directory to download folder which includes demo configuration file.
Type “NVMeXR1IPTest_zcu102.bat”, as shown in Figure 2-8.

=

B Vivado 2017.4 Tl Shell - C:\Xilinx\Vivado\2017.4\bin\vivado.bat -modetc] [ o | =) |[w3s]

ivadox :
ivado¥ HUHeXHilPTest_zcuiBZ bhat

£ n »

Figure 2-8 Programmed by Vivado

10)Check LED status on FPGA board. The description of LED is as follows.

GPIO LED ON OFF
0 Normal operation SSD is not good status or reset button is pressed
1 System is busy Idle status
2 IP Error detect Normal operation
3 Data verification fail | Normal operation

Table 2-1 LED Definition
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11)After programming complete, LED[0] and LED[1] are ON during PCle initialization process.
NVMe SSD could be connected to FMC-to-PCle card by two methods. First method is

connecting to FMC-to-PCle card directly. Second method is connecting to FMC-to-PCle
card through PCle switch card.

a) When NVMe SSD is connected to FMC-to-PCle card directly, the step is as follows.

(1) “Waiting PCle Linkkup” and “PCle Genx Device Detect” are displayed to the
console.

(2) User inputs ‘0’ to select the connection to be direct connection.

(3) “Complete PCle initialization” is displayed when IP completes the initialization
sequence.

(4) LED[1] changes to OFF and Main menu is displayed to receive command from
user.

P

2. COM27 - Tera Term VT

File Edit Setup Control Window Help

++++ Start NUMe-IP for PLDA Test design [Uer = 1.51 ++++

aiting PCle Linkup
aiting IP init ia%izat ion |PCle power-up status Select Direct NVMe
i etect

ice mode [@1Direct NUMe [11Through PCle Switch=>[8]

alization Initialization message when
Complete PCle initialization | connecting with SSD directly

——— Main menu [Uer = 1.51 —-
[B] : Identify Command

[1] : Write Command

[2] : Read Command

[2] = Re—-Initialize System

Figure 2-9 Direct NVMe SSD initialization

ZCU102

Ol S A

Figure 2-0 LED stts_aifteF cople'_té initialization sequence
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b)

When NVMe SSD is connected to PCle switch card, so FMC-to-PCle card detects

PCle switch firstly, not NVMe SSD. The step to complete initialization sequence is as

follows.

(1) “Waiting PCle Linkup” is displayed.

(2) User needs to press S1 on FMC-to-PCle card (PCle RESET) to reset PCle switch
and SSD.

(3) “PCle GenX Device Detect” is displayed.

(4) User inputs ‘1" and selects device number to test. Figure 2-3 shows device number
position of each M.2 slot on PCle switch card.

(5) “Complete PCle initialization” is displayed when IP completes the initialization
sequence.

(6) LED[1] changes to OFF and Main menu is displayed to receive command from
user.

-

¥ COM27 - Tera Term VT

File Edit Setup Control Window Help | 1) Wait “PCle Linkup” message

++++ Start NUMe—IP for PLDA Test design [Uer = 1.5]1 ++++

aiting PCle Linkup 91230 PCle link is down -> Need to press PCle

RESET button (S1 on FMC-to-PCle card)

d 2) Press S1 (PCle RESET)

7

& COM27 - Tera Term VT

File Edit Setup Control Window Help

3) Input ‘1’ and device no. ‘

++++ Start NUMe—IP for PLDA Test design [Uer = 1.5]1 ++++

aiting PCle Linkup 81234567|PCle link up after
ajting IF initialization " |prosspCloRESET  Select PCle Switch

e 1l
In
a

ect PCle device mode [B1Direct NUMe Through PCle Switch=)
ut device no. of NUMe SSD: B8 - 31 => Select active device no.

» Ie 1nitialization T e s .
Initialization message when connecting

omplete PCle initialization|with SSD through PCle switch completely

—_——

[al
[11
[21
[91

Main menu [Uer = 1.5] —
: Identify Command

: Write Command

: Read Command

: Re—-Initialize System

30-Jan-19

Figure 2-11 NVMe SSD through PCle switch initialization
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3 Test Menu
3.1 Identify Command

Select ‘0’ to send Identify command to NVMe SSD. When operation is completed, SSD
information is displayed on the console, i.e.

1) SSD model number

2) SSD capacity which is output from NVMe-IP.

& COM27 - Tera Term VT =

File Edit Setup Control Window Help

Model name
[Eﬂ.nﬂ_ﬂumMmﬂma‘Mbmm (decoded from Identify data)
SD Capacity= 512[GB] | Capacity (output from IP)

——— Main menu [Uer = 1.5]1 —=

+++ Identify Colr_mand sel_e_cted 4+

[B] : Identify Command
[1]1 : Urite Command

[2]1 : Read Command

[92]1 : Re-Initial System

. -
Figure 3-1 Result from Identify Device menu
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3.2 Write Command
Select ‘1’ to send Write command to NVMe SSD. Three inputs are required for this menu.

1) Start LBA: Input start address of SSD in sector unit. The input is decimal unit when input
only digit number. User can add “0x” to be prefix when input is hexadecimal unit.

2) Sector Count: Input total transfer size in sector unit. The input is decimal unit when input
only digit number. User can add “0x” to be prefix when input is hexadecimal unit.

3) Test pattern: Select test pattern to write test data to SSD. Five types can be selected, i.e.
32-bit increment, 32-bit decrement, all 0, all 1, and 32-bit LFSR counter.

As shown in Figure 3-2, if all inputs are valid, the operation will be started. During writing
data, current transfer size is displayed on the console to show that system still run. Finally,
test performance, total size, and total time usage are displayed on the console as test result.

' "~
B COM27 - Tera Term VT E=E

File Edit Setup Control Window Help

+++ Wprite Command selected +++
Enter Start LBA : B - Bx3B9E12AF ) Input from user
Enter Sector Count : 1 — Ox3B9E12BA =>
Be%eg;idcgattern [A1Inc32 [11Dec32 [2]A11_6 [31All_1 [41LFSR= )[:]
4.262 GB
6.416 GB
8.546 GB
Current transfer size

29.950 GB
32.877 GB
34.231 GB Output performance

|[Total = 34[GB] , Time = 16@66[ms] ., Transfer speed = 2117[MB/s1|

——— Main menu [Ver = 1.51 —— -

[B] : Identify Command
[1] : Write Command
[2] : Read Command
[9]1 : Re-Initial System

Figure 3-2 Input and result of Write Command menu
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——Hd-nil header ol each seclor—
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00 D0 31 00
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00 00 39 0O
00 00 30 GO
00 00 41 OO
00 00 45 0O
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0o 32
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49
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JF
EE
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24
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92
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D7
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83
a0
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Figure 3-3 Example Test data in sector#0/#1 by increment/LFSR pattern

24
49
92
24
49
9E
E7
A
AE
EB
BE
83
3B
B8
83
39
Gk
A3
3A
Ab
b3
37
70
ob
Do
115
60
o7
7F
FD
D3
04
49
9z
24

oo
0z
24
49
92
24
19
9E
E7
7A
AE
EB
BE
83
3B
BE
B3
39
GA
A3
34
Ab
63
37
70
oD
Do
D&
B0
o7
7F
oo
(ili}
D4
49

0o
oo
oo
02
24
49
s
24
49
SE
E7

oo
0o
oo
oo
on
0z
24
49
92
24
49
9E
E7
TA
AE
EE
BE
83
3B
Ea

Test data of each sector has different 64-bit header. 64-bit header consists of 48-bit LBA
address and 16-bit zero value. 48-bit LBA address is unique value for each sector. The data
after 64-bit header is the test pattern which is selected by user. The example of test pattern
is shown in Figure 3-3. 32-bit increment pattern is shown in the left window while 32-bit
LFSR pattern is shown in the right window.

30-Jan-19
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Figure 3-4 — Figure 3-6 show the error message when user input is invalid. “Invalid input”
message is displayed on the console and then returns to main menu to receive new
command.

{5

¥ COM19 - Tera Term VT o) - &S]

File Edit Setup Control Window Help

~

+++ lpite Command select + Out-of-range LBA address
nter Start LBA : @ - [@x3BIE12AF |=>[@x3BIE12B0]
nvalid input| Error message

[81 Identify Command
[11] Write Command
Read Command

[21 '
Re—Initial Systen —

——— Main menu [Uer = 1.5] ——
(91 :

Fiqure 3-4 Invalid Start LBA input

1 COMIO - Tera Term VT oo =]

File Edit Setup Control Window Help

+++ lprite Command selected +++ o

nter Start LBA : @ - =) ut-of-range length
Count : 1 - [Bx3B9E12BO |=> |Bx3B?E12B1

Invalid input| Error message

——— Main menu [Ver = 1.5]1 ——
[B] : Identify Command

[1] : Write Command

[2] : Read Command

[9] : Re—-Initial Systenm

Figure 3-5 Invalid Sector count input

¥ COMIO - Tera Term VT o o)==

File Edit Setup Control Window Help

+++ lpite Command selected +++ -

nter Start LBA  : @ - Bx3BIE12AF => @
nter Sector Count : 1 — Bx3BYE12B@ => Bx4@@pp@p Cut-of-range pattern
elected Pattern [81Inc32 [11Dec32 [21A11_@ [31A11_1 [4ILFSR=>[5]

nvalid input| Error message

(8] Identify Command
[11 Write Command
[21 Read Command —

——— Main menu [Ver = 1.5]1 ——
[9]1 : Re-Initial System

Figure 3-6 Invalid Test pattern input
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3.3 Read Command

Select 2’ to send Read command to NVMe SSD. Three inputs are required for this menu.

1) Start LBA: Input start address of SSD in sector unit. The input is decimal unit when input
only digit number. User can add “0x” to be prefix when input is hexadecimal unit.

2) Sector Count: Input total transfer size in sector unit. The input is decimal unit when input
only digit number. User can add “0x” to be prefix when input is hexadecimal unit.

3) Test pattern: Select test pattern to verify data from SSD. Test pattern must be matched
with the test pattern using in Write Command menu. Five types can be selected, i.e.
32-bit increment, 32-bit decrement, all 0, all 1, and 32-bit LFSR counter.

-

8 COM27 - Tera Term VT

lm|@|ﬁ1

File Edit Setup Control Window Help

SBelected Pattern [B1Inc32 [11Dec32 [2]1ATI_
3.262 GB

6.527 GB
2.790 GB
13.856 GB ;
16.318 GB ) Current transfer size
19.588 GB
22.845 GB
26.111 GB
29.376 GB
32.641 GB/

+++ Read Command selected +++
Enter Start LBA : @ - Bx3BYE12AF => Input from user
Enter Sector Count : 1 — Bx3B9E12BO =>| Bx4000060

11_1 [4ILFSR=>[4]

Output performance

——= Main menu [Uer = 1.5]1 —.
[B] : Identify Command

[1] : Write Command

[2] : Read Command

[?2] = Re-Initial System

[Total = 34[GB] , Time = 1@526[ms] , Transfer speed = 3231[MB/s1|

Figure 3-7 Input and result of Read Command menu

Similar to Write Command menu, if all inputs are valid, test system will read data from SSD.
Test performance, total size, and total time usage are displayed after end of transfer. “Invalid

input” will be displayed if some inputs are out-of-range.

30-Jan-19
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8 COM27 - Tera Term VT B

File Edit Setup Control Window Help

nter Start LBA : B - Bx3B9E12AF => 0O Wrong pattern
nter Sector Count : 1 — Bx3B?E12BO => Bx40086000
elected Pattern [B1Inc32 [11Dec32 [2]1A11_0 [31A11_1 [41LFSR=)EE

Eerify fail Verify fail message

E++ Read Command selected +++

st Error at Byte Addr 55951515 ]41515]15]%]

xpect Data [255:1281] AxBBABRRA7_NRRNRA06 _NBR0BRABS _BRABBR04
xpect Data [127:01] AxABANBNA3_BNARRAN2 _ABRRNENAA_B0RBRR0G
ead Data [255:1281 Ox0007FFFF_FFF80004_BBA3FFFF_FFFCOA0A2
ead Data [127:81 BxB001 FFFF_FFFEGA01 _00000000_0000R0000
ress any key to cancel operation

nwuwnn

3.261 GB
6.527 GB
| Verify fail without
29.386 GB cancel operation
72652 OB Output performance

|Total = 34[GB] , Time = 18522Ims] ., Transfer speed = 3232[MB/s] |

——— Main menu [Ver = 1.5]1 —— .
[B] : Identify Command

[1] : Urite Command

[2] : Read Command

[9]1 : Re-Initial System

Figure 3-8 Data verification is failed but wait until read complete

s T ~
& COM27 - Tera Term VT Lo | B et

File Edit Setup Control Window Help

+++ Read Command selected +++

Enter Start LBA : @ — Bx3B?E12AF => A Wrong pattern
Enter Sector Count : 1 — Bx3B9E12BO => Bx40000060

Selected Pattern [B1Inc32 [11Dec32 [2]1A11_6 [31A1l1_1 [4]LFSR=)EE

Verify fail Verify fail message
1st Error at Byte Addr AxA0RABRAO y 9
Expect Data [255:1281 Bx00BRBANT7_NBRBR00A6 _NBRRNARS _B0BR00A04
Expect Data [127:01 BxBBBAVNA3 _PNBRBRNN2 _NBNRNANG_BRRBRnRBA
ead Data [255:1281 B#xPBA7FFFF_FFF80AR4_BMA3FFFF_FFFCARA2
ead Data [127:81 PxP001 FFFF_FFFEOBO1_00000000_00000000

Teéss any Key to cancel operation

wwuwuwn

peration is cancelled

lease reset system hefore start new test | Verify fail with cancel operation

—— Main menu [Uer = 1.5]1 — .

[B] : Identify Command
[1] = Urite Command

[2] : Read Command

[9]1 : Re-Initial System

.

Figure 3-9 Data verification is failed and press any key to cancel operation

Figure 3-8 and Figure 3-9 show error message when data verification is failed. “Verify fail” is
displayed with error address, expected data, and read data. User can press any key to

cancel read operation or wait until all read process complete.

If read process is completed, output performance from read process will be displayed.

In case of cancel operation, the previous command does not complete in good sequence. It

is recommended to run menu [9] to restart system.
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3.4 Re-initialize System

Select ‘9’ to re-initialize system. This menu is applied to reset system or change device number on
PCle switch. The step to re-initialize is as follows.

1) The step to reset system is displayed on the console.

COM27 - Tera Term VT =

le Edit Setup Control Window Help

u
=
Fi

+++ Re—-Initialize System selected +++ Reset step +
ress any key after press reset both FMC-PCle card and FPGA board |

Figure 3-10 Re-Initialize system

2) User press FPGA RESET on FPGA board and PCle RESET on FMC-to-PCle card, as
shown in Figure 3-11.

PCle RESET (FMC-to-PCle card)

v Wl
FPGA RESET (ZCU102)

SYSCTLR
SYSCTLR 0]

Figure 3-11 Press Reset SW
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3) Press any keys to start PCle initialization. The sequence after this step is same as Figure
2-11.

& COM27 - Tera Term VT
Eile Edit Setup Control Window Help

+++ Re—Initialize System selected +++

ress any key after press reset bhoth FMC-PCle card and FPGA bhoard
aiting PCle Linkup

aiting IP initialization :
Cle Gen3 Device Detect Select PCle Switch
elect PCle device mode [@1Direct NUHe hrough PCle Switch= ).
Input device no. of NUMe SSD: 8 - 31 18| Select new device no.

tart PCle initialization

omplete PCle initialization

—— Main menu [Uer = 1.51 —— | yger sends new command to test
[B] : Identify Command )
[1] : Yrite Command new SSD, connected to different
[2] = Read Command channel on PCle switch card .
[2] = Re—-Initialize System

Figure 3-12 Re-Initialize process
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4 Revision History

Revision Date Description
1.0 30-Jan-19 Initial version release
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