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Figure 1 : The ZEKE Board

ZEKE board is an evaluation board which contains Cyclone V System-on-Chip (SoC), DDR3 memory, two of
10/100/1000 Ethernet (PHY), two of 10/100 Ethernet (PHY), MicroSD Card connector, NOR flash memory along with user
10 such as DIP switch, LED, and expansion connector.

The Cyclone V SoC has ARM Cortex A9 Hard Processor System (HPS) and FPGA separately in a single chip.
Two of 10/100/1000 Ethernet (PHY) and two of 10/100 Ethernet (PHY) enable implementation of various network

communications such as Ethernet and EtherCAT. User 10 and expansion connector allow user to use ZEKE board to

control the other device or board depending on user application.

MicroSD Card connector and NOR flash memory directly connect to HPS core which allow user to freely store

application software or up to operating system (OS) for CPU to work accordingly.

Package Contents

® 7EKE Board
® 7EKE Board User Manual

® 5V DC Power Supply
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Board Overview

The components on the ZEKE board are shown in the Figure below.

FPGA Boot Mode
L_tpca | [ Microsp card | | cyconeVSoC | | op switch Y
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(JTAG Chain) —p 2 A g g ‘ o - EtherCAT 1
Reset 2 1 | o
Switch ' FPGA Status LED

Ethernet 2

- 'clnm;m —

R £ § i : R IEI
- o e -

i ™ Sal,

P : e A ] g ®
., IE?-FPP'FP!PTOP(Q!‘.

ot.'i‘rr"rrrtv-!vrvt ¢
srrerorereCcPEET R R

.
?f‘ff!"!fl’?!??fl!!!l(\!

Power
Connector

Power ON
LED '
—>

HPS

[ _D0R3 | | pipswitch | LQSPIFlash | | HPsieD |
Figure 2 : Top View of ZEKE Board
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Figure 3 : Bottom View of ZEKE Board
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Design Specification

Power Connector
FPGA

EPCQ

DDR3 x3

SD Card
QSPI Flash
Ethernet x2
EtherCAT x2
LED

DIP Switch
Button Switch
Jumper

Expansion 10 x2

Block Diagram

: B2P-VH(LF)(SN)

: 5CSXFC6D6F31C6N (Cyclone V SoC)

: EPCQ64SI16N (for FPGA)

:256Mb x 32

: MicroSD Card

: MT25QL512ABB8E12-0SIT (QSPI for HPS)
: KSZ9021RNI (Connect to HPS)

: TLK110PTR (Connect to FPGA)

: IO LED x8, Status LED x6, Power LED x2
: 4 channels x2, 1 channel x1

: Reset switch

: 3 pins header for boot mode

: FX2C-100S-1.27DSA (FPGA 10 + HPS 10 + UART + Power)

DDR3 32 bit
(+ 8 bit ECO) < >
Cyclone V SoC
4 bit 4 bit
QSPI Flash  f——p ——Pp EPCQ
RGMIl MII
-<—> KSZ9021 ey TLK110
RGMIl MII
KSZ902| |l HPS FPGA ff— K110
- 4 bit
4 bit 4 bit
DIP SW 4 bit [———————Pp DIP SW 4 bit
4 bit 4 bit
LED 4 bit > D abit

Figure 4 : Block Diagram

-~
o
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Power Supply

The ZEKE board is applied 5V power supply that recommend using at least 2A (output current of power supply).

The connector of the power input is a 2-position header connector (CN10), and the part number is B2P-VH(LF)(SN). After

plug the power supply in, the power LEDs (LD1 and LD12), that is beside of power connector, should be bright.

Power Management

The ZEKE board is applied 5V power supply, and generates voltage for the other components on the board. The
DCDC converters and LDO regulator are used to regulate input voltage 5V to voltage level 0.75V, 1.1V, 1.2V, 1.5V, 2.5V,
and 3.3V. There is the power sequence of the board. Firstly, 5V supplies to DCDC converter 1.1V, and then the DCDC
converter generates 1.1V with Power OK (POK) signal. The POK is used to enable the other DCDC conveters to generate
the other voltage levels. The Figure 5 shows the power management structure and the power sequence. The Figure 6 shows

the power sequence in timing diagram.

Input SV

Expansion g —> FPGA Core

Connector L pepe

3.3V
g FPGA, Ethernet PHY, NOR
mEE ’ Flash
1V1_POK -
1.2v
P Debe P KSZ Core
® . 2.5V
DCDC ——P»  FPGA AUX
1V1_POK »
1.5V
P FPGA. DDR3

bepe SDRAM

V1 POK———— P

0.75V

. FPGA. DDR3
L2 SDRAM

Figure 5 : Power Block Diagram

Input 5V
FPGACore 1.1V L

DDR3 1.5V

FPGA
VAUX 2.5V

DDR3 VREF
VTT 0.75V

KSZ 1.2v

HPS_nRST

=
>

10 33V —7
=
b

FPGA_CONF_DONE

(O

PRSTIN_L

Figure 6 : Power Sequence Diagram
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FPGA

The ZEKE board uses Cyclone V SoC (5CSXFC6D6F31C6N) to be the main controller. This Cyclone V SoC has

Hard Prosessor System (HPS) with ARM Cortex A9. For the summary of Cyclone V pin,

FPGA Power

The voltage level of Cyclone V SoC is designed in each bank following by the list below.

® Bank 3-5 and 7-8 : 3.3V

® Bank 6 : 1.5V (This bank is designed to control DDR and HPS DIP Switch)
FPGA Configutration
® nCONFIG = ‘1" : Normally no hard reset
® nCE = ‘0’ : Normally always enable the chip
® MSEL[4..0] =“10010" : AS fast mode (Switch to standard mode by pull up MSEL[0])
® DEV CLR = Not connected : Not using clear register function.
® DEV OE = Not connected : Not using default 1O state.
® BOOTSEL[2..0] =“1-1”: Boot from QSPI by pull up “111” and SD card by pull down “101” on J3
® (CLKSEL[!1..0] =“00” : Boot clock from oscl clk /4.
3.3V 3V
% 3.3V
no nCONFIG T
nCE
R29 Son A veeio 3 o
DHI g DE::;‘I-E VECIO_ 2 || o
- gé MS::EI.O VCCIO_ 5 | g
> mg:t; vccio_s |-
MSEL3
% MSEL4 15¢

BOOTSELD
B| o BOOTSELL ViCClo_s
BOOTSEL2

o —

CLKSELD

% f CLKSEL1

Figure 7 : FPGA Configuration

Note : Do Not Install (DNI) means that this part is not mounted for default.
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JTAG

To program FPGA and HPS, you can program via JTAG connector (CN1) by enable JTAG chain on SW2 as

shown in the Figure 8. To enable or disable JTAG chain, use SW2 by switching to OFF for enable and ON for disable.

3.3v

uiz

SW2

HPS_TDO
] [ HPS_TDI
10 20 ©1 &2
- F i HPS_TMS
= F J Uil
o o HPS_TCK

TCK

JTAG_TCK
GND
ITAG_TDO
w1
TTAG_TMS
NC

NC

NE
JTAG_TDI
GND

[m]
gloooooooooo‘uz
=

| SW2=ON : Disable JTAG chain |

Figure 8 : JTAG Connection

Mode Setting

The mode setting on the ZEKE board has two type of setting mode, that are, configuration scheme (MSEL[4..0])
on FPGA and boot configuration on HPS as shown in the Figure 9.

For FPGA side, MSEL is fixed to AS configuration with fast Power-On Reset (POR) Delay, and the logic of
MSEL is “10010”. MSEL can fix to the AS configuration with standard POR delay by switching the installation between
resistor R29 and R33 of MSEL[0] so the logic will be “10011” for standard POR delay. Since the configuration scheme is
selected to the AS configuration, JTAG-base configuration is also selected.

For HPS side, the boot configuration is divided to clock select field (CLKSEL[1..0]) and boot select field
(BOOTSEL[2..0]). CLKSEL is clock selection for booting, and it is set to “00” that means the clock selection for booting
is oscl_clk divided by 4. BOOTSEL is used to define the source of booting. BOOTSEL can be selected to “101” for booting
from MicroSD Card and “111” for booting from QSPI flash. You can select BOOTSEL[1] by jumper (J3), and there are SD
label and QSPI label beside J3.

3.3v 3.3
Uiz
R29
DNI
- MSELD
é éé MSELL
T 95 R33 MSEL2
MSEL3
% MSEL4
asA -
: 0—1‘ BOOTSELO
737 @ ® @ 1 B0 BOOTSELL
3 BOOTSEL2
5D
CLKSELD
m : %7 CLKSELL

Figure 9 : Mode Setting Configuration
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Clock Source

AS (x1 and x4)

Fast

“10010”

Standard

“10011”

MSEL[4..0]
JTAG-Base Configuration

Use MSEL setting

NAND clock is oscl clk/25

above

SD/MMC Internal Transceiver - 101"

BOOTSEL[2.0] 1230 =1 - ZrT
QSPI clock is oscl_clk/4,

CLKSEL[1..0] [SD/MMC clock is oscl_clk/4, - ”00”

Figure 10 : Mode Setting Table

MSEL[4] 1’ fixed
MSEL[3] 0’ fixed
MSEL[2] 0’ fixed
MSEL[1] 1 fixed
MSEL[0] - R29, R33
BOOTSEL[?2] 1 fixed
BOOTSEL[1] - J3
BOOTSEL[0] 1’ fixed
CLKSEL[1] 0’ fixed
CLKSEL[0] 0’ fixed

Figure 11 : Mode Controller

Clock Source

The ZEKE board has three clock sources for FPGA, HPS, and four Ethernet PHY chips. All clock sources are the

same part number (SG-210STF25.000000MHzL), and the frequency is 25MHz with 50 ppm. The clock source of Ethernet

PHY chip uses clock buffer to drive each Ethernet PHY chip. The block diagram in the Figure 12 shows the direction of

these three clock sources.

oscillator

oscillator

25MHz —’ Clock Buffer

oscillator

FPGA

25MHz 4’ 10/CLK

25MHz
’ HPS_CLK1

. PHY CH1
(KSZ9021)

PHY CH2
(KsZ9021)

PHY CH1

P T

PHY CH2

L———— | (TLKI1O)

Figure 12 : Clock Source
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Reset System

The ZEKE board has three choices to reset the system by following the list below. The reset time is about 6 ms

that is made by reset IC (BU4245G-TR) with detection voltage 4.5V. The reset system is shown in the Figure 13.
1. ON/OFF power supply
2. Reset switch (SW1)
3. JTAG by resetting CONF_DONE pin
If you want to reset EtherCAT PHY (TLK110), you can reset by driving FPGA 10 pin D7 (I0_T24n) to low logic

level. Then, EhtherCAT PHY will be reseted.

5V
Power Supply >
Buffer OD
—p KSZ9021
Reset Output ¢ ’
SWi . > monitoring IC —
AND gate —’ TLK110
FPGA IO »
FPGA_CONF_
DONE FPGA
¢ P HPs.POR
p RESET
JTAG . Buffer OD ’ HPS.IRET
Connector OQutput B

Figure 13 : Reset System
To reset by ON/OFF power supply, the reset IC detects the voltage level 4.5V, and then delay the time about 6 ms.
SW1 and FPGA CONF_DONE signal can also control the reset IC. The reset signal that is generated by the reset IC is

PRSTIN L. The example of timing is shown in the Figure 14.

Input 5V
FPGACore 1.1V \—7

FPGA_CONF_DONE

L~
p
(a

PRSTIN_L

Figure 14 : Example of Resetting by FPGA_CONF_DONE
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EPCQ

Quad-Serial Configuration (EPCQ) 64Mbit is a non-volatile memory, and used to save the configuration file on

FPGA side. The part number is EPCQ64SI16N. The ZEKE board is designed to program EPCQ by three ways, that are,
indirect programming, direct programming, and Linux programming.
Indirect Programming

The indirect programming uses JTAG interface. To program this way, you have to connect USB Blaster to JTAG

connector (CN1) as shown in Figure 15, and enable the JTAG chain by swithing SW2 to OFF.

3.3V

u12
SW2
HPS_TDO
| HPS_TDI
| 10,20 01 92 HES_TMS
= / S jun
N1 4 o HPS_TCK
1 u13
ITAG _GT:E g TCK EPCQ
mag_Toa | © DCLK
| o DATA3
usB Gy TTAG_TMS| © DATAZ
Blaster NC| © DATAL
ne| o
vl o DATAD
maG_Tol | © ncs
anp| ©
10 [ sw2=0N : Disable JTAG chain |

Figure 15 : Indirect Programming

Direct Programming

The direct programming uses the Active-Serial (AS) interface. Connect USB Blaster to header connector (J1) to

program as shown in Figure 16.
uU13

EPCQ
DCLK
DATAZ
DATAZ
DATAL
DATAD
nCs

AS_DCLK

GND
FPGA_CONF_DONE
USB EES

G AS_CONFIG_L
Blaster AS_CE_L

AS_DATAL
AS_C5 L
AS_DATAD
GND

DCLK

CONF_DONE

g‘oooooooooo‘uﬁ

Figure 16 : Direct Programming

Linux Programming

The Linux programming is programming method that can program EPCQ by using MicroSD Card. Slot the

MicroSD Card in to CN2, and then power up the ZEKE board. The EPCQ will be programmed by HPS.
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DDR3

The ZEKE board includes three DDR3s 4Gb (256M x 16). The two of DDR3s are designed to be a simple RAM,

and the another one is designed to be an Error-Correction Code memory (ECC memory). The total capacity of the memory
is 8Gb (256M x 32). The DDR3s are connected to the hard memory controller in the HPS. The DDR3s use voltage level

1.5V SSTL-compatible inputs, and the speed grade of DDR3s interface is DDR3-1600.

Uiz

HPS
BANK &
VCCIO : 1.5V DDR3

m:mm ADDR[14.0 ADDR[14..0] VDD
DATA[15..0]

CMD cMD

ui4

u1s

DDR3

ADDR[14..0] VDD
DATA[31..16]
oMD

Ui6

DDR3 (EEC)

ADDR[14..0] VDD
DATA[38..32]
oMD

Figure 17 : DDR3

MicroSD Card

MicroSD Card slot (CN2) on the board is connected to HPS for booting Linux. The 4-bit data and the command

of SD mode is used to access the MicroSD Card. To boot from MicroSD Card, slot the SD Card in, and set the mode

selection for booting from MicroSD Card on J3 (pull-down on J3).

3.3V 33

Uiz CN2

b uSD CARD

SDMMC_CCLK OUT | ¢
SDMMC_CMD
SDMMC_DO
SDMMC_D1
SDMMC_D2
SDMMC_D3

VDD

CMD
DATO
DAT1
DAT2
DAT3

Figure 18 : MicroSD Card
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QSPI Flash

On the HPS side, QSPI (MT25QL512ABB8E12-0SIT) 512Mbit is used to save the program file for booting HPS.

The QSPI flash can be programmed by JTAG interface or MicroSD Card. To program the QSPI flash via JTAG interface,

DON’T forget to switch the SW2 to OFF (enable JTAG chain) and select QSPI mode on J3 (pull-up on J3).

3.3V

u12 vis
MT25QL

0SPI_S50 s_L vee
QSPl CLK c

QsPI 100 oo

QsPl 101 bai

QsPl 102 b2

QsPl 103 b3

13

Figure 19 : QSPI Flash

Ethernet

Ehternet PHY chips (KSZ9021RNI) are used to design on the ZEKE board to be a Gigabit Ethernet transceiver

with RGMII support. The ZEKE board has two Ethernet PHY chips that are connected to the hard Ethernet controller in the
HPS (3.3V). After power-up, the Ethernet PHY starts with auto negotiation enabled, advertising 10/100/1000 link speeds

and full duplex.

u20 CN5

RGMII Media Types :

100BASE-TX
1000BASE-T

RGMII

u21 CN6

KS5Z9021 R145

Figure 20 : Ethernet Connection

Ethernetl Ethernet2
REAZIZMON  “00100” “00110”

Figure 21 : Ethernet Address
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EtherCAT

B21 HPS ETH_MDC C14 HPS ETH2 MDC
E21 HPS_ETH_MDIO D15 HPS_ETH2 MDIO
C19 HPS ETHINT L B17 HPS ETH2 INT L
G20 HPS ETH_RX CLK N16 HPS ETH2 RX CLK
K17 HPS ETH_RX CTL M17 HPS_ETH2 RX_ CTL
A21 HPS_ETH_RXDO A15 HPS_ETH2_RXDO
B20 HPS ETH_RXD1 C15 HPS ETH2 RXD1
B18 HPS_ETH_RXD2 E14 HPS_ETH2 RXD2
D21 HPS ETH_RXD3 Al4 HPS_ ETH2_RXD3
H19 HPS ETH_TX CLK F16 HPS ETH2 TX CLK
A20 HPS ETH_TX CTL B15 HPS ETH2 TX CTL
F20 HPS ETH_TXDO E16 HPS_ETH2_TXDO
J19 HPS ETH_TXD1 G16 HPS ETH2_TXD1
F21 HPS_ETH_TXD2 D16 HPS_ETH2_TXD2
F19 HPS ETH TXD3 D14 HPS ETH2 TXD3

Figure 22 : Ethernet Pin Description

EtherCAT

EhterCAT PHY chips (TLK110PTR) are used to design on the ZEKE board to interface with EtherCAT. The

EhterCAT PHY is 10/100Mbs Ethernet physical layer transceiver. There are two EhterCAT PHY chips on the ZEKE board,

and both are connected to the FPGA (3.3V) bank 8. After power-up, the EhterCAT PHY starts with auto negotiation

enabled, advertising 10/100 link speeds and full duplex. The list of pin connection is shown below.
Uiz

PHYAD[4..0]

Figure 23 : EtherCAT Connection

u22

u23

TLK110 | <> | RI4S

CN7

CN8

EtherCAT1 EtherCAT2

“00001”

“00011”

Figure 24 : EtherCAT Address

Media Types :

TLK110 | <G======D>| RM5 | |ipmaccr

100BASE-TX

D7 PHY1.2 RESET L D7 PHY1.2 RESET L
D4 PHY1 2 MDCLK D4 PHY1.2 MDCLK
D2 PHY1_2_MDIO D2 PHY1_2_MDIO
D12 PHY1_COL D5 PHY2_COL

C7 PHY1_CSR D6 PHY2_CSR

D11 PHYTINT_L D1 PHY2INT_L

C9 PHY1_RX_CLK C4 PHY2 RX CLK
C8 PHY1_RX_DV C3 PHY2_ RX DV
C10 PHY1_RXER C2 PHY2 RX ER
B8 PHY1_RXD[0] B3 PHY2_RXD[0]
B7 PHY1_RXD[1] B2 PHY2_RXD[1]
C13 PHY1_RXD[2] B1 PHY2_RXD[2]
Ci12 PHY1_RXD[3] C5 PHY2 RXD[3]
B12 PHY1.TX CLK BS PHY2 TX_CLK
A13 PHY1_TXD[0] A6 PHY2_TXD[0]
A9 PHY1_TXD[1] A5 PHY2_TXD[1]
A8 PHY1_TXD[2] A3 PHY2_TXD[2]
B13 PHY1_TXD[3] A4 PHY2_TXD[3]
B11 PHY1_TXEN B6 PHY2_TXEN
D10 PHY1_LINK D9 PHY2 LINK

Figure 25 : EtherCAT Pin Description
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LED, Switch, and Jumper

The Cyclone V includes 1 DIP switch 1 button switch and 6 LEDs on the FPGA, and 1 DIP switch and 6 LEDs

ZEKE Board User Manual : Revision 0.2

on the HPS as shown in the Figure 26. The voltage level of FPGA switch is 3.3V, and the voltage level of HPS switch is
1.5V. The button switch is used to reset the system. The voltage level of all LEDs is 3.3V. The Cyclone V has to drive high

logic to turn on the LEDs, and low logic to turn off the LEDs. For the DIP switches, the Cyclone V will detect low logic if

switch the DIP switch to ON. The purpose of LED RUN and ERR is to show the status of EtherCAT and Ethernet.

3.3V

SW4

FPGA_DI

FPGA DIPSW1

u9
BU4245

PRSTIN L

Reset IC=6 ms

1.5V

SW3

PRSTIN_L

HPS_DIPSWO |
HPS DIPSW1

77 102 [RUN] |
|

Ly
ECAT ERR ”l LD.\ :.\ I

Ax D20

FPGA_LEDO ” AA A ||

Zx D19

FPGA_LED1 . A A ||
7y D18
FPGA_LED2 ’ AMA |||

3 LD17

FPGA LED3 ’ AAA I
o

li

I

ENET_ERR ”’l LD.\ :.\ |

Zx o211

HPS LEDO ’ A A A ||

Z» D3

HPS LED1 > A A A |||

7n D14

3 HPS_LED2 ’ ey II

77 D13

HP5_LED3 . A A A II

ECAT RUN

ENET_RUN

Figure 26 : LED and Switch

The 1 bit DIP switch (SW2) is used to enable and disable the JTAG chain as shown in the Figure 27. Switching to

OFF is enable, and switching to ON is disable.

SW2
BUSSW (U11) HPS_TDO
DIP SW Level tDirection
‘1" (OFF) 2 1 HPS_TDI
‘0" {ON) 1 1o, 29 o1 }52 HPS_TMS
= ! I vil
CN1 o HPS_TCK
1
TAG_TCK | © TeK
aND| ©
ITAG_TDO | ©
nvVi| o
ITAG_TMS | ©
nC| ©
ne| o
NC| @
ITAG_TDI @
GND| ©
10 | sw2=ON: Disable JTAG chain |

3.3V

Figure 27 : JTAG Chain Switch Control
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The Jumpper (J3) on the ZEKE board is used to select the boot mode. Two boot sources are MicroSD Card and
QSPI flash as shown in the Figure 28.

3.3v 3.3
R29
DI
L L MSELD
% éé MSELL
T 95 R33 MSEL2
MSEL3
% MSEL4
Qs ' 5
: 0—1‘ BOOTSELD
370 ® @ 1| B|o BOOTSELL
3 BOOTSEL2
5D
CLKSELO
: %7 G

Figure 28 : Jumpper
The two LEDs (LD1 and LD12) indicate the power of the ZEKE board to show that there is power supply 5V and
3.3V on the board or not as shown in the Figure 29.

5V 3.3V

Figure 29 : Power LED

The other two LEDs (LD10 and LD11) show the speed of EtherCAT communication as shown in the Figure 30.

IfLED is ON, the link speed is 100Mbs. If LED is OFF, the speed is 10Mbs.

3.3V 3.3V

| LED Status [ Link Speed |
ON 100Mbs
u22 OFF 10Mbs
TLK110
u23
TLK110

Figure 30 : EtherCAT Speed LED
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Expansion 10

The ZEKE board has two expansion connectors on the bottom of the board. The 10 pins are directly connected

ZEKE Board User Manual : Revision 0.2

between the Cyclone V and the expansion connectors. Voltage level of all pins connection is 3.3V.

Expansion Connection Table

ZEKE CN4
Cyclone V Pin Signal name CN4 Signhal name Cyclone V Pin
5V Al B1 5V
5V A2 B2 5V
3.3V A3 B3 3.3V
3.3V A4 B4 3.3V
AE14 FPGA_GPIO[0] A5 B5 FPGA_GPIO[1] AE13
AH13 FPGA GPIO[2] A6 B6 FPGA _GPIO[3] AG13
AF13 FPGA_GPIO[4] A7 B7 FPGA_GPIO[5] AH12
AG12 FPGA_GPIO[6] A8 B8 FPGA_GPIO[7] AE12
AG11 FPGA _GPIO[8] A9 B9 FPGA_GPIO[9] AF11
GND A10 B10 GND
AH10 FPGA GPIO[10] | At1 B11 | FPGA GPIO[11] AG10
AF10 FPGA GPIO[12] | A12 B12 | FPGA GPIO[13] AH9
AF9 FPGA GPIO[14] | A13 B13 | FPGA GPIO[15] AHS8
AH7 FPGA GPIO[16] | Al4 B14 | FPGA GPIO[17] AGS8
AG7 FPGA GPIO[18] | A15 B15 | FPGA GPIO[19] AF8
AG6 FPGA GPIO[20] | A16 B16 | FPGA GPIO[21] AH5
AH4 FPGA GPIO[22] | Ail7 B17 | FPGA GPIO[23] AH3
AG5 FPGA GPIO[24] | A18 B18 | FPGA GPIO[25] AG3
AF6 FPGA GPIO[26] | A19 B19 | FPGA GPIO[27] AF5
GND A20 B20 GND
AJ10 FPGA GPIO[28] | A21 B21 | FPGA GPIO[29] AK9
AJ9 FPGA GPIO[30] | A22 B22 | FPGA GPIO[31] AK8
AK7 FPGA GPIO[32] | A23 B23 | FPGA GPIO[33] AJ7
AK6 FPGA GPIO[34] | A24 B24 | FPGA GPIO[35] AJ6
AJ5 FPGA GPIO[36] | A25 B25 | FPGA GPIO[37] AK4
AJ4 FPGA GPIO[38] | A26 B26 | FPGA GPIO[39] AK3
AK2 FPGA GPIO[40] | A27 B27 | FPGA GPIO[41] AJ2
AJ1 FPGA GPIO[42] | A28 B28 | FPGA GPIO[43] AH2
AG2 FPGA GPIO[44] | A29 B29 | FPGA GPIO[45] AG1
GND A30 B30 GND
AF4 FPGA GPIO[46] | A31 B31 | FPGA GPIO[47] AE9
AE7 FPGA GPIO[48] | A32 B32 | FPGA GPIO[49] AD7
AD9 FPGA_GPIO[50] | A33 B33 | FPGA GPIO[51] AE11
AC9 FPGA GPIO[52] | A34 B34 | FPGA GPIO[53] AD11
AD12 FPGA GPIO[54] | A35 B35 | FPGA GPIO[55] AD14
AC12 FPGA GPIO[56] | A36 B36 | FPGA GPIO[57] AC14
AB15 FPGA GPIO[58] | A37 B37 | FPGA GPIO[59] AB12
AA12 FPGA_GPIO[60 | A38 B38 | FPGA GPIO[61] AB13
AA13 FPGA GPIO[62] | A39 B39 | FPGA GPIO[63] AA14
GND A40 B40 GND
AA15 FPGA GPIO[64] | A41 B41 | FPGA GPIO[65] W15
K14 FPGA GPIO[66] | A42 B42 | FPGA GPIO[67] J14
H15 FPGA GPIO[68] | A43 B43 | FPGA GPIO[69] G15
F15 FPGA GPIO[70] | A44 B44 | FPGA GPIO[71] F14
K8 FPGA GPIO[72] | A45 B45 | FPGA GPIO[73] F13
G12 FPGA GPIO[74] | A46 B46 | FPGA GPIO[75] G11
G10 FPGA GPIO[76] | A47 B47 | FPGA GPIO[77] G8
Fi1 FPGA GPIO[78] | A48 B48 | FPGA GPIO[79] F10
E9 FPGA_GPIO[80] | A49 B49 | FPGA GPIO[81] E8
E3 FPGA GPIO[82] | A50 B50 | FPGA GPIO[83] E4

Figure 31 : Expansion Connector 1 (CN4)
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ZEKE CN9
Cyclone V Pin Signal name CN9 Signal name Cyclone V Pin
5V Al B1 5V
5V A2 B2 5V
3.3V A3 B3 3.3V
3.3V A4 B4 3.3V
AG22 FPGA GPIO[84] A5 B5 FPGA _GPIO[85] AH22
AG23 FPGA_GPIO[86] A6 B6 FPGA_GPIO[87] AH23
AE19 FPGA_GPIO[88] A7 B7 FPGA_GPIO[89] AD17
AH24 FPGA GPIO[90] A8 B8 FPGA _GPIO[91] AF24
AJ11 FPGA_GPIO[92] A9 B9 FPGA_GPIO[93] AK11
GND A10 B10 GND
AJ12 FPGA GPIO[94] | Al1 Bi1 FPGA _GPIO[95] AK12
AK13 FPGA_GPIO[96] | A12 B12 | FPGA GPIO[97] AJ14
AK14 FPGA GPIO[98] | A13 B13 | FPGA GPIO[99] AK16
AJ16 FPGA GPIO[100]| A14 B14 [FPGA GPIO[101] AJ17
AK23 FPGA_GPIO[102]| A15 B15 [FPGA_GPIO[103] AK24
AJ24 FPGA GPIO[104]| A16 B16 [FPGA GPIO[105] AJ25
AF16 FPGA GPIO[106]| A17 B17 [FPGA GPIO[107] AG16
AH17 FPGA_GPIO[108]| A18 B18 [FPGA _GPIO[109] AE17
AG18 FPGA GPIO[110]| A19 B19 [FPGA GPIO[111] AH18
GND A20 B20 GND
AF18 FPGA GPIO[112]| A21 B21 |FPGA_GPIO[113] AF19
AK26 FPGA GPIO[114]| A22 B22 [FPGA GPIO[115] AJ26
AJ27 FPGA GPIO[116]| A23 B23 [FPGA GPIO[117] AK27
AH27 FPGA GPIO[118] A24 B24 |FPGA_GPIO[119] AH28
AK28 FPGA GPIO[120]| A25 B25 [FPGA GPIO[121] AK29
AH29 FPGA GPIO[122]| A26 B26 [FPGA GPIO[123] AH30
AG30 FPGA_GPIO[124]| A27 B27 [FPGA _GPIO[125] AF30
AH19 FPGA GPIO[126]| A28 B28 [FPGA_GPIO[127] AH20
AF20 FPGA GPIO[128]| A29 B29 |[FPGA GPIO[129] AG20
GND A30 B30 GND
AK18 FPGA GPIO[130][ A31 B31 [FPGA GPIO[131] AK19
AJ19 FPGA GPIO[132]| A32 B32 [FPGA GPIO[133] AJ20
AK21 FPGA_GPIO[134]| A33 B33 [FPGA GPIO[135] AJ21
AK22 FPGA GPIO[136]| A34 B34 [FPGA GPIO[137] AJ22
AG21 FPGA GPIO[138]| A35 B35 [FPGA GPIO[139] AE18
AF21 FPGA_GPIO[140]| A36 B36 [FPGA GPIO[141] AE23
AC18 FPGA GPIO[142]| A37 B37 [FPGA GPIO[143] AA16
AC20 FPGA GPIO[144]| A38 B38 [FPGA GPIO[145] AG26
AF26 FPGA_GPIO[146]| A39 B39 [FPGA GPIO[147] AB17
GND A40 B40 GND
Y16 FPGA GPIO[148] A41 B41 [FPGA GPIO[149] AA19
W16 FPGA GPIO[150]| A42 B42 |FPGA_GPIO[151] Y17
AA18 FPGA GPIO[152]| A43 B43 [FPGA GPIO[153] W17
Y18 FPGA GPIO[154]| A44 B44 |[FPGA GPIO[155] W19
V16 FPGA_GPIO[156]| A45 B45 [FPGA GPIO[157] V17
B26 (GP1048) HPS_GPIO[0] A46 B46 HPS_GPIO[1] B25 (GP1049)
A25 (GPIO51) HPS_GPIO[2] A47 B47 HPS_GPIO[3] C25 (GP1050)
H20 (SPIM0_SS0)| HPS GPIO[4] | A48 | B48 HPS GPIO[5] | B23 (GPIO59)
G22 (GP1062) HPS_GPIO[6] A49 B49 HPS_GPIO[7] B22 (GPIO61)
C23 (GPI063) | HPS_UART_RX A50 B50 HPS UART TX | D22 (GPIO64)

Figure 32 : Expansion Connector 2 (CN9)

Copyright NDR Co., LTD. All Rights Reserved

NDR



http://www.ndr.co.jp/

. FPGA Pin Summary
ZEKE Board User Manual : Revision 0.2

FPGA Pin Summary

This is the summary of FPGA pin. For more detail please see on Schematic of ZEKE board.

FPGA Connection Table

FPGA_CLK AF14 DDR3
HPS_CLK1 D25 DDR3 DATA[O] K23
HPS_CLK2 F25 DDR3 DATA[1] K22
PRSTIN L AF15 DDR3_DATA[?] H30
HPS RST L C27 DDR3 DATA[3] G28
CV_JTAG TCK AC5 DDR3 DATA[4] L25
CV_JTAG TDI us DDR3 DATA[5] L24
CV_JTAG_TDO AB9 DDR3 DATA[6] J30
CV_JTAG TMS A29 DDR3 DATA[7] J29
FPGA JTAG TDO B27 DDR3 DATAI[8] K26
HPS JTAG TDO B28 DDR3 DATA[9] L26
FPGA CONF DONE F3 DDR3_DATA[10] K29
AS CE L G5 DDR3 DATA[11] K27
AS_CONFIG L J5 DDR3 DATA[12] M26
AS CS L AB8 DDR3 DATA[13] M27
AS_DATAO AEG DDR3_DATA[14] L28
AS DATAI AES DDR3 DATA[15] M30
AS_DATA? AE8 DDR3_DATA[16] uU26
AS DATAS AC7 DDR3_DATA[17] T26
AS DCLK u7 DDR3 DATA[18] N29
DDR3 DDR3_DATA[19] N28
DDR3_ADDR[0] F26 DDR3 DATA[20] P26
DDR3 _ADDR([1] G30 DDR3 DATA[21] P27
DDR3 ADDR[2] F28 DDR3 DATA[22] N27
DDR3_ADDR[3] F30 DDR3 DATA[23] R29
DDR3_ADDR[4] J25 DDR3_DATA[24] P24
DDR3 _ADDRI[5] J27 DDR3 DATA[25] P25
DDR3 ADDR[6] F29 DDR3 DATA[26] T29
DDR3_ADDR[7] E28 DDR3_DATA[27] T28
DDR3 _ADDR([8] H27 DDR3 DATA[28] R27
DDR3_ADDR[9] G26 DDR3 DATA[29] R26
DDR3_ADDR[10] D29 DDR3 DATA[30] V30
DDR3_ADDRI[11] C30 DDR3 DATA[31] W29
DDR3 _ADDR[12] B30 DDR3 DATA[32] W26
DDR3_ADDR([13] C29 DDR3_DATA[33] R24
DDR3_ADDR[14] H25 DDR3 DATA[34] uz27
DDR3_BAO E29 DDR3 DATA[35] V28
DDR3_BA1 J24 DDR3_DATA[36] T25
DDR3 BA2 J23 DDR3 DATA[37] u25
DDR3 CAS L E27 DDR3 DATA[38] V217
DDR3_CKE L29 DDR3 DATA[39] Y29
DDR3 CLK N L23 DDR3 DMO K28
DDR3 CLK P M23 DDR3_DM1 M28
DDR3 CS_ L H24 DDR3_DM2 R28
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FPGA Pin Summary

DDR3 Ethernet
DDR3_DM3 W30 HPS ETH_ TX CTL A20
DDR3_DM4 W27 HPS_ ETH _TXDO F20
DDR3_DQSO0 N M19 HPS ETH TXD1 J19
DDR3_DQS0_P N18 HPS ETH_TXD2 F21
DDR3_DQS1 N N24 HPS ETH_TXD3 F19
DDR3_DQS1 P N25 HPS ETH2 INT L B17
DDR3 DQS2 N R18 HPS ETH2 MDC Ci14
DDR3 DQS2_P R19 HPS ETH2 MDIO D15
DDR3_DQS3.N R21 HPS ETH2 RX_CLK N16
DDR3_DQS3 P R22 HPS ETH2 RX CTL M17
DDR3_DQS4 N T23 HPS_ETH2 RXDO Al15
DDR3_DQS4 P T24 HPS ETH2 RXD1 Ci15
DDR3_ODT H28 HPS ETH2 RXD2 E14
DDR3_RAS L D30 HPS_ ETH2 RXD3 Al4
DDR3_RESET_L P30 HPS_ETH2 TX_CTL B15
DDR3 WE_L C28 HPS ETH2 TXDO E16
MicroSD Card HPS ETH2 TXD1 G16
HPS _SDIO_CMD F18 HPS ETH2 TXD2 D16
HPS_SDIO_DO G18 HPS ETH2 TXD3 D14
HPS_SDIO_D1 C17 EtherCAT

HPS_SDIO_D2 D17 FPGA PHY1 2 RESET L D7
HPS_SDIO D3 B16 PHY1 2 MDCLK D4
HPS_SDIO_CMD F18 PHY1_2 MDIO D2
HPS_SDIO_DO G18 PHY1 COL D12
HPS_SDIO D1 Ci17 PHY1 _CSR Cc7
HPS_SDIO_D2 D17 PHY1 INT L D11
HPS _SDIO_D3 B16 PHY1_LINK D10
QSPI Flash PHY1_RX_CLK C9
HPS_QSPILI00 C20 PHY1 RX DV C8
HPS QSPI 101 H18 PHY1 _RX_ ER C10
HPS_QSPI I02 Al19 PHY1 _RXD[0] B8
HPS _QSPI IO3 E19 PHY1 RXD[1] B7
SS0 BOOTSELT1 Al18 PHY1_RXD[2] C13

Ethernet PHY1_RXD[3] C12
HPS ETH_INT L C19 PHY1 TX CLK B12
HPS ETH_ MDC B21 PHY1_TXD[0] Al13
HPS_ETH_MDIO E21 PHY1_TXD[1] A9
HPS ETH_RX CLK G20 PHY1 TXD[2] A8
HPS ETH_RX_CTL K17 PHY1_TXD[3] B13
HPS_ETH_RXDO A21 PHY1_TXEN Bi1
HPS ETH_RXD1 B20 PHY2 COL D5
HPS ETH_RXD2 B18 PHY2 CSR D6
HPS ETH RXD3 D21 PHY2 INT L D1
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EtherCAT GPIO
PHY2_LINK D9 FPGA_GPIO[6] AG12
PHY2_RX_CLK C4 FPGA_GPIO[7] AE12
PHY2 RX DV c3 FPGA_GPIO[8] AG11
PHY2 RX_ER c2 FPGA_GPIO[9] AF11
PHY2_RXDI[0] B3 FPGA_GPIO[10] AH10
PHY2 RXDI[1] B2 FPGA_GPIO[11] AG10
PHY2 RXD[2] B1 FPGA GPIO[12] AF10
PHY2 RXDI[3] C5 FPGA GPIO[13] AH9
PHY2 TX CLK B5 FPGA_GPIO[14] AF9
PHY2_TXDI[0] A6 FPGA GPIO[15] AHS8
PHY2 TXD[1] A5 FPGA GPIO[16] AH7
PHY2 TXD[2] A3 FPGA GPIO[17] AG8
PHY2 TXD[3] A4 FPGA_GPIO[18] AG7
PHY2_TXEN B6 FPGA_GPIO[19] AF8
LED FPGA_GPIO[20] AG6
ECAT ERR E6 FPGA_GPIO[21] AH5
ECAT_RUN E7 FPGA_GPIO[22] AH4
ENET ERR E18 FPGA GPIO[23] AH3
ENET_RUN C18 FPGA_GPIO[24] AG5
FPGA_LED[0] E13 FPGA_GPIO[25] AG3
FPGA LEDI[1] E11 FPGA GPIO[26] AF6
FPGA_LED[2] E1 FPGA_GPIO[27] AF5
FPGA_LED[3] E2 FPGA_GPIO[28] AJ10
HPS_LEDI[0] A24 FPGA GPIO[29] AK9
HPS_LED[1] H17 FPGA _GPIO[30] AJ9
HPS_LED[2] E23 FPGA GPIO[31] AK8
HPS_LED[3] C22 FPGA_GPIO[32] AK7
DIP Switch FPGA_GPIO[33] AJ7
FPGA_DIPSWO F6 FPGA_GPIO[34] AK6
FPGA _DIPSW1 G7 FPGA_GPIO[35] AJ6
FPGA DIPSW2 J10 FPGA GPIO[36] AJ5
FPGA DIPSW3 J9 FPGA _GPIO[37] AK4
HPS_DIPSWO0 N30 FPGA_GPIO[38] AJ4
HPS_DIPSW1 P29 FPGA_GPIO[39] AK3
HPS_DIPSW2 P22 FPGA_GPIO[40] AK2
HPS DIPSW3 V20 FPGA_GPIO[41] AJ2
GPIO FPGA_GPIO[42] AJ1
FPGA_GPIO[0] AE14 FPGA_GPIO[43] AH2
FPGA_GPIO[1] AE13 FPGA GPIO[44] AG2
FPGA_GPIO[2] AH13 FPGA_GPIO[45] AGT1
FPGA_GPIO[3] AG13 FPGA GPIO[46] AF4
FPGA_GPIO[4] AF13 FPGA GPIO[47] AE9
FPGA GPIO[5] AH12 FPGA GPIO[48] AE7
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GPIO GPIO

FPGA_GPIO[49] AD7 FPGA_GPIO[92] AJ11
FPGA GPIO[50] AD9 FPGA GPIO[93] AK11
FPGA _GPIO[51] AE11 FPGA_GPIO[94] AJ12
FPGA_GPIO[52] AC9 FPGA GPIO[95] AK12
FPGA_GPIO[53] AD11 FPGA_GPIO[96] AK13
FPGA_GPIO[54] AD12 FPGA_GPIO[97] AJ14
FPGA_GPIO[55] AD14 FPGA_GPIO[98] AK14
FPGA_GPIO[56] AC12 FPGA GPIO[99] AK16
FPGA_GPIO[57] AC14 FPGA_GPIO[100] AJ16
FPGA GPIO[58] AB15 FPGA GPIO[101] AJ17
FPGA GPIO[59] AB12 FPGA GPIO[102] AK23
FPGA_GPIO[60] AA12 FPGA GPIO[103] AK24
FPGA_GPIO[61] AB13 FPGA_GPIO[104] AJ24
FPGA_GPIO[62] AA13 FPGA_GPIO[105] AJ25
FPGA_GPIO[63] AA14 FPGA GPIO[106] AF16
FPGA_GPIO[64] AA15 FPGA_GPIO[107] AG16
FPGA_GPIO[65] W15 FPGA_GPIO[108] AH17
FPGA_GPIO[66] K14 FPGA GPIO[109] AE17
FPGA_GPIO[67] J14 FPGA_GPIO[110] AG18
FPGA_GPIO[68] H15 FPGA_GPIO[111] AH18
FPGA_GPIO[69] G15 FPGA GPIO[112] AF18
FPGA_GPIO[70] F15 FPGA_GPIO[113] AF19
FPGA_GPIO[71] F14 FPGA_GPIO[114] AK26
FPGA GPIO[72] K8 FPGA GPIO[115] AJ26
FPGA_GPIO[73] F13 FPGA GPIO[116] AJ27
FPGA_GPIO[74] G12 FPGA GPIO[117] AK27
FPGA_GPIO[75] G11 FPGA_GPIO[118] AH27
FPGA_GPIO[76] G10 FPGA GPIO[119] AH28
FPGA_GPIO[77] G8 FPGA GPIO[120] AK28
FPGA_GPIO[78] F11 FPGA_GPIO[121] AK29
FPGA GPIO[79] F10 FPGA GPIO[122] AH29
FPGA_GPIO[80] E9 FPGA GPIO[123] AH30
FPGA_GPIO[81] E8 FPGA GPIO[124] AG30
FPGA_GPIO[82] E3 FPGA_GPIO[125] AF30
FPGA_GPIO[83] E4 FPGA GPIO[126] AH19
FPGA_GPIO[84] AG22 FPGA GPIO[127] AH20
FPGA_GPIO[85] AH22 FPGA_GPIO[128] AF20
FPGA_GPIO[86] AG23 FPGA GPIO[129] AG20
FPGA_GPIO[87] AH23 FPGA GPIO[130] AK18
FPGA_GPIO[88] AE19 FPGA_GPIO[131] AK19
FPGA GPIO[89] AD17 FPGA GPIO[132] AJ19
FPGA_GPIO[90] AH24 FPGA GPIO[133] AJ20
FPGA GPIO[91] AF24 FPGA GPIO[134] AK21
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GPIO GPIO

FPGA_GPIO[135] AJ21 FPGA_GPIO[152] AA18
FPGA GPIO[136] AK22 FPGA GPIO[153] W17
FPGA_GPIO[137] AJ22 FPGA_GPIO[154] Y18
FPGA_GPIO[138] AG21 FPGA_GPIO[155] W19
FPGA_GPIO[139] AE18 FPGA_GPIO[156] V16
FPGA GPIO[140] AF21 FPGA_GPIO[157] V17
FPGA_GPIO[141] AE23 HPS_GPIO[0] B26
FPGA_GPIO[142] AC18 HPS_GPIO[1] B25
FPGA_GPIO[143] AA16 HPS GPIO[2] A25
FPGA GPIO[144] AC20 HPS_GPIO[3] C25
FPGA_GPIO[145] AG26 HPS_GPIO[4] H20
FPGA_GPIO[146] AF26 HPS_GPIO[5] B23
FPGA_GPIO[147] AB17 HPS_GPIO[6] G22
FPGA GPIO[148] Y16 HPS_GPIO[7] B22
FPGA_GPIO[149] AA19 UART

FPGA GPIO[150] W16 HPS_UART RX Cc23
FPGA GPIO[151] Y17 HPS UART TX D22

Figure 33 : FPGA Connection Summary
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Power Up ZEKE Board

Firstly, plug the power supply in to CN10, and see the power LEDs on the ZEKE board. LD1 for 5V and LD12

for 3.3V should be bright. The Figure 34 shows the location of power connector, power on LED, and power test points.
.“.»v.gsgb“:.“ v&'s“fx”ﬁ-.a “ c o ® 0 ) ~'O‘,,,, o)
w4 ; S &; X hﬁb&c I3 &;.& 6 6 o : ?é}p‘ﬁ]

s 4 ;

!!hi!»

28 SraEuEu o8

Power ON
LED

Power
Connector

£
VF?PPQ‘? e
.‘a-&rr'r' vqu
., For»rrrrrrvrervv

teee cerrree

Figure 34 : Location of ZEKE Power

Step of Creating HPS on QSYS

1. Open Quartus Prime. Click at Tools -> QSYS as shown in the Figure 35.
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Tools | Window Help
Run Simulation Teol
Launch Simulation Library Compiler

Launch Design Space Explorer Il

B ¢ >

TimeQuest Timing Analyzer

Advisors

>,
o

Chip Planner

<

Design Partition Planner
Metlist Viewers

SignalTap Il Logic Analyzer
In-System Memory Content Editor

Logic Analyzer Interface Editor

BRI

In-System Sources and Probes Editor
SignalProbe Pins...
Programmer

JTAG Chain Debugger

¢c2rC

Fault Injection Debugger

System Debugging Tools

i.

IP Catalog
Mios Il Software Build Tools for Eclipse
-3 Qsys

Tel Scripts...

Customize...

Options...

License Setup...
G Install Devices...

Figure 35 : QSYS Menu

2. On IP Catalog tab, serch the word “hps”, then Arria V/Cyclone V Hard Processor System will appear as

shown in the Figure 36. Double click it.

4, hps

™ P Catalog 5

- o

X &

Project

Library

Lol New Component...

Q--Pr_ocessors and Peripherals
@--Hard Processor Components

® Altera HPS Emac Interface Splitter

- @ Altera HPS GMII to RGMII Converter

----- ® Altera HPS GMII to TSE 1000BASE-/SGMII PCS Bridge

----- ® Altera HPS Trace IP

New...

Edit...

o= Add...

Figure 36 : HPS on IP Catalog
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3. The default tab is FPGA Interfaces as shown in the Figure 37. Click the box according to the design.

% Arria VfCyclone V Hard Processor System - hps_1

“ Arria V/Cyclone V Hard Processor System

altera_hps

E Block Diagram | Presets
[ show signais FPGA Interfaces  Peripheral Pins HPS Clocks SDRAM N
[ General Project
hps_1 Enable MPU standby and event signals Click New... to create a preset
Library
[] Enable general purpose signals % ELPIDA ED]1108BASE-SC
L] Enable Debug APS interface # ELPIDA EDIS308BASE-8C
® JEDEC DDR2-1066 256MB X5
[[] Enable System Trace Macrocell hardware events # JEDEC DDR2-1066 512MB X8
P —
- ] Enable FPGA Cross Trigger Interface -4 JEDEC DDR2-400 256MB X8
i s # JEDEC DDR2-400 512MB X8
] Enable FPGA Trace Port Interface Unit ® JEDEC DDR2-533 256MB X5
Enable FPGA Trace Part Alternate FPGA Interface @ JEDEC DDR2 533 S12ME X8
~# JEDEC DDR2-667 256MB X8
D Enable boot from fpga signals # JEDEC DDR2-667 512MB X8
® JEDEC DDR2-800 256MB X5
L # JEDEC DDR2-800 512MB X8
- ~# JEDEC DDR3-1066E 1GB X8
Eﬂ e # JEDEC DDR3-1066E 2GB X8
FPGA-to-HPS interface width: sabit & JEDEC DDR3-1066E 512M8 X8
HPS-to-FPGA interface width: sabit # JEDEC DDR3-1066F 1GB X8
Lightweight HPS-to-FPGA interface width: [3o.5it o ~# JEDEC DDR3-1066F 261 X8
# JEDEC DDR3-1066F 512MB X8
TS # JEDEC DDR3-1066G 1GB X8
# JEDEC DDR3-10666 2GB X8
Click the '+ and - buttons to sdd and remove FPGA-to-HPS SDRAM ports. -.# JEDEC DDR3-1066G 512VE X8
idth # JEDEC DDR3-1G4 1GB X8
Heme Tres o # JEDEC DDR3-1G4 268 X8
2h_sdram0 |wa-3 |6a
v
( e Apply Update... Delete
4\ Warning: hps_1: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100,0 Mz, but orly achieved 97,368421 MHz
/i, Warning: hps_1: 1 or maore output clock frequencies cannot be achieved precisely, consider revising desired output clock frequendes.
4\ Warning: hps_1: ODT is disabled, Enabling ODT (Mode Register 1) may improve signal integrity
/i, Warning: hps_1: set_interface_assignment: Interface "hps_io” does not exist
@ Info: hps_1: HPS Main PLL counter settings: n = 0m = 73
(@ Info: hps_1: HPS peripherial PLL counter settings: n =0m = 33
Cancel Finish

Figure 37 : Arria V/Cyclone V Hard Processor System

4. On Peripheral Pins tab, set the function pin and mode that is used in the design as shown in the Figure 38.

% Arriz V/Cyelone V Hard Processor System - hps_1 X
“ Arria V/Cyclone V Hard Processor System
Iagatorst  3ltera_hps Documentation
Block Diagram “ |y Presets
P 17y
[] Show signals FPGA Interfaces Peripheral Pins  HPS Clocks  SDRAM .
[~ Ethernet Media Access Controller o)
ject
hps_1 EMACO pin: HPS /O Set0 £ Click NeW... to create a preset,
EMACD mode: RGMIT - ibrary
& - ® ELPIDA EDJ1108BASE-8C
Bl HPS 1/O Set0 v # ELPIDA EDIS308BASE-5C
jpesio EMAC1mode: RGMIT - # JEDEC DDR2-1066 256MB X3
h_scram0_clock | hat # IEDEC DDR2-1066 512MB X8
[~ NAND Flash Controller # JEDEC DDR2-400 256ME X8
g2hoscremd dats | ; =2 | NAND pin: Unused o % JEDEC DDR2-400 512VE X5
2f_axi_clock . e --# JEDEC DDR2-533 256MB X3
--# JEDECDDR2-533 S12MB X8
paneddoot | -
S + e consesr svm s
h_axi_slave § -
EEFET HPS 10 Set0 + ~-% JEDEC DDR2-800 256MB X8
121_tw_axi_clock QSPI mode: 155 - & JEDEC DDR2-800 512VB X8
& JEDEC DDR3-1066E 1GB X8
E SD/MMC Controller ® JEDEC DDR3-1066E 2GB X8
SDIO pin: HPS IO Set0 + ® JEDEC DDR3-1066E 512V8 X8
‘® JEDEC DDR3-1066F 1GB X8
SDIO mods
moee o Dt e # JEDEC DDR3-1066F 2GB X8
T Eer e ® JEDEC DDR3-1066F 512MB X8
Eusan = ® JEDEC DDR3-1066G 1GB X8
i Unused i ® JEDEC DDR3-1066G 2GB X8
USB0 PHY interface mode: [ny/a ® JEDEC DDR3-1066G 512V X8
. # IEDEC DDR3-1G4 1GB X8
USB1 pin: -
Unused # IEDEC DDR3-1G4 26B X8
USB1PHY interface mode: NA ® JEDEC DDR3-1G6 1GB X8
# JEDEC DDR3-1G5 2GB X8
SPI Controlles % JEDEC DDR3-800D 1GB X5
SPIMO pin: Unused - .
App Update. Delete
< 2l e pply pda ele
Warning: hps_1: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 Mz, but enly achieved 87368421 MHz
/&, Warning: hps_1: "QSPI clock frequency” (desired_gspi_clk_mhz) requested 400.0 MHz, but only achieved 370.0 MHz
Warring: hps_1: 1or more output dock frequendies cannot be achieved predisely, consider revising desired output dock frequencies.
/2, Warning: hps_1: ODT is disabled. Enabling ODT (Mode Register 1) may improve signal integrity
(@ Info: hps_1: HPS Main PLL counter settings:n = 0m =73
(@ Info: hps_1: HPS peripherial PLL counter settings: n=0m = 33
Cancel

Figure 38 : Peripheral Pins of HPS
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5. On SDRAM tab, select DDR3 in the box of SDRAM protocal, and the other parameters as shown in the
Figure 39. Then, click finish.

% Arria V/Cyclone V Hard Processor System - hps_1 %
m Arria V/Cyclone V Hard Processor System
E T ~ |\ Presets
SORAM
[ Show sinais FPGA Interfaces Peripheral Pins  HPS Clocks &
SDRAM Protocel: [ppr3 o roject
hps_1 PHY S2ttings  Memory Parameters Memory Timing Board Settings . Click New... to create a preset.
ibrary
2f_mpu_events # ELPIDA ED]1108BASE-8C
- Clocks ~-# ELPIDA EDIS308BASE-SC
s_jo Memery dock frequency: 400.0 MHz ~-# JEDEC DDR2-1066 256MB X8
h_sdram0_clock | h21. [[] Use spedified frequency instead of calculated frequency # JEDEC DDR2-1066 512MB X3
# JEDEC DDR2-400 256MB X3
h_sdramd_data i h2f . Achieved memory dock frequency: |400.0 WHz # JEDEC DDR2-400 512MB X8
paf_axi_clock PLL reference dock frequency:  |25,9 MHz ‘# JEDEC DDR2-533 256MB X8
ek ‘# JEDEC DDR2-533 512MB X8
SR R [~ Advanced PHY Settings -~ IEDEC DOR2-667 256MB X8
ey Teeee ) Supply Voltage: LEVDDRE ~-# JEDEC DDR2+667 5128 X8
# JEDEC DDR2-800 256MB X3
L tandard: -
21w 2 C0ek ek B SIS # JEDEC DDR2-800 51248 X3
# JEDEC DDR3-1066E 1GB X8
# JEDEC DDR3-1066E 2GB X8
# JEDEC DDR3-1066E 512MB X8
~-# JEDEC DDR3-1066F 16B X§
~-4# JEDEC DDR3-1066F 26B X5
# JEDEC DDR3-1066F 5128 X3
# JEDEC DDR3-1066G 168 X8
# JEDEC DDR3-1066G 2GB X8
# JEDEC DDR3-1066G 512MB X8
-4 JEDEC DDR3-1G4 1GB X8
~-# JEDEC DDR3-1G4 2G8 X8
# JEDEC DDR3-1G5 1GB X8
# JEDEC DDR3-1G5 2G5 X8
@ JEDEC DDR3-800D 1GB X8
|| Update Delete
< >(|< > LT L= o
%, Warning: hps_1: "Configuration/HPS-to-FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 MHz, but only achieved 97.368421 MHz
/2, Warning: hps_1: "QSPI clock frequency” (desired_aspi_clk_mhz) requested 400.0 Mz, but only achieved 370.0 MHz
/4, Warning: hps_1: 1 or more output dock frequendies camnot be achieved precisely, consider revising desired output dodk frequendis.
/i, Warning: hps_1: ODT is disabled. Enabling ODT {Mode Register 1) may improve signal integrity
(@ Info: hps_1: HPS Main PLL counter settings: n =0 m =73
@ Info: hps_1: HPS peripherial PLL counter settings: n =0m = 38
Cancel Finish

Figure 39 : SDRAM of HPS

6. Do the connection and address mapping of the design. Save the file if you have finished.

Qsys - soc_system.qsys (CA0D.ndrs-wer_wks_ndr\06_ZEKE\05_fpga\FPGA WCR_DOC\ZEKE Platform\PRI\soc_system.qsys) - x
File Edit System Generate View Tools Help

[ catoos | _ o a|[$Z systemcontents 23 \ addressMap 93 | Intercomnect Requrements 3 \ oo
= [+ W system: soc_system  Path: hps_0
a X & W syst: s s
Project A1 || F [use  connections Name Description Export Clock Base End rQ
W New Component... . ] B fpga_dk_in (Clock Source -
o Avalonsimplesiave x an ook Tnput ik exported
;“”:; B dicin_reset Reset Input reset
e (Clock Output ffoga_ckc_in
Library = &
oo Functions i reset Reset Qutput
‘rria V/Cydone ¥ Hard Pro
Interface Frotocols - memory (Conduit memory
Low Pawer = hps o Conduit hes_0_hps_io
‘Memory Interfaces and Controlers haf reset Reset Outout hps_0_h2f_reset
Processors and Peripherals f2h schamd_dock  (Clack Input foga_clk_in
Co-Processors f2h_sdramo0_dats \Avalon Memary Mapped Slave [2n_sdram. 0%0000_0000 DxFEEE_pEEE
&+ Embeddad Processors haf 2 clock Clock Input fpga_clk_in
Hard Processor Components ity P Paa_clc
© Altera HPS Emac Interface Spitter (X1 Master h2f_ax_clo
* Alters HPS GMII to RGMIT Converter (Clock Input fpga_clk
© Altera HPS GMII to TSE 1000BASE-X/SGMII PCS Bridge a1 siave [fh_axi_co...| < 0x0000_o000 xter_pee
- o AlteraHPS Trace IP (Clock Input fpga_clk
. |AXI Master 2 I _axi..
. fnterrupt Receiver 1he o 1R B1k—
Hrd Processr Systens fnterrupt Receiver 1he o 16 31
- ® Arria V/Cydone V Hard Processor System v [TTAG to Avalon Measter Bridoe
(Clock Input faga_clk_in
| v b reset Reset Input
master Avalon Memery Mapped Master [k
master_reset Reset Output
.. Herarchy Device Family &3 - o [ 1 fpga_only_master |JTAG to Avalon Master Bridge
- = . de (Clock Input: pga_clk_in
» AvalongimpleSiave_2 reset dicreset Reset Input
master |Avalon Memory Mapped Master )
= dpsw_pio_extemal_connection
master_resst Reset Qutput
»- fpga_gpio_D_31_external_connection
= fpga_pio_128_157_external_connection E 1] f2sdram_only_m... |TTAG to Avalon Master Bridge )
= fpga_gpi_32_63_external_connection ix el [fpga_dlk_in
= fpga_gpio_54_95_external_comnection d_reset Reset Input
= fpoa_gpio_96_127_external_connection S master |Avalon Memory Mapped Master )
=& hps_0_haf reset master_reset Reset Output: v
~®= hps_0_hps o — — - B R,
= led pio_external _connection J 2
= memory o W current filter:
> reset
O AvalonSimpleSiave_0 O Moo | _=o
- AvalonSimpleSiave_1
£ AvalonSimpleSlave_2 Tyee Path Message &l
Tr FPGA_GPIO D51 210 12 Info Messages ~
£k FPGA_GPIO_125_157
2 FPGA_CPIO 32,63 [) s0c_system.FPGA_GPIO_0_31 PIO inputs are not hardwired in test bendh, Undefined values il be read from PIO npus during smulation.
¥ FPGA_GPIO_64 35 @ oc_system FPGA_GPIO_128_157 PIO inputs are not hardwired in test bench. Undefined values wil be read from PIO inputs during simulation,
g :E:;jr:"}sﬁ’ [} soc_system.FPGA_GPIO_32_63 P10 inputs are not hardwired in test bendh, Undefined values wil be read from PIO inputs during smulation
103 foscrem_only_master @ soc_system.FPGA_GPIO_64_95 PIO inputs are not hardwired n test bench, Undefined values il be read from PIO inputs during smulation.
LF fpga_ck_in [} soc_systemFPGA_GPIO_96_127 PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during smulation.
1 foga_only_master
[) soc_system.dipsw_pio PIO inputs are not hardwiredin test bench, Undefined values il be read from PIO inputs during simulation.
] hps_only_master [} soc_system.hps_0 |HPS Main PLL counter settings: n =0 m = 73 ~
T jtag_uart |« =
0 Errers, 0 Warrings Generate HDL... | | Fiish

Figure 40 : HPS Design on QSYS

7. Click Generate HDL. The windows in the Figure 41 will appear. Select the format file in Verilog or VHDL,
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and then click Generate.

#= Generation

|~ synthesis

Create HDL design files for synthesis: | yHoL

e

Create block symbeal file (bsf)

Synthesis files are used to compile the system in a Quartus Prime project.

[] Create timing and resource estimates for third-party EDA synthesis tools.

|~ Simulation

Create simulation model: None

e

The simulation model contains generated HOL files for the simulator, and may indude simulation-only features.
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the jpsetys-simuEbion and
jp-make-simscrpt command-ine utilities to compile all of the files needed for simulating all of the IF in your design.

|~ Output Directory

Path:

Step of Gernerating SOF File

Figure 41 : QSYS Generate File

1. After you have finished creating HPS on QSYS, and TOP File of your design. Open Quartus Prime. Go to

Assigment -> Settings as shown in the Figure 42.

Assignments  Processing  Tools

.

@

T

N

e

Device...

Settings...

Assignment Editor

Pin Planner

Remove Assignments...
Back-Annotate Assignments...
Import Assignments...

Export Assignments._.

Assignment Groups..

LogicLock Regions Window

Design Partitions Window

Window  Help

Ctrl+5hift+E

Ctrl+Shift+A

Ctri+Shift+N

Alt+L

Alt+D

Figure 42 : Settings Menu in Quartus Prime

2. In Category, click Files, and add files to your project (QSYS file and/or TOP File). Then, click OK.
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" Settings - PRI_TOP - [} b
Category:
General
s Select the design files you want to include in the project. Click Add All to add all design files in the project
Libraries directory to the project.
¥ P Settings
IP Catalog Search Locations File name: | | Add
Design Templates
¥ Operating Settings and Conditions |.~ % | S
Voltage File Name Type Library Design Entry/Sy FramEms
Temperature {RTL/MII_DPRAM_INIT.mif Memory Initialization File <Mone>
¥ Compilation Process Settings {RTL/AVS_MISC_MAP.vhd WHDL File <None> C
Incremental Compilation soc_system_tse.qsys Qsys System File <None> Do
v EDATool Settings sub_tse_ w_dma_no_mdic.gsys Qsys System File <None> -
Design Entry/Synthesis sub_tse_w_dma.gsys Qsys System File <Mone> Broperties
Simulation fpga_mii.gsys Qsys System File <Nones
Board-Level /RTL/MIL_IF vhd VHDL File <None>
~ Compiler Settings (RTL/AVS_MIlI_MAP.vhd VHDL File <Mone>
VHDL Input .{RTL/Package/Type_PKG.vhd  VHDL File <None>
Verilog HDL Input ..{RTL/Package/General PKG.vhd VHDL File <Mone>
Default Parameters ../RTL/Package/Define_PKG.vhd VHDL File <None>
TimeQuest Timing Analyzer soc_system.gsys Qsys System File <None>
Assembler JRTL/PRJ TOP.vhd { VHDL File <None>
Design Assistant PLL.gip IP Variation File [.gip) <Nones
SignalTap Il Logic Analyzer PLLsip Quartus Prime SIP File <None>
Logic Analyzer Interface MII_TX_DPRAM.qgip IP Variation File [.gip) <Nones
PowerPlay Power Analyzer Settings PRJ_SDC.sdc Synopsys Design Constraints File <None>
SSN Analyzer MII_RX_DPRAM.qgip IP Variation File (.gip) <None>
stpl.stp SignalTap Il Logic Analyzer File <None>
< >
W Buy Software OK Cancel Apply Help

Figure 43 : Add File to Project

3. Click Processing -> Start Compilation to compile the project.

Processing | Tools  Window  Help

Stop Processing Ctrl+shift+C

P Start Compilation Cirl+L
Analyze Current File
Start '
Update Memory Initialization File

Compilation Report Ctrl+R

co

Dynamic Synthesis Report

PowerPlay Power Analyzer Tool
Wt ssn Analyzer Tool

Receive Compilation Status Notifications

Figure 44 : Start Complication

4. After finished compiling the project, you will get SOF file in your output_files folder.

[ PRI_TOP.sld

[ ] PRI_TOP fit.smsg

D PRI_TOP.map.smsg

[ ] PRI_TOP.sof

[ ] PRI_TOP fit.summary
D PRJ_TOP.map.surmmary
D PRI_TOP.sta.summary

Figure 45 : SOF Output File
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Step of Creating JIC File

1. Open Quartus Prime. Go to File -> Convert Programming Files as shown in the Figure 46.

File Edit WView Project Assignments Proce

[ Mew. Cirl+N
[~ Open. Ctrl+O
Close Ctrl+F4

New Project Wizard...

e

Open Project... Ctri+J
Save Project

Close Project

Save Crl+5
Save As_.
& saveall Ctrl+shiftss

File Properties...

Create [ Update 4
Export...
Convert Programming Files...

Page Setup...

Print Preview

o 2R

Print... Ctrl+P
Recent Files 4
Recent Projects 4
Exit Alt+F4

Figure 46 : Convet Programming Files Menu

2. Change Programming file type to JIC file as shown in the Figure 47.

m Convert Programming File - C:/00.ndrs-wer_wks_ndr/06_ZEKE/D5_fpga/FPGA_WCR_DOC/ZEKE_Platform/PRI/ZEKE_Pla... — O *

File Tools Window search altera.com

Specify the input files to convert and the type of programming file to generate
You can also import input file information from other files and save the conversion setup information created here for

future use.

Conversion setup files

Open Conversion Setup Data... Save Conversion Setup...

Output programming file

Programming file type: | Programmer Object File (.pof)

i i Programmer Object File for Remote Update (. pof] ~
Options/Boot info.. X X
Programmer Object File for Local Update (.pof)

File name: Raw Programming Data File [.rpd)

JTAG Indirect Configuration File (.jic)

Advanced Partial-Masked SRAM Object File (. pmsf)

Raw Binary File for Partial Reconfiguration (.rbf)
Merged Mask Settings File (.msf)

Merged Partial-Masked SRAM Object File (.pmsf)
HPS 10 File (.hiof)

Hexadecimal (Intel-Format) Output File for EPCE(4|8| 16)/EPC(4]8] 16) hexout) W

Input files to convert

File/Data area Properties Start Address Add Hex Data
Options 0x00010000 Add Sof Page:
SOF Data Page 0 <auto=
Add File...

Bemove

Figure 47 : Programming File Type
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3. Select Configuration device. Select EPCQ64 for the ZEKE board, and then add Flash Loader and SOF Data

by following the list below. Click Generate to get JIC file.

® (Configuration device : EPCQ64

® Flash Loader : SCSXFC6D6
® SOF Data : SOF file from compilation
@ Convert Programming File - C/00.ndrs-wer_wks_ndr/06_ZEKE/05_fpga/FPGA_WCR_DOC/ZEKE_Platform/PRJ/ZEKE Pla.. — O *

File Tools Window

Search altera.com

A
Programming file type: | JTAG Indirect Configuration File [ jic) M
Options/Boot info... | Configuration device: | EPCQ64 T | Mode: Active Serial e
EPCO128 2
File name: ZEKE_TOP.jic
= EPCO16
Advanced... RemotefLocal update EPCQ256 -
EPCO32

Create Memory Ma| EpcQs2

Create CvP files (G | TOP.core.rbf}
EPCOL1024
[ Create config data | EpcoLa56
EPCOL512
Input files to convert EPCS128 "
File/Data area Properties Start Address Add Hex Data
v
Flash Loader Add Sof Page
SCSXFCBDE
v SOF Data Page 0 <auto> Add Device...
PRJ_TOP.sof SCSXFCEDEF31 Remove
up
Down
Properties
Generate Close Help

Figure 48 : Setting SOF File and Flash Loader

4. The JIC file is created in output_files folder.

[ ] PRI_TOP.cdf
[ ] PRI_TOP.done
[ ] PRI_TOP jdi

| | ZEKE_TOP jic

Figure 49 : JIC Output File
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Start Using ZEKE

Step of Programming by JTAG

1. Open Quartus Prime. Click Tools -> Programmer to open programmer software.

Tools Window Help

=m) %

cCRrC

L

5]

Run Simulation Tool 4

Launch Simulation Library Compiler

Launch Design Space Explorer |l

TimeQuest Timing Analyzer

Advisors ¥

Chip Planner

Design Partition Planner

Netlist Viewers '

SignalTap Il Logic Analyzer
In-System Memory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
SignalProbe Pins...

Programmer

JTAG Chain Debugger

Fault Injection Debugger

System Debugging Tools r

IP Catalog

Nios Il Software Build Tools for Eclipse
Qsys

Tcl Scripts...

Customize...

Options...

License Setup...

Install Devices...

Figure 50 : Programmer Menu

2. Select Hardware Setup of progemmer device.

& Hardware Setup

Hardware Settings

JTAG Settings

hardware setup applies only to the current programmer window.

Select a programming hardware setup to use when programming devices. This programming

Currently selected hardware:

Available hardware items

USE-Blaster [USB-0]

No Hardware
USB-Blaster [USB-0]

Hardware
USE-Blaster

Server Port
Local UsB-0

Remaove Hardware

Close

Figure 51 : Progeammer Device Setup
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3. Add JIC file to the programmer. Check the box in Program/Configure column as shown in the Figure 52.

Make sure that SW2 is OFF (enable the JTAG chain), and then start to program.

» Programmer - C:/00.ndrs-wer_wks_ndr/06_ZEKE/05_fpga/FPGA_WCR_DOC/ZEKE_Platform/PRI/ZEKE_Platform - PRI_TOP - [PR)_TOP.cdf]* — O *
File Edit View Processing Tools Window Help .
; Hardware Setup...| |USB-Blaster [USB-0] Mode: | JTAG ~ Progress: l ]

Enable real-time ISP to allow background programming when available
[ File Device Checksum Usercode Program/  Verify  Blank- Examine  Security Erase ISP
Configure Check Bit CLAMP
s Stop Factory default enhanced SFL image SCSKFCED6 00Ce4585  00CB4585
’ o W w
8% Auto Detect output_files/ZEKE_TOP jic EPCO64 17E069FB O
¥ Delete
™ Add File..
e Change File...
~
B save File TTTTTTTTIT
EPCOG4
* Add Device... 4 B
TW" Up
TTTTITIT
1 pown H H
TODI H =
— b H
" TENEEEEEE :
S5CSXFCEDE
TDO
4
v
Figure 52 : Program the ZEKE board
A jated Product

The OSCAR board is an evalution board which contains MAX 10, two of 10/100 Ethernet (PHY), SDRAM,
EEPROM, NOR flash memory LED, rotary switch, and expansion connector. For more information please see on OSCAR

Board User Manual. The look of the OSCAR board is shown in the Figure 53.

Figure 53 : OSCAR Board
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Additional Information

Getting Help

NDR Company Limited
2F, Sumitomoseimei Minatomachi MT Bldg., 1-18-4,
Minamihorie, Nishi-Ku, Osaka, Japan 550-0015.
Email: info-ndr@ndr.co.jp
Tel.: +816-6539-2111

Web: http://ndr.co.jp/en/

Revision History

Date Revision Changes list

2017-07-06 0.1 First draft

2017-10-05 0.2 Second draft (add more information)
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