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Thank you for purchasing the FPGA development board. Please read the manual
carefully before using the product and make sure that you know how to use the

product correctly. Improper operation may damage the development board. This
manual is constantly updated, and it is recommended that you download the

latest version when using.
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Fraser Innovation Inc develops FlI-PRA040 based on Intel Cyclone10 series
development board. It was initial released in 2018. The model is FII-PRA040. It is
resource-rich and high-speed, making it an ideal platform for learning and
engineering research. This development board has been spent a lot on system
design, PCB design, and function creation. It can be described as "comprehensive

and powerful."

)
i -g;—" s

——

DISPLAY!

Lo}

>
- -

i a

L!E 1
T et

PRAO40 Board Full View

4/ 60



FII-PRA040 Hardware Reference Guide

Fraser Innovation Inc

1. Introduction

This development board uses Intel's Cyclone10 series chip, model

10CLO40YF484C8G, which is currently Intel's latest generation FPGA device.

The Cyclone10 series is Intel's latest generation of FPGAs for the data torrent
of the future and the rapidly growing loT application market. This series provides
fast, power-saving processing and is suitable for automotive, industrial
automation, professional audio and visual systems and a variety of applications.
Compared to previous generations of Cyclone FPGAs, the 10 Series saves more

power while delivering twice the performance.

PRA040 system block diagram:
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Figure 1.1 PRX100 System Block Diagram
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e It can be powered by external 12V DC source or by “USB Power Supply
and Download Interface” . The latter also provides program download
functionality. Only one wire is to complete the power supply and download

functions;

e A 50 MHz oscillator, a 32.768 kHz oscillator, provides a stable clock source
for the development board;
e 6-digit common anode 7-segment decoders, through dynamic scanning to

achieve data display;

e 1 HDMlI interface displaying color pictures or camera video;

e 1 EEPROM chip with I2C interface, type AT24C02;

e 1 adaptive 10M/100M/Gigabit Ethernet interface;

e 8 push buttons, 7 for programmable buttons, 1 for reset button;

¢ 1 photoresistor, through which it can simulate light control; 1 thermistor,
which can collect temperature or analog temperature alarm function; 1

potentiometer, which can simulate voltage change;

e 1 PCF8591 AD/DA conversion chip, reserved external interface, free input

and output;

e On-board 50MHz and 32.768kHz oscillators provide stable clock signals to

the development board;
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8-bit DIP switch;

8-bit LED;

1 128Mbit Flash chip;

4 GPIO external signal expansion interfaces, also the PMOD standard

interface;

Two JTAG interfaces, one for the FPGA download debug interface and one
for the RISC-V CPU JTAG debug interface. Built-in RISC-V CPU software

debugger, no external RISC-V JTAG emulator required;

1 UART asynchronous serial interface, which can supply power to the

development board at the same time;

2 SRAMs with a capacity of 8Mbit;

a pair of audio input and output interfaces;

1 PCIE interface for connecting devices that support this interface, such as

the BD5640 camera daughter board;

4 USB interfaces, 2 for the mouse and keyboard interface, 2 for the

universal serial interface;

1 USB (USB-B) to UART interface for serial communication;
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e 1 TFTLCD touch screen interface, which can realize the display and

operation of the touch screen;
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Note: Before using development board, you need to check the following

1) Power supply jumper J1. If you are using an external power supply
interface, use a jumper cap to connect the two jumpers "EXT _5V" and
"PWR 5V". If you are using the "“FPGA & RISCV JTAG" interface to

supply power, please connect "USB _5V" and "PWR 5V". As shown below:

Figure 1.2 External Power Supply Interface

FPGA & |
RISCV JTAG

Figure 1.3 USB Power Supply and Download Interface

EXT-5U =" "
|

PHR_5V *
usB_SV wL

PWR.SEL

Figure 1.4 Power Selection Jumper J1
2) Part of the FPGA BANK voltage is determined by selection jumpers.
Voltage in development board, in order to adapt to a variety of external

signals, is adjustable power supply, specifically by three common voltage
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options, 3.3V, 2.5V, and 1.8V. Before the development board works, please
make sure that the jumpers of BANK voltage are connected. By default,

you will be connected to 3.3V. As shown below:

33 3VU3
2U5 2U5
U8 v

Figure 1.5 BANK Voltage Selection

3) The program download selection is jumper J7. The development board has
two kinds of program download methods, one is to use the external
downloader to connect to the JTAG interface to download; the other is to
use the provided USB cable to connect to the " FPGA & RISCV JTAG"
interface to download. J7 decides which way to use it. J7 "EXT"
connection is downloaded using the JTAG interface, and connection

“INT” is downloaded using the USB cable. As shown below:

Figure 1.6 Program Download Selection Jumper J7
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2. Basic Features

The schematics quoted in this article are intended to highlight the key points, and the
circuits that are not related to the theme (such as protection circuits or filter circuits) will be
eliminated. Please pay attention to that. For the source material, please refer to the attached
schematic.

1) FPGA

As mentioned above, this development board FPGA model is
10CLO40YF484C8G, which is Intel's latest generation of low-power high-

performance FPGA.

Figure 2.1 FPGA Physical Picture

Chip resources:

Device
Resource
10CL040

Logic Elements (LE) 39,600
M9IK Block 126
Memory Capacity (Kb) 1,134
18 x 18 Multiplier 126
PLL 4
Clock 20
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Maximum I/O 325

Maximum LVDS 124

Figure 2.2 Chip Resources

2) Power Supply Interface

The development board has two power supply modes, one is for external 12V
DC power supply. (please use the power supply that comes with the development
board, do not use other specifications of the power supply to avoid damage to the

development board) Its power supply interface is as follows:

Figure 2.3 External Power Supply Interface

The second way is to use the USB cable to connect the “FPGA & RISCV JTAG"

interface. See Figure 2.4.
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FPGA &
RISCV JTAG |

Figure 2.4 Internal Power Supply Interface

It should be noted that regardless of the power supply method, the power selection

jumper needs to be connected to the correct position. As shown below:

EXT-5u &7

PUR_5U ~
USB_5U .

PVVF!}SEH:

Figure 2.5 Power Supply Selection Jumpers

By the way to mention the power supply circuit of the development board
and the power supply of the FPGA. The external 12V power supply is converted to
a 5V power supply through the U5 power supply chip and connected to the pin 1
of J1. The "PC_USB5V" power supply from the USB port is connected to the pin 3
of J1. With which of the two is connected to the 2nd pin, it powers the
development board. There is no problem when the two power supplies are

connected at the same time.
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Figure 2.6 External Power Supply Schematics

GND
© GND
a 4 ]
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A
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& VBUS PC_USBSV
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USB_TYPEB——
== L18
(GHD Co4 C95
10uF 0.1uF
GND GND

Figure 2.7 USB Power Supply Interface Schematics
We can see that after the PB9 is turned on, the power supply is connected to
the VCC5VO level network of the development board, and then converted to the

1.2V (FPGA core voltage), 1.8V, 2.5V, or 3.3V. Among them, 1.8V, 2.5V, and 3.3V are
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the BANK voltage of the FPGA. The three voltages are provided to meet the level

standards of various external signals. The conversion circuit is shown below.

VCCsVo
U7  RTS0GBAZSP L17 VCC1V2
3 ]
R50 , o ATK 31 pG X é L e 2
" | pvIN Ix 21  SRPS030T-1RSM .
8 PVIN 1.5uH.6A.(5.7x5 2mm) ¢R51
[ 5 £51K c79
C80 Cs1 =R52 1 EEP“ z B =
=== 10K | = 22pF €82 | cs3
10uF/25V LuF/ 10V n _— =
Irs: 22UF | 22UF
251K
GND
Figure 2.8 Schematics of the 1.2V Power Supply
VCCsVo
U6 RTS068AZSP L16 VCCIVE
R45 "4_."K 3 PG IX £ I v 2 —
PVIN LX 2] SRP5030T-1R5M =
8 PVIN 1.5uH,6A,(5.7x5 2md) o
. Sl syIN & FB |2 g4
C69 C70  gR4T [ o
=== F10K - 5 C74 C75
10uF/25V 1uF/10V i == ==
22UF 22UF
bR49
“ 10K

Figure 2.9

Schematics of the 1.8V Power Supply
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VCC5VO VCC2VS
U4  RTS0G8AZSP L14
== a o
R37 v 4.TK f’ PG LX 21 I A~ 2
: PVIN X —T IND_2.2uH 55A R30
tg PVIN ; : i |
61 C62  ER40 ) EEITN Z 76 8K %] =
4 210K “ 5
10uF/25V 1uF/ 10V _ C63 C64
bR42 2UF|  22UF
2241
GND
Figure 2.10 Schematics of the 2.5V Power Supply
VCCAVO
U3 RTB0G8AZSP L13 VCC3V3
R33 47K ; -~ e é 1 rw—fﬁrﬁ 2 _
" " z P\':]N LX —] IND 22uH 55A &
5 fviN B B |0 .
€53 €54 R35 4 EDII 5 68K .,
= 10K 3 €53 s
10uF/25V 1uF/ 10V ~ — ——
4 20UF 22UF
) R36
15K
GND

Figure 2. 11

Schematics of the 3.3V Power Supply

If we look at the power supply of the FPGA, we can see these kinds of voltages (to

highlight the topic, the screenshot skips the irrelevant circuit):
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Figure 2.12 Schematics of the FPGA Power Supply 1

VREFBSNO 10 VREFBSNO
S VREFBSNOIO DIFFIO T24p
BANKIV3 VREFBSNOIO DIFFIO_T24n
i VREFBSNOIO DIFFIO T25p
D3 VCCIOS VREFBENO IO DIFFIO T25n
_L _L _L Do | VCCIOS  C8 GND/VREFBSNOIO DIFFIO_T26p
A . U VCCIOS VREFBENO IO DIFFIO T26n
o et Lo FRE I TGRS HE R
g E VCCIOS VREFBEN0 CLK10 DIFFCLK 4n
HI1 . .

o 21 8 VCCINT/VREFBSN1IO DIFFIO_Tidn

G0 €8 VCCINT/VREFBSN2 10 DIFFIO Tén

<58 | Ce VCCINT/VREFBSNS 10 DIFFIO Tsp

TGCLO40VE48ATIG

Figure 2.13 Schematics of the FPGA Power Supply 2
In Figure 2.12 and Figure 2.13, VCCINT is the core power pin of the FPGA, and
the pins such as VCCIO8 are the BANK power pins of the FPGA. The G12, H9, R8,
etc. next to the wiring are the pin numbers of the FPGA. Some FPGAs are in non-
BGA (Ball Grid Array) packages, such as 144-pin, 208-pin FPGA chips. Their pin
definitions are pure numbers, such as 1 to 144, 1 to 208, etc. However, for the BGA
packaged FPGA chip, the pin names become in the form of letters + numbers,

such as E3, G3, etc. In the schematic, BGA package FPGA chip is used. (The other
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power supply parts of the FPGA are not listed. For details, please refer to the

schematics).

3) Oscillator
Two on-board oscillators, one for 50MHz and the other for 32.768KHz. The
clock inputs are connected to the G21 and AA12 pins of the FPGA. The schematic

is as follows:

Veesvs cY1
L I ——— ngl €10 SOMCLK
33R
108 ewe feno e G [BE
0.1uF/10V | 1uF/10v 50.0000M =
10PF GND
_L_
GND
VCC3V3 oscl1 )
 lvee  our 2 R e CLE 32K

33R
2
111 _(‘1106 _C113 s 1 NC GND —2

0.1uF/10V | TuF/10V 32.768K —
10PF GND

Figure 3.2 Oscillators Physical Picture

Pin Assignment

Signal Name FPGA Pin
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CLK_32.768K AA12

CLK_50M G21

4) Segment LED Display

*

Figure 4.1 Segment Display Decoders

One type of segment display is a semiconductor light-emitting device. The
segment display can be divided into a seven-segment display decoder and an
eight-segment display decoder. The difference is that the eight-segment display
decoder has one more unit for displaying the decimal point, the basic unit is a

light-emitting diode. The segment structure of the decoder is shown below:

Lr\
¢ )8
[ G
T
Lﬂ?d Ol

Figure 4.2 Segment Display Decoder Structure

Common anode decoders are used here. That is, the anodes of the LEDs are

connected.
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+3.3V

Figure 4.3 Schematics of Common Anode Decoders
To illuminate a segment of an 8-segment display decoder, the level of the
corresponding pin needs to be pulled low; when the pin is set high, the
corresponding field will not light. This development board uses a 6-in-one eight-

segment decoder. The schematics is shown below:

VCCIV3

=
=g
220
2
I I
6 2K
b=
E 8
1|
K =
i
K
K

RS
RS
R8g
B
R0
RIl

Figure 4.4 Schematic of Display Decoders
The six-in-one display decoder is a dynamic display. Due to the persistence of
human vision and the afterglow effect of the LED, although the decoders are not

lit at the same time, if the scanning speed is fast enough, the impression of human
20 / 60
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eyes is a group of stable display data, no flickering can be noticed. The same
segments of the six-in-one decoders are connected, a total of eight pins, and with
six control signal pins, a total of 14 pins, as shown in Figure 4.4. Among them
SEG_PA, SEG PB, SEG_PC, SEG PD, SEG _PE, SEG PF, SEG PG, SEG DP correspond to
the A, B, C, D, E, F, G, DP of decoder; SEG 3V3 D [0..5] are six control pins of the
decoders, which are also active low. When the control pin is low, the

corresponding decoder is powered, so that the LED can be lit.

Pin assignments of display decoders

SEG PA B15 Segment A

SEG PB E14 Segment B

SEG PC D15 Segment C

SEG PD C15 Segment D

SEG PE F13 Segment E

SEG PF E11l Segment F

SEG PG B16 Segment G

SEG DP Al6 Segment DP
SEG_3V3_DO0 F14 Decoder 1(from right)
SEG_3V3 D1 D19 Decoder 2(from right)
SEG_3V3_D2 E15 Decoder 3(from right)
SEG_3V3_D3 E13 Decoder 4(from right)
SEG_3V3_D4 F11 Decoder 5(from right)
SEG_3V3_D5 E12 Decoder 6(from right)
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5) HDMI Interface

Image display processing has always been the focus of FPGA research. At
present, the image display mode is also constantly developing. The image display
interface is also gradually transitioning from the old VGA interface to the new DVI
or HDMI interface. HDMI is the abbreviation of High Definition Multimedia
Interface. It is a digital video/audio interface technology, which is a dedicated
digital interface for image transmission. It can transmit audio and video signals at

the same time.

The ADV7511 is a chip that converts FPGA digital signal to HDMI signal
following VESA standard. For details, see the related chip manual. Among them,
ADV7511_Programming_Guide and ADV7511 Hardware Users_Guide are the most

important. You can configure the registers of ADV7511 by viewing this document.

Figure 5.1 HDMI Interface and ADV7511 Chip

HDMI pin assignment

Signal Name FPGA Pin

HDMI- INT D10

HDMI- SCL D13
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HDMI-VSYNC A9

HDMI-CLK ES5

HDMI-D35 G7

HDMI-D33 Fr7

HDMI-D31 B3

HDMI-D29 A3

HDMI-D23 B4

HDMI-D21 Ad

HDMI-D19 BS

HDMI-D17 C7

HDMI-D11 B6

HDMI-D9 A6
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HDMI-D7
HDMI-D6
HDMI-D5
HDMI-D4
HDMI-DE
HDMI-SPDIF
HDMI-1250
HDMI-1251
HDMI-12S2
HDMI-12S3
HDMI-SCLK

HDMI-LRCLK

6) EEPROM

B7

E9

B8

A7

A8

C10

Bl

El

E4

E3

B10

A10

EEPROM is generally used in the instrumentation design. It is often used as a

storage for some parameters. Data is not lost when power is off, and it is easy to

operate. It is an ideal storage device.

The development board contains an EEPROM, model AT24C02, with a capacity

of 2kbit (256*8bit), consisting of a 256-byte block that communicates over the IIC

bus.

lIC (Inter-Integrated Circuit) literally means between integrated circuits, which

is the 1IC Bus abbreviation. It is a serial communication bus, using multi-master-
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slave architecture, by Philips in the 1980s, developed to allow motherboards,
embedded systems, or mobile phones to connect to low-speed peripherals. Also

written as "I2C", "12C", the correct reading is "l-squared-C".

The onboard EEPROM is designed to learn how the IIC bus communicates. See

Figure 6.1 for the schematics.

VCO3V3
U13 LR125 GRI26
. >

21 " vee ? 247K $47K

| 2 UE | ||| T 12C SCL

7| A2 EOL | 12C_SDA

GND  SDA -

LR127 JRI28 }R129 SOP_8
247K 347K F47K AT24C02N-10SU-2.7

G

=i

Figure 6.1 Schematics of EEPROM

Figure 6.2 Physical Picture of EEPROM

EEPROM pin assignment

Signal Name FPGA Pin

SCL D13

SDA C13
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7) Gigabit Ethernet Interface
Ethernet is currently the most commonly used data communication method.
Ethernet is getting faster and faster from the initial 10Mb/s to the later T00Mb/s,

and to 1000Mb/s now.

The development board is equipped with an RTL8211E Gigabit Ethernet chip.
The RTL8211E is a highly integrated network receiving PHY chip from Realtek. It is
compliant with 10Base-T, 100Base-TX and 1000Base-T IEEE802.3 standards. It can
transmit network data via CAT 5 UTP cable and CAT 3 UTP cable. It belongs to the
physical layer in network communication and is used for data communication
between MAC and PHY. Mainly used in network interface adapters, network hubs,

gateways and some embedded devices.
The main features of the RTL8211E include:

Meets 1000Base-T IEEE802.3ab standard

e Compliant with 100Base-TX IEEE802.3u standard

e Compliant with 10Base-T IEEE802.3 standard

e Support IEEE 802.3 RGMI!I interface

e Support IEEE 802.3 GMII, Mll interface, only RTL8211EG support

e Support for Wake-on-LAN

e Support for interrupt function
26 / 60
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e Support crossover detection and auto-correction

e Support half-duplex, full-duplex operation

e 1000 MHz communication CAT 5 network cable can reach 100m
e RGMIl interface supports 3.3V, 2.5V, 1.8V, 1.5V signals

See below for the schematics.

LED indications for three network states are available

o T ETH_PHY_CLEOUT R7l 0.3
X1
~ RTH_DHY_CLKIN ) 3
| KO Ca9 |_| 'J J—c.%o
- 10PF Cellot 1k 10FF
-y 1M 30PPM LEgF
- = = =
e @Dy AVDD_3V3
PHY_AVDDIO = PHY_AVDD_ oy TR
PHY_AVDD 5V3 w —
T = GRD 275
<] 10K
(3
PHY DVDD _3V3
L
GiD B|p
o o o o vl 2| o o o 2| 2| = =
= =] I I T T I = - = ] J
RTLS2IIE-VE
B g M oB o®moe = om 5 omom
zczS 8532282 8§ %2
55 ®F kg EEEE B &E &
& g BEZgE =2z g 2 PHY_DVDDLO
MDOP  H= 1| gy, I
MDIO N AD= 3 RVEDLY
e 35 RGO_LEDI
§ LEDIBHY_ADI |32 G0 LE
AVDD10 T
- 34 RGa LEDG
MDIL P = 4| o+ LEDMeE D
1 PMER |32 RGO PMEE
MDILN == &
DI ) i RGO LED?
£ | avops; LEpRESD
o | Rs] NPHY_ MDIO
MDDP = T ey,
: ape |20 RE3 2 NPHY_MDC
MDD N ED= 8 |y
A —) nRST RTLEL
® | avopio le
MDI3 P A== 10 MDIE]+ DVEDL
B e, | B RGO TXCTL
MDIZN == 11 . = .
MDIGE B o 18 RG0 TN
= = ™D e T
R ¢ g d z
A= NC EE o g 2 2 = ic .
= g 8 2 = 5| 25 RGO_TX2
EES:i88upbougg ™
2B 2 8 38 2 2 28 8
M K B B B M M & B B EE
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RGO RMCTL RGO_TX1
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RGO RX1 RGO_THCE
RGO RX
Re Ro3
K
RO4 100 KTH INT N

Figure 7.1 Schematics of Gigabit Ethernet Chip
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Figure 7.2 Gigabit Ethernet Physical Picture

Gigabit ethernet pin assignment

Signal Name FPGA Pin

RGO_RXCTL Al3
RGO_RXDO B13
RGO_RXD1 Al4
RGO_RXD2 B14
RGO_RXD3 Al5
RGO_RXCK B12
RGO_TXCK B20
RGO_TXDO Al7
RGO_TXD1 B17
RGO_TXD2 Al8
RGO_TXD3 B18
RGO_TXCTL Al3

NPHY_MDC C17

NPNY_MDIO B19

ETH_INT_N D17

PHYRSTB C19
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8) Push Button

The development board has 8 push buttons, 7 of which are programmable

buttons and 1 is for system reset. The default is set high and can be pressed low.

Schematics is shown in Figure 8.1.

Pushbution

Gfmnm SMD

Fubbution BANES VCC
Gstam SMD
1 a2l 2
3 Cfl_ 4 RI00 IR101 IR102 LR103 LRI04 [R105 lRloS
B2 P4 10K 1R ZI10K $I0K $10E 10K $10K
‘ PB2 J
Pushbutton
Gxbmm SMD RID 12 EEY]
é’l— R10S KEY
pa py 4
PR3 J R104 12 KEY3
FuehbuTGn R1) KEY
G SMD
Elll 22 EKEYS
R1} 2 KEYS
Ell 22 REY7

Pushiution

Eexfimm SMD
1oy pa

Figure 8.1 Schematics of Push Buttons
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e

"

Figure 8.2 Push Button Physical Picture

Push button pin assignment

Signal Name FPGA Pin

PB1(MENU) Y4
PB2(UP) V5
PB3(RETURN) Y6
PB4(LEFT) AB4
PB5(OK) Y3
PB6(RIGHT) AA4
PB7(DOWN) AB3

9) AD/DA Thermistor, Photoresistor and Potentiometer

The PCF8591 chip is a monolithically integrated, individually powered, low
power consuming, 8-bit CMOS data acquisition device. It has 4 analog inputs, 1
analog output, and 1 serial 12C bus interface. The three address pins A0, A1 and
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A2 of PCF8591 can be used for hardware address programming (the three
addresses on the development board are connected to GND, that is, the device
address is 7'B1001000), allowing access on the same 12C bus. PCF8591 devices
without additional hardware. The address, control, and data signals input and
output on the PCF8591 device are serially transmitted over a two-wire

bidirectional 12C bus. Chip features of PCF8591:

e Operating voltage range 2.5V-6V

e Low standby current

e Serial input/output via 12C bus

e [2C address selection by 3 hardware address pins

e Max sampling rate given by 12C bus speed

e 4 analog inputs configurable as single ended or differential inputs

¢ Auto-incremented channel selection

e Analog voltage ranges from VSS to VDD

e On-chip track and hold circuit

e 8-bit successive approximation A/D conversion

¢ Multiplying DAC with one analog output
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The schematics is shown in Figure 9.1 (to make the theme clearer, the figure has

been modified for the design drawings):

VCC3V3 VCCIV3 VCC3V3 VCCIV3
RS
o I+ R118 R119
L IK 1K
B L GND| 0\'D-||}—4
= = 16 [, 15 PCF AOUT $RI20 R121
C—_—
14 \.DD &0UT light_res Sthermal _res
L 3. VREF Ea-2y
=3 PCF_AINO
AINO o= - .
1 . » 2 PCF AIN1
L osc AIN] [ e
AIN2 pag T ATV
ADDA I2C SDA 9 T AINS
s SDA AIN3
ADDA_I2C SCL 1 Ser
3 -
Q? o Z 14
7 %2 12 PCF_AOUT
A% BXF PCE AING B
PCFS9IT __ _l WESN .
= fHeodﬂ 3
GND GND

Figure 9.1 Schematics of AD/DA

Figure 9.2 PCF8591 Physical Picture

and Thermistor

Photoresistor,

Figure 8.3 Potentiometer,

When using a potentiometer, connect J16 with a jumper cap. When using the

thermistor, connect J15. When using a photoresistor, connect J14.
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PCF8591 pin assignment

Signal Name FPGA Pin

ADDA_I2C_SAD D20

ADDA_I2C_SCL C20

10) DIP Switch
The 8-bit DIP switch is onboard, and the FPGA pin gets high when the switch

is turned on. The schematics is shown as follows:

BANK3 VCC

SIR

SWo 3 RI16 22 GPIO DIP SWO
I N R M
L.,
SS12F44
SWL RIS 22 GPIO DIP SWI
N I I
oL
SS12F44
SW2 3 RI1O 22 GPIO DIP SW2
I I
oL
SS12F44
SWI R20 22 GPIO DIP SW3
| 2
1 1.
§S10F44
SWi 5 R21 22 GPIO DIP SW4
R ]
oL
SSI12F44
SW5 3 R22 22 GPIO DIP W3
I IR
] i
SS12F44 7
SW6 3 R23 22 GPIO DIP SW6
I
o—Los
SS12F44
SW7 3 R .01 GPIO DIP SW7

2 n/
1.

SS12F44 7

RIT

R25 R26 R27 R23 R29 R30 eR31 R32
47K 47K 47K 4.TK 4.TK 4. TK =4 TK 47K

N

@
=

Figure 10.1 Schematics of DIP Switches
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Figure 10.2 DIP Switches Physical Picture

DIP switches pin assignment

Signal Name FPGA Pin

SWO0 U1l
SW1 V11
SW2 u10
SW3 V10
SW4 V9
SW5 W8
SW6 Y8
SW7 W6

11) LED

The development board has eight LEDs. When the pin is low, the LED emits
light, and when it is high, the LED does not emit light. The schematic is shown in

Figure 11.1.
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&

VCC3V3

R114 ,,,  180R LED7 LED7

h 4
g
g

B

R115 180R. LED6 LED6

h 4
g
g

N

R116 ,,,  180R LEDS Green LEDS

X

LED4

R117 ,,,  180R LED4

N

R118 180R. LED3 Green LED3

yYyy
g
g

X

R119 ,,, 180R LED2 LED2

¥
o
g

)

R120 180R. LEDI1 LED1

¥
g
g

N

R121 .. 180R LEDO LEDO

h 4
g
g

Figure 11.1 Schematics of LED

[Fer] (Fe) [Fa) [Fa) [Fe) el [Fe) [Fa)

Figure 11.2 LED Physical Picture

LED pin assignment

Signal Name FPGA Pin

LEDO J5
LED1 J6
LED2 H5
LED3 H6
LED4 H7
LED5 G5
LEDG6 F1
LED7Y F2

12) FLASH
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The N25Q128A is a serial FLASH chip with a capacity of 128Mbit, which is more
than enough for storing programs in the FPGA. Figure 12.1 shows the N25Q128A in

the schematics.

VCC3V3
VCC3V3 VCC3V3

=R 163 =R164 R165
= T e T 4. TK
U12
SPI CS N R166 . 33R 1 o5 vee g
SPI XDATA RI67 ,°" 33R 2 s0 TOD 7 R168 33R SPI HOLD
SPI WP N R169 " 33R 3 WP CLK 6 _ RI70 7 33R SPI CLE
4 GND SI = R171 33R SPI_ASDO

N25Q128A13BSE40F

GND

Figure 12.1 Schematics of FLASH

Figure 12.2 FLASH Physical Picture

13) GPIO (PMOD) Expansion Interface

The development board has four GPIO interfaces and is also a standard
PMOD interface. The P1 and P2 interfaces each contain 6 standard 10 pins of
PFGA resources, 2 GND signals, and 2 adjustable power signals. The P3 and P4
interfaces contain 4 pairs of LVDS signals, which can also be used as 8 standard
IOs; 2 GND signals, and 2 adjustable power signals. It can be used with the
BD5640-PMOD camera daughter board or the BD9226 high-speed AD daughter
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board. The daughter boards are available at the official online store. The

schematics is as follows:

GPIO

Figure 13.4 GPI0 Interface with BD9226 High—speed AD Daughter Board
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GPIO pin assignment

GPIO1-Pin 1 AA20 Standard 10
GPIO1-Pin 2 R16 Standard 10
GPIO1-Pin 3 V16 Standard 10
GPIO1-Pin 4 AA15 Standard 10
GPIO1-Pin 5 GND
GPIO1-Pin 6 VCC3V3
GPIO1-Pin 7 AB20 Standard 10
GPIO1-Pin 8 u17 Standard 10
GPIO1-Pin 9 T16 Standard 10
GPIO1-Pin 10 U16 Standard 10
GPIO1-Pin 11 GND
GPIO1-Pin 12 VCC3V3
GPIO2-Pin 1 AAl4 Standard 10
GPIO2-Pin 2 W13 Standard 10
GPIO2-Pin 3 AB13 Standard 10
GPIO2-Pin 4 V12 Standard 10
GPIO2-Pin 5 GND
GPIO2-Pin 6 VCC3V3
GPIO2-Pin 7 R14 Standard 10
GPIO2-Pin 8 AB14 Standard 10
GPIO2-Pin 9 Y13 Standard 10
GPIO2-Pin 10 AA13 Standard 10
GPIO2-Pin 11 GND
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GPIO2-Pin 12 VCC3V3
GPIO3-Pin 1 U9 LVDS1-P
GPIO3-Pin 2 V8 LVDS1-N
GPIO3-Pin 3 W7 LvVDS2-pP
GPIO3-Pin 4 Y7 LVDS2-N
GPIO3-Pin 5 GND

GPIO3-Pin 6 VCC3V3
GPIO3-Pin 7 W10 LVDS3-P
GPIO3-Pin 8 Y10 LVDS3-N
GPIO3-Pin 9 AA10 LVDS4-pP
GPIO3-Pin 10 AB10 LVDS4-N
GPIO3-Pin 11 GND

GPIO3-Pin 12 VCC3V3
GPIO4-Pin 1 AA8 LVDS5-P
GPIO4-Pin 2 AB8 LVDS5-N
GPIO4-Pin 3 AAT LVDS6-P
GPIO4-Pin 4 AB7 LVDS6-N
GPIO4-Pin 5 GND

GPIO4-Pin 6 VCC3V3
GPIO4-Pin 7 AA9 LVDS7-P
GPIO4-Pin 8 AB9 LVDS7-N
GPIO4-Pin 9 AAS LVDS8-P
GPIO4-Pin 10 AB5 LVDS8-N
GPIO4-Pin 11 GND

GPIO4-Pin 12 VCC3V3
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14) JTAG Interface

The development board provides two JTAG interfaces, two programming
download modes, which are selected by an SN74CBTLV3257 multiplexer when
downloading the FPGA program. The selection pin of the SN74CBTLV3257 is

connected to the J7 jumper. The JTAG schematics is shown in Figure 14.1:

C102110.1IuF_R150 .. *IK
_.II Wiy

R151 ... 1K
D

_L_
GN VCC3V3
16
VCCIv3 TCK EXT RIS . 22 1 2 RIS3 1K
T TDO EXT RS D 3| ICLKGND \— A
RIS6 .. 10K TMS EXT RisT 1 5 | RDORVECE 5= T
PR %}"c{s EE S €107
RISS ,, 10K TDIEXT RISO . 20 "1 .8 o [T0 T o
TTAGIO |
GND

111 T C101
; 16 [l
F_TMS CS 21 s vee il
_IMSEXT 3 | 14 onp =2 0.1uF
_FTICKSK 5| m =
TCK EXT [ . 4 TMS GND
— s 7 B YA -
vB |- TCK
F TDO MISO 11 | ;o o [ 9 TDO VCC3V3
TDO EXT 0| né vo 2 TDI | : J7
F_TDI MOSI 14 1 R134 2
—m el L D S o WA
TDI EXT 13 D E b 15 e 100R. 3
SN74CBTLV3257DR 34 70R |

Figure 14.2 Schematics of JTAG Interface 2
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Figure 14.3 JTAG Interface Physical Picture

JTAG pin assignment

Signal Name FPGA Pin

TCK-1Pin L2(TCK)
TDO-3Pin L4(TDO)
TMS-5Pin L1(TMS)
TDI-9Pin L5(TDI)

The second JTAG interface is “"FPGA & RISCV JTAG" , which downloads the
program for the RISC-V CPU. The physical picture and pin assignments are as

follows:

Figure 14.3 RISC-V Download Interface Physical Picture

RISC-V download interface pin assignment

Signal Name FPGA Pin

CPU_TTDO H2
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CPU_TSRST n J3
CPU_TRST_n J2
CPU_TRTCK J4

CPU_TTDI H1
CPU_TTMS 11
CPU_TTCK G2

15) UART Interface
A USB-B interface and a CP2102 chip are onboard for serial data

communication.

The CP2102 features a high level of integration with a USB 2.0 full-speed

function controller, USB transceiver, oscillator, EEPROM, and asynchronous serial

data bus (UART) to support modem full-featured signals without the need for any

external USB devices. Its characteristics are as follows

Integrated USB transceiver; no external resistors required

o Integrated clock; no external oscillator required

e On-chip power-on reset circuit

e On-chip voltage regulator can output 3.3V voltage

e USB Specification 2.0 compliant

e USB suspend states supported via SUSPEND pins
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e Asynchronous serial data bus is compatible with all handshake and

modulation regulator interface signals

e Supported data formats are data bit 8, stop bit 1, 2 and check digit

e Intrinsic more than 512-byte receive buffer and 512-byte transmit

buffer

e Hardware or X-On/X-Off handshaking supported

o s
e i e
==
=
5 I v e
p.?‘.F.»‘mﬁl’ﬁ-til CP2102
GND oezop®rEy
- % e
S .| BEZRGEES
{r=3 )
S <1 pcp NC (55
= D19 LRI NC 1o
2 GND L4 7T " = GND| 3| GND Ne &
g 0 1 RI130,, 27R DRP == i A5
o b2 2], O RI31 TR _DR N ~= i o 1K:
. |1 X L , 5 (= [afal 16:
Z o 7 7 1 7
Z VBUS 3 pc yspsy USBVCC3V3 > ;LED&NI 27 TI:IIE e
= RCLAMP0322P.TCT g8 e zs
L PC_USB5V bkl ey
o FB-220_0603_1A .
[ShD I i 2 -|— USB_VCC3V3 “l‘“ 5\| iilr\ “—'I
L18 —l—cc.u J—cgs e R132
100F | 0 luF S10R
USBIUART RST ;
GND = GND
D20
€96 \MGREEN
| 0.1uF
GND GND

Figure 15.1 UART Schematics

Figure 15.2 USB-B Interface and CP2102 Chip Physical Picture
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UART pin assignment

Signal Name FPGA Pin

TTL_TX/FPGA_RX F15

TTL_RX/FPGA_TX El6

16) SRAM

SRAM (Static Random-Access Memory) is a type of random-access memory.
The "static" means that if the memory is kept energized, the data stored therein
can be kept constant. In contrast, data stored in dynamic random-access memory
(DRAM) needs to be updated periodically. However, when the power supply is
stopped, the data stored in the SRAM will disappear (called volatile memory),
which is different from the ROM or flash memory that can store data after the
power is turned off. The development board has two Super SRAMs, which are
connected in parallel to a 32-bit data interface. The maximum access space is up
to 1M bytes, IS6TWV25616 (2 pieces) 256K x 32bit. The design schematics is as

follows:
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Figure 16.1 Schematics of SRAM

Figure 16.2 SRAM Physical Picture

SRAM pin assignment:
SRAMO_CE_N F21
SRAMO_OE_N F17
SRAMO_WE_N B22
SRAMO_UB_N K22
SRAMO_LB_N K21
SRAMO_IO0 F22

SRAMO_IO1 E21
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SRAMO_IO2
SRAMO_IO3
SRAMO_|O4
SRAMO_IO5
SRAMO_IO6
SRAMO_|O7
SRAMO_IO8
SRAMO_IO9
SRAMO_IO10
SRAMO_IO11
SRAMO_IO12
SRAMO_IO13
SRAMO_IO14
SRAMO_IO15
SRAMO_AO/SRAM1_A0
SRAMO_A1/SRAM1_Al
SRAMO_A2/SRAM1_A2
SRAMO_A3/SRAM1_A3
SRAMO_A4/SRAM1_A4
SRAMO_A5/SRAM1_A5
SRAMO_AG6/SRAM1_A6
SRAMO_A7/SRAM1_A7
SRAMO_A8/SRAM1_A8
SRAMO_A9/SRAM1_A9

SRAMO_A10/SRAM1_A10

D21

E22

D22

C21

B21

C22

M16

K19

M20

M19

L22

L21

J22

J18

J21

H22

H19

G18

H17

H21

H20

F19

H18

F20

W21
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SRAMO_A11/SRAM1_A11l
SRAMO_A12/SRAM1_A12
SRAMO_A13/SRAM1_A13
SRAMO_A14/SRAM1_A14
SRAMO_A15/SRAM1_A15
SRAMO_A16/SRAM1_A16
SRAMO_A17/SRAM1_A17
SRAMO_A18/SRAM1_A18
CE_N_SRAM1
OE_N_SRAM1
WE_N_SRAM1
UB_N_SRAM1
LB_N_SRAM1
SRAM1_100
SRAM1 |01
SRAM1_102
SRAM1_|03
SRAM1_|04
SRAM1_I05
SRAM1_106
SRAM1_|O7
SRAM1_108
SRAM1_109
SRAM1_1010

SRAM1 011

W22

V21

U20

V22

R21

U21

R22

u22

N22

Y21

R19

Y22

T18

M21

K18

N21

M22

P22

P20

R20

P21

W19

W20

R17

T17
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SRAM1 1012 uU19
SRAM1 013 AAZ21
SRAM1_1014 AA22
SRAM1 015 R18

17) Audio

There is a piece WM8978 onboard, which is a stereo multimedia digital signal
codec with speaker driver. The WM8978 is a low power, high quality stereo
multimedia digital signal codec. It is mainly used in portable applications such as
digital cameras and portable digital camcorders. It combines stereo differential
microphone preamplifiers with speakers, headphones and differential, stereo line
output drivers to reduce the external components necessary for the application,
such as advanced on-chip digital signal processing function with separate
microphone or headphone ampilifiers, including a 5-band equaliser, a mixed signal
Automatic Level Control for the microphone or line input through the ADC as well
as a purely digital limiter function for record or playback. The WM8978 digital
audio interface can operate as a master or a slave. An internal PLL can generate all

required audio clocks for the CODEC from common reference clock frequencies.

The design schematic is as follows
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Figure 17.1 Schematics of Audio

Figure 17.2 Audio Interface and Chip Physical Picture

Pin assignment
Signal Name
WM_LRC

WM_BCLK

WM_ADCDAT

WM_DACDAT
WM_MCLK
WM_SCLK

WM_SDIN

FPGA Pin

AB19

AA19

Y17

AA18

W17

D13

C13
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18) USB Keyboard and Mouse Interface

CH9350L is a USB keyboard and mouse to serial communication control chip.
Combined with the simple and easy-to-use features of the asynchronous serial
port, the USB communication mode between the USB keyboard, the mouse and
the FPGA are extended to the asynchronous serial port (UART), which facilitates

data integration with audio, video and other signals.
CH9350L features:

e Support 12Mbps full speed USB transmission and 1.5Mbps low speed USB

transmission, compatible with USBV2.0

e The upper-end USB port complies with the standard HD-type protocol and
does not require additional driver installation. It supports Windows, Linux,

MAG and other operating systems with built-in HD device drivers.

e The same chip can be configured as the host computer mode and the
client computer mode, respectively connected to USB-Host and USB
keyboard and mouse in the same mode to configure different working

states, suitable for a variety of applications.

e Support USB keyboard and mouse in the BIOS interface, support

multimedia function keys, support different resolution USB mouse
e Support various brands of USB keyboard and mouse, USB wireless
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keyboard and mouse, USB to PS2 line, USB scanner, etc.

e The host and client terminals support hot swap

e Provides a transmit status pin to support 485 communication

e The serial port supports the 300000/115200/57600/38400 serial

communication baud rate.

e Built-in oscillator and power-on reset circuit, the peripheral circuit is simple.

e Support 5V, 3.3V power supply voltage

VCC3V3

YCC3Vo
R336
SIOR

47K

DM VCC3v3

R340
S10R

R338 27R_CH3950D N =C=
27/R CH3950D P S~

%

=

F
- GND r::\:\,\,\ B
g st [— okl
L =
Z

B [ [ B
==
|l
prst
0|

D26

x08C
RESV0
RST
LED2
LED1

P
LED

DEBUG

. CH3950 SEL

e , '|| C23—1| 3.3uF
42 e

R344 IR345  [R3ds lmagr SR
47K $47K 347K 347K Gm'”l—é—\, 1

: it 31 v
CH9330 101 - =N T = PAEEERS
CHU3:0 102 30 ¢ VeLavs
CH9350 103 38 (‘][“? 0 BAUD 0 R348
o350 100 TT950 BAUD 1 TR
R340
T7K
- \-‘c_clj\
1A c227 —L J—
0.1uF 25V |
CON4 GKD GRD
: 1
VCC 3 R357,,, 7R CH30S0H N ==
5 R358 """ I7R CH30S0H P 2=
1

0SB 20 Type A

@
o

B 2o [}
=g¥v¥a

Figure 18.1 Schematics of USB Keyboard and Mouse
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Figure 18.2 USB Interface Physical Picture

Pin assignment:

Signal Name FPGA Pin

CH9350_RST N18
CH9350_RXD N19
CH9350_TXD N20

19) TFT LCD Interface

The development board reserves a TFTLCD touch display interface, and the
signal is connected. Adaptable to 3.5 inches touch LCD module TFT LCD screen
320X480. Interface and matching LCD screen (LCD screen available in official

online store), as shown below:

Figure 19.1 LCD Interface Physical Picture
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Figure 19.2 3.5” LCD Touch Display

Pin assignment:

1Pin G3 5

2Pin Bl RS

3Pin El WR
4Pin E4 RD

5Pin E3 RST
6PIn A7 DBO
7Pin B8 DB1
8Pin E9 DB2
9Pin B7 DB3
10Pin C8 DB4
11Pin A6 DB5
12Pin F8 DB6
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20) High Speed Bus Connector

PCl-Express (Peripheral Component Interconnect Express) connector is used
here. It is not related to the PCIE bus standard for now. The main advantage is the
high data transfer rate. The onboard PCIE connector can be used with the BD5640

camera daughter board, which is available at the official online store.

Figure 20.2 BD5640 Daughter Board

Pin assignment:

Al
A2 12v
A3 12v

55/ 60



FII-PRA040 Hardware Reference Guide e

Fraser Innovation Inc

A4 GND
A6 RS JTAG3/TDI

A8 T4 JTAG5/TMS
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B10 3.3Vaux

B12 P5 RESERVED
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