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The QMTech® Spartan-7 Core Board uses Xilinx XC7S15 device to demonstrate the newest
addition to the Cost-Optimized Portfolio, offer the best in class performance per watt, along
with small form factor packaging to meet the most stringent requirements. These devices
feature a MicroBlaze™ soft processor running over 200 DMIPs with 800Mb/s DDR3 support
built on 28nm technology. Additionally, Spartan-7 devices offer an integrated ADC, dedicated
security features, and Q-grade (-40 to +125°C) on all commercial devices. These devices are
ideally suited for industrial, consumer, and automotive applications including any-to-any
connectivity, sensor fusion, and embedded vision.
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1. Introduction

1.1  Document Scope

This demo user manual introduces the QM_Spartan-7 development board and describes how to setup
the development board running with application software Xilinx Vivado 2018.2. Users may employee the
on board rich logic resource FPGA XC7S15-1FTGB196C to implement various applications. Th
development board has 88 non-multiplexed FPGA 10s for extending customized modules, su T
module, CMOS/CCD camera module, LCD/HDMI/VGA display module etc. /

1.2  Kit Overview ]

Below section lists the parameters of the QM_Spartan-7 development board:

On-Board FPGA: XC7S15-1FTGB196C,;

On-Board FPGA external crystal frequency: 50MHz;

XC7S15-1FTGB196C has rich block RAM resource up to 360Kb;

XC7S15-1FTGB196C has 12,800 logic cells;

On-Board N25Q064 SPI Flash, 8M bytes for user configuration ¢
On-Board 3.3V power supply for FPGA by using MP2359 widei
QM_Spartan-7 development board has two 50p, 2.54mm pit
IOs are precisely designed with length matching;
QM_Spartan-7 development board has 3 user switches;
QM_Spartan-7 development board has 4 user LEDs;
QM_Spartan-7 development board has JTAG i
QM_Spartan-7 development board has USB to
GMR chip. -
QM_Spartan-7 development board PCB siz&is: 6. 5.7cm;
Default power source for board is froMini - 1A@5V DC;

C/DC;
r extending user 10s. All

g
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Figure 1-1. QM_Spartan-7 Development Board Overview
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2.

Getting Started

Below image shows the dimension of the QM_Spartan-7 development board: 6.6cm x 5.7cm. The unit in
below image is millimeter(mm).

HILINX:

SPARTAN=7

Figure 2-1. QM_Spartan-7 Development Board Dimension

Install Development Tools

The QM_Spartan-7 development board togl/chain consists of Xilinx Vivado 2018.2, Xilinx USB platform cable,
Mini USB cable for power supply. Below.image shows the Xilinx Vivado 2018.2 development environment
which could be downloaded from Xilinx officefvebsite:

4 project 04 UART - [EyXilinx/SpartanT/SW,

£ UART.xpr] - Vivado 20182 - o x

Ele Edt Flow Tools Repats

wrte_bisiream Comglete
=, 8 X» B o #

Detautt Layout

EIE I PROJECT MANAGER - project 04_UART

wart_top.y

© | EninvsoartannswRoec 06 UARTRS 109

E B X / ®E Q L

& 1P Catalog

¥ 1P INTEGRATOR

Create Block Design

Herarchy

Source File Properties

® uar_oo o

7 Ensol

Locaton € nanuUSpatanTSWprojec 04_UART

Tipe iog

Usean ul_ostautin

s osxa

Gonerai

Design Runs

Qa = @ + %

Nams Cons¥ants  Status WNS TNS WHS THS TPWS ToiPowsr FaledRouss LUT FF BRAMS URMM D8P Star Eiapsed  Run Swategy Regortstiategy
¥ yoin_1 58 7 0.00 0 0 1VU1B943AM 000043 Vivadk ado
> imoL_1 MM M M 025 o s T 00 0 0 111BSMAN 000117 Wadokmo

Figure 2-2. Vivado 2018.2
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https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/vivado-design-tools.html

Below image shows the JTAG connection between Xilinx USB platform cable and QM_Spartan-7 development

board:

TMS
TDI
TDO
TCK
GND
VREF

(Green)
(Purple)
(White)

(Yellow)
(Black)
(Red)

Bitstream] , users may click the [Open Target] optiﬂt

Figure 2-3. JTAG Connection
Once the FPGA test program is correctly [Synthesized]

4 project 04 UART - [E:/Xilinx/Spartan7/SW/project 04 UART/project 04 UART.xpr] - Vivado 2018.2

- [m} x

File  Edit Flow Tools Reports Window  Layout View  Help Q- Quick Access write_bitstream Complete
= B X rp B o ¥ X 2= Default Layout v
Flow Navigator PROJECT MANAGER - project_04_UART ? X

v PROJECT MANAGER
Sources ?2_00K X Project Summary x| uart_topy  x 200
1} Settings - .
Q = £ + ) o E:fXilinuSpartan7/SWiproject_04_UART/uart_top.v x
Add Sources
(.. Design Sources (1) Q XY BB X N E O o
Language Templates ~ @ uart_top (uart_top.v) (2) T :
10 timescale Ins / 1ps ~H
1} IP Catalog @ uart_n_path_u: uart_m_path (uart_ne_pathy P
® uart_t_path_u : uart_bx_path (uart_t_path ¥) 370 module uart_top (
v P INTEGRATOR > = Constraints (1 4 input sys_elk,
. El input sys_rst_n.
Greate Block Design > = Simulation Sources (1 . .
Open Block Design : ouTpRE nere
E] output led 1,
Generate BlockDesign (/| sutput led 2
Hierarchy | Libraries  Compile Order )i
¥ SIMULATION 2\ wire [7:0] usrt_rx_data_o;
Run Simulation Source file Properties ? - OO X i3 wire uertrx_done:
® uart_topy [ R
15 | wart_rx path uert rx_path o (
v RTLANALYSIS ) enaviea ~l e elk_i (sys_clk),
nable o .
> Open Elaborated Design H uertex vt o),
Location: EXilinSpartan?/SWiproject_04_UART uart_rx_data_o(uart_rx_data_o),
uart_rx_done(uart_rx_done)
S SNIH Type Verilog E‘ B
Stepl | P Run Synthesis
Library. il_defaultlip uart_tx_path uert_tx_path u (
[ | > Open Synthesized Design elk_i (sys_clk),
Qe ARKA. Y .
wart_tx_dsts_i(uart_rx_data_a), ~
General  Properties . s
NP ERMENTATION
P Run Implementation TciConsole |Messages | Log |Reports | DesignRuns  x 2 _0@
> Open Implemented Desion Q = = + %
Mame Constraints ~ Status WNS TNS WHS THS TPWS TotalPower FaledRoutes LUT FF BRAMs URAM DSP  Start
~PROGRAM AND DEBUG w o syth_1  constrs 1 synth_design Complete! 58 71 0.00 0 0 114189
¥ Generate Bitstream ImMp_1  consts_1  wilte_bitstream Completel  NA  NA  NA  NA  NA 0.258 0 58 71 0.00 0 0 11M18e

' Open Hardware Manager

Open Target

Program Device

Add Configuration Memory De
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Figure 2-4. Vivado to Connect FPGA
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Chip info like xc7s15_0(1) is shown in Hardware Manager as below image. Users then could right click the
device to choose [Program Device] to load the Bitstream *.bit into FPGA or to choose [Add Configuration
Memory Device] to program the *.mcs file into on-board SPI flash.

4 project 04 UART - [EyXiinx/SpartanT/SW/project 04 UART/project 04 UART.xpr] - Vivado 20182 = 85 %
Ele Et Flow Jools Repals Yondow Lawuw Ylew Help | Ol GuickAccess wite_bitstream Complete
e« ~ G & > BB T s ¥ Dashbowd - = Logic Analizer v

: 2%
~ PROJECT MANAGER . e
£ seangs
Haraware 700 x| oy 200X
AdaSources = _
Q =z ¢ > |2 @ | EnoinuSpatanTISWDrRC_04_UARTISM topy
Laapat M Name stans
o Q Wi« +»' x 8B RBIX /B Q °
1P Catalog v N localnost (1 Connected
L Ctimesenle 1ns / 1n ~u
* Mo M IcDGIND0000000000  Open i
v IPINTEGRATOR v @ xTs15.0(1) Programmed |
Create BlockDesign 3 XADC (8istem Montor
ProgamDence ——
C,
< 4
v smuLsTon 1
»-4
® xc7515.0 « 4 ProgamBERKes
v RTLANALYSIS Clear BER Ky
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P 15
- * il Exportto Spreadshest
v &
ShiHEm Doose 03620093 g e )
» RunSynnesis y
Riengin 5
H e qpscad e 2 vare_tx_sath vare_te_gaths (
Status Programmed & 5 -
. elliays_1b)
IMPLEMENTATION T hate o
> Run implementation
> OpenImplemented Design TciConsole  x Messages 2_00
Q

' PROGRAM AND DEBUG
5 Ganorate Bitsweam
~ Open Hardware Manager io ) T

Open Target

Program Device

g Configuration Memory De..
IRENEREREE R R

VD
Figure 2-5. GA

Users could convert the *.bit file into the *.mcsffile ing the Vivado tool. Choose the [Tools] on the menu
bar and then select [ Generate Memory uratio 1, and then configure the parameters shown in

below image:

4 Write Memory Configuration File %

Create a configuration file to program the device

Format ucs v
) Memory Part © n25064-3.3v-spix_2_xd E
_) Custom Memory Size (MB). 8
Filename: EvxilinuSpantan7/SWiproject_01_leded_top_ok.mcs] ” ‘
Options
Interface: | SPix -
/| Load bitstream iles | | Daisy chain configuration file
I <] cun: [Erommparr e oapec s e nwa o 0[]

| Load datafiles

\ Startaddress: 00000000 Direction:  up | Datafile

Write checksum
Disable bit swapping

Oyerwrite

Command: 8 -interface SPIx -loadbit {up E: L01_led/project_01runsiimpl_1/led_top bit'} -file "E/XilindSpartan7/SWiproject_01_ledfled_top_ok mes™

®

Figure 2-6. Generate *.mcs File
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2.2  QM_Spartan-7 Hardware Design

2.2.1 QM_Spartan-7 Power Supply

The development board needs 5V DC input as power supply which could be directly injected from JP1/JP2

header or the Mini USB connector. Users may refer to the hardware schematic for the detailed design. The on
board LED D5 indicates the 3.3V supply, it will be turned on when the 5V power supply is active. In d
status, all the FPGA banks IO power level is 3.3V because bank power supply is 3.3V. Detailed d
hardware schematic.

Note: FPGA core supply 1.0V is regulated by On-Semi DC/DC chip NCP1529 which could guteut

current.
U1E AL N6 uibD
GND_1 3V30 VCCO 0 1

N8
GND_2 [A9 VCCO_0_2
GND_3 [ATT
GND_4 [ATZ

—=—01V8

O1V0

GND_13 T1I3 1v0oo

VCCINT 9 [RB
VCCINT_10

GND_17 ™pTT — 7S15-1FTGB196

Figure 2-7. Power Supply for the FPGA
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2.2.1 QM Spartan-7 3.3V Power Supply

The development board’s 3.3V power supply is using high efficiency DC/DC chip MP2359 provided by MPS
Inc. The MP2359 supports wide voltage input range from 4.5V to 24V. In normal use case, 5V DC power
supply is suggested to be applied on the board. Below image shows the MP2359 hardware design:

L1

C1 1 10nF - ' a'a's)
N 4.7uH
5 D1
U2 IN5819
1 6
R1 BST SwW
100K
2 5
— | GND VIN
- 3 4
FB EN RZ
MP2359
R3
33K
Figure 2-8.

100K 22pF

o e
]

53.6Kmm 22pF

e
]

EN GND FB
NCP1529

2 R6
= 27K
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Figure 2-10. 1.8V AUX Voltage DC/DC

2.2.2 QM_Spartan-7 SPI Boot
In default, XC7S15 boots from external SPI Flash, detailed hardware design is shown in below figure. The SPI

flash is using N25Q064 manufactured by Micron, with 64Mbit memory storage.

3v3 3Vv3

o U6 o

1 8
ATKANRL FPEACSOB 1y VDD
FPGA DQ1 2 7 FPGA_DQ3
—LPOADRL ‘¥ soisior  sio3 Gk <
O

FPGA DQ2 3 6
LTKA A RLZ Q slo2 sck —— <K FPGA.CCL
4 5 FPGA_DQO

| VSS sysloo ————————

00nF

= N25Q064A13ESE40F

Figure 2-11. SPIFlash &
The FPGA boot sequence setting M0:M1:M2 is configured as 1:0:0 s FPGA will boot from SPI
Flash after power on. In default, the jumper J3 is under open statu
T™MS M6
T P7 | TMS_0
o0 P& | TDLO o
%
Al
| _ C
| L

ok

TCK A7 | TDOO
—————— TCK 0

FPGA DONE <FPGA_CCLK
PROG_B
RAM_B 3

INIT:B:O R21 \ A ~4.7K 03v3

8
P9

7
P

M7 R22 1K
VS 03v3

M0_0
M1_0 [~vo
I CFGBVS_0 M2_0 z 1K bJISVS

XC7S15-1FTGB196

I <
ow

Figure 2-12. M0:M1 Hardware Settings

The LE d on after the FPGA successfully loading configuration file from SPI Flash during
pow . is case, LED D2 could be used as FPGA loading status indicator.
-

\

©
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Figure 2-13. FPGA_DONE Status Indicator

2.2.3 QM_Spartan-7 System Clock
FPGA chip XC7S15-1FTGB196C has system clock frequency 50MHz which is directly provided by external

crystal. The crystal is designed with high accuracy and stability with low temperature drift 10ppm/° ¢
image shows the detailed hardware design:

3v3
R11 4.7K e

|
ANAN \
1 ) 4
~ c15
= 100NF
2 3 CLK 50M
SG-8002JC-50.0000M-PCB

Y1

Figure 2-14. 50MHz Sy loc

224 QM_Spartan-7 JTAG Port

The on board JTAG port uses 6P 2.54mm pitch he ich.co e easily connected to Xilinx USB platform
cable. Below image shows the hardware design rt:

3

V3
o

Figure 2-15. JTAG Port

2.25 QM_Spartal
Below im er LEDs and one LED for 3.3V power supply indicator:
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3V3 3V3 3v3
o O o

1K’\/\/‘ R18
1K’\/\/‘ R19
lKW R24

1D_4 }{” 2 {LED D4 /o

1 A2
53 E <LED |

]I.:)S ”//2 | [\ \ 7

Figure 2-16. LEDs

2.2.6 QM_Spartan-7 Extension 10

The development board has two 50P 2.54mm pitch he s are used for extending user modules,
such as ADC/DAC module, audio/video module, ethernet madule, etc.

K
&

N
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UsSB_5Vv 3Vv3
o o

I ]
1 2 3
[ON 93 4p 0 P3
10 P2 95 5B 1O N1
0 M5 9 7 8B O N4
T0_M3 99 10 b TO_N2
TO_ML o1 12 5 TO_L1
10_L3 913 14 5 10 L2
10 K& d15 16 s 10 _K3
0 J4 917 18 5 0 J3
10_J2 919 20 e O _J1
10_H3 a1 22 5 T0_H4
O AL 23 241 O A2
0 F4 925 26 5 0 G4
10 _F3 927 28 5 10 _F2
1O _F1 929 30 5 10 G1L
T0_C1 O3 32 5 10 D1
10 D2 033 34 5 10 _E2
0 B2 935 36 5 TO BL
—oo D937 38 P
— o930 4 P
— oA 94 @ P
0 C3 O 43 44 b
— oA 94 46
——— 947 48P
49 50 P
HDR_25x2

- HDR_25X2

Figure 2-17. Extension IO

2.2.7 QM_Spartan-7 User Key
Below image shows the PROGRAM_B key and two user keys:
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3v3 3v3 3v3
o) o) o)

R15 R16 R17
4.7k 4.7k 4.7K

l—<<KEYO '—<<nRESET ¢ PROGB

S Sw2 | Sw3 ™|
o o (o)
40 40 40

Figure 2-18. Keys

2.2.8 QM_Spartan-7 UART Port

The CP2102-GMR is a USB 2.0 to serial port bridge chip designed b e CP2102-GMR includes
a USB 2.0 full-speed function controller, USB transceiver, oscillato inates the need for other
external USB components are required for development. Belo the hardware design of CP2102-
GMR on the QM_Spartan-7.

6 333885
vob £8zzz 9
6 RST
100nF
3 23
551 GND CTS 727X
GND_TP RTS [z25—X
— ™0 75— PIN_TX
RXD F—<KPIN_RX
8 28
[ 7]VBUS DTR [7—X
51 REGIN SUSPEND [1—X
71 D- SUSPEND [7—X
D+ RI [FT—X
DCD [—77—X
538388 DbsR[—X
zzzzzZz

pisisi

Figure 2-19. UART Port
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Reference

[1] ug470_7Series_Config.pdf

[2] ds181_Artix_7_Data_Sheet.pdf
[3] ug475_7Series_Pkg_Pinout.pdf
[4] n25qg_64a_3v_65nm.pdf

[5] MP2359.pdf

[6] NCP1529-D.PDF
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4, Revision

‘ Doc. Rev. Date Comments
0.1 05/12/2018 Initial Version.
1.0 05/12/2018 V1.0 Formal Release.
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