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1. Design a elementary graphic card and print a picture on the          
monitor screen.

2. Design a elementary sound card and make a sound related
to the picture shown on the monitor.

Making a Simple Graphic Card & a Simple Sound Card

1 Objective
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Making a Simple Graphic Card & a Simple Sound Card

Name Role

강지원

1. Design a simple sound card using analog circuits.

2. Design a protocol for communications between graphics card  
and sound card.

3. PCB board design.

고종완

1. Design a graphic card capable to print 200 * 600 pixel 
picture using FPGA.

2. Design a protocol for communications between graphics 
card and sound card.

신동호

1. Decompose WAV & PNG files.

2. Manipulate data for graphic card and sound card.

3. Arduino programming

2 Role Division
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Making a Simple Graphic Card & a Simple Sound Card

3 Time Line

5



Graphic Card & Sound Card

Graphic Card Sound Card

Arduino 
programming

&
BMP / Wav file 

analysis

Making a Simple Graphic Card & a Simple Sound Card

Demonstration Order4
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Making a Simple Graphic Card & a Simple Sound Card

Simple Graphic Card
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General timing

Screen refresh rate 60 Hz

Vertical refresh 37.878787878788 kHz

Pixel frequency 10.0 MHz

Horizontal timing (Line)

Scanline part Pixels Time [us]

Visible area 200 20

Front porch 10 1

Sync pulse 32 3.2

Back porch 22 2.2

Whole line 264 26.4

Vertical timing (Frame)

Frame part Lines Time [ms]

Visible area 600 15.84

Front porch 1 0.0264

Sync pulse 4 0.1056

Back porch 23 0.6072

Whole frame 628 16.5792

*Actually 800 x 600, because of memory shortage we only use 200 pixels

VGA Signal 800 x 600 @ 60Hz timing

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing
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Horizontal timing (Line)

Scanline part Pixels Time [us]

Visible area 200 20

Front porch 10 1

Sync pulse 32 3.2

Back porch 22 2.2

Whole line 264 26.4

0 us 20 us 21 us 24.2 us 26.4 us

Visible area Front porch Back porch
Sync pulse

Horizontal Timing

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing (Cont.)
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0 ms 15.84 ms 15.8664 ms 15.972 ms 16.5792 ms

Visible area Front porch Back porch

Sync pulse

Vertical timing (Frame)

Frame part Lines Time [ms]

Visible area 600 15.84

Front porch 1 0.0264

Sync pulse 4 0.1056

Back porch 23 0.6072

Whole frame 628 16.5792

Vertical Timing

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing (Cont.)
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VGA Timing Diagram

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing (Cont.)
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Horizontal timing overall simulation result

Horizontal timing simulation starting point(Count from 0)

Horizontal timing simulation changing point (Caution on 209 & 242)

Horizontal timing simulation ending point(Count to 263)

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing Simulation (Horizontal Timing)
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Vertical timing overall simulation result

Vertical timing simulation result starting point (Count from 0)

Vertical timing simulation result changing point (Caution on 601 & 605)

Vertical timing simulation ending point (Count to 627)

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing Simulation (Vertical Timing)
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Data timing simulation result

Horizontal timing simulation changing point 
point

Horizontal timing simulation changing point

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing Simulation (Data : Color Blue)
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Data timing simulation starting point

Vertical timing simulation changing point

Vertical timing simulation ending point

Making a Simple Graphic Card & a Simple Sound Card

VGA Timing Simulation (Data : Color Blue)
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DE1-SoC Board Front

Making a Simple Graphic Card & a Simple Sound Card

FPGA Board : DE1-Soc Spec

DE1-SoC specifications
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SRAM Timing simulation result 

*There is no output at the moment

Making a Simple Graphic Card & a Simple Sound Card

RAM Simulation (SRAM & DPRAM)

DPRAM Timing simulation result 
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SPI Communication Protocol Timing

*Currently no data at first in the slave module

Making a Simple Graphic Card & a Simple Sound Card

SPI Simulation (SPI Communication Protocol)

18



Integrated Total Timing

Making a Simple Graphic Card & a Simple Sound Card

Using Model Simulator to configurate timing (Integrating 
every element)
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Making a simple DAC
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Simple DAC 

Making a Simple Graphic Card & a Simple Sound Card

Making a simple DAC (Cont.)

All Wires Connected
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FPGA Pin Configuration

JP2 (GPIO_1)JP1 (GPIO_0)

Making a Simple Graphic Card & a Simple Sound Card

FPGA Pin Configuration
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FPGA Pin Schematics

Internal Signal I/O Pin Number Verilog Code 
Number

R_L IO_B14 AF16

R_H IO_B12 AG16

G_L IO_B10 AH18

G_H IO_B8 AJ17

B_L IO_B6 AK19

X 5V –11 X

B_H IO_B4 AK16

HS IO_B0 AC18

VS IO_B2 AD17

X GND X

Internal Signal I/O Pin Number Verilog Code 
Number

SS IO_B28 AH22

MOSI IO_B30 AF24

MISO IO_B32 AE22

SCK IO_B34 AA20

1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

JP2 (GPIO 1)
IO_B0 (H_S)
IO_B2 (V_S)
IO_B4 (R_L)
IO_B6 (G_H)
IO_B8 (R_H)
VCC5
IO_B10 (B_H)
IO_B12 (B_L)
IO_B14 (G_L)
IO_B16
IO_B18
IO_B20
IO_B22
IO_B24
VCC33
IO_B26
IO_B28 (MOSI)
IO_B30 (MISO)
IO_B32 (SCK)
IO_B34 (SS)

IO_B1
IO_B3
IO_B5
IO_B7
IO_B9
GND
IO_B11
IO_B13
IO_B15
IO_B17
IO_B19
IO_B21
IO_B23
IO_B25
GND
IO_B27
IO_B29
IO_B31
IO_B33
IO_B35

FPGA Pin Setup

FPGA
SPI

FPGA
DATA

SIGNAL

Making a Simple Graphic Card & a Simple Sound Card

FPGA Pin Configuration (Cont.)
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Pin Assignment

Making a Simple Graphic Card & a Simple Sound Card

FPGA Pin Configuration (Cont.)
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Example Picture

Example Picture

Color 6 bit (R, G, B) 26 = 64 Colors

Horizontal 
Pixel

X
Vertical

Line
X

Data

200 pixel
(Active Region)

X
600 lines

(Active Region)
X

6 bit RGB data

200 x 600 x 6 bit
= 720 Kbit
= 90 Kbyte

Data size 6 bit

Address size

17 bit Address
(131,072 Words)

=>2𝑛 x m bit 
data

217 x 6 = 786,432 bit

Example Picture Size

600 
Lines

200 Pixels

R1 R0 G1 G0 B1 B0

Making a Simple Graphic Card & a Simple Sound Card

Specification of Data
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1 … 1 0 0

1 … 1 0 1

1 … 1 1 0

1 … 1 1 1

17 bit Address 6 bit Data

.

.

.

0 … 1 0 0

0 … 1 0 1

0 … 1 1 0

0 … 1 1 1

131,072
Words

DPRAM
Monitor Screen

200 Pixels

600 
Lines

…
Pixel 0 Pixel 1 Pixel 199

Pixel 119999
…

.

.

.

Address 0 Address 1 Address 99

Address 131,072

*Active Region

R R G G B B
R R G G B B

R R G G B B

R R G G B B

R R G G B B

R R G G B B

R R G G B B

R R G G B B

R R G G B B

R R G G B B R R G G B B

R R G G B B

Making a Simple Graphic Card & a Simple Sound Card

Specification of Data (Cont.)
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Binary Hexadecimal Color Brightness

xx 11  00 00 0x30 Red Bright

Dark

xx 10  00 00 0x20 Red

xx 01  00 00 0x10 Red

xx 00  00 00 0x00 Red Off

xx 00  11 00 0x0c Green Bright

Dark

xx 00  10 00 0x08 Green

xx 00  01 00 0x04 Green 

xx 00  00 00 0x00 Green Off

xx 00  00 11 0x03 Blue Bright

Dark

xx 00  00 10 0x02 Blue

xx 00  00 01 0x01 Blue

xx 00  00 00 0x00 Blue Off

Color Code

*We do not use LMB of the binary number(6 bits of data)

Making a Simple Graphic Card & a Simple Sound Card

Specification of Data (Cont.)
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Color test
*800 x 600 Screen detected

Making a Simple Graphic Card & a Simple Sound Card

Color Test
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Blank Screen Test

*800 x 600 Screen detected

Arduino Code

Making a Simple Graphic Card & a Simple Sound Card

Screen Test With Arduino Uno
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RGB Screen Test

*800 x 600 Screen detected

Arduino Code

Making a Simple Graphic Card & a Simple Sound Card

Screen Test With Arduino Uno (Cont.)
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Test Video

*This screen is refreshed 1000 times and stops

Making a Simple Graphic Card & a Simple Sound Card

Screen Test With Arduino Uno (Cont.)
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Color Test On Color Test Off(Data in) Reset Key

Making a Simple Graphic Card & a Simple Sound Card

Other Features on the FPGA Board
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FPGA

SRAMMUX MUX

Address

A0
A1
A2
.
.
.
An

Digital
Circuit

Monitor

RGB
VGA 
Cable

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Power

*Directly loading data to SRAM 

Making a Simple Graphic Card & a Simple Sound Card

FPGA H/W Block Diagram Option1
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FPGA

SRAMMUX

MUX

Address

A0
A1
A2
.
.
.
An

Digital
Circuit

Arduino 
Pro mini

Monitor

RGB
VGA 
Cable

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Power

*Using Arduino to send data 
(SPI Communication)

MUX

SD Card

Making a Simple Graphic Card & a Simple Sound Card

FPGA H/W Block Diagram Option2 (Selected)
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FPGA Board: DE1-Soc Board

Sync 
Block

Monitor25MHz 
OSC

PLL
50 MHz

D[5:0]

Simple  DAC Board

Level 
Shifter
Buffer

Resistor
DAC

VGA
Connector

Dual-Port
Graphic RAM

200x600x
6 bit

A[16:0]

SPI
(Slave)

D[5:0]

A[16:0]

WRE

PLL
10 MHz

FPGA

RESET

MODEUSB
Blaster

POWER
CIRCUIT

Level
Shifter
Buffer

HS
VS

SCK

MOSI

MISO

SS

3V     5V

ARDUINO

SD CARD
MODULE

PC

5V     3V

SOUND
CARD

MODULE
AMP

Making a Simple Graphic Card & a Simple Sound Card

Block Diagram of Graphic Card Part
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*Courtesy of Prof. Hyuk Jun Oh’s Grad. Students

Arduino Arduino

Not a big problem

Don’t Know if it’s Possible

Arduino FPGA

? ? ?

Making a Simple Graphic Card & a Simple Sound Card

Debugging
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SPI Clock Detection Problem SPI Clock Detection Resolved using Trigger

*Courtesy of Prof. Hyuk Jun Oh’s Grad. Students

Making a Simple Graphic Card & a Simple Sound Card

Debugging (Cont.)
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Miscalculated Timing on H_sync & V_sync Pulses

Making a Simple Graphic Card & a Simple Sound Card

Debugging (Cont.)
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Counts the wrong amount of pixels

Making a Simple Graphic Card & a Simple Sound Card

Debugging (Cont.)
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Making a Simple Graphic Card & a Simple Sound Card

Simple Sound Card

40



Making a Simple Graphic Card & a Simple Sound Card

PCB Building Process

*Designed on OrCAD 41



Low-Pass
Filter

Analog Process Module (Amp.)

Pre-Amp. Attenuator
Power-
Amp.

Level 
Shifter

3.3V  5V

Audio
DAC

From 
Arduino PWM

Audio DAC Module

Making a Simple Graphic Card & a Simple Sound Card

Audio Module

42



Arduino
Push

Button

SD CARD
Module

USB to Serial 
Converter

SCK

MISO
MOSI

SS

Controller Module

FPGA 
Connector

UART

FPGA

To Audio DAC

Making a Simple Graphic Card & a Simple Sound Card

Controller Module
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Video Output Module

Level 
Shifter

3.3V    5V

FPGA
Output D[5:0]

HS

VS
Video
DAC

VGA
Connector

D[5:0]

HS

VS

R G B HS VS

Making a Simple Graphic Card & a Simple Sound Card

Video Card Module
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External 
Power 

Input 12V

3.3V
Output

12V Adaptor

Power Module

5V
Regulator

5V
Output

11V
Output

12V
Output

3.3V
Regulator

11V
Regulator

Making a Simple Graphic Card & a Simple Sound Card

Power Source Module
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Main Board : DIY

Arduino
Push

Button

SD CARD
Module

Level 
Shifte

r

3.3V  5V

Audio
DAC

External 
Power 

Input 12V

3.3V
Output

Low-Pass
Filter

USB to 
Serial 

Converter

Analog Processing Module (Amp.)

Pre-Amp. Attenuator Power-Amp.

SCK

MISO

MOSI

SS2

SCK
MOSI

SS1

SCK

MOSI
SS1

Video Output Module

PWM

12V 
Adaptor

Power Module

Controller Module Audio DAC Module

5V
Regulator

5V
Output

11V
Output

12V
Output

3.3V
Regulator

11V
RegulatorFPGA 

Connector

SCK

MISO

MOSI

SS3

Level 
Shifte

r

3.3V  5V

FPGA
Output D[5:0]

HS
VS

Video
DAC

VGA
Connector

D[5:0]

HS
VS

R G B HS VS

UART

Making a Simple Graphic Card & a Simple Sound Card

Main Board Diagram
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Arduino Pro Mini Input Switch

Making a Simple Graphic Card & a Simple Sound Card

Controller Part
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SD-Card Module FPGA & Arduino Connector

Making a Simple Graphic Card & a Simple Sound Card

Controller Part
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Level Shifting Circuit Audio DAC Circuit

Making a Simple Graphic Card & a Simple Sound Card

DAC Part (Digital to Analog Converter)
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Pre - Amp Power Amp OPAMP(Not used)

Making a Simple Graphic Card & a Simple Sound Card

Amplifier Part
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Shifting Level Circuit & VGA DAC

Making a Simple Graphic Card & a Simple Sound Card

Video Card Part
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5V-Regulator

3.3V-Regulator

11V-Regulator

12V Input

Power Check LED

Making a Simple Graphic Card & a Simple Sound Card

Power Part
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Making a Simple Graphic Card & a Simple Sound Card

The Whole Schematic
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Making a Simple Graphic Card & a Simple Sound Card

Silk Screen

Making Drill Charts & Layer Partitions
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Making a Simple Graphic Card & a Simple Sound Card

Top Solder-mask Bottom Solder-mask

Making Drill Charts & Layer Partitions
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Making a Simple Graphic Card & a Simple Sound Card

Top Copper Bottom Copper

Making Drill Charts & Layer Partitions
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Making a Simple Graphic Card & a Simple Sound Card

Drill Info.

Making Drill Charts & Layer Partitions
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Making a Simple Graphic Card & a Simple Sound Card

All Layer

Making Drill Charts & Layer Partitions
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nc_param.txt nc_tools_auto.txt

NC Drill File

*Not used directly.59



Drill Initializer Drill Hole Coordinates

NC(Numerical Control) Drill File

*Both are in the Same File 60



Making a Simple Graphic Card & a Simple Sound Card

Soldering Parts

Soldered PCB Top View
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Software Development
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Image DATA

Bmp format file has 54kB bits of header,
to make sure the computer understands 
about the file.

The Format of BMP

Making a Simple Graphic Card & a Simple Sound Card

File Offset

Bmp format saves color data as BGR, Not RGB
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Extracting Hexadecimal Code by using UltraEditor. And extracting 
meaningful data by using offset [36 00 00 00].

Hexadecimal FileBMP format File

Extract Data from Image File

Making a Simple Graphic Card & a Simple Sound Card
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Structure of WAV Format

Wav format file has 44kB bits of header, 
to make sure the computer understands 
about the file.

Sound DATA
Subchunk2ID

Making a Simple Graphic Card & a Simple Sound Card

Wav format saves Sound data into two channels.
They are different Bmp format from which Bmp 

files are not sound files in the first place.
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Extracting Hexadecimal Code by using UltraEditor. And extracting data 
effectively by using Subchunk2ID [64 61 74 61].

Hexadecimal FileWAV format File

Extract Data from Audio File

Making a Simple Graphic Card & a Simple Sound Card
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Change Data as Binary

We need to change Data as binary because FPGA & DAC cannot understand 
if we send message as Hexadecimal numbers. 

Making a Simple Graphic Card & a Simple Sound Card
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Communication Protocol on SPI

SPI (Serial Peripheral Interface) has communication protocol to classify SPI 
communication.

Making a Simple Graphic Card & a Simple Sound Card

8 Byte

68



SPI Registers

SPI has a lots of registers. We need to know what register can change the 
SPI protocol. 

Making a Simple Graphic Card & a Simple Sound Card
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SPI Registers – SPCR & SPSR & SPDR

SPCR(SPI Control Register) has 8 bits which works different with each other. 

Making a Simple Graphic Card & a Simple Sound Card

SPSR(SPI Status Register) has 3 bits which works different with each other. 

SPDR(SPI Data Register) saves DATA of what we want to transfer.
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Analysis SPI.h header

Making a Simple Graphic Card & a Simple Sound Card
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Block Diagram

Arduino(Master) – FPGA(Slave1) – DAC(Slave2) – SD card Module(Slave3) Connection.

Making a Simple Graphic Card & a Simple Sound Card

Arduino & FPGA & DAC Pin Setup

SD 
Card

FPGA

DAC

13 Pin: SCK
12 Pin: MISO
11 Pin: MOSI
10 Pin: SS2
9  Pin: SS0
8  Pin: SS1
7  Pin: X
6  Pin: X
5  Pin: Button

Arduino

SCK
MISO
MOSI
SS0

SCK
MISO
MOSI
SS1

SCK
MISO
MOSI
SS2

Master

Slave 1

Slave 2

Slave 3
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Making a Simple Graphic Card & a Simple Sound Card

Total SPI Code
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Making a Simple Graphic Card & a Simple Sound Card

Total SPI Code
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This code is not perfect. Because we don’t know what type the DAC needs. 

Making a Simple Graphic Card & a Simple Sound Card

Total SPI Code
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Making a Simple Graphic Card & a Simple Sound Card

Total Block Diagram – Software Part

ARDUINO

SD CARD
MODULE

FPGA

DAC

SCK MOSI MISOSS0

MISO

MOSI

SCK

SS

SS1 SS2

MISO

MOSI

SCK

SS

SS

MISO

MOSI

SCK
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Making a Simple Graphic Card & a Simple Sound Card

Total Block Diagram – Software Part
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Making a Simple Graphic Card & a Simple Sound Card

Monitor

USB to Serial 
Converter

FPGA Board: DE1-Soc Board

Sync 
Block

25MHz 
OSC

PLL
50 MHz

D[5:0]

Dual-Port
Graphic RAM

200x600x6 bit

A[16:0]

SPI
(Slave)

D[5:0]

A[16:0]

WRE

PLL

10 MHz

FPGA

RESET

MODE

USB
Blaster

POWER
CIRCUIT

MOSI

MISO

SS

Main Board : DIY

Arduino

Push
Button

SD CARD
Module Level 

Shifter

3.3V  5V

Audio
DAC

External 
Power 

Input 12V

3.3V
Output

Low-Pass
Filter

Analog Processing Module (Amp.)

Pre-Amp. Attenuator Power-Amp.

SCK

MISO

MOSI

SS2

SCK

MOSI

SS1

SCK

MOSI

SS1

Video Output Module

PWM

12V Adaptor

Power Module

Controller Module Audio DAC Module

5V
Regulator

5V
Output

11V
Output

12V
Output

3.3V
Regulator

11V
RegulatorFPGA 

Connector

SCK

MISO

MOSI

SS3

Level 
Shifter

3.3V  5V

FPGA
Output D[5:0]

HS
VS Video

DAC

VGA
Connector

D[5:0]

HS
VS

R G B H
S

VS

UART

SCK

USB

USB

D-SUB

PC

Adaptor

HS
VS

5 Summary of the Project
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Making a Simple Graphic Card & a Simple Sound Card

All Modules Integrated Test Images

6 Final Test
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Making a Simple Graphic Card & a Simple Sound Card

7 Demo

80

Function List:

1. rgb( ); // prints R G B colors horizontally
2. color( ); // prints colors in a diagonal line
3. fashion ( ); // prints 5 squares with fashion
4. square ( ); // prints a square
5. ship( );// prints a moving ship
6. mcdonald( );// prints the “M” for McDonald
7. faceA( ); // face type A
8. faceB( ); // face type B

*With SOUND when 7 & 8 is on screen!



Making a Simple Graphic Card & a Simple Sound Card

1. Failed to import picture(Bird Picture) from SD card.

2. External DAC(IC Chip) can’t communicate(SPI) with arduino.

3. Arduino Pro mini and SD Card module are very unstable devices.

1. Made a library of Graphical images that can be computed inside Arduino Uno's memory

2. It takes too long to buy another IC chip, thus had no alternatives but to use internal DAC.

3. Will no longer use Arduino series in further projects.

Problems

Alternatives

8 Further Improvements 
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Name pcs. Cost

PCB Bread Board (PP-A237) 1 \ 1100

1/4W (10 SET) 6 \ 600

Razer Sensor Module (PP-A128) 2 \ 1000

HEADPIN 1X40 ROHS (11.6m/m) 2 \ 220

HEADER 1X40 PSS ROHS (2.54m/m) 1 \ 400

HEADPIN 2X40 ROHS (11.6m/m) 1 \ 220

HEADER 2X40 PSS (2.54m/m) 1 \ 620

LM1117S-5V HTC (SOT-223) 10 \ 1100

LM1117S-3.3 HTC (SOT-223) 10 \ 1100

TL082 TI (LINEAR) 2 \ 500

Making a Simple Graphic Card & a Simple Sound Card

9 Cost
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Name pcs. Cost

1N5241=1N962A ZENER (11V 0.5W) 10 \ 400

1/4W (10 SET) 6 \ 600

JUMPER 2P 2.54 m/m (MJ01-MBG) 20 \ 200

DSH03-15F ROHS (VGA-ANG) 3 \ 1350

DC JACK (2.0) (DC005-2) 1 \ 100

DG127-5.0-02P (HIGHT-10) 1 \ 260

M-50 (SUPPORT) 4 \ 560

M-7 (SUPPORT) 4 \ 240

동판 – 양면 (동판) 2 \ 4500

RAINBOW CABLE 50C(1M) (0.16/11) 1 \ 4500

Making a Simple Graphic Card & a Simple Sound Card

9 Cost (Cont.)
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Name pcs. Cost

Chip Resistor 2012 size F Level 150Ω 100 \ 550

Chip Resistor 2012 size J Level 680Ω 100 \ 550

Chip Resistor 2012 size J Level 1.2kΩ 100 \ 550

Chip Resistor 2012 size J Level 47kΩ 100 \ 550

Chip Resistor 2012 size J Level 100kΩ 100 \ 550

Chip Resistor 2012 size F Level 1MΩ 100 \ 550

Chip Ceramic 3216 size K Level 82nF 50V 100 \ 2090

Chip Resistor 2012 size J Level 100Ω 100 \ 550

Chip Resistor 2012 size J Level 10kΩ 100 \ 550

Chip Resistor 2012 size J Level 1kΩ 100 \ 550

Making a Simple Graphic Card & a Simple Sound Card

9 Cost (Cont.)
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Name pcs. Cost

Chip Resistor 2012 size F Level 2.2kΩ 100 \ 550

Chip Resistor 2012 size J Level 220Ω 100 \ 550

Chip Resistor 2012 size J Level 2kΩ 100 \ 550

Chip Resistor 2012 size J Level 3.3kΩ 100 \ 550

Chip Resistor 2012 size J Level 4.7kΩ 100 \ 550

Chip Resistor 2012 size F Level 470Ω 100 \ 550

TXB0104PWR 1 \ 1430

LMK316F106ZF-T (REEL CUT) 100 \ 2200

Chip Resistor 2012 size J Level 10Ω 100 \ 550

MCP4921T-E/SN 1 \ 3091

Making a Simple Graphic Card & a Simple Sound Card

9 Cost (Cont.)
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Name pcs. Cost

74HC245 (DIP) 4 \ 1760

1/4W 5% Axial Resistor 152J (1.5kΩ) 10 \ 110

1/4W 5% Axial Resistor 681J (680Ω) 10 \ 110

Chip Resistor 2012 size J Level 1.5kΩ 100 \ 550

TXB0108PWR 2 \ 4268

Kapton Tape 15mm x 33m 1 \ 6600

Raspberry Pi 3 Model B + Heat Sink 1 \ 45100

SPI MicroSD Card Module (RD097) 1 \ 1210

Total \ 99639
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◆ https://en.wikipedia.org/wiki/WAV
◆ https://en.wikipedia.org/wiki/Field-programmable_gate_array
◆ https://en.wikipedia.org/wiki/BMP_file_format
◆ https://m.blog.naver.com/ksseo63/221427433909
◆ https://cafe.naver.com/seogarae/1424
◆ https://cafe.naver.com/carroty/12008
◆ https://cafe.naver.com/carroty/12008
◆ https://mh-nexus.de/en/hxd/
◆ https://en.wikipedia.org/wiki/Verilog
◆ https://en.wikipedia.org/wiki/Digital-to-analog_converter
◆ https://en.wikipedia.org/wiki/Amplifier
◆ https://en.wikipedia.org/wiki/Lossless_compression
◆ https://en.wikipedia.org/wiki/MP3
◆ https://en.wikipedia.org/wiki/Video_card
◆ https://en.wikipedia.org/wiki/Sound_card
◆ https://blog.naver.com/okkju/130071016175
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